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Abstract

Introduction

Jaguars (Panthera onca) are the largest felid species in the New World and the only member of the
genus Panthera, the roaring cats, that occurs in the Americas.  They are the third largest cat species,
being outsized only by lions, (P. leo) and tigers (P. tigris).  The body weight of jaguars is 90-120
kg for males and 60-90 kg for females, with a large variation in body size.  Historically the range
of jaguars was the southern United States through Central and South America as far south as
southern Argentina.  Their current range is limited to a broad belt from central Mexico through
Central America to Northern Argentina.17  It is approximated that 10,000 jaguars are left in the wild
with an unknown number in captivity throughout Central and South America.  

The biggest conservation threats for jaguars are due to habitat fragmentation and hunting of
“problem cats” (due to a real or perceived high level of livestock predation).  Although the specific
health threats to free-ranging jaguars are largely unknown at this time, they are probably similar to
those cited for the health concerns of wildlife in general and include anthropogenic influences, often
associated with increased contact that wildlife have with livestock, domestic carnivores and humans,
as well as habitat fragmentation and contamination of their habitats.7 

Many infectious and non-infectious diseases have been documented in captive jaguars.  Non-
infectious problems include a high incidence of neoplasia which may be associated with husbandry
in captivity and/or longevity.  Many infectious agents have been documented to cause morbidity
and/or mortality including protozoan,5 bacterial,1 and viral pathogens (i.e., canine distemper, feline
infectious peritonitis).2,12  Additionally, there is serologic evidence of infection with canine
distemper and feline immunodeficiency virus.2-4  It is also assumed that jaguars are susceptible to
the common respiratory disease agents of domestic and non-domestic cats. 

Unlike in Africa where a number of studies have provided information on the health status and
diseases of free-ranging large cats and other carnivores, few studies have been conducted on the
health status of jaguars in the wild, with the majority of data on parasite infection and infestation.14,15

Although the solitary nature of jaguars may minimize epidemic levels of contagious diseases (i.e.,
sarcoptes and canine distemper), it is assumed that the same diseases as seen in African carnivores
may cause health-related problems in free-ranging jaguars.
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In 1999, the Field Veterinary Program (FVP) of the Wildlife Conservation Society was approached
by the Jaguar Advisory Group of the newly developed Jaguar Conservation Program.  The Jaguar
Conservation Program focus is on 1) the establishment of long-term ecologic studies of jaguars in
various habitats and across a range of human impacts; 2) population status and distribution surveys
in critical areas and regions where jaguar status is unknown; 3) jaguar-livestock predation research
projects and rancher outreach to minimize conflicts with jaguars; 4) monitoring programs to assess
and respond to changes in jaguar populations, their prey and habitats; 5) health and genetics
components of jaguar populations to inform research and conservation actions; and 6) range-wide
education materials about jaguars and threats to their survival.18  The FVP was asked to develop
animal handling guidelines and to incorporate a health and disease monitoring program as a part of
this species-based conservation program.  

Jaguar Health Program

In October 1999, as an initial overview we presented to the Jaguar Advisory Group a working
outline and plan of how our group of FVP veterinarians can and should contribute to a program
directed at species-based conservation.  To prepare for this presentation, an initial literature search
was performed to determine what was currently known about the health status of free-ranging
jaguars and to compare this with information on captive jaguars and other wild and captive large
felids.  During this initial search, it became clear that very little information on the health of free-
ranging jaguars was available in the English, Spanish, and Portugese literature.  However, by
emphasizing the role that disease has played as one obstacle to the long-term conservation of other
free-ranging carnivore populations, such as canine distemper in lions,16 and rabies in African wild
dogs,13 the importance of a veterinary component to this species-based conservation initiative was
appreciated by the members of the Jaguar Advisory Group.  

A key component of this initial presentation was emphasizing how the Jaguar Health Program would
be executed.  First, it was stressed that the main advantages to incorporating veterinary specialists
into this species-based conservation program were: 1) to provide standardized methods for safe
jaguar handling and to assess the overall health status of jaguars in the wild; 2) to determine disease
threats to jaguars including both direct threats (i.e., infectious diseases - intraspecific and conspecific
via domestic animals, livestock, other free-ranging felids, prey items) and indirect threats (i.e.,
habitat fragmentation and degradation that may increase disease risks); and 3) to provide
recommendations, based on findings from the health assessment, for the long-term management and
conservation of jaguars.  Further, these objectives (advantages) were presented more specifically
as to how the Field Veterinary Program staff would provide “products” for the Jaguar Conservation
Program including: 1) veterinary assistance at field sites; 2) a manual with standardized
immobilization techniques and biomaterial handling methods; 3) a centralized sample storage and
dispensing site and contacts with veterinary laboratories that are experienced in non-domestic felid
diagnostics; 4) a bibliography on health and disease of captive and free-ranging jaguars; 5)
distribution of all written materials in English, Spanish and Portugese; and 6) the incorporation of
health-related issues into policy development in conservation initiatives.

One challenge to this program has been the nebulous line that separates captive and free-ranging
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jaguars in Latin America.  In this region there are a number of projects that translocate “problem”
cats and others that house confiscated jaguars, under less than hygienic conditions, with the intention
of reintroduction.  Few of these programs consider health prior to animal movements.  Therefore,
the risk that diseases in these captive jaguars may become the diseases present in the wild population
must be addressed.  For this reason, in September 2001 we presented the topic of animal movements
and disease at the biannual wildlife biologist’s meeting in Cartagena, Colombia, reaching hundreds
of Latin American conservationists.8  The risk associated with animal movement projects for
jaguars, as well as other wildlife in Latin America, was a new concept for many individuals that
attended the presentation.  Education of the biologists performing field research is one major
component of the jaguar health program. 

To date, our program has distributed a manual, made recommendations for incorporation of health
studies into a number of jaguar field projects, performed disease surveys of conspecific species
(domestic cats/dogs, small carnivores)9,11 and prey items (brocket deer10 and armadillos), and
provided veterinary support for jaguars in captivity in various Latin American countries.  The
manual is available on the web (http://www.savethejaguar.com/fieldvet health manual.pdf )6 or as
a hard copy (from the FVP) in English, Spanish and Portugese.  This manual provides information
for the safe immobilization of jaguars in field conditions, as well as troubleshooting for anesthetic
emergencies.  Additionally, it provides information on the proper methods for the collection,
storage, and transportation of biomaterials that are necessary for population health evaluations.  The
manual is intended for field biologists working with the jaguar conservation program, and that have
experience with large cat field immobilizations.  We emphasize in the manual that a wildlife
veterinarian should always be included in any field project that involves jaguar handling.  However,
often this is not the case in many Latin American countries and many of these projects are executed
without direct input from veterinarians.  By distributing the manual and discussions with
researchers, our role has been to minimize this less than ideal situation and to educate those
performing the field work, whether they be biologists or veterinarians.   

In conjunction with the Jaguar Conservation Program, which provides small grants to a number of
researchers, we in the Jaguar Health Program have contacted small grant recipients and stressed the
importance, and ease, of opportunistic collection of biomaterials such as feces (i.e., for parasitic and
nutritional analyses) and hair (i.e., for genetic analyses), as well as necropsy procedures.  If
appropriate personnel (i.e., veterinarians) are available when handling jaguars, we also discuss the
collection of more invasive (i.e., blood, biopsies) biomaterials for health assessments. 

Conclusion

The Jaguar Health Program is one example of how veterinary medicine can and should be integrated
into conservation initiatives.  Multi-disciplinary teams that include biologists and veterinarians
should work for the common goal of conservation.  In the Jaguar Health Program example, we are
providing veterinary support to minimize possible negative effects associated with conservation
itself (i.e., safe immobilizations and an appreciation for the introduction of anthropozoonotic disease
via research), a standardized approach for determining the disease threats to the long-term
conservation of jaguars throughout their range, and recommendations for policies that may directly



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS4

be counter-productive as they affect the long-term health of the free-ranging population (i.e., jaguar
movements, livestock/domestic animal/jaguar interface). 

Infectious and noninfectious diseases are being recognized by conservation biologists as an
increasing challenge to the conservation of wildlife.7  In this context there is a growing awareness
in the conservation community and willingness to collaborate with veterinarians for technical
planning and implementation of conservation initiatives.  Now is the time to integrate veterinary
programs into large species-based conservation.  It is our hope that the Jaguar Health Program can
serve as a template for the integration of similar health programs into species-based conservation
for the improved health of both free-ranging and captive populations.  
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Abstract

Conservationists are becoming more concerned with the potential for diseases to negatively impact
wildlife populations.  Disease has caused population declines in a variety of free-ranging carnivore
species, and domestic dogs are frequently suspected of being the origin of the agent in question.
Because of the known susceptibility of wild carnivores to domestic carnivore diseases, and the lack
of knowledge regarding carnivore diseases in South America, we are conducting a serosurvey of
carnivores in Bolivia.  We sampled domestic carnivores in villages near a national park, and wild
carnivores at varying distances from the park.  Data on canine demographics and contact rates with
wild carnivores are being incorporated into an epidemiologic model to predict the risk of disease
spread from domestic to wild populations.  Our preliminary results indicate that most domestic dogs
in this region have been exposed to canine distemper virus and canine parvovirus, both viruses of
conservation concern.  Results of serologic analyses of wild carnivores is pending and data
collection is ongoing.

Introduction

Infectious disease is increasingly being recognized as a threat to free-ranging carnivore
populations.1,4-6, 10,12,16  Some species, such as lions and Ethiopian wolves, have already experienced
population declines due to disease outbreaks, and in selected cases, domestic animals have been
implicated as the source.3,13  There is ample evidence that in both captivity and the wild,
nondomestic canids and felids are susceptible to the diseases of domestic dogs and cats.2,7,8,13

However, little is known about the effects, or even the presence, of diseases on carnivore
populations in South America.  A major goal of our project is to use serology to quantify exposure
to disease agents in the wild and domestic carnivore populations living in and near a national park
in Bolivia.

A relatively new national park in Bolivia, the Kaa-Iya of the Gran Chaco, is a large protected area
of tropical dry forest located in the southwestern part of the country.  Its eastern border is
approximately 40 km from a group of  Izoceño-Guaraní villages.15  The Izoceños, indigenous people
inhabiting these villages, use this “buffer zone” region (called the Integrated Management Area)
between the park and the villages for subsistence hunting.  Because hunting almost always involves
dogs, there is potential for contact between domestic dogs and wild carnivores.  This area has a high
diversity of carnivores, despite the dry climate.15  Geoffroy’s cats (Oncifelis geoffroyi), pampas
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foxes (Pseudalopex gymnocercus), and crab-eating foxes (Cerdocyon thous) are seen frequently near
the villages.  Hunters commonly report seeing signs of pumas (Puma concolor), ocelots (Leopardus
pardalis), jaguarundi (Herpailurus yaguarundi), and jaguar (Panthera onca), and sightings of the
actual animals occur regularly.  Most of these species are protected in part or all of their range, and
are therefore of conservation concern.11,15

In an effort to assess the risk of disease transmission from domestic carnivores to free-ranging
carnivores, we have begun a project that involves sampling domestic dogs and cats, sampling wild
canids and felids, interviewing villagers about dog demographics, and finally, constructing an
epidemiologic model of disease dynamics in these populations.  Our hypothesis is that wild
carnivores residing near human settlements have greater contact with domestic carnivores, and
therefore will be more likely to be exposed to disease agents than are wild carnivores living in areas
with little encroachment from humans.

Methods

Three villages were targeted for domestic animal sampling on the basis of ease of access and
previous involvement with researchers.  Dogs were identified for sampling by walking from house
to house and asking residents if they had dogs or cats and were willing to participate.  In exchange
for participation, their pets were vaccinated against rabies and given antiparasitides.  Sampling was
basically opportunistic; no effort was made to randomize subjects.  However, only animals 6 mo of
age and older were included, to avoid interference and false positive serologic results due to the
presence of maternal antibodies.  Blood, fecal, and tick specimens were taken from dogs with the
aid of manual restraint and muzzles.  Cats required chemical restraint; 10 mg of
tiletamine–zolazepam (Telazol®, Fort Dodge Laboratories, IA 50501 USA) given intramuscularly
(i.m.) was used.  Fecal samples were preserved in 10% buffered formalin, ectoparasites were
preserved in 70% ethanol, and blood samples were spun down within 2 hr of collection so that the
serum could be separated and frozen in liquid nitrogen.

Wild carnivores were captured using cage-style box traps (Tomahawk Livetrap Comp., Tomahawk,
WI, 54487 USA and Havahart Traps, Woodstream Corp., Lititz, PA 17543 USA) modified to house
a live chicken.  Baited traps were placed along roads and trails about 200 m apart in four general
sites: (1) within 1-2 km of a village; (2) at a site frequently used by hunters and their dogs, about 28
km from the nearest village; (3) at a site 40 km from the nearest village, where hunters rarely
venture, and (4) at a site within the National Park, about 200 km from the village.  Traps were
checked once or twice daily.

Trapped canids were immobilized with Telazol® at 5mg/kg given i.m.  Felids were immobilized
with a combination of ketamine (5 mg/kg) and medetomidine (Pfizer Corp., New York, NY 10017
USA) (0.05mg/kg); the latter was reversed with an equal volume of atipamezole (Pfizer Corp., New
York, NY 10017 USA) when all procedures were complete.  Heart rate, pulse, respiratory rate,
temperature, and oxygen saturation were monitored throughout anesthesia.  Animals were weighed,
measured, given a complete physical exam, photographed, ear tagged, and sampled for blood, feces,
ectoparasites, and hair.  Once recovered, animals were released at the site of capture.  Specimens
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were processed similarly to the domestic carnivore samples. 

Serologic analysis and parasite identification were performed at the Cornell University Veterinary
Diagnostic Laboratory.  Domestic felids were tested for exposure to feline leukemia virus, feline
immunodeficiency virus, feline calicivirus, feline panleukopenia virus, feline herpesvirus, feline
coronavirus, Toxoplasma gondii, Leptospira interrogans, and heartworm disease.  Wild felids were
tested for the above as well as canine distemper virus.  Domestic and wild canids were tested for
exposure to canine distemper virus, canine parvovirus, canine herpesvirus, canine adenovirus, canine
coronavirus, T.  gondii, L. interrogans, and heartworm disease.

In addition to wild carnivore sampling, data on domestic dog demographics and contact rates with
wild carnivores were collected.  Villagers were interviewed and questioned about dog ownership,
dog mortality, birth rates, and vaccination rates.  Hunters in the communities were given data sheets
and asked to keep track of wild carnivore sightings and signs.  Data on frequency and location of
hunting were available from previous studies.  This information is being incorporated into a model
developed by May and Anderson.9  By using a model, we can predict whether—and how fast—a
given disease will spread from the domestic to the wild carnivore population. 

Results and Discussion

Our results thus far are preliminary, but we have found that domestic dogs in the villages have a
very high neonatal mortality rate, and based on serologic tests, many infectious diseases are
maintained in the population.  For example, the prevalence of antibodies to canine distemper virus
and canine parvovirus in the dogs is greater than 90% (n=28), and the prevalence of antibodies to
feline panleukopenia in cats is 100% (n=5).  In the dogs, antibodies against canine herpesvirus,
canine adenovirus, canine coronavirus, and T. gondii were also found.  In addition, several dogs
were positive for Dirofilaria immitis antigen.  Sarcoptic mange also appears to be common based
on physical examinations.  Serologic tests are still pending on additional domestic dogs and cats,
and on several wild carnivores (representing four species), but sarcoptic mange has been confirmed
in one species, the pampas fox (Pseudalopex gymnocercus).7 

To date, all the wild carnivores we have sampled were trapped in an area between five and fifteen
km from the park boundary.  In the future, we will be sampling wildlife close to the villages, in order
to test the hypothesis that wild carnivores living adjacent to human settlements are more likely to
have been exposed to domestic carnivore diseases than wild carnivores living more distant from
humans.  In addition, information on seroprevalence of diseases in domestic carnivores, coupled
with estimates of contact rates between domestic and wild carnivores, will be used to construct an
epidemiologic model to predict the likelihood of disease transmission to the wildlife species.  
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Abstract

Hyenas are thought to be susceptible to many feline and canine viral diseases, but no comprehensive
surveillance has been conducted.  Antibodies to canine distemper virus (CDV), feline calici virus
(FCV), feline herpes virus 1 (FHV1), canine parvovirus/feline panleukopenia virus (CPV/FPLV),
feline corona virus (FECV/FIPV), and feline immunodeficiency virus (FIV) have been detected in
Serengeti lions indicating that these viruses are present in the ecosystem.1-4  Spotted hyenas (Crocuta
crocuta) are one of the most abundant predators in the Serengeti ecosystem and interact with a broad
range of sympatric species. Furthermore, hyena habitat includes human settlements, where exposure
to domestic dog and cat viruses is probable.  In order to determine whether hyenas are susceptible
to infection by canine viruses, a retrospective serosurvey was conducted to detect antibodies to
CDV, FCV, FHV1, CPV/FPLV, FECV/FIPV, and FIV.  Serum samples were collected from spotted
hyenas in the Masai Mara National Reserve (MMNR) from a single clan (n=119) from 1993-2001
and from animals (n=121) in multiple clans from 1993-2001.  Samples were tested at the Diagnostic
Laboratory, College of Veterinary Medicine, Cornell University.  The associations of age, sex, social
rank, and location within the MMNR to antibody status were evaluated.  From 1993-2001 47% of
the study hyenas had antibodies against CDV.  Antibody titers to FCV, CPV/FPLV, FECV/FIPV,
and FIV were present in 72%, 81%, 36%, and 16% of study hyenas, respectively.  One hyena had
antibodies against FHV1.  Seroprevalence differed among age groups and by year sampled.  These
results indicate that hyenas in the MMNR were infected with CDV, FCV, FHV1, CPV/FPLV,
FECV/FIPV and FIV, or closely related viruses.  Whether infection results in clinical disease in
spotted hyenas cannot be determined from this study.  This information may be useful in planning
management and preventive medicine programs for the Serengeti ecosystem and captive hyenas. 
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Abstract

The Pallas’ cat, a small-sized felid species, is threatened with extinction in its natural habitat in Asia.
Causes of population decline include habitat loss, vermin control programs and hunting for the fur
trade.9  To establish a genetically representative founder population in captivity, a total of 24
wild-born Pallas’ cats were imported from Russia and Mongolia into North American zoos between
1995-2000.  Captive breeding of these Pallas’ cats has been very productive during the past 6 yr,
with the birth of 65 kittens in 17 litters.  Unfortunately, there has been extraordinarily high (~60%)
mortality of newborn kittens within 4 mo of birth.  In the majority of deceased kittens evaluated at
necropsy, infection with Toxoplasma gondii has been identified as the cause of death.11

Almost all adult Pallas’ cats (>80%) in North American zoos are chronically seropositive for anti-T.
gondii antibodies, but, like most adult felids, only rarely display clinical signs of infection.3,10

However, during pregnancy, maternal immune responses apparently are not protective in Pallas’
cats, unlike in pregnant domestic cats and other cat species with previous T. gondii exposure.11  High
neonatal mortality in Pallas’ cats is jeopardizing the maintenance of a viable captive population, but
the basis for this extreme susceptibility to fatal toxoplasmosis is unknown.  Comparative
information from wild Pallas' cats would be invaluable for determining whether toxoplasmosis is
endemic to wild populations or if it represents an emerging disease primarily associated with
captivity.  

In this study, our specific objectives were to: 1) evaluate the general health status of wild Pallas’ cats
in Mongolia, including normative blood values, viral serology and fecal parasite loads; 2) determine
prevalence of T. gondii exposure in Mongolian Pallas’ cats, domestic cats and prey species; 3) assess
fecal cortisol metabolite levels as an indirect indicator of basal stress; and 4) compare findings to
those from concurrent studies of wild-born and captive-born Pallas’ cats maintained in North
American zoos.  

Biologic samples were obtained from wild Pallas’ cats (n=15) captured in the central province of
Mongolia during the summer months of 2000 and 2001.  For capture, active Pallas’ cat den sites
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were identified and excavated.  Pallas’ cats were manually restrained and anesthetized (ketamine
hydrochloride; 15 mg/kg body mass; im) by hand syringe.  Blood (8-12 ml) was collected via
jugular venipuncture, placed into EDTA tubes, and centrifuged.  Plasma, red and white blood cells,
and whole blood samples were frozen in liquid nitrogen (-196<C).  A separate whole blood sample
(1 ml; in EDTA) was chilled (4<C) for CBC analysis.  Fecal samples were obtained via a lubricated
rectal loop and stored frozen (-20<C).  When fully recovered from anesthesia (after ~2 hr), cats were
released close to their point of capture.  Comparative data were obtained from nine captive Pallas’
cats maintained in three North American zoos (Birmingham Zoo, Cincinnati Zoo and Botanical
Garden, Denver Zoological Gardens).  Blood and fecal samples were collected during 1999-2000
and subjected to similar laboratory analyses (as described below).  

Blood samples also were collected from domestic cats (Felis catus; n=15) captured at the study sites
in Mongolia, nearby villages, and in Ulaanbaatar during the summer of 2001.  Cats were
anesthetized (ketamine hydrochloride; 15 mg/kg body mass; im) and blood (2-4 ml) collected via
venipuncture, placed into EDTA tubes and centrifuged.  Plasma and whole blood from each cat were
frozen and stored in a liquid nitrogen tank.  Prey species (pikas and rodents; n=45) were manually
captured by local Mongolian herdsmen.  For anesthesia, each animal was placed into a nylon bag
containing a cotton ball soaked with halothane.  Blood samples (2 ml) were obtained via cardiac
puncture, placed into EDTA tubes, centrifuged and stored in liquid nitrogen.  Immediately following
blood sample collection, prey animals were euthanatized by decapitation.  Whole brains were
isolated, sectioned, and stored in buffered formalin for later PCR analysis.

Sample analysis included assessments of blood cell and biochemical parameters, viral serology
(FIV, FeLV, FIP), T. gondii exposure, and determination of fecal cortisol metabolite concentrations.
Complete blood counts were performed at a human diagnostic lab in Ulaanbaatar on fresh (< 24h)
chilled samples.  Biochemical analysis and enzyme-linked immunoassays (EIA) for viral antibodies
and/or antigens (FIV, FeLV, FIP) in frozen serum samples were conducted at the Cincinnati
Veterinary Diagnostic Lab.  Fecal flotation for presence of T. gondii oocysts was conducted at The
Ohio State University College of Veterinary Medicine.  PCR testing of whole blood/brain tissue for
T. gondii DNA and EIA/latex agglutination testing of plasma samples for T. gondii antibodies were
conducted at Colorado State University.7,8  Fecal extractions and corticosterone radioimmunoassays
were performed at the National Zoo’s Conservation and Research Center.4

Comparing wild to captive Pallas’ cats, there were no differences (p > 0.05) in any hematologic
values nor in most biochemical parameters, with the following exceptions.  Wild Pallas' cats had
higher (p < 0.05; mean ± SEM) serum glutamic-oxaloacetic transaminase (SGOT; 119.4 ± 20.0
IU/L) and total bilirubin (0.70 ± 0.12 mg/dl) and lower (p < 0.05) glucose (47.0 ± 10.9 mg/dl) levels
than that found in captive cats (35.8 ± 14.1 IU/L, 0.19 ± 0.06 mg/dl, 121.1 ± 11.0mg/dl,
respectively).  Viral screening via domestic cat EIA revealed no evidence of FIV, FeLV, or FIP in
the wild population.

Of the fifteen wild Pallas’ cats, thirteen (87%) were negative for anti-T. gondii antibodies via EIA.
The two seropositive cats had moderately elevated IgG titers (1:512-1:1024).  In contrast, all (9/9,
100%) of the comparative captive population were seropositive and all had high IgG titers (1:2048-
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1:8192).  Assessment of blood samples from Mongolian domestic cats and prey items indicated a
complete absence of T. gondii exposure based on antibody titers.  Furthermore, PCR analysis of
whole blood samples from all wild Pallas’ cats, domestic cats, and prey items, and of brain tissue
from prey species, found no evidence of T. gondii DNA.  Comparison of fecal cortisol metabolite
concentrations revealed no difference (p > 0.05) between wild (48.6 ± 9.2 ng/g wet feces) and
captive (56.8 ± 7.9 ng/g wet feces) Pallas’ cats.  No T. gondii oocysts were found in fecal samples
from any wild Pallas’ cat.

Our findings suggest that the general health status of wild and captive Pallas’ cats are comparable,
based on physical exams, complete blood counts, and blood biochemistry analyses.  Furthermore,
fecal cortisol metabolite levels did not differ between populations, indicating that Pallas’ cats in
captivity and the wild exhibit similar adrenocortical activity levels.  These observations provide
evidence that general health status, stress levels and other captive husbandry issues are not the
primary factors causing the extreme susceptibility to toxoplasmosis.  

One pronounced difference between wild and captive populations was the seroprevalence to T.
gondii.  Whereas all captive Pallas’ cats in this study exhibited pronounced antibody titers to this
organism, only two of 15 (13%) wild Pallas’ cats were seropositive.  An additional four wild-caught
Pallas’ cats imported directly from Mongolia in 2000 also were seronegative (John Aynes, personal
communication).  These findings suggest that wild Pallas’ cats have minimal opportunity for
exposure to T. gondii in their natural habitat and likely do not become infected with this parasite
until being brought into captivity.  Our results from concurrent evaluations of Mongolian domestic
cats and prey species support this conclusion.  Analysis of both blood products and brain tissue
found no evidence of T. gondii exposure in any of the domestic cats, pikas or rodents sampled in
Mongolia.  In contrast, studies of domestic cats and prey species in other geographic regions have
reported T. gondii seroprevalence ranging from from 33.7%-80% and 2.1%-24%, respectively.1,2,5,6

In conclusion, evidence suggests that the extreme susceptibility of Pallas’ cats to toxoplasmosis is
a consequence of evolving in a biologically unique environment.  In their culture, Mongolians do
not typically maintain domestic cats as companion animals, limiting the number of feral cats
available to serve as definitive hosts for T. gondii.  In addition, the severity of the Mongolian winters
likely reduces the viability of any T. gondii oocysts that may be shed into the environment by
domestic cats.  The combination of limited numbers of definitive hosts and low oocyst survival
during the winter months could impair the ability of T. gondii to complete its natural life cycle and
persist in the wild.  Accordingly, Pallas’ cats may not have co-evolved with this specific parasite,
creating a degree of susceptibility to toxoplasmosis that is most similar to that observed in several
island species, such as macropods and lemurs.   

The implications of this finding are profound for the captive population.  If zoos are to maintain
Pallas’ cats in captivity, it is imperative that research be directed at developing management
strategies to prevent exposure of naive Pallas’ cats to T. gondii without compromising
reproduction.13  For Pallas’ cats previously infected with T. gondii, pharmaceutical options need to
be explored that will limit disease transmission to offspring in utero or postpartum or provide
effective therapy for clinically ill neonates.12  Until this disease issue is adequately resolved,
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importation of additional Pallas’ cats from the wild is unlikely to benefit the conservation of this
threatened species.  
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Abstract

Onychectomy, or declawing, is a controversial and morbid procedure when used in the management
of exotic felids. There are three basic techniques, all of which lead to significant gait disturbances
and boney deformities. Although each method of onychectomy has a purported rationale, every
declawed animal we have encountered manifests some degree of dysfunction, such as abnormal
standing conformation and the slow and painful placement of paws during ambulation. Fourteen
declawed exotic felids with morbid sequelae of onychectomy have been treated with a reparative
surgical technique. Over 90 percent of these animals have exhibited markedly improved gait and
stance.

Introduction

Onychectomy is a popular technique used in the management of exotic felids. Three basic methods
have been described. In the first (method one), the entire third phalanx of each digit is removed.2 In
the second (method two), most of the third phalanx is amputated, leaving the deep digital flexor
tendon attached to the remaining flexor tubercle.3 The third (method three) is described as leaving
the flexor and extensor tendons attached to the third phalanx, while removing the horn-forming
tissue on the ungual crest.1,2 Each of the methods has reported advantages, but none is free of
adverse sequelae. 

While proponents of method one accurately claim that complete removal of the third phalanx (p3)
minimizes potential of subsequent infection and trauma caused by the retained bone fragment,2 the
disruption of flexor and extensor tendons, as well as the abnormal position of the second phalanx
(p2), cause digital pad pathology and loss of function, namely flexion and extension of the paw.

Method two supporters argue that the deep digital flexor tendon should be preserved.3 While this
allows for some flexion of the paw, without the counter action of the extensor tendon, the flexor
pulls the fragment of p3 proximally under p2. This causes digital pad pathology as well as
discomfort for the animal as it attempts to walk on the remaining bone,2 which acts like a “pebble
in the shoe.”

Advocates of method three correctly state that paw integrity will be maintained with flexor and
extensor tendon preservation, Because of the nature of the feline claw,1 however, it is impossible
to remove all of the horn-secreting tissue without removing the majority of p3.2 Subsequent nail
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regrowth and abscess formation can be expected.

The Wildlife Waystation is home to more than 130 big cats. Onychectomy is not performed at our
facility, but many animals have been declawed prior to their arrival. Every one of these cats has
suffered to some degree from the crippling effects of declaw surgery. These effects have been
ameliorated by the new reconstructive surgery described in this paper. To date, we have repaired
thirty-four paws with significant improvement in function and apparent reduction in pain.

Anatomic Review

Normal anatomy of the claw is provided in Figs. 1 and 2.

Methods

Eight cougars, three tigers, two leopards, and one lion have had either their front feet, or both their
front and back feet repaired. Preoperative measurements of pad size and subjective ratings of paw
pad suppleness and integrity were made. Radiographs, and in some cases, magnetic resonance
images, were used to assess the status of p2 and p3 and the presence of pathology, including soft
tissue infection, osteomyelitis, bone degeneration and arthritis. In the front paws of two cougars, p3
had been completely amputated in the initial declaw surgery. In the front paws of the remaining six
cougars, p3 had been only partially amputated. In two animals there was significant nail regrowth
with subsequent abscess formation. All three tigers had only partial amputations of p3, with one
animal having significant nail regrowth and abscess formation. Both leopards had only partial
amputations of p3, one with abscess formation. The lion had partial amputation of p3 with
subsequent abscess formation due to nail regrowth.

Digital video recordings have been taken of the animals walking before and after the surgery. The
video is used to monitor changes in the animals’ ability to walk, jump and climb.  

In preparation for surgical repair of the declawed feet, paws are clipped to the carpus, including the
area of the former nail. Chlorhexidine solution is then sprayed on the paw before the Esmarch
bandage tourniquet is wrapped from the distal paw towards the antebrachium in a binding manner
to milk blood from the paw. Care must be taken to apply pressure over a broad area to avoid nerve
damage. The tourniquet is then released from the distal end toward the proximal to expose the paw.
After a complete surgical scrub, an incision approximately 3 cm in length is made from the dorsal
aspect of the paw to the palmar aspect at the site of the former nail. The pad must be avoided. In the
case where part of p3 remains, the partially amputated bone is exposed via blunt dissection, any
purulent material is debrided and the fragment is then grabbed with A-O reduction forceps to
mobilize and exteriorize the deep digital flexor tendon. A cruciate suture (0 PDS) is placed in the
remaining digital flexor tendon and attached dorsally into the extensor tendon, or if the latter cannot
be identified, into the remaining tissue in the extensor groove of the second phalanx. Before the
suture is secured, the cartilage that remains on the distal end of p2 is removed by rongeur. The suture
is then tightened to reposition the pad nearer to its proper anatomic position relative to p2. The
incision is closed with tissue glue. Pressure wrap bandages are placed over the paws with tabs for
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easy release.

In the case where p3 has been completely amputated, the surgical technique is similar to the one
described above, except that the tendons may be difficult to find. The cartilage of p2 is removed by
rongeur and the pad repositioned, as described above.

Anesthesia consists of the following. Medetomidine (0.05 mg/kg) is administered intramuscularly
via hand syringe or blow dart. The drug typically induces vomiting before the animal is adequately
sedated. A mask delivering isofluorane and oxygen is then placed over the nose and mouth until the
animal can be transported. After intubation, an intravenous catheter is placed. The level of
anesthesia is monitored with respect to pain response, heart rate, and respiration. Intravenous
cefazolin (20 mg/kg q 90 min) is given during the course of the procedure. Butorphanol (0.2-0.4
mg/kg) is administered subcutaneously at the completion of the surgery for pain control. The
reversal agent atipamezole (0.25 mg/kg) is given intravenously. The animal is recovered on a
smooth plywood floor.

Because tigers are more sensitive to anesthesia, we find it easier to use xylazine (0.75 mg/kg)
intramuscularly followed by ketamine (1.5 mg/kg) intramuscularly in these animals. For this
anesthesia, we use the reversal agent yohimbine (0.125 mg/kg) intravenously. Postoperative pain
management includes butorphanol (0.1 mg/kg) subcutaneously.

Results

In this study, the preliminary data depict that all fourteen declawed animals have shown
improvement in their gait. Travel times over specific distances are improved as well as ability to
jump and climb. With the reparative surgery described in this paper, animals have regained
significant function of their feet. Whereas before surgical repair, their paws were paddle-like, a
condition commonly referred to as “floppy paw,” they are now able to stand digitigrade1 and have
improved ability to flex and extend their front paws. Subjective ratings of paw pad suppleness and
integrity improved for all animals. 

These surgeries were performed between April 2000 and March 2002. There have been no surgical
complications in the fourteen animals treated to date. 

Fourteen paws exhibited nail regrowth with abscess formation prior to reparative surgery. All were
treated successfully, and there have been no recurrences. 

Subjective analysis of the videotapes shows marked improvements in ambulation in 13 of the 14
animals treated by this reparative technique.

Discussion

There are three well-described methods of declawing exotic felids. Each has its purported
arguments, but none is without morbid sequelae.
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In the case where p3 is only partially amputated, the flexor tendon attachment pulls the fragment of
p3 ventrally and proximally.2 The animal is forced to either walk on the toes despite the painful
“pebble in the shoe” phenomenon or, avoid walking digitigrade and bear its weight on the carpus.
These paws are easier to repair those where p3 is entirely amputated because the tendons can be
identified and because the pad is not drawn as far proximally. 

Where p3 is entirely removed, the flexor and the extensor tendons are difficult to find due to
retraction. In these cases the tendon reattachment reparative technique described above can only be
approximated. However, approximated tendon reattachment, with the proper repositioning of the
digital pad and the removal of the cartilage and shortening of p2, improved the gait of these animals.

Despite claims to the contrary, our experience shows that none of the three described methods of
declawing is able to preserve the normal anatomy and function of the paw. When p3 is completely
amputated, the animal may not have subsequent infection, but the paws lose much of their anatomic
integrity and become paddle-like, flat, and unable to flex and extend. Anatomic changes of the distal
part of the paw cause p2 to stab through the pad, causing pad pathology. 

Where p3 is partially amputated, animals exhibit one or both of the following outcomes. The first
is abscess formation due to incomplete removal of the nail germinal tissue, and the second is that
the residual portion of p3 is pulled under p2 causing pathologic disruption of the pad and arthritis
in the entire limb due to abnormal stance.

We have found that the removal of the distal cartilage of p2 allows pressure-induced resorption and
subsequent remodeling of the bone. This ultimately has a positive effect on the digital pad because
p2 no longer penetrates it. 

The attachment of the deep digital flexor tendon to the extensor tendon allows the cat to regain some
degree of flexion and extension of the paw. 

This reparative surgical technique is not to be construed as another method of declawing. The
animals have not been restored to normal function. Their symptoms have only been palliated.
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Figure 1.  Normal anatomy, claw.

Figure 2. Normal anatomy, claw.
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Abstract

This report encompasses survey results providing clinically important, unpublished findings of the
medical conditions of captive ursids in zoos and aquaria throughout North America. Surveys were
distributed to facilitate the creation of a husbandry manual for captive ursids.  Records from 50
institutions current through Fall 1999-Spring 2000 were used to compile this data. Selected findings
reported here have been limited to three major body systems. Medical issues of polar (Ursus
maritimus), brown (Ursus arctos), North American black (Ursus americanus), Asiatic black (Ursus
thibetanus), sloth (Melursus ursinus), sun (Helarctos malayanus), and spectacled bears (Tremarctos
ornatus) are discussed within the digestive, ocular, and integumentary systems.  Chronic keratitis
as well as gastric dilation and volvulus were found to be predominant lesions in sun bears.
Neoplasia encompassed forty-percent of all digestive cases identified (including gastrointestinal,
hepatic, and biliary tissues).  Eleven percent of all bears surveyed had some type of skin disease.
Further evaluation of captive bears is ongoing through the cooperation of the AZA Bear Taxonomic
Group member institutions.    

Introduction

The medical records and historical data for 512 bears, held within 50 zoos and aquaria within the
United States, Canada, and Mexico, were examined and used to compile this data.  Among these
bears, 103 or 20.1% were North American black bears, 95 or 18.6% were polar bears, 91 or 17.7%
were brown bears, 68 or 13.3% were sun bears, 66 or 12.9% were spectacled bears, 46 or 9% were
sloth bears and 43 or 8.4% were Asiatic black bears.  Although giant panda (Ailuropoda
melanoleuca) were included in the survey, no records or results were obtained for this species.  The
following data encompasses information obtained from this survey.

Materials and Methods

Surveys were distributed to157 zoos and aquaria in the Unites States, Canada, and Mexico, which
have, or historically had, bears in their collection.  Surveys were distributed in August 1999 and
encompassed vaccination records and policies, anesthetics used, enrichment, conditioning,
parasitism, and occurrence and treatment of disease based on an organ system breakdown.
Institutions were requested to complete the survey and/or return complete medical records for
review.  Both current medical records and historical (up to 10 yr previous) were obtained from fifty
institutions. Records were received in various formats ranging from hand-written to complete
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MedARKS files.  Data was obtained via investigation of records and completed surveys.
Interpretation of records proved challenging and dependence on the empirical diagnosis listed within
was necessary. Institutions are identified in a generic way in order to maintain confidentiality.

Results

Seventeen cases of ocular disease were found within the records of 512 captive bears.  Nine of these
17 (53%) cases of eye disease were found in sun bears with seven of  9 cases reported as a chronic
keratitis, one as a corneal neoplasia (squamous cell carcinoma of the left eye, keratitis of the right
eye, and melanoma of the eyelid), and one as a probable lacrimal duct aplasia.  Chronic keratitis was
not reported in any  species other than sun bears. Four of 17 (23.5%) total cases were listed as
conjunctivitis with three (75%) found in spectacled bears and one case of chronic conjunctivitis was
found in a North American black bear.  Of the four remaining cases the distribution was as follows:
two cases of corneal trauma in Asiatic black bears, one case of chronic contact irritation in a polar
bear, and one case of diabetic cataracts in a brown bear (Table 1).  

Survey results for digestive system conditions was divided into gastrointestinal and hepatobiliary
conditions. A total of 61 bears were found to have exhibited disease of the digestive system, 45 of
which were gastrointestinal cases and 16 were either hepatic or biliary cases.  Gastrointestinal
neoplasia included pancreatic adenocarcinoma in a sloth bear, pancreatic adenoma in an Asiatic
black bear, squamous cell carcinoma in a spectacled bear and a North American black bear,
malignant melanoma of the hard palate in a brown bear, an unspecified small intestinal neoplasia
in a sun bear, intestinal adenocarcinoma in a sun bear and a brown bear, disseminated abdominal
adenocarcinoma in a brown bear, intestinal lymphosarcoma in a brown bear (possibly causing
mesenteric torsion), lymphosarcoma (affecting hepatic and renal tissues) in an Asiatic black bear,
lymphocytic lymphoma in a brown bear and papillary cystadenocarcinoma in a sun bear.
Gastrointestinal medical conditions included inflammatory bowel disease (IBD) in two polar bears
and one sun bear, gastric dilatation and volvulus (GDV) in four sun bears and a polar bear,
enteritis/colitis, foreign body ingestion, dietary indiscretion, hematochezia of unknown origin in
three sloth bears, constipation, strangulated and ruptured intestine, gastric fungal granuloma in a
North American black bear, mesenteric torsion possibly secondary to lymphosarcoma,
megaesophagus in a polar bear, formula stasis, and diabetes (type unspecified) in a brown bear
(Tables 2 and 3).  The following hepatic cases were described in this survey: hepatocellular
carcinoma in three brown bears, liver adenocarcinoma in a polar bear, an unspecified tumor in a
polar bear, benign hepatoma in a polar bear, biliary carcinoma in a brown bear, cholangiosarcoma
in a spectacled bear, and cholangiocellular carcinoma in two sloth bears, a polar bear, and a brown
bear.  Non-neoplastic disease of the hepatobiliary tract included one case of hepatitis in a polar bear
which was consistent with a viral etiology although not confirmed.  Vacuolar hepatopathy in a sun
bear, chronic cholangitis due to intestinal neoplasia in a sun bear, and cholestasis due to a metastatic
mass in a spectacled bear were also found in the survey results (Table 3).

Diseases of the integumentary system appears common in captive species with 11% of bears
reviewed in this report have been documented  skin disease.  Various causative factors have been
reported including endocrine disease (confirmed hypothyroidism and suspected endocrine/estrogen
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related disease), mites (Demodex spp.), fly bites, fire ants, brown recluse spider bites, ringworm,
fungal and bacterial infection (dermatophilus and staphylococcus are documented), self-mutilation
and seasonal changes. Among all documented cases of alopecia, dermatitis, pruritis, or a
combination of these, 29% were undiagnosed (Table 4). 

Discussion

Ocular disease, particularly chronic keratitis, was found to predominate in sun bears. The cause of
this predisposition to chronic keratitis is unknown but it is speculated that a genetic predisposition
may be to present or that chronic sun exposure in this rainforest species may influence this
development.  One case, as examined by a veterinary ophthalmologist, was described as solar
induced corneal dysplasia and/or endothelial dysplasia of unknown cause.  The syndrome was
described in this case as ulcerative with progression to permanent white scarring with eventual
vision impairment.  Additionally, one case of ocular nodular fasciitis, similar to canine fibrous
histiocytoma, has been reported and successfully removed in an Asiatic black bear.6

Neoplasia at 28% of the cases was by far the predominant finding in the gastrointestinal system.
Gastrointestinal volvulus has also been described as a cause of death in a free ranging polar bear
with gastric dilatation and volulus1 and a captive black bear with small intestinal volvulus.11  In
addition, biliary carcinoma in two sun bears, pancreatic adenoma in a brown bear, pancreatic
necrosis in two brown bears, one North American black bear, and one sun bear are reported and
previously published from a single institution.2  Obstruction due to trichobezoars (hair balls) has also
been reported as a cause of death in a captive sloth bear.8   It is interesting to note that fungal
enteritis and pneumonia has also recently been seen in captive sun bears imported from the wild.
Lesions in this case resembled neoplastic foci; however, they were fungal in origin.  Future
differential diagnoses in sun bears should take this finding into account. Among diseases noted in
the hepatic system, 76% were neoplastic.  The survey cases were divided equally between the
hepatic parenchyma and the biliary system. 

Integumentary diseases were widespread and commonly undiagnosed despite thorough workups.
In addition to the case noted through this research, dermatophilosis has also been reported in the
literature in two of thirteen captive polar bears at a single institution.7  Cases of mites, including
Ursicoptes americanus and Sarcoptes scabiei in North American black bears have also been
reported in the literature.10,12  Both reports suggest immunocompromise as an underlying factor in
the clinical mange exhibited.  One report has described the use of naltrexone for the treatment of
psychogenic dermatoses without success in a polar bear.5  Hypothyroidism as an endocrine related
cause of skin disease should be considered as reported in the post-mortem findings in a brown
bear.3,9

Conclusions

The selected findings of this report describes the disease prevalence of the ophthalmic, digestive and
integumentary systems within captive bear populations in the United States, Canada, and Mexico.
Results represent diseases seen at the fifty institutions participating in the survey.  However, as some
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species are more commonly seen in zoos than others, interpretation of results must be relative to the
proportions surveyed.  Results suggest a predisposition of sun bears to the development of chronic
keratitis.  More research is needed to elucidate the cause of this condition and to enact preventive
measures if possible.  Additionally, there appears to be a predominance of GDV in sun bears  with
only one other case seen in a polar bear. Although no trends were seen on a species basis, enteritis,
colitis, and inflammatory bowel disease were common findings.  Most certainly, neoplasia was the
most common finding in the digestive system.  However, no dominant tumor type was elucidated.
Of all neoplasias documented, the most common types of tumors were hepatocellular carcinoma and
cholangiocellular carcinoma.  The results of this survey help facilitate the consultation of the Bear
TAG, Veterinary Advisory Group on captive bear disease within both AZA and non-AZA
institutions to establish disease trends, share successful treatment modalities and identify areas for
further research and investigations. 
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Table 1.  Summary of ocular disease survey data. Data represent number of individual cases per
species and disease as well as the coordinating percentage of total cases.

Sun Spectacled Asiatic
Black

Sloth Brown N. A.
Black

Polar Total
Cases

Chronic keratitis 7 0 0 0 0 0 0 7 (41.2%)
Corneal neoplasia 1 0 0 0 0 0 0 1 (5.9%)
Conjunctivitis 0 3 0 0 0 1 0 4 (23.5%)
Corneal trauma 0 0 2 0 0 0 0 2 (11.8%)
Other 1 0 0 0 1 0 1 3 (17.6%)

Total per species 9 (52.9%) 3 (17.6%) 2 (11.8%) 0% 1 (5.9%) 1 (5.9%) 1 (5.9%) 17 (100%)

Table 2.  Summary of gastrointestinal disease survey data. Data represent number of individual
cases per species and disease as well as the coordinating percentage of total cases.

Sun Spectacled Asiatic
Black

Sloth Brown N. A.
Black

Polar Total
Cases

Neoplasia 4 1 2 1 4 1 0 13 (28.9%)
IBD 1 0 0 0 0 0 2 3 (6.7%)
GDV 4 0 0 0 0 0 1 5 (11.1%)
Enteritis/colitis 0 2 0 1 1 2 2 8 (17.8%)
FB/indiscretion 2 0 0 1 0 0 2 5 (11.1%)
Other 0 1 0 4 2 1 3 11 (24.4%)

Total per species 11 (24.4%) 4 (8.9%) 2 (4.4%) 7 (15.6%) 7 (15.6%) 4 (8.9%) 10 (22.2%) 45 (100%)
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Table 3.  Summary of hepatic/ biliary disease survey data.  Data represent number of individual
cases per species and disease as well as the coordinating percentage of total cases.

Sun Spectacled Asiatic
Black

Sloth Brown N. A.
Black

Polar Total
Cases

Hepatic neoplasia 0 0 0 0 3 0 3 6 (37.5%)
Biliary neoplasia 0 1 0 2 2 0 1 6 (37.5%)
Hepatitis 0 0 0 0 0 0 1 1 (6.25%)
Other 2 1 0 0 0 0 0 3 (18.75%)

Total per species 2 (12.5%) 2 (12.5%) 0% 2 (12.5%) 5 (31.25%) 0% 5 (31.25%) 16 (100%)

Table 4.  Summary of integumentary disease survey data. Data represent number of individual
cases per species and disease as well as the coordinating percentage of total cases.

Sun Spectacled Asiatic
Black

Sloth Brown N. A.
Black

Polar Total
Cases

Alopecia 1 2 1 0 2 2 7 15 (27.8%)
Dermatitis 6 1 1 0 1 2 7 18 (33.3%)
Alop. and Derm. 2 2 1 0 0 2 2 9 (16.7%)
Other 2 2 0 1 3 1 3 12 (22.2%)

Total per species 11 (20.4%) 7 (13.0%) 3 (5.5%) 1 (1.9%) 6 (11.1%) 7 (12.9%) 19 (35.2%) 54 (100%)



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 27

MORBIDITY AND MORTALITY OF RED FOXES (Vulpes vulpes) AND GRAY FOXES
(Urocyon cinereoargenteus) ADMITTED TO THE WILDLIFE CENTER OF VIRGINIA
DURING 1993-2001

Terra R. Kelly, DVM and Jonathan M. Sleeman, VetMB, MRCVS*

Wildlife Center of Virginia, Waynesboro, VA 22980 USA

Abstract

The medical records of 48 red foxes (Vulpes vulpes), 35 gray foxes (Urocyon cineroargenteus), and
10 foxes of unspecified species examined at the Wildlife Center of Virginia (WCV) from 1993 to
2001 were reviewed to determine causes of morbidity and mortality.  The most common diagnosis
in red foxes was orphaned (33%), followed by trauma (27%), undetermined diagnosis (23%), and
sarcoptic mange (17%).  Trauma (46%) was the most frequent cause of morbidity and mortality in
gray foxes followed by orphaned (23%), undetermined (20%), toxoplasmosis (6%), presumptive
canine distemper (3%), and rabies (3%).  One gray fox had concurrent toxoplasmosis and
presumptive canine distemper.  Similar diseases were detected compared to previous studies;2,3

however, trauma and orphaned animals were over-represented, and infectious diseases were under-
represented, supporting the hypothesis that submissions to wildlife centers are biased towards
human-associated problems.  The lack of diagnostic information on some cases limited the
usefulness of this study.  For example, it is possible that canine distemper is a more significant cause
of morbidity and mortality in gray foxes presented to the WCV.  All seven of the undetermined gray
fox cases presented with seizures as the primary clinical sign. However, definitive diagnoses were
not made due to the lack of post-mortem examinations performed. This clinical presentation is very
suspicious for canine distemper in this species.1  Wildlife centers can play a role in disease
monitoring; therefore, more emphasis should be placed on performing ancillary diagnostic tests and
post-mortem examinations of wildlife presented to these centers.
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Abstract

Case Report

A 14-yr-old female American black bear housed at the Knoxville Zoological Gardens developed
lethargy, obesity, and alopecia; hypothyroidism was included in the differential diagnosis.  Blood
was collected in October, 2001, and serum total thyroxine (T4), free T4 concentrations by
equilibrium dialysis (fT4ED), and canine thyroid-stimulating hormone (TSH) concentrations
determined (Animal Health Diagnostic Laboratory, Michigan State University) using assays
validated for domestic dogs.  Sera from eight (5.3) healthy adult conspecifics, obtained in the
months of July-October, were also tested to establish reference intervals.  All bears housed at the
KZG are kept in heated indoor quarters through the winter months, thereby preventing winter sleep.
The female bear with clinical signs of hypothyroidism had a total T4 level which was slightly low,
and a fT4ED that was markedly lower than the reference bears’ levels. 
     
Administration of levothyroxine sodium (Soloxine®, 0.8 mg tablets, Daniels Pharmaceuticals, St.
Petersburg, Florida 33713) was started in late November at a standard initial canine dosage (0.022
mg/kg p.o., b.i.d.).  Clinical improvement was noted within 30 days, with apparent weight loss,
improved haircoat, and increased activity.  At the 90-day recheck it was noted that appetite and
activity had continued to improve.  The bear's body weight had decreased dramatically and the
weight loss was visually apparent.  Blood samples were obtained 6 hr after the morning
levothyroxine dose, as recommended for evaluation of adequate dose level in hypothyroid dogs.
The serum total T4 and fT4ED concentrations were well above the high end of the reference levels.
The levothyroxine dose was decreased 20% to 0.018 mg/kg.  One male conspecific had also been
bled at that time, and T4 and fT4ED concentrations had decreased compared with its summer values.

Discussion

Thyroid physiology is complex in bears, and the interactions of the pituitary-hypothalamic-thyroid
axis are not completely understood.  There has been great interest in the effects of winter sleep
(termed “hibernation” or “dormancy") on ursine physiology and metabolism and, in particular,
thyroid physiology.  Results of several metabolic studies of American black (Ursus americanus),
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and brown (Ursus arctos arctos) bears have shown that from December through March, during
winter sleep, there is a decrease in circulating total T4, total triiodothyronine (T3), free T4, and free
T3 concentrations.  There is a gradual increase to normal levels of these hormones several weeks
after the end of this period, in April-May.1,3,5,8  This subnormal hormonal condition has been
hypothesized to be a transient hypothalamic-hypothyroidism.1  No study was found that determined
whether this "winter nadir" phenomenon occurs in captive bears prevented from denning. 

Interestingly, these thyroid hormone patterns were inverted in a captive adult male polar bear, whose
T3 and T4 concentrations peaked in January and reached a low point in summer; no data was
available for female captive polar bears.4  Single blood samples obtained in October-December from
free-ranging polar bears had higher T3 and T4 concentrations in the samples from females compared
to those from males.4  

These seasonal fluctuations may confound the clinical assessment of thyroid function in bears with
suspected hypothyroidism.  Despite the interest in ursid thyroid physiology, diagnostic reference
intervals for thyroid hormone concentrations have not been determined. 

There is one reported case of hypothyroidism and goiter in a grizzly bear (Ursus horribilis),7
diagnosed postmortem.  There is also one report of congenital hyperplastic goiter, hypothyroidism,
and cretinism in a 16-mo-old male American black bear.  This bear had low serum T3 and T4
concentrations in serum obtained before euthanasia, and the diagnosis was confirmed postmortem.2

Antemortem diagnosis and treatment of hypothyroidism in bears, however, has not been described.

In the dog, the current gold standard for the diagnosis of hypothyroidism is documentation of low
circulating total T4 concentrations or low fT4ED with concurrent high TSH concentrations.6  A low
total T4 or fT4ED value in concert with consistent clinical signs, however, is considered highly
suspect and warrants a therapeutic trial.6  Total T4 measurements are affected by the level of serum
thyroid hormone-carrying proteins, which vary between species, as well as nonthyroidal illness and
concurrent drug therapy.  The dialysis technique (fT4ED) for determination of thyroid status is
expected to be the most valid test in novel species, since results are not influenced by plasma
proteins, but there is no report of its use in bears.  TSH assays are considered to be species-specific,
with variable species cross-reactivity.  Canine assays are available but are not expected to be valid
for bears.  Invalid TSH values in the hypothyroid bear and its conspecifics supported our prediction
that this assay may not be useful in bears. 

Conclusion

Total T4 concentration was low in this bear compared to a group of conspecific bears; the level
determined may not be representative for all hypothyroid bears.  In dogs, there is overlap between
hypothyroidism and low normal thyroid concentrations.  The canine fT4ED test was helpful in
establishing a diagnosis, and response to levothyroxine treatment was confirmatory.  Canine TSH
assays do not appear to be valid for American black bears.  The recommended initial canine dosage
of levothyroxine proved to be too high in this hypothyroid bear.
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Abstract

Hematologic and serum biochemical values were measured for 18 free-ranging fossas (Cryptoprocta
ferox). Fecal samples and ectoparasites were collected for parasite identification. Serologic testing
was performed to assess exposure to common canine and feline pathogens  (canine adenovirus,
canine distemper, canine herpesvirus, canine parvovirus, feline calicivirus, feline enteric
coronavirus, feline herpesvirus, Dirofilaria immitis and Toxoplasma gondii).  Serologic assays were
also performed for free-ranging domestic dogs (Canis familiaris) (n=35) and cats (Felis catus)
(n=32). Parasites of the free-ranging domestic carnivores were identified. 

Introduction

Madagascar is home to eight species of endemic herpestid and viverrid carnivores. These predators
are increasingly threatened by habitat destruction, impact of introduced species and declining prey
populations. Baseline health data are needed to provide veterinary care for captive Malagasy
carnivores and for future use in monitoring the health of wild populations. With knowledge of the
parasites and diseases that plague the wild carnivores, it may be possible to prevent the spread of
disease or to intervene in the case of an outbreak. Data regarding the prevalence of infectious
diseases in the domestic carnivore population will be important for future monitoring and population
risk assessment. They may also be a significant factor when determining policy regarding human
activities within park boundaries. 

Methods

Free-ranging fossas (Cryptoprocta ferox) were sampled in three regions of dry deciduous forest in
western Madagascar (Ankarana, Ankarafantsika, and Kirindy Mitea) during the dry season (May-
December) of 2000 and 2001. Animals were immobilized as part of an ongoing ecologic study.
Fossas were trapped in cage traps, and anesthetized with tiletamine and zolazepam (Telazol, Fort
Dodge Animal Health, Fort Dodge, IA 50501 USA) dosed at approximately 10 mg/kg via blowpipe
and dart (Pneu-dart, Pneu-Dart, Inc., Williamsport, PA 17701 USA).
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Blood, feces, and ectoparasites were collected. Total white blood cell counts were performed
(Unopette 5853, Becton Dickinson, Franklin Lakes, NJ 07417 USA). Blood smears stained with
Wright-Giemsa stain were examined for parasites and differential leukocyte counts. Blood was
centrifuged for 15 min at 3100 rpm. Packed cell volume (PCV) was determined and serum was
frozen in liquid nitrogen. Plasma total solids were measured by refractometer. Fecal samples were
preserved in sodium acetic acid formalin (Protocol SAF fixative vials, Fisher Healthcare,
Swedesboro, NJ 08085 USA). Ectoparasites were preserved in 70% ethanol. Serum biochemical
analyses, serologic assays for infectious agents and parasite analyses were performed at the New
York State Animal Health Diagnostic Laboratory (Ithaca, NY USA). 

Results

Tables 1 and 2 present the hematologic and serum biochemical analysis results for 18 fossas. 

Serologic assays for canine and feline infectious agents performed on samples from sympatric
fossas, dogs, and cats in the vicinity of the Ampijoroa forestry station are presented in Table 5.
Results for all fossas sampled at the three sites are presented in Table 3. Positive titers were found
in the dog population for all of the infectious agents tested for. Eighty-three percent of the dog
population had positive titers for canine distemper virus and 57% for canine parvovirus. Feline
panleukopenia virus antibodies were present in 56% of the cat population. Low titers to feline
calicivirus were present in 34% of the cat population. Toxoplasma gondii antibodies were detected
in 25% of the cats sampled. There was no serologic evidence of the presence of feline leukemia
virus, feline enteric coronavirus, feline infectious peritonitis, or feline herpesvirus. Fossas sampled
at Ampijoroa showed low or no serologic evidence of exposure to most of the canine and feline
infectious agents. Low positive titers to canine distemper and canine parvovirus were each found
in one individual. Feline calicivirus antibodies were present at a low level in 43% of the fossas.
Ninety-one percent  (10/11) of fossas from all study sites had high positive T. gondii titers.

Endo and ectoparasites from fossas, dogs and cats are presented in Table 4. Most animals were
infested with Ctenocephalides felis and Echidnophaga gallinacea. The fossas may have acquired
the E. gallinacea from the chickens used as bait. Endoparasites isolated from fossa fecal samples
included Isospora sp., Capillaria sp., Spirurida sp., Spirometra sp., and “strongyles.” Listrophoridae
and Otodectes cynotis mites were found in fossa feces but it is not known whether these were
ingested fossa ectoparasites or parasites of prey items. No blood parasites were detected in the fossa
blood smears but several dogs had positive antigen tests for Dirofilaria immitis and microfilariae
were observed in the blood smears of two dogs. Hemobartonella felis has previously been reported
in a cat in Madagascar and H. felis like organisms were seen in blood smears of some (8/16) cats.5

Discussion

Hematologic and biochemical parameters for the fossas in this study are similar to the normal ranges
for domestic dogs and cats.  Compared to normal values for domestic dogs, the fossas' mean
leukocyte values demonstrate a mild leukocytosis with mature neutrophilia, lymphopenia, and
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eosinopenia – characteristics of a stress leukogram. However there is no monocytosis as is
commonly seen in a canine stress leukogram. 

The slightly high blood urea nitrogen (BUN) and creatinine levels seen in the fossas of this study
are not surprising. These animals are adapted to a seasonally arid climate and they were sampled
during the dry season when their entire water intake comes from their prey items. One animal in this
sample set had an unusually high BUN (105 mg/dl), more than twice the value for any other animal.
This animal's PCV and plasma total solids were similar to the mean values suggesting that pre-renal
azotemia due to dehydration was unlikely. Renal compromise also seemed unlikely since this animal
appeared to be in good condition during captures 1 yr before and 1 yr after the high BUN blood
sample (no blood samples were obtained at those times). If this high value is eliminated from the
sample set, the mean BUN value is 36.18 mg/dl (SD= 9.70, range 17-50). Elevated creatine kinase
(CK) seen in several samples was likely due to trauma from struggling in the trap and muscle trauma
induced by darting. The animal with the highest CK (38610 U/L) was a lactating female who
sustained a skin laceration while in the trap. Elevated aspartate transferase (AST) activity may also
have been associated with exertion and muscle trauma.

There have been few published reports of infectious disease in free-ranging Malagasy carnivores
and their susceptibility to canine and feline pathogens is unknown.  Although the assays used in this
study have not been validated for C. ferox, the findings may still be cautiously interpreted to assess
exposure to the infectious agents.  Confounding factors may include nonspecific reactivity, failure
of C. ferox to mount a detectable immune response to a specific pathogen, or high mortality among
exposed animals. Members of the Viverridae are thought to be susceptible to canine distemper and
a parvovirus  (not isolated) has been implicated in some disease outbreaks.1,6  Six of 18 (33%) fossas
in this study had low positive canine distemper antibody titers but only one of 18 animals had a low
positive canine parvovirus titer. The low positive results could be non-specific reactions, considering
the high values seen in other species where infection has been documented. Both diseases were
prevalent among the domestic dog populations including individuals with high titers suggestive of
recent exposure or infection.

Toxoplasmosis is a disease of particular concern.  It is thought that cats, the only definitive hosts for
T. gondii, arrived in Madagascar with the first human colonists about 2000 yr ago. Species that have
evolved in places without cats are often particularly vulnerable to T. gondii. Australian marsupials
and Malagasy lemurs infected with T. gondii frequently succumb to fatal toxoplasmosis.  As human
populations have penetrated further into wild areas, cats have also invaded.  The impact of T. gondii
on wild populations of lemurs and other Malagasy wildlife has not been assessed. As top predators,
fossas are likely to become infected with T. gondii through consumption of various secondary hosts.
Two cases of clinical disease attributed to T. gondii have occurred in captive Malagasy carnivores:
one C. ferox (Gary West, personal communication) and one Galidictis vittata (Note: It is likely that
the animal was actually G. fasciata or grandidieri.).4  High antibody titers to T. gondii among fossas
in remote areas are alarming.

Spirocerca lupi was present among the dogs of this study and it has previously been reported as the
cause of death for 57.5% of lemurs that died in 1 yr at the National Zoo in Madagascar.2 The
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susceptibility of Malagasy carnivores to this parasite remains unknown. Spirurida sp. eggs were
isolated from the feces of fossas but they could not be identified to the species level.

Tiletamine/zolazepam provided smooth anesthesia with rapid onset of action, but the recovery
period was prolonged (more than 10 hr in most cases). Anesthetic monitoring parameters (heart rate,
respiratory rate and SpO2) remained within acceptable limits and the same animals were often
recaptured months later having suffered no apparent detrimental effects from the previous
immobilization. Nevertheless, prolonged recovery time is undesirable because it interferes with
normal activities, increases the amount of time spent in a stressful environment and because other
factors such as the anesthetic's effect on blood pressure are unknown. Similarly undesirable
anesthetic results have been reported with a xylazine and ketamine combination.3 The authors are
currently transitioning to the use of a medetomidine (Domitor, Pfizer, Inc., New York, NY 10017
USA) and ketamine (Ketaset, Fort Dodge Laboratories, Fort Dodge, IA 50501 USA) combination
which has been used with good results in captive fossas (Donald Janssen and Gregory Levens,
personal communications). 
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MANAGEMENT OF SEVERE SKIN WOUNDS IN A YOUNG TIGER (Panthera tigris)
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DVM,1 and David D. Mozingo, MD2
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Abstract

A 6-wk-old female tiger (Panthera tigris) weighing 4 kg was presented to the University of Florida
College of Veterinary Medicine, Zoological Medicine Department 1 wk after being attacked by an
adult tiger. The young tiger suffered multiple severe skin lacerations (including a degloving injury
to the left hind leg) and had to have its ears and tail amputated at a local veterinarian. The
lacerations were cleaned and sutured, but after 1 wk the lesions were infected and dehiscing, the
tiger was weak and anemic. Intravenous fluid therapy, nasogastric tube, CBC, chemistries, wound
culture and systemic antibiotics were initiated. The wounds were treated with wet-to-dry bandages
that were changed daily under isoflurane anesthesia. 

Most wounds healed within 2 wk, except one large defect over the left leg that could not be closed.
This wound developed into an indolent “pocket” wound, condition commonly seen in felids where
the wound fails to contract and epithelialize despite the presence of a healthy granulation bed.2,4 A
caudal superficial epigastric skin flap was surgically utilized to cover the defect, but did not adhere
well to the granulation tissue over a period of 1 mo and became severely infected despite the daily
bandage changes. 

At that point, 4 wk post-surgery (6 wk post-presentation), University of Florida Shands’ Hospital
Burn Unit staff was consulted and a novel technique called the Vacuum-Assisted Closure (VAC,
Kinetic Concepts Inc, San Antonio, TX) was attempted on this animal. This technique is currently
used in humans with burns, acute and chronic wounds as well as skin grafts and is proven to quicken
healing compared to standard wet-to-dry bandages.1,3 A silver coated dressing was placed over the
wounds (Acticoat burn dressing, Westaim Biomedical) to control infection. A sterile sponge was
placed on the defect, covered with transparent adhesive dressings (Steri-Drape and Tegaderm, 3M,
St-Paul, MN) and sealed using a protective skin barrier (Stomahesive paste, Convatec, Bristol-
Squibb, Princeton, NJ). The covered wound was hooked up to a suction pump via a plastic tubing
that created constant subatmospheric pressure on the wound. Systemic antibiotics were stopped, and
the tiger was placed under this negative pressure bandage continuously for 4 wk. 

The VAC system expedites wound healing by creating a subatmospheric pressure on the wound,
increasing blood flow, creating a quicker granulation rate formation and reduced tissue. The
bandages were changed every other day under general anesthesia because the animal would not let
us change it awake. The infection cleared up and the flap finally adhered after 4 wk of VAC therapy
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(10 wk post-presentation). The remaining deficit was treated using wet-to-dry bandages and let to
heal by secondary intention. The tiger was sent back home 4 mo after presentation, weighing 24 kg.
In conclusion, the technique revealed to be very effective, although high maintenance.  This
presentation covers the management of chronic wound in a young growing carnivore with the use
of a new technique (VAC). 
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ANIMAL TRAINING, AN OVERLOOKED SCIENCE: BRINGING TRAINING OUT OF
THE CLOSET

Ken Ramirez

John G. Shedd Aquarium, 1200 S. Lake Shore Drive, Chicago, IL 60605 USA

Abstract

When most people think of animal training, it either conjures up images of performing animals in
the circus or a pet dog rolling over on cue.  While those images certainly reflect one small
component of training it hardly represents the complete picture; no more than describing a doctor’s
job as “prescribing a few pills” accurately reflects a physician’s duties or the extent of his or her
knowledge.  Modern trainers in a zoologic setting should be skilled professionals with a background
in both animal care and animal behavior.  Trainers must know the science behind training and
understand the practical applications with a variety of species.  Training is one of the cornerstones
to a good animal care program; just as one would never put together an animal care program without
proper veterinary care, good nutrition, and the proper environment, a behavior management
component is just as essential.  Today, thanks to modern training, many diverse and seemingly
amazing feats have been accomplished: nurse sharks swimming into a stretcher for weights, a
baboon presenting its arm for insulin injections, a killer whale allowing its tooth to be drilled, a tiger
submitting to ultra sound exams, and an endangered black rhino allowing blood to be drawn from
its ear.  These are just a few examples of the possibilities. However, for more programs to realize
this type of success, all animal care personnel must recognize the importance of training and
recognize the skills needed to implement a good behavioral management program.  Additionally,
the barriers that tend to get in the way of good communication must be avoided – trainers, keepers,
veterinarians, curators and managers can all contribute to the roadblocks to good communication.
Finally, everyone involved in an animal care program should be aware of the most common pitfalls
that can cause a good training program to fail.

Training is a Science

Training is a technology based on proven scientific principles.3   The serious trainer must understand
both operant and classic conditioning;  these two very different concepts explain why animals
behave the way they do and govern how an animal will learn within a training program.  Classic
conditioning was first defined by Pavlov and describes the automatic or involuntary response that
animals have to certain stimuli.1  An understanding of these principles will help a trainer better
understand an animal’s instinctive responses to certain situations or reactions to certain behaviors,
such as aggression.  Operant conditioning was first defined by Skinner and it describes the learning
that occurs when an animal’s behavior is modified by the consequences that follow it.4   As an
example, assume that a dog pokes his nose into a fountain and is sprayed with water.  If he likes the
sensation he is likely to repeat the behavior – because the behavior was reinforced.  On the other
hand if the dog pokes his nose into the fountain and it frightens him, he is less likely to repeat the
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behavior – because the behavior was punished.  Understanding these principles and the things that
affect, motivate, and modify behavior are a key to training animals.   

Basic Training

Most training programs revolve around the application of operant conditioning principles.  At first
glance, the concepts seem simple and straightforward, which is precisely what causes some people
to delve into training without being fully prepared for the problems and pitfalls.  Although basic
training concepts are simple, the proper application of those principles, under less than perfect
circumstances, requires a great deal of expertise.  One of the clearest introductions to operant
conditioning for the beginner, is Karen Pryor’s book Don’t Shoot the Dog.  She developed a list that
she refers to as the “10 Laws of Shaping”.2  These laws provide a good introduction to basic training
principles without getting too bogged down with operant jargon.  Here is Pryor’s list with my own
explanation of each law’s meaning.

1.  Raise criteria in small increments. By using very small steps (successive approximations)
you will set your animal up to succeed.

2.  Train one criterion at a time. This will keep your goals clear and not confuse your animal.
Most behaviors have multiple criteria, but you should focus on only one aspect of the
behavior at a time.  If you are asking an animal to position its hindquarters against one part
of its enclosure so that you may give an injection, the position, the length of time in that
position, touching the animal, the use of a syringe, and the use of an assistant are five
separate criteria.

3.  Vary reinforcement before moving to the next approximation. One way to maintain a strong
response in an animal is to assure that reinforcement is varied.   There are many ways of
providing variety including varying the magnitude of reinforcement, type of reinforcers, or
requiring varied duration or repetition of the behavior being trained.

4.  Relax old criteria when introducing new criteria. When an animal is being introduced to
something new, it is not unusual for an animal to fail to meet all previously learned criteria.
This is acceptable at first and will minimize frustration in your animal.

5.  Plan ahead. Have a training plan in mind and know the short-term and long-term goals. 
6.  Don’t change trainers in mid-stream.  In order to maintain consistency with the animal it is

not wise to have different individuals training the same behavior.
7.  If a plan doesn’t work change the plan. Training is a dynamic process, so don’t be afraid to

change the plan.
8.  Don’t stop a session gratuitously. It is important to stay focused and not get distracted, don’t

end a session abruptly or the animal may get confused or frustrated.
9.  Regress when behavior deteriorates.  It is normal for animals to forget or get confused.

Taking a few steps back can refresh their memory and get them back on the right track.
10. End on a positive note.  Training should always be fun.  Avoid ending a session when an

animal is frustrated; try to end with success.
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The Veterinarian’s Role

It is typically not the role of the veterinarian to build the type of relationship with an animal
necessary for successful training.   However veterinarians can have a tremendous impact on the
ability of trainers to train their animals successfully.  There are several programs that demonstrate
a very good relationship between the veterinary staff and the animal care staff.  Those programs
seem to have the “cure” for building veterinarian/trainer relationships: communication,
understanding, respect, and evaluation.

Communicate.  It is critical that veterinarians communicate their plans, needs, and 
expectations to the animal care staff far in advance of a visit or exam.  Likewise the trainers must
communicate their plans needs and expectations to the veterinary staff.

Understand.  All staff should understand the role and responsibility of each person 
involved in making animal care decisions.

Respect.  Each staff member has special skills and talents that they bring to the job; it is 
important to respect those skills and talents.

Evaluate.  After each procedure it is important to evaluate what worked and what did 
not so that future procedures can be made more efficient and successful – which leads back to the
top of the list with communication.

Most Common Mistakes

Finally, there are many pressures and decisions that are made that can cause animal behavior to
deteriorate.  Some of these pressures are from eager inexperienced trainers who expect too much
too fast, sometimes the pressure comes from managers who demand unrealistic results, and
sometimes the pressure is from the veterinarian who is pushing urgently for assistance in a medical
treatment.  Whatever the reason, it is usually when dealing with problem behavior or medical issues
that the biggest mistakes in training are made.  Here is a list of some of the most common pitfalls
that cause medical behaviors to deteriorate.  They are in no particular order.

Looking for the quick fix.  We all want behavioral problems solved quickly, but the reality is that
it takes time to solve them.  Searching for a quick fix often leads to the use of punishment or
aversive stimuli, which can ultimately cause bigger problems.

Forgetting that learning is always taking place.  Animal care staff will often forget that an animal
is learning all the time, not just when a training session is taking place.  When trainers or
veterinarians forget this fact, they often inadvertently shape undesirable behavior.  Activities and
interactions that take place with or near the animals can affect an animal’s behavior in either a
productive or destructive manner – the only way to make sure that learning is productive is to be
conscious of each and every interaction.
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Using voluntary medical behaviors before they are completely trained.  This is one of the most
common mistakes made when training voluntary medical behaviors.  Although it is more typical
with beginners, even experienced trainers can fall into this trap.  A behavior may be progressing
very well, when suddenly there is a medical need that would benefit from the use of this “behavior
in training.”  At the time, the temptation to use the behavior “even though it is not quite ready,” is
very strong – it seems easy, what can it hurt?  Most of the time it fails to get the desired result and
even when it does work, it often breaks down the trust and can turn the behavior into a frightening
experience.  If a medical behavior (taking blood, kennel or crate training, giving an injection, etc.)
is planned for regular or frequent use, it is important not to use the behavior for actual sampling until
all steps are completed and the animal has been desensitized to all stimuli.

Not using a conditioned reinforcer (a bridging stimulus or an event marker). Whether a trainer uses
a whistle, a clicker, or simply says the word “good” the use of this signal is instrumental in shaping
behavior.  Sometimes trainers will feel that once a behavior is trained that a whistle is no longer
needed.  However, it is important to remember that medical behaviors are never truly complete;
there are always new stimuli to desensitize or longer durations to approximate.  The conditioned
reinforcer becomes invaluable in providing the animal with information about what aspect of the
behavior is being reinforced.

Using too many trainers to train one task. This is a common mistake when working on medical
behaviors.  The urgency or desire to get the behavior completed sometimes necessitates multiple
trainers.  However, if you must use more than one trainer it is still wise to use as few as possible and
to make sure that those who are involved communicate constantly and in a consistent manner.  

Making assumptions about what an animal likes.  It is easy for trainers to fall victim to the concept
of assuming they know what an animal finds reinforcing.  But husbandry behaviors frequently
involve novel or frightening equipment, some discomfort, or awkward positioning.  For this to be
worthwhile to the animal it requires that the reinforcement offered be high.  Most experienced
trainers know how to gauge this, but it is truly a difficult thing to define and a mistake made often
by young trainers.

Taking approximations that are too large. It is not unusual for a skilled trainer or a sharp animal to
move quickly through certain training steps.  Often this encourages the trainer to make larger and
larger approximations.  However, these approximations are the foundation of a strong medical
behavior, skipping steps or taking large approximations can weaken the foundation that these
behaviors are built upon.

Forgetting the importance of a calm response.  One of the keys to successful medical training is a
calm response by the animal.  However, if a sample is successfully taken, trainers will often get so
excited that they bridge and reinforce the behavior even if the animal is tense, nervous, or moving
too much.  This inevitably teaches the animal that this type of movement is acceptable.

Desensitization is an ongoing process.  The effort to desensitize animals to new stimuli and new
situations is a continuous process that never ends.  When trainers assume that a medical behavior
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is complete and everything has been desensitized, they are likely to be disappointed very quickly.

Trying just one more time or pushing for a few extra seconds.  When a trained behavior fails to get
the desired result or pushing for a few extra seconds seems like it will allow the veterinarian to get
the sample he or she wants, trainers are often tempted to push the limit.  However, one of the best
ways to insure long-term success is to reinforce a behavior well if the animal did its part correctly
and not ask for the behavior again too soon. If a needle was inserted or the animal remained calm,
but you did not get the sample you were looking for – it was not the fault of the animal.  The animal
should be reinforced well.  Asking again can sometimes cause the behavior to deteriorate, unless the
repetition or the extra time was already a part of the training.

Lack of communication.  As discussed in a previous section, communication is a key to successful
interactions between trainers and veterinarians and a well-communicated plan can set the animal and
the staff up for success.

Assuming that training can be done by anyone.  On the outside, training can seem so simple that the
training of complex medical behaviors or the resolution of behavioral problems are often assigned
to individuals with little or no training experience.  While it is certainly wise for all animal care staff
to understand the basics and importance of operant conditioning, there is no substitute for the
knowledge and skill of an experienced professional trainer.

Conclusion

Training offers an incredible tool to help us manage the animals in our care more responsibly.  A
behavioral management program that is overseen by an experienced trainer will assure that training
needs are not placed on the backburner, but given the importance they deserve.  As more facilities
recognize the significance of training and approach it as a science and as one of the cornerstones to
good animal care, there is no question that the animals will benefit.  The veterinarian plays a key
role in influencing animal care decisions, and he or she is in a position to help bring training out of
the closet and to the forefront in animal care management and decision-making.  The points
described above are hardly a substitute for a good training manual or extensive training experience;
but hopefully they serve as a starting point for thinking about how to integrate training into a strong
animal care program.  

LITERATURE CITED       

1.  Pavlov, I. P. 1927.  Conditioned Reflexes. Oxford University Press: London, England.
2.  Pryor, Karen. 1999. Don’t Shoot the Dog. Bantam Books: New York, NY.
3.  Ramirez, Ken. 1999. Animal Training: Successful Animal Management through Positive Reinforcement. Shedd

Aquarium Press: Chicago, IL. 
4.  Skinner, B. F.  1938. The Behavior of Organisms: An Experimental Analysis.  The Century Psychology Series.

Appleton-Century-Crofts: New York, NY.



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 45

IMPROVEMENT IN THE HEALTH AND WELL-BEING OF A BONOBO (Pan paniscus)
TROOP THROUGH A DYNAMIC OPERANT CONDITIONING PROGRAM
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Abstract

The ultimate goal of an operant conditioning program is to create trust between animals and
caregivers.  The development of trust allows for a richer quality of life for both animals and zoo
staff.  Trust is built through clear communication, respect for individuals and their idiosyncrasies,
and consistently positive experiences.  As trust develops, animals become more relaxed, stress levels
lessen, and animals display more normal social interactions.  Immense health benefits are reaped
from decreased daily stress levels and from the development of close and trusting social bonds.
Lowered stress levels promote cardiovascular and metabolic health directly through decreased
production and release of stress hormones.2  Improved social interaction leads to natural enrichment
between troop members, and a cascade of other benefits.  Trust allows the animals to display more
natural behaviors, and allows for better observation of animals and interactions by staff.  Improved
evaluation of medical problems leads to more appropriate interventions and treatment, often without
the need for chemical immobilization.  Observation of more natural behaviors allows species
managers to better understand life stages and social development of a species, which allows for
improved management decisions at individual, troop and population levels.

These dynamic changes were observed after initiation of an operant conditioning program with the
bonobo troop in 1993.  Prior to training, the bonobos were difficult to manage and exhibited hostile
behaviors such as aggressively grabbing at and routinely urinating on care staff, spitting, screaming,
and throwing feces.  Medical care was complicated by the inability to separate animals and their fear
of the veterinarians.  The bonobos were distressed by novel situations and any variation in their
routine induced intense panic and aggressive behaviors.  The care staff often relied on trickery or
bribery to manage the animals, which intensified their mistrust and fear.  The staff elected to begin
an operant conditioning program utilizing positive reinforcement in order to develop a safer working
environment and a less stressful existence for the bonobos.

Keepers worked hard to establish safe, positive working relationships with the animals by rewarding
desirable and non-aggressive behaviors.  Undesirable behaviors were ignored and most were
extinguished in 4-6 wk.  Initial concepts were simple and included name recognition, targeting,
stationing, separations, and proper shifting.  These early behaviors provided the necessary building
blocks for more complex behaviors. Over the 2nd and 3rd year of the program, animals learned to
present body parts for examination, the concept of left and right, and were desensitized to medical
equipment such as syringes and stethoscopes.  An early challenge of the program was to extend the
trust that had build up between the animals and their keepers to the veterinary staff.  Veterinarians
and veterinary technicians visited the troop frequently and handed out treats in order to overcome
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the fear and negative history associated with past veterinary experiences.  Keepers projected a strong
positive attitude at the arrival of the veterinary staff in order to model a trusting behavior for the
animals.  In the same way, the bonobos were taught to accept unfamiliar people by introducing new
people as often as possible.  Acceptance of strangers is necessary for the successful use of medical
consultants when needed.  

After 3 yr of consistent training, the level of trust between the bonobos and care staff increased, and
the previous stress-related behaviors were markedly decreased.  The bonobos demonstrated better
listening skills, had more patience and did not become frustrated as easily.  Most importantly, staff
developed a deeper understanding of each animal’s personality and unique learning pattern.  The
bonobos evolved from animals that were fearful, guarded and extremely dangerous into relaxed,
interactive, inquisitive, caring, and gentle animals.  The bonobos appear to enjoy their training
intensely and become excited whenever they master a new behavior.  Their intelligence and quick
learning speed pushes the care staff to create a dynamic program that continues to stress more
complex and multitask behaviors.

All behaviors are trained first by keepers.  Once an animal is comfortable with a new behavior, the
veterinary staff first observes, often suggesting variations that will be needed.  Constant dialog is
necessary between the veterinary staff and the keeper to develop functional behaviors.  Next,
veterinary staff participates in the behavior by shadowing the keeper movements.  The keeper cues
both the animal and the veterinary staff member during a behavior, with the animal focusing its
attention on the keeper, even while the veterinarian or technician observes or touches it.  In this
fashion, the veterinarian can complete a fairly thorough physical examination, including ophthalmic,
aural, and dental evaluations, thoracic auscultation, and mammary gland and lymph node palpation.
Throat swabs, rectal cultures, and rectal temperatures are easily obtained.  

Blood collection is facilitated by a polyvinyl chloride (PVC) sleeve that attaches to the front wall
of an animal holding area (Fig. 1).  The bonobos place their arm inside the PVC sleeve, and grasp
an adjustable bar at the far end.  Veterinary technicians collect blood through slits cut into the wall
of the sleeve on a regular basis from approximately half of the adult bonobos.  While juveniles often
mimic adult behavior and willingly place their arms in the blood sleeve, they rarely have the
attention span, patience, and ability to hold still that is needed for successful venipuncture.  Many
bonobos also accept the placement of a blood pressure cuff on their arm while stationed in the blood
collection sleeve.  Radiographs of arms and legs of unanesthetized animals have been accomplished
using this PVC sleeve, as have skin tests to screen for mycobacterial infections.  Currently, cage
modifications are underway to allow for thoracic or abdominal radiographs with animals positioned
by operant conditioning.

Cardiac and reproduction ultrasound examinations are performed in nonanesthetized animals
stationed in an overhead chute of 5 × 5 cm metal mesh.  The overhead chute connects two play areas
and animals frequently relax in this chute.  For ultrasonography, the bonobos assume sternal
recumbency with their arms extended over their head.  Animals with barrel-shaped chests must learn
to twist onto the left hip in order to lower their left chest wall closer to the mesh for
echocardiography.  A 10 × 10 cm sliding door was designed to allow better access with the
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ultrasound probe but most measurements are taken with the probe inserted through the mesh.
Initially, keepers acclimatized the animals to equipment below the chute by starting with an old
black and white television and an extension cord attached to a syringe case.

The trust and training developed by this operant conditioning program has improved the level of
veterinary care for the bonobos.  Routine problems such as bite wounds can be evaluated thoroughly
without the need for immobilization because the animals are quick to display their wounds to the
keepers and veterinary staff, and allow minor wound cleaning with disinfectant solutions on a daily
basis.  Chronic medical conditions and the effects of therapy can be monitored over time through
physical examination and sample collection.  Species reference ranges for blood values, vital signs,
cardiac parameters, fetal development and gestational stages can be developed in awake, non-
immobilized animals.

A major accomplishment of the operant condition program was a non-invasive artificial
insemination that resulted in an offspring from a Species Survival Plan (SSP) recommended pairing.
Bonobos show a preference towards mating with novel individuals,1 and an inhibition to breeding
between individuals that have lived together for several years has been observed in several captive
collections (Gay Reinartz, Bonobo SSP Coordinator, personal communication).  In the wild,
bonobos live in multimale, multifemale troops and this inhibition may represent a natural barrier to
inbreeding.  Two founder bonobos living at the Milwaukee County Zoo had reproduced naturally
many times, but only one male  offspring had survived to adulthood. While the SSP desired more
offspring from this pair, no natural breeding had occurred between these individuals for several
years.  Through operant conditioning, the keeper was able to collect and test urine from the female
to time ovulation, to collect an ejaculate from the male, and then insert the sperm coagulum deeply
into the female’s vagina using a speculum.  The female was then allowed to breed with sterile, vas
clipped males to induce normal vaginal stimulation.  The female tested urine-positive for pregnancy
after 2 mo, and paternity testing of the resultant offspring verified that the semen donor was the
father.

In the spring of 2002, most of our eight male and eight female bonobos developed a severe
respiratory infection shortly after a wave of respiratory illness passed through the local human
population.  Throat cultures of three bonobos also grew Streptococcus pneumonia, which can cause
fatal pneumonia in this species.  Daily medical evaluations of all animals and successful medication
of extremely ill bonobos was only accomplished due to the advanced operant conditioning program.
Sick animals needed to be shifted into safe groups to allow oral medication or darting as needed.
Remarkably, the alpha male watched calmly while the veterinarians darted severely ill troop
members, and even allowed immobilization of females for removal of infants with lobar pneumonia
with a minimum of aggressive responses. Three infants were temporarily hospitalized for intensive
care, then reunited with the troop 1 wk later. The animals appear to recognize that interventions
result in positive outcomes, and trust that troop members removed for medical care will return.
Even after 2 wk of intervention, the bonobos reacted positively to the presence of the veterinary
staff.
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The ongoing, dynamic operant conditioning program for the bonobo troop at the Milwaukee County
Zoo has forever changed the way we care for our closest living relative.  Our caregiving style is
shaped by concern for both the physical and psychologic needs of the bonobo.  The operant
conditioning program has given the care staff much patience, empathy, humor and a deep connection
with the animals.  The trust built by this program has allowed the animals to display far more natural
behaviors and interactions than previously observed.  The ability to manage the animals safely and
with decreased stress has allowed for a significant increase in troop size to 16 animals. The larger
troop size provides for more of the fission-fusion interactions normal to bonobo troops, and has
allowed the care staff to understand natural behavior, social interaction and developmental stages
far more deeply.  The increase in troop size and the operant conditioning program also allows for
better collection of baseline medical data in this endangered species, which we hope will benefit
bonobos in the wild and in captivity.
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Figure 1.  Illustration of “blood sleeve” used at Milwaukee County Zoo bonobo facility.
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Abstract

Traditional handling methods for medical procedures in exotic animals required the use of chemical
immobilization or manual restraint, many times in conjunction with ancillary restraint materials.

Recent advances in conditioning programs have changed our thinking on what can be accomplished
with medical procedures as invasive as phlebotomy, intramuscular injections, transrectal ultrasound
and general examinations.1,2,4-9

At the Kansas City Zoo, daily keeper routines incorporate conditioning programs to facilitate
medical procedures and animal management. Specifically, methods for non-invasive monitoring of
gestation with ultrasound in an Eastern black rhinoceros, African elephant, African lion, and
Bornean orangutan have been developed and strengthened with subsequent pregnancies.

A 6-yr-old female Eastern black rhinoceros (Diceros bicornis michaeli) was confirmed to be
pregnant through observed matings, weekly serum hormonal progesterone levels, and
transabdominal ultrasound. The rhinoceros had been conditioned for phlebotomy10 shortly after
arrival with the use of fresh, hand-held browse as the primary positive reinforcer, and soft monotone
vocalization and tactile stimulation as the secondary reinforcers. For transabdominal ultrasound, she
was conditioned on a daily basis with small food rewards as the primary reinforcer, monotone
vocalization and tactile stimulation as secondary reinforcers to enter a stock restraint. Extraneous
auditory stimulation was kept to a minimum. A cart, television and cables were assembled to
resemble the noise and appearance of the ultrasound unit. Once comfortable with the introduction
of each new stimuli (as noted by resumption of eating, relaxed body pose and focused attention,)
conditioning sessions were increased in time. The animal was constantly talked to while feeding
small amounts of favored food items (apple, carrot, banana) to focus on the keeper. We utilized a
real-time B mode ultrasound system (Ausonics Impact VFI, Universal Medical Systems, Bedford
Hills, NY 10507 USA) with a variable 2.5 MHz sector probe. Warmed ultrasound gel was applied
during several sessions without the use of the probe. Once comfortable with each session, more time
was spent conditioning. Food rewards and lack of abrupt auditory stimulation were key to
comforting the animal.7 Ultrasonic imaging of the calf was performed on a weekly basis. Most of
the appendicular anatomy (ears, nares, feet, tail) and several reproductive structures (placenta,
umbilical cord, uterine wall, amnion) were visualized and monitored throughout pregnancy.
Viability of the calf was assessed with each session through a combination of ultrasound and tactile
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sensation of the abdomen. Records were maintained and will be used to compare to future
pregnancies. This pregnancy resulted in the birth of a healthy female calf in August of 1999.

A female African elephant (Loxodonta africana) was conditioned to calmly remain in a standard
elephant restraint device (ERD) while transabdominal ultrasound is performed. The elephant was
conditioned to enter the restraint by combining desensitization with vocal commands.  This allowed
hydraulic flaps and doors to be positioned and strapping of the legs to prevent self-injury and aided
in maintaining a stationary position.3 Additional desensitization was needed to allow the application
of ultrasound gel and the positioning of the ultrasound probe. Small food rewards were consistently
offered during the procedure. Positive reinforcement, in the form of returning to the herd and being
allowed outdoors, aided future procedures in the restraint. Weekly transabdominal ultrasound
imaging was performed via a small “window” defined by the caudal extent of the rib cage, ventral
abdominal wall, and the cranial extent of the femoral muscles. Numerous images of the appendicular
appendages, amnion, uterine wall, and placental membranes were documented. This allowed
documentation of fetal viability until 1 wk prior to delivery, which in hindsight probably
documented the demise and subsequent retention of the calf.

Two 4-yr-old female African lions (Panthera leo) were conditioned to enter and station in a standard
restraint before being allowed outside in their daily exhibit. Each lion was confirmed as pregnant
through visual observations of natural matings, weight gain, and transabdominal ultrasound. Small
“windows” were clipped on the abdomen once the lion was desensitized to the noise. Slowed
motions of all personnel facilitated the animal’s composure. Food was not an important tool with
the lions, although food rewards were occasionally used as the primary enforcer. Transabdominal
ultrasound was performed on both sides of the abdomen to confirm the number and viability of
fetuses present. Biparietal measurements and biophysical fetal profiles were ascertained. The entire
axial anatomy was visualized and documented on a regular basis. Echocardiography was
occasionally performed. This information prepared the management staff for the exact number of
viable cubs and estimated due dates. In two of three pregnancies, the exact number of fetuses was
documented. In the last pregnancy four cubs were born instead of the three observed on ultrasound.
The primary conditioning of the lions was desensitization to mechanical and auditory stimulation.

A 23-yr-old female Bornean orangutan (Pongo pygmaeus pygmaeus) has been monitored with the
use of transabdominal ultrasound through three pregnancies. Small food rewards are utilized as the
primary reinforcer, with the animal’s inherent curiosity and desire for attention as secondary
reinforcers. Behavioral positioning allows for weekly transabdominal ultrasounds. The use of a
target pole, clicker and food reward allows very specific positioning of the orangutan. Ultrasonic
imaging has documented numerous aspects of the pregnancies, including appendicular growth,
echocardiography, biophysical fetal measurements, amniotic development, internal organ
development, and placental mineralization.9 Specific positioning has also allowed the use of
ultrasonic imaging of the reproductive tract during non-pregnant periods.

The use of several positive conditioning techniques greatly improves the success of transabdominal
imaging in a wide array of species. In each of these cases, a written program of conditioning, a
dedicated and flexible staff, and a realization that many animals will allow minor invasive
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procedures can lead to successful procedures which contribute to our knowledge about the animals
in our care. 
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Abstract

The role of training and enrichment in zoo animal husbandry is widely increasing in scope and
magnitude.  During the past several decades, the zoo industry has steadily improved the standards
by which we care for captive animals.  Gone are the days where animals reside in concrete and iron-
barred exhibits, in favor of more naturalistic and interactive exhibits that allow animals to make
choices about and within their environments.  However, with the increase in behavioral
opportunities comes a liability and challenge for the animal care staff. Visual and physical access
to the animals can become limited in these new habitats, causing medical care to be more
challenging.  To combat this potential problem and ensure proper medical and psychologic care,
zoos have turned to working hands-on with many species in animal training and enrichment
programs.

The authors broached this subject at the American Association of Zoo Veterinarians conference in
1993 with a paper titled “Behavioral Training of Primates and Other Zoo Animals for Veterinary
Procedures” highlighting the vast amount of medical and husbandry behaviors that could be trained
in zoo animals.4  In recent years, numerous papers have echoed the importance of training specific
behaviors for medical care or improved animal husbandry, and the importance of behavioral
enrichment.  In fact, it seems as though animal training and enrichment are at the forefront of zoo
animal husbandry.  With this surge of animal behavior management, several zoos throughout the
country are employing a more programmatic approach toward training and enrichment.2,3,5

Furthermore, the American Zoo and Aquarium Association now includes enrichment as a
requirement for accreditation.1  

The development of an Animal Behavior Management Program requires the input and expertise of
numerous zoo departments. The essence of this type of program is teamwork.  It is crucial that each
department recognizes its role in the program, as well as every other department’s role.  From
keepers, to curators, to maintenance and horticulture, to the veterinary staff, the behavioral health
of the animals becomes a part of each area’s responsibilities. The keepers are the front line in this
type of program: it is they who care for the animals daily and know the individual animals’
behaviors, the layout of the exhibit and holding areas, and the constraints on their time. The keepers
are the trainers and the implementers of enrichment.  However, without input and assistance from
other departments, they can do only so much for the animals.  This paper will examine the role of
the veterinarian in an animal training and enrichment program, including interactions with and
expectations of keepers, curators and other zoo staff.
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Program Framework

Consistency throughout all departments in the zoo is crucial to developing a quality animal training
and enrichment program.  Therefore a program framework can help to lay out the expectations of
the program in general.  The basis of the framework should be the program vision or philosophy that
will guide the staff to the final product – for example improved animal care and welfare through the
implementation of training and enrichment.  In addition to the vision, there are several key
components to a successful program, including the following.

Program Coordinator

Although few zoos employ a single person to coordinate the training and enrichment programs, a
central contact or point person is often essential. The coordinator can help to organize the program
in terms of writing the vision, developing documentation, and writing procedures and protocols.
The coordinator should also serve as a contact for all departments, and ensure that the other program
elements are in place and consistent throughout the zoo. This person should be experienced in
operant conditioning and familiar with the principles of enrichment and behavioral husbandry.

Goal Setting

Program Goals 

Goal setting can take on many forms – from the programmatic approach to the individual behaviors
targeted through training and enrichment.  Setting overall goals for the program will set the
standards for the program and establish a common ground for consistency and communication.  For
example, one goal might be to increase the occurrence of natural activity of resident animals.

Project Goals 

Once the program vision and goals have been identified, individual behavioral goals can be
determined. These may include enrichment priorities or behaviors for specific animals, management
or medical behaviors to be trained, etc.  A clear set of project goals with timelines helps to create
a more cohesive team in which all are aware of future priorities, who will be responsible for each
project, project timelines, involvement of other staff, etc.  When setting project goals, it is important
to include not only the keepers and curators, but veterinarians as well, as they can advise the staff
on the specific behaviors to target for animal health and well being.  For example, behavioral goal
setting at the Toledo Zoo includes desired medical behaviors from the veterinarians and input from
the keepers, curators and Animal Behavior Manager regarding daily husbandry and animal
management behaviors (i.e., shifting, behavioral problem solving, etc.).

Planning and Implementation of Goals

The establishment of training and enrichment goals paves the way for the daily work to begin.
Prioritizing goals and clarifying the roles of all involved are important during this step. Primary
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trainers can be identified and staff training implemented as necessary. During this stage of a training
project, primary trainers are outlining training steps and determining the best methods for training.
Veterinarians can provide valuable input at this point. For example, during training for an ultrasound
exam, the veterinarians can offer advice in terms of where on the animal’s body to place the probe,
where to position the machine, etc.  When proposing new enrichment items, the veterinarians can
be integral in assessing potential health risks.  In such cases, many zoos have resorted to enrichment
approval forms in which new items are described and submitted for approval by curators,
veterinarians and program coordinators.

Documentation

Throughout any behavior management project, documentation provides numerous benefits.
Recording what enrichment items were offered, whether or not an item was used by a particular
animal, or writing the results of a training session is key to a successful behavior program.  Not only
does this provide accountability and allow others on the behavioral team to monitor progress, it also
allows staff to review the documents at a later date to look for behavioral patterns, correlations
between different aspects of training (i.e., does the animal perform better for a specific reinforcer?),
evaluate the use of enrichment, etc.

Evaluation and Readjustment

Evaluation can be a challenging aspect of a behavior management program.  However, it is no less
important than any other component of the framework.  Both training and enrichment projects aim
to target a specific response from the animals.  By evaluating whether or not the appropriate
response was achieved, the staff can adjust their methods to reach the desired behavior.  Following
a training project from start to finish, the veterinarian can review training records (documentation)
to ensure that training is proceeding in a manner that will allow the final behavior to be achieved.
In an enrichment program, we often place items in exhibits but fail to determine whether the animals
react as intended.  For example, enrichment to increase foraging behavior may be successful for one
animal in an exhibit but may be ignored by others or become a catalyst for aggression between
cagemates.  Evaluating the effectiveness of enrichment items can ensure that the animals’ physical
and psychologic needs are being met.

Role Clarification 

With so many components of an animal behavior management program, it can become confusing
trying to delineate the many responsibilities.  Therefore, a document clarifying the roles of all
involved in the program should be included in the basic framework of the program.  The Toledo Zoo
has developed “Participant Guidelines” for both training and enrichment that outline the
responsibilities of all involved in both the training and enrichment aspects of the Animal Behavior
Management Program. Included are the responsibilities of each of the following to each other:

Animal Behavior Manager
Area Keeper or Primary Trainer
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Senior Keeper
Area Curator
Veterinarian/Animal Health Staff

Protocols and procedures for training and enrichment are also outlined in various documents to
ensure that expectations are communicated to each member of the behavior team and to again clarify
the roles of all involved.

Role of the Veterinarian

The design of an animal behavior management program can take many forms depending on the
needs and priorities of the institution.  Thus, the role of the veterinarian can differ significantly
among zoos.  At the Toledo Zoo, the veterinary staff, including veterinary technicians, plays an
integral role in the program for both training and enrichment and are seen as support for the keepers,
the implementers of the program.

The primary role of the veterinarian in the Toledo Zoo’s training projects is to provide guidance for
the Animal Behavior Manager (ABM) and Primary Trainer (PT) in developing training projects.
One or two members of the veterinary staff are assigned to serve as liaisons for each medical
behavior being trained.  Within this role are several responsibilities, including to:

1.  Provide input during goal setting sessions regarding training priorities.
2.  Work with PT, ABM and Area Curator to develop guidelines for medical behavior training.
3.  Consult on safety concerns (human and animal) and how to mitigate risks.
4.  Review and provide input on training plans for medical behaviors to ensure that training steps
are appropriate for the desired medical behavior/procedure.
5.  Work with the PT on medical behavior training goals according to established training steps
and participate in training sessions as necessary both to assist in the training, as well as to
establish a positive relationship with the animals (vet staff are often written into training plans
for invasive behaviors, such as blood collection, injections or ultrasound).
6.  Communicate with ABM regarding the progress of medical behaviors in training and
veterinary needs as they apply to these behaviors.
7.  Work with keepers to modify diets to accommodate reinforcers for training.
8.  Participate in the design of restraint devices used during training sessions and procedures.

The veterinary input in the enrichment program is similar to that of the training program:

1.  Provide input during goal setting sessions regarding enrichment that is targeted to alleviate
medical problems or undesirable behaviors that adversely affect animal health (feather or fur
plucking, aggression toward conspecifics, etc.).
2.  Review and approve proposal forms for new enrichment items.
3.  Work as part of a team with keepers, curators and ABM to develop behavioral management
plans for animals that exhibit behavioral abnormalities or undesirable behaviors, such as
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aggression toward conspecifics, stereotypic behaviors, or other behaviors that can adversely
affect animal health or well being.
4.  Work as part of the above-mentioned team to develop isolation plans for animals that are
removed from cagemates for a period of time, either for quarantine or behavioral reasons.
5.  Work with keepers to modify animal diets as needed to accommodate novel enrichment.
6.  Provide input regarding exhibit and holding area design for training and enrichment needs.

Cost:Benefit of an Animal Behavior Management Program 

With an understanding of the importance of a zoowide training and enrichment program, it becomes
obvious that while there are costs to this type of program (primarily staff time), they are far
outweighed by the benefits.  The ability to calmly separate animals for physical exams or procedures
can reduce the need for immobilization drugs.  Animals that choose to participate in such procedures
tend to be calmer than when subject to physical or chemical restraint.  In fact, many animals can be
examined, treated or diagnosed during regular training sessions, unaware that they are experiencing
anything other than a routine part of their daily interaction with the staff.  Such experiences can in
fact be enriching for many animals, providing them with opportunities to make choices within a
training session, and offering them activities that are mentally challenging or time consuming.

In addition to these obvious benefits to animal health, a training program can mean safer interactions
for the animal care staff and enrichment can mean the difference between an animal exhibiting
appropriate behavior and stereotypic behavior.  Training and enrichment gives keepers additional
contact with the animals, and therefore allows for opportunities to observe the animals and detect
potential medical problems. Through this program, animals will have increased trust in the
veterinary staff, as they have been a positive aspect of the animals’ lives.

Common Questions And Concerns of Both Veterinarians and Keepers

While this paper is intended to address the role of the veterinarian in an animal behavior
management program, other concerns will likely arise that affect staff members, and ultimately
animal well being.  Additional challenges with this type of program include: 

1.  How to gain support of upper management for the animal behavior management program
2.  How to address staff and animal safety when embarking on a more hands-on approach to
animal care
3.  How to address keeper territoriality issues
4.  How to get all area keepers on the same page in terms of support of the program and policies.

A programmatic approach to training and enrichment can help answer these and other concerns  

Conclusion

The nature of the animal behavior management program requires a team effort from all staff.
Therefore, not only is the clarification of roles crucial; support of each other is just as important.



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS58

As primary caregivers, both veterinarians and zoo keepers can become inundated with daily tasks
and the increased responsibility that accompanies the improvement in zoo animal husbandry,
medical care, conservation and public education.  Common concerns for veterinarians and keepers
is how to make time for training and enrichment, and how to work together and gain each other’s
support for this type of program.  Because each comes from different perspectives of animal care,
but have the same goal in mind, clear and honest communication is imperative.  Realizing that
animal well being is the responsibility of all staff, veterinarians, keepers and curators must work
together to reach this and other common goals.  Doing so can only benefit the animals.
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Abstract

Introduction

Behavioral husbandry programs have become an essential part of animal management in zoos and
aquaria.  Enrichment and training are used to help meet the needs of the animals and improve animal
care.1,5,7  Training is useful in achieving daily husbandry tasks and has been applied to allow certain
veterinary procedures. Since the early 1990’s, a number of publications have outlined the use and
benefits of enrichment on animal health and training for specific diagnostic and therapeutic
purposes.2-4,6-8 In many cases, these programs are created in response to a particular problem that has
already occurred.  When specific behavioral husbandry programs are instituted after the need arises,
there is a delay in correcting the problem or the ability to perform the required procedures using
operant conditioning and other training techniques. 

Background Information

In April 1998, Disney’s Animal Kingdom opened to the public.  The creation of this new zoological
park provided a unique opportunity to proactively design and implement a behavioral husbandry
program along with the development of traditional animal care protocols.  Hiring of keepers, animal
managers/curators, veterinary, science, and behavioral husbandry staff began approximately 2 yr
before the opening of the park and arrival of many of the animals.  The goal was to develop and
implement a training and enrichment plan, in conjunction with husbandry and medical programs,
for every animal in the collection.  Due to the challenges of managing mixed species in large
exhibits, training techniques (e.g., operant conditioning) are considered essential tools for moving,
separating, introducing and acclimating the animals to each other and their exhibit and holding areas.
In addition, the goals include the ability to perform a wide range of husbandry and veterinary
procedures identified for each species, and meet the physical, social, psychologic, and physiologic
needs of the animals through appropriate enrichment and care methods.

Program Framework

In creating the behavioral husbandry program at Disney’s Animal Kingdom, the expectation is that
all teams (animal care, veterinary, education and science) use a framework or process for developing
and maintaining both enrichment and training plans for the animals. The program framework
includes the following components: setting goals, planning, implementation, documentation,
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evaluation, and readjustment.6,9  To focus time and resources, a list of behavioral priorities have been
developed for each species.  Identification of training goals and development of animal-specific
plans are based on the following criteria:  daily management needs, medical needs, natural history
of the species, and individual’s history.  In addition, enrichment goals and plans incorporate
knowledge of the species’ and individual’s physical, psychologic, and social needs.

Enrichment Program

Enrichment plans are proactively designed.  Rather than identify a specific item or enrichment
technique first, the enrichment program framework requires setting the goal of encouraging or
providing opportunities to exhibit specific species-appropriate behaviors and then identifying
enrichment initiatives that can be used to achieve those goals.6  After planning, approval is required
by the zoological manager and behavioral husbandry staff along with input from the veterinary and
animal nutrition staff before implementation occurs.  An enrichment calendar is created and
responses to the specific enrichment initiatives are recorded and reviewed to determine if the goals
have been reached (see www.csew.com/enrich/ for examples of forms used). Adjustments are made
on a routine basis.  Food items used for enrichment are considered part of the animals’ regular diet
and evaluated for their nutritional contribution as well as their enrichment value.  

Training Program

Although a training plan is designed for each species in the collection, selected species or groups
are identified by the veterinary, animal care, and behavioral husbandry staff as high priority species
for training to minimize the requirement for immobilization.  At Disney’s Animal Kingdom, these
species are elephants, rhinoceros, giraffe, hippopotamus, and okapi.  Veterinary procedures are
identified that could be performed using training techniques with or without the use of restraint
devices.  Examples include physical examination, blood collection, ultrasonography, injections (for
drug or vaccine administration), minor wound treatment, and foot/hoof care. 

Keepers and managers use the same framework (i.e., setting goals, planning, implementation,
documentation, evaluation, and readjustment) with regard to creating training plans. Successful
planning and implementation requires active participation and support by all teams (Table 1).  When
training for a veterinary procedure, the veterinary staff begins by explaining the procedure and
describing each step to be performed (i.e., equipment used, requirements for positioning, area of
animal that will be touched, potentially stressful or painful stimuli).  Veterinarians help prioritize
the behaviors included in the plan for the species.  In addition, veterinarians and veterinary
technicians attend training sessions on a regular basis to provide feedback during the shaping of the
behaviors and allow the animal to acclimate to the presence of less familiar staff members.

To ensure consistency among the animal care staff, the behavioral husbandry team provides an
Introductory Training Methods class and on-the-job training.  Currently that team is in the process
of developing additional opportunities to develop technical skills using other species. Specifically,
a colony of rats will be maintained for staff to use in practicing a variety of training techniques.
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Dedicated behavioral husbandry managers and specially trained zoological managers oversee the
implementation and provide one-on-one mentoring. 

As with enrichment, documentation is essential to evaluation and readjustment of a training plan.
Records are written after every training session.  Tracking of progress on trained behaviors are
reviewed using the “Procedure Status Forms” for high priority species. Examples can be found on
the training website (www.csew.com/training/).  Husbandry training has routinely been applied to
mammals, especially marine mammals, primates, and other megavertebrates.5,8  However, the same
techniques are readily applicable to ungulates, birds, reptiles, fish, and even some invertebrates.
Realistic expectations for training species-appropriate behaviors should be created during the goal-
setting step using knowledge of that animal’s natural history, physical capabilities and temperament,
and management logistics. A few examples of successful training include:  training waterfowl to
voluntarily enter crates, stationing of the Komodo dragons on a scale, shifting of crocodilians to
holding areas using an audible cue, desensitization of white and black rhinoceros to rectal
ultrasonography (either in a stall or chute), physical examination and blood collection from tigers
and giraffe, open mouth behavior in multiple species for examination and drug administration (e.g.,
lions, hippos, primates), presentation for injection by hand (e.g., primates), and storks entering
holding areas from exhibit on cue.

Additional information on training and enrichment programs is available at www.csew.com/training/
and www.csew.com/enrich/.
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Table 1.  Disney’s Animal Kingdom animal training: philosophy and expectations.
1.  Safety is always our first consideration in any training initiative (i.e., animal safe, keeper safe,

equipment safe, process safe).
2. All keepers and zoological managers are expected to understand and articulate the animal

training philosophy that was taught in Training Methods class.  All keepers are expected to be
able to articulate and apply animal training techniques to achieve training goals as outlined by
their area team.

3.  There is no separation between animal training and animal management.  All keepers/zoological
managers are trainers; all trainers are keepers/zoological managers.

4.  Training is one of the many animal management tools that we use to facilitate good animal care.
Many of the behaviors trained are meant specifically to facilitate medical care, often allowing
us to avoid immobilizing/physically restraining an animal for treatment.  The choice of
immobilization/restraint versus training will be based upon the amount of time needed to train,
the severity/urgency of the illness/injury, and the benefit to the animal.  Sometimes it will not
be possible to use training techniques during a particular husbandry/medical procedure and
various levels of restraint or immobilization will be necessary.

5. A successful training program should be proactive, not reactive.  In other words, planning is an
important part of a successful training program.

6.  Keepers should routinely review past training records for patterns.  For example, training records
can be used to assess routine causes of periodic aggression, or identify differences in relative
success in training various behaviors.  Keepers can use these past records to predict situations
that may be precursors to breakdown in trained behaviors.  Zoological managers should
periodically ask keepers if these reviews have been completed.

7. All keepers are expected to learn about the natural and individual history of the animals that they
care for and train.  When training, keepers need to assess and understand how the animal’s
natural history and individual history affect that animal during the training process.  Zoological
managers should make sure that keepers have and use this knowledge.
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Abstract

Using operant conditioning techniques, lowland tapirs (Tapirus terrestris)  can be trained to accept
blood collection.

Introduction

At the Audubon Zoo, one male and two female lowland tapirs (Tapirus terrestris) are housed
together in a 1.5-acre mixed species exhibit.  Prior to the start of this training project, the male was
housed in a separate smaller exhibit, with no water feature for submersion.  Because the tapirs are
closely related genetically, we wanted to prevent reproduction while continuing to house them
together.  We chose to use 1000 mg Depo Provera® intramuscularly (Medroxy progesterone acetate;
Pharmacia and Upjohn, Kalamazoo, MI 49001 USA), which for these tapirs was 5.0 and 5.4 mg/kg
respectively.  We needed to train the females to accept weekly blood collection so we could monitor
the success of the contraception by measuring serum progesterone levels in addition to observing
them for any behaviors that might indicate estrus. 

Methods

The program of conditioning was based on the following training principles.

1.  Food was given at the end of each session as the primary reinforcement.
2.  Tactile contact creates an innate response in the tapirs to relax, become laterally recumbent,  and

less responsive to stimuli.  Given the tapir’s response, tactile contact is considered a positive
secondary reinforcement. 

3.  The conditioning process used step-wise desensitization techniques.  Each step of the training
process was evaluated on the performance of the individual animal, and we did not progress to
the next step until complete success was achieved in the present phase.

4. Safety of the staff and the animals were a top concern at all times.

All three tapirs were subsequently trained using operant conditioning techniques to lie in  lateral
recumbency and allow venipuncture of the medial saphenous vein. Training sessions were
performed daily, and kept short.  During each session the animal was lightly scratched along the
dorsum, flanks and abdomen until they were positioned laterally.  Once they consistently performed
this behavior we introduced the equipment and personnel (phlebotomist) at each session.  Then, we
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began with a series of approximations to palpate the region of the medial saphenous, followed by
blunt pressure, and then introduction of a 23-ga butterfly catheter and syringe. 

Results

Within 6 wk we were able to collect the first blood sample.  To test the training, we  used different
keepers to perform the handling, followed by veterinary  technicians and veterinary  students as the
phlebotomist.  

Discussion

We found this conditioning quite useful and since the start of the training program have been able
to perform other medical procedures safely.  It is easier to monitor body weights.  We can obtain
radiographs and ultrasound images with portable machines.  We have also initiated a program to
collect core body temperatures with rectal thermometers. Last year we had the opportunity to
anesthetize one of our females to suture a wound using the training techniques. Objectively, we used
a lower anesthetic dose to complete our task.  Subjectively, the procedure was smoother and less
traumatic than prior anesthetic events.  Overall, the increased contact and training with these animals
has improved our ability to care for them in captivity.
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Abstract

Operant conditioning is behavioral training in the form of positive reinforcement for captive species.
It is beneficial for advancement of medical and animal management to eliminate the need for general
anesthesia or manual restraint for simple procedures.  A training program was designed to condition
and desensitize one male and one female captive tigers (Panthera tigris) for phlebotomy.  As a result
of behavioral training techniques, White Oak Conservation Center staff is able to perform
phlebotomy without restraint. 

Introduction 

Operant conditioning in captive species is an important tool for the advancement of medical and
animal management.  It has proven to be effective and reliable in dealing with current and future
challenges faced by animal care staff.  The majority of today’s animal facilities utilize some form
of behavioral training.  Positive reinforcement and desensitization are popular operant conditioning
techniques that have been performed for years.1 Operant conditioning techniques are instrumental
in conditioning various species to allow chute/crate restraint, urine collection, subcutaneous and
intramuscular injections, and phlebotomy.  Effective conditioning in all species, including large and
potentially dangerous species, can reduce the need for general anesthesia and  manual restraint.1,2

It can also significantly reduce stress and aggressive behaviors that are evident in many captive
individuals.3 At White Oak Conservation Center the carnivore department and veterinary staff have
been successful  training captive tigers for phlebotomy  without chemical or physical restraint 

Materials and Methods

Behavioral training was applied to one male and one female adult neutered tigers (Panthera tigris;
15 and 16 yr of age respectively). Training was completed in a chain link corral adjacent to the main
enclosure.   The corral is divided into three sections.  Each section is connected with guillotine
doors.  The aluminum catch crate [1.96 m (77 inch) L × 1.0 m (38 inch) W and 1.14 m (45 inch) H;
vertical bars placed 0.1 m (4 inch) apart] was built for transport. It is now used for conditioning and
is set up in the middle section flush against the guillotine door. The middle section was also used
as the staff work area, which provided safe access to the tigers in the crate. 

Twice per week both tigers were conditioned to complete the following behaviors.  Walk into the
catch crate, turn around and lie down. For access to the lateral tail vein, the tail had to be pulled
between the vertical bars of the end panel.  A clicker was used as a bridge and feline diet (Dallas
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Crown, Inc., 2000 W. Fair, Kaufman, TX 75142 USA) served as the reward for completion of the
behavior.   Once all of these behaviors were performed consistently additional steps were taken to
desensitize the animals to allow phlebotomy.  Again, positive reinforcement was used, utilizing food
as a reward, while animals were desensitized. Steps in this process included manipulation (gentle
pulling) of the tail, clipping and alcohol swabbing the injection site, and finally, piercing of the skin
with a needle.  Once these steps were accomplished, veterinary technicians joined the conditioning
program to attempt venipuncture. Blood was drawn once per week with a 20-ga Vacutainer®
multidraw needle and adapter (Beckton Dickinson and Company, Franklin Lakes, NJ 07417 USA).
Eight milliliters of blood were collected, and a complete blood count and chemistry profile were
performed.     

Results

Within 4 mo of starting the training process, both tigers were completing several desired behaviors.
At 6 mo of training, the male tiger had advanced to gentle manipulation of the tail, piercing of the
skin with a needle, and successful phlebotomy by veterinary clinic staff. In the 5 mo since the first
successful blood collection, phlebotomy has been done weekly at a 92% success rate. The female
was more problematic, but at 8 mo of training, she routinely performed several behaviors, including
tail manipulation and skin piercing.  However, she has not remained in position long enough for
successful phlebotomy as of this writing.   

Discussion

A conditioning program was designed and implemented that set goals and guidelines to improve 
management of the tigers at White Oak Conservation Center.  The first goal of the training program
was to have tigers move into the crate for transport.   Using the catch crate in the training program
proved to be a practical and effective tool. The primary  function of the catch crate is to restrain,
transport and weigh the tigers as needed. The vertical bars along the sides and ends of the crate are
widely spaced so caution is used during training, with staff and animal safety the primary concern.

The second goal was getting the tigers into position in the crate for successful phlebotomy. Using
the crate for phlebotomy was an added advantage.  During the training session neither the male or
female was locked into the crate thus avoiding additional stress.  It was imperative that tigers were
given the option of leaving the situation if they became uncomfortable.  The premise behind this was
to ensure that training remained positive.  

Closing the crate door to contain the tigers was the third training goal. This was particularly
important for the female tiger.   Due to previous medical problems prior to positive reinforcement
training, the female tiger was restrained in the crate for an extended period of time.  Therefore,
tentative and cautious behavior had to be dealt with during the training process.  Venison and horse
chunk meat (Dallas Crown, Inc., 2000 W. Fair, Kaufman, TX 75142 USA)  were added as additional
rewards to encourage desired behavior.  Ignoring the female after non responsive training also
stimulated desired behaviors.   
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New behaviors are continuously being added to the tiger program such as urine collection and
subcutaneous and intramuscular injections.  Training is rotated and performed by various keepers,
along with veterinary staff members, to build flexibility into the program.

Benefits of condition training to animal health have already been realized at White Oak.   The male
tiger recently had an acute medical condition.  Ultrasound revealed multiple masses in the bladder.
Behavioral training made it possible for the animal to be loaded into a crate and transported to the
University of Florida, College of Veterinary Medicine with minimal stress.  The male tiger was
diagnosed with transitional cell carcinoma of the bladder.  After a successful surgery, conditioning
in the crate continued without difficulties.   Phlebotomy is currently being done once per week to
monitor his medical condition during chemotherapy.

Operant conditioning has proven to be an excellent management tool for tigers at White Oak
Conservation Center.  It is an extremely effective, reliable and successful alternative to anesthesia
or manual restraint and prepares the animals and staff for medical or management challenges in the
future.   
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Abstract

Papillomaviruses (PVs) are double-stranded DNA viruses that are being isolated in a wide variety
of animal hosts, where they cause papillomas (warts) or squamous carcinomas on the skin or on the
mucosal oral and/or genital surfaces. More than 100 different HPVs have been characterized in
humans. However, in most other species studied to date, only one or a few different PVs have been
identified. The multitude of PV types in humans most likely reflects a greater medical research
effort, rather than a special situation in humans. Most PVs appear to be species-specific or restricted
to infection of closely related animals within the same genus. This has the implication that if all
warm-blooded vertebrate species have their own set of species-specific papillomaviruses, there
could be more than a million different papillomavirus genotypes. Because PVs use the high-fidelity
host cell DNA polymerase for viral replication, PVs are remarkably stable genetic entities. Because
of the global presence of diverse, genomically stable, species-specific spectra of PVs in numerous
mammalian and avian species, it can be safely assumed that PVs are ancient viruses that originated
early in vertebrate evolution, and have co-evolved and co-speciated in synchrony with their host-
species. Based on co-evolution data for primate, artiodactyl, and feline species, we calculated a
mutation rate for PVs to be 0.73 to 1.20 × 10-8 substitutions/site/yr. The mutation rate for PVs is only
10 times faster than the mutation rate of their eukaryotic host species, and more than four orders of
magnitude slower than the mutation rate of most RNA viruses.

Over the past years, our laboratories have described numerous novel PV-related lesions in animals,
and cloned and sequenced their papillomaviral genomes. Our laboratories are also involved in the
development of novel vaccines and antiviral drugs to prevent/treat PV-associated diseases. A wider
variety of animal PV genomes is needed to produce a more precise picture of the evolution and
origin of the papillomaviruses. Since veterinarians and animal handlers in zoos are the first to notice
the appearance of warts in one of their animals, we would very much like to invite AAZV-members
to bring wart-like lesions to our attention. We would welcome the opportunity to investigate these
lesions, and where possible we would like to offer assistance with treatment. Such projects will
always be performed as a collaborative effort, and with the utmost respect for the animal's health,
well-being and safety.
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Abstract

In 2001, over a 1-mo period, eight Barbary red deer (Cervus elaphus barbarus) were euthanatized
due to clinical signs resembling malignant catarrhal fever of domestic cattle.  Age ranged from 1-8
yr.  Six were male and two were female.  The deer were housed together in a large outdoor exhibit
with 4 other species of ruminants (Ankole cattle, Bos primigenius f. taurus; Jackson’s hartebeest,
Alcelaphus buselaphus jacksoni; sand gazelle, Gazella subgutturosa marica; scimitar-horned oryx,
Oryx dammah).  The last movement of a Barbary red deer into the enclosure occurred 1 yr prior to
onset of clinical signs.

Clinical signs were nasal discharge, ocular discharge or swollen eyelids, swollen conjunctivae,
cough, lethargy, depression, shaking of the ears or head, and skin ulcers.  All animals were
euthanatized within 2 days of the development of clinical signs.
  
Gross lesions were of variable severity and distribution and consisted of oral cavity ulcers and
erosions; ulcers and erosions of skin around the mouth and nasal planum and in other areas of the
body; yellow-white ocular discharge; yellow-white nasal discharge; enlarged and reddened
mandibular, retropharyngeal or cervical lymph nodes;  dark red intestine; abscessed tonsil; mottled
red-purple lung; and reddened laryngeal, pharyngeal or tracheal mucosa.  All deer were in good
body condition.  Lesions tended to be more extensive and severe in those deer euthanatized at the
beginning of the outbreak.

Microscopically, lesions in the skin, oral cavity, and conjunctiva consisted of erosions and ulcers
with infiltrates of neutrophils and lymphocytes.  Inflammatory infiltrates were also present in some
regions where ulcers and erosions were not present.  Lymphocytes predominated and infiltrates were
most dense in the superficial dermis and submucosa with extension into the overlying epithelium
(interface dermatitis).  Some vessels had perivascular inflammatory cells (predominantly
lymphocytes).  Lymphoid infiltrates were also associated with some bronchi, bronchioles and in
trachea.  Vasculitis, typical of malignant catarrhal fever in domestic cattle, was not seen in any
cases.
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Attempts to isolate a virus were unsuccessful.  In situ hybridization using an alcelaphine herpesvirus
(AlHV) gene sequence found in both AlHV-1 and AlHV-22 and immunohistochemistry (using an
antibody to AlHV-2)7 demonstrated virus within oral submucosal salivary glands deep to areas of
ulceration and inflammation.  No staining occurred in unaffected areas. sing PCR and herpesvirus
primers herpesvirus was found in all affected deer.1,2,6,8  Tissues sampled included peripheral blood
leukocytes, conjunctiva, intestine, kidney, liver, lymph node, lung, nasal cavity, oral mucosa, and
spleen.  Cloned DNA sequences were compared to GenBank data for other viruses in the malignant
catarrhal fever group and the following percent homologies were obtained:  AlHV-2 (93-94%),
AlHV-1 (77-78%), ovine herpesvirus-2 (67%), deer MCF virus (65%).  PCR assays for bovine viral
diarrhea virus, foot and mouth disease virus, vesicular stomatitis virus, and ruminant
alphaherpesviruses (BHV-1 and BHV-5) were negative.2- 4, 7  The herpesvirus identified in these red
deer is most similar to AlHV-2, but it is not yet known whether this may be a new virus.  The source
of the infection has not been identified.
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LYMPHOSARCOMA IN AFRICAN SPURRED TORTOISES (Geochelone sulcata)

Mary Duncan, BVMS, Dipl ACVP,* Christopher J. Dutton, MSc, MRCVS, and Randall E. Junge, DVM,
Dipl ACZM 

Saint Louis Zoo, One Government Drive, Forest Park, Saint Louis, MO 63110 USA

Abstract

Five adult male African spurred tortoises (Geochelone sulcata) died over a 10-mo period at the Saint
Louis Zoo with lymphosarcoma. The tortoises arrived in two groups, in 1997 and 1999. Deaths in
the first group (n=3) occurred in February and April, and in the second group (n=2) in August and
October 1999. During the summer, they were housed in an outdoor exhibit with Speke’s gazelle
(Gazella spekei) and wattled crane (Bugeranus carunculatus). Over the winter, they were housed
with other chelonid species at the Herpetarium, including Aldabra tortoise (Geochelone gigantea),
Florida gopher tortoise (Gopherus polyphemus), red-footed tortoise (Geochelone carbonaria),
yellow-footed tortoise (Geochelone denticulata), and elongated tortoise (Indotestudo elongata).
Only scant non-specific clinical signs of depression, anorexia, and lethargy were noted in initial
cases. Gross necropsy findings in all the animals were similar. Multifocal to coalescing raised white
nodules were present in the mucosa throughout the digestive tract with varying degrees of intensity
and ulceration. There was an impression of a cellular infiltrate in multiple organs, resulting in a
waxy appearance to the spleen and kidneys and a prominent reticulate pattern in the liver. Lack of
fat stores suggested that the animals had deteriorated over an extended time period. With experience,
cases were identified ante-mortem and confirmed by endoscopy, laparoscopy, and biopsy, though
the tortoises died despite supportive therapy. Some of the tortoises were terminally septicemic (2/5),
which was attributed to secondary infection associated with the ulceration of the gastrointestinal
tract. The histologic appearance of the lesions was consistent with disseminated plasmacytoid
lymphosarcoma. In certain viscera, up to 40-60% of the parenchyma was replaced by neoplastic
cells. Virus was not isolated from frozen tissue. Sera collected from the African spurred tortoises,
and from the other species that had been housed with them over winter, were assessed by ELISA
for herpesvirus; the results were negative. Attempts were made to culture retrovirus without success,
however, during this procedure the presence of particles suggestive of herpesvirus were noted.
Further analysis of tissues by electron microscopy is currently proceeding.

Neoplasia in reptiles is reported relatively infrequently,1 and lymphoma in reptiles is generally
reported as sporadic cases.2 However, a similar clustering of cases of lymphoma was reported in
Galapagos tortoises (Geochelone elephantopus) by the Zoological Society of San Diego.8 Again,
changes appeared to be centered on the alimentary tract, and neoplastic lymphoid cells in earlier
lesions were felt to be invasive rather than destructive in nature. The authors speculated that the
neoplasia was derived from the gastrointestinal lymphoid population with hematologic
dissemination. The etiology of the neoplasia was not revealed by additional testing, however, an
infectious agent or a possible genetic predisposition were suggested, since a sub-group of the
tortoises had the same dam. A high prevalence of a neoplasm in a population is suggestive of the
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involvement of other factors, such as exposure to an environmental carcinogen or an infectious
agent, or the potential for an inherited tendency. Given the history of shared housing with other
chelonids, it is tempting to speculate that these may have acted as carriers of infection to the African
spurred tortoises, and that an environmental carcinogen is a less likely cause of the lesions.

Many viruses, both RNA and DNA, have proved to be oncogenic, though in this situation,
retroviruses and herpesviruses appeared to be the most likely candidates. Herpesvirus involvement
in neoplasia is well-recognized in conditions such as Marek’s disease in the domestic chicken and
in association with Epstein Barr virus in humans. Infection with herpesvirus has been noted in many
species of reptile. Sixteen herpesviruses from tortoises from different countries and species were
assessed by serology and restriction enzyme digestion patterns, at least two different sero and
genotypes were identified.4 An alphaherpesvirus has been associated with fibropapillomas in green,
loggerhead, and olive ridley turtles. A viral sequence has been detected in cleaner fish endemic to
the areas in which affected turtles have been observed, suggesting that they may act as carriers of
infection.9, 10 Other non-neoplastic conditions have been identified. In green sea turtles (Chelonia
mydas), gray patch disease is associated with dermal herpesvirus infection in young animals and a
further herpesvirus causes lung-eye-trachea disease.3

Chronic rhinitis with stomatitis and glossitis has been documented in captive Mediterranean
tortoises (spur-thighed tortoise (Testudo graeca graeca) and Hermann’s tortoise (Testudo hermanii))
in association with herpesvirus infection. A similar case had been reported in a California desert
tortoise (Gopherus agassizii).7 The tortoises had elevated lymphocyte counts, aspartate
aminotransferase activity and alpha-globulin levels, and some animals had a normochromic-
normocytic anemia and heteropenia. An ELISA was developed to detect antibodies to this
herpesvirus in Mediterranean tortoises, which has potential as a diagnostic screening tool.6 Other
researchers have used PCR to detect a herpesvirus, suggestive of an alphaherpesvirus, from oral
swabs and biopsies taken from the tortoises.11

While initial testing has not confirmed the presence of a viral etiology for the cluster of
lymphosarcoma cases seen in these African spurred tortoises, the findings suggest infection should
still be considered as a probable cause. Investigation of the cases is ongoing.
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AVIAN NEOPLASIA INCIDENCE: A RETROSPECTIVE STUDY 1984 to 2002 
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Zoo/Exotic Pathology Service, 2825 KOVR Drive West Sacramento CA 96037 USA

Abstract

Files of the Zoo/Exotic Pathology Service for 1984 to 2002 contain over 20,000 accessions of which
over 15,000 are birds. Of these accessions 6.95% have been diagnosed with neoplastic disease. Birds
from eight families are represented, including Anseriformes, Ciconiiformes, Columbiformes,
Falconiformes, Galliformes, Passerinformes, Psittaciformes and Sruthioniformes.

The ten most common species with a diagnosis of neoplasia are Psittaciformes (9) or Passeriformes
(1). The bird with the most neoplasia diagnoses is the cockatiel, which is the fourth most commonly
submitted species. Although the literature indicates that tumors are most often found in budgerigars
there has been concern that this simply reflects the fact that more budgerigars are seen. In our data,
budgerigars are the seventh most common species, but the second most prevalent with tumor
diagnoses. Our single most common species submitted is the cockatoo (all types), but it is the fifth
most common with a diagnosis of neoplasia.

 The organ system with the most tumors diagnosed is the skin and subcutis. The gastrointestinal tract
and liver are the next most common systems/organs with tumors. The skin and subcutis is also the
most commonly involved organ in five of the ten birds most frequently diagnosed with tumors. For
three of the most commonly submitted birds (Amazon parrot, macaw and conure) the cloaca is the
single most commonly involved organ, with the liver and proventriculus respectively being the most
common in the other two most frequently submitted species. 

The most commonly diagnosed tumor, regardless of site of origin, is the papilloma. Carcinomas (all
sites) and fibrosarcomas are the next most common tumor types diagnosed. 
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Abstract

Prairie dogs (Cynomys spp.) are rodents in the family Sciuridae, which includes ground squirrels,
flying squirrels and woodchucks.2 Hepatocellular tumors are common in woodchucks and
Richardson’s ground squirrels, and these tumors have been associated with hepadenavirus
infection.1,3,4,8,9 Oncogenesis associated with viral infection in woodchucks is considered a viable
model for hepadenavirus infection (hepatitis B) in humans.5,8 Few  formal reports exist of
hepatocellular neoplasia in prairie dogs.7,10,11 A retrospective study was conducted of the incidence
and morphologic features of hepatic neoplasia in black-tailed prairie dogs (Cynomys ludivicianus)
submitted to Northwest ZooPath. For cases 1-4, selected paraffin-embedded hepatic tissues were
stained for hepadnavirus proteins using anti-WH core antibody and anti-WH surface antibody.
Sections also were stained using orcein and Victoria Blue stains for detection of WH surface
antigen.

From 1994-2002, tissues from 61 prairie dogs were submitted to Northwest ZooPath for
histopathology. Of these, 12 (20%) had hepatocellular carcinoma. Three were pets submitted from
private veterinary practices. The others were submitted from zoos in the United States. Signalment,
history, gross lesions and nonhepatic lesions are summarized in Table 1. Seven animals were male
and five were female. All were adults and ages ranged from young adult to 7 yr with average age
of 5.1 yr in animals of precise known age. Five animals were euthanatized, four died and three were
alive at the time this abstract was written. The most common clinical signs were weight loss (four
animals), lethargy (four animals) palpable abdominal mass(four animals) and respiratory difficulty
(three animals). One or more masses were noted in various liver lobes of all animals. The masses
were white to tan, and sometimes cavitated. The most common concurrent lesions were chronic
glomerulonephritis (eight animals) and cardiac disease (four animals).

Tumor morphology, metastases and the results of histochemical and immunohistochemical stains
for woodchuck hepatitis virus antigens are summarized in Table 2. All tumors were well
differentiated, and determining cell of origin was not difficult even in metastatic lesions. Four
patterns were recognized: reticular, pseudoglandular, peloid and papillary. The trabecular pattern
was predominant in ten tumors and the pseudoglandular patter was predominant in two tumors. The
peloid pattern was also represented in eight tumors. The papillary pattern was present only in the
primary and metastatic foci of case 9. Anaplasia was mild to moderate in most tumors but a marked
degree of anaplasia was noted in the metastatic foci of case 9. Seven cases had vacuolar change
resembling lipidosis in neoplastic hepatocytes of primary and metastatic tumors. Cavitation and
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necrosis were noted in five cases. Concurrent portal lymphocytic hepatitis was noted in two cases
and two cases had cirrhosis. Two cases had lymphocyte infiltrates within the tumors.  One case
rarely had eosinophilic intranuclear inclusions in neoplastic cells. Metastasis was noted to lung in
five cases. One of these also had metastasis in spleen, and one also had metastasis to heart and
mediastinum. The immunohistochemical and cytochemical stains were negative for viral antigen
in the tested cases.

These cases were similar to hepatocellular carcinoma in woodchucks in that animals were aged, of
both sexes, had white to tan masses in various hepatic lobes, had variable morphologic tumor
patterns for which the reticular pattern predominated, tumors were well differentiated with slight
to moderate degree of anaplasia, and had occasional cavitation and necrosis.6 The cases were
dissimilar to hepatocellular carcinoma of woodchucks in that metastasis seemed to be more common
in prairie dogs, and the tested cases have been negative for viral antigen in histologic sections.6
Concurrent hepatitis may have been less common and cirrhosis may have been more common
occurrences. The cause for the apparent high incidence of hepatocellular carcinoma in black-tailed
prairie dogs submitted to Northwest ZooPath could not be determined. Although viral antigen could
not be demonstrated in the tested cases, the similarities of this syndrome to that of hepadenavirus-
related hepatocellular neoplasia and hepatitis in humans, woodchucks and Richardson’s ground
squirrels suggest that the condition in prairie dogs may have a viral etiology.
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Table 1. Signalment, history, gross pathology, and concurrent lesions for prairie dogs with hepatocellular
carcinoma.
Case Signalment History Gross Concurrent Lesions
1 male, 5 yr palpable abdominal mass,

ataxia, euthanatized
multiple hepatic/pulmonary
masses

spondylosis,
glomerulonephritis

2 male, 6 yr euthanatized, no history not given cardiac dis.
glomerulonephritis

3 female,
young adult

resp. diff.
skin les.
euthanatized

single white mass in liver hyperkeratotic
dermatitis

4 male, aged euthanatized, no history mass in liver glomerulonephritis
colloid goiter

5 male, 6yr lethargy, weight loss,
euthanatized

multiple white masses in liver glomerulonephritis
cardiac disease

6 male, 5yr lethargy, wt. loss, died two masses in liver, pleural
effusion

glomerulonephritis
cardiac disease

7 female 6 yr resp. diff.,
found dead

six white masses in liver,
mass in palate

cardiac disease,
odontoma
glomerulonephritis

8 male 7 yr resp. diff., wt. and hair loss,
died

tan masses in liver and lungs
abd. effusion

hyperkeratotic
dermatitis,
glomerulonephritis

9 male >3 yr lethargy, euthanatized two masses in liver, mult.
lung masses, pleural effusion.

glomerulonephritis

10 male, adult inappetence,
palpable abd. mass

not done (percut. biopsy) NA

11 female 5 yr wt. loss, azotemia, palpable
abd. mass

necrotic mass in liver NA

12 female 7 yr palpable abd. mass large hepatic mass NA
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Table 2. Tumor morphology, other hepatic lesions, metastasis and woodchuck hepatitis PCR results in
prairie dogs with hepatocellular carcinoma.
Case Tumor Patterna Anaplasiab Vacuolar

Change
Other Features Metastasis WH Core and

Surface Antigens
1 pseudoglandular

trabecular
++ ++

primary,
+++ mets

hemorrhage,
necrosis, mineral,
cavitation
+ hepatitis

lung, spleen Negative

2 pseudoglandular
(with fluid)
peloid

+ none biliary
cystadenoma,
passive congestion

lung Negative

3 trabecular + + none none Negative

4 trabecular
peloid

+ ++ cirrhosis, 
 ++ hepatitis

none Negative

5 trabecular
pseudoglandular
peloid

+ - necrosis, cavitation lung Not tested

6 trabecular
pseudoglandular

+ - ++ hepatitis,
fibrosis/biliary hypl,
++ lymphocytes in
tumor

none Not tested

7 trabecular 
peloid

+ + fibrosis none Not tested

8 trabecular
peloid

++ necrosis and
cavitation

lung Not tested

9 trabecular
pseudoglandular
peloid
papillary

+ primary;
++/+++

metastases

- necrosis,
hemorrhage
cavitation,
mineralized.
+1 hepatitis

lung, heart,
mediastinum 

Not tested

10 trabecular ++ + none NA
(biopsy)

Not tested

11 trabecular 
peloid

+ ++ ++ lymphocytes in
tumor
+ hepatitis

NA
(biopsy)

Not tested

12 trabecular 
peloid

+ + cirrhosis Na
(biopsy)

Not tested

aTumor pattern listed in order of predominance.
bAnaplasia included anisokaryosis, karyomegaly and cytomegaly, mitotic figures, multinucleated cells.
+ = mild; ++ = moderate; +++ = marked.
NA = not available.
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Abstract

Malabsorption is characterized by failure to digest or absorb fats, fat-soluble and other vitamins,
proteins, carbohydrates, electrolytes, minerals, and water. Clinically the malabsorption disorders
resemble each other more than they differ and the consequences affect many organ system such as
the alimentary tract, hematopoietic system, musculoskeletal system, nervous system, urinary tract
and endocrine system.

Wasting marmoset syndrome (WMS) is a major cause of morbidity and mortality of marmosets and
tamarins in numerous colonies of different countries, including Brazil. The general features of WMS
are diarrhea, weight loss, muscle atrophy, chronic colitis, anemia, alopecia, nephritis, parasitic or
bacterial infection, progressive reluctance to move and paralysis of hind limbs, generalized
weakness and death. There are four hypotheses concerning the pathogenesis of WMS: nutritional
problem due to incorrect diet (protein-calorie deficiency or food antigens), malabsorption (including
pancreatic insufficiency due to Trichospirura leptostoma), infectious diseases (Campylobacter spp.),
and behavioral alteration (inadequate adaptation to captivity). Although diarrhea and weight loss as
a consequence of dysfunction of the small intestine is common in general practice, a panel of
screening investigations may provide insight into the cause, and should distinguish malabsorption
syndromes, including pancreatic exocrine insufficiency, giardiasis and reduced small intestinal
absorptive surface area. 

The main objective of this research is to demonstrate that WMS is a malabsorption process due
impaired mucosal absorption.

Sick marmosets were selected based on general symptoms of WMS, which meant weight loss,
diarrhea, anemia or historic report of low body weight, anemia and diarrhea at least once during a
year. The marmoset control group was formed based on good health of primates, with weight
between 249 g and 497 g (median 345.8 g). All animals were kept in captivity for more than 6 mo
at the Mucky Association of Small Primates, Jundiaí, São Paulo State, Brazil. The diet and general
management was similar to others colonies described in literature, and all animals were maintained
on a TID feeding schedule.
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The control group contained 21 marmosets, 19 adults (10 males and nine females) and two subadults
(one male and one female). The group consisted of ten black-tufted-ear marmoset (Callithrix
penicillata), two common marmoset (Callithrix jacchus), one Geoffroy’s tufted-ear marmoset
(Callithrix geoffroyi) and eight hybrid marmoset (C. penicillata and C. jacchus). The WMS group
was formed by 22 primates, 20 adults (11 males and nine females) and two subadults (one male and
one female), which included 11 black-tufted-ear marmoset, one common marmoset, one Geoffroy’s
tufted-ear marmoset and nine hybrid marmoset. All 43 animals had a physical examination, clinical
follow up (1 yr) and appropriate treatment when necessary.

A panel of screening tests was selected to differentiate impaired intraluminal digestion from
impaired mucosal absorption of nutrients. Identical biologic material was collected and processed
from all marmosets studied: 1) Feces were evaluated for form, color, odor, and fat content; 2) fecal
trypsin; 3) fecal evaluation for parasites; 4) fecal Campylobacter spp. culture; and 5) urinalysis and
5-hr urinary excretion for D-xylose absorption test. 

Clinically the sick marmosets showed weight loss, pallor of oral mucous membranes (anemia),
intermittent diarrhea with or without improvement after antibiotic therapy, abdominal distention,
weakness, muscle wasting, peripheral neuropathy and 18 died.

The laboratory results of WMS group demonstrated normal feces to intermittent bulky, greasy, foul,
yellow or gray feces, which had fat globules (steatorrhea), undigested starch granules and rare
muscle fibers. Feces also showed intermittent proteolytic activity (gelatin test). Ten sick and 6
healthy animals were diagnosed with the cyst form of Giardia spp. All sick marmosets with Giardia
spp. infection were treated before the D-xylose absorption test was performed. No abnormalities
were found in the control or WMS group on urinalysis. Eighteen animals of the WMS group had less
than 10% (median 7.5%) urinary excretion of D-xylose, while 14 animals in the control group had
excretion above 10% (median 15%). In statistical analysis there was a significant difference
(p<0.05) between the control and WMS group in the D-xylose absorption test using Mann-Whitney
Test, with p=0.0023.

A complete necropsy was performed on 18 animals that died due to WMS at the Pathology
Department of FMVZ-USP. Gross examination revealed marked weight loss, muscle wasting, pallor
of mucous membranes and organs, abdominal distention due to distention of intestinal loops, and
secondary systemic bacterial infection or fungal infection in lungs, esophagus and intestine.
Microscopically the small intestine had diffuse enteritis characterized by marked atrophy or total
loss of villi, crypt hyperplasia and moderate to markedly increased numbers of lymphocytes, plasma
cells and macrophages in the lamina propria. None of the cases had Giardia spp. identified
histologically.

The clinical, laboratory, gross and histologic findings described in WMS cases indicated that WMS
is a malabsorption process due to reduced small intestine surface area. In humans the major causes
of malabsorption are celiac disease (CD), pancreatic insufficiency, giardiasis, cystic fibrosis and
Crohn’s disease. The classic signs of CD are weight loss, anemia, diarrhea and weakness and the
mainstay of diagnosis is a small-bowel mucosal biopsy. The characteristic histopathologic changes
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involve serious damage of villous architecture with decreased villous height to crypt depth,
decreased epithelial cell height, hyperplasia of crypts and increased lymphocytic infiltration of the
mucosa. Similar changes were noted in the WMS animals in this study, suggesting a similar
pathogenesis. It is suggested that further study of WMS in marmosets involve maintaining
symptomatic animals on a gluten-free diet and monitor for clinical remission.
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Abstract

Helicobacter have been shown to infect the gastrointestinal tract and bilary system in a wide variety
of domestic and wild species.3-5 These microaerophilic, gram-negative, spiral-shaped bacteria can
cause, under still not completely understood conditions, varying degrees of gastritis, enteritis, and
hepatitis with subsequent neoplastic transformation in some species.3-5 The genetic diversity of
Helicobacter may play an important role concerning the outcome of infection.1 To date, all species
reported with Helicobacter infections were members of the classes Mammalia or Aves.3-5 Therefore,
the detection of spiral-shaped Helicobacter-like bacteria associated with gastritis in one chelonian,
member of the class Reptilia, was an unusual finding and prompted this investigation. The purpose
of this study was to further characterize the Helicobacter-like organisms and the associated lesions.
Stomachs from chelonians (n=28) representing six different turtle and tortoise species were
examined histologically. Of 22 animals with gastritis, five were associated with spiral shaped
Helicobacter-like organisms, four imported Asian box turtles (Cuora spp.) and one Californian
desert tortoise (Gopherus agassizi). Histologically, gastritis in the cases with spiral shaped bacteria
was of variable severity and duration characterized by multifocal glandular distension and necrosis
with intraglandular heterophils. In more chronic cases there was glandular atrophy and interstitial
fibrosis as well as glandular regeneration with epithelial hyperplasia. There were intralesional gram-
negative spiral shaped organisms which also were present outside the lesions. Ultrastructurally, the
bacteria in the box turtles were morphologically different from those seen in the one desert tortoise.
The spiral-shaped bacteria in the turtles were up to 11 :m long, had up to nine spiral turns, bipolar
flagella, and distinct polar membranes. In comparison, the bacteria in the desert tortoise were
smaller, loosely coiled and had long polar flagella. Because Helicobacter are difficult to culture and
appropriate samples were unavailable, the bacteria were further characterized using molecular
methods. Bacterial DNA was extracted and amplified, and the 16s rRNA gene sequenced using
Helicobacter genus specific primers. To date, partial sequences and one complete 16s rRNA
sequence from two turtles and the tortoise were obtained. The sequences demonstrated phylogenetic
homology to the Helicobacter genus. These results indicate that chelonians can be naturally infected
with Helicobacter and that gastritis is associated with these infections. The turtles in this study
represent just a few confiscated individuals of the large numbers of wild-caught turtles, endangered
due to their use as food or traditional Chinese medicine.2 At confiscation many of the turtles were
debilitated and gastritis may have played a role. Further characterization may contribute to the
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understanding of diseases in these chelonian species and may provide insight into the evolution of
Helicobacter spp. within the animal kingdom. This, to our knowledge, is the first description of
Helicobacter infections in the class Reptilia. 
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Abstract

Introduction

The marsh deer (Blastocerus dichotomus) is the largest Brazilian cervid. It is considered in danger
of extinction by the IBAMA (National Brazilian Institute of Natural Resources), vulnerable by
IUCN classification, and is listed in Appendix I of CITES. The main causes of the decline of this
species are habitat loss and degradation. The marsh deer is an animal with very specific habitat
requirements, living in marsh areas. With the formation of the Sérgio Motta hydroelectric power
plant reservoir in the Paraná river basin, between the states of São Paulo and Mato Grosso do Sul,
Brazil, an area of approximately 200,000 hectares were flooded, most of them constituting low land
bordering the river. The flooding negatively affected the regional marsh deer population. A project
was implemented designed to: 1. Study the genetic, ecologic, behavioral, health conditions and
physiologic aspects of marsh deer; 2. Study the effects of the reservoir on the resident deer
population; and 3. Initiate an ex situ conservation program. As part of the ex situ program, deer were
captured and removed to a 60 to 120 day quarantine, when they were evaluated for infectious
diseases and adapted to captivity. After quarantine, animals were sent to institutions participating
in the ex situ conservation program. The main objective of this study was the determination of the
main causes of death for marsh deer in the ex situ program  from July of 1998 to May of 2000.

Material and Methods 
 
A complete postmortem examination was performed on the 72 marsh deer that died during the
program. The animals were divided in three main groups: 1) Animals that died during capture and
quarantine (n=41), 2) animals that died in captivity at the participating institutions (n=27), and 3)
offspring (n=4). Macroscopic lesions were recorded during necropsies and representative tissues
from all organ systems were collected, fixed in 10% formalin and processed routinely for
histopathology.
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Results

The main causes of death, in descending order, for animals in group 1 were: cachexia
(macroscopically characterized by emaciation, absence of food in the gastrointestinal tract);
pneumonia; bacterial sepsis; capture myopathy; hyperthermia; and euthanasia (usually animals that
had traumatic injuries). The animals of group 2 succumbed to: cachexia, bacterial sepsis,
hyperthermia and capture myopathy (during handling). Finally, the animals of the group 3 died
mainly of cachexia and pneumonia.

Discussion

Cachexia was the main  pathologic alteration found in the marsh deer in any of the analyzed groups.
This could have been related to poor adaptation to captivity, stress, nutritional factors, and endo- and
ectoparasitism.  Notably some of the quarantine animals had severe flea infestations which caused
severe anemia. Pneumonia cases were occasionally consistent with aspiration, and probably were
related to anesthesia. The cases of capture myopathy recorded during the capture phase of the project
were not as frequent as what was anticipated at the onset of the program. This demonstrated the
efficiency of the capture process. Some capture myopathy cases occurred, however, during the
handling of the animals in captivity. Hyperthermia was a mortality event only during transport.
Euthanasia was performed only in animals that suffered traumatic injuries such as multiple fractures
or irreversible dislocation, where treatment was very difficult or impossible. Many animals had
multiple, interrelated processes. Many cachectic animals had evidence of immunosuppression, such
as splenic lymphoid depletion, and subsequent bacterial infection (sepsis) was a common sequela.
This association was very common since, particularly at the outset of the program, animals were
often debilitated. Finally, common causes of death: cachexia, sepsis and pneumonia, were largely
related to the predisposing factors of capture and captivity. Maladaption to captivity was manifested
by chronic forms of anorexia, intense ectoparasitism, traumatic injury and opportunistic infections.
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Abstract

Myxozoans are intracellular parasites that have recently been reclassified from protozoa to metazoa
(kingdom Animalia).  Myxozoans are parasitic in poikilothermic vertebrates, especially fish, in
which they may be associated with devastating diseases such as whirling disease (Myxobolus
cerebralis) in trout and “hamburger” or proliferative gill disease (Henneguya ictaluri) in catfish.
Myxozoans of fish often have alternative life stages (actinosporeans) in invertebrates such as
oligochaetes, but the life cycles for many metazoans remain uncertain.  Amphibians and chelonians
are also known to be hosts for myxozoans. 

Homeothermic vertebrates have only recently been reported to harbor myxozoan parasites.  There
are three reports in the literature of myxozoan spores being found in the diarrheic feces of humans
including one AIDS patient.  In most of the patients the spores were probably derived from ingested
fish and were not parasitic, but in the AIDS patient the spores were passed over a period of several
months.  A report from Europe describes parasitic structures in the brains of moles that were
considered to be myxozoan-like organisms.  No reports of myxozoans in birds were found during
an extensive literature search, however, during the course of routine post mortem histologic
examinations, myxozoan parasites were identified in the bile ducts of waterfowl from 4 separate
zoological collections. 

To date, six cases have been identified and include both captive exotic and free-flying native
anseriforms all of the family Anatidae, sub-family Anatinae.  Species included: two South African
yellow-billed ducks (Anas undulata undulata ); a cape teal (Anas capensis); a baikal teal ( Anas
formosa); a wood duck (Aix sponsa),  and a mallard (Anas platyrhynchos). All were housed or found
in enclosures with open water that housed a number of zoo species as well as variable numbers of
wild birds attracted to the open water and ample food.  In addition to anseriform species, birds in
the exhibits included flamingos, storks, and native and exotic herons and egrets.  Some, but not all,
of the exhibits also contained fish species.

Histologically, bile ducts were variably distended by a thin walled amorphous lightly basophilic to
eosinophilic structure in which were embedded smaller bodies.  This amorphous “sac” was
presumed to be sporoplasm undergoing asexual division. The smaller bodies were ill- defined
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structures with eukaryotic nuclei in some cases; these were presumed to be sporoblasts.  In other
cases the sporoplasm contained better-defined structures with paired internal refractive polar
capsules typical of mature myxozoan spores.  Inflammation varied from mild to severe.  The more
severe inflammatory lesions appeared to be centered on ruptured bile ducts with extrusion of the
myxozoan spores into the hepatic parenchyma.  When inflammation was mild, the organisms were
considered to be of no clinical significance.  Most of the cases had other more significant health
problems including botulism and trauma.

Biliary myxozoanosis does not appear to be a significant problem in waterfowl, however, the
organisms, particularly prior to spore formation, can easily be overlooked or “written-off” as
sloughed epithelium or debris.  Identification of additional cases is necessary to further our
understanding of this infection.  Currently, work is underway to classify the parasites from the cases
reported above, both ultrastructurally and by characterization of the small ribosomal subunit gene
sequences.  
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Abstract

Lysosomal storage diseases have been reported in humans, domestic animals, and emus.  Most of
these diseases have an autosomal recessive mode of inheritance and cause morbidity and mortality
in juveniles.  At the Smithsonian National Zoological Park (SNZP), two American flamingos
(Phoenicopterus ruber) were presented for necropsy after a 1- to 14- wk history of inappetence, self-
isolation, head tremors, and an inability to rise.  Gross necropsy findings were not dramatic, but
histology revealed extensive, foamy vacuolation of Purkinje cells of the cerebellum, and neurons
and glia of the cerebrum and peripheral ganglia.  Neurons and glia of the affected brains did not
stain with PAS or toluidine blue, but had positive intracytoplasmic staining with luxol fast blue.
These results, concurrent with the identification of whirled, lamellar and membrane bound structures
within the cytoplasm of affected neurons and astroglia by transmission electron microscopy,
supported gangliosidosis as a probable causative entity.  Further evaluation of tissues currently being
undertaken will more precisely determine the enzyme deficiency.  It is likely that these two birds
were related.  

Introduction

Lysosomal storage diseases (LSDs) have been reported in humans, domestic animals, and emus.1,2,4

The most common LSDs are the gangliosidoses and the mannosidoses. These diseases generally
have an autosomal recessive mode of inheritance.5,6 however, animals can acquire one type of
mannosidosis by ingesting certain toxic plants.5,6  Gangliosidoses have been reported in humans,
dogs, cats, cattle, sheep, pigs, and emus, and are caused by a deficiency of beta-galactosidase (GM1-
gangliosidosis) or hexosaminidase (GM2-gangliosidosis).1,2,5  Accumulation of lysosomes containing
storage material primarily occurs within the neural tissue; this appears histologically as foamy
expansion of the cytoplasm of neurons and glial cells.  Clinical signs include head tremors, ataxia,
and behavioral changes.  Alpha and beta mannosidosis are caused by a defect in alpha or beta
mannosidase, respectively.5  These have been recognized in humans, cats, cattle, and goats. 
Affected individuals show clinical signs similar to those of the gangliosidoses, but storage of
mannose compounds occurs in macrophages, fibroblasts and epithelial cells, as well as within
neurons.
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The following report outlines a lysosomal storage disease in two American flamingos
(Phoenicopterus ruber) at the Smithsonian National Zoological Park (SNZP) in Washington, D.C.

Case 1

In July of 2000, a 6-wk-old, female, American flamingo was reported by keepers to be inappetant,
lethargic, and aloof from the rest of the flock.  The bird appeared smaller than other juveniles of
similar age and was considered slow to wean from hand rearing. The animal was treated for 5 days
with enrofloxacin p.o. and seemed to improve. A polymerase chain reaction (PCR) test for flamingo
alpha herpesvirus was negative. Two months later, the bird was again reported to display aloofness,
decreased food consumption, and increased time sleeping.  Clinical signs were progressive over the
following 3 wk despite treatment with enrofloxacin, stanozolol, fluconazole, acyclovir, clindamycin,
ceftiofur, carafate, nystatin, and vitamins E and B. A PCR test for flamingo alpha herpesvirus was
again negative and there were no consistent or progressive hematologic abnormalities during the
illness.  In the 2 wk prior to death, the bird showed abnormal head positioning and movement,
appeared ataxic, and had difficulty rising.  Three and a half months after the initial presentation the
animal was found down and unable to maintain a standing position when lifted.  Euthanasia was
elected.

Necropsy revealed an animal in good nutritional condition with moderate hepatomegaly and cerebral
dural vessel injection and hemorrhage. The most striking histologic finding was diffuse, foamy,
cytoplasmic vacuolation of the cerebellar Purkinje cells and cerebral neurons and astrocytes.
Peripheral nerve ganglia and plexuses had similar changes.  Multifocally, Purkinje cells were
reduced in number and had decreased arborization.  The material within the cytoplasm of neurons
and astrocytes was not stained by PAS or toluidine blue, but was stained by luxol fast blue.  Neurons
and glia of age-matched, normal American flamingos were negative with all three special stains.

A section of paraffin embedded cerebral tissue was removed from the block and processed routinely
for transmission electron microscopy (EM).  By EM, the cytoplasmic vacuoles consisted of two
distinct structures that were only occasionally present within the same cell.  In greater abundance
were clear, membrane-bound vacuoles.  Vacuolar membranes were occasionally ruptured or
reduplicated.  Fewer cells contained whirled or lamellar structures adjacent to the nucleus.  

Case 2

In November of 2001, a 5-mo-old, male, American flamingo was reported to be isolating itself from
the group and showing decreased grooming activity.  This bird had been given a 10-day treatment
of trimethoprim-sulfadiazine 3 wk previously for an undisclosed reason. It had been previously
housed with two other juvenile flamingos that died due to pneumonic aspergillosis.  A blood sample
revealed slight hypoglycemia (127 mg/dl; normal 134-276 mg/dl) and a mild increase in hematocrit
(49.0%; normal 29.0-48.5%), but was otherwise normal. Two days after presentation the bird was
found down, unable to stand and too weak to eat.  Aspergillosis was suspected and the animal was
euthanatized.
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Necropsy revealed abundant fat stores and pale streaks on the cardiac and skeletal muscles.
Histologically, these muscle changes were consistent with mild capture myopathy. Cerebellar and
cerebral changes were similar to that in case 1, as were the staining characteristics of the stored
material.  EM was not performed on this animal, but virus isolation and PCR for West Nile virus
were performed on frozen tissues and were negative. 

Discussion

Clinical signs and histologic lesions in these two flamingos were consistent with a LSD.  Electron
microscopic examination of samples from one bird revealed whirled, lamellar and membrane-bound,
clear vacuoles within neurons and astroglia; these findings most closely resemble the lysosomal
storage vacuoles present in gangliosidosis.3 Positive histochemical staining of the stored material
with luxol fast blue is also indicative of a defect in lipid degradation.4

Gangliosidoses in other species are usually associated with an autosomal recessive, inherited
enzyme defect.  American flamingos at the SNZP are housed in a flock of approximately 50 birds,
with natural breeding.  Parentage of the affected flamingos is unknown. It is possible that these two
birds, which were born 1 yr apart, were full siblings.

The population of American flamingos at the SNZP is relatively stable and this disease had not been
seen before the first case presented to the pathology department.  The last birds that were added to
the group arrived in September of 1996 and consisted of two males, and three females.  All of these
animals are still alive and potentially in the breeding pool.  It is possible that one or more of these
new arrivals possess the mutated gene.  Alternatively, a random mutation may have occurred in the
existing flock and homozygosity may have occurred through inbreeding.  

Definitive identification of the defective enzyme requires biochemical evaluation of unfixed nervous
tissue.  These evaluations are currently being undertaken and should shed light on this newly
recognized lysosomal storage entity in American flamingos.
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Abstract

Azithromycin belongs to a sub-class of macrolide antibiotics classified as azalides.  Its mechanism
of action is similar to that of the structurally related erythromycin: it interferes with bacterial protein
synthesis by binding to the 50S ribosomal subunit.6,8  It has a broad spectrum of activity in vitro
against a number of potential pathogens including gram-positive and gram-negative organisms,
spirochaetes, anaerobes, and Chlamydia trachomatis.  Azithromycin has been determined to have
in vitro activity against enteric bacterial pathogens including Campylobacter spp. and
enteropathogenic/enterotoxigenic Escherichia coli, Shigella spp., and Salmonella spp.7   Despite
macrolides generally being considered bacteriostatic, azithromycin has demonstrated in vitro cidal
activity against a variety of intracellular pathogens and has been used for treatment of
toxoplasmosis, borreliosis, malaria, cryptosporidiosis, chlamydiosis, and mycobacteriosis
(Mycobacterium avium complex) in humans.6

Azithromycin has greater tissue penetration and has been shown to have a longer elimination half-
life than erythromycin.4,7  Animal and human studies have shown that orally administered
azithromycin is rapidly absorbed and distributed extensively into tissues, with peak tissue
concentrations exceeding those in the serum, and persisting for longer periods.5,7,9  Also,
concentrations of azithromycin in the liver, lung, kidney, ileum, and brain were higher than serum
concentrations in rats and rabbits following oral administration when compared to erythromycin.3

It should also be noted that there were no toxic effects noted in rats, rabbits, and dogs when
azithromycin was administered for several months in amounts exceeding the therapeutic dose.3 
Although the number of published reports of azithromycin in zoological medicine (i.e., laboratory
animals; reptiles,1 birds,6 and other exotic pets; wildlife; and zoo animals2) are limited, its
therapeutic potential in these animals needs to be pursued.

Because we have limited data on azithromycin in zoological medicine, a study was designed to
determine the pharmacokinetics of azithromycin in blue and gold macaws (Ara ararauna), a species
commonly seen both in clinical practice and in displays in zoos and wildlife parks.  This project
included both oral and intravenous administration of azithromycin to determine bioavailability and
absorption.  Azithromycin (10 mg/kg) was administered orally via crop gavage to five birds and
intravenously to five birds, and blood samples obtained at 0, 0.5, 1, 3, 6, 12, 24, 48, 72, and 96 hr
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post-azithromycin administration.  Following a 4-wk wash-out period, the study was repeated, with
the first five birds receiving the intravenous dose and the second five birds receiving the oral dose.

Samples were analyzed using a validated liquid chromatography/mass spectrometer, and
pharmacokinetic parameters were determined using non-compartmental analysis.  Parameters
calculated following dosing were: area under the plasma concentration versus time curve (AUC),
area under the first moment curve (AUMC), mean residence time (MRT), volume of distribution
(Vd), plasma clearance (Clp), elimination rate constant (kel), apparent terminal half-life (t1/2), and
bioavailability (F).  

Based on the plasma data generated in this study, we recommend azithromycin at a dose of 10-20
mg/kg p.o. q 48 hr × five treatments for non-intracellular infections and 40 mg/kg p.o. q 24 hr × 30
days for intracellular infections (i.e., Chlamydophila sp.).  The results of this study may have clinical
applications for other related avian species, and should stimulate studies on the pharmacokinetics
of azithromycin in other nontraditional, zoo, or wild animals.
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ADENOMATOUS PROLIFERATIVE PROVENTRICULITIS (APP) IN CAPTIVE BIRDS

James T. Raymond, MS, DVM, Dipl ACVP,1* Christine L. Miller, DVM,2 and Michael M. Garner, DVM,
Dipl ACVP1

1Northwest ZooPath, 18210 Waverly Drive, Snohomish, WA 98290 USA; 2Miami Metrozoo, 12400 SW
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Abstract

Proventricular nematodiasis is one of the most common forms of gastrointestinal parasitism in avian
collections, and in many cases, it can directly or indirectly result in mortality.  There are a number
of different nematodes that have been reported to infect the proventriculus.  Tetrameres striata has
been reported to cause chronic proventriculitis in ducks.1  Proventricular spiruridiasis has been
reported to cause mortality in African jacanas and California quail.3,4  The death of large numbers
of herons has been attributed to Eustrongylides ignotus infection of the proventriculus.
Proventricular nodules have been observed in ducks infected with Echinuria uncinata and Hystrichis
tricolor.  We report on a condition in birds associated with proventricular nematodiasis referred to
as adenomatous proliferative proventriculitis (APP).

From 1995 through 2001, 24 birds from five orders [Galliformes (eight birds), Passeriformes (eight
birds), Psittaciformes (four birds), Anseriformes (two birds), and Gruiformes (two birds)] submitted
to Northwest ZooPath were diagnosed with APP.  All birds resided in captivity in 14 zoological
parks located throughout North America.  Twelve birds were female and eight were male (four had
undetermined gender).  Most birds with APP were adult (age range of 1.5 mo to 15.75 yr old).
Many of the birds were found dead with no premonitory clinical signs.  Two birds were noted to
have weight loss prior to death.  One bird was reported to be weak and another had diarrhea.

Grossly, the proventriculus in most birds was distended and had single to multiple, sometimes
coalescing masses that thickened and raised the mucosa.  In a few cases, the thickening of the
mucosa was diffuse and nodular.  A few birds also had mucus and blood on the mucosa.  Two birds
had ulcers associated with the masses.  Twenty of 24 birds had nematodes noted in the
proventriculus either at necropsy and/or histologically.  Nematodes identified in some cases were
Dispharynx spiralis, Dispharynx nasuta, and Capillaria spp.
  
Histologically, all cases were characterized by discrete to confluent, polypoid, adenomatous masses
of hyperplastic mucosal epithelium that formed papilliferous projections and glandular structures
lined by pseudostratified epithelium and hyperplastic goblet cells overlying a fibrous connective
tissue stroma.  There was infiltration of the masses by variable numbers of heterophils, lymphocytes,
plasma cells, and macrophages.  Two cases had progressed to proventricular adenocarcinoma.  The
adenocarcinoma in both cases infiltrated into the underlying submucosa and muscularis externa. 
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Common concurrent lesions in birds with APP were fat atrophy (eight cases), pneumonia (six cases),
renal gout (six cases), ventriculitis (five cases), sepsis (four cases), enteritis (four cases), and
amyloidosis (two cases).  The systemic fat atrophy was attributed directly to the proventriculitis in
all cases.  Six birds with APP had pneumonia.  In most of these cases, there was foreign material
within inflamed airways, which would be supportive of aspiration pneumonia.  There was most
likely abnormal regurgitation and subsequent aspiration of feed material because of the
proventriculitis.  Sepsis was another very common problem in birds with APP.  Several birds with
APP had concurrent bacterial infections of the proventriculus.  The damage to the normal mucosal
protective barrier likely caused sepsis in these cases.  Proventricular damage from Geopetitia
aspiculata infection in zebra finches reportedly rendered them more susceptible to secondary
bacterial infection.2  The renal gout noted in six cases was most likely due to dehydration secondary
to the proventriculitis.  Enteritis, as noted in four cases, may have been from microfloral imbalances
in the gastrointestinal tract secondary to the proventriculitis.  Amyloidosis was only noted in two
birds with APP and was secondary to the chronic inflammation in the proventriculus.

Adenomatous proliferative proventriculitis is a serious and sometimes lethal morphologic
manifestation of proventricular nematodiasis that occurs in various species of birds.  APP
underscores the importance of parasite detection and treatment in captive avian populations.
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Abstract

In zoo and wildlife medicine, patient physical examinations, diagnostics and treatment often take
place simultaneously while the patient is under anesthesia.  Portable point-of-care clinical analyzers
provide immediate “bedside” blood gas and blood chemistry analysis, which can rapidly guide
anesthetic adjustments, facilitate early diagnosis of biochemical and electrolyte disturbances, and
promote timely and appropriate administration of fluids and other therapeutics.  This is of particular
importance when working with patients that are difficult to treat once recovered from anesthesia.
Immediate, patient-side analysis of ionized calcium eliminates the effects of storage on sample
temperature and pH, which strongly influence calcium equilibrium. Knowledge of true calcium
status is particularly helpful in evaluating renal, reproductive, metabolic, and neurologic conditions
in reptiles and birds.  Use of a portable clinical analyzer during field anesthesia allows for
instantaneous information on the animal’s ventilation, perfusion and acid/base status. In-the-field
analysis of blood samples obviates the need to store and transport the samples, and eliminates the
effects of prolonged storage at possible sub-optimal conditions. The i-STAT portable clinical
analyzer (Heska Corp, Fort Collins, CO) has been used in field immobilization of free-ranging
giraffes (Giraffa camilopardalis),1 and sika deer (Cervus nippon),20 and during anesthetic studies
in captive red wolves (Canis rufus)19 and Alpine goats.17

The i-STAT is a compact portable clinical analyzer system comprised of a hand held device and
disposable, self-contained cartridges.  The hand held analyzer weighs 539 g and runs on two 9-V
batteries.7 Over ten different cartridge configurations offer a choice of different biochemical panels.
The cartridges contain a series of thin film electrodes, or biosensors, that connect with the blood
sample and send signals to the hand held analyzer. The i-STAT requires 0.06-0.20 ml of sample, and
produces results within 2 min. Ideally, whole blood stored in lithium heparin should be used.  Whole
blood without added anti-coagulant will also produce accurate results if used in a timely manner.
Blood stored in a sodium heparin tube is not recommended, due to anticoagulant effects on sodium
analysis. The blood sample is contained within the cartridge and does not come into contact with
the analyzer at any time.7

The i-STAT has been used extensively in human medicine at emergency centers, during anesthesia,
and during cardiac bypass surgery.7, 14, 23 Several studies have investigated its use in domestic animal
species.2,9,16 The i-STAT has been used to evaluate ionized calcium in green iguanas (Iguana
iguana),3 and blood gases in African grey parrots (Psittacus erithacus timnus).6 To our knowledge,
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validation or investigation into the accuracy of the i-STAT in non-mammalian patients has not been
published.

Measurements of hematocrit (HCT), ionized calcium (iCa), glucose, and potassium have been
shown to be divergent to the point of clinical significance when i-STAT results are compared to a
standard laboratory analyzer.9 Potassium will not be addressed in this literature review.

The i-STAT measures HCT via conductivity.13 Erythrocytes act as insulators and decrease
conductivity, therefore measured conductivity is inversely related to HCT.5 I-STAT HCT values of
equine, feline, and canine blood samples were consistently lower than values obtained by the
microhematocrit method or by an automated cell counter.9,16  Total serum protein can affect
conductance and measurement of HCT. In people, the i-STAT measurement of HCT can be affected
when HCT <40% and protein is over 8.0 g/dl or under 6.5 g/dl.9 Avian and reptile HCT can fall
below 40% in healthy animals, and total serum protein is commonly lower than 6.5 g/dl.  One
potential reason behind the difference in i-STAT HCT values and those of microhematocrit tubes
or automated cell counters could be related to the anticoagulant used. Tri-potassium
ethylenediaminetetra-acetic acid (K3EDTA) causes human RBC’s to shrink due to an osmotic
pressure gradient, artificially reducing the HCT below its true in vivo value.13 Because K3EDTA is
the anticoagulant of choice in human laboratories, automated cell counters are calibrated to match
microhematocrit determinations based on samples anticoagulated with K3EDTA. The i-STAT is also
calibrated to match the measurements of microhematocrit tubes containing human whole blood with
K3EDTA, making it less reflective of the in vivo HCT. This “under-calibration” may carry over to
non-human mammals, and potentially to avian and reptile results as well. Equine HCT values from
the i-STAT measured consistently lower than HCT values from microhematocrit tubes containing
whole blood and lithium heparin.16  Canine, feline, and equine HCT values from the i-STAT
measured consistently lower than HCT values determined by an automated cell counter.9 In a pilot
study conducted at the Sacramento Zoo (Howard, unpublished data), HCT was measured in nine
Caribbean flamingos (Phoenicopterus ruber) on the i-STAT and by conventional centrifugation. The
i-STAT-measured HCT ranged 30-43% (Table 1), and the centrifuged samples ranged 44-51%.
Concurrent total protein, measured in a standard veterinary diagnostic laboratory, ranged 3.8-5.6
g/dl. Fortunately, the i-STAT does appear to be consistent in the underestimation of HCT, usually
resulting in a 4-5% reduction from other methods of measurement.9 Although the absolute values
obtained by the i-STAT may not be accurate, the relative consistency of HCT results by the i-STAT
allows the clinician to follow trends within a patient or population.

The portion of total serum calcium that is ionized decreases with increasing pH.21 In humans, a 0.1-
0.2 increase in pH will result in a ten percent decrease in iCa.10 The pH of blood changes
dramatically with temperature and duration of storage. Once blood is collected, pH decreases due
to in vitro cell metabolism by 0.01 pH units every 10 min, and pH decreases as sample temperature
increases.15  If the blood sample can not be analyzed immediately, it is recommended to store the
sample in an ice water bath at 0 °C, which decreases the metabolic reaction rate and slows the
alterations in pH.15 Immediate analysis of ionized calcium with a portable clinical analyzer such as
the i-STAT has the potential to eliminate variables associated with sample storage. In equine, canine
and feline blood samples, the i-STAT underestimated iCa when iCa > 1.3 mmol/L.9  The range of
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ionized calcium in avian and reptile serum may be affected by the i-STAT’s tendency to
underestimate iCa greater than 1.3 mmol/L. Ionized calcium in blue and gold macaws has been
measured between 1.15-1.55 mmol/L.18 Ionized calcium in green iguanas has been measured on the
i-STAT as 1.22-1.62 mmol/L.3 In a pilot study conducted at the Sacramento Zoo (Howard,
unpublished data), iCa in sixteen thick-billed parrots (TBP, Rhynchopsitta pachyrhyncha) and nine
Caribbean flamingos was measured on the i-STAT. In the TBP, iCa ranged 1.03-1.4 mmol/L, with
a concurrent pH of 7.201-7.446. In the flamingos, iCa ranged from 1.3-1.4 mmol/L, with a
concurrent pH of 7.168-7.465 (Table 1).  Fortunately, the tendency to underestimate iCa at high
concentrations is less likely to lead to clinical misinterpretations and initiation of inappropriate, and
potentially fatal, calcium therapy. In avian and reptile patients, however, it has the potential to affect
clinical evaluation of reproductive and renal disorders.

The i-STAT measures glucose amperometrically via the product of the glucose oxidase reaction.7
In equine, canine and feline samples, the i-STAT was accurate at physiologic mammalian glucose
levels, 60-120 mg/dl.9 At low concentrations (< 50 mg/dl), the i-STAT overestimated glucose
concentration. At high concentrations (> 120 mg/dl), the i-STAT underestimated glucose
concentrations. Overestimation of glucose at low concentrations has the potential to affect
interpretation of reptile clinical chemistries, as glucose concentrations that may be considered low
for mammals can be within normal clinical range for reptiles. The range of serum glucose in reptiles
is highly variable, from 10-60 mg/dl in pythons22 to 150-280 mg/dl in green iguanas.4  Plasma
glucose concentrations from 207-334 mg/dl were obtained in healthy green iguanas using the i-
STAT.3 Underestimation of glucose at high concentrations could be problematic in avian patients.
Glucose concentrations in clinically healthy birds range from 180-350 mg/dl, and avian patients with
diabetes mellitus can have glucose concentrations >1,000 mg/dl.8 

The i-STAT, with its low sample requirement and rapid production of results, has the potential to
facilitate anesthetic monitoring in avian patients via arterial or venous blood gas analysis. It has been
used in anesthetized African grey parrots with favorable results.6 Blood gas values have been
established for a few avian species, including budgerigars: HCO3 (21-26 mmol/L), pH (7.334 to
7.489), and PCO2 (30.6- 43.2 mm Hg).11  Venous blood gas values obtained with the i-STAT on nine
Caribbean flamingos at the Sacramento Zoo (Howard, unpublished data) are included in Table 1.

The i-STAT is relatively simple to use, and can be operated by non-traditionally trained, non-
laboratory personnel.14 Proper storage of the single-use cartridges is essential to obtaining optimal
results. Individual cartridge expiration dates vary with test combination and are printed on cartridge
packages. For long-term storage, cartridges should be refrigerated at 2-8oC (35.6 - 46.4oF).12 Once
removed from the refrigerator, if stored at 18- 30 °C (64.4- 86.0oF), cartridges are viable for 14 days.
It is important to note that once removed from the cold storage at 2-8 °C, the cartridges cannot be
placed back into cold storage for effective long term storage. The cartridge should be removed from
cold storage at least 5 min before intended use. 



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 99

Product Information

Cost: Hand held analyzer: $5,490.00 (10% discount to non-profit institutions)
Cartridges: $3 to $10 each

Tests available: EC 8+: Sodium (Na), HCT, Potassium (K), Hemoglobin (Hb), Chloride (Cl),
TCO2, pH, HCO3, pCO2, Base Excess (BE), Blood Urea Nitrogen (BUN),
Anion Gap (AG), Glucose (BG)
EG 7+: Na, pCO2, K, HCT, iCa, pO2, sO2, TCO2, HCO3, Hb, pH, BE
EG 6+: Na, HCT, K, pCO2, HCO3, TCO2, sO2, pO2, pH, Hb, BE
6+: Na, K, Cl, BUN, BG, HCT, Hb
CG 4+: pH, pCO2, pO2, HCO3, TCO2, sO2, BE, lactate
EG 4+: Na, K, BG, HCT, Hb
ACT: Celite-Activated Coagulation Time
Crea: Creatinine (Cr)
G: BG

Distributor Information

Heska Corporation; web address: http://www.heska.com; phone number: 1-800-GO-HESKA (1-800-
464-3752) Mon – Fri, 7 am- 5 pm MST.

LITERATURE CITED 

1.  Bush, M., D. Grobler, J. Raath, L. Phillips, M. Stamper, and W. Lance. 2001. Use of medetomidine and ketamine
for immobilization of free-ranging giraffes. J. Am. Vet. Med. Assoc. 218: 245-249.

2.  Cohn, L., D. McCaw, D. Tate, and C. Johnson. 2000. Assessment of five portable blood glucose meters, a point-of-
care analyzer, and color test strips for measuring blood glucose concentration in dogs. J. Am. Vet. Med. Assoc. 216:
198-202.

3.  Dennis, P., R. Bennet, K. Harr, and B. Lock. 2001. Plasma concentration of ionized calcium in healthy iguanas. J.
Am. Vet. Med. Assoc. 219: 326-328.

4.  Dessauer, H. C. 1970. Blood chemistry of reptiles. In: Biology of the Reptilia, Vol. 3. Academic Press, San Diego,
California, Pp. 1-72.

5.  Durst, R., and O. Siggard-Anderson. 1994. Electrochemistry. In: Tietz textbook of clinical chemistry, 2nd edition.
WB Saunders Co., Philadelphia, Pennsylvania, Pp.159-182.

6.  Edling, T., L. Degernes, K. Flammer and W. Horne. 2001. Capnographic monitoring of anesthetized African grey
parrots receiving intermittent positive pressure ventilation. J. Am. Vet. Med. Assoc. 219: 1714-1717.

7.  Erickson, K., and P. Wilding. 1993. Evaluation of a novel point-of-care system, the i-STAT portable clinical
analyzer. Clin. Chem. 39: 283-287.

8.  Fudge, Alan M. 2000. Avian Metabolic Disorders. In: Laboratory Medicine. Avian and Exotic Pets. WB Saunders
Co., Philadelphia, Pennsylvania, Pp. 56-60.

9.  Grosenbaugh, D., J. Gadawski, and W. Muir. 1998. Evaluation of a portable clinical analyzer in a veterinary hospital
setting. J. Am. Vet. Med. Assoc. 213: 691-694.

10.  Henry, John B. 1984. Clinical Diagnosis and Management by Laboratory Methods, 17th edition. WB Saunders Co.,
Philadelphia, Pennsylvania, Pp. 154-155.

11.  Hochleithner, M. 1989. Blood chemistry in adult and juvenile budgerigars. Inaug Diss Wein.
12.  i-STAT System Manual. 1996. Sensor Devices, Inc., Waukesha, Wisconsin.
13.  i-STAT Technical Bulletin. 2001. Hematocrit determination in the i-STAT system and comparison to other methods.

Pp 1-4.



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS100

14.  Jacobs, E., E. Vadasdi, L. Sarkozi, and N. Colman. 1993. Analytical evaluation of i-STAT portable clinical analyzer
and use by nonlaboratory health-care professionals. Clin. Chem. 39: 1069-1074.

15  Kelman, G., and J. Nunn. 1966. Nomograms for correction of blood PO2, PCO2, pH and base excess for time and
temperature. J. Appl. Physiol. 21: 1484-1490.

16.  Looney, A., J. Ludders, H. Erb, R. Gleed, and P. Moon. 1998. Use of a handheld device for analysis of blood
electrolyte concentrations and blood gas partial pressures in dogs and horses. J. Am. Vet. Med. Assoc. 213: 526-530.

17.  McEwen, M., R. Gleed, J. Ludders, T. Stokol, F. Del Piero, and H. Erb. 2000. Hepatic effects of halothane and
isoflurane anesthesia on goats. J. Am. Vet. Med. Assoc. 217: 1697-1700.

18.  Raphael, B. 1980. Hematology and blood chemistries of macaws. Proc. Am. Assoc. Zoo Vet. Pp. 97-98.
19.  Sladky, K., B. Kelly, M. Loomis, M. Stoskopf, and W. Horne. 2000. Cardiorespiratory effects of four alpha2-

adrenoreceptor agonist-ketamine combinations in captive red wolves. J. Am. Vet. Med. Assoc. 217: 1366-1371.
20.  Suzuki, M., Y. Nakamura, M. Onuma, J. Tanaka, H. Takahashi, K. Kaji, and N. Ohtaishi. 2001. Acid-base status

and blood gas arterial values in free-ranging sika deer hinds immobilized with medetomidine and ketamine. J. Widl.
Dis. 37: 366-369.

21.  Treseler, Kathleen M. 1998. The endocrine system. In: Clinical Laboratory and Diagnostic Tests: Significance and
Nursing Implications. Appleton & Lange, Norwalk, Connecticut, Pp. 283-368.

22.  Wallach, J., and W. Boever.1983. Reptiles and Amphibians. In: Diseases of exotic animals – medical and surgical
management.  WB Saunders Co., Philadelphia, Pennsylvania, Pp. 984-985.

23.  Woo, J., J. McCabe, D. Chauncey, T. Schug, and J. Henry. 1993. The evaluation of a portable clinical analyzer in
the emergency department. Am. J. Clin. Path. 100: 599-605.

Table 1.  i-STAT-derived venous blood results of Caribbean flamingos (Phoenicopterus ruber) at the
Sacramento Zoo.
Parameter Units Na Mean Minimum Maximum
Blood pH 8 7.34 7.17 7.47
pCO2 mm Hg 8 30 23 39
pO2 mm Hg 9 39 30 50
Base excessb mmol/L 8 -9 -20 -3
HCO3

b mmol/L 8 16 8 21
TCO2

b mmol/L 8 17 9 22
sO2

b % 8 70 58 87
Ionized calcium mmol/L 9 1.35 1.30 1.40
Sodium mmol/L 9 143 136 149
Potassium mmol/L 9 4.1 3.3 5.1
Hematocrit % 9 38 30 43
Hemoglobinb g/dl 9 13 10 15
aNumber of samples.
bValues are calculated.
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BOTULISM IN A CALIFORNIA CONDOR (Gymnogyps californianus)

Kathy Orr, DVM

The Phoenix Zoo, 455 N. Galvin Parkway, Phoenix, AZ 85008 USA

Abstract

On August 12, 1999, a female California condor (#84), that had hatched in 1998 at the Peregrine
Fund facility in Boise, Idaho and had been released in November of 1998 at the Hurricane Cliffs in
Arizona, was presented to The Phoenix Zoo for evaluation and treatment.  The bird was one of four
that had been recaptured and had been in a holding cage for 2.5 wk.  A field technician noticed
abnormal behavior that deteriorated  throughout the day before presentation.  The bird was weak but
still standing when caught from the cage that evening.  She was transported to the closest
cooperating veterinarian in Page, Arizona for radiographs and emergency treatment.  By the time
the bird  reached the veterinarian, she could no longer stand.  When the condor arrived in Phoenix,
approximately 5-6 hr later,  she was totally flaccid and nonresponsive.  There was no pupillary light
response or corneal reflex.  Heart rate and respirations were normal.  The bird weighed 6.36 kg.

Eight  ml of blood was drawn  from the brachial vein and put into tubes with lithium heparin  prior
to instituting therapy.  Emergency treatment was started and consisted of 0.63 mg/kg
dexamethasone, (Dexamethasone Solution,  Phoenix Scientific Inc., St. Joseph, MO 64503 USA)
i.v.,  6 ml 50% dextrose (Dextrose Solution 50%, Phoenix Pharmaceutical Inc., St. Joseph, MO
64506 USA) i.v.,  9.4  ml/kg lactated ringer’s solution (LRS) i.v.,  0.06 ml/kg vitamin B  complex
(Vitamin B Complex, Veterinary Laboratories Inc., Lenexa, KS 66215 USA) i.v., 5.35 mg/kg
enrofloxacin (Baytril, Bayer Corporation, Agriculture Division, Animal Health, Shawnee Mission,
KS 66201 USA) i.m. b.i.d.,  2.36 mg/kg ceftiofur sodium  (Naxcel, manufactured for Pharmacia and
Upjohn Co., Kalamazoo, MI 49001 USA by SmithKline Beecham Corp., Philadelphia, PA 19101
USA) i.m. b.i.d. for 12 days, 35 mg/kg Ca EDTA (Calcium Disodium Versenate, manufactured for
3M Pharmaceuticals, Northridge, CA 91324 USA by Abbott Laboratories, North Chicago, IL
60064) i.m. once, 0.042 mg/kg atropine (Atropine Sulfate 1/120, VEDCO Inc., St. Joseph, MO
64504 USA) i.m.,  70 mg/kg potassium chloride  ( Abbott Laboratories, North Chicago, IL 60064
USA) p.o. via gavage and 20ml  of activated charcoal suspension (Toxiban, Vet-A-Mix,
Shenandoah, IA 51601 USA) p.o. via gavage.  An i.v. catheter was placed in the metatarsal vein for
administration of i.v. fluids.  At one point the first day, oxygen was given via face mask when
respirations slowed almost to a stop.  Metoclopramide (Metaclopramide Injection, USP,
manufactured for Faulding Pharmaceutical Co., 200 Elmora Ave., Elizabeth, NJ 07207 USA by
Faulding Puerto Rico Inc.,  P.O. Box 250471, Aguadilla, Puerto Rico 00604)  was added to the
treatment regimen at a dose of 0.39 mg/kg i.v. three times per day, because the crop was not
emptying.

Blood collected prior to treatment was submitted to various laboratories for complete blood count
(CBC), plasma chemistry panel, blood lead, and barbiturate drug screen.  All tests were normal. 
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Plasma was banked for further diagnostic testing.  Botulism was considered, but rejected as a
diagnosis initially, because vultures are thought to be resistant to botulinum toxin.  Plasma saved
from the first day was  sent to the National Wildlife Health Center (NWHC, 6006 Schroeder Road,
Madison, WI 53711-6223 USA; 608-270-2400) on day 5 for  botulinum toxin Type C testing.
Meanwhile, treatment  was started on day 4 using antitoxin (frozen rabbit origin botulinum type C
produced in Aug 1991 by T. Rocke at NWHC) obtained from the San Diego Wild Animal Park. The
antitoxin is not commercially available.  It has been produced for experimental use in migratory
waterfowl.  The NWHC can be contacted for information on current availability of the antitoxin. 
  .
The NWHC performs the mouse inoculation test for botulinum toxin Type C.  Briefly, one mouse
is given antitoxin and the other receives none.  Both mice are then injected with serum or plasma
from the animal being tested.  In this case, the  unprotected mouse died so quickly that the laboratory
personnel were unsure if it was an accurate test.  Plasma saved from  the second day was submitted,
and it produced the same results.  The lab diluted the condor plasma from the second day by four
times before a response similar to what would be typical in a duck positive for botulism was noted.
It was concluded that  the condor had botulinum Type C  toxin in her plasma at a concentration four
times higher than the amount that is lethal in ducks.

The condor  slowly improved with continued supportive care which included i.v. fluid therapy (11.8
ml/kg LRS with 2.5% dextrose and 1 ml vitamin B complex/L added of fluids) TID,
metoclopramide i.v. t.i.d., water p.o. via gavage, force feeding of whole mice and bird of prey diet,
and continued antibiotics [enrofloxacin was discontinued after 4 days and gentamicin sulfate
(Gentocin, Schering-Plough Animal Health,P.O. Box 529, Kenilworth, NJ 07033 USA) was added
at a dose of 4.7 mg/kg b.i.d. for 8 days].   The flaccid paralysis which included eyelids, striated
muscle in the iris, and crop muscles improved gradually over 8 days.  A timeline is included in
Table 1.  Although the bird improved slowly with the initial supportive care ,  the improvement was
more rapid after antitoxin administration.   The first  antitoxin dose of 0.5 ml was administered via
the metatarsal i.v. catheter on the third day after presentation.  Three additional 0.5 ml doses were
given i.v. the next day approximately every 8 hr.  The last two doses were given on the third day.
Two days later (8 days after initial presentation), the condor progressed from interest in water and
food, which she could not pick up or swallow in the morning, to eating and drinking that afternoon.

A Candida infection, probably secondary to antibiotic therapy,  was detected by cloacal culture.  It
was treated successfully with 7.86 mg/kg  itraconazole (Itraconazole 50 mg capsules compounded
by Pet Health Pharmacy, 12012 N. 111th Ave., Youngtown, AZ 85363 USA) p.o. b.i.d. for 6 days.
The bird made a complete and uneventful recovery and  was released 5 wk after  presentation.

This case demonstrated that California condors, and probably other vultures, are susceptible to
poisoning by Clostridium botulinum toxin Type C.  However, this condor survived a concentration
of toxin four times greater than that which is lethal to a duck.  Captive reared condors may be more
susceptible to the toxin than those found in the wild, because they are rarely exposed to
contaminated food.
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The source of the toxin in this case was not determined.  Three other young condors in the same
holding cage did not develop clinical signs.  The birds had been held for approximately 2.5 wk and
were fed dairy calves and road killed animals such as rabbits.  The cage was not cleaned in order to
prevent the birds from becoming too habituated to humans.  Food items were placed in the cage after
dark so the birds would not associate food with people.   As soon as we suspected toxicity, the cage
was cleaned completely to prevent the problem in the other three birds.  Unfortunately, no food
items were available for toxin testing.  The sick condor did regurgitate some maggots, thus it was
likely that she had eaten something fairly decomposed.
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Table 1.  Condor #84 treatment and response timeline during 1999.
August 11 Condor #84 noticed sick – transported to veterinarian in Page, AZ, then to Phoenix.
August 12 To Phoenix Zoo by 7:00 a.m; bird flat out and non-responsive.  Received fluids i.v.,

dextrose, antibiotics, dexamethasone.  Blood drawn.  Treated for lead poisoning,
organophosphates.  Some struggling movements by 9:00 p.m. Weight 6.36 kg.

August 13 Continued  supportive care. By 10:00 p.m., could sit up on her hocks and hold her
head up some.  Eyelids closed and no pupillary light response.

August 14 Continued supportive care. Some eyelid movement.  Standing up on hocks longer.
Some mouth movement.  By 11:00 p.m., stood up on feet briefly for the first time.

August 15 Continued supportive care. Up on hocks.  Slight opening of eyes.  Started antitoxin
i.v. at 3:00 p.m. (two doses).

August 16  Stood on hocks and turned around when disturbed.  Three doses of antitoxin given.
Attempted to preen.  Opened eyes well in afternoon and eyes open most of the time.
Struggled a lot.  Grabbed with beak. 

August 17 Two doses of antitoxin given. Sat on hocks during part of a.m. treatment.  At noon,
stood on table and walked.  Walked across floor and jumped into cage after
treatment.  Same behavior at p.m. treatment.

August 18 Eyes open, yawning, trying to bite, trying to preen, and interested in water, but not
able to swallow.  Taking treatment on hocks and standing.

August 19 Interested in water and a mouse, but not able to pick up mouse or swallow in a.m.
By 3:45 p.m., eating and drinking.  

August 20 Drinking a lot and preened.  Went back into cage on her own.  No food offered
because crop not empty.

August 21 Ate again.  Last i.v. treatment given.
August 22 Ate eagerly.
August 23 Last antibiotic treatment.
August 24  Took a bath, and threatened keeper.
August 25  Started treatment with itraconazole for Candida.
August 27  Flying onto shelf while recovering in the Isolation Ward.
August 30 Moved to outside pen.
September 10 Picked up for transport back to Vermillion Cliffs, AZ.
September 26 Released back into the wild.  Weight 7.5 kg.
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Abstract

The San Diego Wild Animal Park (SDWAP) has maintained a very popular, public interactive
exhibit with a flock of free-flighted Rainbow lorikeets (Trichoglossus haematodus haematodus)
since 1995.  In October 1999, the exhibit featured 59 Rainbow lorikeets.  Following the death of two
lorikeets due to Clostridium perfringens, six birds were selected at random for health examination.
Each bird was tested for C. perfringens and opportunistically sampled for zoonotic and psittacine-
specific diseases as per our disease surveillance protocol.  Fecal samples from all birds were
negative for C. perfringens enterotoxin by ELISA (IDEXX Veterinary Services, Inc., 2825 KOVR
Drive, West Sacramento, CA 95605 USA).  One of the six birds was positive for Campylobacter
jejuni and was treated successfully using oral erythromycin (EryPed 400 oral suspension, Abbott
Laboratories, North Chicago, IL 60064 USA) at 10 mg/kg, twice daily for seven days.  Birds were
negative for polyomavirus and psitttacine beak and feather disease virus by DNA probe of
heparinized whole blood (Research Associates Laboratory, Inc., 5991 Meijer Drive, Suite 24,
Milford, OH 45150 USA).  Two of the six birds were positive for Chlamydophila psittaci (formerly
Chlamydia psittaci) by DNA probe of heparinized whole blood (Research Associates Laboratory,
Inc.).4

All birds were re-sampled 7 days later with a triad of C. psittaci tests.  Serum was submitted for
elementary body agglutination (EBA) antibody titer (Texas Veterinary Medical Diagnostic
Laboratory, P.O. Drawer 3040, College Station, TX 77841 USA); heparinized whole blood for C.
psittaci by DNA probe (Research Associates Laboratory, Inc.); and a combination cloaca/choanal
swab for C. psittaci by DNA probe (Research Associates Laboratory, Inc.).  

The four originally negative birds were negative on the triad of tests.  The two originally positive
birds were once again found to be positive for C. psittaci DNA in whole blood and for DNA in the
combination orifice swab.  These birds were separated and immediately placed on treatment using
oral doxycycline (Vibramycin oral suspension, Pfizer, Inc., New York, NY 10017 USA) at 50 mg/kg
mixed into fluid nectar once daily for 45 days.2 Avian chlamydiosis (AC) is a reportable zoonotic
disease,7,8 therefore local veterinary public health officials were contacted immediately.
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The remaining 53 birds in the exhibit were screened using the same triad of C. psittaci tests.
Twenty-seven birds (51%) were positive for at least one of the C. psittaci tests; 22 (82%) were
positive by DNA in the combination orifice swab only; two (7%) were positive for EBA antibody
only; one (4%) was positive by DNA in whole blood only; and two (7%) were positive on the EBA
antibody and DNA combination orifice swab.  Therefore, a total of 29 of 59 (49.2%) lorikeets in the
flock were positive for AC by one of the tests.  A decision was made to close the exhibit to the
public until further notice and local public health officials were contacted again.  

The laboratory results and treatment protocols obtained from the two originally positive lorikeets
during the 45 day doxycycline treatment period (Study 1) are summarized in Table 1.  These birds
had elevated white blood cell (WBC) counts on the first day of treatment but normal aspartate
aminotransferase (AST) and creatinine kinase (CK) levels.1  Creatinine kinase levels remained
normal (150-350 IU/L) for the duration of treatment.  On the tenth day of treatment both birds had
significantly elevated AST, and high normal WBC count.  Hepatocellular damage due to
doxycycline toxicity seemed a more likely explanation for the elevated AST than C. psittaci
infection.  In response, the total daily dose of doxycycline was divided to 25 mg/kg twice daily.  

Since evidence of hepatocellular damage continued on the seventeenth day of treatment the daily
dose of doxycycline was decreased to one-half of the original, or 25 mg/kg once daily.  On the
thirty-sixth day of treatment bile acid levels were significantly elevated.1  On the thirty-eighth day
of treatment liver biopsies from both birds revealed hepatocellular dissociation and multinucleation
with mild bile duct hyperplasia, suggestive of a toxic insult.  Histologic lesions suggestive of
chlamydiosis were not seen.  A swab of the liver biopsy site was submitted for C. psittaci DNA
probe analysis (Research Associates Laboratory, Inc.) but was negative.  Aspartate aminotransferase
(AST) levels were still significantly elevated on the forty-fourth day of treatment 1 day before the
last treatment.  The birds remained clinically normal throughout the treatment.  Following treatment,
both birds’ bile acid and AST levels returned to normal and they were negative on the triad of C.
psittaci tests.

A study using three different doxycycline doses was conducted to further evaluate the safety and
efficacy of this antibiotic in the remaining 27 positive birds (Study 2).  Ten birds in Treatment
Group A received 25 mg/kg doxycycline orally twice daily; six birds of Group B received 25 mg/kg
once daily; and 11 birds in Group C received 12.5 mg/kg twice daily.  Medication was mixed in the
fluid nectar and fed individually for 45 days.  Two birds from each treatment group served as
principals and were sampled prior to treatment and on days 7, 14, 21, 28, 35, 42 and 6 days
following completion of treatment.

The hematologic and biochemistry results of the principal birds in each treatment group of Study
2 were similar to the two birds in the Study 1.  Each bird had a normal AST level prior to treatment
which increased significantly during treatment and returned to normal levels post-treatment.  All
birds remained clinically normal for the duration of the study.

Post-treatment, 24 (89%) of the 27 birds were negative on the triad of tests; three (11%) were
positive on at least one of the tests.  Two of 10 (20%) birds in Group A and one of six (17%) birds
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from Group B remained positive.  These three lorikeets were euthanatized.  Necropsy and
histopathology of tissues did not reveal lesions consistent with C. psittaci or hepatotoxicity.

Preliminary observations from these studies:

1.  Routine testing of birds in free-contact, public aviaries for zoonotic diseases is highly
recommended.  Management staff must understand the zoonotic disease potential of this type
of animal interactive exhibit.

2.  Diagnosis of AC remains difficult despite numerous diagnostic methods available.3-6

Sensitivity and specificity of tests are problematic and interpretation of results are often
equivocal and open to criticism.  A combination of tests is recommended.

3.  Treatment of AC with oral doxycycline at published doses appears to cause hepatocellular
damage as seen by elevated AST and bile acid levels as well as on liver biopsy in rainbow
lorikeets.  Further investigation is necessary to better define pathogenesis.

4.  The management of AC, and other zoonotic diseases, in a flock of public contact birds
necessitates an aggressive, sound,  and diplomatic response due to public health implications
as well as the safety of other susceptible avian species in the collection.
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Table 1.  Laboratory results of two rainbow lorikeets on oral doxycycline for treatment of avian chlamydiosis.

Day of
Treatment

Doxycyclinea Dose WBCCb 
(n=2)

ASTc 
(n=2)

Bile
Acidsd 
(n=2)

Comment

1 50 mg/kg once daily 44,350 242 Positive for C. psittacie

10 17,500 3641

11 25 mg/kg twice daily Change in dosage due to
elevated AST

17 16,400 2110

18 25 mg/kg once daily Change in dose due to
elevated AST

20 60.3

24 13,250 1205

30 55.9

36 21,650 1360 121.5

38 Liver biopsy obtained, 
consistent with hepatotoxicity

44 11,853 4122 Elevated AST: biopsy trauma, 
C. psittaci, toxicity?

45 Last day of treatment

Day 12
Post
Treatment

266.5 37.6 Negative for C. psittacif

aVibramycin®, doxycycline oral suspension, placed in fluid nectar.
bWhite blood cell count/:l; normal 6,000-14,000.
cAspartate aminotransferase, IU/L; normal 130-280.
dBile acids, :mol/L; normal 20-65.
ePositive for C. psittaci by DNA probe of whole blood and combination orifice swab.
fNegative for C. psittaci by EBA antibody, DNA probe of whole blood and combination orifice swab.
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Abstract

In order to evaluate the potential to conduct population-based disease studies using medical data
captured by the MedARKS® system, a library disk containing records from 338 Bali mynahs
(Leucopsar rothschildi) from 55 institutions was evaluated with regards to atoxoplasmosis. Data
were exported from the library file to Excel® worksheets, which were subjectively analyzed for
usefulness, and pertinent data were imported to a relational database (Access 97®) to further evaluate
the data. Data were summarized, including total number of birds tested; types of deaths; and type,
results, dates and purpose of parasitology tests. To assess the correctness of the data, records were
queried for non-standard entries, unclear results, inaccuracies, ambiguities, and nonspecific tests.
To assess the consistency of the data, comparisons were made between the problem list and positive
tests in the parasitology module, and between the listings of buffy coat smears in the clinical
pathology module and the parasitology module.

A total of 2428 parasitology records were evaluated. The number of uninterpretable results from
inaccuracies (from misspellings or conflicting test results) and/or unclear results (due to non-specific
results, such as “low numbers of oocysts”) was 81 (3.3%). Nine records were missing from the
parasitology module, and 85 (3.5%) records did not include tests/results.  Thirty-four different terms
were used to denote “positive for Atoxoplasma sp.”. Some discrepancies were found where
atoxoplasmosis was listed as a problem but not related to a parasitology result (11; 0.5%), and where
a bird was positive for Atoxoplasma sp. but not included in the problem list (56; 2.3%). Buffy coat
data were inconsistent between the clinical pathology and the parasitology modules.

Overall, while the Bali mynah data appeared clinically useful and sufficient functionality exists
within MedARKS® to capture epidemiological data, the current usage of the system at most
institutions makes it challenging to efficiently undertake  population-based analysis due to variation
in usage and data entry.  These limitations are not unique to MedARKS®, but are common to many
clinical medical record programs.  Specific challenges raised with these data include: 1) reliance by
many solely on free-text based data entry, 2) incomplete use of a common library database or codes
not accurately defined and used, and 3) difficult correlation of individual animal data back to source
institution, and 4) inconsistent transfer of records from paper into the database.  By evaluating the
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quality of data concerning atoxoplasmosis in Bali mynahs in MedARKS®, we hope these issues may
assist in the further development of recommendations for use of the existing system and for future
system designs.



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 111

RHABDOMYOLYSIS, STEATITIS, AND COAGULOPATHY IN EAST AFRICAN WHITE
PELICANS (Pelecanus onocrotalus) AND PINK-BACKED PELICANS (Pelecanus rufescens)

Tawnia J. Zollinger, DVM,1* Kathryn C. Gamble, DVM, MS, Dipl ACZM,2 Thomas P. Alvarado, DVM,
MS,2 Greg Levens, DVM,2 Michael M. Garner, DVM, Dipl ACVP,3 and James T. Raymond, DVM, MS,
Dipl ACVP3

11050 Treeline Ct., Manchester, MO  63021 USA; 2Dallas Zoo and Aquarium at Fair Park, 650 S. R.L.
Thornton Freeway, Dallas, TX 75203 USA; 3Northwest ZooPath, 18210 Waverly Drive, Snohomish, WA
98296 USA

Abstract

Vitamin E deficiency in piscivorous birds was recognized in zoos during the early 1980s as a
myodegenerative process.1,3,5,6  From these case studies, vitamin E supplementation was
recommended for fish-eating birds consuming frozen, thawed fish.  Excessive vitamin E
supplementation was documented in the late 1980s as a vitamin K-responsive coagulopathy causing
death in a pelican species.7

The Dallas Zoo has displayed African pelican species since the 1980s.  Vitamin E supplementation
was provided on a daily basis, although by different formulations.   Since 1996, SeaTabs (vitamin
E 50 IU/tablet, Pacific Research Laboratories, Inc., El Cajon, CA 92022 USA) have been utilized.
The pelican flock was considered appropriately supplemented for vitamin E, based on 100 IU
vitamin E/kg of fish fed.2,3  However, between November 2001 and January 2002, three of three East
African white pelicans (Pelecanus onocrotalus) and two of three pink-backed pelicans (Pelecanus
rufescens) died due to concurrent rhabdomyolysis, steatitis, and coagulopathy (Table 1).

The pelicans were housed in a natural substrate and artificial river exhibit for at least 7 yr.  The only
bird to survive was a pink-backed pelican acquired 1 yr prior to the fatalities.  These birds had been
fed frozen/thawed trout, capelin, and smelt until late 2000, when the diet was changed to 1.5 kg of
frozen/thawed smelt and capelin daily per bird with the vitamin E supplement adjusted accordingly.
Substantial exhibit renovation and relocation of birds within the exhibit began in September of 2001.
In early November, a male East African white pelican (Case 1) presented with acute onset pelvic
limb lameness and proprioceptive deficits but had no palpable or radiographic abnormalities, and
no history of trauma.  Supportive treatment was initiated consisting of crystalloid fluids (10 ml/kg
s.c., s.i.d., Normasol, Abbott Laboratories, North Chicago, IL  60064 USA), vitamin E/selenium (1
ml/kg i.m., s.i.d, Bo-SE, Schering-Plough Animal Health, Union, NJ 07083 USA, ) and
methylprednisolone (15 mg/kg i.m., s.i.d., Solu-delta-cortef, Pharmacia & Upjohn, Kalamazoo, MI
49001 USA) for the first three days after presentation, followed by trimethoprim sulfa (30mg/kg s.c.,
s.i.d., sulfadiazine/trimethoprim, Schering Plough Animal Health Corp.) for ten days.  When no
response was noted, fluids were extended and anti-inflammatories (1 mg/kg i.m., e.o.d., Banamine,
flunixin meglumine, Schering-Plough Animal Health Corp.), and repeated vitamin E/selenium (1
ml/kg i.m., s.i.d. for 5 days) were initiated during the 10-20 days after presentation.  The bird died
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20 days after presentation without substantial improvement.   

Within 1 wk of this fatality, a female pink-backed pelican (Case 2) presented with profound
lethargy, pitting edema of the legs, and inability to stand.  Supportive treatment as above was
provided as well as DMSO gel (topically to podotheca, s.i.d., for 2 days, Fort Dodge Animal Health,
Fort Dodge, IA 50501 USA), and within 48 hr ambulation returned and the lethargy and edema
resolved.  Once stabilized, the pelican received a more critical diagnostic evaluation due to the
recent flock mate death.  The only substantial clinical pathology changes were elevated creatinine
phosphokinase (CPK) and a heterophilic leukocytosis.  Radiographs revealed obvious renal
silhouettes, undifferentiated abdominal portion of the coelomic cavity, and a soft tissue mass in the
right axilla.  A standard intra-coelomic laparoscopy performed the following day revealed pale
lateral body wall musculature, pale kidneys, and ample fat reserves.  Incisional biopsy of the axillary
mass was grossly consistent with a hematoma and large pieces of necrotic muscle.  After 30 min of
slow but gradual recovery from anesthesia, the bird was found dead.

The remaining four pelicans were promptly moved to indoor holding for physical examination and
diagnostic sample collection.  A symptomatic parenteral regimen of fluids, vitamin E-selenium, and
flunixin meglumine was initiated using the previously described dosages and frequency of
administration.  Serial blood samples on all birds revealed progressively elevated CPK and a
leukocytosis with a mature heterophilia.  From late December 2001 to mid-January 2002, two East
African white pelicans (Cases 3 and 4) and one pink-backed pelican (Case 5) presented for lethargy
and weakness, each dying within 10 min of presentation.  

Consistent gross necropsy findings on all birds revealed pallor and streaking of the pectoral and
thigh musculature, cardiac pathology (either hydropericardium or myocardial streaking),
subcutaneous hemorrhage without indication of trauma, and gelatinous or necrotic adipose tissue.
Histopathology confirmed severe chronic-active rhabdomyolysis, steatitis, and myocardial
degeneration with necrosis in all birds. 

Muscle lesions present in all the pelicans are consistent with clinical hypovitaminosis E.  However,
the alpha-tocopherol serum concentrations of all birds were within expected ranges for avian
piscivores, and alpha-tocopherol tissue concentrations were within normal limits for carnivores in
the liver of Cases 1 and 2 and skeletal muscle of Case 1.2,3  Alpha-tocopherol is the more active form
of vitamin E, which is an antioxidant that protects cell membranes from products of metabolism and
lipid oxidation by scavenging free radicals.3  It is an integral nutrient in animals with diets high in
polyunsaturated fatty acids, which are found in high concentrations in marine fish.3,5 Captive
piscivores are often fed frozen-thawed fish.  This practice produces a potential for polyunsaturated
fatty acids to convert to free radicals thus creating a necessity for vitamin E supplementation.3

Studies also indicate that vitamin E levels in plasma are markedly decreased by excessive vitamin
A supplementation, due to vitamin A antagonizing vitamin E absorption from the gastrointestinal
tract.2,4  These pelicans were receiving multivitamin supplements containing vitamin A (1,000 IU
per tablet), in addition to that of the fish in the diet.  However, the serum and tissue concentrations
of alpha-tocopherol were within normal limits, indicating that absorption of the vitamin was not
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impeded.  In fact, vitamin E tissue concentrations were approaching higher ends of the normal
ranges. Although the exact mechanism is unknown, hypersupplementation with vitamin E can
produce a vitamin K responsive coagulopathy.7  It is believed that metabolites of vitamin E inhibit
the function of vitamin K.  These metabolites of vitamin E are the suggested source of hemorrhage
and hematomas noted clinically in these birds, rather than the exudative diathesis of transparent fluid
and slight hemorrhage characterized by hypovitaminosis E.3  

The literature has extensive documentation of rhabdomyolysis due to hypovitaminosis E, as well
as individual cases of coagulopathy due to hypervitaminosis E.  However, the combination of both
conditions has not yet been documented in avian piscivores in the face of daily vitamin E
supplementation.  Potential sources of this “vitaminopathy” include:  a fat soluble vitamin imbalance
due to the amount of vitamin A in the supplement coupled with that in the fish fed, the interaction
between the fat soluble vitamins in the gastrointestinal tract with over- or under-supplementation
of individual vitamins, the quality and quantity of fish being fed, and the amount of stress incurred
by these animals during the months prior to presentation.  Another consideration is inappropriate
supplement availability from a synthetic vitamin E source versus a natural vitamin E that would
have higher bioavailability and effectiveness at the cellular level.  It is proposed by this series of
cases that the pelicans had endured acute onset, but protracted stress, possibly coupled with poor-
quality fish, which increased the need for vitamin E.  Analysis of fish fed indicated expected
amounts of vitamin A and vitamin E, leaving increased utilization as the most likely explanation for
rhabdomyolysis.  Normal serum and tissue concentrations analyzed post-mortem indicated that the
vitamin E was absorbed and should have been available.  However, the tissues were damaged and
unable to utilize the anti-oxidant or to heal.   From this experience, a recommendation is to
supplement pelican species with a vitamin E source, preferably natural, at 100 IU/kg fresh weight
fish and decrease environmental stressors.  In times of apparent stress, periodic quantitative analysis
of the diet fish, as well as monitoring of serum alpha-tocopherol in the birds, should be initiated to
adjust supplementation to meet the increased need.
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Table 1.  Histories and observations on five pelican deaths.
Case Physical

Examination
Findings

Treatment Gross Necropsy Histopathology Serum Alpha-
Tocopherol

Concentration

Tissue Alpha-
Tocopherol

Concentration
1 Sudden onset

lameness
Progressive 
weakness

Vitamin E (supportive),
corticosteroids, fluids,
antibiotics,
antiinflammatories

Myopathy
Pale myocardium
Unclotted blood in
emphasematous space 

Acute and chronic 
rhabdomyolysis
Myocardial degeneration
Steatitis

5.026 :g/ml Skeletal
muscle: 
135 :g/g
Liver: 

  147.6 :g/g
2 Weakness

Edematous 
legs and feet
Lethargy

Vitamins E (supportive)
and B, fluids, antibiotics,
antiinflammatories

Myopathy
Pericardial effusion
Large hematoma Necrotic
muscle mass (rt. axilla)
Pale kidneys and spleen

Severe chronic 
rhabdomyolysis
Myocardial  degeneration
Steatitis

7.00 :g/ml Liver:  
  214:g/g

3 Lethargy
Weakness
Sudden death

Vitamins E (therapeutic)
and B, selenium, fluids,
antibiotics,
antiinflammatories

Myopathy
Multiple large hematomas
Pale organs

Acute and chronic 
rhabdomyolysis
Myocardial 
degeneration/necrosis
Steatitis

7.331  :g/ml NDa

4 Drooping wing
Weakness
Lethargy
Sudden  death 

Vitamins E (therapeutic)
and B, selenium, fluids,
antibiotics,
antiinflammatories

Myopathy
Pericardial effusion
Multiple large hematomas
Steatitis

Rhabdomyolysis
Myocardial  degeneration
Steatitis

8.760 :g/ml Kidney: 
 106.2 :g/g

Heart:  
 107.9 :g/g

Skeletal 
 muscle:

  165.9 :g/g
5 Lethargy

Weakness
Hypothermia
Hematomas
Sudden  death 

Vitamins E (therapeutic)
and B, selenium, fluids,
antibiotics,
antiinflammatories

Myopathy
Pericardial effusion
Multiple large hematomas
Hemorrhagic enteritis
Pulmonary hemorrhage
Hypovolemic shock

Rhabdomyolysis
Myocardial  degeneration 
Steatitis 
Enteritis

15.35 :g/ml Liver: 
161.3 :g/g

aNot done.
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BLUE-GREEN ALGAE MICROCYSTIN TOXICOSIS IN CAPTIVE CHILEAN
FLAMINGOS

Elizabeth Chittick, DVM, MS, Dipl ACZM,1* Birgit Puschner, DVM, PhD, Dipl ABVT,2 Mike Walsh,
DVM, MS,1 Scott Gearhart, DVM,1 Judy St. Leger, DVM, Dipl ACVP,3 Eric Skocelas,4 and Sherry Branch1

1SeaWorld Orlando, 7007 Sea World Drive, Orlando, FL 32821 USA; 2California Animal Health and Food
Safety Laboratory System, Toxicology Laboratory, University of California, Davis, CA 95616 USA;
3SeaWorld California, 500 Sea World Drive, San Diego, CA 92109 USA; 4Mississippi State University
College of Veterinary Medicine, Box 6100, Mississippi State, MS 39762 USA

Abstract

Ten adult captive Chilean flamingos (Phoenicopterus chilensis) died acutely in late October of 2001.
Concurrently, an algal bloom was noted in the exhibit pond in which the flock of over 100 birds
resided.  The ten affected flamingos presented dead or moribund with clinical signs of extreme
weakness, lethargy, recumbency, and dyspnea.  Bleeding from injection sites was noted in the five
birds in which venipuncture and treatment were attempted.  Blood abnormalities included severe
hypoglycemia and marked elevations in aspartate transaminase (AST), creatine kinase (CK), lactic
dehydrogenase (LDH), and iron.  Therapeutic efforts focused on controlling shock, hypoglycemia,
dehydration, and delayed hemostasis.  Despite treatment attempts with fluids (10-15 ml/kg 5%
dextrose i.v. and/or 25-40 ml/kg 2.5% dextrose/0.45% NaCl SC, Abbott Laboratories, North
Chicago, IL 60064 USA), 50% dextrose (1 ml/kg i.v., Dextrose, Phoenix Scientific, Inc., St. Joseph,
MO 64503 USA), vitamin K (2.5-5 mg/kg i.m., K-ject, Phoenix Scientific, Inc., St. Joseph, MO
64503 USA), oxygen, vitamin E/Se (0.06–0.09 mg/kg i.m., E-SE® injection, Schering-Plough
Animal Health Corporation, Union, NJ 07083 USA), dexamethasone (0.5–2 mg/kg i.m., Dexaject,
Phoenix Scientific, Inc., St. Joseph, MO 64503 USA), and piperacillin (100 mg/kg i.m., Piperacil,
Lederle, Carolina, Puerto Rico 00987) all birds died within 8 hr of presentation.  Initial differential
diagnoses included toxicosis (anticoagulants, blue-green algae toxins), trauma, sepsis, or capture
myopathy.  Necropsies were performed on seven birds.  Cultures from the liver, kidney, lung, and
brain of three birds showed mixed bacterial growth, but no sole causative etiologic agent for the
epornitic.  Consistent gross and histopathologic lesions included multifocal areas of hemorrhage in
the muscle, gastrointestinal, and respiratory tracts, severe hepatocellular dissociation and necrosis
with hemorrhage, and splenic congestion.  High performance liquid chromatography (HPLC) was
used to determine the presence of toxicologic agents in pond water samples and internal organs of
two birds.  Livers were negative for seven different anticoagulant rodenticides, while gastrointestinal
contents and pond samples contained microcystins.  With a detection limit of 0.25 :g/g, HPLC
analysis showed gastrointestinal contents containing microcystin-LR concentrations of 0.4 :g/g and
5.5 :g/g, and microcystin-LA, of 2.3 :g/g and 3.0 :g/g.  Concentrations of microcystin-LR in water
samples ranged from 1.7 :g/g to 13.3 :g/g, while levels of microcystin-LA ranged between 0.3 :g/g
and 13.4 :g/g.  Under light microscopy, pond water samples also contained nonfilamentous granular
clumps of cells surrounded by a clear calyx, consistent with the morphology of organisms of the
genus Microcystis.  Microcystins are hepatotoxic cyclopeptides produced by some Microcystis spp.
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and other genera of cyanobacteria.  Based on our clinical and diagnostic findings, we determined
that blue-green algae toxicosis caused the acute deaths seen in this flamingo flock.  Further flamingo
access to the exhibit pond was prohibited and no further mortalities occurred.
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Abstract

In mammalian species, upper gastrointestinal stasis is often empirically treated with metoclopramide
(Reglan®), a prokinetic drug. Although metoclopramide is most effective when motility is
diminished or impaired, studies in healthy cats and dogs have shown that gastric contractility and
emptying are increased post-metoclopramide administration.3,6 In avian medicine, metoclopramide
has been used in patients with crop stasis, proventricular dilatation, regurgitation, vomiting, and/ or
intestinal ileus with some reported success.4,5 The empirical dosage recommended for psittacine
species is 0.5 mg/kg intramuscularly every 8-12 hr.1,4,5  Although this dosage is published in many
avian veterinary references and formularies, it has been extrapolated from the mammalian literature.
There have been no systematic studies evaluating the pharmacokinetics of metoclopramide in birds
or its effects on gastrointestinal motility.

This study evaluated the effects of metoclopramide on the gastrointestinal tract motility of 14 adult
Hispaniolan parrots (Amazona ventralis) using fluoroscopy and radiography as imaging modalities.
Each parrot (n=14) was manually restrained and gavaged with 30 ml/kg of iohexol (Omnipaque®,
Nycomed Inc., Princeton, NJ) into the crop.1, 2 Immediately after iohexol administration, each bird
was allowed to perch in a restraint box for fluoroscopy. The use of a restraint box restricted the
bird’s activity while minimizing stress-induced changes in gastrointestinal motility. The contractility
of the thoracic esophagus (number of iohexol boluses/5 min) and proventriculus and ventriculus
(number of contractions/5 min) was determined. These measures were averaged over a 10-min
period and used as baseline controls for each bird. 

Following fluoroscopy, the birds were placed on an acrylic restraint board for radiography. Two
radiographic films (lateral and ventrodorsal views) were obtained at 30 min, 1 hr, then hourly until
8 hr post-iohexol administration. These radiographs were analyzed by SVM radiology staff and used
to determine the emptying and transit times of iohexol through the crop, proventriculus, ventriculus,
and intestine. These data were used as baseline controls for each bird. 

After control values were established, the parrots were randomly assigned to three groups of seven
birds each (seven birds were utilized twice). All birds were rested for at least 7 days between trials.
Each group of birds was given metoclopramide (Metoclopramide Injection, USP, GensiaSicor
Pharmaceuticals, Irvine, CA) via intramuscular injection into the pectoral musculature. The first
group was administered metoclopramide at the published recommended psittacine dosage of 0.5
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mg/kg.1,4,5 Groups 2 and 3 received metoclopramide at dosages of 0.75 and 1.0 mg/kg, respectively.
Each bird was gavaged with 30 ml/kg of iohexol 5 min after metoclopramide administration and the
contrast study was repeated as described above for the controls. The radiology staff remained blind
to the dose of metoclopramide administered to each bird during the radiographic interpretation of
contractility and transit/ emptying times. 

Mean thoracic esophageal contractility in control birds was 11.4 boluses/min (± 0.23 SD). Mean
proventricular/ventricular contractility in control birds was 2.86 contractions/ min (± 0.64 SD).
Contrast media was noted throughout the entire gastrointestinal tract in the majority of untreated
birds within the first 30 min of the study. On average, clearance of contrast media from the crop
occurred by 5 hr and clearance from the proventriculus by 6 hr post-administration. Contrast media
was still present within the ventriculus and intestines in the majority of birds by 8 hr post-
administration. 

Administration of metoclopramide at 0.5, 0.75, and 1.0 mg/kg did not significantly affect the
contractility of the thoracic esophagus or proventriculus/ventriculus in the study birds. On average,
the clearance of contrast media from the crop and proventriculus occurred by 4 hr post-
administration in the 0.75 and 1.0 mg/kg study groups. Average clearance from the ventriculus was
noted by 6 hr post-administration in these groups. Average clearance of contrast media from the crop
and proventriculus in the 0.5 mg/kg group was 6 hr post-administration, with ventricular clearance
by 7 hr. The clearance rates in the treatment groups did not differ significantly from the control
group.

Results of this study indicate that the administration of metoclopramide intramuscularly at dosages
of 0.5, 0.75, and 1.0 mg/kg does not significantly alter the gastrointestinal motility in healthy adult
Hispaniolan parrots. Further studies are recommended to determine whether metoclopramide alters
the gastrointestinal motility of birds with gastrointestinal stasis. 
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Abstract

Surgical implantation of radio transmitters allows the use of these devices in birds that do not
tolerate externally applied equipment.3,5  Surgical implantation of transmitters usually involves
invasion of the coelomic cavity and ablation of the right abdominal air sac. Air sac ablation may
alter the respiratory dynamics of the anesthetized bird and affect anesthetic management, but the
cardiopulmonary effects of this procedure have not been studied.  We documented cardiorespiratory
changes in Canada geese during surgical implantation of transmitters and assessed the effects of two
rates of assisted ventilation.

Adult female Canada geese (Branta canadensis) were captured in Anchorage, Alaska for surgical
implantation of intra-coelomic transmitters.  Eighteen geese were included in the anesthetic
investigation.  Each goose was manually restrained and an intravenous (i.v.) catheter was placed in
the left jugular vein.  The bird was induced by face mask with 4% isoflurane (Isoflo, Abbott
Laboratories, North Chicago, IL 60064) in oxygen, intubated, and then maintained on 1.5-4%
isoflurane.  Throughout surgery, half of the birds were ventilated at a low rate (LV; 2 breaths/min)
and half at a high rate (HV; 6 breaths/min).  Venous blood samples were taken for blood gas
analysis during manual restraint (T0), at the time of skin incision (T2), after the transmitter had been
secured to the body wall (T3), and at the end of surgery (T4).  Body temperature, heart rate,
respiratory rate, end-tidal carbon dioxide (ETCO2), and pulse oximetery values (SpO2) were
recorded once each bird was intubated (T1), and at T2, T3, and T4. Respiratory rates were recorded
before birds were removed from transport kennels and while they were being held for i.v. catheter
placement. 

Vaporizer settings did not differ between the two groups, with mean initial vaporizer settings at
4.2%, decreasing to 3.25% at T2, 2.5% at T3, and 0% at T4.  The amount of time from induction
to skin incision, time from skin incision until skin closure, and total anesthesia time did not differ
significantly between the two groups.   The time from the end of surgery to extubation was
significantly shorter in the LV group (4 ± 3 min) than in the HV group (10 ± 2 min).  Recovery
times were also significantly shorter in the LV group (13 ± 5 min) than in the HV group (19 ± 4
min). Neither heart rate nor body temperature differed significantly between the groups at any time
point.  The resting respiratory rate did not differ between the two groups, nor did it differ when the
birds were held for initial blood sampling.  There was a significant decrease in respiratory rate in
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both groups from the time when they were held for blood sampling until induction.  Respiratory rate
differed significantly between the groups at T2 and at T4.  Four HV birds stopped voluntary
breathing while being ventilated.  Oxygen saturation values did not differ between the two groups.
End-tidal carbon dioxide values were significantly higher in the LV group at T2, T3, and T4, than
in the HV group.  

Both groups had an initial mild metabolic acidosis with normal partial pressures of  carbon dioxide
(PvCO2).  Geese in the HV group had very little change in PvCO2 during anesthesia, while geese in
the LV group experienced more severe acidosis and hypercapnia.  More dramatic physiologic
abnormalities would have probably occurred had birds received no assisted ventilation.4  Both
isofluorane and high concentrations of inspired oxygen have been shown to be potent respiratory
depressants in bird.6  These factors likely account for the decrease in respiratory rate, hypercapnia,
and respiratory acidosis observed in the geese of this study.

Initial plasma lactate values were elevated, but these values decreased over time.    The physiologic
consequences of elevated lactate have not been well documented in wildlife, but it has been
suggested that it may contribute to capture myopathy.2  Administration of 100% oxygen may have
decreased the amount of anaerobic metabolism, thereby reducing lactate production.  Lactate
production may also have been diminished as the birds were anesthetized and became less
responsive to stressful stimulation.  

It is unknown why the partial pressures of oxygen (PvO2) were significantly lower in the HV group.
While venous samples can provide useful information regarding PCO2 and acid-base status,1
interpretation of venous PO2 is difficult.  Lower PvO2 values may have been caused by decreased
oxygen delivery to the lungs, decreased uptake in the lungs, increased loss from the ruptured air sac,
or increased uptake by body tissues.  It would have been interesting to determine PaO2 values for
the geese of this study, however arterial catheterization can be difficult in birds and was not feasible
for this investigation.

The most profound blood gas changes occurred between T0 and T2 in both groups.  It was difficult
to determine if this was due to coelomic air sac rupture because of effects related to the duration and
depth of anesthesia.  However, isoflurane requirements did not increase when the air sacs were
ruptured and there were no clear patterns for changes in PvCO2 or ETCO2.  It is possible that there
are no physiologic consequences to disruption of the caudal abdominal air sac, but it is more likely
that the time that the air sac is open to the outside during transmitter implantation is insufficient for
a change to be detected.

Geese in the HV group took longer to recover than birds in the LV group.  The two groups had no
significant differences in the percentage of isofluorane administered at each time point, so it is likely
that birds in the HV group received a higher frequency of deep breaths and, consequently, more
isofluorane.  Thus, the HV group was probably more deeply anesthetized.  Furthermore, HV birds
had lower PvCO2 values and lower pH values, which probably decreased the stimulation to breathe.
This also could have contributed to longer recovery times as these birds had low respiratory rates
during the initial minutes of recovery, thereby taking longer to eliminate the isofluorane.
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Assisted ventilation should be performed in birds anesthetized for procedures such as surgical
implantation of transmitters in order to approximate normal physiologic homeostasis.  Blood gas
analysis or capnography can be used for monitoring the adequacy of ventilation.  The longer
recovery times that we observed might be minimized by using lower concentrations of isofluorane
and by continuing assisted ventilation until the birds are extubated.
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Abstract

Herpesvirus infections and diseases with similar clinical signs have been documented in free-ranging
and domestic birds of prey in the United States, Europe, and Asia since the mid-1900’s.1,8,12

Clinically affected raptors typically exhibit a short duration of depression, lethargy and anorexia
prior to death.  Falcons, in particular, have been reported to be highly susceptible to herpesvirus
infection.7

Within Europe, a recent survey of wild injured raptors in Germany determined that 35.5% of the
birds evaluated showed antibodies against Falconid herpesvirus 1 (FHV-1).11 Two subsequent
retrospective studies in Germany, however, reported less than 4.0% seroprevalence of FHV-1 in
free-living birds of prey.10,14 The prevalence of FHV-1 within the United Kingdom has not been 
determined.  Until recently, only three sporadic outbreaks of FHV-1 had been reported in the UK.
Two cases were reported in 1982 in American and European kestrels and, in 1993, a third case was
confirmed in a hybrid falcon.6,9 Nine additional, unreported cases of FHV-1 occurred in various
areas of the country since 1996, as verified by virus isolation.15 In August and September 2000, two
new and unrelated cases were recorded in Southwest England.2

The presence of confirmed clinical cases of falcon herpesvirus infections in the UK, in conjunction
with the recent seroprevalence results from Germany, prompted this cross-sectional epidemiologic
study.  The aims of the study were to quantify and compare the seroprevalence of FHV-1 antibodies
in wild and captive raptors within the UK, to investigate the prevalence of owl herpesvirus (Strigid
herpesvirus 1, StHV-1) in Strigidae tested, and to evaluate the data for a geographic, species-
specific, or age-related predisposition for herpesvirus infection. 

Blood was collected from wild, debilitated birds of prey upon presentation to rescue centers and
veterinary clinics throughout the United Kingdom.   The samples were collected opportunistically
with no restrictions based on original presentation, species, or geographic locality.    Serum was
concurrently collected from a comparable group of captive raptors.  All of the samples were
collected over a 6-mo period, from January to July 2001, and stored frozen (-20 ºC) until tested.  
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The serum samples were tested for FHV-1 antibodies using micro-neutralization techniques.    Eight
doubling dilutions of each test sample were prepared in 96-well microtiter plates (Nunc, Gibco,
Paisley, Renfrewshire, UK) using 25 :l of serum and 25 :l of Eagles maintenance medium.
Monospecific antiserum to FHV-1 (isolate CVL 23/92) was used as a positive control to detect
specific antiviral antibodies.6 Specific pathogen free (SPF) serum was used as a negative control for
each test.  A volume of 25 :l of virus pre-titrated to 100 tcid50 (mean tissue culture infective dose
affecting 50% of the innoculated culture cells) was added to each dilution.  The plates were
incubated for 1 hr at 37 ºC, 5% CO2.  A volume of 25 :l of the serum/virus mixture was transferred
to confluent cultures of CEL (chicken embryo liver) cells in 96-well plates.  The CEL cultures were
prepared from 15-day-old SPF embryos using routine methods.4 Pre-titrated virus was serially
diluted 10-fold up to 10-4 and inoculated onto the CEL cells in 25 :l volumes to check the titer of
the virus.  The plates were incubated for 1 hr at 37 ºC, 5% CO2.  Each well was overlaid with 200
:l maintenance medium, an adhesive plastic film was applied to each plate, and the plates were
stored in a 5% CO2, 37 ºC incubator.  The plates were examined daily for four to seven days until
the back-titration wells developed evidence of infection corresponding to 50% cytopathic effect
(CPE) at a dilution of 1:100.  Final neutralizing antibody titers were expressed as the highest dilution
of serum causing complete neutralization of 100 tcid50 of virus.  

Samples collected from owls were also tested for antibody against  StHV-1 using the same
technique, as outlined above, with an isolate from a snowy owl (Nyctea scandiaca) (CVL 1082/94).5

One-hundred twenty-five hawk, eagle, falcon, and owl serum samples were collected from 11
different UK counties.  A total of 22 raptor species belonging to three families were represented. 
Of the total samples tested, 44.8% were from captive raptors while 55.2% originated from wild birds
of prey.  The FHV-1 antibody seroprevalence results for the study group of captive and free-living
Falconidae, Accipitridae, and Strigidae are shown in Table 1.

Three of 56 (5.4%) captive birds were seropositive for FHV-1 antibody by serum neutralization.
The positive samples originated from 5% (1/20) of the Accipitridae tested and 10.5% (2/19) of the
Falconidae tested. The positive samples included a red kite (Milvus milvus) with a neutralizing titer
of 1:2 and two peregrine falcons (Falco peregrinus) with titers of 1:2 and 1:8.  None of the captive
owls were found to have serum neutralization of FHV-1. 

Neutralizing antibody to FHV-1 was detected in seven of 69 (10.1%) of the wild birds tested.
Positive samples were obtained from 13% (3/23) of the Falconidae family, including three kestrels
(F. tinnunculus) with antibody titers of 1:2, 1:16, and 1:32, and from 13.3% (4/30) of   the Strigidae
sample group, including four tawny owls (Strix aluco) with titers of 1:4, 1:8 (2) and 1:16.   No
positive samples were observed from the free ranging hawks or eagles.

Serum samples from 47 owls were tested for antibody to StHV-1.   Eight of the owls (8/47, 17%)
were seropositive for StHV-1 neutralizing antibody, including five tawny owls, one little owl
(Athene noctua), one barn owl (Tyto alba) and a Northern long-eared owl (Asio flammeus).  The
anitbody titers ranged from 1:2 to 1:16, with all the seropositive samples originating from free-living
owls (8/30, 26.7%).  Of the eight wild owls testing positive for StHV-1, 50% also showed serum
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neutralization of FHV-1.  These findings suggest that there are at least two different serotypes of
herpesvirus infection in owls, with varied degrees of antigenic relatedness to FHV-1. 

A summary of the details on the raptors testing positive for FHV-1 and StHV-1 neutralizing activity
is presented in Table 2.  No statistical significance was found between the captive and wild groups
tested with respect to FHV-1 antibody prevalence, geographic distribution, distribution between
raptor families, or comparison between age groups. A statistically significant correlation was
detected between wild owls and the presence of StHV-1 antibodies within this study (Fisher exact
test, p=0.0372, CI=0.108 – 0.425).  

The results of this investigation are part of an ongoing study to evaluate the seroprevalence of
herpesvirus infections in raptors within the UK.   The preliminary findings demonstrate a relatively
high prevalence of FHV-1 antibodies in the tested populations of captive and wild   falcons.  These
results are consistent with previous reports of virus isolation and clinical disease from a
predominance of falcons within the UK, US, and UAE.2,13  Members within the Falconidae family
have been suggested to have an increased susceptibility to herpesvirus infection and disease.    A
low seroprevalence level was detected in both the captive and wild groups of Accipitridae in this
study.  In  the tested population of Strigidae, wild owls were found to have a greater FHV-1
seroprevalence than captive owls.  In  early experimental herpesvirus transmission studies, a large
proportion of the hawks and eagles as well as certain species of owls exposed to FHV-1 were either
assumed to be refractory to infection or suffered from a non-fatal form of the disease with
subsequent development of resistance.1,12   It is likely that members of the Accipitridae and Strigidae
families attain immunity to FHV-1 through infection with a less virulent herpesvirus serotype (i.e.,
StHV-1), resulting in a mild antigenic reaction with low production of antibodies.3
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Table 1.  Seroprevalence of FHV-1 antibodies in Falconidae, Accipitridae
and Strigidae within the separate captive and wild study groups.
Family Captive Wild Total
Falconidae 10.5% 13.0% 11.9%

(2/19) (3/23) (5/42)
Accipitridae 5.0% 0.0% 2.8%

(1/20) (0/16) (1/36)
Strigidae 0.0% 13.3% 8.5%

(0/17) (4/30) (4/47)
5.4% 10.1% 8.0%

Total (3/56) (7/69) (10/125)
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Table 2.  Details of raptors showing antibody neutralization of FHV-1, StHV-1. 
Species Location Sex Age Antibody Titer

FHV-1 StHV-1a

CAPTIVE
Red Kite (Milvus milvus) Gloucestershire Unknown Adult 1:2 nd
Peregrine Falcon (Falco peregrinus) Cheshire Unknown Unknown 1:2 nd
Peregrine Falcon (Falco peregrinus) London Male Juvenile 1:8 nd

WILD
Tawny Owl (Strix aluco) Gloucestershire Unknown Adult 1:8 1:8
Kestrel (Falco tinnunculus) Cheshire Unknown Adult 1:2 nd
Kestrel (Falco tinnunculus) Cheshire Unknown Adult 1:16 nd
Tawny Owl (Strix aluco) Cheshire Unknown Adult 1:16 1:32
Tawny Owl (Strix aluco) Cheshire Unknown Unknown 1:8 1:16
Kestrel (Falco tinnunculus) Cheshire Unknown Adult 1:32 nd
Little Owl (Athene noctua) Cheshire Unknown Unknown 0 1:32
Tawny Owl (Strix aluco) Cheshire Unknown Adult 1:8 1:4
N. Long-eared Owl (Asio otus) Cambridgeshire Male Adult 0 1:2
Tawny Owl (Strix aluco) Hampshire Unknown Adult 0 1:2
Barn Owl (Tyto alba) Hampshire Unknown Juvenile 0 1:4
aOnly members of the Strigidae family were tested for StHV-1 neutralizing antibody, nd=not done.
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Abstract

Impaction of the anterior alimentary tract has been reported in various avian species, most notably
ratites, although impaction with bedding or other enclosure materials has also been reported in
juvenile psittacines and turkeys.1,4-7  Impaction due to phytobezoars have seldom been described in
avians, with only a few reports in ratites and domestic poultry.2,4,8  This report describes three cases
of ventricular impaction with plant material in Micronesian kingfishers (Halcyon cinnamomima
cinnamomima).  

Three juvenile male Micronesian kingfishers (Halcyon cinnamomima cinnamomima) housed in the
same enclosure, were presented for evaluation of coelomic distention and sudden weight gain.
Attitude, feed consumption, and defecation were normal.  Maintenance ration consisted of neonatal
mice, crickets, and occasional mealworms.  The kingfishers had been observed stripping the leaves
from two of several species of plants in the enclosure, the corn plants Dracaena fragrans
massangeana and D. f. sanderiana.  The birds were immobilized with isoflurane (Isoflurane,
Phoenix Pharmaceutical, St. Joseph, MO) via a facemask for induction and endotracheal tube for
maintenance.  Physical examination and coelomic palpation revealed a large, single, firm coelomic
mass in each bird, which was confirmed radiographically.  A heparinized blood sample was obtained
from each bird, CBC and chemistries were evaluated (System 9010+ CP, Serona Baker, and Kodak
Ektachem 250 Analyzer, Johnson and Johnson/ Orthoclinical Diagnostic), and results were within
normal limits.  Two individuals were recovered from anesthesia uneventfully, and exploratory
laparotomy was performed on the third.  

Case 1:  Exploratory laparotomy and ventriculotomy revealed a ventricular foreign body.  The bird
died during the procedure, and was submitted for necropsy.  The foreign body was also submitted,
in 10% neutral buffered formalin, and weighed 5.8 g (wet weight), was 2.5 cm in diameter with a
3.5 × 0.3 cm tubular projection that had extended into the proventriculus.  On examination with a
dissecting microscope, the foreign body was composed of long, fine, frequently split plant fibers
admixed with moderate amounts of less fibrous plant material and other debris.   The phytobezoar
was examined by a plant anatomist; the fibers from the phytobezoar were deemed compatible with
the leaves of a corn plant.  On necropsy, the only noted abnormalities were a markedly dilated
ventriculus and surgical wounds.  Histolologic abnormalities were restricted to moderate thinning
and fragmentation of the ventricular koilin.  The diagnosis was ventricular phytobezoar impaction
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with mild koilin degradation.  The remaining two kingfishers had a clinical diagnosis of ventricular
impaction, presumably phytobezoar.

Case 2:  Medical treatment was chosen for one of the remaining birds, and following consultation
(pers. com., L. Phillips, University of California at Davis), 0.5 ml natural peanut butter was tube fed
b.i.d., in addition to continuation of the maintenance ration.  Live plants were removed from the
enclosure.  The bird cast a mass 14 days following initiation of treatment; this mass was 2.0 cm in
diameter, and examination with a dissecting microscope revealed the same plant fibers as in case
1.  Histologically the mass was composed of numerous plant fibers, with admixed non-fibrous plant
material, insect exoskeleton remnants, and rare feather remnants.  This individual remained
clinically normal following expulsion of the phytobezoar.  

Case 3:  Following the successful medical treatment of case 2, the same treatment was initiated for
the remaining bird.  Throughout treatment the bird remained clinically normal, with normal feed
consumption and defecation.  Physical examinations under manual restraint were performed at
regular intervals during the treatment period.  Radiography under anesthesia was also performed at
regular intervals.  During treatment the mass enlarged but became softer, and appeared to be
breaking up on day 49.  However, on day 64 the mass again appeared discrete.  Since medical
treatment did not seem to be resolving the impaction, endoscopic evaluation and phytobezoar
retrieval was attempted on day 64, using a 2.3 mm rigid endoscope (R. WOLF GmbH, Knittlingen,
Germany); the bird died during the procedure.  

On necropsy the bird had a 1.5x1.8x2.0 cm ventricular mass, which was similar to those found in
the other birds, although more friable.  Examination with a dissecting microscope revealed plant
fibers as per case 1.  Histologically the mass was similar to those previously examined, with small
amounts of admixed koilin and other debris.  Other lesions included mild, diffuse, adrenal cortical
hyperplasia, and random hepatocellular lipid vacuolation.  The primary diagnosis was ventricular
phytobezoar impaction.  Adrenal cortical hyperplasia was attributed to stress, likely secondary to
chronic impaction and repeated immobilizations.  

Discussion

Live plants are often used in exhibits to improve the appearance of the enclosure and to provide a
more natural habitat for the inhabitants.  These cases illustrate how this may lead to unintended
morbidity and mortality, and that selection of safe materials are vital for the health of the animals.
In these cases, several live plants were utilized, and the birds ingested material from two subspecies
of Dracaena fragrans, resulting in phytobezoar formation and ventricular impaction.  The
impactions were not complete, as feed consumption and defecation remained normal.  In poultry,
pica and crop impaction have been associated with environmental stress,3,5 however no such
stressors were identified in these cases.  In free-range chickens ingestion of increased amounts of
indigestible material leads to the formation of phytobezoars and subsequent impaction.2  In these
cases, the kingfishers ingested fibrous plant material, which presumably was highly indigestible, as
plants are not normally a part of their diet.
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Medical treatment with natural  peanut butter was successful in one case, and proved to be a
reasonable alternative to surgical extraction.  Similar treatment, including other vegetable oils, may
be of use in other avian species, and may soften and help break-up the phytobezoar, enabling easier
expulsion.  Surgical or endoscopic extraction may be possible, however death occurred during these
procedures in cases 1 and 3.  The cause of death in these cases may have been due to respiratory and
cardiovascular compromise following compression of air sacs, the heart, and major vessels, which
was exacerbated during surgical manipulation.  In endangered species, surgical or endoscopic
treatment may be prudent only following ineffectual conservative medical treatment.  
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Abstract
 
The Wildlife Conservation Society and the St Catherines Island Foundation have partnered with the
Georgia and South Carolina Departments of Natural Resources, the US Fish and Wildlife Service,
and other organizations to establish a new conservation health initiative on and around St.
Catherines Island , Georgia.  This study is a product of these efforts.  There are eleven species of
seabirds and shorebirds that nest on the beaches of Georgia and South Carolina.  All obligate beach-
nesting birds are under pressure from human expansion and are a high conservation  priority for
governmental agencies and non-profit organizations. The American oystercatcher (AMOY),
Haematopus palliatus, is considered to be rare in both states.  It is one of the few birds to be
specialized feeders on bivalve mollusks living in saltwater.10  Due to these unique dietary
preferences, this species has the potential to act as a bioindicator of the marine ecosystem in the
southeastern United States. Human development of coastal and inland Georgia as well as South
Carolina is increasing at a rapid rate with increased water contamination coming from industry,
agriculture, recreation, and non-point source runoff.  The purpose of this presentation is to provide
some preliminary information on the health assessment of the AMOY.

Over the past year, our research team has caught 31 (18 adult males, seven adult females, two sub-
adult males, two sub-adult females, one unknown, and one pending results) AMOY for banding and
collection of biomaterials with the objective of establishing baseline values in clinical pathology,
toxicology, reproductive physiology, microbiology, parasitology, morphometrics, as well as
confirmation of sex with DNA technology. 

A cannon netting technique to capture the birds has been developed by some of the investigators
(TMN, BW, RCG) and has proven to be safe and effective.  This method of capture is labor
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intensive, but has been found to be the most successful  technique for this species.  This is the first
time that this method has been used to capture AMOY in North America. Twenty-six birds were
captured on Little St. Simons Island, Georgia and 5 birds were captured at the Cape Romain Wildlife
Refuge in South Carolina.  

Once in hand, the birds are manually restrained and 5-6 ml of blood is obtained via the right jugular
vein in a sodium heparinized syringe. This volume drawn has not  resulted in any obvious negative
effects.  Blood smears are made immediately and stained with Wrights-Giemsa.  A differential white
blood cell (WBC) count is performed.  Red blood cell and WBC morphology are evaluated.  White
blood cell counts are performed on a hemacytometer using the Eosinophil Unopette method.  Packed
cell volume is manually read from centrifuged microhematocrit tubes.  A plasma biochemical profile
is performed and includes uric acid, glucose, blood urea nitrogen, creatinine, triglyceride,
cholesterol, amylase, lipase, calcium, phosphorus, alanine aminotransferase, aspartate
aminotransferase, lactate dehydrogenase, gamma-glutamyltransferase, creatinine phosphokinase,
sodium, potassium, chloride, total protein, albumin, and globulin. This is performed using standard
dry slide determinations with a Johnson & Johnson (Kodak) 700XR analyzer. Bile acid
determinations are performed on plasma samples by radioimmunoassay (RIA).  Total protein is
determined by a hand held refractometer and protein fractions are analyzed by plasma protein
electrophoresis.2  Clinical pathology data obtained on the 31 birds captured have been similar to
those reported for other avian species. 

Aspergillosis antibody (IgG) and circulating antigen plasma titers are determined by ELISA.6
Current data indicates that 34% of birds sampled have a weak to moderate antibody titer and 38%
of the birds are antigen positive, which is indicative of either infection or more likely exposure to
the organism.  Chlamydia antibody titers are evaluated by an indirect immunofluorescence
technique, which quantitates IgG.  Positive antibody titers were found in 38% of the birds indicating
infection, previous infection, or exposure to the organism. West Nile virus antibody titers were
negative on 15 birds sampled in January 2001.  We will continue to perform the above infectious
disease serology on birds captured in the future.

One milliliter of whole blood is used for heavy metal analysis, (chromium, mercury, copper, lead,
zinc, tin, strontium, and vanadium) and 1 ml of whole blood is used for a pesticide screen (PCBs,
DDT and metabolites, toxaphene, chlordanes, benzene hexachloride) Feathers are plucked from the
same site on the breast of each bird and placed in aluminum foil and in whirlpack plastic bags and
stored at –70 degrees C for potential heavy metal analysis if any parameters are elevated in the blood
or yolk.  Blood samples have been evaluated for heavy metals and pesticides from 25 birds caught
on Little St. Simons Island, GA and only five birds from Cape Romain, SC.  The heavy metal and
pesticide screens are performed at the STL Savannah Toxicology Laboratory in Savannah, GA
utilizing standard operating procedures.3  Heavy metal analyses are performed by utilizing a graphite
furnace and cold vapor atomic absorption measurements.  The organochlorine analytic methods,
including preparation, Soxhlet extraction, and lipid removal have been previously described.3
Pesticides in each fraction are quantified with a gas-liquid chromatograph (GLC), equipped with a
63 Nielectron capture detector.  Residues in 10% of the samples will be confirmed by gas
chromatography/mass spectrometry.  Preliminary results revealed elevations in blood mercury and
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toxaphene in some of the birds.  More samples are needed to determine the significance of these
findings. 

American oystercatchers will generally lay one to four eggs per clutch, however, only rarely raise
even one chick successfully (C. George, unpublished data).  Predation and inundation are the most
common causes of mortality in eggs and chicks, so it is not uncommon for no offspring to be
produced. Four eggs were collected during the summer of 2001 to obtain some preliminary
contaminant data and to assess whether egg yolk would be a more useful biomaterial than whole
blood for obtaining this information. Results are pending.  A high percentage of birds caught to date
and sampled were most likely winter migrants (based on banded bird returns from the January 2001
capture).  Results from evaluating egg yolk for contaminants should be more representative of the
local (Georgia and South Carolina) environment.   One egg from three or four nests will be collected
from six river watersheds in Georgia and an additional three or four eggs will be pulled from nests
at the Cape Romain Wildlife Refuge. Eggs will only be taken if there are more than two eggs in the
nest, the nest is in an area with high predation, or if the egg is known to be infertile.  Egg collection
will take place during the estimated peak period of egg laying in late April 2002.  Each egg is
weighed and measured.  Egg shell thickness is measured with a micrometer and pore density is
measured with a phase contrast microscope.  Yolk is collected from the egg, weighed, and then
frozen until analysis.  A similar heavy metal and pesticide panel and methodology described for the
whole blood will be performed on each egg yolk.   

One of the authors (ND) has developed specific monoclonal antibodies that react with vitellogenin
from other bird species, including tern, quail, and barn swallow.  Initial experiments were performed
to find out whether the existing monoclonal antibody would react with AMOY vitellogenin in
plasma samples taken on January 2001.   There was  no detectable vitellogenin.  This indicated that
no cross-reaction occurred or that vitellogenin was non-detectable at this time of year in AMOY.
 Egg yolk was collected from an infertile AMOY egg and the main egg yolk protein fraction was
purified by centrifugation using standard procedures.  The egg yolk protein was separated by SDS-
PAGE gel electrophoresis and transferred to a membrane and probed by western blot.  The existing
monoclonal antibody was found to cross-react with vitellogenin in the egg yolk. The western blot
test is not very sensitive, requiring at least 50 :g vitellogenin/ml for a positive reaction.  We plan
on developing a more sensitive ELISA (detection limit 1 :g/ml) in order to measure circulating
levels of plasma vitellogenin.  The presence of vitellogenin in male birds would indicate their
exposure to estrogen-like contaminants.  Vitellogenin expression in males is being recognized as
an excellent biomarker of exposure to estrogen mimicking environmental contaminants.  Plasma
samples collected from birds captured from October through December of 2001are currently being
analyzed.  We will also use the vitellogenin assay to characterize the normal seasonal reproductive
cycle for females. Vitellogenin is a protein that is made in the liver under estrogen control.  It is
secreted into the blood stream and then is taken up by the developing oocytes.  Its main function is
to be a nutritional source for the developing embryo.  Females will produce vitellogenin in relatively
high concentrations as the eggs develop.  By mapping the appearance of vitellogenin in the plasma
of reproductively active females, we will be able to map their normal cycle.  Vitellogenin levels will
be compared to plasma steroid hormone levels to help characterize the full cycle.  Details of the
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experimental design being used in this portion of the study can be found in the references
provided.4,5,7-9,11   

Plasma samples from 25 (14 adult male, two sub-adult male, seven adult female, and two sub-adult
female) AMOY were analyzed for sex hormones (testosterone and 17$-estradiol) using a
radioimmunoassay (RIA) technique.  Fifty microliters of plasma was extracted twice with 5 ml of
diethyl ether before RIA analysis.  Samples were then analyzed in duplicate for both hormones and
corrected for extraction efficiencies.  Standard curves were buffered with known concentrations of
radioinert 17$-estradiol (ICN Biomedicals, Costa Mesa, CA) or testosterone (Sigma Chemical, St.
Louis, MO) (1, 5, 10, 25, 50, 100, 250, 500, and 1,000 pg per ml).  The minimum concentration
detectable for both hormones is approximately 7 pg/ml.  Cross-reactivities of 17$-estradiol and
testosterone antiserum (produced and characterized by T. S. Gross, University of Florida) with other
steroids (e.g., estrone, estriol, 17"-estradiol, "-dihydrotestosterone, and androstenedione) are
expected to be less than 10%. The mean and standard deviation for hormones measured thus far are:
males:  mean 17$-estradiol  213.88 pg/ml ± 66.42, testosterone 110.56 pg/ml ± 70.32; females 17$-
estradiol  200.89 pg/ml ± 76.82, testosterone 190.56 pg/ml ± 97.50.  These data were obtained
during the non-breeding season and are highly variable and represent background hormonal levels.
Seasonal trends still need to be established for this information to be useful in monitoring
reproductive success in AMOY populations.

Fecal samples are collected opportunistically and placed in polyvinyl alcohol and 5% formalin to
evaluate the incidence of protozoan and nematode parasites.  To date, group fecal samples have been
collected due to the small volume of feces available.  An Eimeria sp. of coccidia and
Acanthocephalan sp. have been identified. Feces are also placed in enrichment media and submitted
within 24 hr for enteric bacterial pathogen culture.  No enteric bacterial pathogens have been
cultured to date.  Cotton tip swabs are placed into the cloaca and subsequently place in viral
transport media and then cultured for avian influenza virus in a collaborative study with the
Southeastern Wildlife Disease Cooperative (SCWDS).12  All samples have been negative. Feather
lice have been documented to occur on a high percentage of the birds captured. The lice load is
estimated (none, mild, moderate, severe) and recorded.  Lice samples have been submitted to a
parasitologist for identification.  

A complete physical examination, body weight, bill length, tarsus length, and wing chord
measurements are obtained from each bird. Adults and juveniles are identified by bill and ocular
color. Digital images are taken of the entire bird, the head and eyes, and the back of each bird.
Gender is determined by DNA sexing technology and compared to body measurements.  These birds
appear to be sexually monomorphic based on data analyzed to date, which conflicts with the existing
literature.10  Methods for determining sex currently used by field biologists may not be 100%
accurate.  More data is needed to confirm this, thus morphometric data and DNA sexing will be
performed on every bird captured. A ventral pupillary defect in the eye is apparent in some birds.
The presence or absence and the severity of the defect is noted in each bird. Feather quality and
molting condition is noted. 
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Future objectives for continuation of this study will be to expand the existing data and add new
objectives in nutrition and toxicology.  They will include: 1) Evaluate seasonal and age related
changes of baseline health, contaminant, and reproductive parameters.  To date, we have caught
most birds during late fall and winter.  Most birds sampled have been adults, and to a lesser extent,
sub-adults.  No juvenile birds have been sampled, although safe capture techniques for 30-day-old
chicks were developed by some of the authors (BW and CG).  2) Establish normal nutritional
parameters for the various age classes. 3) Perform nutritional and toxicologic analysis on the three
most commonly consumed prey items by the oystercatcher found at different locations along the
Georgia and South Carolina coasts. 4) Perform toxicologic analysis on American oystercatcher eggs
collected at several different drainage sites along both coasts. 5) Continue to investigate sexual
dimorphism in this species.  6) Land use practices and industrial development within the watersheds
of South Carolina and Georgia vary considerably, thus a comparison of the data will be made
between the two sites.
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Abstract

Introduction

The highest mortality of captive nondomestic ungulate species occurs during the perinatal period.
Hand-rearing is often necessary in newborn nondomestic ungulates for many reasons, including
maternal neglect, failure of passive transfer (FPT), neonatal maladjustment syndrome, or the
diagnosis of a primary disease condition, such as pneumonia, diarrhea, or septicemia.   Once it is
decided that a neonate should be hand-reared, the administration of appropriate and adequate
nutrition becomes one of the most important roles of the human surrogate mother. The two routes
for meeting the caloric needs of the neonatal ungulate are enteral and parenteral.1,2,11 

Total enteral nutrition (TEN) is the preferred route due to the ease of delivery and that it is the
physiologically normal route, providing a direct source of nutrients for the gastrointestinal mucosa.1
Enteral nutrition can be delivered by bottle feeding, esophageal tube, gastric tube, naso-esophageal
tube, nasogastric tube, and syringe feeding.  When using any oral route in neonatal ungulates, it is
important to stimulate the esophageal groove so liquid is shunted through the reticulum, bypassing
the rumen, and delivered to the abomasum, the only truly functioning stomach chamber in the
newborn ruminant.  Unfortunately, in many such patients TEN is not an option.  Patients that are
premature, malnourished, semi-comatose, comatose, or in which severe gastrointestinal disease
exists, are poor candidates for TEN and may benefit from parenteral nutrition (PN).  Total parenteral
nutrition (TPN) is defined as the intravenous administration of essential nutrients (carbohydrates,
protein, fat, vitamins, electrolytes, minerals, and fluids) to maintain body weight and normal
metabolic function.  As this is a daunting objective, partial parenteral nutrition (PPN) may be
utilized.  Partial parenteral nutrition is defined as the intravenous administration of essential
nutrients in combination with the delivery of some nutrients by the enteral route.  In this paper, we
describe a case report in which a neonatal reticulated giraffe (Giraffa camelopardalis reticulata),
diagnosed with FPT, was successfully hand-reared using TPN and PPN. 
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Case Report

A 2-day-old, approximately 60 kg, male reticulated giraffe was pulled from its dam for hand-rearing
after failure of passive transfer (FPT) was diagnosed based on negative results on the sodium sulfite
and glutaraldehyde tests.7 Significant clinical pathology abnormalities were hypoglycemia (36
mg/dl) and hypoglobulinemia (1.8 mg/dl)5.  The neonate was bright and alert with normal clinical
findings, expect for an empty stomach.  The calf was vaccinated with tetanus antitoxin (Fort Dodge
Lab., Inc., Fort Dodge, Iowa 50501 USA; 1500 IU s.c.), Clostridium-7-way (Bayer Corp., Shawnee
Mission, Kansas 66201 USA; 2.0 ml i.m.), Salmonella dublin-typhimurium bacterin (Grand Lab.,
Inc., Larchwood, Iowa 51241 USA; 2.0 ml s.c.), and bovine rota-coronavirus-Escherichia coli
(Pfizer Animal Health, Exton, Pennsylvania 19341 USA; 2.0 ml i.m.), and received vitamin E alpha-
tocopherol (Schering-Plough Animal Health Corp., Union, New Jersey 07083 USA; 1800 IU i.m.),
and penicillin B benzathine and G procaine (The Butler Company, Columbus, Ohio 43228 USA;
3,600,000 IU s.c.), during the initial physical examination.  Whole cow’s milk with lactase
(Lactaid®, McNeil Consumer Healthcare, Fort Washington, Pennsylvania 19034 USA; 9 drops / 1.8
L milk), was administered by tube feeding on the first day of hospitalization.  

The calf refused bottle feedings during the first night and into the second day.  It became weak and
hypothermic (97.5 °F ).  Significant blood results on day two of hospitalization included leukopenia
(1.15 × 103 /:l) and a rise in glucose (94 mg/dl).5  A jugular catheter was placed in the giraffe to
initiate i.v. maintenance fluids with initial fluids consisting of 2.5% dextrose in 0.45% sodium
chloride (5.5 L i.v.), potassium penicillin (Marsum Pharmaceuticals Inc., Cherry Hill, New Jersey
08034 USA; 60,000,000 IU q.i.d. i.v.), and amikacin (Fort Dodge Lab., Inc.; 170 mg b.i.d. i.v.),
pending blood culture results.  On day two of hospitalization, the giraffe received a total of 2 L of
a cow’s milk / electrolyte mix by syringe using a ball tipped metal catheter, and 1 L of plasma (i.v.),
collected from an adult giraffe in the collection.  Escherichia coli and Pseudomonas putida were
grown from the blood on the fourth day of hospitalization.  Both organisms were sensitive to
penicillin and amikacin.

During the third and fourth days of hospitalization, the calf refused to nurse from a bottle or swallow
when fed using a syringe.  For this reason, an 18-ga french catheter was secured as a nasoesophageal
(NE) tube to provide essential nutrients to the calf.  Whole cow’s milk (1.5 L), with lactase (8
drops/1.5 L) added, was delivered at 5-hr intervals and the calf accepted these feedings for the first
two days.  Clinical signs associated with the NE tube were noted on the third day of use and
included regurgitation of curdled milk.  These signs were most likely due to ileus, secondary
abomasal overload, and rumen filling.  On the fifth day with the NE tube, the gastrointestinal tract
was suctioned and gas and sour milk were removed via the naso-eosphageal tube.  At this time, day
eight of hospitalization, it was decided to begin TPN, formulated similar to that used in equine
patients.8

Based on the giraffe’s weight (68 kg), a total of 680 ml 50% dextrose (Phoenix Scientific, Inc., St.
Joseph, Missouri 64506 USA), 800 ml 8.5% amino acid solution (Baxter Healthcare Corp.,
Deerfield, Illinois 60015,USA), 340 ml 10% lipid solution (Baxter Healthcare Corp.), 300 ml 0.9%
saline (Abbott Lab., North Chicago, Illinois 60064 USA), 40 mEq KCl (The Butler Co.), and 1270
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ml sterile water were mixed in a sterile filtered compounding bag (Baxter Healthcare Corp.) using
sterile techniques under a hood.  The maintenance rate of delivery was determined to be 2.5
ml/kg/hr.  The rate was started at 25% of maintenance and then gradually increased during the first
12 hr.  Parenteral nutrition was delivered through a 14-ga jugular catheter (Abbocath-T radiopaque
FEP i.v. catheter, Abbott Ireland, Sligo, Republic of Ireland), placed in the jugular opposite the 18
ga i.v. fluid catheter.  Parenteral nutrition was administered for 12 days of hospitalization.  A water
soluble/fat soluble vitamin mix (Baxter Healthcare Corp.; per label) was added to the bags starting
at three days of delivery.  During the 12 days of PN, a total of two bags of solution and two 14-ga
catheters were used for this patient.  The PN was discontinued when the second catheter became
blocked, and the giraffe was taking food from bottles and had become more difficult to handle.  

The giraffe was offered bottles and syringe feedings throughout PN, consisting of a mixture of
goat’s milk, cow’s milk, and water administered at an estimated 10% body weight.  Additionally,
water was administered via the NE tube, and unlike milk via NE tube, did not cause irritation or side
effects.  During TPN, the calf would not take any food orally on many days.  Therefore, both TPN
and PPN were needed to provide essential nutrients to this calf.

Throughout the 56 days of hospitalization, the giraffe received a variety of parenteral (i.v. and i.m.)
and oral drugs for maintenance of normal physiologic processes, the prevention and treatment of
bacterial and fungal infections, and to minimize gastrointestinal complications associated with the
NE tube, forced enteral feedings, and PN alimentation.  In addition to the parenteral nutrition and
those provided previously, drugs administered during hospitalization included Plasmalyte A (Baxter
Healthcare Corp.; 20 L i.v.) with 20 mEq KCl/L (The Butler Co.), 50% dextrose (Phoenix Scientific,
Inc.), penicillin B benzathine and G procaine (The Butler Co.; 3,600,000 IU s.c. for one dose),
potassium penicillin (Marsum Pharmaceuticals Inc.; 3,600,000 IU q.i.d. i.v. for 12 days), amikacin
(Fort Dodge Inc.; 170 mg b.i.d. i.v. for 12 days), sulfadiazine/trimethoprim (Shering-Plough Animal
Health Corp.;1000 mg b.i.d. i.m. for 7 days), sulfamethoxazole/trimethoprim (Mutual
Pharmaceutical Co., Inc., Philadelphia, Pennsylvania 19124 USA; 2000 mg b.i.d. p.o. for 10 days),
ceftiofur (The Upjohn Co., Kalamazoo, Michigan 49001 USA; 750 mg b.i.d. i.v. for 3 days and s.c.
for 8 days), ranitidine (Glaxo Pharmaceuticals, Research Triangle Park, North Carolina 27709 USA;
140 mg t.i.d. i.v. for 15 days), cimetidine (Abbott Lab.; 340 mg t.i.d. i.v. for 10 days), vitamin B
complex (Veterinary Lab., Inc., Lenexa, Kansas 66215 USA; 10 ml/L fluid i.v.), nystatin
(Pharmafair, Inc., Hauupauge, New York 11788 USA; 1,500,000 U b.i.d. p.o. for 20 days),
sucralfate (Hoeschst Marion Roussel, Inc., Kansas City, Missouri 64137 USA; 6,000 gr t.i.d. p.o.
for 10 days), peptonized iron (Horse Health Products, A division of Farnom Co., Inc., Phoenix,
Arizona 85067 USA; 4 ml s.i.d. p.o. for 10 days then 2 ml p.o. for 39 days), alpha tocopheryl acid
succinate (Mazuri, Richmond, Indiana 47374 USA; 900 U s.i.d. p.o. for 52 days), human baby
multivitamin mix (Major Pharmaceuticals, Livonia, Michigan 48150 USA; 3 ml q.i.d. p.o. for 52
days) and metoclopramide (A.H. Robbins Co., Richmond, Virginia 23220 USA; 20 mg q.i.d. p.o.
for 10 days).

Temperature, pulse, respiration, fecal and urine output, chemistry profiles and CBCs were monitored
daily for the first 32 days of hospitalization.  This daily monitoring was extremely important to
assess the calf’s health status.  Antibiotic and antifungal drugs were based on the WBC count.  Both
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leukopenia and leukocytosis with left shifts were identified at different periods.  Additionally,
changes in the chemistry profile were used to make adjustments in the contents of the parenteral
nutrition and fluid delivery.  Although mild abnormalities were noted during hospitalization (i.e.,
hyperkalemia, increased creatinine, increased triglycerides), no life-threatening problems developed
as the veterinary staff continually modified treatments based on clinical pathology.

In addition to the difficulties associated with feeding this calf, and possibly directly related to these
difficulties, many clinical abnormalities occurred during hospitalization.  These included peripheral
edema which progressed to sloughing of tissue from an ear, coronary band, and hoof, hypopyon and
keratic precipitates, and bloat with regurgitation and constipation. Treatments for these conditions
included attempts to increase the blood total protein and topically medicate wounds associated with
sloughed tissue, parenteral and oral antibiotics and antifungals, and soapy enemas and stomach
tubing to remove gas and soured milk, respectively.

The giraffe was released to its enclosure after 56 days of hospitalization after receiving a second
bovine rota-coronavirus-E. coli vaccination (2 ml s.c.).  Although no body weight is recorded for
this date, he was eating hay and grain, very alert and active and off all medications, except long-term
supplementation with oral peptonized iron and alpha tocopheryl acid succinate.  Three years later,
the giraffe is thriving at White Oak Conservation Center.

Discussion

The success of hand-rearing this giraffe was due in large part to our ability to provide an initial
plasma transfusion then to supply essential nutrients by the parenteral route for an extended period.
Complications associated with attempts to feed this giraffe (patient’s refusal to eat and severe
gastrointestinal upset associated with the NE tube) made providing proper enteral nutrition virtually
impossible.  For this patient, we used PPN as much as possible by offering small amounts of formula
enterally.  Partial parenteral nutrition leads to much fewer metabolic derangements than TPN in
patients and ensures a healthier gastrointestinal tract due to nutrient supplementation for enterocytes
via intermittent enteral feedings. 

The PN solution we used was formulated based on recommendations for equine patients.8
Therefore, it was imperative to monitor serum chemistries frequently so that necessary modifications
of the PN solution and supplements could be made based on the status of our giraffe patient.  Daily
body temperature recordings and CBCs were also important, due to the common complication of
catheter sepsis in patients receiving PN.9   Vitamins may be added to some PN solutions using a
multivitamin which provides all fat and water soluble vitamins, with the exception of vitamin K as
it is incompatible with PN solutions.

The cost associated with parenteral nutrition is one factor that may preclude its use in many
nondomestic species.  Parenteral nutrition has been used successfully in a premature black
rhinoceros (Diceros bicornis), reticulated giraffe, and a neonatal llama (Llama glama).3,4,6  Although,
the true cost (daily estimated cost for TPN in a horse foal is $65), laboratory monitoring, and hidden
costs (24 hr staff monitoring) of PN is high and probably impractical for many zoos, PN could be
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the difference between survival and death in some zoo patients.10  Additionally, in endangered
species cost may not be an issue and PN may be invaluable for the survival of neonatal or diseased
individuals within these populations.
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Abstract

A 10-yr-old intact female Western lowland gorilla (Gorilla gorilla gorilla) housed at the Columbus
Zoo and Aquarium was evaluated for episodic bouts of lethargy, trembling, and stupor occurring
January to February 2001.  On visual exam, the animal appeared alert, though slightly lethargic, with
mild shaking of the hands.  Clinical signs seemed self-limiting, typically more prominent in the
morning, and steady improvement occurred throughout the day.  Review of the animal’s medical
history revealed that similar clinical signs had been observed during a first pregnancy, which began
in August 1998.  Serum chemistry panels on two separate occasions during this pregnancy
documented hypoglycemia (Table 1). One of these hypoglycemic occasions correlated with petit mal
seizures and unconsciousness.

With this history and current clinical signs, episodic hypoglycemia was suspected.  Differential
diagnoses for this presentation included pancreatic islet cell tumor (insulinoma), mesenchymal
tumor, auto-immune hypoglycemia, and reactive hypoglycemia.   Banked sera from this animal and
two other similarly aged, reportedly healthy, Western lowland gorillas were submitted for
measurement of glucose, insulin, proinsulin, and C-peptide levels (Table 1).  Based on these results,
a diagnosis of insulinoma was highly suspected.

In April 2001, localization of the suspected tumor was attempted.  The gorilla was immobilized with
tiletamine-zolazepam (Telazol®, Fort Dodge Animal Health, Fort Dodge, Iowa 50501 USA, 2.3
mg/kg i.m.) for transport to the Ohio State University School of Veterinary Medicine.  Anesthesia
was maintained by isoflurane (Isoflo®, Abbott Laboratories, North Chicago, Illinois 60064 USA)
to perform a celiac angiogram and contrast-enhanced computed tomography (CT).   The angiogram
demonstrated a small, abnormal contrast “blush” in the region of the head of the pancreas.  CT with
arterial phase contrast also revealed a contrast-enhanced mass in the region of the head of the
pancreas, measuring approximately 4 cm.

Exploratory laparotomy was performed in June 2001 using the previously described anesthetic
protocol.  Utilizing intra-operative ultrasound, a hypoechoic region was identified within the tail of
the pancreas.  Partial pancreatectomy was performed, and the excised portion was submitted for
histopathology.  This evaluation demonstrated no discrete neoplasm.  However, the pancreatic
parenchyma had a multinodular to multilobular pattern with increased numbers and hyperplasia of
islets.  A final diagnosis of nesidioblastosis was made based on histopathologic findings.  This is
the first reported case of nesidioblastosis in a non-human primate.
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Table 1.  Serum concentrations of glucose, insulin, proinsulin, and C-peptide in three Western
lowland gorillas.
Animal/date Glucose

(mg/dl)
Insulin

(uIU/ml)
Proinsulin
(pmol/L)

C-Peptide
(pmol/L)

Mollya 63 1.9 13 280
Fosseyb 58 6.8 15 340
Kebic   05 Nov 98 41 1.5 7.3 150
            27 Jan   99 <20 16.8 33 240
           19  Feb  99 68 94.5 47 2300
Human Reference Ranges 70-125 1.4-14 3-20 170-900
aReportedly healthy intact female gorilla of similar age.
bReportedly healthy intact male gorilla of similar age.
cAffected animal
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Abstract

In May 2000, Oakland Zoo’s 28-yr-old breeding bull African elephant (Loxodonta africana) was
evaluated for mild diarrhea of four days’ duration. Historically, the bull had few, relatively minor,
medical problems, including a low serum vitamin E level in 1998.  At the current presentation, the
physical examination was within normal limits, and body weight was adequate (7590 kg). In the
following 7 mo, the bull continued to have diarrhea and abdominal distention of varying severity,
with a consistent, normal appetite.  Diarrhea ranged from barely softened fecal boluses to severe
hematochezia and liquefied feces with colic.   Diagnostic testing performed during this time was
extensive.  Weekly complete blood counts and serum chemistries, and urinalyses were completed.
Persistent mild anemia, hyponatremia and hypochloremia were the only abnormalities found.
Additionally, feed analysis, over 30 successive negative stool cultures for Salmonella, repeated
negative stool cultures for other pathogens such as Clostridium, Campylobacter, and other enterics,
including E. coli (serotyped), as well as Mycobacterium paratuberculosis and M. tuberculosis were
completed and did not provide an etiologic agent.  Serial fecal parasite evaluations, fecal electron
microscopy for viruses, and serum tests for Leptospira sp., malignant catarrhal fever, bovine viral
diarrhea, bluetongue, and infectious bovine rhinotracheitis, Ehrlichia risticii were also negative and
no abnormalities of heavy metals (copper, magnesium, lead, iron, selenium, zinc) were found.
Lastly, feces evaluated for E. risticii by PCR were found negative and rectal biopsies collected by
endoscopy were non-diagnostic.  Fecal occult blood and cytology were routinely performed during
the illness and were abnormal only during the period of hematochezia and liquefied feces.   

Treatments in the first few months consisted primarily of feed exclusion trials, when soft feces and
minor abdominal distension were the only clinical signs. Produce, concentrates (Mazuri Elephant
Pellets without vitamin E, PMI Nutritional International Inc., Brentwood, Missouri 63144 USA),
and browse were eliminated from the diet, reducing the diet to hay only; produce was eliminated
immediately followed by gradual reduction of browse and concentrates for over 6 mo.  Hay types
were then changed to try sudan, oat, wheat, and meadow grass; feeding each type of hay lasted
approximately 4 to 6 wk.  Feeding frequency was increased to every 20-60 min during the day, with
two night feedings, to decrease the volume of each meal. This final method of feeding did reduce
the diarrhea slightly. After several months, browse then concentrates were slowly added back into
the diet, as their elimination had no beneficial effect.  

Two sudden, severe exacerbations of clinical signs occurred in the third and fifth month of the
illness. In August 2000, the bull developed a sudden onset of bloody diarrhea, tenesmus, extreme
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bilateral bloat, anorexia, adipsia, weakness, and lethargy. Parenteral treatment with amikacin (Butler
Co., Columbus, Ohio 43228 USA; 5 mg/kg, s.i.d., i.m for 10 days) and ceftiofur (Naxcel, The
Upjohn Co., Kalamazoo, Michigan 49001 USA; 1 mg/kg s.i.d., i.m for 10 days.) resolved clinical
signs in eight days.  However, the diarrhea slowly returned after cessation of treatment.  During the
fourth month, treatments included a course of rectally administered metronidazole (500 mg tablets,
15 mg/kg rectally s.i.d. for 10 days); ivermectin (Eqvalan paste, Merck Sharp and Dohme Quimica
de Puerto Rico Inc., Barceloneta, Puerto Rico, 0.065 mg/kg orally once); fenbendazole (Panacur
granules, Global Pharmaceuticals Inc., Don Mills, Ontario, Canada, 5 mg/kg orally s.i.d. for 5 days);
lactobacillus equine supplements (Probios gel, CHR Hansen Biosystems, 9015 West Maple St.,
Milwaukee, Wisconsin, 53214 USA); elephant fecal supplements; continued salt supplementation,
and frequent feeding and watering.  In October, a sudden onset of watery diarrhea and weakness
occurred.  The elephant was again treated with parenteral amikacin (6 mg/kg s.i.d., i.v. for 14 days,
with the dose administered i.m. on day 13 and 14) and ceftiofur (2.2 mg/kg, s.i.d., i.m for 14 days).
Treatment also included ranitidine (Zantac, Glaxo Wellcome, PO Box 13398 Research Triangle
Park, North Carolina, 27709 USA, 0.5 mg/kg orally b.i.d. for 14 days), and flunixin meglumine
(Banamine paste, Shering-Plough Animal Health Corp., Union, New Jersey 07083 USA, 0.5-1.1
mg/kg orally s.i.d to b.i.d. for 6 days). The weakness resolved, but diarrhea continued.
 
In the ninth month, January 2001, the bull’s clinical signs progressed to include ventral peripheral
edema, multiple areas of dermatologic pustules, lethargy, reluctance to move, weight loss,
episcleritis, and oral ulcerations. Due to the noted weight loss, concentrates and hay were increased
in the diet.  In February 2001, endoscopic intestinal biopsy provided little informative
histopathology.  Due to progression of disease and poor response to the second course of
antimicrobials, oral prednisone was initiated on March 10, however only a single oral dose was
administered. On March 11, 10 mo after the onset of illness, the elephant collapsed.  Despite
supportive treatment for shock and assisted lifting with a crane, the elephant could not rise, and died
15 hr after onset of recumbency.

Pathology

The cause of chronic diarrhea, debilitation, and, ultimately, death, in this middle-aged bull African
elephant was not determined after extensive clinical diagnostics and a complete necropsy.
Pronounced pigmentation was noted in the liver, kidney, and brain, and to a lesser extent in the
heart, skeletal muscle, and mesenteric ganglia. This unusual pigment was partially PAS-positive,
slightly acid fast, and possessed autofluorescence, similar to lipofuscin.  It was negative with iron,
copper, bile, and melanin stains.  By transmission electron microscopy, hepatocytes were packed
with mitochondria often containing lipid and electron dense bodies, and other membrane-bound
electron dense bodies were consistent with lipofuscin.1 These lipofuscin aggregates appeared the
result of terminal mitochondrial degeneration.  Lipofuscin pigments are seen in aging animals of
many species by post mitotic cell lysosomes accumulating cellular materials of autophagocytosis.11

It is commonly reported in large amounts within the liver, brain, heart, and skeletal muscle of
captive aged elephants.5 



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS144

Lipofuscin accumulation in the brain or liver or both may also be associated with genetic enzyme
deficiencies, such as those seen in South Hampshire sheep or Devon cattle.8,9  Alternatively, it may
be seen in association with plant intoxications, such as Gomen disease in horses or Acacia aneura,
Trachyandra divaricata, or Trachyandra laxa in sheep, goats, horses, and pigs.4  T. divaricata and
T. laxa also produce marked lipofuscinosis in the renal cortex and lymph nodes. Interestingly, the
degree of histologic neuroaxonal damage noted in sheep and horses intoxicated with T. divaricata
and T. laxa is not consistent with the degree of clinical signs.  This suggests some unrecognized sub-
lethal effect, leading to the marked lipofuscinosis and neurologic disease.3,7,10  In this elephant, the
degree of lipofuscinosis in the liver, kidney, and brain far exceeds that seen even in considerably
older elephants (R.J. Montali, personal communication).  Genetic or enzyme mutations have not
been reported in elephants, this animal was wild caught, and presumed not inbred, so genetic causes
are considered unlikely. Investigations into its diet reveal that it had consumed large amounts of
browse offered by the zoo for behavioral enrichment and more balanced nutrition.  This browse was
mixed, but contained large amounts of Acacia melanoxylon, Acacia dealbata, and Chinese elm
(Ulmus parvifolia).  Reports of toxicity from these plants are limited, but A. melanoxylon does
contain polyphenols, which may reduce protein and nitrogen digestion and assimilation.  Other
Acacia sp. have been associated with posterior paralysis, but not lipofuscinosis.2,6   Lipofuscin
deposition is considered to be a result of oxidative damage accumulated over a period of time.  This
elephant was reportedly deficient in vitamin E 2 yr earlier, but its diet had been successfully
corrected long before clinical signs began.  It is possible, however, that lipofuscin had accumulated
during the deficient period.  Vitamin E deficiency has, however, been reported in mammals, without
observation of similar clinical signs or pathologic lesions.  

A definitive etiology for this elephant’s marked lipofuscinosis is currently unknown. Archived
necropsy materials from African and Asian elephants with similar clinical signs may provide
additional etiologic information once reviewed. 
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Abstract

In November 1999, four (two male and two female) wild caught, captive reared, North American
river otters (Lontra canadensis), approximately 3 yr of age, entered quarantine in a large southern
zoo.  These animals had been caught as pups and hand-reared in Louisiana. Routine quarantine
health screen revealed all animals positive for Dirofilaria immitis infection based on serum antigen
detected by ELISA (PetCheck, Idexx, 1 Idexx Drive, Westbrook, Maine 04092 USA) and
morphologic evaluation of the circulating microfilaria. These animals were classified as stabilized
Class 1 heartworm infection based on the following criteria:  asymptomatic, no cardiopulmonary
radiographic signs, normal packed cell volume, and no loss of body condition.  Adulticidal treatment
was elected to eliminate or control the heartworm infection in these young animals before clinical
signs appeared.  Melarsomine (Immiticide, Merial, 3239 Satellite Boulevard, Duluth, Georgia 30096
USA) at 2.5 mg/kg injected intramuscularly deep in the left lumbar epaxial musculature.  Twenty-
four hr after administration, one female was found dead, the other showed clinical signs of
respiratory distress, coughing, and a stretched posture with head extended upward to compensate
for dyspnea.  At this time, the two males appeared normal, but progressed to similar clinical signs
over the ensuing hours.  The animals did not respond to aggressive steroid and diuretic therapy and
died spontaneously following short courses of coughing and respiratory distress.  The last animal
died approximately 36 hr after melarsomine administration.
 
Gross necropsy exam revealed excellent body condition in all four animals.  A single dead adult
heartworm was identified in the right atrium of two animals.  Two adult worms were identified in
the right atrium of one animal.  No adult heartworms were identified in the heart or great vessels of
one animal.  All animals had wet lungs that oozed clear fluid on cut surface and thoracic connective
tissues were edematous.  Histopathologic findings were similar for the four animals.  Pulmonary
parenchyma was markedly congested and diffusely edematous.  Adrenal glands had congestion of
blood vessels with swelling and vacuolation of cortical epithelial cells.   Adult nematodes and
microfilaria did not appear particularly degenerated in examined sections.  Death of the otters was
attributed to acute shock, predominantly targeting the lungs and adrenal gland.

The margin of safety of melarsomine is narrow.  The therapeutic dose in domestic canids is 2.5
mg/kg, with tremors, respiratory distress, stupor, and death occurring at 7.5 mg/kg.    Melarsomine
is safe in healthy, heartworm-free cats at doses up to 3.5 mg/kg, but death occurs at 4 mg/kg.  One
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study documented that healthy ferrets tolerated melarsomine administration at doses up to 9.75
mg/kg with no ill effects; melarsomine at 3.25mg/kg twice, 24 hr apart, provides 80% efficacy as
a heartworm adulticide in ferrets.2   However, one practitioner who treated five heartworm positive
ferrets at 2.5 mg/kg reported that two animals died within 12 hr of drug administration.1 It is
believed that the death of the otters following melarsomine administration (2.5 mg/kg) was due to
direct drug toxicity, rather than to a thromboembolic shower of dead D. immitis antigen. In these
otters, death occurred within 12-36 hr.  Death secondary to antigenic showering can be acute, but
more commonly takes days to weeks of progressive pulmonary disease, even in cats. Histology
demonstrated only pulmonary edema without evidence of thromboembolism or inflammatory
reaction. The microfilaria and adult nematodes seen on cut section did not appear to be particularly
degenerated.  The adult nematodes seen in the otter necropsies likely died shortly after the otters
died, not because of the effect of the melarsomine.  Death of adult worms due to melarsomine
usually takes a period of days (J.W. McCall, personal communication).

Melarsomine has been tested on a narrow range of species, including the domestic dog, domestic
cat, and domestic ferret.  Based on this report, it appears that wide species differences exist in the
direct toxic effects of this drug.   The North American River otter seems to have a much lower safety
margin than the other species tested, including the ferret that is in the same taxonomic family.
Investigation into the progression of heartworm disease in infected otters, as well as alternatives to
arsenical adulticidal therapy should be initiated.
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Abstract

Atoxoplasma sp. are coccidian parasites that exhibit a prolonged life cycle, involving both the
reticuloendothelial system and intestinal epithelium.  Merogony (asexual reproduction) occurs in
both lymphoid-macrophage cells and intestinal cells, resulting in the presence of merozoites in the
mononuclear leukocytes of the peripheral blood.  Gametogenesis (sexual reproduction) occurs in
the intestinal cells of the same host.1-3  Infection with Atoxoplasma sp. has been documented in a
variety of passerine species.5-8  The death of several tanagers (Family Emberizidae) from confirmed
and suspected Atoxoplasma infections prompted this study to determine prevalence of infection
within the tanager collection at a large zoological park.

Diagnosis of atoxoplasmosis has been historically difficult, relying primarily on identification of
the organism in a buffy-coat or organ impression smear. For this study, a polymerase chain reaction
(PCR) assay was used to test blood, feces, or tissue samples from 55 birds, representing 15 tanager
species (Genera Dacnis, Thraupis, Tangara, Cyanerpes, Habia, Ramphocelus, Piranaga, Tersina,
Euphonia, and Tachyphonus).4  From clinically healthy birds, 17 of 33 (51.5%) blood samples and
one of eight (12.5%) fecal samples were positive for Atoxoplasma by PCR.  Frozen tissues
(preferentially liver, spleen, and intestine) from 25 deceased birds were tested using PCR and 16 of
25 (64.0%) were positive for the parasite.

A survey was then sent to 57 institutions to qualitatively determine the extent of Atoxoplasma
infections in other tanager collections and establish that the infections were not an incidental finding
in one institution.  Twenty-two institutions responded to the survey and four of those (18.8%)
provided necropsy reports that were strongly indicative of Atoxoplasma infections. Of those
responding institutions, only one other was using PCR to identify the organism.

The high percentage of Atoxoplasma-positive results from clinically healthy birds suggests that
Atoxoplasma is prevalent sub-clinically within captive tanager collections.  Young birds and stressed
adults are the most likely to develop clinical disease.  The prevalence suggests that changes in
husbandry and breeding should be undertaken to decrease the risk of transmission within a
collection.  Thorough disinfection of enclosures, changes in enclosure design, and the prevention
of fecal contamination of food and water are the most important methods for decreasing
transmission.  Selective breeding programs and regular screening of breeding pairs will facilitate
the reduction of the Atoxoplasma organism within a collection and minimize transmission to the
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more susceptible offspring.  Care should also be taken when housing tanagers in outdoor enclosures,
as the transmission risk of Atoxoplamsa infection from wild passerines has not been established.
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Abstract

A 7-mo-old Central American jaguar  (Panthera onca) presented with chronic, profound, and
unresponsive inspiratory dyspnea of 1-wk duration.  Initial bloodwork revealed anemia and severe
leukocytosis with a left shift. The animal was treated presumptively with oral antibiotics without
amelioration of clinical signs. Radiographs at a second exam revealed atelectasis of the left lung and
mediastinal lymphadenopathy.  For diagnosis and resolution of disease, an exploratory thoracotomy
and total left lung lobectomy were performed. Histopathology of the excised tissue revealed severe
disseminated pyogranulomatous pneumonia with intralesional hyphae consistent with Pythium
insidiosum, by immunodiagnostics and culture.  The animal recovered from the surgery well, but
after 2 wk re-presented with severe inspiratory dyspnea.  Despite attempts to nebulize antibiotics
and provide oral antifungals to the animal, the cub succumbed 3 wk after surgery.  This is the first
report of primary pulmonary pythiosis in any species.   

Introduction

Pythiosis, caused by the aquatic oomycete Pythium insidiosum, is a devastating infectious disease
of tropical and subtropical climates.1-13  A mammalian pathogen in the class Oomycetes, it was first
described by de Cock in 1987 as the causative agent of a chronic granulomatous disease of horses
that had been recognized since the mid-19th century.  In dogs, it causes either severe transmural
gastroenteritis or locally invasive subcutaneous disease; both of which are often fatal.   The infective
stage of P. insidiosum is believed to be a motile zoospore that is released into stagnant water in
warm environments.  Infection results from this stage by encysting in the skin or by ingestion.

Case Report 
 
A 7-mo-old male Central American jaguar (Panthera onca) presented with chronic inspiratory
dyspnea of 1-wk duration. The animal was chemically restrained with combined medetomidine and
ketamine (Dormitor, Pfizer Animal Health, Exton, Pennsylvania 19341 USA; 0.6 mg i.m., and
Ketaset, Fort Dodge Animal Health, Fort Dodge, Iowa 50501 USA; 140 mg i.m.). Sedation was
reversed with atipamezole (Antisedan, Pfizer Animal Health, 7 mg i.m.). Severely decreased
inspiratory sounds were coupled with radiologic images of left lung atelectasis . An initial
hemogram revealed a severe leukocytosis with a left shift (WBC 35 × 103 /:l) and a moderate
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anemia (Hct 20%). Treatment with amoxicillin and clavulonic acid (Clavamox, Pfizer Animal
Health, 11 mg/kg. b.i.d., p.o. for 3 days), followed by enrofloxacin (Baytril, Bayer Corp., Shawnee
Mission, Kansas 66201 USA, 5 mg/kg, b.i.d., p.o. for 4 days) and then clindamycin (Cliocin
Phosphate, Pharmacia & Upjohn, Kalamazoo, Michigan 49001 USA, 22 mg/kg, t.i.d., p.o. for 10
days) alternated with amoxicillin (Clavamox, PfizerAnimal Health, 20 mg/kg, t.i.d., p.o. for 10
days), all failed to resolve the clinically evident dyspnea after 2 wk. 

The animal was sedated for a second exam with the combined medetomidine and ketamine as
before.  Sedation was reversed with atipamezole (Antisedan, Pfizer Animal Health; 3 mg i.m.). A
second blood sample revealed a decreased leukocytosis (WBC 17 × 103/:l) without a left shift.
Radiography revealed an atelectatic or collapsed lung and a suspected hilar mediastinal mass.
Cytology of the mass by fine needle aspirate revealed chronic inflammation with no evident
microorganisms. Culture of this aspirate was negative for aerobic and anaerobic bacteria. 

Two days later, due to the aggravated dyspnea and respiratory distress, the animal was transported
by air to the Louisiana State Veterinary Teaching Hospital.  The animal was given midazolam
(Versed, Hoffman-La Roche, 340 Kingsland St., Nutley, New Jersey, 07110 USA; 10 mg i.m.) by
polesyringe 15 min prior to crating for helicopter transport. Transport time was reduced to less than
30 min for an 80-mile trip involving two large urban centers. Upon arrival to the hospital, the animal
was chemically restrained with ketamine (Ketaset, Fort Dodge Animal Health; 80 mg i.m.),
entubated, and maintained on isoflurane (IsoFlo, Abbott Laboratories, North Chicago, Illinois 60064
USA). An exploratory thoracotomy was selected as the next course of action based on confirmatory
radiographs.

The affected left lung was surgically resected by thoracotomy via removal of the seventh and eight
costae. Intra-operative cytology revealed a granulomatous reaction with severe eosinophil
infiltration, which was strongly suggestive of a fungal or chronic bacterial pneumonia. Although the
dyspnea was partially alleviated by the surgery, the animal still showed signs of labored breathing.
Buprenorphine hydrochloride (Buprenex, Reckitt & Colman Pharmaceuticals, 1909 Huguenot Road,
Richmond, Virginia 23235 USA, 0.8 mg i.m. b.i.d. for 2 days) was provided for analgesia and
enrofloxacin (5 mg/kg, b.i.d., p.o. for 5 days) was given post-operatively. Slowly, the animal’s
appetite improved. Eight days after surgery, the animal was unable to vocalize, and was partially
anorectic, but was aggressive and active. The animal became dyspneic and moderately anorectic
again two days later. Biopsy histopathology revealed severe disseminated pyogranulomatous
pneumonia with intralesional hyphae.  Immunohistochemistry, immunoblot serology, and culture
with molecular as well as morphologic identification of the pathogen indicated that the causative
organism was Pythium insidiosum. The possibility of cross-reaction of the animal’s sera to the
organism was eliminated by confirmed negative results from banked sera of conspecifics, which
were all housed with the affected animal. 

Treatment for a deep pulmonary infection was attempted with itraconazole (Itraconazole, Carr
Drugs, Gen. DeGaulle Drive, New Orleans, Louisiana 70114 USA, 10 mg/kg s.i.d., p.o. for 10 days)
and terbinafine (Lamisil, Novartis Pharmaceuticals Dorval, Quebec,  H9S 1A9, Canada, 5 mg/kg,
s.i.d., p.o. for 14 days), but patient compliance was poor.  Six days later, the animal received
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methylprednisolone (SoluDeltaCortef, Pharmacia & Upjohn, Kalamazoo, Michigan 49001 USA,
2.5 mg/kg, s.i.d., i.m. for 2 days) which alleviated the dyspnea. Nebulization with 1% clotrimazole
(Clotrimazole 1%, Carr Drugs, 40 mg total, nebulized for 1 hr for 10 days) was attempted as a
means of intra-lesional delivery.  Appetite and mentation were improved subjectively with this
treatment.  Twenty two days after surgery, the animal suffered  a severe respiratory crisis during
nebulization and expired.

Necropsy revealed a large (7 cm × 10 cm) severely inspissated yellowish granuloma at the carina
that completely occluded both bronchi. The remaining lung had severe inspissation, areas of
atelectasis, and contained turbid yellowish exudates throughout the bronchial tree. All thoracic
lymph nodes were visibly enlarged. Final histopathology revealed multiple coalescing granulomas
with hyphal structures in the lung confirmed by immunohistochemistry and culture as P. insidiosum.

Discussion

Pythium insidiosum is an oomycete most frequently associated with water in tropical or subtropical
climates. It has never been described as a primary pathogen in a deep pulmonary infection in any
species. The exhibit in which this animal and its littermates were housed contained a waterfall and
small pond feature, and although Pythium insidiosum was not cultured from the environmental water
samples due to interference by severe bacterial overgrowth, they are presumed to have been the
source of the organism. It is hypothesized that the organism was nebulized and aspirated by the
jaguar, as the original source of infection. Pythiosis has a poor prognosis in most species, even when
treated aggressively. 
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HEMOABDOMEN SECONDARY TO PANCREATIC CARCINOMA IN A RUWENZORI
LONG-HAIRED FRUIT BAT (Rousettus lanosus)

Leigh A. Clayton, DVM,* Natalie D. Mylniczenko, DVM, MS, and Ann L. Manharth, DVM

Lincoln Park Zoo, 2001 North Clark Street, Chicago, IL 60614 USA

Abstract

A captive, 10-yr-old male Ruwenzori fruit bat (Rousettus lanosus) (0.2 kg) was examined for
inability to perch. Physical exam findings included tachypnea, dehydration, and enlarged abdomen.
Abdominocentesis was grossly consistent with hemoperitoneum. Medical treatment successfully
resolved the initial crisis and lead to clinical improvement over the next four days.  Auto-transfusion
was utilized as part of supportive care without apparent complications.  Subsequently, clinical
condition declined and exploratory surgery revealed probable metastatic neoplasia in the abdomen.
Histopathology confirmed metastatic pancreatic carcinoma.    

Introduction

Hemoperitoneum has been reported in a number of species.8,10,11,17,22  In domestic dogs and cats,
trauma and neoplasia are the most common causes.4  These patients frequently present in circulatory
collapse and initial supportive care is undertaken prior to definitive diagnosis.  Medical management
alone, including intravenous fluids, may be adequate for short-term supportive care and long-term
resolution in some cases of traumatic hemoperitoneum. In other cases, surgical intervention is
needed for treatment as well as definitive diagnosis.4 

Auto-transfusion of free blood recovered from body cavities is a recognized form of providing
oxygen carrying capacity as well as hemodynamic support in veterinary and human medicine.14,19

Advantages of auto-transfusion include blood compatibility, elimination of infectious disease
transmission, decreased risk of overhydration, and immediate availability. Potential disadvantages
include induction of coagulopathy, dissemination of malignant cells or microemboli, and infusion
of a contaminated sample.19  

Pancreatic carcinoma has been identified in a number of animals and may present in a variety of
ways, although hemoperitoneum is uncommon.1,13,16,18,20,21,23,25 Abdominal organ neoplasia is not
commonly described in Chiroptera species.2,3,5,6,12  

Case Report

In 1997, Lincoln Park Zoo acquired the animal of this case as part of a single sex group. The
Ruwenzori fruit bats (Rousettus lanosus) are housed with straw-colored fruit bats (Eidolon helvum),
and hyrax (Procavia capensis), in a glass-fronted exhibit. They are maintained under reversed light
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cycle at 78 °F. All bats are bred captively and no additions have been made since acquisition. No
major health concerns in the bats have been identified.   

This animal was found on the exhibit floor. Physical exam revealed a lethargic animal with a taut,
distended abdomen, dehydration (8-10%), cool skin, and mild tachypnea. Clinical condition declined
during transportation to the veterinary hospital: mucous membranes became white, dyspnea
developed, and abdominal swelling progressed. Percutaneous abdominocentesis removed 1 ml of
non-clotting sanguineous fluid with packed cell volume (PCV) 17% and total protein (TP) 3.0 g/dl.
Direct and sedimentation cytology of the abdominal fluid was consistent with whole blood (Table
1). Lactated Ringers solution with 2.5% dextrose (LRS + 2.5% dextrose, 15 ml/kg, s.c.) was
administered. Whole body radiographs showed homogenous soft tissue density in the abdomen,
normal skeletal structure, and normal thoracic organs.  Major considerations for hemoperitoneum
included trauma, bleeding abdominal neoplasia, coagulopathy (toxin, liver disease, and
thrombocytopenia), and organ torsion (stomach, spleen, or liver lobe). 

The animal showed signs of progressive shock. Isoflurane anesthesia (IsoFlo, Abbott Laboratories,
North Chicago, Illinois 60064 USA) was induced to place an intraosseous (i.o.) catheter, repeated
abdominocentesis, and abdominal ultrasound. The i.o. catheter was made from a 22-ga, 1-inch
hypodermic needle inserted into the left proximal radius with the animal in sternal recumbency. LRS
+ 2.5% dextrose was repeated (15 ml/kg i.o.) as a bolus, three times intra-procedurally.  An auto-
transfusion was elected due to continued decline despite crystalloid support. A heparinized syringe
was used for abdominocentesis to obtain 5 ml of abdominal fluid. Four ml (20 ml/kg) was
administered i.o.; mucous  membrane color improved and respiratory and heart rates declined. An
additional 4 ml of abdominal fluid was removed and refrigerated. Ultrasound demonstrated free
abdominal fluid, normal liver echogenicity, and a rounded mass in the left cranial abdomen.
Enrofloxacin (Baytril, Bayer Corp., Shawnee Mission, Kansas 66201 USA, 4 mg/kg, i.m.) and
vitamin K1 (K-Ject, Burns Veterinary Supply, Inc., Rockville Centre, NY 11570 USA, 2 mg/kg, s.c.)
were provided.  The animal was placed in an incubator with ambient temperature of 90/ F and was
eating later in the day. LRS + 2.5% dextrose was administered at 0.5 ml i.o. every 2 hr for 10 hr after
recovery. Auto-transfusion of 3 ml stored blood was repeated 4 hr after initial dose. Oxygen (3
L/min) was delivered into the incubator though an inhalant anesthetic unit. 

The patient initially responded well to continued supportive care and was active and eating for three
days, although the abdomen remained distended.  LRS + 2.5% dextrose was continued i.o. until the
catheter was  removed on the third day.  Abdominocentesis was repeated on day 2 and 3 (Table 1).
Repeated ultrasound exam under anesthesia showed enlarged hepatic vessels and rounded masses
of heterogenous echogenicity with occasional hypoechoic centers in the abdomen. Radiographs
showed a normal thoracic cavity and loss of detail in the abdomen, although the cavity appeared
smaller than on initial radiographs. Oxygen was discontinued on the fourth day.

On day 5, the animal declined, was weak and dehydrated. Blood was obtained under inhalant
anesthesia for complete blood count (CBC) and serum chemistry evaluation. Abdominocentesis was
repeated and the animal improved by afternoon (Table 1). Leukocytosis (15,000/:l) with
neutrophilia (12,150/:l) and monocytosis (1,050/:l), anemia (18%), and panhyoproteinemia was
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present (albumin 2.4 g/dl, globulin 2.0 g/dl, and total protein 4.4 g/dl). 15   Asparate aminotransferase
(AST) was increased at 302 IU/L and total bilirubin was increased at 2.4 g/dl.15

Clinical condition declined, occasional vomiting developed, and abdominocentesis was repeated
seven days after presentation.  On the eighth day, exploratory laparotomy was performed to allow
definitive diagnosis and possible treatment. An i.o. catheter was placed in the right radius to supply
intra-operative fluid support. LRS + 2.5% dextrose was administered at 0.25 ml i.o. every 15 min
(5 ml/kg/hr).  Prior to surgery, 18 ml of sanguineous fluid was removed by abdominocentesis.  After
initial incision and removal of approximately 10 ml of abdominal fluid, pulse quality deteriorated.
Hetastarch (6% Hetastarch in 0.9%NaCl, GinsiaSicor Pharmaceuticals Inc., Irvine, California 92618
USA, 5 ml/kg, i.o.) was administered and pulse quality improved. Surgery revealed a lobulated,
friable, yellow-white mass (3 cm × 2 cm) with ulcerated areas in the cranial left abdomen. Nodules
were visible in the liver and by the spleen. The masses bled easily when handled. At 45 min into
surgery, the patient went into acute respiratory arrest and cardiac arrest rapidly followed.
Resuscitation efforts were not pursued.

Full necropsy and histopathology results were obtained. Grossly, two large masses were observed:
a 3 cm × 3 cm × 1 cm mass adjacent to the duodenum and a 2 cm × 1 cm × 0.8 cm mass in the
mesentery adjacent to the spleen. Similar masses of smaller size (generally under 5 mm) were noted
throughout the abdominal and thoracic cavities. Histopathologically, the masses were consistent
with pancreatic carcinoma. The gall bladder was surrounded by and impinged upon by the
carcinoma, bile canaliculi had bile plugs, and ductules had large quantities of bile. The duodenum
was also partially constricted by the neoplasia. Final diagnosis was pancreatic carcinoma with
multicentric metastases and serosal bleeding.

Discussion     

The abdominal fluid accumulation was likely secondary to pancreatic carcinoma hemorrhage,
although hemoperitoneum is not commonly reported with this tumor.1,13,16,18,20,21,23 Pancreatic
carcinoma is frequently aggressive with metastatic disease present at diagnosis, as in this case.9,18,24

On initial presentation, collapse was believed  due to acute hemorrhage. However, given the
abdominal fluid volume, it seems plausible that chronic bleeding or ascites was also present.
Initially, 9 ml of blood was removed but an estimated 5 ml (minimum) remained in the abdomen.
Estimated abdominal fluid volume was approximately 70% of estimated blood volume so it seems
more likely that some chronic accumulation had occurred.  Acute hemorrhage is expected to have
a PCV close to that of the circulatory system, until compensatory mechanisms can adjust systemic
volume, and the initial abdominal fluid PCV was 17%. Though it would have been helpful to obtain
baseline bloodwork at the time of presentation, in very small animals, it is difficult to balance the
need for monitoring blood parameters with the patient’s need for blood.

Fluid support is critical to helping animals recover from hypovolemic shock by establishing normal
blood volume. Initial fluid support was in the form of the crystalloid LRS.  Though this is the
primary means of increasing vascular volume, an inadequate response was observed.   Colloid
support is used to increase the colloid osmotic pressure (COP) of the blood. In normal animals, COP
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is primarily provided by albumin. In disease states, blood protein levels may decrease. The optimal
use of crystalloid and colloid support is debated, but colloid support may increase intravascular
volume more rapidly and sustainably than crystalloids alone.26  Blood and blood products are natural
colloids. If severe anemia has developed, increasing oxygen carrying capacity of the blood is
critical. Emergency auto-transfusion of blood pooling in a body cavity is one means of achieving
this. Due to a clinical assessment of rapidly progressing shock, this animal was auto-transfused
despite being unable to clearly establish that the blood obtained was free of contamination.  A whole
blood transfusion from a conspecific could have been used but was not pursued due to the time delay
in getting an animal and unknown risk of transfusion reaction. 

Neutrophilic leukocytosis with monocytosis was likely related to stress and chronic inflammation.
Panhypoproteinemia in dogs and cats is related to hemorrhagic loss, exudation, protein losing
enteropathy, or malassimilation, and was likely related in this case to hemorrhage and possibly
ascites fluid accumulation.7 Increased AST in dogs and cats is related to increased hepatocellular
permeability or muscle damage.7 Muscle damage is associated with creatine kinase (CK) elevations
in many species. CK values were normal in this case, supporting a hepatic source of elevated AST.
Total bilirubin increase is related to cholestasis or hemolysis.7  Bloodwork supported a diagnosis
of chronic hemorrhage as well as liver disease with cholestasis or bile duct obstruction.    

Exploratory surgery was delayed due to initial clinical improvement with medical management.
Traumatic hemoperitoneum can be managed medically. The decision to surgically intervene was
made when clinical condition deteriorated and abdominal swelling persisted. This animal did do well
throughout a long anesthetic period. Providing pre-surgical correction of low protein levels and
anemia with appropriate fluid administration might have increased stability during surgery even
more. Supportive care was rewarding in the short term for this case, despite the severe, underlying
disease process. During the clinical course and at necropsy, no indication of adverse reaction to the
auto-transfusions was noted, despite lack of filtering of the blood. Subjectively, the authors’ opinion
is that it did help to stabilize this patient. 
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Table 1. Abdominal fluid analysis for Ruwenzori long-haired fruit
bat.

Day Amount
(ml)

PCV (%) TS (g/dl) Nucleated
Cells

1 9 17 3.0 4,100
2 6 5.5 2.3 2,900
3 6 12 1.5
4 0
5 6 8 2.3 2200
6 0
7 12 11 2.0 2300
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Abstract 

Due to their close phylogenetic relationship to humans, gorillas (Gorilla gorilla gorilla) are
susceptible to a number of human pathogens, including measles virus.  Clinical measles has not been
documented in captive gorillas.  However, the virus was implicated in a 1988 respiratory outbreak
in wild mountain gorillas (Gorilla gorilla berengi) with some fatalities.1   This event has motivated
the American Zoo and Aquarium Association and the American Association of Zoo Veterinarians
to recommend the vaccination of all captive apes for measles.2-4

The most recent statement from the Gorilla Species Survival Plan recommends vaccination for
measles at 15 mo of age and again at 10-12 yr of age.4   These recommendations are based on
information extrapolated from human data and the knowledge that maternal antibodies can persist
until 15 mo of age in great apes.4   The current Lincoln Park Zoo measles vaccination protocol calls
for vaccination (Attenuvax, Measles Virus Vaccine Live,  Merck and Co., Inc., 1 Merck Way,
Whitehouse Station, New Jersey 08889 USA; 0.5 ml i.m.) at 12 and 15 mo of age, then again at 10
yr of age.  Unexposed, unvaccinated adults receive two doses of vaccine, separated by 2-4 wk.

A review of the medical history from Western lowland gorillas at Lincoln Park Zoo revealed 28
vaccinated and 25 unvaccinated individuals in the collection.   A retrospective analysis of available
banked serum (1.0 ml) samples using a Rapid Dot-Immunobinding Assay (DIA), it was
demonstrated that use of the vaccine led to the production of antibodies against the measles virus
(OR 9.9; CI 1.75 - 60.52; P .003) (Tables 1 and 2).  A sample was considered positive for antibodies
if the DIA was greater than 1:10  (Cooke, A.  Simian Diagnostic Laboratory, 7540 Louis Pasteur,
San Antonio, Texas 78229 USA, personal communication).  No significant relationship was found
between groups that received different numbers of vaccinations (one, two, or three) and the
probability of seroconversion.  The data suggested that antibodies can persist over a period of at
least 11 yr.  This information may be useful in determining vaccination protocols for captive gorillas
and in implementing preventive care in wild gorilla populations.
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Table 1.  Measles antibody titer results of vaccinated gorillas at Lincoln Park Zoo as
measured by rapid dot-immunobinding assay (DIA) at a 1:10 dilution. 
Time periods + % - % Total
Prevaccination 3a 33 6 66 9
< 2 yr post vaccination 14 70 6 30 20
2-5 yr post vaccination 18 86 3 14 21
> 5 yr post vaccination 9 100 0 0 9
aOne of these gorillas tested negative 6 mo prior to this positive prevaccination titer;
here, this gorilla is included only in the positive category.
Note: Data do not exist for each gorilla in each time period. 

Table 2. Measles antibody titer results of nonvaccinated gorillas at Lincoln Park Zoo
as measured by rapid dot-immunobinding assay (DIA) at a 1:10 dilution. 
Group + % - % Total
Nonvaccinated 4 31 9 69 13
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(Elephas maximus)

Carlos R. Sanchez, DVM, MSc,1* Suzan Z. Murray, DVM, Dipl ACZM,2 Richard J. Montali, DVM, Dipl
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Abstract

A 36-yr-old female Asian elephant (Elephas maximus) housed at the National Zoo was presented
for hematuria, followed by progressive lethargy and anorexia.

Keepers initially described the elephant as restless and repeatedly stretching the hind limbs.  A small
amount of dark-colored urine was voided.  On the following day, the elephant developed obvious
hematuria confirmed by reagent strips for urinalysis (Multistix, Bayer Corporation, Elkhart, Indiana
46515 USA), accompanied by lethargy. On physical exam, the elephant had dry mucous membranes,
thick saliva, and mild tachycardia (60 bpm), suggestive of mild dehydration.  Blood was collected
from the aural vein and the hemogram revealed leukopenia (6.7 × 10³/:l of neutrophilia (5.0 ×
10³/:l) with a left shift (0.1 × 10³/:l bands), and monocytopenia (0.938 × 10³/:l).1,2 Free catch
urinalysis confirmed hematuria and revealed moderate leukocyturia, although no bacteria were seen.
Urine sediment cytology revealed numerous red blood cells (RBC), prominent cellular casts
containing neutrophilic and epithelial cells remnants.  History review revealed that the elephant was
receiving ibuprofen (Schein Pharmaceutical, Inc., Florham Park, New Jersey 07932 USA; 1.2 mg/kg
p.o. s.i.d.) over the previous 3 yr for chronic lameness due to historic ankylosis of left carpus. Initial
differential diagnosis included acute tubular necrosis, cystitis, and bacterial or toxic pyelonephritis.
The ibuprofen was discontinued and sucralfate (Teva Pharmaceuticals, Sellersville, Pennsylvania
18960 USA; 15 mg/kg p.o., s.i.d for 7 days) was administered for presumed gastrointestinal
ulceration.  The elephant was then started on oral sulfamethoxazole-trimethoprim (TMS, Teva
Pharmaceuticals; 15 mg/kg p.o., s.i.d. for 7 days). This antibiotic was chosen for its palatability and
once daily dosing regimen.  The elephant was offered a variety of enteral fluids (water, sport-drink,
juice) to prevent further dehydration and encourage diuresis.

The elephant’s attitude had improved by the next morning.  Water consumption and appetite was
normal for all items except concentrates.   However, the hematuria had worsened and azotemia
developed (BUN 15 mg/dl, creatinine 2.5 mg/dl).¹,² By the third day, she was completely anorectic,
depressed, dehydrated, and azotemia had progressed BUN 19 mg/dl, creatinine 3.4 mg/dl. Repeated
urinalyses revealed progressive hematuria, severe leukocyturia, isosthenuria,  proteinuria, and
numerous granular casts,  free tubular cells, and endothelium. Streptoccocus zooepidemicus was
isolated from urine culture free catch that  was resistant to TMS. A diagnosis of acute bacterial
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pyelonephritis was made. The elephant was not drinking, and it was clear that the hydration status
was rapidly declining.

Two 14-ga 2-inch catheters were placed in left auricular veins, sutured, and then glued to the skin.
These catheters were lavaged every 2 hr with heparin (Hep-lock, Elkins-Sinn, Inc., Cherry Hill, New
Jersey, 08003 USA) for 72 hr.  Ceftiofur (Naxcel, Pharmacia & Upjohn Company, Kalamazoo,
Michigan 49001 USA; 6 g i.v. and i.m., t.i.d.) and intravenous fluids were initiated .The calculated
fluid therapy volume for maintenance alone was 120 L (40 ml/kg/day).  Less than half of this
requirement was provided on day 1 of fluid therapy (54 L of crystalloids i.v. in two sessions), yet
the elephant’s attitude improved towards the end of the day.

Four days after initial presentation, the elephant dramatically declined in the afternoon with
profound lethargy becoming somnolesence.   Chemistry panel was unchanged from prior azotemia,
but the hemogram showed a leukocytosis  (12.2 × 10³/:l). Cytologic evaluation of urinalysis
revealed gram-positive cocci and gram-negative rods within tubular casts.  To supplement
intravenous fluid therapy of 40 L t.i.d., rectal hydration was added as 50 L of water divided into
eight enemas throughout the day. The elephant had improved attitude and appetite, and, by the fifth
day after presentation, began to resist fluid administration.  Therefore, intravenous fluids (in two 40-
L sessions) plus 40 L rectally were provided.  Urine sediment cytology was suggestive of
improvement of the kidney based upon minimal cylindruria, fewer RBC, and increased number of
macrophages. 

The following day, the elephant’s appetite and water consumption were markedly improved. A final
intravenous fluid supplement (40 L) was provided before the catheters were removed. Hydration
therapy was maintained using rectal fluids (20 L).  Because the elephant now objected to
intramuscular antibiotic therapy, intravenous ceftiofur through the aural veins was continued.
However, the next day, bilateral nictitating membrane inflammation and oral cavity mucous
membrane hyperemia developed from a possible drug reaction to ceftiofur.  Despite discontinuation
of antibiotic, the elephant passed unformed stools that were attributed to gastro-intestinal microfloral
imbalance from the antibiotic.

Although the attitude and food consumption in this animal were rated as normal after an additional
five days, the hemogram revealed leukocytosis (WBC 32.2 × 10³/:l) and urine had low numbers of
RBC and WBC, plus occasional cylindruria, bacteria, epithelium, and tubular cells was confirmed
on urinalysis.   The elephant was continued on oral antibiotics  (cephalexin, Novopharm USA, Inc.,
Schaumburg, Illinois 60173 USA; 5 g p.o., b.i.d. for 6 wk. During this treatment interval, urinalyses
continued to reveal variable numbers of RBC, a declining number of WBC, trace bacteria, and casts.
Given the possibility of a low-grade persistent pyelonephritis or cystitis, antibiotic therapy was
switched to enrofloxacin (Baytril, Bayer Corp., Shawnee Mission, Kansas 66201 USA: 10 g p.o.,
b.i.d. for 4 wk). During the subsequent three mo, urinalyses continued to reveal variable numbers
of RBC, but serum chemistry and hemograms returned to within the normal range. 

To date, 1 yr after treatment, the elephant remains clinically normal.  Urinalyses are performed twice
per week and minimal numbers of RBC and occasional WBC are present.  The original cause of the
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pyelonephritis of this elephant was not elucidated.  However, an ascending bacterial infection from
the urinary or reproductive systems cannot be ruled out.
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EPICARDITIS AND HYPOGLYCEMIA IN A THREE-TOED SLOTH (Bradypus variegatus)

Janis A. Raines, DVM

Dallas World Aquarium, 1801 North Griffin Street, Dallas, TX 75243 USA

Abstract

A 1.5-yr-old male three-toed sloth (Bradypus variegatus) presented moribund and unresponsive in
its enclosure.  Venipuncture of the femoral rete was performed for a complete blood count and blood
chemistry panel.  Blood glucose was performed in house on a glucometer (Encore, Bayer
Corporation, Elkhart, Indiana 46515 USA) and was 30 mg/dl.  Glucose supplementation (30ml 25%
dextrose s.c.) was initiated and within 30 min, the animal began to behave normally again and began
to feed.  This unusual behavior and periodic hypoglycemia repeated itself every 24 hr for three days
and resolved after supportive therapy.  Bloodwork at each occasion was unremarkable, save an
increased alkaline phosphatase that is attributed to the animal's young age, a severe hypoglycemia,
and monocytosis of unknown origin.8  In addition, the red blood cells were noted as having a pallor
to them.  Iron-deficiency anemia was a differential, even though no anemia was found in this sloth,
as this clinical presentation was similar to another sloth that had been anemic.  

For the next four days, behavior, mentation, and feeding response of this animal was apparently
normal.  Blood glucose concentration during this time were normal.  However, this animal was
receiving oral electrolyte supplementation (Biolyte, Pharmacia & Upjohn Co., Kalamazoo, Michigan
49001 USA; 60 ml, p.o., s.i.d.), gastrointestinal motility enhancers, (Metaclopromide: oral-Morton,
Grove Pharmaceutical, Inc., Morton Grove, Illinois 60053; 0.1 mg/kg, p.o. once; Injectable-A-H
Robins, Richmond, Virginia 23220 USA; 0.05 mg/kg, i.m., s.i.d. for 3 days), and gastric protectants
(Cimetidine, Abbott Labs, N. Chicago, Illinois 60064 USA; 10 mg/kg, i.m. once).  One week after
initial presentation, the sloth was again found moribund and unresponsive with a glucometer reading
of 15 mg/dl, but no resolution of clinical signs occurred following the same regimen that was
previously successful.  The animal refused to feed and was tube-fed a slurry (blended mixture of
Chorisa spp., Ficus elastica, and an electrolyte solution) that has been successfully used in other
anorectic sloths.  These “moribund” animals can be enterally supported as often just the stimulation
from the placement of the tube in the esophagus and subsequent gastric distension is sufficient to
bring these animals out of an unresponsive state.  Due to severe hemodepression, intravenous
catheter placement was not possible.  Intraosseus catheter placement was attempted but unsuccessful
due to inability to access marrow cavity.  The marrow cavity was reduced in this animal due to a
suspected abnormal growth pattern from an improper diet as a hand-reared neonate.7  Although the
animal appeared to be resting quietly in a sling and overnight reports were unremarkable, the sloth
was found dead the following morning.

One of the challenges of keeping Bradypus spp. successfully in captivity is providing proper
husbandry and environment.1,3,6  For a phylogenetically primitive animal, they are very sensitive to
changes in temperature and diet.4  Loss of gut flora is deadly and excessive stress can lead to
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anorexia which is followed closely by death due to complete ileus.4  The challenge to this case,
besides the unusual normal behavior of the animal involved, is determining the extent of illness once
the animal starts showing clinical signs.  It is difficult to assess cardiac disease in Bradypus spp.
This is attributed to their dorsoventrally flattened thorax and the extremely close placement of the
ribs.2,5,9  

Gross necropsy revealed appropriately digested foodstuff within the gastro-intestinal tract and no
other grossly significant lesions within the rest of abdominal viscera.  The pericardial sac was
thickened and the interior of the sac grainy in appearance.  The epicardium was thickened, grainy,
and heavily inflamed.  The interior of the cardiac chambers were grossly normal, no gross dilation,
nor any abnormalities of the valve leaflets were noted.  Histopathologic evaluation indicated
multifocal areas of hemorrhage, neutrophils, and macrophages in the epicardium.  The epicardium
was covered by large colonies of bacterial cocci admixed with fibrin, and degenerate and necrotic
neutrophils.  Strands of fibrin admixed with bacterial cocci adhered to the epicardium and produced
multifocal vasculitis.  Microscopic lesions in other organ systems were consistent with bacterial
emboli:  pneumonitis, multifocal acute tubular nephrosis, and segmental membranoproliferative
glomerulonephropathy.  In this case, bacterial cultures taken at necropsy were non-diagnostic
because of contamination.  The histopathology suggested Streptococcus as the primary differential
for infecting organism.  It is probable that the epicarditis was the nidus from which a systemic
septicemia began, affecting other organs, and producing the clinical hypoglycemia.
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RETRIEVAL OF A GASTRIC FOREIGN BODY FROM AN ADULT KOMODO MONITOR
(Varanus komodoensis)

James M. Rasmussen, DVM,1* Sarah B. Love, DVM,2 and Lynelle F. Graham, DVM2   

1Minnesota Zoological Garden, 13000 Zoo Boulevard, Apple Valley, MN 55124 USA; 2University of
Minnesota, Veterinary Medical Teaching Hospital, 1365 Gortner Avenue, St Paul, MN 55108 USA

Abstract

Case Report

On 19 January 2002, animal husbandry staff was notified by a zoo patron that a sweater containing
stuffed toys had fallen into the komodo monitor exhibit. The 14-yr-old, 60-kg, male komodo
monitor (Varanus komodoensis) had been observed to ingest one of the toys.  As the monitor
exhibited normal behavior, it was thought the toy was small enough to pass through the
gastrointestinal tract without medical intervention.  

Veterinary staff was notified of the incident the following morning. The animal’s behavior continued
to be normal as was its defecation pattern and fecal quality.  This animal’s gastrointestinal transit
time was previously determined as roughly 24 hr for small meals.  Diagnostic procedures were not
performed since behavior was normal and less than 24 hr had passed since ingestion.  However, it
was given 300 g of ground horsemeat (Toronto Zoo Feline Diet, Milliken Meat Products Ltd.,
Toronto, Canada) mixed with 120 ml of mineral oil and 30 ml of barium sulfate suspension (Opti-
Be, MMI Inc., Southfield, Michigan 48075 USA) to aid foreign object passage and assist with
radiographic interpretation if the toy did not pass.

The following morning, feces containing rat fur and quail feathers were found in the holding area.
These food items had been fed immediately prior to the toy ingestion. As the monitor continued to
act normally, no diagnostic procedures were performed at this time.  Although it was clinically
normal and was passing feces containing barium, the lizard was scheduled for radiographs the next
day.  

The monitor was coaxed into the transport crate with 150 g of ground horsemeat mixed with 60 ml
of mineral oil and 15 ml of barium.  Radiographs were taken without removing the animal from the
crate.  Lateral radiographs could not be obtained and positioning was difficult for dorsoventral
views.   However, a poorly defined area of barium (22 cm × 9 cm) along the midline ended caudally
about 30 cm cranial to the cloaca.   The animal was given 400 g of ground horsemeat and 360 ml
of mineral oil once returned to its holding area.

The day following the procedure, the lizard was acting normally and passed a small amount of feces.
It was not fed this day.  However, the next day, the zoologist reported the animal somewhat
lethargic.  No feces had been voided overnight.  The animal was again crated.  This time,
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radiographs revealed the faint outline of the foreign body in the mid-abdomen of the lizard.  There
was also an accumulation of barium more aboral in the intestinal tract.   Venipuncture of the caudal
vein was performed to collect blood for a CBC and serum chemistries.  A normal CBC was present
while the chemistry panel revealed mild elevations of alanine aminotransferase, 39 IU/L (ISIS
normal range 21 ± 17); phosphorous, 7.7 mg/dl (ISIS normal range 5.6 ± 1.6); and amylase, 1642
U/L (ISIS normal range 712 ± 691).  An abbreviated barium series was performed using 200 g of
ground horsemeat and 30 ml of barium.  The radiographs delineated the foreign body as a filling
defect extending from the gastric body to the pylorus.

The following day, anesthesia was induced in the monitor using intravenous propofol (PropoFlo,
Abbott Laboratories, North Chicago, Illinois 60064 USA; 3.5 mg/kg to effect over 12 min).  It was
intubated and maintained initially on sevoflurane (SevoFlo, Abbott Laboratories) then isoflurane
(IsoFlo, Abbott Laboratories).  Endoscopy revealed the stuffed toy wedged firmly in the pyloric
region of the stomach.  A 3-nail grasping forceps (Endoscopy Support Services, Inc., Brewster, New
York 10509 USA) was broken attempting to pull the toy loose.  A retrieval snare (Endoscopy
Support Services, Inc.) was then attached to the toy, but it could not be freed with a substantial
amount of traction.  A 4-inch diameter PVC pipe was utilized as an oral speculum.   The author
(Rasmussen) was able to reach the toy and manually extract it.  The endoscope was reintroduced and
examination of the stomach revealed mild inflammation of the pylorus.  The animal recovered
uneventfully from anesthesia and has had no complications from the experience. 
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DILATED CARDIOMYOPATHY IN TWO GIANT ANTEATERS (Myremcophaga tridactyla)
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Abstract

Over a 2-yr period, a pair of adult giant anteaters (Myremcophaga tridactyla) died of cardiac
insufficiency associated with severe dilated biventricular cardiomyopathy. The female died with
clinical signs of prolonged, progressive exercise intolerance and dyspnea. The male was diagnosed
with progressive and chronic dilated cardiomyopathy by ultrasonography. Although the female
never began treatment, the male was given oral cardioactive drugs, but was unresponsive. At
necropsy, the heart of each animal appeared globoid with thin, flaccid ventricular walls.
Histopathology supported the gross findings of cardiomyopathy with associated chronic passive
hepatic and pulmonary congestion. The clinical pattern is parallel to that shown by taurine deficient
domestic felines. 

Introduction

Dilated cardiomyopathy is an occasional finding in domestic dogs1,3,6 and cats4,5 and less frequently
in foxes, raccoons, opossums, ferrets, and skunks.7 Secondary myocardial disease of this pattern is
observed in domestic cats due to insufficient dietary taurine.8  Biventricular dilatation and associated
cardiac insufficiency are the hallmarks of a taurine-deficient cardiomyopathy in domestic cats.8-10

They also develop sequelae of retinal degeneration, reproductive and developmental anomalies,
increased platelet aggregation, and decreased white blood cell immune function.4  In felines, taurine
and carnitine supplementation can ameliorate the clinical signs, and, in many cases, improve cardiac
condition and size to near normal parameters.4,8,11  To date, dilated cardiomyopathy due to a diet
restricted in taurine has only been described in felines, but has been suggested in dogs and foxes.3,7

Case Report 

Two giant anteaters (Myrmecophaga tridactyla) were exhibit-mates and developed similar clinical
signs suggestive of chronic cardiac insufficiency and congestive heart failure over a period of 2 yr.
The female presented first with clinical signs of slowly progressive dyspnea and decreased physical
activity, which went largely unnoticed. The animal eventually died from this problem without any
treatment attempted. Following the female’s death, the male was examined in April of 2000. The
animal was immobilized with Tiletamine-Zolazepam (Telazol, Fort Dodge Animal Health, Fort
Dodge, IA 50501 USA, 240 mg i.m.) and Isoflurane (Aerrane, Baxter Healthcare Corp., Deerfield,
IL 60015 USA, 1% by facemask). Radiographs revealed an apparently enlarged heart, but
electrocardiography was unrevealing. No other abnormalities were noted.  
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The male developed similar clinical signs in February of 2001, evidencing a marked decrease in
physical activity and partial anorexia. The animal was immobilized with tiletamine-zolazepam
(Telazol, Fort Dodge Animal Health, Fort Dodge, IA 50501 USA, 160 mg i.m.) and isoflurane
(Aerrane, Baxter Healthcare Corp., Deerfield, IL 60015 USA, 2% by facemask). A tentative
diagnosis of anemia was made based on findings at that time (Hct 7% - ISIS Mean 35.5%). These
results later proved to be lab error on re-examination. The animal was re-immobilized in March with
tiletamine-zolazepam (Telazol, Fort Dodge Animal Health, Fort Dodge, IA 50501 USA, 200 mg
i.m.) and isoflurane (Aerrane, Baxter Healthcare Corp., Deerfield, IL 60015 USA, 2% by facemask).
Physical exam revealed a hematocrit within expected limits (Hct 32% - ISIS Mean +/- 35.5%),
progressive weight loss, pulmonary edema, and ascites. The hemogram and serum chemistries were
within expected limits for the species, except for a rise in hepatocelluar enzymes, most likely
associated with hepatic congestion. 

Eventually, the animal could not walk without inducing dyspnea and open-mouthed breathing.
Peripheral edema progressed to anasarca.  By late May, the animal was induced with sevoflurane
(Ultane, Abbott Laboratories, 200 Abbott Park Road, Abbott Park, IL 60064 USA, 4% by facemask)
for in-depth examination. A severely enlarged heart with a characteristic globoid appearance was
documented by radiography.  Transthoracic echocardiography imaged extremely thin myocardial
free walls and virtually no ventricular excursion during systole. Tricuspid regurgitation (pressure
estimated at 42 mm Hg) and mitral regurgitation, with an apparently normal aortic valve, led to
diagnosis of dilated cardiomyopahty with a reduced ejection fraction (aprox. 5-10%). The images
indicated a very poor forward flow of blood from the ventricles when compared to the domestic cat.
Normal values for the anteater have not been established, but work is underway to do so.
Electrocardiograms were consistent with the changes noted on echocardiography.  Abdominal
ultrasonography revealed moderate ascites and bilateral hydronephrosis. Punction of the abdomen
yielded approximately 600 ml. of an acelular transudate, as confirmed by in-house cytology. 

The animal was treated with furosemide (Lasix Furosemide, Taylor Pharmaceuticals, Decatur, IL,
62522 USA, 100 mg p.o. b.i.d. for 10 days) for 1 wk prior to restraint, and digoxin (Digoxin, Carr
Drugs, 3801 General de Gaulle, New Orleans, LA, 70114 USA, 2 mg p.o. b.i.d. for 2 days)
immediately following the exam. It died 2 days after examination.

A globoid heart with thin left and right ventricular walls was apparent at necropsy of both animals.
Histopathology supported the gross finding of bilateral dilated cardiomyopathy with associated
passive congestion of lungs and liver in both animals. Mineralization of the aorta and stomach was
also found in the male. Vitamin A and E serum concentrations were within normal limits for
carnivores (vitamin A 90 ng/ml, National Research Council mean 100;  vitamin E 0.32 :g/ml,
National Research Council mean 0.35 :g/ml), while the blood taurine level (plasma 18 nmols/ml,
whole blood 75 nmols/ml) was significantly lower than the values from another female anteater
(plasma 33 nmols/ml, whole blood  280  nmols/ml) held at a different institution (San Francisco
Zoo) showing no clinical signs of heart disease.
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Discussion

Due to reports of hyperostosis associated with hypervitaminosis D in tamanduas fed commercial
feline diets2, changes in the diet of captive anteaters were made.  In the diet for these giant anteaters,
recommendations made by the zoo’s consulting nutritionist changed the commercial cat food-based
diet to a paste made of moistened lamb and rice dog food (Nature’s Recipe Lamb Meal, Rice, and
Barley Canine Formula, Nature’s Recipe Pet Foods, 341 Bonnie Circle, Corona, CA 91720 USA)
and Leafeater (Marion Leafeater, Marion Zoological, 13803 Industrial Park Boulevard, Plymouth,
MN 55410 USA), with yogurt, and vitamin supplements (The Missing Link Omega 3, Designing
Health Inc., 28410 Witherspoon Pkwy., Valencia, CA 91355 USA and K-Sol Vitamin K, Vetamix
Inc., Shenandoah, IA 56001 USA). The new diet was readily accepted by the animals. Daily treats
of banana and avocado, plus rotten logs and insects, were added for enrichment.
 
The dog food-based diet was analyzed for taurine on two separate occasions (June 01, 2001 and July
24, 2001) using the “as fed” diet. Analysis was provided by the Amino Acid Analysis Laboratory
(Department of Molecular Biosciences, School of Veterinary Medicine, 10901 Haring Hall, UC
Davis, CA 956161-8741 USA). The resulting levels of taurine were 0.18g and 0.11g taurine/kg of
dry matter. These levels indicate that taurine concentrations are severely deficient when compared
to the levels required by the domestic cat, which are of 1g/kg DM for dry expanded food, according
to the National Research Council (1986; Nutrient Requirements of Cats, Revised Edition, National
Academy Press, Washington, D.C. 24018 USA. Pp. 13-15).  The clinical signs, pathogenic course,
and post-mortem results of these cases are strongly suggestive of a nutritional deficiency. The
pattern is similar to secondary cardiomyopathy of domestic felines with taurine deficiency.  
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PRACTICAL APPLICATIONS OF ZOO HOSPITAL DESIGN FOR HOOFED STOCK AND
OTHER ANIMALS

James E. Oosterhuis, DVM

San Diego Wild Animal Park, Escondido, CA 92027 USA

Abstract

After 8 yr of planning and 2 yr of construction, the San Diego Wild Animal Park’s  Paul Harter
Veterinary Medical Center accepted it’s first patients on September 26, 2001.  The Hospital
encompasses 34,000 square feet of conditioned space and 29,000 square feet of outside pens, sun
rooms and flights.  The $20 million project was funded entirely from donations from over 2,000
individuals, corporations and foundations with the largest donation coming from Mr. Paul Harter.

The design of the facility is the culmination of years of research and workshops which began in
1991 with a tour of ten of the best zoo hospitals in the United States and ended in a set of plans that
met the needs of the animals and the type of practice that we have here at the Wild Animal Park.
It was accomplished by a team effort of veterinarians, technicians, keepers, administrative staff,
architects and outside consultants.

The hospital has been built to handle all of the animals kept at the Wild Animal Park with the
exception of elephants, rhinoceros and giraffe.  The special construction needs for those species
proved to be too costly to consider for the new hospital.  We do have the capabilities to handle
everything else however, and will describe some of those features that are considered practical and
innovative.  The end result is a facility that has helped us raise our standards of practice and
hopefully will raise the standards for zoo veterinary hospitals everywhere.

The general features to make note of include: all bird and hoofed stock inside spaces are temperature
controlled and have a rubber floor for the animals to live on; all bird, primate and carnivore indoor
areas have skylites to maintain natural daylight cycles; patients can be monitored remotely by
pan/tilt/zoom/color CCTV cameras mounted in each animal area: all primate and carnivore inside
spaces have heated floors, collapsible benches, remote operated doors and removable squeeze cages
with built-in scales; recycled plastic planks are used instead of wood throughout the hospital’s
outside areas; isolation areas with separate HEPA filtered ventilation systems are located in all three
patient areas, including a shower-out facility in the primate area.

Special hoofed stock features include: a hydraulic squeeze; two padded walk through push boards
for moving animals down the push alley, which includes a walk-on scale; unique placement of
intravenous pumps by building them into the doors of the animal’s pens; a padded
induction/recovery room with a moveable wall and access from three areas; an overhead hoist that
traverses from the unloading apron through the large animal treatment room and the recovery room
to the surgery room; a dock leveler and a platform scale built into the unloading apron; a foot bath
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for hoofed stock with capabilities for hot water/disinfectant soakings up to 6 inches deep; a large
animal treatment room with it’s own x-ray head and floating islands to allow for flexibility in the
size of space needed to treat the various animals; concrete lined outside pens with special drains that
allow drainage of the substrate and facilitate complete removal of the soil when needed.

Other special or innovative items include: a radiology track that allows for the traversing of the x-
ray head from the radiology room through a wall into the small animal treatment room; a physical
therapy room for animals; catwalks above the outside pens to aide in shifting animals from one pen
to another.

These features, combined with a very versatile and functional flow pattern, adequate storage space,
administrative space and support facilities, allow this hospital to increase our efficiency and give
us the ability to better care for our patients. 
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USE OF COMMERCIALLY AVAILABLE PLASMA FOR TRANSFUSION IN EXOTIC
UNGULATES

Michele Miller, DVM, PhD,1* Martha Weber, DVM,1 Donald Neiffer, VMD,1 Barbara Mangold, DVM,2

Mark Stetter, DVM, Dipl ACZM,1 Deidre Fontenot, DVM,1 and P.K. Robbins, MRCVS1

1Disney’s Animal Programs, Department of Veterinary Services, P.O. Box 10,000, Lake Buena Vista, FL
32830 USA; 2Wildlife Health Services, Wildlife Conservation Society, 2300 Southern Boulevard, Bronx,
NY 10460 USA

Abstract

Plasma transfusion is a mainstay of therapy for many conditions in veterinary medicine including
failure of passive transfer of maternal immunoglobulins (FPT), hypoproteinemia, certain
coagulopathies, and as immunotherapy for specific infectious diseases (e.g., foals with Rhodococcus
equi infection, parvovirus infection in dogs).2,3,6  Improved techniques for blood collection using
local donors and establishment of commercial animal blood banks have allowed increased use of
this therapy in veterinary medicine.2,3  Unfortunately, the widespread use of plasma in exotic species
has been hindered by the logistics of obtaining sources of plasma.  This is complicated by the risks
associated with anesthesia of the donor animal, ability to separate plasma fractions, and lack of
readily available disease screening and cross-matching techniques for these species.  This paper
describes examples of administration of commercially available equine plasma  Polymune,
Veterinary Dynamics, Inc., Templeton, California 93465) in exotic ungulates for different
therapeutic situations.

Case 1: Treatment of Failure of Passive Transfer of Immunoglobulins (FPT)

Signalment: Axis deer (Axis axis), 1 day old, male; wt=3.65 kg

Problem:  Failure to nurse.

Diagnostic/therapeutic plan:  Neonatal examination performed at 24 hr of age revealed no
abnormalities except moderate dehydration and pale oral mucous membranes.  No nursing had been
observed and the dam moved away when the fawn approached.  Bloodwork confirmed failure of
passive transfer (negative glutaraldehyde coagulation test1), mild anemia (PCV=27%), and suspected
hypoproteinemia based on dehydration (total protein=5.4 g/dl).  The decision was made to remove
the fawn for a plasma transfusion and hand-rearing.  The animal was anesthetized and a jugular
catheter placed.  Dexamethasone sodium phosphate (0.5 mg/kg) was administered i.v. approximately
10 min before plasma was started.  Equine plasma was transfused at 29.6 ml/kg/hr over 50 min (total
volume=90 ml).  One episode of apnea was treated halfway through the procedure and responded
to dopram (1.4 mg/kg i.v.).  Other prophylactic therapy included broad-spectrum antibiotics and
fluids (11 ml 5% dextrose in LRS i.v. and 110 ml LRS s.c.).  Post-transfusion bloodwork showed
a PCV=24% and total protein of 6.0 g/dl.  
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Follow-up:  Dehydration improved and no additional fluids were required.  Antibiotics were
continued for a total of 5 days.  No further complications occurred.

Case 2: Treatment of Hypoproteinemia Secondary to Parasitism

Signalment:  Mhorr gazelle (Gazella dama mhorr), 3 yr old, female; wt=36.9 kg

Problem:  Chronic weight loss, associated with lactation and parasitism. 

Diagnostic/therapeutic plan:  Initial evaluation and deworming was performed using a drop chute.
Abnormal results included severe anemia with evidence of regeneration (PCV=12.5%, 38/100
nucleated rbc, 12.3% reticulocytes) and hypoproteinemia (total protein=4.1 g/dl, albumin=1.5 g/dl).
The animal was anesthetized for additional diagnostic testing and treatment.  Two jugular cathethers
were placed to allow separate transfusions.  The animal was pretreated with dexamethasone sodium
phosphate (1.1 mg/kg i.v.) and  diphenhydramine (0.54 mg/kg i.v.) 10 min prior to starting the
transfusion.  In order to treat the anemia and hypoproteinemia, both hyperimmune equine plasma
(13.6 ml/kg i.v.) and Oxyglobin (polymerized bovine hemoglobin, 6.8 ml/kg i.v.; Oxyglobin,
Biopure Corp., Cambridge, Massachusetts 02141) were administered simultaneously through
separate lines over 53 min (rate of total fluid administration was 23 ml/kg/hr).  Immediate pre-
transfusion and post-transfusion bloodwork results were as follows:

Pre-transfusion:  PCV=28%, hemoglobin=9.6 g/dl, total protein=5.8 g/dl, albumin=1.6 g/dl

Post-transfusion:  PCV=28%, hemoglobin=10.7 g/dl, total protein=6.6 g/dl, albumin=3.2 g/dl

Follow-up:  Repeat bloodwork and deworming were performed 13 days later.  Results indicated
continuous improvement (PCV=37.8%, hemoglobin=13.0 g/dl, total protein=6.5 g/dl, albumin=2.1
g/dl).  The animal’s appetite improved within 2-3 days post-transfusion, along with improvement
in haircoat and body condition over time.

Case 3: Treatment of Hypoproteinemia Secondary to Infectious Enteritis

Signalment:  Chinese muntjac (Muntiacus reevesi), 7 yr old, female; wt=13 kg

Problem: Intermittent diarrhea over a 2-wk course; anorexia and lethargy of 2-3 day duration.

Diagnostic/therapeutic plan: Animal was anesthetized for initial evaluation and treatment.  Labwork
revealed leukopenia (2600 wbc/cmm), hypoproteinemia (2.4 g/dl), hypoalbumenemia (0.9 g/dl), and
hypocalcemia (5.7 mg/dl).  Campylobacter spp. was identified in fecal culture.   Treatment plan
included plasma transfusion, parenteral antibiotics (ceftiofur, enrofloxacin) and other supportive
care (parenteral calcium and vitamin E).  A jugular catheter was placed and the animal was
pretreated with dexamethasone sodium succinate (0.9 mg/kg i.m.).  Hyperimmune equine plasma
(24 ml/kg) was administered over 45 min (32 ml/kg/hr) while the animal was anesthetized.  Some
piloerection and increased respiratory sounds occurred approximately 6 min after beginning the
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transfusion; however, slowing the rate of plasma administration resolved these signs.  Pre- and post-
transfusion bloodwork revealed a significant improvement in plasma protein concentration with
concurrent evidence of hemodilution (pre-transfusion:  PCV=38%, total protein=2.2 g/dl; post-
transfusion:  PCV=18%, total protein=4.4 g/dl).  Clinical signs associated with the iatrogenic anemia
were not observed. 

Follow-up:  The animal was more alert and began eating the next day.  Antibiotics were continued
and diarrhea and anorexia were resolved by 5 days post-transfusion.

Discussion

Other species in which commercial equine or bovine plasma has been used include giraffe (Giraffa
camelopardalis), Thomson gazelle (Gazella thomsonii), impala (Aepyceros melampus), sable
antelope (Hippotragus niger), bongo antelope (Tragelaphus eurycerus), nyala (Tragelaphus
angasii),  blackbuck (Antilope cervicapra), banteng (Bos javanicus), gerenuk (Litocranius walleri),
and pronghorn antelope (Antilocapra americana).

The authors have used commercially available equine or bovine plasma for transfusion in over 25
cases (in present and former institutions) without significant complications.  In most cases, patients
were pretreated with either diphenhydramine and/or a short-acting glucocorticoid (such as
dexamethasone sodium phosphate) to prevent potential hypersensitivity reactions to the foreign
proteins.  Rapid rates of transfusion are more often associated with adverse reactions such as
tachypnea, piloerection, or increased respiratory sounds.  Slowing the rate of infusion usually
corrects the problem.  Administration of furosemide may also be indicated if signs of pulmonary
edema occur.  Additional treatments are dictated by the underlying problem and may include
antibiotics, nonsteroidal antiinflammatory drugs, tetanus antitoxin, Oxyglobin, dextrose, calcium,
crystalloid fluids, and other forms of supportive care. 

The advantages of using commercially available plasma are:  frozen bags can be kept on hand for
immediate use; there are readily available sources and adequate volumes to treat a large animal;
donors are prescreened for infectious disease; and ease of use (plasma is delivered frozen in sterile
bags).  Although there is little data available to determine the efficacy and duration of xenogenic
plasma proteins in exotic species, indirect evidence suggests that there are immediate effects such
as increase in osmotic pressure (measured by increase in total protein) and possible passive transfer
of nonspecific immune factors (such as complement) and specific immunoglobulins (assessed by
changes in glutaraldehyde coagulation, salt precipitation, and protein electrophoresis results).3,4  In
addition, absence of problems associated with FPT in transfused neonates may also be considered
anecdotal evidence.5  However, the effect of plasma transfusion in cases of septicemia and
hypoproteinemia is difficult to assess since it is often combined with other therapy.

In conclusion, the availability of commercially available plasma has provided zoo veterinarians with
an additional therapeutic option for treating cases of hypoproteinemia, failure of passive transfer of
immunoglobulins, septicemia, and potentially certain coagulopathies.  Blood samples should be
obtained pre- and post-transfusion to document changes in PCV, total protein, tests for passive
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transfer, coagulation panels, and other relevant hematologic and biochemical parameters.
Pretreatment with an antihistamine and/or short-acting glucocorticoid may circumvent an
anaphylactic response.  Adverse effects appear to be minor and are readily treatable.  Although
multiple transfusions have not been performed, it is suspected that development of antibodies to
foreign proteins may increase the risk of future hypersensitivity reactions.  Caution should be
exercised when administering antisera or other blood products in the future for these patients.  
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Abstract

Haemonchus contortus is a trichostrongyle parasite of ruminants that causes significant disease
secondary to red blood cell loss, body protein loss, and chronic inflammation of the abomasum.
This parasite is ubiquitous in the United States and presents a significant problem for susceptible
animals in the southern United States where a year-round temperate climate allows the parasite to
remain viable on pastures.3  H. contortus has been a significant source of morbidity in collections
of captive exotic artiodactyls, causing ill thrift, weight loss, anemia, hypoproteinemia, and death.2,5,6

Some species of artiodactyls have been reported to be extremely susceptible to clinical disease
caused by this parasite, including giraffe (Giraffa camelopardalis) (R. Ball, DVM, 2000, pers.
comm.), sable antelope (Hippotragus niger),6 roan antelope (Hippotragus equinus),4 blackbuck
(Antilope cervicapra),6 gemsbok (Oryx gazella gazella) (J. Allen, DVM, 2000, pers. comm.), and
Mhorr gazelle (Gazella dama mhorr) (Disney’s Animal Kingdom, unpublished data).

Haemonchus develops resistance to anthelmintic agents readily and can develop resistance to
multiple classes of deworming agents simultaneously.3,7  Resistance to the benzimidazole
anthelmintics has been well documented.5,7  Current recommendations to minimize the onset of
resistance in H. contortus include pasture rotation, infrequent use of anthelmintics, simultaneous use
of multiple anthelmintics, and direct oral or injected administration of deworming agents.
Implementation of these recommendations may not be possible in all animal management programs.

Copper oxide wire particles (COWP) have been reported to be 96% effective in reducing
populations of Haemonchus contortus in sheep.1  The mechanism of action is presumed to be a local
toxic effect within the abomasum. Four male antelope were treated with boluses containing COWP
(Copasure, Animax Ltd., Columbus, OH 43215 USA) and monitored for 1 yr.  The study animals
were selected from herds of animals believed to be susceptible to infection with H. contortus and
included: one sable antelope (25 g COWP), two gemsbok (12.5 g COWP each), and one scimitar-
horned oryx (Oryx dammah) (12.5 g COWP).  Fecal egg counts were performed monthly and
compared to the egg counts of animals treated with conventional deworming agents. 

One treated gemsbok sustained a femoral fracture and was euthanatized 8 mo into the study.  No
COWP were found at any point within the gastrointestinal tract, suggesting that the particles may
be completely broken down or excreted within 8 mo of administration.  No Haemonchus were
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identified within the abomasum grossly or upon microscopic examination and no changes suggestive
of copper toxicosis were noted.

There was no statistically significant difference in fecal egg count numbers from animals treated
with conventional dewormers and the animals treated with COWP (p > 0.05), indicating that within
this limited treatment group COWP appear to be as effective as conventional anthelmintic agents
in controlling infection with Haemonchus contortus.  The effects of gender and season on parasite
numbers were not evaluated in this preliminary study.  

Doses of copper oxide wire particles recommended by the manufacturer are provided below.

Animals 25-40 kg body weight receive 1 × 2 g.
Animals 40-70 kg body weight receive 1 × 4 g.
Animals 70-225 kg body weight receive 1 × 12.5 g.
Animals 225 kg and over receive 1 × 25 g.
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Abstract

Peracute mortality syndrome (PMS) is a well-described syndrome of captive giraffe.8,11 Several
causes of peracute mortality have been looked at and excluded from consideration as the causative
agent or process.8  It has been suggested that an underlying energy deficiency may have an important
role or perhaps be the predisposing cause of the problem.  It is proposed that hypoglycemia is the
immediate cause of PMS and that a chronic energy malnutrition may be a prerequisite for this
syndrome.  Chronic energy malnutrition may also be responsible for other health issues seen in
captive giraffe.  

Case Reports

Case 1

An 8-yr-old hand-reared, gravid reticulated giraffe (Giraffa camelopardalis reticulata) collapsed
and died during a routine shifting procedure at Busch Gardens Tampa (BGT).  The animal had been
under observation due to impending parturition and placed in a barn due to diarrhea and lethargy
14 days prior to death.  At that time (Day 0) the animal was anemic (PCV 20%), with a leucocytosis
(22,000/:l) with a neutrophilia, occult positive stool, and an egg count of 4000 eggs/g (epg) feces.
Activated partial thromboplastin time (aPPT) and thrombin clot time were prolonged compared to
in-house normal.  The giraffe’s body condition was judged to be poor.  Treatment at the time
consisted of injectable levamisole, oral electrolyte solutions, and an oral vitamin and mineral
supplement.  Urinalysis was unremarkable but feces were still occult positive on Day 5.  Blood
sampling on Day 6 reveal persistent leucocytosis (19,500/:l), elevated CPK (5688 IU/L), and
hypoglycemia (47 mg/dl).  The fecal egg count had dropped to 1,800 epg and the feces were still
occult positive.  On Day 7 the dam was given 25 ml of B-complex injected intramuscularly.  Serum
progesterone was at 5 ng/ml and fetal viability was questioned.  Complete blood count (CBC) on
Day 8 revealed the leucocytosis seen before but toxic neutrophils were noted this time.  Packed cell
volume was 21% and blood glucose was 55 mg/dl.    The stools had firmed up considerably.  Five
liters of lactated ringers solution were given subcutaneously.  Fluids were repeated on Day 9 and
12.14 g of florfenicol were given subcutaneously.  A rectal exam was performed the next day and
the fetus determined to be viable.  The giraffe did not eat well for the next two days and was
witnessed to collapse and die.  A fully developed but extremely small, 55-lb female calf, was
removed via flank incision.  The calf only survived for 30 min.  Blood samples of the dam, taken
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while the calf was being removed, revealed blood glucose of 20 mg/dl.  Gross findings revealed a
lack of body fat and serous atrophy of pericardial fat.  Histopathologic findings included serous
atrophy of mesenteric and epicardial fat, lymphohistiocytic rumenitis, pulmonary congestion, and
mild membranoproliferative glomerulonephropathy.  

Case 2

A 6.5-yr-old hand-reared, gravid reticulated giraffe collapsed and died after a 10-day episode of
partial anorexia believed to involved an infected tooth.  This giraffe had been isolated from the herd
for 13 mo due to a single fecal culture positive for Mycobacterium paratuberculosis.  Intensive
screening for the isolation period revealed no further positive cultures and the giraffe was released
back to the herd. The animal was eating only browse and hay while leaving all pelleted ration.  The
giraffe had a poor body condition, given a score of 3/8.12   Blood was collected on Day 4 and
revealed a leucocytosis (19,700/:l), with a neutrophilia, elevated CPK (1937 IU/L), and
hypoglycemia (72 mg/dl).  Bloodwork was repeated two days later with the WBC within normal
limits, CPK climbing (2181 IU/L), elevated creatinine (2.5mg/dl), and more severe hypoglycemia
(47 mg/dl).  The giraffe was found dead in the barn on Day 10.  Videotape overnight showed the
dam to simply collapse at 2:45 a.m. without any evidence of a struggle.  Blood collected 5 hr after
death had serum glucose of 3 mg/dl.  Necropsy revealed serous atrophy of fat stores in the
mesenteric, perirenal, and epicardial fat stores.   The pancreas was atrophied.  The last right
maxillary molar was slightly loose but not believed to be significant.  Generalized muscle atrophy
was also noted. A 73-lb male calf was in a normal presentation with the forefeet at the internal os
of the cervix.   Histopathologic findings also included serous atrophy of mesenteric and epicardial
fat, lymphohistiocytic rumenitis and pulmonary congestion.

Discussion

Both of the preceding cases are classic examples of PMS: an underlying stressor, sudden death, and
post-mortem findings consistent with the case definition of PMS.  Based on the blood glucose levels
preceding death and those taken shortly after death, hypoglycemia is believed to be the immediate
cause of death.  By comparison, serum collected on other ungulate species taken from animals found
dead in the morning all had blood glucose levels of greater than 40 mg/dl (n=4).  The circumstances
of the deaths and the fact that they were both witnessed help rule out other causes of sudden death.

Hypoglycemia and energy deficient states have been mentioned as possible causes or underlying
factors in PMS since the condition was classified8,11 but only recently have been given serious
consideration.  Table 1 lists the possible causes of peracute death proposed in Fowler’s original
description. Most of these causes can be excluded by gross and histologic findings along with
history.  Cholinergic bradycardia and hypovolemia will be difficult to prove and may be excluded
if other causes are more easily explained.  Increased vagal tone is a common cause of cholinergic
bradycardia and although toxins10 and drugs can also induce cholinergic bradycardia, these have not
been implicated in cases of PMS.   Gastrointestinal inflammation can elicit a vagal induced
bradycardia4 but will be difficult to determine in giraffe.  Exocrine pancreatic insufficiency like
syndrome (EPI) has been reported13 and pancreatic atrophy is an extremely common finding in PMS.
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Pancreatic hypoplasia and EPI are not as likely to interfere with the endocrine function of the
pancreas.  Pancreatitis affects exocrine and endocrine function, but pancreatic atrophy is the
pathology associated with PMS and therefore, hypoinsulinemia seems less likely.  Altered calcium
to phosphorus ratio has been noted previously1,7 and was seen in the cases above.  In the second case
however, the hypocalcemia was reversed when the giraffe stopped eating concentrates and
consumed only browse and hay.  A closer look at ionized calcium is warranted.  

Hypoglycemia certainly had a major role in the deaths of the cases above.  Ante mortem findings
suggested cachexia and worsening hypoglycemia.  A stressful event, parturition, expended all
remaining reserves and the giraffe simply collapsed. Several other giraffe at BGT have had similar
episodes with other stressors but not had the deaths witnessed.  One ante-mortem finding they do
have in common is the chronic cachexia.  The lack of a cold stressor may allow giraffes in warmer
climes to catabolize muscle to maintain blood glucose.  Cold stress and hypothermia induces a
hyperglycemic response and animals without reserves may succumb to acute hypoglycemic
episodes.  Ruminants in general are primarily gluconeogenic with very limited capacity for
glycolysis and this may explain why animals in apparently good condition may suffer from cold
stress induced PMS. Glucose levels in captive giraffe are actually reported to be higher than in their
wild counterparts2 and elevated blood glucose is a well-documented indicator of stress.  Sub-optimal
nutrition may in fact not only provide an inappropriate energy source but also may induce a chronic
inflammatory condition of the gastrointestinal tract (Fig. 1) and become a chronic stressor in itself.

Low birth weights, maternal rejection, and failure of passive transfer may all be directly or indirectly
related to chronic energy malnutrition.  Birth weights of wild giraffe are reported to be
approximately 70 kg.3  Captive born giraffe are reported to have a range of normal or expected birth
weights of between 50-60 kg.9  At BGT there appears to be a strong association between low birth
weights (<60kg), hand rearing and mortalities with the lowest birth weights typically having the
highest risk of mortality.  Low birth weight and mortality have been reported elsewhere7 and seem
to be common anecdotally.  Energy status of the dam influences birth weight and small, weak calves
frequently require hand rearing and are more susceptible to infections than heavier calves.  Maternal
rejection and failure of passive transfer may both be related to lactation status of the dam.  

Marginal or negative energy balance in the dam leads to poor milk production and medical records
at BGT indicate that even dams with calves with adequate birth weights will still have calves
removed for hand-rearing due to lack of udder development and maternal neglect.  Several facilities
have encountered this and at times overcome the problem by sedating the dam with xylazine.6 Other
noted causes include mastitis but supporting evidence is not strong.7 In these cases, xylazine may
have produced an analgesic or sedative effect for the dam but is also known to induce hyperglycemia
in many domestic species with profound effects on cattle.5  If indeed the xylazine induced
hyperglycemia facilitated milk production, it did so in the face of hypoinsulinemia.  Given the
success of the reported case and others, it would appear that hypoinsulinemia does not play a major
role in PMS.  Failure of passive transfer in giraffe calves14 may also result from inadequate milk
production and rejection by the dam.  It is difficult to evaluate globulin levels in the dam’s
colostrum and the failure may simply be one of underfeeding due to weak small calves or poor
production from a marginally healthy dam.
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Table 1.  Possible causes of peracute mortality.8

Adrenal exhaustion Hemorrhage
Anaphylaxis Hypocalcemia
Brain contusion Hypoinsulinemia
Cerebral vascular accident Hypoglycemia
Cholinergic bradycardia Hypovolemia
Congestive heart failure Poisoning
Coronary arterial occlusion Pulmonary edema
Endotoxic shock Pulmonary embolism
Gastric dilatation Suffocation
Gunshot Ventricular fibrillation
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Figure 1. Proposed pathways involving feeding, energy status, and clinical entities in captive
giraffe.
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Abstract

Introduction

The clinical disease tetanus is caused by the action of exotoxins produced by the vegetative form
of the anaerobic spore-forming gram-positive bacteria Clostridium tetani.  The organisms are
commonly present in feces and are continuously shed into the environment where they sporulate and
can persist for years.16 

Tetanus is well known in humans, non-human primates and equines.  It occurs in a variety of farm
and companion animals including cattle, sheep, goats, pigs, dogs and cats.  There have been reports
of tetanus in elephants,2 impala,8 llama,10 reindeer,5 macropods,1 and even a falcon.13 Although no
reports of tetanus in giraffes were found in American literature, a German report describes the loss
of two zoo giraffes to tetanus.6

Clostridium tetani can enter the animal’s body in many ways including through deep wounds,
through the genital tract at parturition and into the umbilicus of a neonate.  Introduction can occur
during procedures such as surgery and even with injection of pharmaceuticals.  The organism
requires anaerobic conditions such as found in deep or necrotic wounds.  Incubation after
inoculation typically varies between 3 days and 4 wk.  Occasional cases of tetanus do occur as long
as several months after the infection is introduced due to the ability of the organism to lie dormant
until conditions are favorable.  Often by this time no apparent wound is found.  Once in anaerobic
conditions Clostridium tetani converts to its vegetative form and produces toxins.  The tetanus
bacteria remains localized as the toxin diffuses to surrounding tissues, enters the lymphatics and
ascends retrogradely along axons to the spinal cord or brain stem.  The toxin acts by irreversibly
blocking the inhibitory synapse of the spinal cord motor neuron resulting in over activity of extensor
muscles and the clinical sign of extensor rigidity.3,14 

The clinical signs of tetanus vary between species with classic clinical signs including stiff gait,
sawhorse stance, difficulty in prehension and swallowing (“lockjaw”), and prolapsed nictitating
membranes.    Generalized tetanus is best known but localized cases of tetanus are also seen,
especially in those species with more resistance to tetanus such as dogs and cats. 

Prevention of tetanus is best accomplished by vaccination.  Vaccination with tetanus toxoid
stimulates the production of antibodies directed against the neurotoxin which prevents it from
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binding.  Initial vaccination is followed by a booster in 3-6 wk and then given annually.  If a
vaccinated animal is injured an additional dose of tetanus toxoid may be given.  In a non-vaccinated
injured animal tetanus antitoxin should be given along with an initial dose of tetanus toxoid followed
by a booster dose of tetanus toxoid 3-6 wk later.14  The tetanus antitoxin provides immediate
protection against unbound toxin but this passive immunity lasts only 3-4 wk.  On a cautionary note
equine-origin tetanus antitoxin is linked to serum hepatitis in a small percentage of horses.11,12 

Treatment goals in an animal exhibiting clinical signs of tetanus are to eliminate local Clostridium
tetani infection, neutralize circulating toxin, relax muscle tetany, and provide supportive care. Once
toxin is bound it is not possible to reverse binding with treatment.  The initial concern upon reaching
a diagnosis of clinical tetanus is to administer antitoxin to neutralize unbound toxin. Intravenous
administration of antitioxin is superior however it comes with an increased risk of anaphylaxis.
Local i.m. injections of small doses of antitoxin around the wound site have been shown to be
beneficial in experimental studies on localized tetanus.7  In addition, tetanus toxoid should be
administered at a separate site since protective humoral immunity is not induced by natural disease.4
Antibiotic therapy to kill any vegetative Clostridium tetani organisms is essential to prevent further
exotoxin production.  Penicillin is the drug of choice with tetracycline as an alternative.7 The
antibiotic may also be injected in close proximity to the wound site. Tranquilizers, muscle relaxants
and anticonvulsants can be administered to reduce the clinical effects of bound toxin.15

Recovery from tetanus is affected by the dose of toxin exposure, onset of treatment, and occurrence
of secondary complications.3 The course of the disease and the prognosis varies between species.
 In generalized tetanus the prognosis is guarded to poor once clinical signs are apparent. Death most
often occurs by asphyxiation due to spastic paralysis of respiratory muscles, laryngospasm, or
aspiration pneumonia.4 

Case Study

A 14-yr-old 760-kg male reticulated giraffe (Giraffa camelopardalis reticulata) was allowed access
in a large mixed-species exhibit with a 5-yr-old male greater kudu (Tragelaphus strepsiceros).  The
animals had shared the same exhibit since arrival of the kudu 4 yr earlier as a juvenile but had been
separated due to increased aggressive territorial behavior of the kudu.  Officially the plan had been
for these animals to remain separate and  reintroduction was done without the approval or
notification of the primary keeper and veterinary staff.  While the animals were on exhibit together
a keeper observed the kudu gore the giraffe. The keeper could not determine the depth of penetration
or the amount of contact from his vantage point of the incident.  The giraffe was isolated in a
restraint chute for veterinary examination.  An 8-cm long laceration was noted on the right side of
the thorax just caudal to the elbow.  The wound appeared to extend full thickness through the skin
and into the muscle layers.  A rib was partially visualized. The wound was swabbed and probed with
a dilute flushing povidine-iodine solution (Poviderm™ Solution, Vet US Animal Health, Burns
Veterinary Supply, Inc, Rockville Centre, NY 11570 USA) soaked gauze on long forceps.   Probing
revealed the wound to extend 3-4 cm under the skin.  The wound did not appear to penetrate the
chest and respiration was normal.  The animal was very nervous and agitated in the chute and would
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not stand for extensive flushing of the wound.  By the tenth day the wound was clear, dry, and
scabbed over.  The animal exhibited no further clinical signs for approximately 2 wk.

Sixteen days after the initial injury the giraffe began to exhibit behavioral changes.  His keepers
noted  partial anorexia and increased salivation.  The wound was palpated and appeared almost
completely healed.  The nictitans appeared inflamed bilaterally.  For days seventeen through twenty
post-injury, the animal showed some difficulty masticating and swallowing but did continue to eat
his hay, pellets, and produce.  Feces and urine were normal in quantity and appearance. On day
eighteen he was placed in a chute. A blood sample was collected and evaluated to have normal CBC
and chemistries.  Rectal temperature was 99 degrees Fahrenheit.   The wound was reopened with
forceps, probed and flushed. At this point differentials for the inflamed nictitans included a possible
allergic or infectious condition.

On the evening of the twenty-first day the giraffe exhibited an obvious “sawhorse” stance.  The
nictitans remained inflamed bilaterally and were now recognized as prolapsed.  Difficulty in
mastication and swallowing along with a decreased interest in food were noted.  The animal was
also salivating excessively and grinding his teeth.  At this time the clinical signs along with the
history of injury 3 wk prior determined a diagnosis of tetanus due to Clostridium tetani infection.
The preventive medicine protocol in place at the Toledo Zoo prior to the injury did not include
tetanus prophylaxis for giraffe.  Tetanus toxoid (Clostridium perfringens Type C & D – Tetani
Bacterin – Toxoid, Vision™ CD-T with SPUR ®, Bayer Corporation, Shawnee Mission, KS  66201
USA) 2 ml i.m. and procaine/benzathine penicillin (DURA-PEN, Penicillin G Benzathine and
Penicillin G Procaine Injectable Suspension, Anthony Products Co, Irwindale, CA  91706 USA)
6,000 U/kg of each drug i.m. were administered with powdered charge darts (Cap-Chur™ Darts,
Palmer Cap-Chur™ Equipment, Inc., Powder Springs, GA  30127 USA).  

By the 22 day keepers reported the giraffe was interested in food but had difficulty with prehension
and mastication resulting in no ingestion of bananas, hay or pellets.  Water intake of 2.5 gallons
overnight was recorded.  A literature review of tetanus in domestic and exotic animals was
accomplished and a consultation was made with a large animal clinician at Michigan State
University College of Veterinary Medicine.  Recommendations were made for administration of
tetanus antitoxin, antibiotic and tranquilizers with treatment dosages extrapolated from equine
treatment protocols. The giraffe was moved into a chute for treatment daily from this point on.
Treatment for the next few days included daily wound flushing, s.i.d. to b.i.d. doses of up to 35000
IU equine origin tetanus antitoxin (Professional Biological Company, Denver, CO  80216 USA)
administered i.v., up to 3500 IU tetanus antitoxin s.c., and procaine penicillin (Penicillin G Procaine,
Hanford United States Veterinary Products, G.C. Hanford  Mfg. Co., Syracuse, NY  13201 USA)
20,000 U/kg s.c. b.i.d. During the course of treatment one dose each of selenium with vitamin E
(BO-SE®, Schering-Plough Animal Health Corp., Union, NJ  07083 USA) .05 IU/kg selenium with
2 IU/kg vitamin E s.c. and vitamin B complex (Vitamin B Complex 150, AmVet™, Neogen Corp.,
Lexington, KY 40505 USA) 6.0 mg thiamine portion/kg were given.  Initially it was decided not to
use tranquilizers due to concern that the giraffe would become recumbent in the chute but on day
twenty-four mild sedation with xylazine (X-JECT E 100, VetUS Animal Health, Burns Veterinary
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Supply) 53 :g/kg i.m. was performed.  This dose aided in handling the animal for treatment and he
did remain standing.  A blood sample was collected and evaluated to be within the ISIS range.  

On day 25 the giraffe was noticeably weaker, had increased salivation, and was resting with his head
on a fence.   He was placed in a chute where he collapsed and began regurgitating large amounts of
rumen fluid.  The animal was unresponsive to stimuli and the decision was made to euthanatize him.
Pentobarbitol sodium (Euthasol®, Diamond Animal Health, Inc., Des Moines, IA  50317 USA)
13,650 mg i.v. was administered.

At gross necropsy the wound was found to be approximately 10 cm caudal to the point of the right
elbow.  A healing granulation tract extended dorsally into the subcutaneous tissue, traveled through
the rib cage and into the chest cavity 23 cm dorsal to the entrance of the wound. At this level there
was a large 15-cm diameter pocket of caseous necrotic material.  Adhesions to the abscessed area
were present on the right cranial medial lung lobe and pericardium.  The affected lung lobes were
also dark grey and firm.  

Histologic diagnosis confirmed the chronic abscess in the thoracic cavity, showed serous atrophy
of fat, and a membranoproliferative glomerulonephropathy.    There are no classic histologic lesions
of tetanus.    

Bacterial culture of the abscess at necropsy did not confirm Clostridium tetani.  Attempts to isolate
C. tetani from wounds often fails because of the low concentration of organisms and the requirement
for strict anaerobic culture conditions.7

Discussion

The implications of this case at the Toledo Zoo were many.  Prior to this case primates, equids,
elephants, and camelids were vaccinated for tetanus prophylactically.  Now the vaccination protocol
has been changed to include annual vaccination with tetanus toxoid for hoofstock, including giraffe.

Since experiencing a case of tetanus first hand, vigilance is heightened for this disease possibility.
The importance of continued animal training and operant conditioning for medical procedures along
with improved chutes, squeezes and handling facilities has been emphasized.  Following injury,
increased consideration is given to aggressive wound cleansing, antibiotic treatment, administration
of tetanus toxoid and/or tetanus antitoxin.  Tetanus is a differential as an aftereffect of injury even
when wounds appear to be healing or to have healed normally.  Early identification and intervention
is key for an improved chance of recovery.

Possible medical problems related to mixed-species exhibits were brought to the forefront.
Territorial behavior within and between species can result in severe injury and stress to the animals.
Unfortunately, compatibility is not always predictable.  Prior to obtaining this kudu our giraffe had
shared the same exhibit with a different adult male kudu for many years without incident.
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Finally, we were reminded that communication within the zoo is of utmost importance. A
breakdown in communication between zoo personnel in this case contributed to the giraffe being
placed in danger when a policy had been made not to put these animals together again.  Efforts to
increase communication between zoo staff members and document agreed upon protocols are in
effect. 
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WORLD WILDLIFE FUND’S ASIAN RHINO AND ELEPHANT ACTION STRATEGY: IN
PURSUIT OF PARTNERSHIPS

Steven A. Osofsky, DVM* and the WWF Network

World Wildlife Fund, Species Conservation Program, 1250 24th Street, NW,  Washington, D.C. 20037 USA

Abstract

Throughout South Asia, Indochina, and Southeast Asia, populations of Asian elephants and of the
three species of Asian rhinoceros (Greater Asian one-horned, Sumatran, Javan) cling to survival in
some of the few remaining habitats that sustain them.  The future of these species is clearly at risk,
as they live in a rapidly changing environment that they must share with humans struggling for
sustainable livelihoods.

In 1999, the World Wildlife Fund (WWF) began implementing the Asian Rhino and Elephant
Action Strategy (AREAS) program, a comprehensive conservation framework targeting priority
landscapes in South Asia, Indochina and Southeast Asia.  This program grew out of the recognition
that conservation success for these endangered large mammal species will only be possible through
a landscape-based approach that goes beyond isolated protected areas and includes the surrounding
landscapes while addressing a range of land-use practices.  In an ambitious program that brings
together cutting-edge conservation biology with trade monitoring, socioeconomic analysis, creative
land-use planning, and policy advocacy, AREAS is cause for renewed hope for dwindling
populations of these threatened species.  The strategy aims to conserve as much diversity as possible
in elephant and rhino populations, together with their adaptations to different habitat types.  

Thirteen priority landscapes form the initial priority portfolio for WWF’s Asian Rhino and Elephant
Action Strategy.  Included in these priority landscapes are five sites in South Asia (Central Terai,
Western Terai, Nilgiris, Kaziranga/Karbi-Anglong, and Arunchal/Assam/Namdapha); three in
Indochina (Cat Tien, the Forests of the Lower Mekong, and Tenasserim/Western Forest Complex);
and five in Southeast Asia (Sabah/Kalimantan, Northern Peninsular Malaysia, Riau, Bukit Barisan
Selatan, and Ujung Kulon).  Within these key habitats, WWF and it partners work to: restore and
secure habitat; strengthen antipoaching efforts; mitigate conflicts over resources to benefit both
humans and wildlife; facilitate creative land-use planning to solve problems facing wildlife and
people; translocate rhinoceros to strengthen existing populations and establish new ones; address
wildlife trade issues; encourage sustainable approaches to forest management; and collect and
analyze ecologic data to improve management strategies for Asian elephants and the three species
of Asian rhinoceros.

This program is based on partnerships across Asia and elsewhere. In the U.S., major partners to date
include the USFWS, the IRF, and WCS. WWF is interested in having more AZA-accredited zoos
join the Asian Rhino and Elephant Action Strategy’s worldwide team.
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IMMOBILIZATION IN DOMESTIC GOATS (Capra capra)
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Departments of 1Clinical Sciences and 2Anatomy & Physiology, College of Veterinary Medicine, Kansas
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Abstract

Carfentanil is a potent synthetic opioid commonly used to immobilize non-domestic ungulates with
immobilization reversed by the opioid antagonist naltrexone. The currently recommended method
of administration of naltrexone is to give 100mg naltrexone for each mg of carfentanil administered,
and to give one quarter of the calculated dose intravenously (i.v.) and three quarters of the calculated
dose subcutaneously (s.c.).1 However, there are no published reports on the pharmacokinetics of
either parenterally administered carfentanil or naltrexone in ungulates. Renarcotization is a
significant problem but the cause is not fully understood.2,3 The purpose of this study was to
correlate the pharmacokinetics and pharmacodynamics of intramuscularly (i.m.) administered
carfentanil and naltrexone administered by i.v., i.m., or s.c. injection. The data from this study will
be used as a model to assist with determining the most appropriate use of naltrexone in non-domestic
ungulates and to help indicate the possible mechanism of renarcotization.

Eight adult domestic goats (Capra capra) were randomly assigned to one of three groups. Each was
immobilized on three occasions with 40 :g/kg carfentanil administered i.m. Each immobilization
was reversed 30 min after carfentanil administration with 4 mg/kg naltrexone administered either
i.m., i.v., or s.c. Each animal was immobilized with all three protocols using a randomized block
design. Blood samples were collected at 5, 10, 15, 20, 30, 40, 50 min and 1, 1.25, 1.5, 2, 2.5, 3, 4,
6, 8, 12, 24, 48, 72, 96, and 120 hr after carfentanil administration. The quantitation of carfentanil,
naltrexone and possible metabolites in plasma was done using a validated liquid
chromatography/mass spectroscopy (LC/MS) method.

All goats became recumbent and unresponsive within 84 ± 18 sec (mean ± SD) but the depth of
anesthesia varied between individuals from sedation with occasional struggling to light anesthesia.
All immobilizations were rapidly and completely reversed, independent of naltrexone route. The
pharmacodynamics of each route were very similar: time to standing was 147 ± 62 sec for i.m.
naltrexone, 138 ± 59 sec for i.v. naltrexone and 205 ± 60 sec for s.c. naltrexone. There does not
appear to be any advantage in dividing the naltrexone dose into i.v. and s.c. portions, and the
smoothest recoveries were associated with i.m. injection. The pharmacodynamic data suggests that
i.m. administration of naltrexone at 100 times the dose of carfentanil is appropriate in the domestic
goat to reverse carfentanil. A mild renarcotization consisting of slight depression and somnolence
was noted in most of the goats at 1.5-4 hr after reversal. 
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ALPHA-2 AGONIST IN COMBINATION WITH BUTORPHANOL AND TILETAMINE-
ZOLAZEPAM FOR THE IMMOBILIZATION OF NON-DOMESTIC HOOFSTOCK
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Abstract

A combination of compatible and complementary drugs may constitute the safest and most effective
method of immobilization for selected species. Such combinations or “cocktails” have long been
used by wildlife veterinarians. These mixtures of drugs consist of a primary drug, usually an opioid
or cyclohexamine, with a neuroleptic or "2-agonist added, that can potentiate the primary drug and
alleviate its side effects. Additive effects of drugs with complementary modes of action can more
selectively induce loss of consciousness, analgesia and muscle relaxation with lower doses of each
drug, than if used alone.10

Alpha-2 adrenoceptor agonists ("2-agonist) and their equipotent sedative doses, as a primary drug
added to tiletamine, zolazepam and butorphanol is discussed for the immobilization of wild
ungulates in a zoo situation. This combination has already been used successfully in ferrets,7 wild
boars3 and ratites.9   The combination of low doses of "2-agonist, butorphanol and zolazepam results
in a synergistic CNS depressant response, while minimizing the undesirable side effects of these
three types of drugs. Each drug has specific antagonists available for their reversal, thus allowing
to reverse one or more of the agonists depending on the desired response. The inclusion of low doses
of tiletamine in this protocol affecting different central nervous system receptor populations, seems
to aid the synergistic responses of the other drugs with lessened side effects.

Mu-opioid receptors and "2 receptors produce similar effects when activated.12  The interest in the
use of "2-agonist is related to their ability to produce sedation, analgesia, muscle relaxation and
anxiolysis. All "2-agonists produce decreases in heart rate and cardiac output with an increased
incidence of second-degree artrioventicular block, and transient hypertension followed by
hypotension. These changes are dose-dependent.12 Xylazine became the first "2-agonist to be used
in veterinary medicine; in recent years others like medetomidine, detomidine, romifidine,
dexmedetomidine, azepexole, milvazerol and oxymetazoline, have been introduced.12 Binding
studies carried out have suggested an "2/"1 selectivity ratio of 1620, 260 and 160 for medetomidine,
detomidine, and xylazine, respectively. The difference in affinity is suggested to give the difference
in doses inducing equipotent sedation and cardiac depression.14

A mixture of 1.2 mg/kg of tiletamin-zolazepam (Zoletil 50®, Virbac or Zelazol®, Fort Dodge), with
0.1 mg/kg of butorphanol (Torbugesic®, Fort Dodge) and an equipotent sedative dose of the "2-
agonist, xylazine (Sedazine®, Fort Dodge) medetomidine (Domitor®, Pfizer or 20mg/ml Wildlife
L.) or detomidine (Dormosedan®, Pfizer) was used in 18 different species of ungulates in routine
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procedures at Africam Safari Park, Puebla-Mexico (Table 1). The criteria for dose selection of the
"2-agonist was a comparable sedation, judged subjectively.

Immobilization was characterized by lack of spontaneous movements and lack of response to
stimuli. Induction was faster with the xylazine-tiletamine-zolazepam-butorphanol (Xtzb)
combination (4-10 min.) and slower with the medetomidine-tiletamine-zolazepam- butorphanol
(Mtzb) combination (8-18 min.). The Xtzb combination appeared to have a shorter duration of
effect, as some animals arose suddenly during handling (between 25 and 45 min)  without any
reversal agent. The detomidine-tiletamine-zolazepam-butorphanol (Dtzb) combination had the
longest duration of action. 

Reversal was achieved for Xtzb with tolazoline (Tolazine®, Lloyd) (4 mg/kg BW) or atipamezole
(Antisedan®, Pfizer) (1 mg/8-10 mg of xylazine1,5) for Mtzb with atipamezole (5 mg/1 mg of
medetomidine5), and for Dtzb with atipamezole (3 mg/1 mg of detomidine). Naltrexone (Trexonil®,
Wildlife L.) was generally used in all the combinations at 10 mg/mg of butorphanol but in some
instances the effect of the butorphanol was left to provide some analgesia. Recovery times were not
significantly affected by not providing naltrexone but the animals were not as alert after the
recovery. Rapid reversal with atimapezol was completed as expected in all combinations with no
recurrent sedation following antagonism. Despite being administered half i.m. and half s.c.,
atipamezole reversed the effects of Xtzb more rapidly than tolazoline administered all i.v. (1-8 min
for atipamezole and 2-15 min for tolazoline). The zolazepam was not reversed.

In cases of early reversal an emergence of the cyclohexamine side effects can be expected. The
effects of zolazepam were not reversed and a smooth recovery from anesthesia with no delirium or
aberrant behavior was obtained. The pharmacokinetics of tiletamine and zolazepam differ; the
effects of zolazepam last longer than tiletamine in some species whereas the reverse is true in
others.11  This differential clearance of the two drugs can affect quality of recovery according to
species. 

During the anesthesia, ketamine was given i.v. (as needed) in increments of 25 mg to produce the
effect desired. This produced better depth of anesthesia without interfering with the recovery quality.
Using tiletamine-zolazepam as a maintenance agent is not recommended because of the side effects
associated with its repeated dosing and the poor quality of recovery.11   

In our experience medetomidine, detomidine and xylazine at doses that produce a similar degree of
sedation produce approximately the same degree of hypoxemia, as has been previously reported.2
Animals receiving any of the combinations should receive supplemental inspired oxygen when
possible. The mean heart rates observed during immobilization were slightly lower than the mean
heart rate of immobilizations using potent opioids. The effects of detomidine effects included a
significantly lower respiration rate, with more pronounced cardiovascular effects. Xylazine has been
reported to produce milder vasoconstriction than medetomidine and detomidine.14

The addition of 0.5 mg of atropine sulfate in the same dart with a xylazine, tiletamine, zolazepam
combination has been reported,6 but controversy still exists over the necessity of administering
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anticholinergics prior to administering "2-agonist,12 especially in wild herbivores. In this study, no
premedications were administered in any of the anesthetic procedures.

The Mtzb protocol allowed a remarkably easier endotracheal intubation, presumably attributable to
the antitussive property of butorphanol,8 which together with the sedative effect of medetomidine,
allowed a clear endrotracheal tube placement and acceptance. Other advantages of the addition of
butorphanol were the enhancement of sedative and analgesic properties of the "2-agonist, the
prolonged duration of the anesthesia, superior muscle relaxation, and the significant decrease in the
dose of xylazine, medetomidine and detomidine used, compared to other protocols that use "2-
agonist with tiletamine-zolazepam or ketamine.5,6,13

When administered isoflurane (Forane® Abbott), some individuals developed respiratory
depression. The butorphanol and the zolazepam decrease the minimum alveolar concentration of
inhalation anesthetic4 and therefore, the percent required for the maintenance of anesthesia. When
"2-agonists are used with CNS depressants (tranquilizers, opioids, injectable general anesthetics,
inhalant anesthetics) significant respiratory depression may occur.12   

Species that have been successfully immobilized with these cocktails include the Addax (Addax
nasomaculatus), American bison (Bison bison), Eland (Taurotragus oryx), Scimitar-horned oryx
(Oryx dammah), Impala (Aepyceros melampus), Wildebeest (Connochaetes taurinus), Axis deer
(Axis axis), Collared peccary (Pecari tajacu), Nilgai (Boselaphus tragocamelus), Llama (Lama
glama), Wapiti (Cervus elaphus canadensis), Fallow deer (Dama dama), Sika deer (Cervus nippon),
White-tailed deer (Odocoileus virginianus), and Blackbuck antelope (Antilope cervicapra). It is
important to mention that the animals used in this work were in general adults with a low excitement
level. In the animals where an alarm reaction has begun, higher doses may be required. We observed
that the doses recommended in this protocol were not effective in species weighing less than 30 kg,
like the Brocket deer (Mazama americana), and Mouflon sheep (Ovis aries musimom) probably due
to their elevated metabolic activity. 

When equipotent sedative doses of "2-agonists are administered, they appear to act in a similar
manner, with the greatest difference being related to the induction time and the duration of action.
There is no anesthetic combination that applies to all situations however and this makes practice
challenging, because we are in the continuous process of searching for the ‘ideal’ anesthetic
combination.
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Table 1. Equipotent sedative doses of the "2-agonist in
combination with tiletamine-zolazepam-butorphanol.
Xylazine 1.2 mg/kg
Medetomidine 15-20 :g/kg
Detomidine 40 :g/kg



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS198

REPORT OF THE NATIONAL RESEARCH COUNCIL COMMITTEE ON THE
DIAGNOSIS AND CONTROL OF JOHNE’S DISEASE

Bruce Rideout, DVM, PhD

Center for Reproduction of Endangered Species, Zoological Society of San Diego, PO Box 120551, San
Diego, CA 92112 USA

Abstract

Congress established the National Academy of Sciences (NAS) in 1863 to provide expert scientific
and technical advice to the government, and the . The National Research Council (NRC) was
organized in 1916 ais the working arm of the National Academy of Sciences and the National
Academy of Engineering. At the request of a government agency, Congress, or other institution, the
NRC conducts studies specifically designed to address unresolved or controversial questions that
have important bearing on policy decisions. Following review and acceptance of a study request,
the NRC convenes a committee of experts to address the study charge. Committee members are
chosen for their relevant expertise, as well as their freedom from conflicts of interest, and must be
approved by a NRC review panel. This selection process helps to ensure a credible and well-
balanced study process and final report.

In August of 2001, the NRC Board on Agriculture and Natural Resources convened the Committee
on the Diagnosis and Control of Johne’s Disease to address growing concern over the apparent
increase in prevalence of Johne’s Disease, the lack of national coordination of control programs, and
the potential for public health ramifications. The charge of the committee was to 1) provide a review
and synthesis of the information on diagnostic techniques, modes of transmission, clinical
expression, global prevalence, and potential animal and human health implications of Johne’s
Disease (JD) in domestic and wild ruminants; 2) evaluate current JD control and prevention
programs; 3) provide policy recommendations for JD identification, monitoring, and management
strategies applicable to US livestock herds; 4) conduct an objective, critical assessment and
summary of the state of knowledge of the relationship between JD in ruminants and Crohn’s disease
in humans; and 5) provide recommendations for future research priorities and mechanisms to
facilitate control and prevention of the disease.

Committee members included Sheldon Brown, MD, William Davis, PhD, John Gay, DVM, PhD,
Ralph Giannella, MD, Murray Hines II, DVM, PhD, Lawrence Hutchinson, DVM, Will Hueston,
DVM, PhD, and Bruce Rideout, DVM, PhD (Chair). The committee met twice in Washington D.C.,
and once in Hershey, Pennsylvania in conjunction with the annual meeting of the United States
Animal Health Association. The latter meeting included a public workshop, where the committee
had an opportunity to hear from a number of experts on Johne’s disease and from a leading Crohn’s
disease patient advocacy group. At its final meeting, the committee received an update on research
into the link between Mycobacterium avium subsp. paratuberculosis (Map) and Crohn’s disease,
and a progress report on the Map genome project at the National Animal Disease Laboratory.
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The report represents the committee’s review and synthesis of the literature, evaluation of current
control programs, assessment of the evidence for a link between Map and Crohn’s disease, and its
resulting conclusions and recommendations. Much of the emphasis in the report is on knowledge
and control of JD in dairy cattle. This emphasis is difficult to avoid, as most of the published
research, diagnostic test development, epidemiology, and control efforts have focused on dairy
cattle. Nevertheless, the committee also evaluated the significance of JD in wildlife and zoo animals.
Since JD control is becoming a major focus for USDA-APHIS, it will be important for the zoo and
wildlife community to re-evaluate its own JD surveillance and control efforts. If a causal association
is established between Map and Crohn’s disease, JD control will become an important public health
issue, which will significantly impact zoo animal management. Only a small minority of zoos is
conducting routine surveillance for JD, which has important implications in light of future plans for
national control, and the committee’s findings and recommendations. At the time of abstract
submission, the committee’s report had not been released, but will be available by late summer.
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THE AZA REPRODUCTIVE SCIENCES ADVISORY GROUP AND THE IETS PARENT
COMMITTEE ON COMPANION ANIMALS, NON-DOMESTIC AND ENDANGERED
SPECIES:  NOVEL RESOURCES FOR ZOO AND WILDLIFE VETERINARIANS

Naida M. Loskutoff, PhD1* and Karen Goodrowe, PhD2

1Center for Conservation & Research, Henry Doorly Zoo, 3701 South 10th Street, Omaha, NE 68107 USA;
2Point Defiance Zoo & Aquarium, 5400 North Pearl Street, Tacoma, WA 98407 USA

Abstract

Reproduction is a unique physiological event in that it often involves the interaction of social,
environmental as well as biological factors.7 Reproduction is also the essence of species survival.
Comprehensive studies of reproduction and formulating detailed databases are therefore
fundamental to conserving species, populations and, indirectly, the vitality of entire ecosystems.
As a result, there has been an increasing wellspring of interest in developing a wider, more
integrated approach towards understanding, monitoring, enhancing, or controlling reproduction.2,4,6

The term “reproductive sciences” has evolved to advocate integrative research and cooperative,
multidisciplinary studies that can more efficiently address wildlife management problems and
promote more effective reproduction.8

Historically, there has been a problem with the general perception of reproductive biology – the
discipline is poorly understood by colleagues in the wildlife and academic communities in species
other than domestic livestock, laboratory animals and humans. One reason is that reproductive
scientists working with wildlife species are often perceived as routinely prescribing “high-tech”
assisted reproductive technologies (artificial insemination, in vitro fertilization, embryo transfer and
even cloning) to “breed endangered species”.1,5   However, for most species there is a lack of a
fundamental knowledge base of the basic reproductive processes and factors (e.g. environmental,
behavioral, nutritional) that impact on effective reproduction.  Therefore, at its first working
meeting, the AZA’s Reproductive Sciences Advisory Group (Repro SAG) identified the need to:
1) develop mechanisms to communicate and educate people regarding the importance of integrating
appropriate disciplines and technologies in the reproductive sciences; 2) develop a collaborative
network of people who are interested in supporting studies of reproductive sciences for wildlife
species; and 3) liaise with AZA Taxon Advisory Groups (TAGs) and Species Survival Plans (SSPs)
to identify and prioritize research needs and provide advice on appropriate technology availability
and utilization.

The mission statement of the AZA Reproductive Sciences Advisory Group is “to provide technical
advice as a clearinghouse of information in the reproductive sciences for AZA and network
members; develop cooperative relationships with a network of scientific societies and expert
collaborators relating to reproductive sciences in a diverse array of species; and coordinate, facilitate
and monitor cooperative studies of the of AZA’s conservation and science programs in reproductive
sciences”.
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Among the goals that the Repro SAG plans to achieve in a 3-yr action plan is the development of
a network referral service consisting of members with expertise in a variety of scientific disciplines
and a diverse array of taxa.  This would provide an informed and complete counsel that can be
effective for advising the SSPs and TAGs on methods for correcting or treating non-reproductive
animals, as well as for enhancing their reproductive performances.  Effort will be made to identify
specific TAG and SSP needs and priorities, translate results from relevant scientific research and
communicate this information to the appropriate TAG and SSP representatives.  An additional goal
will be the enhancement of international communication and collaborations, which includes
establishing a database on reproductive parameters and strategies in free-ranging animals and
determining how this information can be effectively applied to captive populations.  An important
and timely function of the Repro SAG will be to provide AZA members and related organizations
guidance from a panel of scientific experts that can advise and provide informed position statements
on the validity, feasibility and applicability of some of the more basic, e.g., artificial insemination
(AI) or embryo transfer (ET), to more advanced reproductive technologies (e.g., sex-selection or
cloning) to conservation programs for rare or endangered species.  Finally, members of the Repro
SAG will liaise with the newly formed AZA Biomaterials Banking Advisory Group (BBAG) chaired
by Cathi Lehn (Wildlife Conservation Society, Bronx Zoo) to participate in discussions regarding
the development of protocols and policies as they relate to the collection, storage, information
processing (databasing), ownership and distribution of gametes, embryos and tissues used in
breeding programs, also known as genome resource banks.3 

Although the general consensus of the Repro SAG is to shift the focus of their efforts and research
to more of a practical and basic nature to genuinely assist TAG and SSP breeding programs, it is
nevertheless clear that there is a growing need for the development of efficient and reliable
techniques for assisting reproduction.  This is especially true for those species (e.g., ruminants and
swine) where governmental regulatory agencies are restricting the international transport of animals
due to the unavailability of quarantine stations as well as the potential for disease transmission to
livestock or indigenous wildlife.  For this reason, the International Embryo Transfer Society (IETS)
recently formed a new Parent Committee on Companion Animals, Non-Domestic and Endangered
Species (CANDES).  The goals of the IETS CANDES Parent Committee, whose membership is
more international in scope and focused on the development of assisted reproductive technology
(ART) in these species, are complementary to those of the AZA Repro SAG.  Whereas the AZA
Repro SAG will concentrate their efforts on defining the reproductive patterns and strategies of
novel species and understanding how various factors (e.g., environment, genetics, nutrition, health
and behavior) contribute to the effective management of natural reproduction in captive populations,
the IETS CANDES Parent Committee will use that groundwork to develop more efficient
reproductive technologies (Fig. 1).  This will be accomplished either by modifying existing
techniques developed for use in livestock, laboratory animals and humans, or by the design of
completely unique methodologies. The IETS CANDES Parent Committee is organized as four
Subcommittees:

1. Regulatory Subcommittee.  Besides the health and safety concerns when transporting animal
tissues, those who work with rare and endangered species have additional restrictions by federal
(e.g., United States Fish and Wildlife Department) and international (e.g., CITES, Convention
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on International Trade of Endangered Species) agencies which are often ill-defined and
inconsistent between countries.  An important objective of this Subcommittee is to assist in
clearly defining conditions and requirements to facilitate and expedite the safe and legal
transport of biological materials, while at the same time holding high standards to minimize the
potential of inadvertent disease transmission, without unduly restricting technological advances
in research and conservation programs.

2. Research Subcommittee.  The initial objective of this committee will be to compile information
on existing protocols proven to be effective for applying assisted reproductive techniques for a
diverse array of taxa with updates and new additions included on a regular basis.  A future
objective of this Subcommittee will be to identify and prioritize critical areas in need of research
to develop protocols for embryo transfer and related technologies in companion animals, non-
domestic and endangered species.  

3. Technology Subcommittee.  The goal of this Subcommittee is to identify and prioritize
important areas that need technological development to broaden the application of embryo
transfer and related technologies in companion animals, non-domestic and endangered species.

4. Health and Safety Subcommittee.  This Subcommittee will serve several important purposes
including:  1) review literature on embryo or sperm and pathogen interactions in companion
animals, non-domestic and endangered species (which is quite limited at present); and 2)
identify studies on specific pathogen interactions with gametes or embryos that are in dire need
of research and report these to the CANDES Research Subcommittee.

Owing to the potential benefit for both groups, the annual working meetings of the AZA Repro SAG
and the IETS CANDES Parent Committee will be held jointly and in association with the
International Symposia on Assisted Reproductive Technology for the Conservation and Genetic
Management of Wildlife.  The 2nd symposium was held on 28-29 September 2002; free electronic
copies of the proceedings (abstracts and lists of selected references) and information on future
programs can be requested at: ARTSymposia@omahazoo.com.   There will also be two special
journal issues that will publish selected presentations from the more recent symposium:  Zoo
Biology (Karen Goodrowe, Guest Editor) and Theriogenology (Rebecca Krisher, Guest Editor).  The
programs for these symposia are designed by members of the AZA Repro SAG and the IETS
CANDES Parent Committee to specifically meet the informational needs and reflect the interests
of both groups.  

In summary, the complementary goals of the AZA Reproductive Sciences Advisory Group and the
IETS CANDES Parent Committee are certain to prove to be an important and valuable resource for
zoo and wildlife veterinarians, managers and keepers to manage the reproductive performances of
a diverse array of taxa.  Natural reproduction can be enhanced by understanding species-specific
factors that can influence fertility and either providing conditions that reflect those that are naturally
found or attempting to mimic them artificially.  Assisting reproduction should be perceived in its
broadest sense, and that would be any initiative taken or stimulus introduced that can enhance
reproductive function (e.g., changing light cycles or other environmental manipulations; providing
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nutritional supplements that can overcome deficiencies, such as those often encountered with
pregnancies in aged ruminants; or removing social stressors by either separating territorial rivals or
uniting colony members).  At the same time, assisted reproductive technology should also be viewed
as a supplemental strategy that will inevitably become (based on the growing problems with
governmental regulatory restrictions to control infectious disease outbreaks), one of the most
important tools available for maintaining genetic diversity for populations ex situ as well as in situ.
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Figure 1.  Schematic diagram illustrating the complementary goals and functions of the AZA
Reproductive Sciences Advisory Group and the IETS CANDES Parent Committee and the ultimate
benefit to population management.
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FOR THE CONSERVATION OF BRAZILIAN FELIDS

William F. Swanson, DVM, PhD1* and Janine L. Brown, PhD2

1Center for Conservation and Research of Endangered Wildlife, Cincinnati Zoo & Botanical Garden, 3400
Vine Street, Cincinnati OH 45220 USA; 2Conservation and Research Center, National Zoological Park,
Smithsonian Institution, Front Royal VA 22630 USA

Abstract

Brazil possesses the broadest diversity of felids of any country in Latin America.  Within its borders
exist eight endemic felid species, consisting of two large-sized (> 35 kg body weight) and six small-
sized (< 20 kg BW) cats.  For each of these species, habitat loss and/or poaching are imperiling wild
populations.6  For the past 7 yr, conservation of Brazilian felids has been the primary focus of a
collaborative reproductive research and training program implemented both in Brazil and the U.S.
Scientists from the Cincinnati Zoo's Center for Conservation and Research of Endangered Wildlife
(CREW) and the Smithsonian Institution's Conservation and Research Center (CRC) have been
working extensively with Brazilian colleagues based at five institutions in Brazil (Universidade
Federal do Paraná, Zoológico do Curitiba, Itaipu Binacional, Associaçao Mata Ciliar, Universidade
de São Paulo).  The objectives of this partnership have been to: 1) provide intensive training in
reproductive research techniques to Brazilian scientists, 2) conduct collaborative studies
investigating basic and applied reproduction in endangered Brazilian felids, and 3) establish a
trained cohort of Brazilian scientists to conduct independent conservation-based research in Brazil.

Initial training in reproductive research techniques was provided to several Brazilian veterinarians
in 1995 as part of a genetics/reproductive survey of felids in Latin American zoos.7  Results of the
reproductive survey established species' norms for reproductive traits in eight Latin American felid
species and provided insight into several management factors negatively impacting on reproductive
success in Latin American zoos.  This informal training was followed by three formal training
courses (1995, 1996, 1998) conducted at the Zoológico do Curitiba and the Universidade Federal
do Paraná in Curitiba and at Itaipu Binacional in Foz do Iguaçu.  These courses focused on
reproductive research in endangered felids, providing both didactic lectures and hands-on training
in research techniques, including semen collection, laparoscopy and laparoscopic artificial
insemination (AI), in vitro fertilization (IVF) and sperm/embryo cryopreservation.  During these
courses, a total of ~30 Brazilian veterinarians received training, including several participants in
subsequent collaborative studies.  Some of the latter scientists also traveled to the U.S to receive
instruction in conducting fecal hormone metabolite analysis at the CRC.  Three of these scientists
have recently completed doctoral dissertations derived from their reproductive research with
Brazilian felid species.  

In collaborative studies, Brazilian colleagues have used these new skills to characterize basal
reproductive traits in captive ocelots (Leopardus pardalis), margays (Leopardus weidi) and tigrinas
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(Leopardus tigrinus).  Scientists conducted detailed reproductive evaluations (including testes
measurement and semen collection/analysis) of males of each species, gathering valuable data on
basal sperm production and quality.3,4 Fecal hormone metabolites (testosterone, estradiol,
progesterone, cortisol) also were monitored in male and female felids to investigate reproductive
cyclicity and the influence of seasonality and stress levels on reproductive parameters.2-5  These
studies established that males of each species can produce high-quality ejaculates throughout the
year, with minimal fluctuations due to season, when maintained off-exhibit on nutritionally
complete diets.  Findings also indicated that female ocelots and margays (and possibly tigrinas)
exhibit ovarian cyclicity year-round, and that ocelots and tigrinas are induced ovulators whereas
margays may ovulate spontaneously.  

In applied studies in U.S. zoos, the feasibility of laparoscopic artificial insemination (AI) in ocelots
was investigated as a means to improve gene flow between isolated populations.  This research
demonstrated that, compared to other felid species, ocelots were relatively insensitive to the
exogenous gonadotropins used to stimulate ovarian activity.  This study culminated in the
production of viable offspring at the Dallas Zoo after laparoscopic AI with frozen-thawed sperm.8
In subsequent collaborative studies in Brazilian zoos, Brazilian colleagues used laparoscopic AI with
freshly collected sperm to produce offspring in two cat species, the ocelot and tigrina.1  Fecal
hormone monitoring allowed comparison of estrogen and progestin profiles in pregnant and
nonpregnant females.  Ongoing research is exploring the application of laparoscopic AI for
propagation of margays and jaguarundis (Herpailurus yaguarondi).  Findings to date suggest that
the relative insensitivity to exogenous gonadotropins is a conserved trait among species in the ocelot
genetic lineage but that offspring may be produced with AI after determination of appropriate
hormone dosages.  

In the most recent collaborative efforts, the potential of in vitro fertilization (IVF), embryo
cryopreservation and embryo transfer is being investigated for genetic management of ocelots and
tigrinas.  To date, over 75 Brazilian ocelot and 50 tigrina embryos have been created, cryopreserved
and stored in liquid nitrogen tanks in Brazil.10  Notably, the frozen ocelot embryos represent ~15
potential founders for the development of a North American population of Brazilian ocelots (a
primary goal of the Ocelot Species Survival Plan and a major focus of the recently initiated Brazilian
Ocelot Consortium).  The validity of this approach was recently demonstrated by the birth of a
generic ocelot kitten after transfer of frozen-thawed embryos to a female ocelot at the Cincinnati
Zoo.9  In early 2002, the first transfers of frozen-thawed Brazilian ocelot and tigrina embryos were
conducted at the Associaçao Mata Ciliar in Brazil (pregnancy results still pending).  With the
initiation of the Brazilian Ocelot Consortium, importation of frozen Brazilian ocelot embryos and
additional transfers into generic female ocelots in the United States are anticipated to occur in late
2002.  

These collaborative research projects are providing invaluable information that is directly benefiting
the conservation of Brazilian felid species.  Findings derived from these studies are proving useful
for improving husbandry, population management, and breeding of Brazilian felids in captivity as
insurance against extinction.  In particular, the importance of providing adequate nutrition and
minimizing stress to optimize reproductive success among small felids has received strong
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emphasis.  In addition, continued advances in assisted reproduction eventually may provide an
alternative route for exchanging genetic material among populations within Brazil as well as
between Brazil and other countries, an important consideration in developing global management
programs (such as the Brazilian Ocelot Consortium).  Most importantly, this collaborative program
has been essential for capacity building within Brazil, in establishing a core group of highly trained
reproductive biologists that will continue applying their new knowledge and skills to the
conservation of Brazilian felids.  
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PRELIMINARY STUDIES FOR DEVELOPING A SEMEN IMPORTATION PROTOCOL
TO INCREASE THE GENETIC DIVERSITY OF THE CAPTIVE GERENUK
POPULATION

Linda M. Penfold, PhD,1* Edward Louis, DVM, PhD,2 Tom DeMaar, DVM3 and Scott B. Citino, DVM1
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Abstract

Gerenuk antelope (Litocranius walleri walleri) in US institutions are derived from a small group
(n=28) introduced into the country 20 yr ago, of which ~80% of the F1 generation were sired by one
male.  Intensive management is required to prevent inbreeding, but even so, infant mortality and
disease susceptibility is high and certain genetic lineages have produced offspring with severe facial
deformities and retinol colobomas, thus it is thought that the population would benefit from the
introduction of new genes.  Also, captive gerenuk ejaculates studied to date contain high proportions
of morphologically abnormal sperm (45-94%; 1), that are partially attributable to age, but are not
linked to seasonal effects (1).  Previous studies in other species have linked semen quality and
reproductive fitness with inbreeding (2,3).  Gerenuk are relatively abundant in the wild, and
preliminary studies show the heterozygosity of wild gerenuk (n=13; 0.714 haplotypes) is greater
than that of captive gerenuk (n=26; 0.565 haplotypes). Retaining genetic diversity is a primary
concern for species conservation.  Assisted breeding techniques can augment the genetic
management of a population by introducing new genes into a captive population without
translocating animals.  However, the practicalities involved in the concept of introducing genetic
material from animals in range countries to individuals in captivity, have prevented these techniques
from revolutionizing the captive management of closed populations. 

For the past 4 yr we have studied the reproductive biology of the gerenuk; developing semen
freezing protocols, using fecal hormone monitoring to determine estrus cycle length and developing
estrus synchronization and artificial insemination (AI) protocols.  These studies culminated in a
pregnancy following AI with frozen-thawed sperm, though the calf was stillborn.  Concomitantly,
we have been involved in discussions with the U.S. Department of Agriculture (USDA) to develop
a protocol outlining the necessary steps for importing semen from an African country.  Earlier this
year, we conducted a trial at the Ol Jogi ranch, Kenya and two wild gerenuk males were captured
and safely maintained in temporary captivity for 44 days (the time specified by the USDA to fulfill
quarantine requirements).  Semen was successfully collected from both animals, revealing that
higher numbers of morphologically normal spermatozoa and higher numbers of sperm/ejaculate
were present in wild caught versus captive gerenuk.  Upon release, both wild males were observed
in their original territories, associated with their original gerenuk group.  Blood samples collected
from five different wild caught male gerenuk were tested at the USDA laboratory at Plum Island and
all were negative for rinderpest, brucellosis, Rift Valley fever and foot and mouth disease.  Four out
of five samples were negative for bluetongue.  These findings show that the importation of semen
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collected from wild caught gerenuk in Kenya, for use inseminating captive U.S. gerenuk, is an
attainable goal. 
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THE ROLE OF REPRODUCTIVE SCIENCE AND TECHNOLOGY IN ACHIEVING THE
BIRTH OF THE FIRST SUMATRAN RHINO CALF PRODUCED IN CAPTIVITY IN 112
YEARS

Terri L. Roth, MS, PhD

Center for Conservation and Research of Endangered Wildlife, Cincinnati Zoo and Botanical Garden,
Cincinnati, OH 45220 USA

Abstract

The critically endangered Sumatran rhinoceros (Dicerorhinus sumatrensis) has proven to be one of
the most difficult species to breed in captivity.  For the first time in 112 yr, a pregnancy established
in a captive Sumatran rhinoceros was successful and produced a healthy calf.  Although this calf was
a product of natural mating, it is unlikely that it would have occurred if reproductive science and
technology were not employed in the effort to overcome the challenges to breeding this species.

Since establishing the captive breeding program for Sumatran rhinoceros in 1984, several U.S. zoos
(Bronx, San Diego, Los Angeles, Cincinnati) and our Malaysian and Indonesian counterparts have
been trying unsuccessfully to breed this species.1  Although aggressive behavior is not uncommon
when rhinoceros are paired for breeding, it often is excessive and leads to serious physical injury
if Sumatran rhinoceros are introduced when the female is not in estrus. Furthermore, Sumatran
rhinoceros do not exhibit any obvious, reliable behavioral signs of estrus. Because of these
characteristics and the complete lack of information available regarding the reproductive physiology
of this species, breeding these rhinoceros appeared an insurmountable challenge for animal
managers.  By 1994, the only three Sumatran rhinoceros surviving in the United States had been
moved to the Cincinnati Zoo and Botanical Garden for one last all out effort to breed the species in
North America.  In the fall of 1996, an intensive research effort was initiated with the primary goal
to produce a Sumatran rhino calf. 

The two female rhinoceros were conditioned to allow rectal ultrasound examinations.  These exams
were critical for evaluating the reproductive tracts and directly monitoring ovarian activity.
Additionally, animals were conditioned to allow blood collection from an ear vein so that serum
could be collected regularly and hormone concentrations measured.  The data collected using these
two technologies eventually led to the revelation and then confirmation that the younger female
rhino was an induced ovulator with a 21-day reproductive cycle.2  The older female appeared
infertile with a large uterine mass and small, inactive ovaries Eventually, the reproductive data
acquired through this effort provided the foundation upon which a breeding program that optimized
conditions conducive to safe, successful matings was developed.  Animals were paired for breeding
only when the female’s progesterone levels were basal (< 100 pg/ml) and her ovaries contained a
follicle at least 20 mm in diameter.  When these criteria were met, mating typically took place on
that day or, in some cases, the following day.
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A pregnancy was established after the second mating and was monitored closely by ultrasound from
the day of detection (14 days after mating) until embryo loss was diagnosed on Day 42.  After many
subsequent infertile matings, the female became pregnant a second time but lost the pregnancy
between days 79 and 90 of gestation.  Three additional pregnancies were established but each lasted
less than 60 days.2  When the female became pregnant for the 6th time, she was administered an oral
progesterone supplement (Regumate™; 16 ml; 0.044 mg/kg/day) beginning on the day of pregnancy
detection (Day 16) and continuing until Day 450.  She was weaned off the Regumate™ by slowly
reducing the daily dosage (1.0 ml per day) until she was no longer receiving any supplement (Day
465). A healthy male calf was delivered on Day 475 after an uncomplicated labor.  

Blood collection, hormone evaluations and ultrasound examinations were conducted throughout
gestation for two reasons.  First and foremost, the technology was employed to closely monitor the
health and progression of the pregnancy.  Second, it was used to generate data hormonal changes
during pregnancy and fetal development.  This information is the first of its kind for this species and
is of interest from both applied and basic scientific perspectives.  

Ultrasound examinations initially conducted every 10 days revealed that embryo development was
very similar to that in horses, but after Day 83 of gestation, the fetus descended over the pelvic brim
and could no longer be visualized rectally.  Monitoring continued on a monthly basis via
transabdominal scanning near the mammary gland with a 3.5 MHz convex probe, and the fetus
could be observed until Day 223 after which it shifted cranially and no longer could be detected.
From Day 223 until parturition, most information acquired through ultrasound exams was limited
to allantoic fluid quality and only occasionally could a part of the fetus be seen.

The pregnant rhino's progesterone concentrations rose to luteal levels (1.47 ± 0.58 ng/ml) 10 days
after breeding and remained there for the first 2 mo of gestation. Progesterone then gradually
increased, rising to $6.0 ng/ml by 7 mo.  From 7 mo to parturition at 16 mo, progesterone
concentrations averaged 9.49 ± 2.82 ng/ml (range, 6-16 ng/ml).  By 24 h post-partum, progesterone
concentrations had returned to baseline.  Relaxin concentrations were basal (<1 ng/ml) for the first
6 mo of gestation then rose to 2.71 ± 1.17 ng/ml were they remained until spiking to $800 ng/ml 2
wk before parturition.  Relaxin has never before been measured in a pregnant rhinoceros, and the
sharp increase in relaxin 2 wk prior to parturition may prove to be a useful indicator of pending
parturition. 

Information generated by employing reproductive research and technology to overcome the
challenges of Sumatran rhino reproduction clearly paved the way for developing a successful
managed breeding program for this species at the Cincinnati Zoo.  It also was critically important
for detecting and overcoming the recurrent early pregnancy loss experienced by this rhino.  The data
will be invaluable in efforts to breed the last nine female Sumatran rhinoceros surviving in captivity.
Some of the technology already has been transferred and adopted by Malaysian colleagues who are
now achieving success in mating their rhinoceros, but to-date, pregnancy has alluded them.
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Abstract

Successful captive African rhinoceros breeding management is a priority among zoo and wildlife
organizations worldwide. Captive populations have been maintained by collecting individuals from
the wild, because of the unsatisfactory reproductive success of animals in captivity. Conservation
and safety concerns, along with the growing acknowledgment among rhinoceros caretakers that
removing females from their familiar environments for breeding loans can cause distress, have all
contributed to the need for the development of assisted reproductive techniques. Demonstration of
a successful technique for artificial insemination (AI) would open up many possibilities for captive
rhinoceros management, including the collection of genetic material from the wild for integration
into captive populations, once semen cryopreservation techniques have been perfected.

A newly developed reproductive strategy involving the application of ultrasonography for
reproductive assessment and non-surgical AI has been implemented in the rhinoceros management
program at the 15 European and North American zoos over the last 2 yr. The ultrasound assessment,
semen collection and AI technology for this rhino project were developed at the Institute for Zoo
and Wildlife Research in Berlin. The technique for transrectal ultrasonography in rhinoceroses is
performed in standing or laying position with or without the use of anesthetics and restrictive
devices. Feces are removed manually with the use of ultrasound gel for lubrication. The rectum is
then irrigated with lukewarm water. A battery driven, real-time,  B-mode ultrasound scanning
system (Sonsite 180) was mainly used. For visualizing the caudal component of the urogenital tract
(vestibule, urethra, vagina, urinary bladder, cervix, caudal corpus uteri) a 4-2 MHz transducer was
manually introduced into the rectum with ultrasound gel for coupling. To visualize the cranial
component of the genital tract (cranial corpus uteri, uterine horns, ovaries, surrounding tissues) a
4-2 MHz transducer or 4-9 were attached to a specially customized probe extension (German patent)
and guided manually into the rectum.

Ultrasonography provided valuable information on ovarian activity, uterine integrity and
reproductive disease or dysfunction. It was used to visualize structures of the entire reproductive
tract. Specifically, it could detect evidence of endometrial cystic degeneration, tumor growth, and
indicate the gestational capacity of the uterus. Ultrasound was also useful to detect pathologic
changes in the oviduct and its neighbored connective tissue (paraovarian cysts). The ovaries were
also screened for pathologic structures such as cysts and atrophic processes of the parenchyma.
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Coupled with endocrine information from fecal samples, continuous ultrasonography can help
predict the day of ovulation and thereby greatly enhance the possibility for successful AI.

The AI component of this project involved simultaneous imaging by ultrasonography and endoscopy
for verifiable semen placement. The insemination technique (submitted as German patent) is non-
surgical and has resulted in verifiable sperm deposition directly into the cervix and/or uterus.
Ultrasound-guided AI has been attempted, to date, in one black and eight Southern white
rhinoceroses in a total number of 11 trials.  The nine AI candidates (age ranged from 10-29 yr) have
been monitored for sexual cycle activity based on progesterone metabolite levels in the feces at least
a half year prior to the AI. The ovulation had to be hormonally induced in six of the nine AI
candidates, because of the absence of any cyclic activity.  
 
Semen was collected by electroejaculation placing a customized stimulation probe with a diameter
of 10 cm inside the rectum directly above the accessory glands. The electric stimulations were
combined with intensive massages of the pelvic and penile urethra. A maximum of 20 stimulations
were administered in a duration of about 15 sec, at a maximal voltage of 15 V and 800 milliampere
during the electroejaculation. The procedure took on average about 20 min. A total of 30 semen
samples were successfully collected from 20 male white rhinoceroses, including two Northern white
rhinoceros. In addition, semen was also successfully collected in one black rhinoceros during two
electro-stimulations. Ejaculate volume, concentration and pH, and sperm motility and viability were
assessed at collection. The samples were fractionated, and each fraction was assessed separately
before combining. The semen was diluted 1 to 1 with a special rhino semen extender (BC 1) before
shipment as fresh semen or cryopreservation. Extended semen was transported by air at 4/C in a
refrigerated vessel. Preliminary trials had revealed that the extended semen maintained good motility
for 1-2 days after collection. The sample was warmed to 37/C prior to insemination. Samples used
for AI trials ranged in motility status from 60-95%. The AI candidates were anesthetized and
positioned in lateral recumbency. Aseptic technique was employed throughout the procedures. First,
a flexible speculum was inserted into the vestibule to slightly distend the reproductive tract for
optimal endoscopic visualization and a guide wire was placed into the vagina by passing it through
the 2 mm wide hymenal opening in nulliparous females. Following this guide wire allows the blind
positioning of the insemination catheter in the vagina. By transrectal guidance this catheter was
manipulated through the cervical rings so that finally the tip of the catheter was placed in the cranial
part of the cervix or caudal part of the uterus. The actual introduction of semen was monitored
sonographically to verify its placement. 

None of the 11 inseminations performed were successful.  Summarizing our previous results, the
major obstacle in rhino AI is the timing of the procedure in relation to the natural or induced
ovulation in the female AI candidate.  Further collaborative research is needed to overcome this
problem so that we hope to report in the near future about the first successful AI in an African
rhinoceros species. This project has been a team effort, requiring the cooperation and expertise of
many individuals: curators, keepers, researchers, pathologists, volunteers, educators and public
relations specialists. 
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NON-INVASIVE HORMONE ANALYSIS FOR REPRODUCTIVE MONITORING IN
FEMALE SOUTHERN WHITE RHINOCEROS (Ceratotherium simum simum)
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Abstract

The reproductive status of captive female southern white rhinoceros (Ceratotherium simum simum)
was monitored non-invasively using an enzyme-linked immunosorbent assay measuring fecal 4-
pregnen-20"-ol-3one (20"-hydroxyprogesterone, 20"-OHP). Matched fecal and plasma or urine
samples were collected two to three times per week from eight female animals, housed at three
zoological establishments in the UK for 6 mo. The fecal samples were dried, crushed and the steroid
hormones extracted with potassium hydroxide and methanol prior to analysis. The data were
contrasted with urine or plasma steroid concentrations determined using previously validated assays1

for confirmation of our findings. 

Using this method we identified two pregnant, five cyclic and one acyclic animal. The two pregnant
females produced live calves 15 mo after the predicted conception date. In cyclic females (Fig. 1)
the mean (±SD) fecal immunoreactive 20"-hydroxyprogesterone concentrations varied between
501.2 ± 158.1 ng/g dry feces during the luteal period and 158.1 ±14.7 ng/g dry feces in the inter-
luteal period, which corresponded with the period when matings were observed. The acyclic female
(Fig. 2 a-c) showed no comparable cyclic variation in hormone excretion; sample concentrations
remained around 177.3 ± 97.5 ng/g dry feces. In the pregnant animals (Fig. 3), concentrations of
fecal progestagens rose significantly above mean luteal levels after the first 50 days of gestation, and
remained elevated at an average of 3637.5 ±1192 ng/g dry feces until the end of the study. The mean
estrous cycle length was 32 ± 1.85 days, with mean inter-luteal and luteal periods of 7.6 ±1.3 and
25.6 ±1.6 days, respectively. Nine animals from two of these collections were further monitored
over an 18-mo period using fecal samples alone. Based on our previous findings we were able to
identify five pregnancies, one acyclic animal, one acyclic animal that began to cycle irregularly, one
animal with approximate 32-day cycles and one female was sampled too irregularly for data to be
interpreted. Post-partum anestus was identified in three of the females after they gave birth with
levels consistently below the mean inter-luteal concentration. These data demonstrate that under
appropriate management conditions, this technique provides a valuable asset for reproductive
monitoring and herd management in the southern white rhinoceros.
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Figure 1.   a) Fecal and b) urinary profile of a cyclic female southern white rhinoceros. Broken lines
encompass estrous cycles, arrow indicates observed mating. c) The same data plotted on the same
axis to allow direct comparison.
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Figure 2. Matched fecal and urinary profiles in an acyclic female southern white rhinoceros.

Figure 3. Fecal and plasma progestagen concentration in a female southern white rhinoceros. Inset
shows the fecal hormone concentrations over a larger scale.
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Abstract

The African (Loxodonta africana) and Asian (Elephas maximus) elephants are the largest living land
mammals and both are in danger of extinction. Due to massive efforts from a number of zoo
professionals, both natural breeding and artificial insemination programs have produced an
unprecedented number of captive offspring in recent years. Transrectal ultrasound has been utilized
to evaluate the reproductive tract and confirm pregnancy in both species.1-4 As the fetus grows,
transrectal imaging becomes impossible due to the depth at which the fetus develops.

In April of 2000, a combination of observed matings, hormonal monitoring and transrectal
ultrasound imaging confirmed pregnancy in a 32-yr-old female African elephant naturally mated
with a 22-yr-old African bull elephant. As the fetus developed, transrectal imaging became useless.
Based on previous successes at the Kansas City Zoo (KCZ) with transabdominal gestational
monitoring of an Eastern black rhinoceros (Diceros bicornis michaeli), Bornean orangutan (Pongo
pygmaeus pygmaeus)5 and African lion (Panthera leo), we devised a technique for monitoring fetal
viability in the African elephant and extended this to Asian elephants (Dennis Schmitt, personal
communication 2000).

We utilized a real-time B mode ultrasound scanning system (Ausonics Impact VFI, Universal
Medical Systems, Bedford Hills, Pennsylvania, 10507 USA) with a 2.5 MHz variable sector probe.
The elephant was conditioned to enter a standard elephant restraint device. Once restrained, the
abdomen was cleaned and scrubbed with warm water. An initial skin imprint was made for future
reference points. Standard ultrasonic gel was used to fill skin fold crevices and provide better
imaging of the fetus. Most procedures took less than 1 hr to complete. 

From November 2000 and through September 2001, we monitored fetal viability approximately
weekly through a specific triangular “window” defined by the caudal extent of the rib cage, ventral
abdominal wall and the cranial extent of the femoral muscles. Images of the fetal trunk, feet, ear,
spinal column, tail, heart, placental membranes, uterus, and amnion were routinely observed and
recorded. Fetal movement was easily observed. In addition, fetal movement was documented
through tactile sensation of the abdomen. We noted occasional preclusion of images by intestinal
content. This was easily differentiated from the fetus by documenting intestinal wall thickness,
uniformity of fecal material, and consistent intestinal peristalsis. The uterine wall consistently
measured 2.4-2.7cm in thickness, whereas the intestinal wall averaged less than 1 cm in thickness.
Similar results have subsequently been achieved with several other African elephants and Asian
elephants (Schmitt, personal communication).



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS220

Unfortunately, a fetal malposition (anterior presentation, head to the left) prevented a successful
delivery, and the calf is retained in the uterus as of this writing. We continue to monitor the
reproductive tract through transabdominal and transrectal ultrasound to ascertain fetal
mummification and cervical status. The cow is maintained on rotational antibiotics, and low dose
flunixin meglumine (Banamine, Schering-Plough Animal Health, Union, New Jersey 07083 USA)
to aid in preventing absorption of endotoxins. Weekly complete blood counts and select serum
biochemistries are obtained to monitor systemic effects and physiologic response to
mummification/necrosis of the calf. Weekly fecal cultures are also evaluated and adjustments made
in antibiotic usage depending upon aerobic bacterial sensitivities.

In retrospect, transabdominal ultrasound performed 1 wk and at 24 hr prior to the onset of labor
probably demonstrated fetal death. Noticeable decreases in fetal movement were observed but
attributed to the large size and space requirement of the fetus, precluding much movement. 

This technique describes the use of transabdominal ultrasound monitoring of fetal viability in an
African elephant. No specialized ultrasound equipment is needed, and the technique is less invasive
than conventional methods. Additional techniques for evaluating internal organs of elephants
through ultrasound are being developed.

The combination of hormonal monitoring, artificial insemination, transrectal and transabdominal
ultrasound imaging provides valuable insights into the reproductive processes of elephants.
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PORCINE ZONA PELLUCIDA IMMUNOCONTRACEPTION IN CAPTIVE EXOTIC
SPECIES: SPECIES DIFFERENCES, ADJUVANT PROTOCOLS, AND TECHNICAL
PROBLEMS
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Abstract

Since it was first reported to the American Association of Zoo Veterinarians (AAZV) in 1992, the
use of porcine zona pellucida (PZP) immunocontraception in zoos has increased to include 95
distinct species in 87 zoos.  At the present time there are 30 species for which five or more animals
are on protocol.  Ungulates form the largest single group of taxa and have provided the most
information regarding effectiveness and safety.  As data have accumulated, it has become clear that
species differences require differing treatment protocols, that adjuvant protocols must be adjusted
to the individual species, and that a certain amount of precision must be adhered to during the
treatment phase to avoid technical problems and contraceptive failures.

Species Differences

Most of the initial data regarding PZP contraception came from wild horses and white-tailed deer,
where two initial inoculations and a single annual booster inoculation could cause and maintain
contraceptive antibody titers.  Both species however, are highly seasonal with respect to
reproduction. Over the past 10 yr it has become clear that not all captive mammals mount identical
immune responses with regard to duration of contraceptive effects, and that less seasonal breeding
patterns among zoo animals require more frequent booster inoculations.  Currently 59 giraffe and
42 zebra (all species) are on protocol.  Among 35 giraffe and 29 zebra for which complete data exist,
contraceptive efficacy has been 94% and 96%, respectively, for animals given booster inoculations
every 7-9 mo. Big horn sheep (Ovis canadensis) and Rocky Mountain goats (Oreamnos americanus)
provide an even more dramatic example of species differences among ungulates.  Three big horn
sheep inoculated in 1996 with a series of three PZP injections over 6 wk remained infertile for 2 yr;
one lambed in 1999 and again in 2000, and another lambed in 2000.  Among eight mountain goats
inoculated with a single series in 1996, only one lambed by 1999 (and again in 2000) and one other
lambed in 2000.  Thus in goats and sheep a single initial PZP series will maintain infertility for more
than 2 yr and in most cases longer.  A single California sea lion (Zalophus californianus) that was
treated with a single series of PZP inoculations in 1995 and bred with a proven male did not
produced a pup until 1998, and none since that time despite being bred by the male. Other ungulate
species for which sufficient data exist to document PZP contraceptive efficacy include  ibex (all
species, 38), white-tailed deer (19), Sambar deer (16), North American bison (15),  Kudu (15), sika
deer (2 subspecies, 15), Himalayan tahr (13), Wapiti (9),  caribou (7), bongo (7), markhor (5), and
Axis deer (5).  In every case we recommend an initial series of three inoculations, with a single
booster inoculation every 7-9 mo, unless the animal is markedly seasonal.
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Adjuvant Protocols

In Equids, where no reliable TB test exists, the adjuvant protocol of choice is an initial inoculation
with Freund¹s Complete Adjuvant (FCA) followed by one or two subsequent inoculations with
Freund¹s Incomplete adjuvant (FIA) over 6 wk.  In all other ungulates the protocol is 3 inoculations
over 6 wk with only FIA, and no differences in efficacy between the two protocols have been seen.
More recently, we have used a new protocol which utilizes an initial inoculation with Freund¹s
Modified Adjuvant (MFA) followed by subsequent inoculations with FIA.  The FMA does not lead
to false positive TB tests. Among 4 fallow deer (Dama dama) that received an initial inoculation
with FMA followed by a single booster with FIA the antibody titers were no different from 5
animals given an initial inoculation with FMA and s single booster inoculation with FMA.  Thus,
it appears that two subsequent inoculations of FMA can be given without the occurrence of
abscesses, unlike FCA, and that either FMA or FIA will suffice for booster inoculations. 

Technical Problems

Among 35 giraffe for which data have been recovered, there were 14 failures during the first year
of treatment and one during the second year and all could be attributed to technical failures.  Of
these 14 failures, six animals were already pregnant at the time of first treatment, two animals did
not have the three inoculation series completed, one had an inadequate injection because of the dart
needle¹s length (too short), and one was bred before the inoculation series was completed.
Presumably antibody titers had not reached contraceptive levels before the treated animal was
reintroduced to the male.  We recommend at least 2 wk following the third inoculation before
females can be safely placed back with males. In another two animals boosters were given late, after
the 9-mo recommendation.  The one second-year failure was due to a booster inoculation that was
not given al all.  In addition there were two clear contraceptive failures.

Among the 29 zebra for which data has been retrieved, there were four first-year failures, two
second-year failures and one third-year failure.  Three first-year failures were attributable to
incorrect timing of the initial three inoculations.  Another was already pregnant. Both of the second-
year failures were due to boosters not given on time. The third-year failure one was a contraceptive
failure, thus contraceptive success, barring these technical problems was 96% (one failure).  

Summary

Based on 14 yr of data from horses, the PZP vaccine appears extremely safe over both the short and
long-term treatment, safe to give to pregnant animals, and almost completely reversible through 5
consecutive yr of treatment and we hope to analyze similar safety data for captive exotic species
during the next 2 yr.  In summary, (1) the timing PZP booster inoculations must conform to the
species differences in maintaining adequate antibody titers and contraceptive effects, (2) treated
animals must be given adequate time to mount significant antibody responses before they are placed
back with the male, and (3) the choice of adjuvant must conform to the species being treated.  
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Abstract

Improved conditions in zoological gardens lead to an increased life span as well as to an enhanced
breeding success and decreased neonatal mortality in many species. Thus, uncontrolled breeding
inevitably creates a surplus of animals, even in endangered species. As culling or euthanasia of
surplus animals are legally and ethically controversial, there is an increasing demand for an effective
way to control reproduction. Currently, there is no effective hormonal treatment described to
terminate pregnancy in bears. Recently, pregnant brown bears were treated three times with a
prostaglandin F2" nalogue (intramuscular injection of 0.75 mg Tiaprost), nevertheless all animals
got normal birth (Teuschner, personal communication). Methods actual used to control reproduction
in bears (e.g., testectomy, sterilization of the male, melanogestrolacetate-implants in females) do
not satisfy all the essential requirements (especially reversibility, no side-effects on health and
behavior). Therefore, research on new approaches to control reproduction is highly desirable.1

The aim of this study was to establish a new approach for the control of reproduction in bears. The
effects of an antiprogestin, estrogens or their combination on the implantation of blastocysts at the
end of the embryonic diapause and on already implanted embryos were investigated. The
reproductive physiology of bears is characterized by seasonality and a period of delayed
implantation between mating in April/May and implantation in November. There is convincing
evidence that progesterone is produced during this period and that progesterone concentrations
increase towards the end of diapause.2,3 Therefore, the application of antiprogestins may be a good
choice for an effective birth control in bears. They act by a competitive displacement of
progesterone at the cellular receptor.4 Thus, depending on the time of application, antiprogestins
might prevent implantation or induce abortion. 

In 2 consecutive yr the antiprogestin J956 was applied to 11 female bears (nine Ursus arctos, one
Ursus tibethanus, one Tremarctos ornatus) living in zoos. The application was performed orally (n
= 4) or parenterally (n = 12). J956 was administered alone or in combination with ethinyloestradiol,
and before (during diapause, October) and after implantation (December) of the embryo. The effects
of antiprogestin treatment were documented by ultrasonographic examination of the urogenital tract
and by endocrinologic monitoring of progesterone in blood and feces.2 Oral application was
inefficient (success 0/4). In contrast to oral application, none of the parenteral treated animals
remained pregnant (success 12/12). Parenteral treatment with J956, with or without
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ethinyloestradiol, was effective in disrupting the pregnancy before implantation (success 6/6) and
after implantation (success 6/6), but application 1 mo after implantation (n = 2) resulted in
incomplete resorption of the foetuses. 

From a management point of view, there are several advantages to an interruption of pregnancy
during diapause in bears. Because of their seasonality and delayed implantation, contraceptive
intervention can be reduced to a single application by teleinjection. Sexual behaviour and social
interactions are not suppressed; resorption of microscopically small blastocysts did not affect the
health and fertility of the mother. Because of the risk of an incomplete absorption of already
implanted embryos or an defective abortion of the foetuses, treatment with an antiprogestin late after
implantation is not recommended. 

In conclusion, interruption of pregnancy during diapause offers a new possibility for the
management of reproduction of bears in captivity. Antiprogestins might be the most suitable method
to prevent implantation.
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Abstract

Urban white-tailed deer (Odocoileus virginianus) overabundance continues to be problematic. This
study utilizes permanent surgical sterilization of females as a means to reduce local urban deer
populations. The study area is the City of Highland Park, IL, and the does are separated
geographically into control and treatment groups. Control does receive tissue sampling, radiocollars,
and ear tags, and the treatment does additionally receive tubal ligations under gas anesthesia. All
bucks are sampled and ear-tagged.  Preliminary results and comments on procedures are presented.
A ventral midline laparotomy is preferred over a right flank laparoscopy for the tubal ligation. 
 
Introduction

Overabundance of white-tailed deer continues to challenge urban wildlife managers and local
governments.23 Different management approaches to control white-tailed deer population densities
have been tried, including sharp-shooting, trap and relocate, and immunocontraception. While lethal
culling is by far the most effective control technique, it is not always an option in urban settings due
to logistic or political considerations. Trap and relocation programs are expensive and time-
consuming and may result in the death of up to 90% of translocated deer.9 Immunocontraception
using porcine zona pellucida has been tested extensively in white-tailed deer and free-ranging
equids.11,19,21  The need for continued re-injection of females makes this a less viable option for long-
term population control in large areas due to logistic difficulties and costs.19

Many hormonal contraceptive agents have been tested in deer, but have yet to be proven practical
for population control.4,7,14,17,24 Chemical vasectomies performed on male white-tailed deer caused
azoospermic ejaculates and were cost-effective.1 However, male-based contraception is not a
reasonable option for free-ranging white-tailed deer since all resident males must be rendered sterile,
an effort that is not practical based on the dispersal behavior of bucks. Surgical sterilization of
females is effective in preventing pregnancies but has not been attempted at the population level.6,22

A pilot study using surgical sterilization of white-tailed deer at the Milwaukee County Zoo was
successful in reducing the deer population.6

 
Localized management of white-tailed deer can be successful due to their social behavior.12,16,18

Numerous studies indicate that urban female deer use home ranges of under 190 acres (0.3 miles2).
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Females establish their home ranges overlapping and slightly extending the range of their mother13

and tend to use traditional fawning areas each year. Females are highly philopatric, and matrilines
form within a population. Previous studies of urban deer indicate that dispersal rates of adult females
ranges from only 5-7%.5,10 Immigrants rarely, if ever, succeed in joining a resident social group and
do not succeed in becoming members of the breeding population.9

Hobbs et al. present a stage-structured model to represent variation in the duration of the effect of
fertility control agents.8 They conclude that more than 50% of the females will need to be
maintained infertile to achieve meaningful population reductions even when fertility rates are low.
Their models demonstrate that fertility control using long-lived or permanent sterilization can be
more effective than culling in regulating deer numbers.

Since 1994 the Deer Task Force of the City of Highland Park has explored efficient and publicly
acceptable means of controlling their deer population. Residents are deeply divided about the use
of lethal cull for population control, and this has prompted the city council to fund the current
project. Our working hypothesis is that tubal ligation of 80 - 90% of Highland Park breeding does
will lead to a declining population and reduce the current deer density from 9/mi2 to 5/mi2 in a 4-yr
time period without significantly affecting behavior at the level of the social group. 

Methods

General Study Area 

Highland Park, IL (HP) is a 12.5-mile2 residential community bordering Lake Michigan. U.S. 41 is
a major north-south road that provides a significant barrier to deer movements between the control
area (4 miles2, west) and the treatment area (8.5 miles2, east). 

Current Population Estimate 

Based on aerial surveys, and correcting for a 60% aerial detection rate, we estimate an average
population density ranging between seven and 10 deer per mi2. Based on Hobbs et al. models,8 we
estimate that we will need to sterilize 45-70 does during the 4-yr course of the study. 

Capture, Handling, and Anesthesia Techniques 

Deer are captured using Clover traps baited with corn and apples,15 October through April of each
year (from 22/Jan/02). Traps are managed and checked three times per day by the HP Police
Department. Deer are removed from the traps by collapsing the trap and administering anesthetic
agents by hand syringe, using 1.5-2.5 mg/kg xylazine HCl (X-ject E®, Burns Veterinary Supply,
Westbury, NY) i.m. combined with 2-3 mg/kg tiletamine/zolazepam (Telazol®, Fort Dodge, IA) i.m.
for treatment animals or 2-8 mg/kg ketamine HCl (Ketaset®, Fort Dodge, IA) i.m. for control
animals.2 Deer are then blindfolded, removed from the trap, and examined. All deer are ear-tagged,
and all does are collared with a 480 g radio transmitter with a mortality sensor (ATS, Model 2520).
All deer have blood and either flank or abdominal muscle biopsies harvested for later genetic



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS228

analysis. Deer are also weighed, aged,20 measured (chest girth and hock-toe length), and examined
for ectoparasites. Deer are returned to the capture site, and the xylazine is reversed with 0.4mg/kg
yohimbine i.v. (Yobine®, Ben Venue Laboratories, Bedford, OH). Deer are observed until standing.

Surgical Procedures 

Treatment does are transported to an ambulance modified for a surgical suite. Does receive 44,000
IU/kg penicillin G benzathine/procaine (Hanford's MFG Company/USVet, Syracuse, NY) 20% i.m.,
80% s.c. and 0.1 to 0.2 mg/kg butorphanol i.m. (Torbugesic®, Fort Dodge, IA). Animals are
intubated and maintained on 1% isoflurane in oxygen to effect. Anesthesia monitoring includes
temperature, respiration, heart rate, O2 saturation, and end-tidal CO2. Tubal ligations are performed
using either laparoscopic or standard laparotomy techniques. For laparoscopy, does are placed in
left lateral for a right flank approach. Tubal ligation is accomplished using a three-port technique.
Two hemostatic clips are applied to each isthmus, and the oviducts are transected. Closure is
standard. For laparotomy, a 4-9 cm midline approach is used. Each oviduct is exteriorized, the
isthmus is double ligated, using silk or nylon, and transected, removing a >1 cm section of oviduct.
Closure is standard, preplacing near-far-far-near sutures in the linea alba for gravid does. No
concurrent pregnancies are terminated.

Animal Monitoring 

Does are located every day by radio telemetry for the first 14 days, then a minimum of 1.5 times per
week to obtain 30-40 relocations/deer/reproductive season. Annual trapping provides a means of
assessing deer abundance using capture-recapture methodology. Additionally, deer-vehicle collision
rates often provide an effective index to population density. 

Results

As of 4/20/02, 69 deer were captured in 510 trap days (13.5% trapping success). Additionally, 15
deer escaped prior to immobilization. Seventeen were recaptures (24.6%) with one doe recaptured
three  times and two others recaptured twice, and two additional captures were not handled.
Nineteen treatments, 12 controls, and 19 bucks have been processed. Six of the 69 trapped deer are
known to be deceased: one 2.5-yr-old doe died 3 days post laparoscopy with no gross abnormalities;
one 7-yr-old doe was found asphyxiated in a trap due to a trap malfunction; one recaptured 10-mo-
old buck (trapped together with another buck) asphyxiated in the trap at induction; one 10-mo-old
doe died 16 days post laparotomy due to entrapment in a swamp by a cable snared around the right
metatarsus; one 2.5-yr-old control doe was culled by the city of Lake Forest; and one 10-mo-old
treatment doe was killed by a car after apparently dispersing 12 miles north with a treated sibling.
Estimated home ranges during February to April have been < 3 miles2 with ~75% of deer at <0.5
miles2.
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Discussion

Both laparoscopic and standard laparotomy techniques have been utilized for tubal ligations in this
field study. The laparotomy provides several advantages over the laparoscopy, including a
significant simplification of the procedure with inexpensive equipment, no need for a sterile
assistant, no need for additional training, improved efficiency and safety (no trocarization),
especially in advanced pregnant does, as well as a potentially longer surgical season. Most
importantly, the laparotomy is a technique that is easily transferable to any veterinarian. The
potential disadvantages to the laparotomy include a longer surgical time, a longer post-operative
recovery period, and an increased likelihood of a catastrophic dehiscence. Laparoscopy was the
preferred method for the tubal ligations in the MCZ pilot study and could be expected to provide a
quicker surgical time, a reduced recovery time, and, presumably, less morbidity and mortality. The
disadvantages of laparoscopy include expensive and delicate equipment with additional sterilization
requirements, and the risks of extraperitoneal or intestinal insufflation as well as unobserved
intraabdominal hemorrhage or intestinal perforation. In our hands, the laparoscopic surgical
technique, even after significant training, took longer and was more difficult than the standard
laparotomy. The first three surgeries were performed laparoscopically, and all three required an
assistant to hold the camera (a camera holding device was later concocted, but never used). The
second surgical doe was about 60 days. pregnant with triplets and laparoscopic uterine manipulation
proved too difficult, so the surgery was converted to a ventral right flank laparotomy, and
sterilization was successful. For tubal ligation to become a realistic population management tool,
it is our opinion that the procedures must be as uncomplicated as possible. 

There is little doubt that three of the six known deceased deer died as a result of our intervention.
In each case we have implemented significant modifications to either the traps or our procedures to
optimize deer safety and prevent additional mortality. 

Hobbs et al.8 indicate that approximately 10% of the population would need to be sterilized per year
in order to achieve a 50% population-wide sterilization rate and a net reduction of the population.
They further show that when recruitment is 0.6 does/doe, and survival of adults is high (90%), then
nearly 90% of the does must be rendered infertile to approach a target population density of less than
25 per sq. mile. In this study our goal is to sterilize 80-90% of the does within 3 yr. For this
technique to be successful in long-term reduction of the deer population, a maintenance effort of
annual sterilizations of 5-10% of the does is required, depending on recruitment levels. It is
interesting to note that Hobbs et al.8 and Boone and Wiegart3 caution that treating small, closed
populations with irreversible agents increases the likelihood of population extinction relative to
treatment by culling. We feel it unlikely that we would be able to trap and sterilize all resident does,
nor is it our intent, but even if this did occur, there are sufficient local reservoirs of deer for this to
be a temporary condition. This project is designed to investigate the efficacy and practicality of
utilizing surgical sterilization in local deer management. If proven successful, municipalities may
have an additional means of non-lethal control for consideration. 
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Abstract

Giant garter snakes (Thamnophis gigas) are endemic to wetlands of California’s Central Valley, and
once ranged from the northern Sacramento Valley to the southern San Joaquin Valley3.  With over
95% of California’s wetlands destroyed due to agricultural and urban development1, T. gigas has
been extirpated from much of its former range, and remaining populations are fragmented, which
has resulted in the federal and state listing of T. gigas as a threatened species.  Furthermore, with
much of its native habitat destroyed, giant garter snakes have been forced into artificial and
suboptimal habitats, such as irrigation and flood control canals and ditches, rice fields, and sloughs
in agricultural fields and urban areas2.  In order to formulate a conservation plan for this species, the
US Geological Survey initiated a study of the life history and habitat use of the giant garter snake
in 1995.  This on-going study involves capture of free-living snakes for biologic data collection
(weight, length, sex, overall health, pregnancy status, genetic sampling, etc), for mark and recapture
data to estimate population size, and for radiotelemetry determinations of snake movements and
habitat use.

Integral to the telemetry study has been collaboration with the UC Davis School of Veterinary
Medicine for surgical implantation of radio-telemetry devices (Holohill Systems™  SI 2T
transmitters, 7.5 g, 3.5 × 1.0 cm).  Since 1995, 142 snakes have been implanted, and 107 of these
snakes have been recaptured for surgical removal of radio transmitters. Briefly: the snakes are mask
induced, intubated, and maintained with isoflurane inhalation anesthesia for surgery.  The length of
the snake from the insertion point of the implant to the exit point of the antenna-placement catheter
is prepared in a standard sterile surgical manner. Entry into the coelom is through vertical skin
incisions with blunt dissection intercostally for implant placement.  Implants are anchored to a rib
with a single suture to prevent migration within the coelom.  The antennas are placed in the caudal
coelom by using an 8-10 French polypropylene catheter as a placement guide: the catheter is
manually guided caudally within the coelom to a point 2-3 cm distal to the length of the antenna,
and then the antenna is threaded into the lumen of the catheter.  The catheter tip is then exteriorized
through a small stab incision, grasped at its distal tip and pulled caudally for removal, leaving the
antenna within the coelom. The primary incision closure both at the implant insertion site and at the
catheter exit point is achieved with a continuous suture pattern incorporating two adjacent ribs using
4-0 PDS.  Skin closure technique initially involved experimentation with several different suture
patterns to achieve a water-tight seal, to prevent some of the post-operative complications
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encountered;  a modified subcuticular pattern proved most effective. Transmitter removal is
achieved by locating the transmitter in the coelomic cavity by palpation, and performing a
coeliotomy as previously described. Post-operatively, snakes are maintained in 80 F incubators for
24 hr, then transferred back to the USGS field station, where they are maintained in aquaria at
ambient room temperatures of 78 F. Snakes are held in dry aquaria for the first 72 hr post-
operatively, and then moved to aquaria with shallow water pans for soaking and feeding, for an
additional seven to 10 days following surgery.  Snakes are held for a maximum of 2 wk if no post-
operative complications are noted prior to release. Ancillary diagnostics included blood collection
from the ventral coccygeal vein for PCV/total solids prior to surgery, ultrasound for pregnancy
detection, and collection of cutaneous larval parasites opportunistically.

Issues that were taken into consideration in establishing this surgical protocol revolved around three
key elements:  1) giant garter snakes are more aquatic than most other garter snakes, and most
published references on implant surgery in snakes have been on terrestrial species;  2) the slower
healing time of skin in reptiles, and achieving a seal in the incision line before release of the snake
to its aquatic habitat, was a significant concern because exposure to water could cause infection if
the incision was not completely healed;  and 3) snakes had to be released within a relatively short
time following implantation because they were predominantly pregnant females, and it was
important that their clutches be delivered in the wild and not in captivity.  Significant complications
encountered to date have been necrosis and/or dehiscence at the surgical site, with presumed leakage
of water and subsequent bacterial contamination through incompletely sealed surgical sites into the
coelom around the implant and/or antenna.  Infection manifests either as dehiscence of the suture
line detected at some point after surgery (recapture and observation of the surgery sites was
opportunistic due to the behavior of the snakes after release).  Typically, dehiscence at the suture
line occurred during the first shedding after surgery.  Miscellaneous medical findings included
single to multiple subcutaneous and/or intracoelomic abscesses, resulting in various levels of
morbidity.  
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Abstract

The iguanas of the West Indies are large herbivorous lizards comprising 18 taxa in two genera.
Once abundant, West Indian rock iguanas are now the most endangered lizards in the world facing
further population declines due to habitat destruction and predation of young by introduced
mammalian predators. Emergency conservation efforts for five species of rock iguana are targeted
at increasing the recruitment of juveniles into the population through headstart and release.
Repatriation programs carry the inherent risk of introduction of pathogens into naïve wild
populations.  An integral component of the rock iguana headstart programs is comprehensive health
assessment of wild and headstarted iguanas in order to generate species databases and to assess the
suitability for release of the headstarted individuals.  Establishment of a strong veterinary network
within range countries is essential for the long-term success of these programs.

Background

The iguanas of the West Indies are large herbivorous lizards restricted to islands in the northern
Caribbean archipelago, primarily the Bahamas and Greater Antilles.  Comprising 18 taxa in two
genera, these lizards are the largest vertebrates endemic to the Caribbean islands.  Once abundant,
West Indian rock iguana populations have been devastated by habitat destruction and by the
deleterious effects of introduced mammalian predators such as feral cats, mongoose and feral pigs,
and forage competitors such as goats.3 West Indian rock iguanas are arguably the most endangered
lizards in the world.  Recent World Conservation Union (IUCN) Red List assessments rank nine taxa
as critically endangered, four as endangered, and the rest as vulnerable.3,9  Several taxa are at risk
of extinction, with three species represented by less than 200 individuals.  The primary cause of
population decline of West Indian rock iguanas is lack of recruitment of juveniles into the
population.  Recruitment of juveniles is essential if extinction is to be avoided.  Headstarting, or
captive rearing and release, has been recommended as priority conservation action for six of the 18
taxa of West Indian iguanas.3 

The use of captive-bred or captive-held animals to establish or augment wild populations of
endangered species has become a popular yet controversial conservation technique.5,6,11  For re-
introduction programs that involve the release of captive-held animals into an existing wild
population, the potential for disease or parasite transmission to the naïve wild population is of
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paramount concern.2,4,6,10  Introduction of pathogens into naive populations of herpetofauna has
proven to be devastating to some species.10 Unfortunately, no screening system can ever be 100%
effective in identifying potential pathogens.  Therefore, the release of captive-held animals will
always entail a risk to any resident (host) population.  Re-introduction programs that involve the
release of captive-held animals should be undertaken only in cases where extinction appears
otherwise unavoidable.  The extinction crisis of the West Indian Rock iguanas demands that re-
introduction be regarded as a viable strategy for recovery of these critically endangered taxa.  

Currently headstart facilities are in operation in the range country for five of the most critically
endangered species including the Jamaican iguana, Cyclura collie (since 1991), the Grand Cayman
iguana, Cyclura nubila lewisi (since 1990), the Anegada iguana, Cyclura pinguis in the British
Virgin Islands (since 1997), the Mona Island iguana, Cyclura cornuta stejnegeri in Puerto Rico
(since 1999), and the Ricord’s iguana, Cyclura ricordi in the Dominican Republic (2002). All of
these species face a 50% chance of extinction within the next 10 yr in the absence of immediate and
intensive conservation intervention.   Veterinarians play a vital role in ensuring the health of the
headstart populations and in assessment of risk of introduction of these animals to the wild
population.  Rigorous health screening prior to release can substantially reduce the potential for
disease transmission to wild populations.7,8  When coupled with comparative data from wild
populations, health assessments are invaluable in determining the suitability of headstarted animals
for release. The IUCN has well-established guidelines governing reintroductions in general8 and
specifically for iguanas.7 

Health Assessment Program

In 2000 the IUCN West Indian Iguana Specialist Group published the first Status Survey and
Conservation Action Plan for West Indian Iguanas.   The veterinary component of the action plan
includes three specific goals:  1) the establishment of baseline biologic and medical data on captive
and wild cyclura. 2) the assessment of the suitability of captive reared individuals for release to the
wild through pre-release health screening and 3) maintaining the health of captive cyclura through
consultation on nutrition, environmental conditions, animal density, disease transmission, etc. 

The establishment of biologic and medical data on wild iguanas is essential to the health screening
programs used in headstart.  Without knowledge of “normal” values and endemic infectious agents
in wild populations, assessment of the suitability of headstarted animals for release is very difficult.
Therefore, health screening of both captive and wild iguanas is being conducted.  Each assessment
includes: 

Physical assessment of each specimen. 
Body weight, standard measurements, and growth data. 
Collection of whole blood for genetic analysis, white blood cell counts and differentials,
screening for blood parasites, and measurement of hematocrit and total solids.
Collection of plasma for measurement of biochemical parameters and vitamin D levels.
Collection of feces or cloacal swabs for assessment of normal intestinal bacterial flora and to
screen for bacterial pathogens. 
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Collection of feces for assessment of intestinal parasite burdens.

Status of Current Headstart Programs (Jamaican Iguana, Cyclura collei)

The Jamaican iguana was considered extinct for much of the last century, until a remnant population
was discovered in the rugged, pristine, dry forest of Hellshire Hills in 1990.  As arguably the “rarest
lizard in the world”1,3 this critically endangered species has been the subject of an intensive
conservation program.  Two active nest areas have been identified.  Survey efforts suggest a
population containing as few as 50-200 individuals with a highly skewed age structure; juvenile and
sub adult animals are not observed, indicating that recruitment is inadequate to maintain a viable
population.  Predation by the introduced Indian mongoose is considered the single most important
factor preventing recruitment into the breeding population. Two emergency conservation measures
have been undertaken to alleviate high juvenile mortality: regional predator control and headstarting
of hatchlings.

In the 10 yr since the inception of headstarting 142 iguanas have been raised.  Five (3.5%) have been
lost to disease. The majority of medical concerns result from conspecific trauma in the headstart
facility.  The health of the headstart C. collei population is excellent.  Hatchlings collected at the
nest sites are vigorous.  They adapt to the captive environment and diet immediately and grow
rapidly.  Between 1995 and 2001 39 animals had been released to the wild.  Successful reproduction
in released females was documented in 2001.  Ninety-seven iguanas have had comprehensive health
assessments performed.  These iguanas include animals selected to be released into wild Hellshire
Hills habitat, long term inhabitants of the head start facility, and a handful of free ranging iguanas.
The data generated from these health evaluations were used to assess the health of animals to be
released as well as to establish a database of normal medical and physiologic values for this species.

Grand Cayman Iguana (Cyclura nubila lewisi)

These iguanas are critically endangered with the total number of wild specimens less than 175
individuals scattered in three fragmented populations.  Predation by feral cats and habitat loss for
commercial development are the main threats to this species. The conservation plan for Grand
Cayman iguanas combines research, habitat protection and education using the iguana as the
flagship species toward the broader goal of protecting the island’s unique natural environment.
Although a headstart program was established for this species, there has only recently been a
veterinary component to the program.  Thirty-five headstarted yearlings have been released over the
past 5 yr with no prior health assessments.  Establishing health and nutritional assessment protocols
for this program is a high priority for the IUCN Iguana Specialist Group.  Comprehensive health
evaluations of individuals in the headstart facility were conducted in 2001, with plans to continue
health assessments and improve captive management in coming years.

Anegada Island Iguana (Cyclura pinguis)

This critically endangered iguana once ranged over the entire Puerto Rico Bank, but predation by
feral cats and habitat destruction have  resulted in one remaining population of less than 200
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individuals on Anegada Island in the British Virgin Islands.  Protection of habitat and predator
eradication will be essential to the survival of this species.  A headstart program was initiated in
1997 and currently houses 48 individuals.  Health assessments of 17 captive and nine wild animals
helped to establish a normal values database.  However, more veterinary involvement is needed to
improve husbandry and nutrition in the headstart facility and to assess the health of animals selected
for release.  Plans are underway for the first release in 2002.  These individuals will be fitted with
coelomic transmitters for post-release monitoring of movement, activity and survival.

Mona Island Iguana (Cyclura cornuta stejnegeri)

This iguana is endemic to a remote Puerto Rican island that is located midway between Puerto Rico
and Hispaniola.  The island is designated as a National Historical Landmark and as such is a
protected habitat for these iguanas.  Disruption of nests by feral pigs and competition for forage
resources with feral goats constitute the largest threats to these animals.  Veterinary involvement in
this program was initiated following concerns over blindness in wild iguanas.  Investigation revealed
cataracts in a geriatric wild population, supporting the observation that the population is aging,
recruitment of young animals is inadequate to sustain the species in this habitat.  Exclusion fences
to keep pigs and goats out of the nest areas are in place.  This wild population is one of the most
thoroughly studied of the rock iguanas.  Comprehensive health assessments have been performed
on 42 wild animals.  Headstarting was initiated in 1999.  The facility currently houses 72
individuals.  Pre-release health screening and placement of coelomic transmitters will take place in
2002 in preparation for the first release of headstarted animals to the wild..

Ricord’s Iguana (Cyclura ricordi)

Ricord’s iguanas are found only in southwestern Dominican Republic.  There are less than 4,000
individuals in two isolated populations, and they are considered critically endangered by IUCN.
Ricord’s iguanas are sympatric with another Cyclura species, the Rhinoceros iguana (Cyclura
cornuta cornuta). It is interesting to note that although they share the same basic habitats,
Rhinoceros iguanas are doing relatively well..  Ricord’s iguanas are most threatened by predation
from exotic species, although burning for charcoal is also a problem at the Haitian boarder.
Comprehensive health assessments of 23 wild individuals have been conducted, and a captive
breeding program was initiated in 2000 at Parque Zoologico Nacional, in Dominican Republic with
3.2 adult animals.  The IUCN Iguana Specialist Group is meeting in Dominican Republic in late
2002 to develop an action plan for the conservation of Ricord’s iguanas.

Discussion

Saving the West Indian rock iguanas from extinction requires an immediate, multi-disciplinary,
comprehensive effort.  Conservation biologists, ecologists and veterinarians must work closely with
political, regulatory, and educational groups to secure a future for these animals.  The IUCN
identified headstarting as a primary conservation strategy for this group of animals.  The utility of
headstarting is greatest for taxa with indeterminate growth and a large size differential between
juvenile and adult stages, and for which high juvenile but low adult mortality rates exist in the wild.
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This situation is typical of many ectothermic vertebrates. In addition to exhibiting this suite of life
history characteristics, rock iguanas do not depend on learning for their requisite survival skills (e.g.,
food acquisition, refuge site selection). Their innate survival mechanisms remain intact, even after
years in captivity.  Unlike many birds and mammals, rock iguanas do not require lengthy pre-release
conditioning or training.7  They are ideal candidates for headstart programs.

Despite the necessity for headstarting in the cyclura recovery programs, one must acknowledge and
seek to reduce the risk inherent in the programs.  The role of the veterinarian is critical.  Risk cannot
be eliminated, but veterinarians skilled in exotic animal and conservation medicine can significantly
enhance the chances for successful outcome.  It is important to note that to date veterinary
involvement in the West Indian rock iguana programs has been initiated and conducted primarily
by veterinarians based in the United States.  The importance of providing a solid program of in-
country training for local veterinarians cannot be overstated.  Ultimately, these animals must be
conserved in the countries where they naturally occur.  For the five headstart programs discussed
in this paper, training of local veterinarians and technology transfer is taking place.  The goals are
to generate consistent, sustained interest in the programs by veterinarians in the range countries, to
provide appropriate training in technical and diagnostic reptile medicine, to create an infrastructure
of facility and laboratory support necessary for continuation of these programs.  It is only through
local capacity-building that these programs can continue until the day that populations recover and
intensive headstarting is no longer needed.
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Abstract

Introduced diseases may present significant risks to naïve avian populations.  Recognizing that
factor, a cooperative program is being developed to monitor avian health in the Galapagos Islands.
The program has two basic components: 1) an ongoing monitoring program that in its first year
examined samples from Galapagos hawks (Buteo galapagoensis), waved albatrosses (Phoebastria
irrorata), domestic chickens (Gallus gallus), and rock doves (Columba livia), and 2) an organized
effort to transfer information and technology to Ecuadorian personnel. The latter effort includes
stationing a board-certified veterinary pathologist at the Charles Darwin Research Station to train
Ecuadorian veterinary scientists in pathology techniques, and to provide more in-depth monitoring
of avian species.  The program is a unique collaborative effort between the Des Lee Professor of
Zoological Studies at the University of Missouri-St. Louis, the Charles Darwin Research Station,
the Galapagos National Park, the Saint Louis Zoo, and the Hawaii Field Station of the National
Wildlife Health Center.

Introduction

Island populations are uniquely susceptible to many risks, including the threat of introduced
diseases.  A clear example of this is Hawaii – a state that accounts for 0.2% of the USA’s landmass,
but over 50% of its extinctions.  Hawaiian avifauna has been devastated by a combination of
introduced predators, diseases and habitat alteration. Of the 88 species present when the Polynesians
first arrived, only 28 remain.  Today, avian malaria has a major, negative impact on many species
of birds, limiting some avian species to habitats above the range of the mosquito intermediate host.
In contrast, the unique avian fauna of the Galapagos Islands, well known after Charles Darwin’s
voyages and subsequent studies, remains relatively intact. To date, no avian species native to the
Galapagos has gone extinct, although several are severely threatened.  Several avian diseases that
can have a notable, negative impact on wild populations, including avian malaria, have not yet been
reported in the Galapagos (however, the Culex mosquito vector has been recorded).  Our survey has
confirmed the presence of avian pox on human-inhabited islands in both domestic and endemic bird
species.  In addition, the risk of introduced diseases is increasing with increased travel and
commerce between the archipelago and the mainland.  Recognizing this fact, personnel from the
Charles Darwin Research Station (CDRS), the Galapagos National Park (GNP), and the Hawaii
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Field Station of the National Wildlife Health Center (HFSNWHC) organized a meeting at Princeton
University in 2000 to address ways to monitor avian health and to support preventive measures to
maintain it. At the same time, the Saint Louis Zoo (SLZ) and the Des Lee Professor at University
of Missouri-St. Louis (UMSL) were discussing potential joint efforts in the Galapagos, and again,
identified avian health monitoring as a goal.  A joint program resulted when this example of
“convergent evolution” was recognized.

Program Design and Development

The avian health monitoring program was designed in a deliberate, step-wise fashion.  The first year
featured a workshop on avian diseases held at the CDRS in Puerto Ayora on Santa Cruz Island.
Participants included agricultural veterinarians, biologists, CDRS personnel, and game guards. The
classroom work provided an overview of avian diseases of concern, and avian anatomy. The latter
preceded a practical workshop on how to collect blood from living birds, and how to perform a post-
mortem examination and collect tissues from dead birds.  The goal was to create a team that could
collect samples both from organized studies and from opportunistic necropsy cases (e.g., such as a
game guard might come across in the field).  With funds provided by UMSL’s Des Lee Professor
in Zoological Studies, the CDRS hired an Ecuadorian veterinary scientist to coordinate ongoing
work in the Galapagos.   Also, during the first year, necropsy manuals from the HFSNWHC were
translated into Spanish and into an electronic format to facilitate distribution.  

The applied techniques laboratory used both domestic chickens purchased from a variety of local
farms and rock doves that were trapped as part of an eradication program.  Each bird received a
physical examination, followed by blood collection and a cloacal swab.  Then the birds were
humanely euthanatized and a post-mortem examination was performed by course participants.
Therefore, these birds provided not only an applied experience, but also provided disease
information from domestic and introduced species.  Also, as part of the monitoring program, blood
samples and cloacal swabs were collected by UMSL graduate students during the course of their
studies of Galapagos hawks and waved albatrosses. After the workshop, additional albatross and
hawk samples were collected on Espanola Island, and chickens and pigeons were sampled and
necropsied on San Cristobal Island (see Table 1 for diseases evaluated).  In a related study, an
intensive effort was made to quantify and correlate ectoparasite loads in Galapagos hawks with their
health status.

The wild species studied were selected for several reasons.  Dr. Parker’s graduate students had
access to these species due to ongoing studies on the hawks and albatrosses.  Both species are also
sufficiently large-bodied to collect adequate blood samples for multiple tests warranted in an initial
surveillance project. These species also presented an interesting contrast: the Galapagos hawks
populations on each island are isolated, so they should represent the top of the food chain for each
locale, whereas, the far-ranging pelagic habits of the waved albatrosses should represent the health
of the surrounding ocean. Additionally, we will make comparisons in patterns of disease
transmission between monogamous and polyandrous hawk populations.  Obviously, the domestic
chickens and introduced rock doves serve two important roles: 1) in the chickens, we are monitoring
diseases in a domesticated species often imported from the mainland, and 2) in the rock doves, we
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are evaluating a potential “sentinel” species for diseases in the wild due to the ability to necropsy
them, and provide a more definitive source of diagnostic information.  

It was recognized that this was an initial step, and that further development of the program would
depend on an ongoing commitment.  To that end, in March 2002, a planning meeting among all
major participants was held in St. Louis to determine the next stage of the project. As a result,
another workshop will be held in July 2002 at CDRS that will feature more advanced training, and
additional experience in sample collection.  Also, starting in July 2002, a commitment was made
to place a board-certified veterinary pathologist at the CDRS for 1 yr. The pathologist’s purpose is
two-fold: 1) to assist in the collection, and processing and evaluation of post-mortem tissues from
additional avian species (the source of which includes rock dove eradication program, road kills
from the inhabited islands, and opportunistically found birds), and more importantly, 2) working
with the CDRS Ecuadorian veterinary scientist to develop “in-country” pathology expertise.  An
additional benefit is to have their expertise present in case of an unexpected medical event, such as
happened in 2001 with a sudden die-off of 19 white-cheeked pintail ducks (Anas bahamensis
galapagoensis) on Isabela Island.

The program’s expenses have included travel, equipment, materials, sample collection, meeting
costs, and salaries of personnel.  The Des Lee Chair of Zoological Studies at UMSL has supported
travel, the salary of the Ecuadorian veterinary scientist to date, supplies and sample processing in
addition to a donation of significant amounts of equipment (microscope, liquid nitrogen shippers
and storage tanks).  The Saint Louis Zoo supported the participation of its staff members, and the
salary for the first year of  the pathology position. The Charles Darwin Research Station is providing
ornithology and local veterinary personnel, logistic support for the study, and laboratory space for
the pathologist. The Galapagos National Park has provided assistance (and when appropriate,
permits) for sample collection.  The Hawaii Field Station of the National Wildlife Health Center has
provided personnel and Spanish necropsy manuals. It is anticipated that these sources of funding and
support will be ongoing.  Additionally, these initial investments are designed to build a strong
infrastructure that will support grant applications for the individual research projects associated with
this program.

Future Plans

Additional sampling in future surveys will include heavy metals and pesticides whenever possible.
PCR techniques for avian malaria will be added to the diagnostic regimen.  Pox viral lesions are
currently being cultured at the Laboratory of Dr. Tripathy at the University of Illinois in order to
determine the relationship (if any) between the lesions on the chickens, doves, and finches.  With
the addition of a graduate student in biology who will study Galapagos doves (Zenaida
galapagoensis), the project will expand to another species.  Since introduced rock doves are not
found on all islands inhabited by Galapagos doves, this species offers an opportunity to make
comparisons between disease prevalence in native doves on islands with and without the introduced
rock doves (e.g., Trichomonas sp. infections).  The ongoing nature of the program, and also
potentially, reference collections, will provide opportunities for comparisons of changes in health
issues over time. It is anticipated that in addition to the broad areas of study described above, the
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veterinary pathologist and the CDRS veterinary scientist will also identify more focused areas of
concern (e.g., specific disease issues).  

Another important feature will be establishing firmer criteria for overall disease monitoring
priorities, and adapting and modifying the monitoring program’s activities based on each year’s
findings.  Obviously, new diseases will also be considered (e.g., West Nile Virus).  A significant
challenge is implementing the program’s findings in a manner that leads to practical
recommendations that prevent the spread of disease. For example, scientific evidence may suggest
alterations be made in the existing quarantine regulations.  Finally, as the collaboration grows,
further training of park and research personnel will take place.

Summary

The Saint Louis Zoo, the Des Lee Professor of Zoological Studies at UMSL, the Charles Darwin
Research Station, the Galapagos National Parks, and the Hawaii Field Station of the National
Wildlife Health Center have formed a unique collaborative (that includes a zoo, an endowed
university chair, a non-profit conservation organization, and Ecuadorian and United States
governmental agencies) to address the threat of introduced disease to the Galapagos’ avifauna.  To
achieve this goal, the program has made use of the resources and expertise of each of its partners.
As the program grows, it is anticipated that the pathologist, and the local veterinarians and biologists
will identify additional projects in areas of concern.  We believe that having full-time personnel
focused on these issues is critical to the project’s organization, to the development of local expertise,
and subsequently, to the collection of valuable surveillance data.  These are all critical factors in
developing a long-term monitoring program to prevent the introduction of disease.   In that light,
the program may be viewed as an “early warning system” for the avifauna of this unique ecosystem.
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Table 1.  Examinations and tests performed.
Physical examination
Complete blood count (CBC)
Serum chemistry panel
Cloacal swab for enteric pathogens (Salmonella, Shigella, Campylobacter sp.)
Chlamydial testing
Serology

Avian cholera
Avian influenza
Newcastle disease 
Paramyxovirus 2 and 3
Infectious bronchitis
Avian adenovirus
Avian encephalomyelitis virus 
Avian reovirus
Marek’s disease
Infectious bursal disease

Necropsies (including histopathology) on domestic chickens and eradicated pigeons
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Abstract

Recently, there has been increasing contact between mountain gorillas (Gorilla gorilla beringei) and
the human population surrounding Bwindi Impenetrable Forest National Park (BIFNP) in Uganda.
Due to the close taxonomic relationship between humans and gorillas the potential for disease
transmission between the species exists.  Preventing the introduction or spread of transmissible
diseases to the gorillas is essential for protecting this endangered species.  We interviewed 301
villagers living in close proximity to BIFNP with a medical questionnaire in July, 2000.  We
collected information on demographics, vaccination and health history, and human/gorilla
interaction.  Our objectives were to estimate the prevalence of several diseases in the human
population, and to evaluate the risk for anthropozoonotic transmission (from humans to gorillas).
We found a high prevalence of disease symptoms such as coughing (72.1%) and fever (56.1%)
compatible with acute infectious diseases; over half of the respondents (59.1%) had a specific
disease diagnosis within the 6 mo preceding the study.  Using a Chi Square test we compared
villagers who had visual contact with gorillas in the 6 mo preceding the study (53.5%) to villagers
who had no visual contact (46.5%).  Men were 2.3 times more likely to have visual contact with
gorillas than women.  In addition, individuals aged 41-59, those living in Buhoma or Bujengwe, or
with the occupation of peasant or trader were more likely to have had visual contact with gorillas
compared with other demographic groups.  In general, the frequency of disease history and
symptoms was similar for people with and without contact.  The high prevalence of acute infectious
diseases in the population surrounding BIFNP and the high rate of contact with gorillas creates the
potential for anthropozoonotic disease transmission. Interventions and educational efforts should
be directed at increasing the understanding of inter-species disease transmission, and promoting
behaviors designed to minimize risk such as burial of wastes.  Improvements in public health
infrastructure would benefit the villagers as well as the mountain gorillas.
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Abstract

The North American whooping crane (Grus americana) population declined to a low of 15 birds in
1941, because of hunting and habitat loss.1   Since then, this population, which breeds in Wood
Buffalo National Park in Canada and winters on the Gulf coast of Texas, has slowly increased to
over 170.   The International Whooping Crane Recovery Plan stipulates creation of two additional
breeding whooping crane populations to achieve recovery of the species.  To achieve this goal, the
United States/Canada Whooping Crane Recovery Team is attempting to create a second migratory
flock of whooping cranes in the eastern United States, using ultra-light aircraft to teach the birds
migration. 

A 2000 pilot project to test project  rearing techniques was conducted with sandhill cranes (Grus
canadensis), and in 2001 the first cohort of 11 whooping cranes was re-introduced.  The chicks were
hatched and reared to approximately 60 days at Patuxent Wildlife Research Center, Laurel, MD
(PWRC), using puppets and costumes to prevent human-imprinting.  Training with the ultra-light
aircraft was initiated at PWRC and continued after the cranes were transferred to Necedah National
Wildlife Refuge, WI, where the cranes lived in large wetland pens.  Eight cranes began the ultra-
light led migration in October 2001.  Fifty days and 1227 miles later, seven cranes arrived at
Chassahowitzka National Wildlife Refuge, FL, the chosen wintering site.  After losing two cranes
to bobcat predation early in the winter, the remaining five cranes started the northward migration
on their own in April 2002.

A team of veterinarians provided health care and disease monitoring for  the pilot project sandhill
cranes and the whooping cranes.  The goals of the health management program are: (1) control
introduction of disease between captivity and the wild, (2) provide individual care and screening to
maintain the level bird fitness needed for this re-introduction effort, and (3) gather information on
the potential health risks associated with the rearing, training, and assisted migration techniques
used.  The cranes were assessed using observation, physical examination, routine clinical pathology,
radiography, fecal microbiology,  serology and necropsy, from hatch at the captive facility through
flight training in Wisconsin, along the ultra-light migration and shortly after arrival at their Florida
destination.  The veterinary team reviewed published and regional avian mortality databases to
assess possible health risks at the rearing, migration, and wintering sites.  A network of zoo and
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private practice veterinarians was established along the migration pathway to provide emergency
care for the cranes.  

Most of the mortality factors for the project cranes were typical of other wild and re-introduced
crane populations: neonatal parasitism, powerline strike trauma, predation, and capture myopathy.4

However, two sandhill cranes were killed when they collided with the ultra-light aircraft.
Developmental wing or leg problems compromised the performance of four cranes; these problems
are regularly seen in captive-reared cranes where the impacts on fitness are generally less important
than for this release  population.5  Gapeworm parasitism was a clinical problem for the cranes during
the summer at Necedah National Wildlife Refuge.  Despite regular, apparently successful, treatment
in food items, some birds had persistent or recurrent exercise associated wheezing.  Coccidia and
Hexamita sp. were also detected in the feces, but were not associated with clinical signs.  Because
of an unusual outbreak of Eastern Equine Encephalitis (EEE) in horses in Wisconsin and the known
susceptibility of whooping cranes to this virus, the birds were vaccinated for EEE while at
Necedah.2,6   The whooping cranes were tested at each stage of the project for West Nile Virus
(WNV) for evidence of WNV exposure; serology was consistently negative.   Salmonella spp.
bacteria of a variety of likely non-pathogenic strains were detected during the routine examinations
before shipment from Patuxent, on arrival at Necedah, before migration, and on arrival in Florida.
There was no associated disease detected.  All the identified strains had previously been reported
from wild birds, so the birds were allowed exposure to the wild environment without treatment. 

Fecal corticosterone levels in the sandhill and whooping cranes were monitored during all phases
of the rearing, training, migration and release.  The goal of this monitoring was to assess stress
induced by the methods used in the re-introduction.  Significant disturbances, such as shipping and
restraint for health monitoring and banding procedures appeared most linked to increases in fecal
corticosterone.3

The health data collected on the pilot project sandhill cranes and first cohort of whooping cranes
provide project managers with information about the health risks associated with this specialized
re-introduction technique and the data on infectious disease risks that are needed to prevent
introduction of novel pathogens along with  a novel endangered species.
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Abstract

Many disease outbreaks appear to be facilitated by increased stress due to overcrowding, and
changing environmental conditions triggered by climate variability and human activities.  Currently,
the health of populations is typically assessed with the tools of population dynamics: estimations
of trends in abundance, mortality, and reproductive rates.  However, for populations that have long
generation times, this approach is sometimes too slow to provide an early warning about the impact
of environmental stressors such as disease, pollution, and anthropogenic activities.  We have
developed new techniques for detecting chronic physiologic stress and disease in mammals, based
on the molecular analysis of the expression patterns of multiple stress-activated proteins and genes.
This approach represents a novel tool for health monitoring, and can provide an early warning of
increased environmental stress and compromised health in elephants and other mammals.  This
paper describes a study in progress, in which the molecular analysis of stress is being used to explore
correlations between stress level and information regarding population abundance, distribution,
habitat needs, human-elephant interactions, and movements of elephants (Loxodonta africana) in
the northern Botswana region.  This technique will provide a more objective way to assess carrying
capacity for African elephants, thus facilitating development of effective management plans for this
species.  

Introduction

With recent estimates in excess of 120,000 animals (M. Vandewalle, pers. comm.), the elephant
populations in northern Botswana comprise the largest contiguous population remaining on the
African continent.7  Wildlife management authorities are becoming increasingly concerned about
the effects that large elephant herds are having on vegetation1,3,6,13 and the intensifying conflicts with
local communities, resulting in pressure to reduce the number of elephants.  The increasing numbers
of veterinary fences in northern Botswana and the civil conflict in neighboring countries may be
contributing to the high elephant concentrations seen in this region, at the same time posing barriers
to long-distance elephant movements, and compromising the development of regional elephant
conservation plans.  Many disease outbreaks appear to be facilitated by increased stress due to
overcrowding. Development of novel health-monitoring tools could guide the management of
ecosystems and facilitate the conservation of key species like elephants.  

The effects of stress occur on a cellular level, and are characterized by altered redox balance,
DNA/protein damage and high-energy expenditure.5,8-10,14  Cellular stress triggers molecular stress
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response (MSR), which is a homeostasis-restoring process that has evolved in all living
organisms.2,4,8,11,19,21,23  MSR is triggered within hours after perturbation, during the symptom-free
phase, and persists until recovery.4,12,19,20,23  In mammals, MSR recruits many fundamental
intracellular and systemic processes including cellular detoxification and oxidative stress defense,
DNA/protein repair, cell cycle regulation, programmed cell death, cell adhesion, and responses by
the endocrine, immune and nervous systems.  These processes are useful, however when prolonged,
MSR leads to disease and accelerated aging. 

A new technique has been introduced recently that allows detecting MSR in micro specimens of
skin.14-17  The technique, termed SRP profiling, is based on measuring expression levels of 40 stress
response proteins (SRP) using immunohistochemical staining and image analysis.  Large numbers
of specimens can be processed simultaneously using a high throughput adaptation of SRP
profiling.17  Using 93 reference individuals with known health status, it was shown that SRP
profiling effectively discriminated between normal individuals and individuals with a variety of
clinical diseases or in severe physiologic stress.  The general pattern of stress-associated alteration
in SRP expression profiles was conserved across nine mammalian and two avian species, genders,
ages, and a broad range of stressors.14-17  Besides skin, SRP profiling can be applied to many other
tissues and body fluids (S. Southern, unpublished data).  The SRP profiling has already been applied
to evaluate the impact of tuna fishery on the spotted dolphins in the Eastern Tropical Pacific,17 the
effects of coastal pollution on the beluga whales in the St. Lawrence River, and the idiopathic
population decline of the North Atlantic right whale population.16  

African elephant populations are threatened by habitat loss and/or fragmentation in association with
the expansion of human populations and activities related to agriculture, ecotourism, civil war,
poaching, and disease.  Recognition of elevated cellular stress using SRP profiling in stress-sensitive
species, such as African elephants, could provide a direct measure of the biologic impact of these
factors, and serve as an early warning of compromised health, and as a guide for monitoring the
impact of conservation and management strategies.  

Methods

We will collect at least 60 skin samples from elephants in the northern Botswana region and assess
SRP levels relative to reference specimens.  Importantly, this study will be done in close
collaboration with long-term research, coordinated by Conservation International (CI), designed to
provide important information on the abundance, distribution, population structure, habitat needs,
and transboundary movements of elephants in this area.  This information, in combination with a
digital land cover map of the region, a spatial elephant metapopulation model, and assessment of
human-elephant conflicts, can be correlated with the presence of cellular stress to provide wildlife
managers with important tools for developing elephant management programs for Botswana.  

For the CI project, 45 telemetry units will be deployed, and will be distributed across the three study
regions with 20 units in the Chobe/Linyanti region, 10 units in the Okavango/Moremi region, and
10 units in the Nxai Pan/Tamafupa region.  Adult females in breeding herds will be the primary
targets for tagging; however, several adult bull elephants will also be tagged during the project.  All
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elephants will be darted from a helicopter using etorphine (M99: C-vet UK) following the guidelines
recommended by Thouless.18  Once the elephant is immobilized and recumbent, it will be fitted with
a telemetry unit, and physical and health status measurements taken.  The effect of the immobilizing
drug will be reversed using diprenorphine (M5050: C-vet UK).  Body measurements will be taken
on all elephants following the guidelines of Whyte,22 including shoulder height, back length, tusk
length, tusk basal circumference and hind foot length.  

Skin biopsy samples (approximately 5 × 15 mm) will be collected from free-ranging elephants
within these same study regions (n=20 per region) using a hollow-tipped biopsy dart fired from a
CO2–powered projector.  Multiple samples will be taken from different sub-groups to examine
differences as potentially correlated to environmental variables.  All skin samples will be preserved
in 10% formalin, and will be assigned code names so that the molecular stress analysis can be
performed as a blind study.  

The fixed specimens will be processed into multi-tissue histologic blocks and checkerboard slides
will be prepared. Slides will also be prepared from six reference animals, which will serve as
internal controls in each analysis.  The SRP proteins will be visualized by immunohistochemical
staining using commercial antibodies as previously described.14,15  The SAP expression levels will
be determined both by light microscopy (expert assessment of stained cells) and image analysis
(computer-assisted assessment of stained cells).  Each animal will be assigned 30 parameters
describing the expression pattern of the specific SRP.  The SRP expression patterns of the field
samples will be compared with the reference patterns (normal and highly perturbed animals)
analyzed in the same experiments.  Elephants with significantly elevated SRP patterns will be
assessed as animals with perturbed physiology indicating increased health risk.  

Results

Preliminary results using skin specimens collected from 22 normal and two diseased elephants under
known-controlled conditions demonstrated that SRP profiling provided good differentiation between
the diseased and the healthy elephants.  Collection of skin samples from free-ranging African
elephants in the northern Botswana region will occur from June 2002 through February 2005.  

Discussion

This project will test the application of a new technique, SRP profiling, which provides a new
approach to the detection of perturbed homeostasis in African elephants based on molecular analysis
of 41 stress response proteins in field tissue specimens.  This technique allows screening large
numbers of specimens, as necessary for ecologic studies, to correlate the presence of cellular with
various environmental and anthropogenic factors.  Detection of MSR, as an indicator of significant
physiologic stress impact, has the advantage that no previous knowledge of the encountered stressor
is needed. 

By applying SRP profiling to the ongoing long-term research coordinated by CI, our results can be
correlated with information regarding the abundance, distribution, population structure, habitat
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needs, human-elephant conflicts, and movements of elephants in the northern Botswana region. For
the first time, we will be able to correlate the presence of MSR (signaling compromised health
status) in elephants with potential environmental stressors on a regional basis.  Many disease
outbreaks appear to be facilitated by increased stress due to overcrowding, and changing
environmental conditions triggered by climate variability and human activities.  Carrying capacity
has traditionally been determined by evaluating impact on vegetation and population health
status—both relatively subjective methodologies.  This technique will provide a more objective way
to assess carrying capacity for African elephants, thus facilitating the development of effective
management plans for this species. This type of analysis can also be applied in other ways (e.g.,
studies to examine the effects of ecotourism, high-density population research, and herd health
correlations with specific environmental and/or anthropogenic factors).  
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Abstract

Traditionally, the involvement of veterinarians in field projects has been limited to “hands-on”
techniques such as capture, immobilization, biologic sample collection, diagnostic tests and surgical
procedures. While these are integral parts of field conservation projects, veterinarians in the
zoo/wildlife field can offer more. The following example of a veterinarian’s involvement in a long-
term conservation effort serves to encourage veterinarians to become involved in non-traditional
roles in conservation. 

The First International Tapir Symposium

The involvement of one of the authors (SHD) with tapirs began as a traditional veterinarian-
responsible for field immobilization of Baird’s tapirs (Tapirus bairdii) during a basic ecologic study.
As the responsibilities increased over the years to include a health evaluation of the radiocollared
population, so did the appreciation of the need for active conservation for the Tapirus genus.
Understanding that all four species of Tapirus are threatened in some way, it was clear that more
information was needed about the forces negatively impacting these animals, and how to prevent
them.2 Unfortunately, up until 1995, little was known about even the most basic ecology of this
genus.  Fortunately, due to the perseverance and success of a handful of hardworking field
biologists, several field projects began to surface. Communication among researchers at that time
was sparse at best. The Tapir Preservation Fund (www.tapirback.com) directed by Sheryl Todd
served as the only central means of communication for such researchers. In 1999, a group of Tapirus
researchers met for the first time at the International Wildlife Management Conference for
Amazonia in Bolivia. There the need for the following was outlined:

1. Improving communication among researchers on field techniques such as capture,
immobilization, biologic sample collection and monitoring.

2. Improving communication between field researchers and captive tapir managers. Up until that
point, the involvement of zoos in the sharing of information or support of field projects was
minimal.

3. Implementation of a multi-disciplinary approach to conservation that could not be achieved by
field biologists alone.
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The primary step to fulfill the above needs was to bring all of “tapir specialists” together. Thus the
idea of the First International Tapir Symposium was born. Between 1999-2000, 11 committee
members (including two veterinarians) representing several different fields planned and
implemented the organization of the First International Tapir Symposium. The committee members
agreed that the purpose of the symposium was not only to conduct an overview of current tapir
research (in situ and ex situ), conservation, education, husbandry and management issues, but also
to provide a venue in which “tapir specialists” could outline conservation issues facing the Tapirus
genus and ways to resolve these issues. Participants included researchers, conservationists,
husbandry and captive management specialists, governmental and non-governmental organization
representatives and other key players in the development and implementation of tapir conservation
programs. We had 85 participants, of which 27 were Tapir Specialist Group members (42% of the
group). 

The basic organization of the symposium included:

1.  The exchange and discussion of current data on field and captive studies through the
presentation of papers by current tapir managers, field and captive researchers

2.  The creation of working groups made up of representative tapir managers and researchers who
will develop and prioritize key conservation and financial issues affecting the plight of
endangered tapir species worldwide

3.  The formulation of a list of specific areas and projects that need attention, synergizing efforts
from field and captive communities to maximize worldwide conservation initiatives

4.  The increase of awareness of Tapirus spp. on a global level through scientific, cultural,
economic and political programs, utilizing scientific and lay publications, television and
educational material

5.  The creation of a global network of tapir researchers and supporters and a plan for them to work
together

6.  The implementation of specific action planning in terms of priorities for tapir conservation such
as outlining priority key areas, creating task forces and identifying individuals and organizations
to lead these task forces and the revision and expansion of the Tapir Action Plan (TAP)

7.  The establishment of a deadline for a future meeting that will evaluate and implement the long-
term goals of the symposium.

A significant fact about this conference was the level of zoo participation. Ten years ago there was
little or no collaboration between zoos and tapir field researchers. Today, modern zoos are focusing
more on their primary mission of conservation rather than just exhibition. A good example of the
modern zoos' new commitment to conservation is the financial support provided to this symposium.
Over 80% of the symposium’s budget was covered by donations from four major American zoos
(Houston, Los Angeles, Disney and San Diego). 

A Working Meeting

What made this conference different from any scientific conference the authors had been involved
in was structuring working meetings within the framework of the conference. The five workshops
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conducted consisted of the following: 1) how to conduct effective fund raising, 2) how to get the
Tapirus conservation message out to the general public 3) a working meeting for the IUCN/SSC
Tapir Specialist Group in which a representative for each genus was introduced, each with ideas on
what issues affected each genus and what needed to be done in the future, 4) how to review and
prioritize the 1997 Tapir Action Plan, 5) the division of tasks among groups of individuals in the
Tapir Specialist Group to be completed within the next 2 yr. The main theme reinforced throughout
the symposium was to utilize the data gathered in field and captive research to formulate an updated
document (The Tapir Action Plan) that could illustrate problems facing this genus and most
importantly, recommendations to resolve these problems.

The Veterinary Session

The Veterinary Issues/Diseases session illustrated different immobilization methods utilized in
Tapirus sp; the results of the first cytogenetic study of Tapirus terrestris in Colombia; the
immobilization of wild Tapirus terrestris in Pontal do Paranapenema, Brazil, and results from on
on-going health evaluation from the animals immobilized; the immobilization of captive Tapirus
terrestris; the normal respiratory, reproductive and digestive bacterial flora of two captive Tapirus
bairdii from the ZooMat Zoo that had recently died; the clinical course, macro and miscroscopic
findings of a Tapirus bairdii, which died of capture myopathy shortly after its capture in La
Sepultura Biosphere Reserve; the identification of ecto and endoparasites of Tapirus bairdii in
Chiapas, Mexico; the anaesthetic protocol when immobilizing free-ranging Tapirus bairdii in
Corcovado National Park, Costa Rica and the findings of a health evaluation performed on the same
animals during a 5-yr period.4

Although information sharing was key, the most noteworthy event for veterinarians at the
symposium was a meeting held to discuss our concerns. Some of the issues considered were: a) the
lack of communication, especially between North and South America; b) the lack of access to other
veterinarian’s data, and articles published; c) the need to improve the availability of local vets for
ecology projects that need veterinary support; d) the need to discuss, organize and implement the
AZA Tapir TAG and IUCN/SSC TSG Veterinary Committee goals; and e) the potential for loss of
information when a veterinarian is not involved in a field project. As a result of this meeting, the
group of veterinarians have created a list of tasks for the near future. Some of the tasks include
making a list of potential functions of veterinarians in research projects, training biologists and
veterinary students, improving communications between veterinary and biology/ecology
universities, developing a veterinary web site and a list serve for tapir related questions, and making
relevant publications available online. Currently, small groups of veterinarians, within the
framework of the IUCN/SSC Tapir Specialist Group are working on those tasks. Based on the
information presented at the meeting, the areas that the IUCN/SSC TSG veterinary advisor should
prioritize and support include:

-information sharing among veterinarians
-reproductive research
-infectious disease baseline data
-mortality retrospective studies
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-nutrition research

Summary of the First International Tapir Symposium

Based on the information presented, some of the main conclusions of the conference are as follows:
habitat loss and even minimal hunting are the main threats facing the Tapirus genus; the status of
Tapirus indicus is largely unknown and needs further attention as habitat loss is a major issue in its
range; the status of the population of captive tapirs in North America is such that new genetic
material will be needed from either Latin-American zoos or free-ranging populations soon; the
habitat and behavior of tapirs continues to be one of the most limiting factors in radiotelemetry
studies; more intensive status surveys are necessary to document population declines; the need for
biologic corridors between currently protected areas is a priority for many isolated populations
which may not be viable; the Tapir Action Plan (1997) is outdated and contains information that
should no longer be used for effective conservation management.

Additional Roles Veterinarians Can Play in Conservation Projects

As human populations continue to grow, the habitat of wildlife is threatened in one way or another.
This has resulted in the concentration of threatened species in “protected areas,” often surrounded
by human populations, agriculture and livestock. The resultant surrounded islands of “protected
areas” and populations of animals will undoubtedly lead to a whole host of problems such as disease
transmission, lack of genetic diversity, vulnerability of concentrated populations to natural disasters,
etc. From a purely medical stand point, those facts alone are a compelling reason to increase the
involvement of the veterinary community in conservation efforts, as veterinarians can serve to
resolve some of the issues related to disease.1

In a perfect world, field and bench researchers would carry out and publish their work.
Simultaneously, management authorities and other organizations in charge of making the decisions
about which areas to protect, what habitat to include, how much land is needed to sustain a viable
population of a species, etc, would consult the literature and summarize the needs of a species based
on scientific data. At least it was the understanding of one of the authors (SHD; prior to becoming
involved in tapir conservation), that conservation decisions and the work that led up to it, was best
left to “the experts.” The reality is that we are running out of time and we are lacking too much
information. Unfortunately, we do not have the luxury of another century of field research without
simultaneously attacking a variety of other fronts, such as environmental education, land
management, socio-economic reform, captive reproduction etc. The responsibility to become active
in all aspects of conservation falls on the hands of every single one of us. 

What Veterinarians Have to Offer: Captive Managers, Researchers, Educators, Facilitators
and Policy Builders

As previously mentioned, the belief used to be that conservation was supposed to be left to “the
experts.” But why not us? Zoo and wildlife veterinarians can wear many hats in the broad realm of
conservation. Most  are already captive managers that are responsible for endangered species in
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zoos. Their role can be further expanded by conducting research in the captive setting and by
diffusing the information gained from captive management and research to field researchers and
conservation organizations. Surprisingly, much of the information learned about tapirs in captive
settings had not trickled down to ecologists, field researchers or wildlife managers. Zoo/wildlife
veterinarians are often gregarious and love to teach. We can use these skills to educate both
veterinary students in this country and veterinarians in other countries that are unable to receive
equivalent training otherwise.  Some of the most valuable conservation work we can be involved
in does not include travelling and is not glamorous; however, information sharing (answering
questions on email, participating in surveys, making articles and other literature available to others,
building networks, facilitating so that others in range countries can do the “glamorous” field work)
is an integral part of conservation. We have strong interpersonal skills and a large network of
contacts that allow us to be active in situations that need intensive communication and information
sharing. Our organizational skills have been tested since veterinary school and are valuable assets
for planning any event.  We are aware of the conservation threats many species face and are
enthusiastic about becoming involved to reverse these processes. Through our knowledge and
involvement in TAG groups, SSP groups and the IUCN, we can better direct our efforts and aid in
policy making.  We are creative, resourceful individuals that are practiced in problem solving. We
are respected and trusted by our communities and are viewed as stewards of animals.  We have a
responsibility to become more active in conservation.3

What We are Not and How to Improve

It is important to remember that our veterinary degrees and love of the rare and beautiful does not
automatically buy us a ticket into the conservation arena. As veterinarians we are taught little about
ecology or conservation biology, two sciences around which most conservation efforts revolve. For
example, how many of us can say we understand how to design an appropriate population status
survey? In addition, we are not aware of all the political and socieconomic issues that surround the
conservation of a species. Admittedly, we are often ignorant on basic legal issues and the
infrastructure of organizations such as the IUCN and their role in conservation. We are often not
involved in policy making and most do not understand the current wildlife legislation and potential
future changes. However, we are united by our hunger to learn. It is our responsibility to build upon
that basic foundation by teaching ourselves the natural history, ecology, political and socioeconomic
issues that threaten biodiversity in our planet.  Just as ecologists are recognizing animal disease as
another important hub in the ecology and status of populations, we must recognize we have a lot to
learn. At the very least this requires reading other journals such as Ecology or Conservation Biology
and attending non-veterinary conferences, but it may also require further education. 

Conclusions

Through the involvement of one the authors (SHD) in the tapir project (Proyecto Danta) and without
knowing it, the role of a veterinarian changed from being a clinician, to a researcher, to a facilitator
of information, an organizer, and a policy builder. Through the involvement in the organization of
the First International Tapir Symposium, the intricacies of the IUCN/SSC and the importance of
synergizing the efforts of many different types of professionals to achieve a common goal came to
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light. As part of the responsibilities of a TAG veterinary advisor and a IUCN/SSC, Tapir Specialist
Group veterinary consultant (SHD), and by working side by side with ICUN/SSC Tapir Specialist
Group Chair (EPM), it is hoped that the issues outlined in the First International Tapir Symposium
are addressed and resolved.
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INTERNATIONAL CONSERVATION EXTENSION: HOW THE RUBBER CHICKEN
CIRCUIT, TRAINING VISITING PROFESSIONALS, AND PERFORMING WORKSHOPS
ABROAD CAN HELP ROB PETER TO PAY PAUL 

Roberto F. Aguilar, DVM1* and Christian Walzer, Dr. Med. Vet.2*
1Audubon Nature Institute and Zoo Conservation Outreach Group, 6500 Magazine Street, New Orleans,
LA 70118 USA;  2Zoo Salzburg, A-5081 Anif – Salzburg, Austria

Abstract

International zoo-based conservation programs frequently lack economic, logistic, or material
support,  although most zoos seem interested in establishing or developing extension programs
abroad. Receiving and training foreign zoo professionals, lecturing abroad, offering international
workshops in zoological medicine and captive animal management, or becoming involved in
international in situ projects are strategies practiced by  many institutions. These techniques are
often viewed as ineffective, or of little conservation value. Zoos can actively participate in
international wildlife projects by becoming aggressively involved in the training and formation of
the staff involved in animal care and study in their countries of origin. 

Assuming access to the public domain a lecture series abroad can be self-sustaining, as well as
providing an excellent platform for program candidate selection. A “ripple effect” of increased
shared experience and knowledge helps create a web of professionals with similar interests and eases
the flow of information to areas where it is most needed. When this access is lacking,
technologically simpler methods–a person to person network–enabling the flow of information,
needs to be developed. 

Introduction

“I have never let my schooling interfere with my education.” 
----Mark Twain (1835 - 1910)

In the last decade, zoos all over the world have become increasingly preoccupied and involved in
international field conservation efforts. Cognizant of the fact that they run into fear of “research and
conservation colonialism,” more and more institutions are actively involving and training nationals
from host countries. On the one hand, education programs need to form an integral aspect of all in-
situ programs and on the other, research associated with in situ projects need to directly benefit the
surrounding communities.3,6 

Many zoos receive and train visiting foreign professionals, while others have established traveling
training programs, and varied staff involved in multiple international projects. Several institutions
chose to lend their support to broad coalitions or umbrella groups dedicated to regional zoo-based
conservation efforts, such as the Zoo Conservation Outreach Group (www.zcog.org) or Quantum



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 261

Conservation (www.quantum-conservation.org). Others have established exchange or technical
support programs in the context of “sister zoo” program cooperation. Institutions involved in long
term conservation commitments in developing counties have attempted to involve local
professionals and establish in country training programs.8 Though many of these ventures are very
recent and therefore difficult to evaluate presently, there is reason to fear that they  lack the financial
or logistic support and in the long run are not self-sustaining. Many programs are regarded as
potentially obtrusive, complicated, ineffective, and costly by the host institution.   

Methods

As recently pointed out, veterinarians must make a conscious effort to transmit as much information
as possible to the public domain.7 The use of the Internet has dramatically improved the transfer of
information and training through well-coordinated programs of translated materials and regional
workshops.  Important printed resources, including The Handbook of Nutrition and Diets for Wild
Animals in Captivity (Dierenfeld and Graffam, ZCOG publication, 1996), the American Zoo and
Aquarium Association’s Minimum Standard Guidelines for Mammals (AZA publication, 1997), and
entire chapters from basic texts have been translated into Spanish and are being made available to
zoos and aquariums throughout Latin America. A newly developed “Training Library” on ZCOG’s
website (http//www.zcog.org) provides access to translated information resources.  Important
regional training workshops in veterinary medicine, nutrition, and animal husbandry have been held
in Spain, Guatemala, Costa Rica, Mexico, Chile, and Argentina.  These workshops, developed at
the request of and in coordination with professionals from local universities and the Mexican Zoo
and Aquarium Association (AZCARM), have provided training for hundreds of veterinarians,
biologists, and keepers working in zoos, aquariums, and wildlife rehabilitation centers throughout
Spain and Latin America. Materials developed for programs in Spain have been utilized as a basis
for workshops used in Latin America. The use of formal Castillian Spanish as lingua franca has
avoided the confusion created by regional vernacular Spanish. Increased equipment and material
donations have complemented the dissemination of veterinary training, environmental education,
and animal husbandry information. Effective information and technology transfer have remained
the main objective.1 Continued technical support and feedback are dependent on an active and
aggressive electronic mail network.  Consults regarding difficult cases are often referred to well
known specialists with expertise in the field. This forms, for all intents and purposes, a loose
network of zoo professionals with common interests freely sharing information and experiences.2

Whereas systems as those established by ZCOG are proving vastly efficient in generating a free flow
of information, they are dependent on the access of the participating individuals to the public domain
– this access is determined by language and more and more by access to the internet. In countries
where English, Spanish, French or similar languages are not readily spoken, severe problems arise
at the onset of establishing a training program or research co-operation. Educational and training
programs integrated in the context of the Przewalski horse reintroduction to SW Mongolia
(www.takhi.org) have initially been marred by the predominant Mongolian  language. Furthermore
the remoteness of the research site made the installation of a satellite communications system
necessary in order to provide the minimum in correspondence and educational support. Training
needs to be viewed as an especially long term commitment under these conditions in order to enable
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some form of self sustainability.  In this case, together with the National University of Ulaan Bataar,
two individuals where initially chosen for training. A Mongolian Msc. program provides the
framework and  is heavily supplemented with language, computer, and driving skills. 
 
Results

In areas with access to the public domain the use of electronic messaging has allowed for active
support to clinicians in complicated situations where they have needed information or feedback
regarding difficult cases.5 Numerous clinicians, institutions, and individuals with access to the
Internet have benefited from information made available to them. At present, ZCOG’s veterinary
committee acts on an average of 30 email requests per week.  To date, information made available
to skilled zoo clinicians in Latin America has led to many minor, and some spectacular and major,
successes. Care has been extended in the transport and transfer of large mammals when entire
zoological collections have been moved to improved locales. Successful anesthesia and maxillary
surgery in a giraffe, anesthesia and surgery of obese black bears, successful hand raising of
spectacled bears, field restraint of common tapirs, swamp deer, and anteaters, as well as numerous
field projects involving the tracking of regional fauna, can be counted as some of the program’s
successes. Many of the professionals trained in North American clinical programs have returned to
participate in or direct important zoo-based field programs. In at least two cases, trainees have gone
on to participate actively in new zoo design in their country of origin. One of the program’s
successful graduates now directs veterinary care and research at four large zoos and an aquarium.
Publications by successful graduates of these programs are also becoming more frequent in refereed
journals.4

In Mongolia, after 3 yr, both students are in the process of completing their Msc. Thanks to the
acquired language, research, computer and communication skills,  both individuals are the pillars
on which further training will take place. Both trainees are now in the position to further train
younger Mongolian students. One will receive additional university training in Europe in order to
return to Mongolia to complete a doctorate in the context of the Przewalski reintroduction program,
and therefore provide an even higher training potential for Mongolia. Both individuals have
additionally been integrated in training the local national park rangers basic monitoring skills (e.g.,
map reading, GPS, transects, etc.). In turn, the rangers future responsibility will include propagating
conservation outreach and partnership programs within the local community adjoining the national
park.  

Discussion

At the forefront, effective conservation of valuable or threatened animal resources and their
environments necessitates the involvement of the local residents. Veterinarians in international
wildlife programs are challenged to captivate the interest and imagination of host country
researchers in order to stimulate and engage them in conservation action. The methods used in
establishing a training program needs to be adapted to the conditions were conservation action is to
occur. 
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In regions with access to the public domain, the provision of educational material, workshops and
lecture series will provide the initial impulse to the creation of a effective network. Using the
Internet as a backbone, such a multi-directional network can easily disseminate information to a
broad basis. With a large enough basis it will become self-sustaining.

In many conservation hotspots the public domain is not available. Motivation and subsequent
training of local researchers entails a “training trainers” approach.9 Initially training involves only
a few motivated individuals. Subsequently these individuals become trainers and in due course will
in turn train students. Additionally through the establishment of a secondary non-scientific network
they potentially become ambassadors and advocates for conservation action in their respective
communities. However, networks based on few individuals, are especially prone to collapsing when
one key individual, due to his training, moves on to another area. Sustainability of these fragile
networks requires an especially serious long term commitment to each and every individual
involved.        

Conclusion

Yes, we should train other professionals. No, it is not easy, nor is it cheap; and yes, there are ways
to do it.
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BOVINE TUBERCULOSIS IN AFRICAN BUFFALO (Syncerus caffer) IN THE KRUGER
NATIONAL PARK: A MULTIDISCIPLINARY CHALLENGE FOR WILDLIFE
VETERINARIANS AND MANAGERS

Dr. Markus Hofmeyr 

Veterinary Services, South African National Parks, P.O.Box 122, Skukuza, Mpumalanga 1350, South
Africa

Abstract

The veterinary field within wildlife parks in South Africa are filled with practical and academic
challenges. As a veterinarian in the South African National Parks you are a member of a
multidisciplinary team consisting of scientists, wildlife managers and state authorities, who all have
to take part in the final decision making and implementation of disease control plans. This inherently
makes the final plan of action in dealing with emerging diseases, such as bovine tuberculosis (BTB)
in wildlife, difficult because of limited knowledge of the disease and practical, scientific, emotional
and ethical issues often conflicting with each other.

Bovine tuberculosis in the African buffalo (Syncerus caffer) in the Kruger National Park (KNP) will
be used as an example of challenges facing wildlife veterinarians.

The first positive diagnosis of BTB in an African buffalo in the KNP was made in July 1990. A 2-yr
old buffalo bull was destroyed in the south west of KNP by Dr Roy Bengis and presented with
generalized TB on post mortem and cultured positive for Mycobacterium bovis (M bovis). Earlier
suspect cases (before 1990) were also found during routine carcass examinations during culling
operations but no definitive culture diagnosis was made.  The disease probably entered the KNP
during the 1950’s when there were no fences between the southern boundary of the park and cattle
farms. Buffalo had direct contact with BTB infected cattle in the neighbouring farming areas. The
disease has become endemic in the KNP ecosystem with the African buffalo becoming a true
maintenance host. With the contamination of the environment by this maintenance host a number
of “spill-over” infections have occurred in other species notably kudu, lion, cheetah, leopard, spotted
hyaena, genet, baboon and warthog.

Since 1990 a number of surveys have been conducted throughout the KNP, the most recent (during
2000) using an ante-mortem test during non-lethal random sampling of all herds north of the
Olifants River. The disease has spread progressively north with the highest incidence currently in
herds south of the Sabie River, medium to high prevalence in the areas between the Sabie and
Letaba rivers, medium to low incidence in the herds between the Letaba and Shingwedzi Rivers and
no or very low incidence in the herds north of the Shingwedzi river.
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Various strategies have been proposed to control and even eradicate the disease but none have been
implemented due to the lack of consensus on any one strategy between biologists, park veterinarians,
state veterinarians and the management of the SAN Parks.

Currently there is a multi-faceted approach to deal with the BTB problem within KNP, this in the
absence of a single strategic plan:

1.  A disease-free buffalo breeding project to breed buffalo calves free of both endemic and
exotic diseases and translocate these to other National Parks outside the BTB and Foot &
Mouth controlled areas of the greater KNP area.

2.  Continuous biannual monitoring of the buffalo herds north of the Letaba river using a non-
lethal sampling methods to track the spread of the disease and try and reduce the incidence
in the low-prevalence herds by removing positive reactors.

3.  Continued research on the infectious process of BTB in buffalo. An infectious model was
completed in 2000/2001 and a longitudinal study of BTB in the buffalo population in the
central Kruger National Park is ongoing

4.  Ongoing vaccination studies using BCG vaccine, the first phase of the controlled experiment
was concluded in 2001 and the free-range experiment will take place in 2002 and 2003 and
it is ultimately hoped that the vaccine could help control the disease

5.  Liaison with other research projects dealing with similar problems

Considerable effort has gone into debating and monitoring the BTB situation but to date there has
not been a single accepted practical solution on how to control and eradicate the disease within the
KNP ecosystem. The understanding of BTB in buffalo and other wildlife species is improving but
a final practical control method may still be years away. This implies that BTB may have to be
accepted as part of an evolving ecosystem confined by modern boundaries.



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS266

MANAGEMENT INTERVENTIONS FOR A LION (Panthera leo) POPULATION IN A
SMALL, ISOLATED RESERVE: PILANESBERG NATIONAL PARK, SOUTH AFRICA 

Gus van Dyk

Pilanesberg National Park, North West Parks and Tourism Board, Mogwase, South Africa

Abstract

In 1993, 19 lions (Panthera leo) were introduced into the Pilanesberg National Park (PNP). The
500km2 PNP is entirely enclosed with predator proof fencing (including electrification). No
possibility exists for any natural movement of large predators in or out of the Pilanesberg system.
An adaptive management and highly interventionist approach to lion population management has
been applied in PNP. Lions were introduced into PNP primarily to contribute to the tourist
experience thereby generating income for the tourism industry in the region. The ecologic influence
of lions on biophysical processes and ecosystem functioning can be considered as secondary
objectives for maintaining a lion population in PNP. The cost of maintaining a lion population
exceeds the direct financial return from the animals through live sales and trophy hunting. These
forms of utilization are management tools rather than sustainable income generating options.
Population manipulation has been applied for a variety of management objectives. Pride size is kept
small (5 adult females or less) to reduce impact on commercially valuable buffalo populations and
to increase the relative number of prides PNP can accommodate. There is no indication that tourism
sightability increases as pride size increases. Smaller prides have reduced reproductive potential,
as there are fewer females to breed. Prides in remote regions are maintained at around 3 adult
females to reduce impact on the prey base and trophies in the utilization areas where tourism
sightings are not a consideration. Male coalitions are manipulated into pairs in order to increase the
relative abundance of males, increase sightability, increase vocalization potential and increase the
genetic potential of the population. Larger coalitions have proved to be likely to dominate the entire
system. Dispersing sub-adults are made available for relocation in order to limit the potential of
animals being forced through the perimeter fence and compromising the PNP relationship with
neighbours. PNP has provided founder populations for 12 other reserves as well as supplying the
population for Oklahoma City Zoo. Monitoring and management is dependant on individual
recognition across the entire population.  Vasectomies and more recently epididyectomies have been
performed on key males within the population. This intervention has been designed primarily as a
genetic management strategy. Over represented males are thus permanently removed from the gene
pool and a temporary reduction in population growth is experienced. The surgery is performed in
the field. Despite initial concerns that behavioural and physiologic changes in the males would
occur, there is no apparent change in roaring, mane growth and territoriality following the
procedure. The ultimate objective with vasectomies is that PNP can apply assisted reproduction
technology by using the mating males as indicators of the females reproductive state. Assisted
reproduction technology will allow new genetic material to enter the population without the
necessity for introducing new animals. New introductions are limited by animal availability, disease
introduction potential, cost and life history limitations. Little progress has been made with lion
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assisted reproduction techniques thus far however. PNP has maintained the lion population as an
FIV free population and other diseases, which are plaguing lion populations throughout Africa such
as Bovine Tuberculosis and Canine distemper are also absent. Intensive human activity on the
reserves periphery presents an ever-present threat and the development of early disease detection
tools or sustained vaccination regimes on the reserves periphery is vital. No vaccination regime
exists for the PNP lion population at present. A lion sightability index generated from game drive
sightings allows some interpretation of the influence of management actions. Remote methods to
gauge lions’ response to management interventions are being sought. The development of meta-
population management strategies are being tested in PNP and Madikwe Game Reserve, which
together contain approximately 30% of the remaining Etosha lion population. Increasing concern
for the long-term survival of lion populations throughout their range is being expressed. The
challenge to conserve and manage these animals on smaller, isolated conservation areas has
therefore been identified as an important conservation strategy.
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EVALUATING THE IMPORTANCE OF BIOMATERIALS BANKING: CONVERGING
INTERESTS AND DIVERSIFYING OPPORTUNITIES FOR CONSERVATION EFFORTS

Oliver A. Ryder, PhD 

Center for Reproduction of Endangered Species, Zoological Society of San Diego, San Diego CA 92112-
0551 USA

Abstract

There is currently an insufficient effort to bank biomaterials in the best interests of conservation
science and animal health.  In spite of the inadequacies, it is important to focus on successful efforts
and the benefits they provide even as the focus moves to opportunities to do more in the future.  A
more effective effort in animal health and conservation science can benefit from strategic programs
to collect biomaterials and for linking those efforts with opportunities to contribute to the
conservation of species in situ.  

With ongoing declines in biodiversity and increasing difficulties in obtaining and transferring
specimens across international boundaries, it seems plausible that there will never be greater
opportunities to amass biomaterials resource collections than at the present time.  Unfortunately, we
may consider that in the future, captive and wild populations alike will be diminished in numbers,
genetic diversity, or both.  

Important studies of animal health and science, and human medicine will benefit from biomaterials
collections made from exotic species, especially close relatives of domestic species and humans
(e.g., chimpanzees, bonobos, and gorillas).  Advances in genetic epidemiology, diagnostic methods,
and the tailored design of therapeutic agents result from a comparative studies and the application
of an evolutionary perspective on host, pathogen interactions and proclivities to genetic disease.  We
can expect that a mutualism will exist due to the application of resources and technologies to species
of economic interests and for human medicine that will find useful application in zoo and wildlife
medicine.  

New initiatives such as the Integrated Primate Biomaterials and Information Resource, an NSF-
funded effort to collect and make available for distribution DNA and cell lines from primates offers
the opportunity for zoos, primate centers, and field biologists to join forces and extend the
opportunities for the utilization of biologic samples for a wide range of studies that will increase the
knowledge of primate biology.  

Some of our best efforts for assisting those in the future who wish to maintain and manage healthy
populations and contribute vital information to assessments, monitoring, and management of wild
populations will be to judicially bank samples that are now available to us.  
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THE LIVING DEAD: KEEPING WILDLIFE ALIVE THROUGH SCIENTIFIC USE OF
BIOMATERIALS 

Linda Munson, DVM, PhD, Dipl ACVP 

Department of VM-PMI, School of Veterinary Medicine,  University of California, Davis, CA 95616 USA

Abstract

Despite significant advances in understanding the diseases of wildlife over the last few decades,
wildlife populations continue to be impacted by recurrent, endemic or emerging diseases.  A few
high-profile endangered species have been extensively studied, but disease investigations in most
species have been neglected of necessity because of limited resources.  As more species become
endangered, there will be little information on the historic diseases and genetic composition of those
species which will serve as a background against which to interpret pathologic findings.  For
example, when the Channel Island fox (Urocyon littoralis) began to decline precipitously during the
mid-1990s and disease was suspected as contributing to that decline, we had no information on the
historic and endemic diseases of this population when it was thriving, so that the parasites, serologic
evidence of viral exposure, and diseases disclosed during the population decline could not be put
into perspective. 

While large epidemics in wildlife are usually investigated, many smaller  epidemics, genetic
diseases or toxicoses likely go unnoticed. The future brings an even more dismal scenario in which
loss of genetic diversity, habitat degradation, greater habitat restriction, and exposure to exotic
pathogens will cause disease to play a greater role in wildlife losses while the resources to
investigate these diseases remain limited.  In the future, solving complex questions of disease
ecology will need to include assessment of genetic traits, demographics, and environmental
conditions in light of historic characteristics of healthy populations.  These studies will require
information and resources that will not be available unless we begin to collect data and archive
biomaterials now.  

Pathologists are quintessential pack-rats and have traditionally viewed dead animals as packages of
information and future opportunity.  Many field veterinarians and wildlife biologists also maximize
sample collection when animals are handled.  This culture of preservation and archiving needs to
pervade all aspects of animal conservation so that resources are available in the future. The
usefulness of archived wildlife biologic samples has been documented in several recent disease
investigations.  During investigation of the 1994 canine distemper epidemic in Serengeti lions,
archived serum samples disclosed that lions in this region had been exposed to CDV over a decade
earlier, but without the high mortality noted in the 1994 epidemic, thereby indicating that a more
pathogenic strain had emerged.   While investigating the cause of the Channel Island fox decline in
the late 1990's, frozen archived foxes that had died before 1994 were submitted to the pathology
survey so that diseases and parasites detected in foxes before the decline could be excluded from
investigations.   
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When carcasses are encountered in the field, many useful samples can be collected with little effort.
Preserving tissue samples in formalin or freezing whole bodies or organs are the simplest, most
reliable and useful methods of biomaterial collection. Formalin is inexpensive and available
worldwide, and formalin-fixed tissues are useful for molecular identification of infectious agents
and toxin analyses, as well as for histopathology.  Feces can be collected in formalin to identify
parasites or parasitic ova or in alcohol to identify parasites, measure steroid hormones, or perform
genetic analyses from exfoliated enterocytes.  Frozen or dried hair samples also provide cells for
genetic analyses. Whole blood can be collected in appropriate buffers and stored at room
temperature or frozen for genetic analyses of the host or hemoparasites in the host.   Blood smears
can be easily prepared and air dried for a hemogram or for hemoparasite identification.  Blood
adsorbed onto Nobuto Blood Filter Strips® can later be extracted for serologic tests.   Serum also
can be separated from blood by field centrifuges that are powered by car batteries or simply by
gravity.  Access to freezers or liquid nitrogen for storage of blood and tissues can often be arranged
by networking with regional veterinarians or labs who usually are enthusiastic about collaborating
with wildlife projects.  
Collecting and preserving living biomaterials from wild animals in the field is limited by  access to
laboratory equipment, a means to power that equipment, and for dead animals, by timely access to
animal carcasses.   Preserving gametes and somatic cell lines is not feasible in most situations
because their viability depends on harvesting cells soon after death and then careful step-down
freezing of single cell suspensions.   However, gametes and cells from small skin biopsies if taken
by sterile technique can remain viable in tissue culture medium temporarily, providing time for
transport to a laboratory for appropriate processing. A skin biopsy can then sometimes yield
fibroblast cell cultures that are valuable for genetic assessments.

One of the greatest challenges facing successful biomaterial banking from wildlife is training of
field personnel to collect samples appropriately. To maximize the collection of useful biomaterials,
biologists, park wardens, and other personnel who live and work where wild animals  are handled
need to be convinced of the value of collecting biomaterials and then trained in appropriate methods.
The Necropsy Procedures for Wild Animals was created for this purpose and is available free of
charge on the Web < http://www.vetmed.ucdavis.edu/whc/Necropsy/TOC.html>  Another challenge
is developing policies that maximize the use of biomaterial archives.  Archives of tissues and slides,
as well as databases, are costly to develop and maintain, so that currently only a few archives exist,
such as those at the Smithsonian Institution, San Diego Zoo, or in faculty laboratories at universities.
Determining who owns the animal tissues in these archives and who should have access to these
materials and information is a complex issue.  These materials represent a considerable investment
of time and money on the part of the investigators, yet progress in disease research requires use of
tissues in collaborative projects.  Prioritizing research requests for access to these materials is best
done by committees of informed stakeholders, so that the valuable tissue resources are not used
inappropriately.  The IUCN CBSG in collaboration with Endangered Wildlife Trust has initiated a
series of Genome Resource Banking workshops to address some of the complex issues of
biomaterial banks.  
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So harvest, collect, preserve, photograph, freeze, and store whatever tissues possible whenever you
are handling wild animals.  These archives will prove invaluable in animal health investigations and
may determine the future of some species.  
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CREATING AND MAINTAINING A POSTMORTEM BIOMATERIALS ARCHIVE: WHY
YOU SHOULD DO IT AND WHAT’S IN IT FOR YOU 

Bruce A. Rideout, DVM, PhD, Dipl ACVP

Center for Reproduction of Endangered Species, Zoological Society of San Diego, PO Box 120551, San
Diego, CA 92112-0551 USA

Abstract

Zoo veterinarians and pathologists have an opportunity to collect a wide variety of tissue and body
fluid samples for archiving. Serum samples are among the most common, but fixed and frozen
postmortem tissues are also frequently collected. Unfortunately, many samples are not collected
unless specific outside requests are on file, particularly those from SSP’s. Zoo’s all too often do not
take full advantage of the opportunity to create biomaterials archives for their own use, or to
contribute to centralized archives, such as SSP archives and the San Diego Zoo’s Frozen Zoo.
Furthermore, when samples are collected for archiving, sample collection or handling errors can
limit the usefulness of the specimen. With ongoing advances in molecular diagnostics and research,
such biomaterial archives represent invaluable resources that are well worth the effort to establish.

Creating an archive is not difficult, but requires appropriate storage capability and a little
preparation. Common problems with archiving include use of household frost-free freezers that thaw
samples repeatedly, lack of back-up power supply, lack of accurate inventory, and incompletely
labeled specimens. Samples must at least have a unique identifier that enables you to determine the
nature of the sample, animal identification, and date of collection. It is also helpful to note any
significant sample handling issues, such as previous thaws, special fixatives, etc., in the inventory
or catalogue record. 

Sending samples off site for processing or archiving creates additional problems, since samples can
get lost or be mis-handled during transfer. In addition, most pathology service providers discard
their paraffin blocks after 3-5 yr. You might think you have an extensive archive of tissue blocks
at your local university or private diagnostic lab, when in fact you might only have 3-5 yr worth of
samples. Another issue to consider is that once your samples are in the hands of outside laboratories
or investigators, it can be difficult to retrieve them for your own use.

With considerably more effort, zoos can create accredited museum archives. The pathology
department at the San Diego Zoo is currently in the process of having its specimen archives
accredited. Requirements for museum accreditation include having a collection plan with policies
and procedures for specimen acquisition, accessioning, cataloguing, inventory tracking,
conservation/preservation, deaccessioning, disposal, loans, and availability for education or research.
It also requires that the institution commit the staff and financial resources necessary to maintain
the accredited archive. Accreditation is of limited value to most institutions, but has the added
benefits of facilitating transfers of materials with special CITES permits, and providing the political
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leverage sometimes needed to marshal the resources necessary to maintain the archive. It also puts
proper emphasis on the value of the archive, the need for upkeep and preservation, and facilitates
use by investigators, both internal and external.

The kinds of investigations that can be done with archived biomaterials depend on the nature of the
sample and method of preservation. We can broadly categorize the types of investigations into
genetics, infectious diseases, nutrition, toxicology, and diseases of unknown etiology. The following
are examples of how we use our own biomaterials archives for each of these types of investigations.

For genetic studies, living cells in a “frozen zoo” yield the most, followed by tissue snap frozen in
liquid nitrogen and stored at –80 °C, tissues frozen and stored at –80 °C, tissues frozen and stored
at –20 °C, tissues fixed and stored in absolute ethanol, and finally formalin-fixed, paraffin-
embedded tissues. The progressively lower yields with each of the above preservation methods
results from incremental increases in degradation of DNA and RNA. Recovery of viable cells,
messenger RNA, or very long segments of DNA generally requires snap freezing in liquid nitrogen
and storage at –80 °C. Because ethanol fixes tissue by coagulation, while formalin causes cross-
linking, ethanol-fixed tissues yield much longer lengths of DNA than formalin-fixed tissues.

Examples of genetic studies we have undertaken with archived samples include albinism in koalas,
and chondrodysplasia in California condors. Molecular characterization of the koala tyrosinase gene
has involved PCR amplification of genomic DNA from individual exons of the gene and
amplification of full-length transcripts of cDNA derived from mRNA. Genomic DNA has been
obtained from frozen peripheral blood leukocytes and kidney, while pigmented skin, colored hair
and hair follicles, footpad skin, nose skin, and eye were sources of mRNA. Since the defect in
California condors might involve one or several genes, a combination of PCR and a cDNA library
could be used to screen candidate genes. Frozen genomic DNA samples could be assembled into a
phage or cosmid library and screened with condor gene fragments obtained by PCR for candidate
genes.

For most infectious diseases, the best samples are those snap frozen in liquid nitrogen and stored at
–80 °C, since this preserves viability of many infectious agents and preserves RNA of RNA viruses.
Otherwise, the preferred preservation methods follow the pattern described above for genetic
studies. We regularly utilize archived samples for infectious disease investigations. Two of the
larger studies have involved avian adenoviruses and Atoxoplasma spp. For these studies, tissues
frozen at –80 °C have been used successfully for PCR, while formalin-fixed paraffin-embedded
tissues have been used successfully for both PCR and in-situ hybridization. PCR from paraffin
tissues utilized smaller genetic targets (approximately 300 bp for Atoxoplasma and 400 bp for the
adenoviruses) and both have worked with some success—but with lower sensitivity than frozen
tissues. In-situ hybridization on formalin-fixed tissues utilized oligonucleotide probes (20-30 bp)
to circumvent any problem with DNA degradation and worked well on falcon tissues but only on
sexual stages of Atoxoplasma spp. in the intestine.

Generally, samples frozen at –20 °C are adequate for nutritional or toxicologic investigations.
Samples we routinely collect include liver, kidney, and gastrointestinal content. In selected cases,
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we also collect brain, urine, blood, bone, and hair or feathers. We have successfully used our archive
to investigate cases of metabolic bone disease, copper deficiency in ruminants, rodenticide toxicity,
and lead toxicity in California condors.

Diseases of unknown etiology present special problems in terms of sample collection, but can best
be covered by collecting a routing set of tissues, such as liver, kidney, spleen, lung, gastrointestinal
tract, and brain, with additional samples as appropriate to the condition being investigated (e.g.,
vomitus, feces, whole blood, etc.). We are currently using our archives to investigate chronic
gastrointestinal problems of uncertain etiology in douc langurs. By using routinely archived samples,
complemented by more directed sampling, our molecular diagnostics lab has identified as yet
unspeciated Helicobacter and Campylobacter bacteria. We are now saving biopsy, necropsy, vomit,
and fecal samples from douc langurs in 20% glycerol brucella broth to facilitate culture of these
fastidious organisms.

Conclusion and Recommendations

Biomaterials archives are one of the most important repositories of information we can create for
our own use and are a valuable resource we can provide for the conservation and research
communities. In order to create the most useful archives, we recommend the following:

- Freeze samples at –80 °C whenever possible.
- Follow specimen handling and sample labeling guidelines.
- Always use an adequate volume of formalin for fixed tissues, and limit fixation time to less than

72 hr.
- Consider collecting selected duplicate samples in absolute ethanol for molecular diagnostics

when freezing is not practical.
- Find out where your tissue blocks are stored and make sure older blocks are not being discarded.
- Whenever possible, send duplicate samples to central repositories, such as SSP archives and the

San Diego Zoo’s frozen zoo. 
- For health problems of unknown etiology, consider archiving unconventional samples relevant

to the problem. Examples include ocular fluid, postmortem lung smears, whole blood, yolk
samples from eggs or chicks, stomach and intestinal content (especially from wild or released
animals), urine, hair, feather, bone, food and water samples.

- Maintain an inventory of your archive in a computerized database, with appropriate back up.
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GIANT PANDA (Ailuropoda melanoleuca) BIOMEDICAL SURVEY: SYSTEMATIC
COLLECTION OF BIOMATERIALS

Donald L. Janssen, DVM, Dipl ACZM,1* Zhang Anju,2 Zhang Hemin,3 Susie Ellis PhD,4 JoGayle Howard,
DVM, PhD,5 and David Wildt, PhD5

1Zoological Society of San Diego, San Diego, CA 92082 USA; 2Chinese Technique Committee of Giant
Panda Breeding, Chengdu, Sichuan, PRC; 3Chinese Research and Conservation Center for the Giant
Panda, Wolong, Sichuan, PRC; 4Conservation International, Washington, D.C. 20036 USA; 5National
Zoological Park Conservation and Research Center, Front Royal, VA 22630 USA

Abstract

The value of collecting biomaterials for planned or unforeseen future investigations makes intuitive
sense. The purpose of this presentation is to show that when biomaterials are collected in a
systematic way and integrated with other data similarly collected, the value of those materials can
be enhanced.

The biomedical survey of giant pandas in captivity was a multidisciplinary, multinational effort to
provide detailed information on the health and reproductive potential of the captive population of
giant pandas in China.1 There is a consensus in China that all giant pandas in captivity should be
genetically managed. In 1996, the Conservation Breeding Specialist Group (CBSG) was invited to
help develop a genetic management plan for giant pandas. The biomedical survey was a direct
outgrowth and first step of that plan.2

The methods used for the biomedical survey were designed to collect as much data as possible at
a single point in each animal’s life. The data were recorded on forms according to the respective
disciplines (anesthesia, medical, reproduction, behavior, nutrition, and pathology) and in a
centralized database. Biomedical samples collected included whole blood and plasma, serum, tissue,
hair, vaginal swabs, and semen. Samples were analyzed immediately, if possible, and stored on-site.
All biomaterials remained in China. All data and integrated analyses were discussed with the CBSG
and Chinese teams, and then left in China for documentation and record.

In order to genetically manage the captive giant panda population, managers must know the
parentage of each animal. Parentage, especially paternity, of captive born giant pandas is often
unknown because of the common practice of combining natural breeding with artificial insemination
from multiple males. Using the tissue, hair, and whole blood samples collected during the survey,
researchers have been able to determine the parentage of these animals. From this, an accurate
pedigree can be determined which in turn can be used to establish a management plan. Further, the
accurate pedigree can be used to integrate with other biomedical findings of the population. This is
an example of using biomaterials, collected systematically, for an intended purpose.
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Eight pandas surveyed exhibited a stunted stature with multiple associated medical problems. All
but one were captive born and either juveniles or non-reproducing adults. Five had moderate to
severe ascites apparent on ultrasound. Five had significant dental disease typified by heavily stained,
pitted, and excessively worn teeth for their age. All eight had a history of chronic gastrointestinal
disease, some beginning during their juvenile development. Several had a history of respiratory
disease as juveniles. The etiology of this syndrome is not known, but the effect could be very
significant in terms of the sustainability of the population. Differential diagnoses include
inappropriate juvenile nutrition, canine distemper, and fluorosis. The serum and other biomaterials
archived during the biomedical survey can now be used for specific testing to rule out the various
etiologies. This is an example of using biomaterials, collected systematically, for a purpose that
could not be anticipated in advance.

Collecting information and biomaterials from a population of animals provides an opportunity to
integrate data and materials in such a way that both the data and the materials become more valuable
than they would otherwise. In the first example, knowing the parentage made it possible to use other
data and make decisions about the management of the populations. In the second example, trends
detected from examining the data gave new use to the archived biomaterials. 
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UTILIZING A BIOLOGICAL RESOURCE CENTER OF STORED MOUNTAIN GORILLA
SAMPLES TO MEASURE CHANGES IN GORILLA FLORA BIODIVERISTY

Mike Cranfield, DVM 

Mountain Gorilla Veterinary Project, c/o The Baltimore Zoo, Druid Hill Park, Baltimore MD 21217 USA

Abstract

Conservation efforts to manage small populations must be responsive to both the population as a
whole and individuals within that population.  The same conditions that have placed these small
populations in their perilous situation make them inherently delicate and susceptible to extinction
and to new negative impacts, particularly if their species reproductive capacity is low.  It is therefore
important to make the collection and storage of biologic specimens a high priority, to gain
knowledge for present as well as future use.  These samples need to be collected, processed and
stored in a proper and uniform fashion to assure quality, and therefore accuracy and reliability, of
the resulting tests and procedures.

There are approximately 640 mountain gorillas left in two island populations in the Virunga
Mountains of Uganda, Rwanda, Democratic Republic of Congo and the Bwindi Impenetrable Forest
located in Uganda.  The Mountain Gorilla Veterinary Project has a Memorandum of Understanding
with the three countries to provide health care to these animals. The largest potential health threat
to the gorillas comes from their susceptibility to human diseases and close interaction with people
from the densely populated community surrounding the parks, the ecotourists or the conservation
personnel.

Since clinical interventions or post mortems occur only about ten times per year, the veterinarians
have few opportunities for invasive sampling, During clinical interventions, blood, stools, urine, hair
and other clinically appropriate samples are taken. The samples aid in the diagnosis of the present
clinical problem by providing information about the health status of the group that the ill individual
resides in, and are banked to see how the health status changes over time.  Post mortems are
conducted according to the elaborate protocol developed for great apes, however, the majority of
samples that are collected from mountain gorillas are non-invasive, such as feces, urine and saliva.
The samples from known individuals are coupled with brief standardized histories and GIS
referenced to become powerful tools for health, genetic and nutritional monitoring. 

Instead of a small sample taken for a specific study, the whole fecal deposit is taken and stored in
a wide variety of conditions and media to allow for the broadest testing methodologies.  These
samples will allow accurate determination of changes over time in the biodiversity of pathogens and
normal flora of the gorilla population by allowing testing of samples from the same known
individuals, by  the same researcher, using the same technology in the same lab.
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As the study of conservation medicine and the interaction of humans, their agricultural practices and
wildlife becomes even more critical and new technology is developed, it is the veterinarian’s
responsibility to save materials from these populations that will aid in sustainability in the future by
helping to monitor health, provide management information and maintain live genetic material.
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BIOMATERIALS AS AN ESSENTIAL COMPONENT OF APPLIED CONSERVATION
RESEARCH: IN SITU AND EX SITU CASE STUDIES

George Amato, PhD* and Cathi Lehn, PhD

Science Resource Center, Wildlife Conservation Society, 2300 Southern Blvd., Bronx, NY 10460 USA

Abstract

The initiation of a conservation genetics program at the Wildlife Conservation Society in 1989
resulted in a dedicated effort to collect and bank biomaterials in support of this new research effort.
Blood and tissue samples were opportunistically collected from the zoo and aquarium animals and
stored frozen.  Additional samples collected in the field by WCS International Conservation staff
were also targeted based on opportunity and interest by individual researchers.  New developments
in DNA extraction procedures and optimization of polymerase chain reaction (PCR) technology
allowed for an expansion of sample types to include hair, feathers, feces, dried material, and other
non-traditional sources of genetic material.  The result of this effort was the acquisition of an
extraordinarily valuable resource to support important in situ and ex situ conservation research.
Presented here are three examples of applied conservation research projects that were directly
dependent on this biomaterial banking effort.  First, the genetic assessment of appropriate release
candidates for the black and white ruffed lemur (Varecia variegata variegata) reintroduction
program demonstrates the  value of banking both samples from collection animals (especially
founders) and from in situ populations.3  Secondly, current research in developing a novel,
non-invasive sexing technique for amazon parrots and the construction of specific microsatellite
markers illustrates the value of using genotyping to manage a large ex situ population for which no
pedigree information is available.1,2 Finally, the critical importance of biomaterial banking to
monitoring the trade in wildlife is demonstrated by recent collaborations between our WCS Wildlife
Forensics Program and the United States Fish and Wildlife Service and Department of Agriculture.
These projects have resulted in seizures of illegally imported skins and meat products from
endangered species.  While the value of biomaterial banking for conservation research is well
demonstrated by these examples, it is clear that additional resources and procedures for biomaterial
banking must be developed and supported to meet the current challenges to loss of biodiversity.
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MORBIDITY AND MORTALITY OF REPTILES ADMITTED TO THE WILDLIFE
CENTER OF VIRGINIA FROM 1991 TO 2000
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Abstract

Medical records from 694 reptiles admitted to the Wildlife Center of Virginia (WCV) from 1991
to 2000 were reviewed to determine causes of morbidity and mortality.  Eighteen species were
represented but the majority of cases consisted of five species; eastern box turtle (Terrapene
carolina), eastern painted turtle (Chrysemys picta), common snapping turtle (Chelydra serpentina),
and rat snakes (Elaphe guttata and Elaphe obsoleta).  There was a significant increase in reptile
cases during the study period both in absolute number and in proportion to the total caseload.
Trauma (74.2%) was the most frequent cause of morbidity and mortality followed by unknown or
undetermined (13.3%), aural abscessation (7.2%), infectious diseases (2.2%), and nutritional
disorders (0.1%).  In addition, 3.0% of the cases were healthy animals that had been removed from
the wild and consequently brought to the WCV.  Causes of morbidity and mortality differed between
the five most numerous species.  Impact with a motor vehicle was most frequent cause of trauma
for eastern box turtles, eastern painted turtles, and common snapping turtles; however, garden-
equipment-related trauma was the most frequent cause for rat snakes.  Aural abscessation was only
seen in eastern box turtles and is associated with significantly high body burdens of organochlorine
(OC) pesticides.1  This condition in eastern box turtles may be a good indicator of OC environmental
contamination and is being further investigated.  Eighty percent of cases occurred between May and
September and 65% occurred within the five counties closest to the WCV.  The vast majority of
morbidity and mortality was the result of human activities.  With the expanding human population
in Virginia it is likely that humans will have an increasing impact on the health of wild reptiles.
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SEVEN YEARS OF COOPERATION WITH U.S. FISH AND WILDLIFE:  CONFISCATION
EVALUATION AND DISPOSITION
 
Ann Manharth, DVM* and Dominic Travis, DVM, MS
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Abstract

Since 1995, Lincoln Park Zoo has, in cooperation with United States Fish and Wildlife Service
(USFWS), accepted responsibility for over confiscated 645 confiscated animals. These animals
entered the United States through the Chicago O’Hare Airport Port and were confiscated for a
variety of reasons. Placements were initially classified as loans in most cases; ultimate dispositions
consisted of loan or donation to Lincoln Park Zoo, loan or donation to other institutions, return to
importer, or death.

Reptiles and amphibians comprised 94% (61% and 33% respectively) of the confiscated animals
arriving at Lincoln Park Zoo. A number of conditions were identified upon entrance into quarantine
at Lincoln Park Zoo, including a wide variety of parasitic infections. In addition, the logistics of
handling large, unexpected numbers of animals with unknown histories and significant health issues
became a challenge. A review of these cases has helped in the formation of a generic plan of action
for systematically handling confiscations and establishing an index of suspicion for some of the
infectious diseases that may come in with these importations.  

The plan of action includes:

Systematic triage for all confiscated animals: including body temperature regulation and re-
hydration
Documentation of condition of animals upon arrival: both written and image
Positive identification of species
Individual identification of all specimens
Individual housing for all specimens if possible
Maintaining isolation from collection animals
Complete necropsy of all specimens that die. This is particularly important with early deaths in
order to gain a complete picture of health problems.
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THE TURTLE SURVIVAL ALLIANCE IN ACTION: SURGICAL AND MEDICAL
TRIAGE OF A LARGE GROUP OF CONFISCATED ASIAN TURTLES
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1Department of Clinical Care, Wildlife Health Sciences, Wildlife Conservation Society, 2300 Southern
Blvd, Bronx, NY 10460 USA; 2Co-Chairs,Turtle Survival Alliance, Fort Worth Zoo, 1989 Colonial Pkwy,
Fort Worth, TX 76110 USA

Abstract

In the mid 1990’s it became widely recognized that turtles of the world, especially Asian turtles,
were being overharvested and extirpated from range countries for use as food and traditional
medicines in China.1 Markets became the final destination for many rare, endangered, and even
undescribed, chelonians. As turtles were eliminated from the Chinese landscape, collectors and
buyers went further afield into surrounding countries and as far as Madagascar and North America.
Of the 90 recognized species of Asian chelonians, 45 are listed as critically endangered or
endangered by The World Conservation Union (IUCN).2  The Turtle Survival Alliance (TSA) is an
organization formed in 2001 in response to the Asian turtle extinction crises. As a joint initiative of
the IUCN/SSC Tortoise and Freshwater Turtle and Conservation Breeding Specialist Groups, it is
comprised of members from zoos and aquaria, universities, private breeders and hobbyists,
commercial ventures, and governmental organizations.  The primary mission of TSA is to 

“Develop and maintain an inclusive, broad-based global network of collections of living tortoises
and freshwater turtles with the primary goal of maintaining Chelonian species over the long term
to provide maximum future options for the recovery of wild populations.” 

As such, the TSA has reached out to Asian governments to offer options and assistance in enforcing
protection of chelonians. In many countries there is legislation in place to protect and conserve, or
control harvesting of turtles. Enforcement of the legislation has been weak, in part due to the
realities of having to overcome the logistic difficulties of caring for large numbers of confiscated
animals when wildlife laws are enforced.  

On December 11, 2001 a confiscation of turtles was made by the Hong Kong Agriculture, Fisheries
and Conservation Department and Customs Ship Search and Cargo Command.3 The seizure was
comprised of approximately 7500 individuals representing at least 12 species (Table 1), all
originating from Southeast Asia. The animals had been transported in severely overcrowded
conditions with no consideration for their biologic needs, destined for food markets. They were
placed at the Kadoorie Botanical Gardens in Hong Kong until final destinations could be arranged.
The small staff at Kadoorie was faced with the daunting task of uncrating, setting up enclosures,
providing food and water and medical care for the 7000+ survivors.
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The co-chairs of the TSA were contacted as the confiscation was being made and they initiated
actions to place the turtles within the TSA network. Species that had been confiscated were
identified, and Taxon Management Groups (TMG) were mobilized.  Each TMG has a manager and
veterinary advisor. Arrangements were made to transport the animals to the United States at no
charge. Due to the large numbers of animals, a site in Florida was chosen as the receiving port.
Veterinary members of the TSA mobilized to acquire supplies and volunteers and to develop
medical protocols for management of the incoming animals. Recommendations for quarantining
animals, handling samples, acquiring biologic materials, data collection and triage scoring systems
were developed. Movement of the animals from Hong Kong to the United States  was delayed by
the challenge of arranging transport during the December holidays. The first shipments of 461 turtles
arrived in the United States on December 28 and 29, followed by 671 animals on January 3, and
2070 turtles on January 11. In addition, 1000 turtles were shipped from Kadoorie Farms to European
facilities.

Shipments arriving in the United States were handled as follows: The crates were picked up at the
Miami International Airport, the shipment was inspected by customs and USFWS and loaded onto
rental trucks for the 5-hr transport to a private facility and warehouse. Upon arrival, volunteers
unloaded and uncrated animals and they were either set up in enclosures with food and water or
triaged. Each animal was assigned a permanent TSA ID number and marked by drilling or notching
the carapace. A triage classification of 1-5 (1 = healthy, 5 = dead) was assigned to each animal.
Depending on the triage rating, they either received immediate veterinary care or were processed
by zoologists. All animals were weighed and measured. One volunteer was assigned to each animal
(and its paper records) entire processing procedure. Subsequent to being processed the animals in
triage categories 1 and 2 were immediately packed and sent to final destinations or rehabilitation and
treatment facilities. The length of time from arrival in the United States to final destinations rarely
exceeded 5 days.

At the veterinary stations, the animals were examined and treated. All animals received antibiotics
and anthelmintics, most received intracoelomic fluids and some received antifungal agents (Table
2). External parasites were mechanically removed, followed by treatment with an acaracide.
Animals determined to be category 3 or higher were placed in holding areas where they could be
more easily treated and monitored. Some animals were subsequently administered nutrients and
medications via gavage.

By radiography and examination with a metal detector it was determined that >60 % of the
Malaysian giant turtles (Orlitia borneensis) had fish hooks present, most in the esophagus and
periesophageal tissue. Anesthesia and surgical removal of the hooks was performed on 36 turtles
on site, and on 19 that had been transferred to other facilities.

Animals that arrived dead were also given ID numbers and subsequently permanently marked. A
subset of the animals were necropsied by clinical veterinarians (1st shipment) or a veterinary
pathologist. Histopathology was performed on those. Other materials that were collected included
blood samples for genetics, toenail clippings for minerals and isotopes, ticks for identification and
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disease transmission studies, internal parasites for identification, and ingesta for determination of
consumed food items. Most of the carcasses were placed into museum collections for further studies.

The results of the confiscation and subsequent actions by the TSA include the following. 

1. Wildlife officials in Hong Kong have expressed appreciation for the sincere effort that was made
to assist them. 

2. Three-hundred twenty-five animals were placed in 11 zoos, 154 with four veterinarians, 43 at
two veterinary schools, 641 at two fish farms, and 1397 with private individuals and
organizations. These placements will advance the goal of establishing assurance colonies of
several species. 

3. Humane care was provided to many animals that otherwise would have suffered in meat
markets. 

4. Protocols for triage and treatment of large numbers of animals were developed. 
5. Important information regarding health and disease status of recently confiscated and imported

animals was collected. 
6. Important biologic information on 12 species of turtles was acquired.

Plans for potential future confiscations have been developed and include: 1) the formation of a
confiscation and triage team to travel to the site of confiscations for initial medical care and
processing, 2) protocols to handle and house imported animals in indoor facilities, 3) immediate
transport from the point of importation to final destinations or rehabilitators, and 4) more stringent
guidelines and protocols for subsequent treatment and necropsy of all specimens.
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Table 1.  Turtles confiscated in Hong Kong December 2001.
Species Common Name IUCN Red List

Status
Number of
Individuals

Siebenrockiella crassicollis Black marsh turtle Vulnerable 1001
Callagur borneoensis Malaysian painted terrapin Critically endangered 1
Cyclemys sp Leaf turtle Lower risk 188
Malayemys subtrijuga Malayan snail-eating turtle Vulnerable 7
Cuora amboinensis Malayan box turtle Vulnerable 1027
Manouria emys Asian brown tortoise Endangered 62
Orlitia borneensis Malaysian giant turtle Endangered 259
Hieremys annandalei Yellow-headed temple turtle Endangered 39
Batagur baskar River terrapin Critically endangered 5
Heosemys grandis Ornate Asian pond turtle Endangered 355
Notochelys platynota Malayan flat-shelled turtle Vulnerable 33
Heosemys spinosa Spiny turtle Vulnerable 191

Table 2.  Medications used on confiscated Asian turtles.
Medication Dose/Frequency Route

Ceftazidime 20 mg/kg q 72 hr i.ce., i.m., s.c.
Balanced electrolyte solution 20 ml/kg i.ce., s.c.
Amikacin 5 mg/kg q 72 hr i.ce., s.c.
Metronidazole 50 mg/kg s.i.d. × 2-3 days p.o.
Levamisol HCl 5 mg/kg repeat in 10-14 days i.ce.
Iodohydroxiquinol 50 mg/kg s.i.d. × 2-3 days p.o.
Gavage formula:
  fluconazole 1 mg/ml
  metronidazole 5 mg/ml
  fenbendazole 5 mg/ml
  iodohydroxiquinol 5 mg/ml
  omnivore diet

10 ml/kg s.i.d. × 2-3 days p.o.

Intracoelomic fluids:
  balanced electrolyte solution
  ceftazdime 1 mg/ml
  levamisol 0.5 mg/ml

20 ml/kg once i.ce.
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PATHOLOGY FINDINGS IN A LARGE GROUP OF CONFISCATED ASIAN TURTLES

Scott P. Terrell, DVM, Dipl ACVP 1,2
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Abstract

In December 2001 and January 2002, more than 3000 turtles entered the United States as part of the
efforts of the Turtle Survival Alliance (TSA) and Kadoorie Farm and Botanical Garden (KFBG) to
save illegally  harvested wild Asian turtles. The turtles were part of a large group of approximately
7500 turtles that had been confiscated by Hong Kong officials in December 2001. Veterinarians,
biologists, conservationists, turtle enthusiasts, and other volunteers assisted in the triage, treatment,
and transport of these turtles as they arrived at a private facility in central Florida.  Many of the
turtles arrived severely debilitated or dead.  Necropsies were performed either on-site, during triage
efforts, or at a separate facility. Preliminary results of gross pathology and bacterial culture (Table
1) for 65 turtles are presented. Antimicrobial sensitivity results are summarized in Table 2.

Sixty-five turtles and tortoises representing seven different species were necropsied. The species and
number examined included 28 Bornean black leaf turtles (Siebenrockiella crassicollis), 15
Malaysian giant turtles (Orlitia borneensis), 10 giant Asian pond turtles (Heosemys grandis), 6
Malayan box turtles (Cuora amboinensis), 3 Asian brown tortoises (Manouria emys), 2 leaf turtles
(Cyclemys sp.), and 2 spiny turtles (Heosemys spinosa). 

S. crassicollis

Twenty-eight turtles (nine males, nineteen females) were examined. One female was gravid and
contained two eggs.  Most (21/28) were in poor body condition based on the absence of, or severe
serous atrophy of, intracoelomic fat. The coelomic cavities of 17 turtles contained fluid interpreted
as ascites, possibly associated with hypoproteinemia. The stomachs of all 28 were empty and the
intestinal tract contained scant dry feces. Small nematodes were present in the distal intestinal tract
of two turtles. Pneumonia was evident grossly in 10/29. A fish hook was found protruding from the
anus of one turtle but was not associated with any gross intestinal pathology. Aerobic culture of the
liver and lung was performed on one animal (Table 1). The preliminary cause of death in the
majority of this species was severe emaciation and bacterial pneumonia.

O. borneensis

Fifteen turtles (seven males, eight females) were examined. All 15 turtles were in poor body
condition. The coelomic cavities of nine contained ascitic fluid. The stomachs of all turtles were
empty. There were numerous large seeds or tubers present within the distal intestine that distended
and often impacted the tract. The seeds were submitted to a botanist for identification (pending). The
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most striking finding in this species was the presence of fish hooks in the esophagus and
periesophageal connective tissue. In five turtles, fish hooks were associated with esophageal
perforation and a fibrinocaseous exudate.  Pneumonia was present in 9/15. Other gross findings
included myocarditis, splenitis, hepatitis, and ceolomitis.  Aerobic culture of the lung and liver was
performed on 11 turtles. The preliminary cause of death in the majority of this species was
determined to be bacterial septicemia and pneumonia with numerous fish hook injuries.

H. grandis

Ten turtles (five males, five females) were examined. Two females were gravid containing five and
six eggs respectively. Three turtles were severely autolyzed. Nine were in poor body condition. The
stomach and intestine of all 10 turtles were filled with fluid. One turtle had massive numbers of
nematodes in the distal intestinal tract. Severe hepatic lipidosis was present in four of ten; the
remaining six turtles had varying degrees of lipid accumulation in the liver. There was no gross
evidence of pneumonia or other inflammatory lesions in any of the turtles examined. Aerobic culture
of the lung and liver was performed on seven turtles. The preliminary cause of death of the majority
of this species was determined to be severe emaciation.

C. amboinensis

Six turtles (four males, two females) were examined. One female was gravid containing six eggs.
All six turtles were in poor body condition. The stomach and intestine of all six were empty.
Bacterial cultures were not performed on this species. The preliminary cause of death of these turtles
was determined to be emaciation.

M. emys

Three female turtles were examined.  None of these turtles was gravid. Two were considered to be
in poor body condition. The third turtle was in moderate body condition having been fed via a
percutaneous esophageal feeding tube. All three animals had been tube fed prior death and the
stomachs contained abundant moist ingesta. Massive numbers of nematodes were present within the
intestine of two animals.  In these turtles parasites were so numerous that they distended and
impacted the mid-intestinal tract. In one turtle numerous cross sections of parasites could be seen
within the submucosa of the intestine on cut section. The embedded parasites were often associated
with a caseous exudate. A diffuse severe fibrinonecrotic enteritis was evident upon removal of the
parasites. Aerobic culture of the lung and liver was performed on all three turtles. Enteric pathogen
culture was performed on the intestinal contents of one turtle. The preliminary cause of death of
these two turtles was severe endoparasitism resulting in emaciation, enteritis, and probable bacterial
septicemia.

Cyclemys sp.

Two turtles (one male, one female) were examined. The female was not gravid. Both animals were
in poor body condition, and had shell defects at the bridge between the plastron and carapace
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consistent with crushing. Both turtles had severe localized coelomitis associated with the bridge
lesions. One turtle had grossly evident pneumonia. Bacterial cultures were not performed. The
preliminary cause of death of these two turtles was traumatic shell damage resulting in coelomitis
and presumptive bacterial septicemia.

H. spinosa

Two female turtles were examined. One was in poor body condition. The other was in excellent
body condition with abundant fat stores. The stomach and intestine of these turtles was empty.
Abundant ascitic fluid was present in the coelom. No other gross lesions were noted.  Bacterial
cultures were not performed.  No preliminary cause of death was determined for these animals.

Post-mortem examination of these turtles has provided a wealth of information about the causes of
morbidity and mortality in these animals. Gross necropsy findings were relayed to clinical
veterinarians in a timely fashion during triage and treatment efforts to guide therapy. Most of the
turtles succumbed to emaciation and bacterial pneumonia/septicemia. Other conditions identified
included fish hook injuries, traumatic injuries, endoparasitism, and enteritis. Bacterial culture and
antimicrobial sensitivity results were received and relayed to clinical veterinarians approximately
1 wk after completion of initial triage and treatment and were valuable in guiding treatment for those
turtles that remained in captivity. Antimicrobial sensitivity data will also be valuable in the event
of future confiscations.
  
Further evaluation of tissues and samples collected from these turtles are on-going and include
histopathology, parasite identification, examination of intestinal contents by botanists (specifically
the seeds found in the intestinal tract of O. borneensis), as well as other ancillary diagnostic testing.
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Table 1.  Results of bacterial cultures from four species of Asian turtles.   
Turtle

Species
Liver

Primary Organism
Liver

Secondary Organism
Lung

Primary Organism
Lung

Secondary
Organism

S. crassicollis A. hydrophila Gram negativea Gram negativea Proteus sp.
H. grandis A  hydrophila Acinetobacter sp. A. hydrophilab

       “ A. hydrophilab A. hydrophilab

       “ A. hydrophilab A. hydrophilab

       “ A. hydrophilab A. hydrophila Alpha Strepc

       “ A. hydrophilab A. hydrophila E. coli
       “ A. hydrophilab A. hydrophilab

       “ A. hydrophilab Providencia sp. A. hydrophila

O. borneensis A. hydrophila Proteus sp. Gram negativea A. hydrophilab

       “ A. hydrophila Proteus sp. Not cultured
       “ A. hydrophilab A. hydrophila Proteus sp.
       “ A. hydrophilab A. hydrophila Proteus sp.
       “ Gram negativea,b A. hydrophila Proteus sp.
       “ Gram negativea E. coli A. hydrophila Proteus sp.
       “ A. hydrophilab Serratia sp. A. hydrophila
       “ A. hydrophila Proteus sp. A. hydrophila Gram negativea

       “ A. hydrophila Proteus sp. A. hydrophila Gram negativea

       “ A. hydrophila Gram negativea,b Not cultured
       “ Gram negativea,b Gram negativea Klebsiella

pneumoniae
M. emys A. hydrophila Gamma Strepd A. hydrophila Gamma Strepd

     “ Citrobacter freundi Gamma Strepd A. hydrophila Citrobacter freundi
     “ A. hydrophila Pseudomonas

aeruginosa
A. hydrophila Flaviomonas sp.

aPure culture.
bUnidentified gram-negative bacillus.
cAlpha hemolytic Streptococcus sp.
dGamma hemolytic Streptococcus sp.
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Table 2. Antibiotic sensitivity results for bacterial isolates from affected turtles. Each column
represents a separate bacterial isolate. 
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RENAL FAILURE AND THE REPTILE: A SUMMARY OF DIAGNOSTIC AND
TREATMENT OPTIONS 

Leigh Ann Clayton, DVM

Lincoln Park Zoo, 2001 North Clark Street, Chicago, IL  60613 USA 

Abstract

Most clinical information on the diagnosis and treatment of renal failure in reptiles has been reported
from exotic pet medicine, primarily in the green iguana (Iguana iguana). This review of current
diagnostic and treatment techniques is intended for new clinicians or veterinarians with more limited
reptile experience. Ante-mortem diagnosis of renal disease is difficult. Hematologic changes are not
consistent, although increases in phosphorus and uric acid, and decreases in total calcium have been
reported in the green iguana. Inversion of the calcium:phosphorus ratio may be the first change
noted. Even mild uric acid level elevations are concerning. Additional diagnostic options include
urinalysis, radiographs, ultrasound, and biopsy. Treatment should focus on optimizing husbandry,
fluid administration, provision of nutritional support, and treatment of coexisting disease.
Allopurinol may help reduce uric acid levels.

Introduction

Renal disease categories are poorly defined in reptiles and the relationships between disease location
(glomeruli/tubules), clinical signs, and laboratory values are not clearly established. Species
variation in disease susceptibility, clinical presentation, and diagnostic changes are not defined. The
etiology, diagnosis, and treatment of renal failure are best described in pet reptiles, primarily the
green iguana and some tortoise species. Green iguanas develop at least one form of renal failure with
consistent hematologic changes: decreased to normal total calcium (TCa), significantly increased
phosphorous (P), and increased uric acid (UA).3 It is unknown if this syndrome occurs in other
species. The etiology of reptilian renal disease is multi-factorial and includes inappropriate
husbandry, poor nutrition (level or type of protein, low water consumption, incorrect vitamin levels),
toxic injury (e.g., nephrotoxic drugs), bacterial or parasitic infection, neoplasia, and possibly
senescence.

Clinical Signs and Physical Examination   

Chronic renal failure (CRF) is more commonly identified than acute renal failure (ARF) in the green
iguana.6,24 Animals with CRF often have a history of inadequate housing and appear unthrifty.
Animals with ARF generally present with better husbandry and body condition. There may be
history of toxin exposure, including drug administration. Anorexia or declining appetite and
weakness are reported commonly. Polyuria and polydypsia are rare.24 On initial examination,
dehydration is usually apparent, digit tremors or muscle fasciculation may be present, and enlarged
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kidneys may be palpable. Evidence of pain and reluctance to move may be seen if gout deposits are
present. Chronic renal failure may present as an acute collapse.  

Diagnostics 

The white blood cell count is frequently elevated.1-3,7 Mild leukocytosis with monocytosis or
heterophilia is most frequently described.3,7 However, more severe increases are expected if
infection or severe inflammation is present.7 Hematocrit (Hct) may be increased due to dehydration.
A non-regenerative anemia has been reported with CRF.7

Total calcium levels are variable. In green iguanas, normal or decreased levels are described more
commonly than increased values.7,24 A mean value of 7.8 mg/dl (1.95 mmol/L) was reported in a
case series of 12 green iguanas.3 Total calcium is not always decreased and renal failure should still
be considered if calcium levels are normal or high.15 In our collection, calcium levels are frequently
elevated across a range of species in both sexes. Ionized calcium (iCa) levels are not commonly
reported but may be helpful in evaluating animals. In mammals, CRF animals with normal or high
TCa may have low iCa.22 Regular monitoring of iCa in normal and ill reptiles will allow for better
definition of the usefulness of this test, such as in assessing the relationship between calcium levels
and tremors. 
 
Phosphorus is typically elevated, often significantly. In the case series noted above, average P levels
were 23.8 mg/dl (7.7 mmol/L),3 though not all animals show hyperphosphatemia.16 In the green
iguana hemolysis artificially increased phosphorus levels, so it is important to assess sample
quality.16 Inversion of the TCa:P ratio may be the first sign of renal disease in green iguanas.7
Significant increases in P may be more consistent with renal failure than metabolic bone disease and
elevations should prompt additional diagnostics.16 

Metastatic mineralization is thought to occur from excessively high Ca and/or P levels which lead
to deposition of mineral in soft tissues. In mammals, the solubility index (product of TCa [mg/dl]
and P [mg/dl]) is utilized to evaluate the risk of deposition. An index >70 is associated with deposits
in healthy tissue, an index between 50-70 is associated with deposits in abnormal tissue, and an
index <50 is not associated with mineral deposits.8 Some clinicians advocate attempting to prevent
the index from rising above 50 in reptiles.7 In our clinic, the index is often >70 at presentation
(primarily due to elevated Ca levels). We have seen cases of abnormal mineralization but correlation
with solubility index is not clear. 
 
Uric acid values may increase with renal failure. Uric acid is secreted by the tubules and this rate
appears unrelated to glomerular filtration rate.11,16 Values over 7 mg/dl (416 :mol/L) are of concern
in iguanas.1 Values greater than this may be significant in herbivorous reptiles unless previous
studies dictate otherwise. Reported ranges for herbivorous species show uric acid values less than
10 mg/dl (600 :mol/L).5,16,18,20 Uric acid is a breakdown product of protein metabolism and is
normally increased after feeding. Carnivorous reptiles have elevations after a meal and repetition
of testing is advisable. One author states that snakes should be retested 12 days after a meal.23

Hyperuricemia can lead to gout, the deposition of uric acid crystals in tissue. The UA level at which
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gout deposition occurs is not known for all species, but values over 24.7 mg/dl (470 :mol/L) are
likely significant.6   

Blood urea nitrogen (BUN) does not reflect renal function in reptiles but may increase with
dehydration or catabolism.4,5,21 BUN levels are higher in carnivorous chelonians (up to 75 mg/dl/
27 mmol/L) than in herbivorous reptiles.21 Elevations of BUN should prompt evaluation for
improper husbandry and causes of dehydration or anorexia, including renal failure. Other
hematologic changes include increased aspartate aminotransferase, alanine aminotransferase, and
creatine kinase.1,3,24 Total protein and electrolytes may increase with dehydration.19 

Urinalysis can provide helpful information about overall hydration and urinary tract health.9 Bladder
urine does not reflect renal function as it does in mammals and urine specific gravity (USG) in
particular should be interpreted differently.7,9,12,15,19 A low USG is consistent with normal hydration,
whereas elevated USG is abnormal. Urine specific gravities over 1.0059 and 1.01412 were considered
abnormal in two chelonian studies. Renal disease in tortoises was associated with urine acidification,
glucosuria, renal casts, and increased cell and bacterial counts.12 Uric acid crystals may be seen with
gout. Bladder urine is contaminated by passage through the cloaca but a pure culture of one
organism should be considered significant.6,15

Diagnostic imaging can help diagnosis and highlight other problems, such as urinary calculi.
Radiographs may demonstrate increased renal size and mineralization of soft tissues (especially
great vessels) which have been associated with renal failure.3,6  Intravenous contrast studies have
been described to help define renal size and function.6,14 Ultrasound should be utilized to assess renal
parenchyma and allow evaluation of size, structural abnormalities, and mineral deposits. 1,19

Kidney biopsy allows for definitive diagnosis and is commonly utilized in pet medicine. Various
techniques are described; transcutaneous, major celiotomy, endoscopy and caudal keyhole.1,6,24

Surgical approach will vary with operator experience, kidney changes, species anatomy, and
stability of the animal. Biopsy may not lead to a change of treatment plan, but allows confirmation
of disease and may influence prognosis. Multiple biopsies should be submitted.19 

Tests for early detection of renal disease do not exist but new techniques show promise. Research
into nuclear scintigraphy to assess functional kidney mass in normal green iguanas indicated that
uptake can be measured.10 The authors also explored bone density measurements with dual energy
x-ray absorpiometry (DEXA) and expanded blood profiles for the diagnosis of renal secondary
hyperparathyroidism.10 These techniques may prove useful in the future. Magnetic resonance
imaging (MRI) would be useful to assess size and structure of the renal parenchyma.  

Treatment and Management

The prognosis for reptiles with renal disease is grave but treatment and management of disease can
be rewarding. One author reports 1-yr survival rates of 64% with acute renal failure and 22% with
chronic renal failure in lizards.6 Husbandry changes are vitally important. Appropriate humidity and
temperature are needed during hospitalization and long term management. Regular monitoring of
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weight and blood values (Hct, TS, Ca, P, UA) is helpful for monitoring progress.6,17 A description
of therapeutic planning and monitoring in treating dehydrated posthibernation tortoises is available17

and the same principles apply to treating renal failure.

Fluid support is the mainstay of therapy. Appropriate initial rates as high as 40 ml/kg/day have been
advocated,6 though lower rates (25 ml/kg/day) may be equally beneficial.19 Fluids can be given via
many routes but intravenous (i.v.) or intraosseous (i.o.) routes are advocated in severe cases.6,17,19,24

The ideal fluid for treating renal failure has not been established and lactated Ringer’s solution,19

0.18% saline + 4% dextrose,6 and ½ LRS + 2.5% dextrose have been used. 

It is important to monitor for overhydration (edema, respiratory difficulty) especially at high rates
of administration. A gradual decrease in fluid administration should be initiated if the animal
responds to treatment as judged by resumed urine production, improved hematologic values, and
clinical improvement.6 As in small animal medicine, oliguric animals with acute renal failure can
be treated with dextrose 20% i.o. or i.v. at 0.4-1 ml/kg/hr for 30-60 min, then decreased to 0.2-0.5
ml/kg/hr and furosemide in an attempt to re-establish renal flow.6 Intraceolomic dialysis has been
described but is less effective than in mammals.6 

Allopurinol may be used to treat hyperuricemia. It is a xanthine inhibitor that decreases uric acid
production by stopping the full breakdown of purine. It appeared to be effective in reducing
hyperuricemia and gout deposition in tortoises when dosed orally at 50 mg/kg every 72 hr and was
not associated with side effects over months of therapy.13 A dose of 20 mg/kg/day for 3 mo was used
for posthibernation hyperuricemia.17 A dose of 20 mg/kg/day was reported to be beneficial in lizards
with hyperuricemia secondary to renal failure.6 

Phosphate binders may be utilized to help decrease phosphorus levels. Binders must be given with
each meal to be effective. There is some concern that aluminum binders may lead to aluminum
toxicity. Calcium carbonate acts as a phosphate binder and may be ideal for maintenance therapy.

Calcium supplementation may be needed either acutely or long-term. Animals with twitching may
have hypocalcemia and benefit from calcium gluconate i.v. or i.o. The treatment of animals with
mild decreases in Ca and no clinical signs of hypocalcemia may be unnecessary.6 Some authors
monitor the solubility index and only supplement Ca when P levels are decreased, thus keeping the
solubility index low.6 Oral calcium supplementation may be used for maintenance. Adequate
vitamin D3 levels may be maintained through the use of ultraviolet light or sunlight without direct
supplementation. Vitamin D3 should help maintain calcium levels.6

Pain medications may also be useful, particularly if gout is present. Dietary support is important in
the management of animals in the initial phases of treatment. Appropriate water intake and foods
are important for long term care. Dehydration should be corrected prior to loading the
gastrointestinal tract.17 Syringe feeding, orogastric tube feeding, and pharangostomy or
esophagostomy tubes may be utilized in anorexic animals. There are no well-defined foods or
feeding rates for reptiles with renal failure. The best option currently available is to place the animal
on an appropriate diet and provide high levels of hydration. Herbivorous animals should not be
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given insect or animal protein. Carnivorous lizards may benefit by a change to alternate meat
sources (whole minced chicken, white fish, Hill’s u/d).6 An informative discussion regarding diets
in renal failure reptiles and the role of diet in causing renal failure is available.24 
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Abstract

The aquatic salamanders of the suborder Cryptobranchoidea occur in both North America (genus
Cryptobanchus) and Asia (genus Andrias). The Japanese giant salamander (Andrias japonicus) and
the Chinese giant salamander (Andrias davidianus) are the largest salamander species, reaching a
length of up to 144 cm (A. japonicus) to 152 cm (A. davidianus), and are among the longest-lived.4
Three animals (two A. japonicus and one A. davidianus) held at the Cincinnati Zoo and Botanical
Garden became ill and died within a 40-day period. Though multiple factors were found to be
involved, the cause of death was attributed to gas embolism.

Animals of both species were housed in a shared closed filtration system, consisting of four large
insulated fiberglass tanks linked in series by polyvinylchloride (PVC) pipes. Biologic filtration was
provided by under-gravel filters in each tank, a single sand filter, and a carbon filter. The pump
produced a pressure gradient of 25-30 psi between suction and discharge sides of the system. Water
return to tanks was carried by overhead PVC pipes to allow splash for aeration and gas dissipation.
 
Animals were housed individually, two per tank; each tank was divided into two chambers by a
fenestrated plexiglass barrier which allowed water flow, but prevented direct physical contact
between animals. Water was maintained at a depth of 18-24 inches in all tanks. Substrate consisted
of 8 inches of ¼ inch pea gravel and a slate shelter was provided for each animal. 

In April 2000, a 25-yr-old male A. davidianus was observed during mid-morning venturing from the
safety of the shelter and roaming the tank; behaviour considered unusual by the keeper. The animal
appeared somewhat agitated. Within 3 hr, signs had progressed to include reddening of the skin,
small bubbles or vesicles on the limbs, floating above the gravel substrate and listing to one side.
Signs progressed rapidly to include axial muscle fasciculations, agonal thrashing and death.
Simultaneous with this animal’s agonal behavior, and in another tank in the shared system, a 14-yr-
old A. japonicus was observed floating above the gravel substrate and listing slightly. Numerous 5-
10-mm diameter clear vesicles or “bubbles” covered most of the body, including torso, tail and
limbs. A patchy reddening of the skin developed, the animal became lethargic and assumed a
contorted ‘C-shaped’ posture. Empirical treatment with amikacin sulfate was initiated for suspected
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bacterial infection. Signs progressed rapidly over the next few hours; the animal became moribund,
exhibited agonal thrashing, and cardiac activity ceased. Blood was collected aseptically by
cardiocentesis for bacterial culture. Postmortem exams were performed on both animals.

Antibacterial treatment with amikacin sulfate was begun empirically on all remaining animals in the
affected system. Water quality testing was performed and water was collected for coliform count.
The sand filter was back-washed and a 50% water change performed. Initial testing indicated
acceptable levels of ammonia and nitrite, but high levels of nitrate ($100 ppt). Coliform count of
system water (received the following day) was 2700 colony-forming units/100 ml, much higher than
USDA limits for marine mammals.

For several days following the initial event, other animals in the affected system exhibited a variety
of clinical signs, including venturing from their shelters, assuming a ‘hunched’ posture, lethargy,
inappetence, and periodic ‘C-shaped’ lateral curvature of the body. These signs seemed to resolve
over the following several days and animals appeared normal within eight to ten days. Forty days
after the initial event, one of those animals, a 19-yr-old female A. japonicus, died with no further
observed clinical signs. A postmortem examination was performed. 

Aeromonas sp. was isolated from blood culture of the second animal to die. Gross postmortem
findings on the first two animals included cutaneous emphysema and varying degrees of reddening;
hepatopathy; congestion and hemorrhage of colonic and rectal mucosa; serosanguineous coelomic
fluid; serositis; inflammation and hemorrhage within urinary bladder and discoloration of skeletal
muscles; mucopurulent pulmonary fluid and renal cysts. Gross postmortem findings on the third
animal which died included cutaneous reddening and emphysema; foam within the cardiac ventricle;
myocardial hemorrhage and/or congestion; inflammation and hemorrhage in urinary bladder; uterine
and splenic abscessation and cloudy coelomic fluid.

Histopathologic diagnoses included gas bubble disease of the liver, lung, kidney, mesentery,
intestine, colon, esophagus, heart, intestine, stomach, and the urinary bladder, chronic pulmonary
interstitial fibrosis and emphysema, biliary hyperplasia, hepatic fibrosis and melanosis, focal chronic
cholecystitis, interstitial pancreatitis, gastric metazoan parasitosis, acute congestion of the intestine,
acute renal interstitial edema, mild hepatic vacuolar change, moderate chronic nonsuppurative
cholangiohepatitis, chronic gastric and intestinal congestion, and ovarian, oviductal and splenic
mycobacteriosis. The cause of death was attributed to gas bubble disease, with other inflammatory
findings considered incidental.

Supersaturation of water occurs when the total dissolved gas pressure exceeds the barometric
pressure.2 In a captive husbandry situation, it is likely to be the result of problems with the water
handling system. Air introduced by leaks into the suction side of the system can be forced into
solution when the air/water mixture is pressurized,3 as occurs in the pump. Rapid changes in water
temperature can also play a role.7 Dissolved gases cross the respiratory epithelium and endothelium,
come out of solution in the blood, forming gas emboli.1 Gas bubbles in the skin or eyes of aquatic
species are considered an indicator of supersaturation.8 Clinical signs in amphibians include dermal
gas bubbles, which may coalesce, hyperemia, petechial and ecchymotic dermal hemorrhages, and
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gas emboli of the stomach, mesonephroi, and heart. Dermal pathology allows secondary bacterial
infection, such as aeromoniasis.5

In the case reported here, dissolved oxygen levels (and presumably dissolved nitrogen levels) were
$186% of saturation at the 13 °C water temperature, much higher than the 125% nitrogen saturation
levels reported to affect adult fish.6 The source of supersaturation was determined to be two-fold.
A leak was discovered in the suction side of the water handling system. In addition, an animal
keeper not usually associated with the care of these species had been deliberately mixing air into the
system in an attempt to improve aeration. Agitation of the water column can help dissipate dissolved
gases in the water.9 In this case, the “splash” provided by the overhead water return was evidently
not adequate to do so. Complicating factors involved in this event included high water coliform
counts, extreme indoor air and water temperature fluctuations, very high ammonia levels in the
water system, and possible underlying disease processes.
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Abstract

Due to the continuous decline of amphibian populations worldwide, it has become increasingly
important both to conserve extant wild populations and to facilitate reproductive success in captive
animals. To overcome the challenges of stimulating reproduction in captive bufonids (true toads),
several different hormonal treatments have been tested to induce oocyte maturation, ovulation and
oviposition. In this study, hormonal treatments were tested using the common American toad (Bufo
americanus), a useful research model for gaining a better understanding of the reproductive
physiology of endangered toads. The overall goal of this study was to identify the most effective
hormone regimen for inducing oviposition in non-hibernated American toads. Specific objectives
included determining: 1) the type of hormone most effective for inducing ovulation and oviposition;
2) the dosage of hormones required; and 3) the number of injections necessary to elicit the desired
response. A secondary goal of the project was to use ultrasonography to characterize the effect of
treatment and oviposition on ovarian (egg) mass.

Twenty-seven female American toads were housed in plastic (Experiment 1) or terrarium
(Experiment 2) containers in small groups (2-6) and photographed individually for indentification.
Water was provided ad libitum and shelter was available within each container. Crickets or wax
worms were provided three times per week and animals were maintained in a laboratory at 23-25/C
with 8-12 hr light each day. Hormones Tested included human chorionic gonadotropin (hCG),
equine chorionic gonadotropin (eCG), luteinizing hormone (LH) and luteinizing hormone releasing
hormone (LHRH). These four hormones were each diluted in ddH2O and delivered in 200 :l
volumes by intracoelomic injection using a 30-ga needle. Oviposition was defined as the production
of any eggs, and the number of eggs produced by each female was recorded. Ultrasound exams were
conducted using an Aloka 500 and 900 with a 7.5 MHz linear array transducer. For ultrasound
analysis, toads were placed in a tub of water while exams were performed. The widest view of the
ovaries observed via ultrasonography was used for ovarian mass size measurements and was
determined using the elipse caliper measurement tool on the ultrasound machine. The average of the
shortest and longest lengths was recorded due to the non-elliptical shape of the ovarian mass.
Ovarian mass and body weights were averaged for both responders and non-responders across all
treatments in Experiments 1 and 2. A paired t-test was used to compare mean body and ovarian mass
pre- and post-treatment. An unpaired t-test was used to compare body and ovarian mass for
responders and non-responders pre- and post-treatment. 
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Experiment 1

In Experiment 1, the effect of hormonal priming was investigated. In July, 25 toads were randomly
assigned (n=5/treatment) to one of five priming hormone treatments (LH 50 :g; LHRH 50 :g; eCG
50 IU; hCG 50 IU; and control [ddH2O]) delivered at time 0. All toads received 500 IU hCG at 48
hr post-treatment in order to stimulate ovulation. If oviposition did not occur within 72 hr, toads
received a second injection of hCG (300 IU). All toads were weighed both prior to treatment, and
after oviposition or at 120 hr post-treatment. Ultrasound examinations were performed on all toads
prior to the priming hormone injection and then approximately every 4 hr following the injection
of 500 IU hCG (48-72 hr).  Following the second hCG injection, ultrasound was performed twice
a day from 72-120 hr. Follow-up ultrasound examinations were conducted on all toads once monthly
between July and December of the same year.

A total of 14 toads (14/25; 56%) responded to hormone stimulation by ovipositing egg masses.
Oviposition occurred in only one toad following priming treatment (LHRH, n=1). Twelve toads
(12/24; 50%) responded to the first ovulatory injection of hCG as determined by oviposition of eggs
(LH n=1; LHRH n=2; eCG n=2; hCG n=3; and control n=4).  Of those toads not responding to either
a priming hormone or first injection of hCG (n=12), only one responded to a second injection of
hCG. Hence, 11 toads (11/25; 44%) did not respond to any of the hormone treatments.

Experiment 2

Experiment 2 was conducted in December, 5 mo after Experiment 1. This experiment focused on
the effectiveness of three different dosages of hCG (100, 500, and 1000 IU) on eliciting ovulation
and oviposition. Nineteen toads were randomly assigned to each of four treatments: Control (ddH2O
n=5); 100 IU hCG (n=5); 500 IU hCG (n=4); and 1000 IU hCG (n=5). Toads were injected with
their respective treatments and received a second injection of hCG (300 IU) 24 hr later if oviposition
had not occurred. Toads were weighed prior to hormone treatment, and after ovipostion or at 72 hr
post-treatment. Ultrasound was performed on all toads prior to the initial hormone injection and then
three times from 0-24 hr. Following the second hCG injection at 24 hr, ultrasound was performed
daily until oviposition or until the end of the study (72 hr).

Oviposition was induced in five toads from the initial hCG treatments (500 IU n=2 and 1000 IU
n=3).  None of the remaining four toads in these treatment groups responded to the second hCG
injection.  Six toads (6/10) from the other two treatments (100 IU hCG n=3 and control ddH2O n=3)
responded to the second hCG injection. A total of 11 toads (11/19; 58%) responded to the combined
hCG treatments. Of the 17 toads utilized in both Experiments 1 and 2, 8 underwent oviposition in
both experiments.

There was no difference in the initial weight (P>0.05) and ending weight (P>0.05) of toads that
responded to hormone treatment compared to those that did not respond. This may have been due,
in part, to the wide range in number of eggs produced (11–7,489) by the females. Pre-treatment
ovarian mass was not different (P>0.05) between toads that ultimately responded and those that did
not respond to the hormonal treatments. Therefore, ovarian mass measurements are not likely to



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 301

serve as useful predictors when trying to select toads most likely to respond to treatment. However,
at the end of the experiments, toads that had undergone oviposition had a smaller average ovarian
mass (P<0.001) than toads that had not produced eggs. By 1 mo after oviposition, toads that had no
observable ovarian mass immediately following oviposition had recovered approximately 80% of
their ovarian tissue.  

In conclusion, a priming hormone is not necessary and does not appear to improve the success of
hCG-induced oviposition in non-hibernated American toads. The optimal hCG dosage for inducing
oviposition in this species appears to be 300-500 IU and only a single injection is necessary. The
ovarian mass of toads is significantly reduced following oviposition, but the tissue mass recovers
by 1 mo post-oviposition. Furthermore, oviposition can be hormonally induced in non-hibernated
American toads multiple times during the year; however, the quality (fertilizability) of the eggs
produced was not evaluated in these experiments. 
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Abstract

With a large developing population of Komodo dragons at numerous zoological facilities,
management techniques are requiring modification in order to handle animals that, at one point,
could be easily restrained.  A high proportion of deaths and reproductive medical problems in the
adolescent female population in the last several years has also necessitated increased preventive
medicine in the way of annual examinations, immobilizations, and venous access for clinical testing
and treatments.  As the Komodo Dragon Working Group begins transferring animals between
institutions for breeding purposes, immobilizations for preshipment examinations are becoming
increasingly necessary.  

Successful management of adult Komodo dragons requires the ability to restrain and examine
individuals at will, without subjecting them to substantial risk, stress, or injury. We describe
husbandry and immobilization techniques which have proven safe and efficient. We also discuss the
design features of the Memphis Zoo's Komodo dragon facility that allow staff to minimize stress
or agitation of specimens and instead, exploit the intelligence of these uniquely trainable reptiles.

Exhibit Design and Husbandry Practices

Although physical contact with Komodo dragons is frequently warranted for veterinary care, it
should be avoided while performing routine husbandry procedures. Not only does this eliminate
repeated stressors, but it is also essential for the safety of animal staff because unprotected close
proximity or hands-on contact with Komodo dragons always entails a degree of risk. These lizards
are quick and powerful, and will defend themselves and their territory against perceived threats.
With proper facility design, regular husbandry duties can be performed without handling the lizards
or entering enclosures while lizards are present. The care of Komodo dragons in a zoo setting
dictates that six procedures  conducted frequently: feeding, indoor-outdoor transfer, introducing or
separating individuals, visual examination, transport from the primary facility, and handling for
procedures such as phlebotomy or treatment. The benefit of being able to perform these operations
without handling or restraint of the lizards compels building planners to incorporate appropriate
structures into new Komodo dragon facilities.

Feeding Komodo dragons, especially when several animals are housed together, is best done by
hand to ensure that each lizard consumes the proper quantity. It is not safe for keepers to feed
Komodo dragons while standing directly in their enclosures, particularly when more than one animal
is present, as feeding responses are quickly directed towards any movement once the lizards are
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stimulated by the scent of prey. If keeper doorways into enclosures are fitted with protective
features, such as divided, Dutch-style doors, a protective barrier between keeper and lizard can be
maintained while still allowing animals to be fed individually from tongs.

Many institutions holding Komodo dragons are located in regions where winter temperatures require
that lizards spend much of the time indoors. Such facilities usually provide access outdoors during
the summer months to provide UV exposure. Shift doors that operate remotely allow lizards to be
locked inside or out as temperatures dictate. The supreme intelligence possessed by these reptiles
makes training them to shift in or out by voice or whistle command quite simple. At the Memphis
Zoo we initiated shift training by luring lizards through the trap doors with a dead rodent held with
tongs, and called the lizards’ names as they moved toward this object and through the passageway,
giving the reward once the animal had completely shifted. Within a few weeks the lizards learned
to move through the doorways when their names were called, without a food reward. The training
appears permanent and continual food reinforcements have not proven necessary. Through this basic
operant conditioning, we are able to move our Komodo dragons outdoors even during brief periods
of warm winter weather knowing we can safely bring them back inside promptly when the
temperature drops.

Many institutions maintain more than one specimen, usually with the intention of breeding the
lizards at some point. Due to the substantial risk of lizards inflicting injury upon one another,
dragon-to-dragon contact is best limited to brief periods when they can be kept under visual
supervision. The need to move animals safely from individual housing into paired situations compels
specific design elements be installed. At the Memphis Zoo’s Komodo dragon exhibit each of the
three indoor enclosures is connected by two independent transfer chutes. At the point of connection
with the enclosures at each end of the chutes, guillotine-style sliding doors are situated so that access
to the chutes is under remote keeper control. An animal may be given access to the transfer chutes
through an opening in the side of the enclosure and locked inside. The lizard can be subsequently
released into the adjoining enclosure, or kept locked inside while the neighboring animal is shifted
into another space by means of the second chute. Thus, having two secure avenues of transfer
between each main enclosure allows staff to move any animal to any space without ever having to
place two animals in direct contact. This ability is essential if two males are kept in the same
building; even brief female to female contact may elicit aggressive behavior on occasion.

The need to perform veterinary procedures is usually determined following a visual inspection of
a suspected problem. Since Komodo dragons require such large spaces, they can be difficult to
scrutinize closely by veterinary staff. An area where the animals can be restricted and closely
examined is necessary for proactive medical care. At the Memphis Zoo the transfer chutes
previously described are affixed with small inspection doors along the top. These can be opened to
gain direct access to the lizards within. The doors are made of framed Plexiglas so the position of
the animal is known before the door is opened, an important safety consideration. The floor on
which the chutes rest is heated with embedded elements, so lizards can be safely kept inside the
devices as long as necessary without subjecting them to suboptimal temperatures.
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If significant veterinary procedures are necessary, they will take place away from the primary
facility where the lizards reside. Manually restraining and transporting an unanesthetized Komodo
dragon through zoo grounds is dangerous for staff and the public as well as stressful on the lizard.
Sedation in the primary facility prior to transport often requires preliminary restraint of a fully active
specimen which again poses risk and aggravation. The transfer chutes at the Memphis Zoo facility
are portable units not attached to the building structure. A lizard can be shifted into a chute and
locked inside. Thus secured, the entire unit can be carried out of the building and loaded into a
vehicle for a quiet and secure trip to the zoo hospital.

Blood sampling for diagnosis, and administration of anesthetics or therapeutic drugs can be
accomplished via access to the tail. Shift boxes can be designed to afford this access without gross
restraint of a struggling animal. Once trained to enter a shift box, a sliding door with a hole cut in
the bottom to the approximate diameter of the base of the lizard’s tail can be dropped after the
lizard’s hindquarters have cleared the entrance. As soon as the door is secure, staff can grasp the tail
as it protrudes outside the box. Blood can then be easily drawn or drugs administered. Komodo
dragons can be prepared for this procedure by habituating them to having their tails held and
manipulated. With repeated exposures, the lizards lose their fear of this sensation and cease to
struggle, allowing a very simple and low stress means of treatment, phlebotomy, or anesthetic
administration.

Perhaps the biggest current veterinary challenge associated with Komodo dragons held captive in
temperate climates is that oviposition generally occurs during the time of year that the lizards must
be kept indoors due to cool temperatures. Thus, an appropriate nesting area must be provided to
permit gravid females to excavate the deep nesting burrows they require. Without this opportunity,
females may suffer from dystocia, leading to serious and sometimes fatal consequences. An
alarming number of female deaths in the captive population have involved gravid animals. Although
the etiology of these deaths may involve several physiologic and husbandry factors, it is certain that
without a proper nesting area for egg laying, grave health problems with adult females are likely to
arise. The indoor enclosures at the Memphis Zoo have deep concrete-lined pits built into the floors.
These pits are 2.2 m deep and are filled with sandy loam. The walls and floors of the pits are heated
with independently controlled heating pipes so the bottom of the nest burrows will not be so cool
as to interfere with ovipositioning. Our females use these pits readily when preparing to lay, and we
consider them to be a critical component of our facility. Any institution housing adult female lizards,
regardless of whether a male is present, should provide a proper laying area to avoid serious
reproductive problems. 

The overriding principle of Komodo dragon management at the Memphis Zoo is to avoid
unnecessary contact with specimens during day-to-day care, and when veterinary needs call for
direct contact, that it be accomplished quickly, effectively, and gently. Achieving this goal has
required a marriage of meticulous veterinary science and thoughtful architectural planning.    
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Immobilization Techniques and Dosages

Due to the shift box design, access to the tail’s vasculature for drug administration is straightforward
via the rear guillotine-style sliding door. In smaller Komodo dragons, utilization of a 1.5 inch 20-
or 22-ga needle via a ventral midline approach to the ventral caudal vein is effective whereas with
the larger dragons, a lateral approach just ventral to the musculature along the tail’s vertebral
processes provides ready venous access.  

Medetomidine and ketamine in combination have proven extremely effective for immobilizations.
Onset of sternal recumbency takes place in less than 5 min and a plane of light anesthesia occurs at
around 10 min (slightly longer in larger and/or more obese specimens).  Muscle relaxation is more
than sufficient to allow intubation or, for procedures lasting less than an hour, injectables alone have
proven sufficient. The best aspect of this regimen is its reversibility. Atipamezole given primarily
i.v. leads to a rapid reversal if the animal has been down a sufficient amount of time to allow the
ketamine to be processed. Having a fully awake Komodo dragon within 10-20 min of reversal is an
advantage in reptilian anesthesia that cannot be understated.

While intramuscular administration of medetomidine and ketamine is an alternative, we have found
the anesthetic depth to be variable and the dosages required to reach light anesthesia via this route
are higher (Table 1).

Table 1. Dosage and administration route of medetomidine, ketamine, and atipamezole.
Dosages (i.v.) Dosages (i.m.)

Medetomidine 0.05 mg/kg i.m. 0.05-0.1 mg/kg i.m.
Ketamine 5 mg/kg i.v. 5-10 mg/kg i.m.
Atipamezole 0.2 mg/kg i.v. and

0.1 mg/kg i.m.
0.2-0.4 mg/kg i.v. and

0.1-0.2 mg/kg i.m.



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS306

COMPARISON OF ANESTHETIC POTENCY AND CARDIOPULMONARY EFFECTS OF
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Abstract

A comparison of the characteristics of isoflurane and sevoflurane in colubrid snakes was conducted
to determine if potency and physiologic effects were similar to those in mammals. Isoflurane is
widely used to anesthetize reptiles because of its characteristic rapid induction, ease of adjustment
of anesthetic depth, and rapid recovery. The pungent odor of isoflurane is associated with breath-
holding in human pediatric anesthesia. Because breath holding in some reptiles is easily elicited, the
use of isoflurane has raised concern among veterinarians caring for reptiles. 

Sevoflurane is a potent inhalant anesthetic recently introduced into veterinary medicine. For humans,
dogs, and cats, the advantages of sevoflurane are its low solubility, resulting in rapid anesthetic
induction and recovery, and a mild odor that causes minimal breath holding and smooth mask
inductions. Whether these characteristics apply to colubrid snakes has not previously been studied.

The minimum infundibular concentration (MIC) of two inhalant anesthetics, isoflurane and
sevoflurane, was calculated for colubrid snakes of the species Elaphe radiata, the radiated, or
copperhead, rat snake. Seven snakes, three males and four females, were studied. All animals were
captive bred, had no recorded history of disease, and were of known reproductive status. Since each
animal was to be anesthetized twice, once each for isoflurane and sevoflurane, a random number
generator was utilized to establish the order of the anesthetic agent and the animal. Anesthetic
protocols were run no less than 6 d apart on each animal to ensure complete recovery and to negate
any potential effects of residual anesthetic from the previous treatment.

Anesthesia was administered by mask, sized to minimize dead air space, connected to a Bain non-
rebreathing circuit. The snakes were allowed to breathe spontaneously throughout the study. The
mask was placed over the head and neck, and the animal was manually restrained and allowed to
breathe O2 while preanesthetic data, and 0.25 ml blood from the tail vein, were collected.
Temperature, % saturation of hemoglobin (SpO2), heart rate, inspired oxygen, inspired and end-tidal
anesthetic, and end-tidal CO2 concentrations were measured.

The MIC for sevoflurane and isoflurane was determined by a bracketing method similar to that
described for the determination of minimum alveolar concentration (MAC) for mammals and in
birds. Initially, the inspired concentration was set at 2 × MAC for the dog. The snakes were allowed
to equilibrate for a minimum of 10 min, or until the inspired and expired concentrations of anesthetic
agent were within 0.1% of each other, as reported by the analyzer (Model 5250 RGM gas analyzer,
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Ohmeda Corporation, Louisville, Colorado).  After the animal reached a stable anesthetic level, the
degree of anesthesia was scored using three criteria. First, the righting reflex was assessed based on
the snake  ability and attempt to roll from dorsal to sternal recumbency. A complete lack of righting
attempts was scored as 0, a minimal attempt as 1, moderate attempt 2, and success at righting was
scored as 3. Secondly, a Satinski (atraumatic vascular) forceps was placed across the last 1/3 of the
tail and pressure applied for 15 sec. The forceps was closed to two full clicks of the locking
mechanism. If there was no motion or reaction, either at the time of clamping or after the clamp had
been removed, the score was recorded as 0; withdrawal or active motion at the time of clamping was
scored as a 3. Delayed reaction after the clamp had been removed or motion while the clamp was
applied would score a 1 or a 2, depending on the intensity of motion. Thirdly, body muscle tone was
assessed. If the entire length of the body was flaccid or had mild, non-returning muscular tone upon
flexure, tone was scored as 0. A score of 1 was assigned if mild to moderate muscular tone was
present that did not resolve upon flexure and was limited to the caudal half of the snake. If tone was
present along the entire length of the animal, with or without mild motion, it was scored as a 2.
Overall tone with deliberate motion was scored as 3. Scoring was performed at each anesthetic
concentration; the process took 1-3 min to complete.

Following assessment of anesthesia, the anesthetic concentration was changed, such that the new
level was half the difference between the previous two settings (example: first setting 2%, second
setting 1%, third setting 1.5%). Calculation of the MIC for each snake was the anesthetic
concentration midway between the lowest concentration with a sum score equal to 0 and the highest
concentration where the sum score was greater than 0. Once a MIC had been established, blood was
drawn for analysis. At the end of each study, the vaporizer was turned off, the animal was recovered
on 100% oxygen, and the time to recovery was recorded. Following anesthesia, each animal was
housed alone for 12-18 hr to assess condition before being returned to group housing.

MIC was found to be 1.68% ± 0.30% (SD) for isoflurane and 2.42% ± 0.57% (SD) for sevoflurane.
Respiratory and cardiac depression was found to occur with both anesthetics, with isoflurane causing
a 23% decrease in heart rate compared to a 20% decrease in heart rate by sevoflurane. Respiratory
depression was found to have greater differences between the two anesthetics, with isoflurane
decreasing mean respiratory rates by 63% compared to a mean sevoflurane-induced depression of
83%. Neither agent caused significant decreases in SpO2 despite depression of respiratory rate.
Although respiratory rate decreased with both agents, sevoflurane decreased end-tidal CO2 less than
isoflurane, with drops of 39% and 55% respectively. Subjectively during induction, less breath
holding was observed with isoflurane, with more time required for sevoflurane induction than
isoflurane induction. Both isoflurane and sevoflurane provided safe and effective anesthesia.

LITERATURE CITED

1.  Glenn J. L., Straight, R., and C.C. Snyder CC. 1972. Clinical Use of Ketamine Hydrochloride as an Anesthetic
Agents for Snakes. Amer. J. Vet. Res. 33: 1901-1903.

2.  Calderwood, H.W. 1971. Anesthesia for Reptiles. J. Amer. Vet. Med. Assoc. 159: 1618-1625.
3.  Research Randomizer. http://randomizer.org 
4.  Eger, E. I.  1974. Anesthetic Uptake and Action. Williams and Wilkins, Philadelphia, Pa. Pp 2-3.



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS308

5.  Curro,  T. G., Brunson, D. B., and J. Paul-Murphy. 1994. Determination of the ED50 of isoflurane and evaluation
of the isoflurane-sparing effect of butorphanol in cockatoos (Cacatua spp.). Vet. Surg. 23: 429-433.

6.  Naganobu, K, Fujisawa, Y., Ohde, H., Matsuda, Y., Sonoda, T., and H. Ogawa. 2000. Determination of the
minimum anesthetic concentration and cardiovascular dose response for sevoflurane in chickens during controlled
ventilation. Vet. Surg. 29: 102-105.

7.  Langan, G. P., Harvey, R. C., Fontenot, M. B., and J. Schumacher. 2000. Cardiopulmonary effects of sevoflurane
in Garnett  greater bush baby (Otolemur garnettii). Comp. Med. 50: 639-643.

8.  Quandt, J. E., and C. B. Greenacre. 1999. Sevoflurane anesthesia in psittacines. J. Zoo Wildl. Med. 30: 308-309.
9.  Rooney M. B., Levine, G., Gaynor, J., Macdonald, E., and J. Wimsatt. 1999. Sevoflurane anesthesia in desert

tortoises (Gopherus agassizii). J. Zoo Wild. Med. 30: 64-69.
10.  Custer, R. S., and M. Bush.1980. Physiologic and acid-base measures of gopher snakes during ketamine or

halothane-nitrous oxide anesthesia. J. Amer. Vet. Med. Assoc. 177: 870-875.



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 309

VITAMIN D STATUS OF FREE-RANGING RICORD’S IGUANAS (Cyclura ricordi) AND
CAPTIVE AND FREE-RANGING RHINOCEROS IGUANAS (Cyclura cornuta cornuta) IN
THE DOMINICAN REPUBLIC

Jan Ramer, DVM,1* Roberto Maria, Dr. Med. Vet.,2 Angelica Espinal,2 Tim Reichard, DVM, MS,3 and
Peter J. Tolson, PhD3 

1Indianapolis Zoo, 1200 W. Washington St., Indianapolis, IN 46222 USA; 2Parque Zoologico Nacional,
Apartado Postal 2449, Santo Domingo, Dominican Republic; 3Toledo Zoo, P.O. Box 140130, Toledo, OH
43614 USA

Abstract

Hypocalcemia and hypovitaminosis D are commonly encountered medical problems in captive
animals that do not have access to sunlight, especially in herbivorous reptiles.7,9-11 Vitamin D3
(cholecalciferol) is produced in the skin during exposure to sunlight, specifically ultraviolet light
in the range of 285-315 nm (UVB), in a temperature-dependent isomerization.7 Circulating Vitamin
D3 is hydroxylated in the liver into 25-hydroxyvitamin D [25(OH)D].6,11  This is typically very
plentiful, and has a half-life of weeks to months in humans. 25(OH)D is hydroxylated in the kidney
to 1,25-hydroxyvitamin D [1,25(OH)D], and this step is typically very tightly regulated.6,11  In
humans the half-life is measured in hours.11 Because of the tight regulation and short half-life of
1,25(OH)D, 25 (OH)D is generally used in determining vitamin D deficiencies in animals.11  Some
animals are known to maintain very high circulating levels of 1,25(OH)D due to presumed target
organ resistance (higher levels of 1,25(OH)D required at the level of intestinal mucosa, renal
tubules, etc.), so knowledge of 1,25(OH)D levels may also be helpful.4 Studies of UVB and dietary
calcium/vitamin D in several reptile species have shown that there is considerable variation in the
requirement  for dietary vitamin D and for UVB.2,7,9-11 

While many animals can utilize dietary cholecalciferol or ergocalciferol (vitamin D2), there are some
birds, reptiles and New World primates for whom dietary ergocalciferol cannot be utilized.4,8,11

Artificial UVB has been shown to increase circulating vitamin D levels in several animals, but there
are many variables in the effectiveness of artificial lights, including distance, temperature, and time
spent basking.2-4,6,10,11  Ultimately sunlight is the best way to ensure adequate levels of vitamin D in
most animals. Unfortunately, there are very few reported baseline vitamin D levels for free ranging
animals in their native habitat. Here we report baseline levels for wild Ricord’s iguanas (Cyclura
ricordi) and rhinoceros iguanas (Cyclura cornuta).

West Indian iguanas of the genus Cyclura are the largest land vertebrates endemic to the Caribbean
islands and, as a group, are considered to be the most endangered lizards in the world.1 The island
of Hispaniola is home to the only two sympatric species of Cyclura, the critically endangered
Ricord’s iguana, and the rhinoceros iguana, which is considered threatened in its natural
environment. Little is published regarding the general biology or physiology of these species in the
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wild or captivity. Comprehensive baseline data, including vitamin D status, will also assist in
clinical diagnosis and in improving captive breeding environments for these animals.   

Fourteen wild Ricord’s iguanas and seven wild rhinoceros iguanas were captured on Isla Cabritos
in Lago Enriquillo National Park, Dominican Republic. Animals were captured using either a pole
snare or by live trapping with baited Tomahawk traps, and were manually restrained for all
procedures. A complete physical examination was performed. Blood was collected from the ventral
tail vein into lithium heparin and serum separator blood tubes. Blood tubes were kept cool until they
were centrifuged, and the plasma/serum was then frozen. Animals were then released at the capture
site. Thirteen captive rhinoceros iguanas from Parque Zoológico Nacional, Dominican Republic,
were also sampled. These animals are housed outside, and fed a diet of vegetables and fruit. Plasma
was also collected from five Jamaican iguanas (Cyclura collei), two Grand Cayman iguanas
(Cyclura lewisi), and two rhinoceros iguanas at the Indianapolis Zoo before and after being placed
in outdoor pens for 4-6 wk during the summer. The diet for these animals consisted of daily salad,
supplemented with calcium carbonate three times weekly, and cholecalciferol twice monthly.
Plasma [25(OH)D] and 1,25-hydroxyvitamin D [1,25(OH)D] levels for all samples were measured
at  Boston University using previously described methods.5

Table 1 shows the average 25(OH)D and 1,25(OH)D levels for wild Ricord’s iguanas, wild
rhinoceros iguanas and captive Rhinoceros iguanas in the Dominican Republic. Table 2 shows the
average 25(OH)D and 1,25 (OH)D levels for the Indianapolis Zoo animals.  While sample size is
quite small in the Indianapolis Zoo study, the results do suggest that sunlight remains an important
aspect of vitamin D mobilization in these animals. 

ACKNOWLEDGMENTS

The authors gratefully acknowledge the Indianapolis Zoo Conservation and Research Department, The Toledo Zoo
Conservation and Research Department, the Riverbanks Zoo Conservation Support Fund, and the Indianapolis Chapter
of the American Association of Zoo Keepers for financial support of this work.

LITERATURE CITED

1. Alberts, A.C. (ed). 2000. Status Survey and Conservation Action Plan, West Indian Iguanas. IUCN Publications,
Gland, Switzerland. 

2. Allen, M. E., Bush, M., Oftendal, O. T., Rosscoe, R., Walsh, T., and M. F. Holick. 1994. Update on vitamin D and
ultraviolet light in basking lizards. Proc. Amer. Assoc. Zoo Vet. Pp. 314-316.

3. Bernard, J. B., Watkins, B. E., and D. E. Ullrey. 1989. Manifestations of vitamin D deficiency in chicks reared under
different artificial lighting regimes. Zoo Biol. 8: 349-355.

4. Gacad, M. A., Deseran, M. W., and J. S. Adams. 1992. Influence of ultraviolet B radiation on vitamin D3
metabolism in vitamin D3-resistant New World primates. Am. J. Primatol. 28: 263-270.

5. Holick, M. F. 1990. The use and interpretation of assays for vitamin D and its metabolites. J. Nutr 120: 1464-1469.
6. Holick, M. F. 1996. Vitamin D and bone health. Symposium: Nutritional Advances in Human Bone Metabolism.

Experimental Biology annual meeting.
7. Holick, M. F., Tian, X. Q., and M. Allen. 1995. Evolutionary importance for the membrane enhancement of the

production of vitamin D3 in the skin of poikilothermic animals. Proc. Natl. Acad. Sci. 92: 3124-3126.
8. Power, M. L., Oftendal, O. T., Savage, A., Blumer, E. S., Soto, L. H., Chen, T. C., and M. F. Holick. 1997.

Assessing vitamin D status of Callitrichids: Baseline data from wild cotton-top tamarins (Saguinus oedipus) in
Colombia. Zoo Biol. 16: 39-46.



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 311

9. Raphael, B. L., James, S. B., and R. A. Cook. 1999. Evaluation of vitamin D concentrations in Uromastyx spp. With
and without radiographic evidence of dystrophic mineralization. Proc. Amer. Assoc. Zoo Vet. Pp. 20-22.

10. Richman, L. K., Montali, R. J., Allen, M. E., and O. T. Oftendal. 1995. Paradoxical pathologic changes in vitamin
D deficient green iguanas (Iguana iguana).  Proc. Amer. Assoc. Zoo Vet. Pp. 231-232.

11. Ullrey, D. E., and J. B. Bernard. 1999. Vitamin D: metabolism, sources, unique problems in zoo animals, meeting
needs. In: Fowler, M.E., and R.E. Miller (eds.). Zoo and Wild Animal Medicine. 4th ed. W. B. Saunders Co.,
Philadelphia, Pennsylvania, Pp. 63-78.

Table 1.  Vitamin D levels in Dominican Republic iguanas.
Average 25(OH)D ng/ml Average 1,25(OH)D ng/ml

Wild Ricord’s iguana 147 ± 28 (n=14) 193.5 ± 66.5 (n=12)
Wild rhinoceros iguana 133 ± 19 (n=7) 74.9 ± 24.4 (n=7)
Captive rhinoceros iguana 127 ± 32.5 (n=13) 122 ± 38 (n=12)

Table 2.  Vitamin D levels in Indianapolis Zoo iguanas before and after exposure to summer
sunlight.

Average 25(OH)D ng/ml Average 1,25 (OH)D
ng/ml

Jamaican iguana before sun 50 ± 13.8  (n=5) 36.6 ± 11.3 (n=3)
Jamaican iguana after sun 226 ± 125 (n=5) 82 ± 42.8 (n=4)
Rhinoceros iguana before sun 47.5 ± 10.6 (n=2) 40 (n=1)
Rhinoceros iguana after sun 162.5 ± 39 (n=2) 50 ± 19.8 (n=2)
Grand Cayman iguana before sun 113.5 ± 87 (n=2) NA
Grand Cayman iguana after sun 190 ± 10 (n=3) NA



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS312

CHYTRID DETECTION BY PCR: A PRELIMINARY STUDY

Sanford H. Feldman, DVM, PhD, Dipl ACLAM,1 Jeffrey Wimsatt, DVM, PhD,1,2* and E. David Green,
DVM, Dipl ACVP3

1Center for Comparative Medicine, P. O. Box 8000737, University of Virginia Health System; 2Department
of Biology, P. O. Box 400326, University of Virginia, Charlottesville, VA 22908-0737 USA; 3National
Wildlife Health Center, USGS, 6006 Schroeder Rd., Madison, WI 53711 USA 

Abstract

Chytrid infection caused by Batrachochytrium dendrobatidis has been implicated in dramatic
declines of anuran amphibians worldwide.2,4,6-8 At present, microscopic examination of affected
tissues is the method of choice to diagnose pathogenic chytrid (chytridiomycosis) infection,3,7 and
requires optimal sample selection and handling.  Development of a polymerase chain reaction (PCR)
method for detection of Batrachochytrium dendrobatidis (“chytrid”) in amphibians would increase
sample throughput and the identification of poorly preserved (e.g., field) specimens. In addition,
PCR detection would be useful in identifying early infection, for assessing therapeutic efficacy, and
for monitoring environmental levels of Batrachochytrium dendrobatidis for the purpose of wild and
captive amphibian population management. Finally, this method would be valuable in the
assessment of disease risk prior to reintroduction of endangered amphibians and for improved
characterization of the ecology of this organism in the wild. In the present study, PCR detection of
Batrachochytrium dendrobatidis was compared with pathologic screening of tissue from wild
specimens associated with amphibian die-offs. 

Specimens were presented to the National Wildlife Disease Center in Madison, Wisconsin for
pathologic evaluation in response to die-offs at the respective natural sites. Samples selected for
initial PCR testing were the following: boreal toads (Bufo borealis, n = 12) collected at four sites
in Colorado, a bullfrog (Rana catesbiana) from California, and an Idaho giant salamander
(Dicamptodon aterrimus). Of these, five specimens were diagnosed with active chytridiomycosis
histologically, two were from specimens where histopathologic examination was negative for
chytridiomycosis, and five specimens were histologically inconclusive.    

Because there is a strong agreement between taxonomic morphologic characteristics and sequence
relationships from 18S ribosomal DNA for higher fungi, sequences from this region were selected
for assay development.1 During PCR primer selection, the Batrachochytrium dendrobatidis
(GenBank accession AF164301) 18S sequence served as a reference to evaluate comparable
sequences from closely related organisms using the alignment sequence tool (BLAST search,
GenBank). Organisms were selected taxonomically,5 and included Batrachochytrium
dendrorabatidis (AF051932), Entophlyctis sp. (AF164257), Spizellomyces acuminatus (M59759),
Powellomyces variabilis (AF164241), Spizellomyces kniepii (AF164237), Rhizophydium sp.
(AF164264), and Nephrochytrium sp. (AF164295).  These sequences were also aligned with the
sequence for Xenopus tissue (X04025). Visual analysis of this alignment matrix identified four



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 313

unique regions (amplifying a total of 1038 base pairs) within the approximately 1800 base pair long
18S rRNA gene from Batrachochytrium dendrobaditis. PCR testing was performed on hind foot toe
web skin pieces from the 12 amphibians mentioned above. DNA was extracted from 50 mg of frozen
tissue using DNeasy kits (Qiagen, Valencia, California), and 5 :l of elute was applied to each PCR
reaction. Histologically positive and histologically negative skin from Bufo borealis were included
as positive and negative controls respectively. The water source used in sample preparation and
testing was also included as a negative control.  

Of the skin samples analyzed both by histopathology and PCR, five samples were positive and two
specimens were negative, by each method. For the five specimens scored as “histopathologically
inconclusive” due to poor sample quality, the PCR test detected the presence of chytrid in each.
Interestingly, chytrid was detected in a sample from an Idahoan giant salamander (Dicamptodon
aterrimus) from this group of specimens. 

Initial results suggest that PCR detection for the presence of chytrid is as sensitive as histopathology
but can also detect the agent in specimens of poorer quality. Although PCR positive samples were
identified from die-offs, the relationship between the presence of chytrid and the cause of death
could not be proven. Specificity testing of the PCR is continuing at this time.

In conclusion, the potential for PCR detection of chytrid in tissues and in the environment should
allow a more complete understanding of the ecologic role of this agent in amphibian population
dynamics. The need for a reliable PCR technique for chytrid risk assessment in the wild remains a
major goal of this work.
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Abstract

Cataracts are commonly reported in captive seals2-4 and cataract removal has been attempted
previously in pinnipeds.1 The predominant problem encountered when attempting surgical extraction
of the lens in seals is achieving successful mydriasis of the pupil.1,4 This paper reports effective
pupillary dilation and successful bilateral phacofragmentation in a 5-yr-old, 30-kg, male New
Zealand fur seal (Arctocephalus forsteri).  

The seal was observed by keepers to be exhibiting significantly reduced visual capacity. An
ophthalmic examination was conducted under anaesthesia. Topical tropicamide 1% drops (Mydriacil
eye drops 10 mg/ml, Alcon Laboratories, Frenchs Forest, N.S.W., Australia) and episcleral atropine
sulphate (Atropine forte 16 mg/ml injection, Parnell Laboratories, Alexandria, N.S.W., Australia)
resulted in poor pupillary dilation. Topical adrenaline (Adrenaline injection BP 1 in 1,000, Astra
Pharmaceuticals, North Ryde, N.S.W., Australia) 1:10,000 was also not effective. Bilateral cataracts
were evident through poorly dilated triangular pupils, the right being more mature than the left.
Electroretinography, which is not calibrated for the seal eye, was performed and indicated a strong
positive waveform in response to a blue light flash in each eye.

Anaesthetic induction for each procedure, including ophthalmic examinations consisted of
medetomidine (Zalopine 10 mg/ml injection, Orion Corporation, Espoo, Finland) 50-70 :g/kg i.m.
plus ketamine (Ketamine 100 mg/ml injection, Parnell Laboratories, Alexandria, N.S.W., Australia)
2-3 mg/kg i.m. The animal was then intubated and maintained on isoflurane in oxygen. Anaesthesia
was reversed using atipamezole (Antisedan 5 mg/ml injection, Novartis Animal Health Australasia,
Pendle Hill, N.S.W., Australia) i.m. at five times the medetomidine dose.

Surgical removal of the lens was attempted in the left eye initially. Mydriasis was attempted with
topical atropine ointment (Atropine eye ointment 10 mg/g, Jurox, Rutherford, N.S.W., Australia)
b.i.d. starting 2 days prior to surgery. This had no mydriatic effect. Prednisolone (Macrolone tablets
20 mg, Mavlab, Slacks Creek, Qld, Australia) 2.0 mg/kg s.i.d., p.o. was also commenced 2 days
preoperatively. The seal was anaesthetized and placed in dorsal recumbency with the neck ventro-
flexed so that the eyes presented on a horizontal plane. Pancuronium (Pavulon 2 mg/ml, Organon
Teknika, Baulkham Hills, N.S.W., Australia) 0.3 mg i.v. resulted in good positioning of the eyeball
and had no effects on respiration. Intracameral adrenaline, 1 ml of 1:10,000, resulted in minimal
pupillary dilation. The entire lens was very hard and most of the cortex was removed by
phacofragmentation. The nucleus, which was too hard to break up, was removed in toto through a
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widened corneal incision. Dexamethasone phosphate (Dexason 2 mg/ml injection, Troy
Laboratories, Smithfield, N.S.W., Australia) and atropine sulphate were injected episclerally after
the procedure and the seal was maintained on prednisolone 2.0 mg/kg s.i.d., p.o. for 7 days then
reduced to 1 m/kg s.i.d., p.o., to minimize the risk of lens-induced and iatrogenic uveitis. The seal
recovered well with the left eye open the following day. The seal was confined to a darkened, dry
pen for 7 days after the surgery and was treated with cloxacillin eye ointment (Orbenin eye
ointment, Pfizer Animal Health, West Ryde, N.S.W., Australia) s.i.d. for 5 days and clavulanic
acid/amoxycillin (Clavulox tablets 500 mg, Pfizer Animal Health, West Ryde, N.S.W., Australia)
500 mg b.i.d., p.o. for 7 days. An improvement in vision was noticed 4 days post surgery. Severe
blepharospasm developed 17 days post surgery and an examination under anaesthesia revealed an
ulcer secondary to the lateral canthotomy suture rubbing on the cornea. The cornea healed quickly
after the suture was removed.

The procedure was repeated on the right eye 3 mo later. The seal had been maintained on
prednisolone 1mg/kg s.i.d., p.o. during the entire 3-mo pre-surgical period.  Topical atropine
ointment b.i.d. was administered 3 days prior to surgery, again having no mydriatic effect. The seal
was anaesthetized and pancuronium 0.3 mg i.v. was administered. A supplemental dose of
pancuronium at 0.1 mg i.v. was given and caused irregular, shallow respiration for approximately
20 mins. Intracameral adrenaline, 1 ml of 1:10,000, had almost no effect on the pupil this time, so
the injection was repeated with 1 ml of 1:1,000 intracamerally which produced excellent pupillary
dilation within 20 secs. Atropine sulphate was then injected episclerally to maintain pupillary
dilation. The entire lens of the right eye, which was also very hard, was removed by
phacofragmentation. Once again, the seal recovered well and the right eye was open the next day.
The same post-operative medication and care was repeated as for the previous surgery. An
improvement in vision was noticed 10 days post surgery when the corneal oedema cleared. The seal
was maintained on prednisolone 1 mg/kg s.i.d., p.o. for an additional 3 mo to reduce the risk of
uveitis before gradually withdrawing the medication. Severe blepharospasm developed 23 days post
surgery. A further examination under anaesthesia revealed that there was an ulcer on the lateral
cornea, again caused by rubbing of a lateral canthotomy suture. The ulcer resolved quickly after the
suture was removed.

Artificial dilation of the pupil with commonly used mydriatics is usually unsuccessful in seals;1,4

however, an intraoperative, intracameral injection of adrenaline 1:1,000 proved effective in dilating
the pupil in this case. Histologic examination of the eye of a New Zealand fur seal indicates that the
iris and ciliary body contain extensive bands of smooth muscle, but there is no evidence of striated
muscle. Due to the hardness of the lenses, prolonged phacofragmentation was required. The pupils
remained partially dilated for approximately 7 days after each procedure. 

The seal now has vision in both eyes, with the left eye appearing to have better vision than the right
as the seal favours the left side. Overall, vision under water and short distance aerial vision show
the most improvement. Recovery from surgery was uneventful, other than corneal ulceration caused
by the lateral canthotomy sutures. Six months postoperatively, there have been no ophthalmic
complications and the seal is doing well. The cause of the cataracts was undetermined.
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Abstract

A number of marine mammal populations in Alaska have decreased in recent decades. The western
stock of the Steller sea lion (Eumetopias jubatus) has undergone a severe decline resulting in listing
as an endangered species.  The northern fur seal (Callorhinus ursinus), with 80% of the world
population breeding on the Pribilof Islands, has been designated as a depleted stock. The cause(s)
of these population declines have not been discovered and several areas of investigation have yet
to be thoroughly explored including the role of environmental contaminant exposure on health.
Organochlorine (OC) contaminants have recently been identified to be present in the tissues of
marine mammals in Alaska at concentrations higher than expected. Organochlorine contaminant
exposures have been linked to immune suppression and reproductive dysfunction in marine
mammals.  

In field studies conducted during live-capture operations from 1995 to 2001, we investigated OC
contaminant and mercury exposure along with the general health and development of immune
function in juvenile northern fur seals and Steller sea lions.  We optimized and validated multiple
immune functional assays for use in these species, starting with the northern fur seal. These assays
were then used to define each of the components of the immune system quantitatively and
qualitatively in relation to age.  Our approach included lymphocyte function assays
[lymphoproliferative assays (specific T-cell and B-cell function), flow cytometry, IL-2 receptor
expression, immunoglobulins, and specific antigen stimulation (B-cell function)]; and less specific
white blood cell differential counts to demonstrate perturbations in leukocyte subpopulations and
inflammatory/stress responses.  These assays mainly utilized peripheral blood of free-ranging
animals live-captured in Alaska, complemented with some captive animal validation. 

By examining multiple cohorts of Steller sea lions from different stocks as well as repeat sampling
of fur seals from birth to weaning, we documented baseline individual, stock, age-related, and stress-
induced variation in responses in immune function in growing animals over time; thereby validating
the use of these assays to assess the health of free-ranging otariids. We established reference ranges
for normal leukocytes subpopulations for different age groups of free-ranging juveniles.
Additionally, in Steller sea lions, we conducted expanded health surveys including serology,
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parasitology, bacterial cultures, viral cultures and viral PCR, fungal cultures, testing for Chlamydia
by culture and PCR as well as detailed physical examinations. 

These investigations detected significant correlations between OC exposure and impaired immune
function at several levels including T-cell-mediated B-cell responses. Antibody production
responses in fur seal pups to primary and secondary tetanus toxoid vaccinations were negatively
correlated to circulating blood levels of selected polychlorinated biphenyl congeners at the time of
vaccination.  Developmental age could not explain this effect.  Responses to mitogen stimulation
using lymphoproliferative assays in fur seals and Steller sea lions were negatively correlated to PCB
levels but the effects of developmental age had an impact on these results in fur seals.  Total
mercury concentrations in fur of fur seal pups were significantly higher than in similarly aged and
older juvenile Steller sea lions. Although the total mercury concentrations were within the toxic
range of terrestrial mammals, no impact of mercury exposure on health could be demonstrated in
either species.
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Abstract

The North Atlantic right whale (Balenea glacialis) is a highly endangered species.  Current
estimates list the population at approximately 300 individuals.  In addition, the calving interval has
lengthened in recent years raising concern for the survival of this species.  Approximately 60% of
the animals have scars indicating either entanglements with ropes and/or nets or injuries from boat
strikes.  This species is highly vulnerable because they feed, migrate and reproduce in the coastal
ocean waters along the eastern edge of the United States.  

In most cases, entangled whales either break free on their own or are cut free by marine mammal
rescue teams.  Several cases have been documented where the entanglement could not be removed.
The large size (20,000-45,000 kg) and strong-willed temperament preclude any physical handling
of this species.  Because of an experience with a fatally entangled female NA right whale in 1999,
a group of biologists and veterinarians met to explore the potential for sedation of a free-swimming
whale for disentanglement efforts.

On June 8, 2002 an adult male NA right whale (#1102) who later came to be known as “Churchill”
was reported by a NOAA-SAS survey flight to be entangled northwest of Cultivator Shoal.  An
assessment team removed part of the entangled ¾-inch polypropylene rope and determined that a
linear wound across the maxilla appeared to be infected.  The whale apparently had a single line that
entered one side of the mouth, cinched around the rostrum and exited the other side of the mouth.
This line was cinched very tight and was imbedded in necrotic tissue in the head.  The whale was
in very bad condition. The inability to remove all of the rope and the condition of the wound
indicated that the entanglement was life-threatening.  A satellite telemetry buoy was attached to the
end of the entangled rope to enable tracking and relocating the whale.  

Available sedatives, analgesics and immobilization drugs were reviewed for the following
characteristics: clinical use in related marine mammals, availability of a specific antagonist,
predicted potency and deliverable concentration.  Midazolam and meperidine were selected as the
drugs that best fit these criteria.  
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Clinical experiences with these two drugs had demonstrated efficacy in a killer whale (Orcinus orca)
at a dosage of 0.025 mg/kg midazolam and 0.25 mg/kg meperidine.  Furthermore, this combination
has been used routinely for sedation/immobilization of seals, sea lions and walruses.  A
benzodiazepine anatagonist (flumazenil) was available.   The solubility characteristics of midazolam
suggested reformulation of the drug to approximately four times the commercially available 5.0
mg/ml concentration would be possible.  However, when lyophilized, midazolam was redissolved
in equal parts sterile water and ethyl alcohol; a final concentration of 90 mg/ml was then obtained.
Commercially formulated meperidine (50 mg/ml) was lyophilized and redissolved in sterile water
to a final concentration of 550 mg/ml.  The opioid antagonist naltrexone was obtained for reversal
of meperidine.  Based on relative potency data of meperidine and carfentanil, the reversal dosage
was estimated to be 1 mg of naltrexone for each 500 mg of meperidine.

On the first sedation attempt, only midazolam was administered in order to determine if sedation
alone would be effective and safe for a free-swimming whale.  As a starting point, the initial dosage
was estimated by metabolic scaling. On June 26th, 500 mg midazolam was given i.m.. Thirty-seven
minutes later, a second 500 mg midazolam dose was administered.  No measurable sedation was
observed from either dose.

The second attempt to sedate included both midazolam and meperidine.  Since the metabolically
scaled dosage produced no observable effects, the dosage of midazolam used to sedate a SeaWorld
killer whale was used (0.025 mg/kg).  Based on the estimated body weight of 40,000 kg, the
midazolam dosage was estimated to be 1000 mg (1 g).  However, limited capacity of the syringe dart
resulted in a meperidine dosage of only 7500 mg (0.17 mg/kg).  The two drugs were administered
on July 14th.  The signs of sedation included slower swimming and decreased swimming strength.

The final sedation attempt on August 30th utilized an increased dosage of meperidine.  Additionally,
the plan was to decrease the dosage intervals and increased number of dosages.  A total of four doses
of 1 g midazolam and 10 g of meperidine for a total of  40 g meperidine + 4 g midazolam were
administered over a 2-hr and 43-min period.

Greater sedation was apparent without full immobilization of the whale.  Signs of sedation included
a lower respiratory rate, slowed breeching and decreased swimming strength.  Freeing Churchill
from the rope required physical restraint as well as sedation.  Attempts to place a harness around the
tail of Churchill failed despite successful sedation.  Ultimately we were not able to remove the rope.

A method for drug administration of sedatives to a free-swimming whale was developed and
successfully deployed.  A blow-dart style syringe with a 12-inch long needle was designed and
assembled by the engineering staff at Woods Hole Oceanographic Institute.  

The design of the current syringe used for pharmacologic injections into large whales was adapted
from designs used for large terrestrial mammals for remote drug delivery.  All components for the
main syringe are made of polycarbonate. This material was chose for its impact resistance and its
ability to be solvent welded together, thereby minimizing the cost of machining.  The barrel is a
piece of standard size tubing that is simply cut to length. Both the nosepiece and the tailpiece are
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machined from solid stock to fit the inside dimension of the barrel, and the plunger is machined for
an o-ring seal to the inside dimension of the barrel. A check valve in the tail of the syringe was an
“off the shelf” product, which has a polycarbonate body for easy assembly into the syringe.

The needle was a piece of type 316 stainless steel tubing that measures approximately 4.7 mm o.d.
× 3.2 mm i.d. (3/16 o.d. × 1/8 i.d.). The tip was welded closed and then ground to a 15/ bevel point.
There was a 2.3-mm hole drilled through the tip approximately 21 mm from the point. The drug
delivery outlet was sealed with tygon or surgical tubing until the needle penetrated the whale’s skin.
The stainless steel tube was welded to a ¼-20 socket head cap screw that has a 3.2-mm hole bored
through the middle. This screw attached the needle to the syringe.

Churchill was followed for 100 days and three sedation procedures were performed.  The dosage
for light sedation using midazolam and meperidine was successfully determined for a large free-
swimming whale.  A method for drug delivery and a special, high-concentration drug was developed
and deployed successfully.
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Abstract

Parenteral anesthetic protocols for short-term immobilization of the threatened Gulf of Mexico
sturgeon (Acipenser oxyrinchus de soti) were evaluated.  An initial dose response trial determined
the efficacy of either propofol (3.5-7.5 mg/kg i.v.) or combinations of medetomidine/ketamine
(0.03-0.07 mg/kg i.m., 3-7 mg/kg i.m.).  A subsequent experiment evaluated the physiologic effects
of both propofol (6.5 mg/kg i.v.) and a medetomidine/ketamine combination (6 mg/kg i.m., 0.06
mg/kg i.m.) that were determined in the previous trial to be effective.  The medetomidine was
reversed at 30 min with atipamezole (0.30 mg/kg).  Both drug protocols provided adequate short-
term immobilization for minor diagnostic procedures.  Sturgeon administered propofol reached light
anesthesia within 5 min, while only 70% of the medetomidine/ketamine group reached light
anesthesia in the same time period.  Both propofol and medetomidine/ketamine produce mild
bradycardia and apparent respiratory depression, with propofol producing more profound effects.
In conclusion, both propofol and a medetomidine/ketamine combination produce adequate depth
and length of sedation with propofol having a faster induction time.
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Abstract

Introduction

According to the 2001 American Zoo and Aquarium Association directory, 80% of accredited
zoological institutions display invertebrates.  This number will almost certainly increase as zoos
continue to develop education topics that focus on ecosystem health and habitat conservation.  In
addition, invertebrate exhibits are relatively inexpensive and require little maintenance, making them
an appealing exhibit for zoological institutions to send an ecologic message.

Despite their extensive use in research, the concept of welfare and invertebrates is relatively foreign
in the United States, as they are not covered under U.S. laboratory animal guidelines.  Nevertheless,
invertebrate welfare is becoming a more prevalent issue in other countries.  As recently as last year,
the New Zealand Marine Science Society produced its own guidelines regarding the ethical conduct
of experiments that involve invertebrates, because invertebrates are not included in governmental
legislation.  Recent changes in animal cruelty legislation in Australia now require that the
commercial killing of crabs be done humanely.  This has prompted at least one research group to
investigate different methods of humanely immobilizing and killing of crabs.1

The 2000 Report of the American Veterinary Medical Association Panel on Euthanasia lists twelve
different criteria to consider when choosing a method of euthanasia.  Although the report does not
specifically refer to invertebrates, it is intended to be a reference for any veterinarian who carries
out or oversees euthanasia of animals. 

The Question of Pain in Invertebrates

The potential infliction of pain, and therefore prevention of pain, should be a strong consideration
when choosing a method of euthanasia for any animal.  Determining a definition of pain can be
controversial, and the concept of invertebrates and pain is even more controversial.  For animals
within lower taxonomic groups, the response to painful or noxious stimuli is often seen as a reflex,
and is usually distinguished from central recognition of and response to pain.2,3 

In non-human species, researchers often rely on changes in behavior to assess distress and pain
perception.4,5  When using changes in behavior to evaluate the presence of pain, it can be difficult
to distinguish between a reflex response to a noxious stimulus, versus recognition or perception of
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the stimulus resulting in a centralized, coordinated response.6  This distinction becomes even more
difficult given the anatomy of the invertebrate nervous system.  Rather than a single, higher brain
center, the invertebrate nervous system is composed of multiple ganglia of nerve cells that are
connected by a ventral nerve cord or neural nets.7-10  

Nevertheless, there is behavioral evidence of pain perception in invertebrates.  Octopi have been
shown to learn discrimination behavior using electric shocks as negative reinforcement.  The
assumption here is that there is some pain associated with the electric shocks that the octopus learns
to avoid them.  In order for the octopus to learn to avoid the stimulus, it is likely that some level of
recognition of the electric shock takes place.  Fruit flies have also been shown to be able to learn this
avoidance behavior. 6 However, many other insect behaviors indicate a lack of the perception of
pain.  Examples include an insect with an injured leg that will continue to walk with undiminished
force on the injured leg, or a locust that will continue to eat, despite being eaten itself.5  These
behaviors indicate that in some insects the stimulus, or injury, is not recognized as painful.2,5

Conclusions drawn from behavioral studies are often met with contention.  However, results from
experiments studying biochemical aspects of pain require less interpretation.  Research has
demonstrated that there is a similar mechanism to opioid analgesia in vertebrates and invertebrates.
Experiments with slugs (Limax maximus) and mantis shrimp (Squilla mantis) have shown that when
morphine products were administered there was a latency period in the reaction time that it took the
slugs and shrimp to react to noxious or painful stimuli: heated surfaces and electric shocks,
respectively.  This analgesic state was then reversed with the administration of naloxone.11-13  These
studies suggest that vertebrates and invertebrates use similar receptor pathways and biochemical
mechanisms to register and react to aversive stimuli, and possibly in the modulation of pain
control.14

Regardless of our ability to assess pain perception in invertebrate animals, they should be given the
benefit of the doubt.15  Therefore, it is the responsibility of the veterinarian to choose a method of
euthanasia that is as quick, painless and effective as possible.

Invertebrate animals have nervous systems and respond to noxious stimuli, and therefore must also
be treated humanely. (AALAS 1987)

Practical Considerations and Recommendations

Verification of death of invertebrate animals can be quite challenging.  For certain larger species,
ultrasound evaluation of cardiac function can be attempted.8  In cephalopods, paling of the skin may
be a useful indicator.16  However, in some animals it may be necessary to verify sedation by
checking for a response to stimulus, and then when anesthetized, destroying the individual to a point
with which life is incompatible.

There are both physical and chemical methods for invertebrate euthanasia, which frequently need
to be combined.  Often a method may only be considered humane if the animal is anesthetized first.
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The goal of this section of the paper is to review and suggest methods of invertebrate euthanasia that
are accessible to a zoological veterinarian.

Several physical methods are available, which require little equipment or expertise.  However with
most of these methods, prior sedation or anesthesia is ideal.  Some of the problems associated with
physical methods of euthanasia are that they may not be very esthetic, there is a decreased return
on the post-mortem exam, and there is potential for dissemination infectious agents.  

The easiest method is the classic method of invertebrate euthanasia: whole body crushing.  This can
be done without anesthesia on small animals that can be destroyed effectively and quickly in a single
instance.  For larger animals, anesthesia may be required first, which can be followed up by some
method of destruction.  

Decapitation alone would not be a suitable method of euthanasia for most invertebrates, because the
nervous system of invertebrates is so diffuse and there is a higher degree of somatic responses that
come from local nervous tissue rather than centralized nervous tissue.7,8  Techniques to kill certain
crabs have been described as ticking specific ganglia.  However, the technique requires training, and
is specific to certain species of crab, making it difficult to apply to other species.8,9  

When conducted under specific recommendations, boiling is a method that may be considered
humane in crustaceans without prior sedation.9  Gradual heating of an animal has been shown to
cause great distress and is considered inhumane.1

Cooling and freezing of animals is controversial.  It is unclear as to whether analgesic effects occur
with hypothermia.  Consequently, the freezing process may be painful as ice crystals form.17

Freezing of an animal diminishes the ability to perform an adequate post-mortem work-up,
especially histology and electron microscopy. Many cold water species become sedate only after
extended periods of time at temperatures close to freezing, and will often recover rapidly after being
removed.1  Cooling may be a useful technique to sedate an animal prior to a rapid killing procedure.
Conversely, an animal may be anesthetized first, and then placed into a deep freeze.18

Fresh water baths have been the standard killing method for many crustacean industries, however
several studies involving crustaceans have shown adverse reactions to freshwater baths, including
increased activity, autotomy (dropping limbs), and tearing at their abdomens and walking legs.1,19

This is not recommended as a humane method of euthanasia.

Carbon dioxide has been utilized in the past by pumping gas directly into a chamber, putting dry ice
in a container for animals that can be out of the water or adding Alka-Selzer tablets in the water for
species that must be left in water.20  Although carbon dioxide was previously considered humane,
one study revealed that hypercapnic seawater resulted in high levels of distress in crabs.1

Chemical methods provide an alternative to the physical methods that result in large degrees of
tissue destruction.  Many of the chemical methods of euthanasia are terminal extensions of
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anesthetic protocols that have an increase in concentration or time of exposure.20  There are several
sources regarding anesthesia of aquatic invertebrates that can be referred to as well.1,7,10,15,18,21-25

Tricaine methane sulfonate, or MS-222, in solution is a standard anesthetic and euthanasia agent for
fish and some amphibians.15,25  However, its effectiveness with aquatic invertebrates tends to be
unreliable and has a high degree of variability between different species, whether exposure is
through immersion or intracoelomic injection.1,10,21,22  The mode of action of MS-222 in vertebrates
is the disruption of the sodium permeability within the nerve membrane, thereby preventing impulse
conduction.1,25  It has been speculated that the unpredictable effects may be related to the absence
of acetylcholine at some of the nerve terminals in invertebrates.1  MS-222 is not generally
recommended for euthanasia of aquatic invertebrates.  

An ethanol solution has been recommended for the anesthesia of aquatic invertebrates, although it
has been shown to cause stress in cephalopods.21,23  Again, the concentration, or time spent in the
solution, could be increased to result in euthanasia.

Magnesium chloride (MgCl2) and potassium chloride (KCl) both block nerve transmission by
interfering with cellular depolarization.7,8,10  Magnesium salts in solution are a common anesthetic
for aquatic invertebrates.21,23,24  However, it is suspected that immersion in MgCl2 solution merely
acts as a paralytic, and not an anesthetic, making in it an inhumane method of euthanasia.7,10

Intracoelomic administration of MgCl2 may provide sedation or anesthesia along with paralysis if
the solution comes into contact with the ganglia.10  Similarly, KCl is not considered a humane
method of euthanasia in vertebrates when used alone because it affects cardiac function without
crossing the blood brain barrier.  However, injections of KCl (1g/kg) directly into the hemolymph
sinus of lobsters has been shown to inhibit the nervous system prior to having an effect on cardiac
function, allowing KCl to be considered a humane method of euthanasia.8  

Immersion in clove oil solution ($0.125ml/L) has been shown to be a good choice for euthanasia
of crustaceans.  It worked at reasonable doses, had a quick onset time (as short as 16 min), is
inexpensive, and is likely to work on a variety of species.1 

Chemical solution baths can be utilized for most species of aquatic invertebrates, but there are
several injectable protocols that are likely to work with species that have an open system with a
large hemocoel, such as crustaceans and some molluscs.  Researchers have noted that injectable
dosages for invertebrates are often higher than for vertebrates.  Several hypotheses have been
suggested as to why this may be.8,13

A few injectable drugs have been tested for anesthesia or euthanasia of crustaceans.  For example,
pentobarbital and xylazine have been administered by direct injection into the hemocoel.21

Additionally, injections of both xylazine and ketamine into the hemolymph sinus, as well as
ketamine administered intramuscularly, have proven to work well for crustaceans.1,22

In summary, invertebrate welfare is an emerging issue.  Given this issue, and the increased presence
of invertebrates in zoological settings, invertebrates are beginning to receive increasing amounts of
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veterinary attention.  Even though there is quite a bit of controversy as to whether invertebrates are
capable of perceiving pain, the ethics of euthanasia apply to invertebrate species just as they do to
vertebrate species.  Therefore, it is the veterinarian  obligation to make the euthanasia as quick and
as painless as possible.  Several methods are discussed, although many have been tested only on a
preliminary basis.  A combination of more than one method may result in an improved protocol,
analogous to the concept of neuroleptic anesthesia.  With the increase in prevalence of invertebrates
within veterinary medicine, it is likely that standard protocols will evolve.

While pain and suffering in another being is, strictly speaking, unknowable, yet for practical
purposes there are a number of lines of evidence of their presence and intensity which deserve
attention (Paton, 1984).2
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Abstract

Cephalopod mollusks, particularly the octopods, are considered by many to be one of the most
highly evolved invertebrate groups.  Their anatomy is quite different from that of the vertebrates in
many ways; but, in some aspects (e.g., ocular anatomy) the development and anatomy are quite
similar.  The unusual appearance of the octopods as well as the plethora of myths and legends that
surround them have made them very popular with zoo and aquarium visitors.  Currently, captive
populations of octopods mainly consist of wild-caught specimens.  The difficulty of gender
determination in immature specimens, their relatively short life spans, their relative abundance in
the wild, and their ease of capture have historically made captive propagation a relatively low
priority.  With few exceptions,1 very little has been published about their basic anatomy and
physiology in the veterinary medical literature.  Thus, our current understanding of the etiology,
onset and treatment of their diseases is quite rudimentary.  

Ultrasonography was used in the present study to characterize the anatomy of their internal organs
and organ systems including gills, eyes, digestive system, reproductive organs and central nervous
system.  Eight animals of two species were examined (Octopus vulgaris, Enteroctopus dofleini)
using both mobile and static ultrasonographic images.  Ultrasonographic results were verified by
post-mortem preparations of either wild-caught animals or animals obtained from aquaria.

Ultrasonography was useful in characterizing several anatomic features unique to the octopodae
such as the central nervous system (central ganglion), which encircles the esophagus, the
hepatopancreas or ‘digestive gland,’ and the unpaired gonads.  The relatively large spermatophores
found in the Needham’s sack of the males are also readily visualized.  Overall, ultrasonography
provided a fairly detailed view of the internal gross anatomy.  As such, sonographic imaging should
be able to facilitate the creation of reliable protocols for the physical examination of living octopods.
 In our hands, ultrasonography proved to be a useful diagnostic tool in the general assessment of the
overall nutritional status, health status, gender and reproductive state of individual specimens.

Present and future results with sonographic imaging may contribute to the improvement of the
quality of both health and reproductive management of these keystone aquatic animals.                
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Abstract

In exotic species, replacement of vital fluids is often impossible because of limited resources (lack
of donor animals and small sizes of donor animals) available to practitioners. Oxygen therapeutics
are a great potential alternative because of availability, compatibility, and safety. Few studies have
been completed in non-domestic species.1,6,8  Anecdotally, Oxyglobin® has been used in multiple
zoo animals including reptiles and large felids. The purpose of this study was to examine the effects
of Oxyglobin® (a polymerized bovine hemoglobin in a modified lactated Ringer's solution) in
rainbow trout in order to ascertain if product use is safe, effective, and feasible in a piscine species.

Sixteen apparently healthy, 3.5-yr-old, hatchery-raised rainbow trout (Onchorhynchus mykiss) were
anesthetized with 75 ppm tricaine methane sulfonate. Animals were tagged with Floy® tags (Floy
Tag and Mfg, Inc., Seattle, WA, 98105) for identification. A 2.5 ml/kg single i.v. bolus of
Oxyglobin® (Biopure Corporation, Cambridge, MA, 02141) was administered to 14 of the fish after
a nearly equal volume of blood was drawn for analysis. Blood analysis was performed pre-treatment,
2 hr post-treatment and 24 hr post-treatment. The remaining two animals underwent similar
anesthesia and phlebotomy events. Three animals were necropsied 24 hr post-treatment. Three
animals had blood analysis performed 1 wk after treatment and were necropsied.
 
Recommended doses for mammals are 10-30 ml/kg as an i.v. bolus or at a rate of up to 10 ml/kg/hr;
however, due to the nature of the species tested, bolus administration was necessary and injection
volumes greater than 2.5 ml/kg could not be reliably delivered. Physical changes were noted, blood
parameters evaluated, and select necropsies were performed.

Clinically observable changes in treated animals included transient lethargy, tissue discoloration and
in rare cases, ocular lens changes. Changes in tissue color were consistent with the changes seen in
dogs and cats that are administered Oxyglobin®. All animals returned to normal activity and
behavior by the third day after treatment. Animals that were not treated and had repeat capture and
phlebotomy events did not exhibit lethargy or tissue discoloration.

Blood parameters were evaluated using the i-STAT chemical analyzer (Heska Corporation, Fort
Collins, Colorado 80525) for its ease and reasonable accuracy.4 The EC7+ cartridge was utilized
which provides the following parameters: Na, K, TCO2, iCa, Hct, Hb, pH, PCO2, PO2 HCO3 BEecf,
and SO2. Hematocrit and total protein were evaluated by standard capillary tube methods.
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Hemoglobin was evaluated with a hemoglobinometer (Buffalo Medical Specialties MFG, Inc. P.O.
Box 1005, Buffalo, NY 14210) by colorimetry. Three animals were randomly selected to run full
CBCs and serum chemistries at Idexx laboratories (Elmhurst, Illinois 60126); these values were
consistent with overlapping i-STAT values. Blood values were compared to published normal
values.2 

Oxyglobin® administration results in a color change of serum and urine (similar to hemolysis),
therefore producing interference in laboratory testing which commonly uses colorimetric methods.
Studies have shown that there is a maximum allowable concentration of HBOC (hemoglobin-based
oxygen carrier) that can still be run on select analyzers.9 Although the i-STAT was not a part of
these studies, it can be reasonably assumed that it would act similarly for many tests (but not all),
since the methodology is similar. Many analyzers required 50 g/dl (range 4-50 g/dl) of HBOC in the
blood before causing interference. Using filtration, other wavelengths in the machine, and,
obviously, methods other than colorimetry, can circumvent some colorimetric interference. 

Determining oxygen carrying capacity relies on evaluating the ratio of hemoglobin to hematocrit
(1:3). Most chemistry machines calculate the hemoglobin from the hematocrit, thereby reducing the
accuracy with which the clinician can assess oxygenation. The HemoCue (Hemocue, Inc. 23263
Madero Suite A Mission Viejo, CA 92691) is a hemoglobinometer that has been shown5 to
accurately read hemoglobin in serum that has been mixed with an HBOC. Using this machine can
help to assess the oxygen carrying capacity in treated animals. Unfortunately, this tool was not
available to the authors at the time of this study.

Blood at 2 and 24 hr post- had dark red, translucent serum. Blood drawn on three specimens at 1 wk
post-administration was normal in appearance. There were general trend differences between
treatments for various parameters (Table 1), however, none of these values strayed from outside the
normal ranges. Of note, pH increased while PCO2 decreased. PO2 and SO2 were widely variable,
possibly dependent on whether arterial or venous blood was drawn (both vessels are in proximity
to one another). Overall, in treated animals, oxygen saturation was remarkably higher than in either
non-treated animals or in pre-treatment samples. Hematocrit as measured by capillary tube and
centrifugation was decreased due to blood loss and hemodilution by product; the i-STAT Hct results
were calculated values and were likely artificially increased due to serum color change. Hemoglobin
values (by either hand held colorimetry or i-STAT) were unreliable using the techniques in this
study due to color change. Other values seemed reliable and consistent with control animals and
commercial laboratory results.

Necropsy at 24 hr post-administration revealed local venipuncture site hemorrhage and tissue
discoloration; there were no relevant histopathologic lesions. Necropsy at 7 days showed
venipuncture site hemorrhage (repeat phlebotomy) and no relevant histopathologic lesions other than
unilateral choroidal edema in one animal.

Pharmacokinetic data (Freedom of Information Summary, NADA 141-067) show that duration of
action increases with increasing dose. In those studies, a dose of 10 ml/kg provided a 1 g/dl plasma
hemoglobin level for 11-23 hr. In our study, a volume greater than 2.5 ml/kg of Oxyglobin® could
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not be reliably administered and extravasation was often a consequence at higher volumes. This may
be eliminated by placement of a catheter or slower administration of the product, though the
logistics of anesthesia and handling aquatic animals may preclude the ability to safely do this;
therefore, multiple doses may be necessary.

One potential problem in the use of HBOCs is vasoconstriction (HBOCs bind nitric oxide
selectively) and decreased cardiac output (increased plasma volume). This implies that though blood
oxygenation is improved, tissue oxygenation may not be realized.7 At low doses of 3 ml/kg of an
HBOC for humans (similar to Oxyglobin®), oxygen carrying capacity was not augmented
sufficiently; this coupled with decreased cardiac output was insufficient7to adequately increase
oxygenation for the patients examined.7  This report is contrary to many studies performed. One
such study10 performed exchange perfusion (95% replacement) with Oxyglobin® on sheep. The
resulting hemoglobin concentration was 6 g/dl and the animals showed no distress, further, these
animals survived long-term with rapid erythropoiesis. Ultimately, additional research needs to be
conducted evaluating tissue oxygenation and dosing in various species.

Oxyglobin® is stable (unopened) at room temperature for 3 yr, is readily available, and is promised
to be sold in volumes of 60 cc. The information provided here indicates that it is a sensible product
to use in fish. Preliminary results imply that blood oxygenation is improved with no deleterious
peripheral effects. Tissue oxygenation capacity is unknown, but based on physiologic changes in
the muscular tissue, perfusion of blood with Oxyglobin® appears to be significant.  

For future studies, use of the HemoCue, measurement of oncotic pressure, pharmacokinetics, and
muscle tissue oxygenation could be pursued to evaluate the effects of Oxyglobin® more thoroughly
in lower vertebrate species. 
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Table 1. Changes in blood parameters of Onchorhynchus mykiss after
oxyglobin administration.

2 hr post 24 hr post 1 wk post
Na (i-STAT) 9 9 Same as control
K (i-STAT) Out of range Out of range Out of range
TCO2 (I-STAT) 8 Same as control Same as control
ICa (i-STAT) 9 Same as 2 hr Same as control
Hct (i-STAT) 88 9 Same as 24 hr
Hct (capillary) 9 9 Not examined
Hb (i-STAT) 88 9 Same as 24 hr
Hb (meter) 9 9 Not examined
PCO2 (i-STAT) 9 99 Same as 24 hr
PO2 (i-STAT) 8 88 Same as control
pH (i-STAT) 88 8 Same as 24 hr
HCO3 (i-STAT) 8 Same as control Same as control
BE(ecf) (i-STAT) 8 8 Same as 24 hr
SO2 (i-STAT)a 88 88 Same as control
TP (refractometer) No change No change Not examined
aSO2  is highly variable, this reflects general trends.
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Abstract

The presence of black material associated with cracks, grooves, fractures, and growth deformation,
noted herein as “black shell syndrome,” was observed on the shells of a collection of chambered
nautilus (Nautilus pompilius) at the Smithsonian National Zoological Park (NZP).  According to
relevant literature and consults with experts, this condition affects a high percentage of captive
nautilus in a number of aquaria and zoos but is not apparent in free-living nautilus.  The pathologic
effects of shell disease on the health of these cephalopod mollusks is significant in that affected
individuals may have weakened and deformed shells, microorganisms and parasites within the
compromised shell in some cases, and reduced shell growth rates and body weights over time.  

Characterization of the black shell syndrome observed in NZP nautilus is based on a review of the
NZP pathology database from 1987 to 1999 (n = 46), as well as results of serial diagnostics
(cytology, bacterial culture, biopsy) performed on a recent group of juvenile nautilus (n = 6).  Within
a 12-yr period, a large number of nautilus (n = 31, 67.4 %) had descriptions of shell deformity with
black discoloration on post-mortem examination, yet no specific etiologies were delineated.  

In 1999, a group of six wild-caught, sub-adult chambered Nautilus pompilius were acquired by the
Department of Invertebrates.  All had grossly normal shells on arrival.  Thus, in an effort to maintain
optimal shell health, a preventive management program was initiated.  The husbandry staff trained
these unique cephalopods to accept food while being handled for minor procedures, including
scrubbing different parts of the shell, determining weights, and taking photographs.  Typically, the
nautilus stayed calm, accepted food pieces during handling and ate them shortly after release;
however, animals were determined to be mildly stressed if they refused or dropped food morsels
and/or retreated to corners of the tank after release.
  
Groups of two animals each were assigned to three different treatment protocols which included
gentle manual scrubbing of affected shell regions with a gauze sponge either once weekly, twice
weekly, or not at all (controls), respectively, for a period of 4 mo.  At an average of once per month,
cytologies of sloughed abnormal shell material, bacterial cultures of black deposits on the shells, and
biopsies of any weakened, fractured shell pieces were obtained.  Photographs of lateral and ventral
surfaces of each individual’s shell were taken up to four times per month. Weight and shell
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measurements were recorded monthly.  All nautilus were fed a diet high in calcium content
consisting of blue crab appendages, shrimp with shells, and commercial aquatic animal gel diet.
Water quality was maintained within acceptable limits.     

The group receiving scrubbing treatment twice weekly had the least amount of black material
present on their shell surfaces, maintained the highest shell growth and weight gain rates during the
study, and exhibited no signs of overt stress during treatment.  The control group (no scrubbing)
exhibited visible shell abnormalities (black discoloration, grooves, fractures, ridges), slower shell
growth rates, less weight gain overall, and mild signs of stress (e.g., rapid propulsion away from the
keeper, dropping of food items) when handled for photographs and measurements.

Results of serial cytologies, biopsies, and bacterial cultures of abnormal shell material in the most
recent group of six nautilus revealed no discernible patterns or consistent microorganisms associated
with affected shells.  Past and present findings in NZP nautilus include: gross descriptions of
affected shells as discolored, deeply grooved, and fractured; an association with nematodes and
bacterial colonies within layers of biopsied abnormal shell material; and occasional growth of
bacteria, primarily gram-negative rods (e.g., Vibrio and Aeromonas spp.), from multiple serial
bacterial cultures of the black material.    

We hypothesize that the black material is either a carbon or sulfur-containing compound associated
with shell decomposition.  Based on our results thus far, black shell syndrome in captive chambered
nautilus does not appear to be due to primary infections of the shell with bacteria, fungi, algae, or
parasites; however, bacteria and nematodes can occur as secondary invaders in the decomposing
shell material.  We propose that the black shell syndrome seen in NZP nautilus has a multi-factorial
etiology related to environmental factors, including water quality, mineral content of diet and tank
water, and behavioral stress levels.  Mineral analyses of shells (abnormal and normal), tank water,
and diet may be performed in future investigations.  

In conclusion, light scrubbing once or twice weekly with gauze to remove the black deposits and
flaky, irregular material from shells of affected nautilus appears to slow progression of the
deposition, maintain better shell appearance, and improve shell growth rates and weight gain in
captive chambered nautilus that are acclimated to handling procedures.  
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Abstract

Introduction

Laparoscopy is an integral diagnostic and surgical tool in human medicine and its use is rapidly
expanding in veterinary medicine and surgery. Laparoscopy has been successfully used by avian
veterinarians for many years as a method for sex determination, diagnostic sampling and to a lesser
extent, surgical procedures.1,6  More recently, rigid laparoscopy  has gained increased popularity in
reptiles and other non-domestic species.1,2 Although rigid laparoscopy has been performed with fish,
its use is still fairly uncommon and there are few citations in the literature.3-5  Most of the literature
on laparoscopy in fish is centered on its use for the evaluation of reproductive status.3,5  For the zoo
and aquarium veterinarian, laparoscopy can provide additional diagnostic and surgical options.  

Fish pose a variety of diagnostic challenges.  Many of the diagnostic techniques commonly utilized
in domestic animal medicine are less useful in fish.  In some cases, the clinician may need to
sacrifice individual fish in order to collect diagnostic material.  Because laparoscopic surgery allows
the clinician to directly image the various visceral organs and collect diagnostic samples,
laparoscopy can improve the clinician’s diagnostic capabilities and may reduce the need to cull
animals for diagnostic sampling.  It has been well documented in human medicine that the use of
laparoscopy versus conventional surgical techniques greatly reduces post-operative pain and allows
for a much more rapid recovery.2 

Materials and Methods

In order to develop rigid laparoscopic techniques in fish, it is recommended that the clinician begin
with dead animals (food fish or animals prior to post-mortem examination).  This will allow the
veterinarian to become familiar with both the instrumentation and how to adapt this equipment for
use in fish.   Similar to other surgical procedures in non-domestic animals, the clinician must
critically evaluate the following variables prior to surgery: species specific anatomy, available
instrumentation and procedure(s) being performed.  These variables will directly influence patient
positioning and the location(s) of incision site(s) for placement of the camera and instrument ports.

When evaluating coelomic organs, fish are usually placed in dorsal recumbency using a foam wedge
to help hold the animal in position.  Scales over the incision site are removed and a scalpel is used
to make a stab incision through the skin and underlying muscle tissue.  For most species, when a
general coelomic approach is being made, a paramedian incision is made just cranial to the vent. A
blunt hemostat is then used to enter the coelomic cavity and to enlarge the hole for sheath placement.
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Depending upon the procedure and the size of the patient, one to three incisions are made for the
laparoscope and/or instrument placement.  In small animals (<200 g), typically only a single incision
is made and a small (14.5 Fr.) laparoscopic examination sheath can then be introduced into the
coelom. The insufflation hose can be directly attached to the sheath for coelomic distension and
improved visualization.  This sheath has two lumens: one for the laparoscope (2.7-mm, 18-cm
slender telescope) and the other acts as an instrument portal (5 Fr.).  Instruments that have been
designed for this single sheath system include: biopsy forceps, grasping forceps, scissors, cautery
wire and a wire retrieval basket.  From a single incision, the clinician can commonly visualize and
sample the following organs: liver, spleen, intestines, stomach, gonads, pericardium and the serosal
surface of the swim bladder.

In larger animals, especially if extensive organ manipulation is required, other instrument ports are
commonly required.  In fish that are large enough to accommodate multiple instrument ports, a wide
variety of surgical procedures can now be accomplished.  Most trocars and associated instruments
come in either 5 or 10-mm sizes.  The 5-mm size will be adequate for most procedures in fish.  The
10-mm size does allow slightly improved visualization and a broader range of equipment
possibilities.  

For procedures that involve either the swim bladder or the kidney, a lateral approach is
recommended.  The animal is placed in lateral recumbency and an incision is made on the lateral
body wall, in the lower two-thirds of the swim bladder.  Due to the tremendous anatomic variation
between species, it is recommended that a radiograph be taken prior to the surgery in order to help
confirm the exact location of the swim bladder.  A sterile hypodermic needle can be used to help
correlate the air bladder's radiographic location with the potential incision site.  The needle is placed
through the skin at the potential incision site and its' location in regards to the air bladder is
confirmed on radiograph.  Once the incision site is determined, a #11 scapel blade is used to
penetrate the muscular lateral body wall and enter the swim bladder.  In many species the air bladder
is thick and loosely attached to the associated tissues. A sharp instrument allows easier access to the
swim bladder and prevents the displacement of the air bladder, which can occur if a blunt trocar or
hemostat is used.  Since the air bladder is empty, there is little risk of tissue damage when it is
penetrated.. With the laparoscope inside the air bladder, good visualization of the entire internal
lining can be accomplished.  Evaluation of the swim bladder often requires very little insufflation
to provide excellent visualization.  Diagnostic samples can be easily retrieved for cytology, culture
or histopathology.  

For renal biopsy, a 4 Fr. laparoscopic scissor can be used to make a small incision through the air
bladder wall just over the cranial kidney (dorso-cranial aspect of the swim bladder).  Care should
be taken to avoid large vessels which may travel along the dorsal midline and are adherent to the
air bladder.  Biopsy forceps (5 Fr.) are inserted into the instrument channel and fed into the incision
site over the kidney.  The renal tissue may not be directly visualized, but lies directly underneath the
cranial aspect of the air bladder.  Once the biopsy sample has been collected, a surgical gelatin
sponge (Gelfoam®) can be placed at the renal biopsy site to help minimize hemorrhage.
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Distension of the coelomic cavity and air bladder is facilitated by using carbon dioxide insufflation.
Pressures of 4-8 mm Hg provides adequate dilation and no apparent inter-operative or post-operative
problems. In species that have a poorly distendable coelomic cavity,  pressures in the 8-12 mm Hg
range may be required.  Unlike mammals, which have lungs and a diaphragm, there are no concerns
in regards to pulmonary compromise at these higher pressures.  High coelomic pressure may have
some direct effect on cardiac function since the coelomic cavity and pericardium are in direct
contact but this is yet to be determined.  In elasmobranchs, high coelomic pressure can cause gastric
or colonic prolapse.  When working with sharks and rays, lower pressures should be considered and
packing off the proximal esophagus and vent may be advantageous. A Varess needle is commonly
used in human and domestic animal laparoscopic procedures to provide insufflation prior to trocar
placement.2,4  The Varess needle is a conventional needle covered by a spring loaded blunt stylet.2
The sharp end of the needle cuts through the abdominal wall tissue until a free space is reached and
then the blunt stylet springs over the needle to prevent organ laceration.  This technique has been
described in fish4 and works best in those animals, which have a thin body wall.  Due to concerns
of possible iatrogenic trauma, in general the author does not use a Varess needle and instead attaches
the insufflation hose directly to the port in the instrument sheath.  As with a conventional
laparotomy, it is recommended that as much gas as possible be removed from the coelomic space
prior to closing.  Buoyancy problems have not been commonly seen after laparoscopic procedures.

Isotonic, sterile saline has been used by some investigators to dilate the coelomic cavity, and also
to provide supplemental hydration and electrolytes.  In the authors’ experience, when isotonic fluids
are used to distend the coelomic cavity, visualization is more commonly obscured by hemorrhage
or fat droplets.  Fat droplets can be of particular concern when working with elasmobranchs.
Elasmobranchs have a large amount of fat in their relatively large liver.  These fat droplets easily
become disrupted during manipulations and often obscure vision through the laparoscope. 

Rigid laparoscopy can also be very useful in imaging and sampling the gills and the upper GI tract
of fish.4  In those fish species which have gill filaments that are difficult to see, (sharks, rays, eels,
etc.), the laparoscope can be used for sample collection by passing the instrument through the
opercular slits.4  Since the esophagus and stomach of most fish species are relatively short and
straight, the rigid laparoscope is also useful in evaluating the oral cavity, esophagus and stomach.
Saline can be used to help rinse out the stomach prior to evaluation.  Biopsy forceps can be used to
acquire gastric mucosa for direct examination, cultures or histopathology.

Conclusions

Rigid laparoscopic surgery can be performed on fish including both bony fish and elasmobranchs.
It is expected that laparoscopy will become a standard technique in veterinary medicine and that it
will proved the zoo and aquarium clinician with a greater variety of diagnostic and therapeutic
options.  Laparoscopy  was found to be a very effective technique to directly visualize visceral
organs and collect tissue samples.   Although fish have significantly different anatomy as compared
to terrestrial animals, the same laparoscopic principles can be successfully applied to this large and
varied group of animals. 
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Abstract

More than 35 Helicobacter spp. have been identified in a wide variety of terrestrial animals.3,4 All
known helicobacters of humans and animals colonize the gastrointestinal tract.3-5  Helicobacter spp.
are known to cause gastrointestinal disease in various hosts while others do not.3,4  In humans,
Helicobacter pylori is a significant cause of peptic ulcer disease and gastric tumors.3  In terrestrial
animals, Helicobacter spp. may cause gastritis or peptic ulcers, typhlocolitis, and hepatitis, and can
lead to gastrointestinal tumors in chronic infections.  

A novel Helicobacter with the proposed name of Helicobacter cetorum sp. nov. has been isolated
from wild and captive cetaceans.6  Our previous studies suggested that Helicobacter infection may
play a role in the development of gastritis in cetaceans.6-8  It has been isolated from Atlantic and
Pacific white-sided dolphins, Atlantic bottlenose dolphins, common dolphins, and a beluga whale.6-8

Clinical signs in infected captive cetaceans have been subclinical or included intermittent
regurgitation, inappetance, weight loss and lethargy. 

In addition to cetaceans, gastric ulcers have also been reported in other marine mammals.  Gastric
lesions in sea otters, seals and sea lions have been associated with parasitic infection and pollution,
but in certain instances, the ulcers had no clearly defined etiologies.1,10,11  It was hypothesized that
Helicobacter infection may play a role in the development of gastric lesions in sea otters, Enhydra
lutris and California sea lions, Zalophus californianus based on our previously published
observations in cetaceans as well as clinical and pathologic findings of captive and wild animals by
researchers and veterinarians.2,9  To date, at least two novel Helicobacter species have been
identified from the gastric mucosa of stranded harp seals, Phoca vitulina, and the feces of California
sea lions.  Helicobacter infections have also been confirmed in stranded sea otters by PCR.  These
findings indicate that Helicobacter spp. are global in distribution in both terrestrial and aquatic
hosts.
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Abstract

Introduction

Parasitic mastitis causing some degree of inflammation and fibrosis in the mammary tissue has been
described in free-ranging odontocete and mysticete cetaceans.1,2,4 This report describes the diagnosis
of parasitic mastitis, by ultrasonography and by demonstration of the presence of parasite eggs in
milk samples, in a group of three female bottlenose dolphins (Tursiops aduncus) and the attempts
at treatment.

Case Report

Three bottlenose dolphins (Tursiops aduncus) were housed together in pools that were part of a
complex of concrete pools containing a total of 4.5 million L of chlorinated, natural seawater.
Origin, reproductive status, age, and time in captivity for each female are presented in Table 1. 

In January 2001, enlargement of the mammary glands was first noted in dolphin E upon visual
inspection. Later, similar enlargement was seen in dolphin A and H. No clinical signs were observed
in dolphin A and H. Dolphin E presented with a brief period of anorexia, which was diagnosed as
being due to hepatic disease and resolved with supportive treatment and antibiotics. 

Female dolphins at this facility are monitored weekly by ultrasound to assess ovarian activity or fetal
development. As soon as enlargement was noted, mammary glands were scanned weekly to
objectively assess gland size and appearance in detail. A single lesion within the muscle overlying
the left mammary gland had been detected on ultrasound in dolphin E in February 2000. In dolphin
H, smaller lesions in the muscle adjacent to the left mammary gland and within left mammary tissue
were seen in November 2001. On 23 January 2002 the presence of a helminth was confirmed in the
central lactiferous canal of the left mammary gland of dolphin E. The diameter of the parasite was
1.4 mm; its length was estimated at 6-10 cm. Ultrasound images from dolphin A and H were
suggestive of the presence of a similar parasite. 
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Milk collection was performed on each dolphin using a breast pump connected to a size 2 human
infant inflatable anesthetic facemask (King systems, Noblesville USA). Eggs were present in milk
samples from all three females (dolphin A and E from 1 February 2002, dolphin H from 13 March
2002). Eggs were elliptical, measuring 25-30 :m × 27.5 :m, and were detected on fresh smears and
by sedimentation.

The affected females were kept physically separated from the rest of the animals in that complex
of pools, although they were held in the same water system. Treatment was initiated with ivermectin
orally at a dose rate of 0.2 mg/kg three times at 2-wk intervals. The mammary glands were
monitored weekly by ultrasound for the presence of parasites, and milk samples were obtained every
2 wk to evaluate for the presence of eggs. The presence of the parasite was confirmed again on
ultrasound 2 wk after the last dose of ivermectin. Eggs continued to be present in milk samples. 

Discussion

The elongated, oval mammary glands are located just below the blubber along each side of the
genital slit. The slits, which house the nipples, are just lateral to the larger, longer, mid-ventral
genital slit. The nipples protrude quite noticeably during the period of suckling but otherwise are
drawn within the general contour of the body.5 Mammary glands are in the same portion of the body
as the ovaries and are visible at each ultrasound scan where ovarian function is being assessed.

Differential diagnoses for increased mammary size include lactation (postpartum or via hormonal
stimulation, such as lactation induced by the presence of a calf), bacterial mastitis, parasitic
mastitis,4 environmental pollutants, and neoplasia.7 

Ultrasonography proved to be a useful technique to objectively measure the size of the glands, as
well as demonstrate the presence of intra-mammary parasites. The presence of milk in the main
lactiferous duct allows delineation of the parasite and increases likelihood of diagnosis. Images pre-
and post milk sampling demonstrated this, as the parasite was much more difficult to visualize when
the ducts were empty. It is not known whether the presence of the parasite stimulates production of
milk. The lesions within muscle adjacent to the mammary tissue in two of the three females
appeared similar to the description of lesions caused by Crassicauda grampicola in Atlantic white-
sided dolphins (Lagenorhynchus acutus). In that report, nodules, thin-walled and containing
dissolving nematodes, or in one case, containing a verminous coil within the musculature overlying
the gland were observed.4  Acoustic shadowing, visible on ultrasonography in dolphin A and H,
indicated the presence of mineralization, which could suggest the presence of a non-viable parasite.
There appeared to be, in all three females dolphins in this case, a degree of hyperplasia or fibrosis
of the lactiferous ducts, visible on ultrasound. 

The size and shape of the eggs and of the parasite in dolphin E were consistent with a parasite
belonging to the class nematoda, but it has not been identified. Parasites causing mastitis in
cetaceans have been reported to belong to two genera: Crassicauda and Placentonema.1,2,6  Here,
treatment was initiated with ivermectin since this agent has been suggested for treatment of
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Crassicauda sp.-infested cetaceans.3  Failure of ivermectin to eliminate the parasite could be related
to the small percentage of the drug being excreted in milk.

As the parasite has not been identified and its life cycle is not known, it appears prudent to consider
that this parasite may be transmitted by the following routes; ingestion of eggs from the
environment, pre-natal infection, post-natal infection through nursing, or infection by ingestion of
an intermediate host such as an invertebrate or a fish species. As in Toxacara canis, all four modes
of transmission could occur concurrently for this parasite. 

Possible implications for the collection if treatment proves to be unsuccessful include permanent
infestation of these three females. The impairment of future lactation in females is a concern. As
described in Atlantic white-sided dolphins (Lagenorhynchus acutus), replacement of normal
mammary tissue by non-secretory tissue may occur. Additionally, the presence of firm fibrous
replacement tissue might impair milk output. In cetaceans, milk output depends on forcible
abdominal muscular compression of a normally pliable gland in order to extrude milk.4  There is also
a possibility of transmission to offspring and to other dolphins held in the same complex of pools.
Members of the genus Crassicauda are commonly observed in mammary tissue, around the
genitalia, as well as in kidneys. Although there is no evidence of this in other animals in this
collection, the unidentified parasite in this case could potentially affect the males as well as females
if the pathogenic effects are not limited to the mammary tissue. 

Conclusion

To date, we believe that this is the first report of a case of parasitic mastitis diagnosed with the help
of ultrasonography. Identity of the parasite has not been established, and treatment with ivermectin
has been unsuccessful. Routine ultrasonographic examination of the mammary glands and collection
of milk samples in lactating cetaceans or females presenting with enlarged mammary glands are
encouraged.  Gross and microscopic examination of the mammary tissue from necropsies are
recommended. This may allow further determination of the incidence of parasitic mastitis in captive
bottlenose dolphins, as well as aid in the identification of the parasite involved.
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Table 1. Description of the three bottlenose dolphins (Tursiops aduncus).
Identification Estimated

Age
Origin Time in

Captivity
Reproductive Status

A 16 yr Indonesia 15 yr One still birth (6/92)
Two male live calves
(7/95 and 4/99)

H 17 yr Indonesia 5 yr No known offspring
E 14 yr Indonesia 5 yr One stillbirth (1/01)



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 349

Mycobacterium avium COMPLEX OUTBREAK IN A COLONY OF RHESUS MACAQUES
(Macaca mulatta)

Jennifer C. Hess, DVM,1* Amy L. Usborne, DVM, Dipl ACVP,1 Elizabeth Manning, MPH, MBA, DVM,2

and Carol L. Emerson DVM, Dipl ACLAM3

1Wisconsin Regional Primate Research Center, University of Wisconsin, 1220 Capitol Court, Madison, WI
53715-1299 USA; 2Johne’s Testing Center, University of Wisconsin, School of Veterinary Medicine, 2015
Linden Drive, Madison, WI 53706-1102 USA; 3Medical School Research Support Programs, University
of Wisconsin, 600 Highland Avenue, Madison, WI 53792 USA

Abstract

A 5-yr-old female rhesus macaque (Macaca mulatta) was euthanatized due to declining health
resulting from experimental infection with Simian Immunodeficiency Virus (SIV).  Histopathologic
examination of tissues collected at necropsy revealed severe, regionally extensive, granulomatous
enterocolitis with intracellular acid-fast bacilli consistent with Mycobacterium species in the colon,
ileo-cecal junction, and ileum.  The mesenteric lymph nodes also contained intracellular acid-fast
bacilli.  The diagnosis of mycobacterial disease in this macaque led to a series of actions: all animals
previously housed with this macaque were quarantined, and all procedures except for medical
treatment were suspended to prevent the spread of a mycobacterial pathogen.  Extensive personal
protection measures were implemented for humans who had contact with macaques that were
exposed to the sick animal.  While the location of lesions suggested M. avium complex (MAC)
pathogens, infection with M. tuberculosis, with M. bovis or with an atypical mycobacteria was also
considered.1-7

All 60 potentially exposed macaques were tested intradermally for tuberculosis (TB).  Feces from
the sixteen animals for which exposure was deemed the most substantial were examined and
cultured for Mycobacterium species.  Acid-fast bacilli were seen in large numbers on the direct fecal
smear of three of the exposed macaques.  Four of 16 fecal samples submitted for culture were
positive for MAC.  These positive fecal cultures included both SIV-infected and non-infected
macaques that had lived in the same room as the presenting macaque.  One macaque was
euthanatized because it reacted to the intradermal TB test and had a positive fecal culture.  Fresh
tissue and feces were submitted for culture to the Johne’s Testing Center at the University of
Wisconsin’s School of Veterinary Medicine and Wisconsin State Laboratory of Hygiene.

Tissue from the intestine of the presenting 5-yr-old female SIV-infected macaque that had been
fixed in formalin and embedded in paraffin blocks was submitted to multiple laboratories to identify
the pathogen using polymerase chain reaction (PCR).  PCR primers specific for Mycobacterium
tuberculosis complex species, Mycobacterium avium species, and Mycobacterium avium subspecies
paratuberculosis could not identify the numerous acid-fast organisms found on histopathologic
examination of the specimen of macaque intestine.  
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Abstract

Woolly Monkey Hepatitis B virus (WMHBV) was first isolated from a 10-yr-old female woolly
monkey (Lagothrix lagotricha).1  This monkey was ill for 60 days prior to euthanasia.  Clinical signs
included partial anorexia, hunched posture, pollakiuria, weight loss, depression, ascities, and
dehydration.  Clinical pathology results from blood samples collected during the monkey’s illness
showed elevations in LDH, GGT, ALT, AST, and bile acids, hypoalbuminemia, low serum iron,
normocytic, hypochromic anemia, leukocytosis, and neutrophilia.  Liver biopsy revealed multifocal
areas of hepatocellular necrosis accompanied by hemorrhage, with a moderate infiltrate of
neutrophils, lymphocytes, and plasma cells.  Serology on current and banked serum samples showed
presence of hepatitis B surface antigen (HbsAg) and core antibody (HbcAb), absence of hepatitis
B surface antibody (HbsAb), and presence of WMHBV in the blood by polymerase chain reaction
(PCR) for over 3 yr.  Gross necropsy findings included an abnormal liver with round borders,
multifocal pale marbling, and a rough, dull surface, ascities, and pleural effusion.  Histopathologic
findings included massive, multilobular hepatic necrosis consistent with viral hepatitis.  Serum PCR
testing of remaining woolly monkeys held at Louisville indicated they were either chronically
infected, had cleared a previous infection, or were not infected with WMHBV.  Historic serum
chemistries from these monkeys showed no patterns of elevation in ALT, AST, LDH, SAP, or total
bilirubin and no pattern of hypoalbuminemia.  Necropsy of three monkeys that died since the index
case did not show evidence of viral hepatitis.  Staff testing via HBsAb, HBcAB, and HbcAg showed
no serologic indication of exposure to WMHBV.

A total of 80 serum samples representing 43 monkeys from 11 locations in the USA were tested for
infection with WMHBV by PCR, HbsAg, HbsAb, and/or HbcAb.  Of the 43 monkeys tested, 23
monkeys (53%) tested positive for infection with WMHBV.  The earliest positive serum sample was
collected November 3, 1987 from a monkey at Louisville Zoo that was one of several woolly
monkeys imported from Dumbartonshire, Scotland in July of 1985.  All 23 woolly monkeys testing
positive had either been held at the Louisville Zoo or were held at another zoo holding monkeys that
were once held at the Louisville Zoo.
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Abstract

Tuberculosis (TB) in non-human primates, caused by Mycobacterium tuberculosis or
Mycobacterium bovis, is a disease of great concern in zoos due to its capacity for insidious spread
to other collection animals, free-ranging animals in zoo grounds, and to human contacts. The
majority of TB infections are controlled by the host’s immune defences and remain latent, however
some such infections progress to active and contagious disease.  It is very important therefore, to
have a sensitive and specific diagnostic test to identify latent cases, so that further spread of disease
may be prevented by either treatment or culling of these individuals.4  Over the past decade, gamma
interferon (IFN-() enzyme immunoassays (EIA) have been developed for rapid in vitro diagnosis
of TB in several species, including humans and non-human primates. This paper reviews the relative
merits of these assays and other currently available TB diagnostic techniques. Details are presented
of the investigation of TB in a Western lowland gorilla at Melbourne Zoo, Australia, demonstrating
the application of these assays. 

The “gold standard” for TB diagnosis is isolation of the mycobacterial organism by culture.1,5  This
process, however, can take up to 8 wk, and in 10-20% of human TB cases the organism is not
successfully isolated.1  Furthermore, bacteria can only be cultured from cases of active disease, and
the test is therefore of no value in the diagnosis of latent TB.1 

The screening test for both latent and active TB used for many years in both humans and non-human
primates is the tuberculin skin test (TST).  Intradermal injection of tuberculin purified protein
derivative (PPD) will induce a cell-mediated immune (CMI) response in infected individuals,
producing induration at the injection site, measured at 72 hr.5  Although this test has been used
widely in humans for over a century, it is subject to considerable variation and other limitations.
Inconsistencies and errors in the administration of the PPD and in the reading of results may produce
either false negative or false positive results.  False negatives may also occur due to anergy in
immunocompromised individuals with a wide range of concurrent disease conditions.  False
positives may result from contact with environmental mycobacteria which share common antigens
with M. tuberculosis and M. bovis, or from prior vaccination with Bacille Calmette Guérin (BCG),
a strain of M. bovis which is also antigenically similar to the pathogenic organisms.1,3,4  It is expected
that these limitations also apply with use of the TST in non-human primates, including the effects
of BCG vaccination which has historically been used occasionally in non-human primates (Andreas
Knieriem, pers. comm.).  Furthermore, the efficacy of this test has not been established for the vast
majority of non-human primate species, and tuberculin testing practices vary widely between zoos,
including differences in the PPD preparation(s) used, antigen strength and injection site.5
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Comparative testing, involving the simultaneous administration of M. tuberculosis or M. bovis PPD
and Mycobacterium avium PPD at two different sites, is used commonly in non-human primates to
differentiate between TB and infection with environmental mycobacteria. However, interpretation
of the results of such tests in humans has shown considerable variability,1 and there have been no
evaluations of the reliability of the procedure in non-human primates.  The TST also has the
disadvantage that it must be read at 72 hr.  This introduces the issue of potential non-compliance in
human patients,4 and compromises the ability to accurately evaluate the result in non-human
primates because frequently the injection site is only observed and not palpated, as it is preferable
in most cases to avoid restraining animals again within such a short time period. 

Several alternate methods for indirect TB diagnosis have been developed.  Lymphocyte
transformation assays involve incubation of lymphocytes with mycobacterial antigens.  In animals
with mycobacterial infection, sensitised T-lymphocytes will undergo cell division in response to the
antigens, and the expansion of these cell  populations is measured using radiolabelling techniques.
This test has been evaluated in deer and found to have 95% sensitivity and 92% specificity,
however, its value in many species remains to be demonstrated.5  The major disadvantages of this
test are that strict protocols must be followed in the methods and timing of blood collection and
laboratory submission, and it is a labour intensive and lengthy (approximately 7d) laboratory
procedure (Jonathan Streeton, pers. comm.).  It is therefore not very practical or cost effective as a
routine screening test.

Enzyme immunoassays (EIA) that detect circulating anti-mycobacterial antibodies have been
developed for several animal species.  These assays appear to be useful in detecting active TB in
several species, but less effective in detecting latent infection.3,5  In cases of active TB, there is a
heavy bacterial load and concomitant high levels of circulating antibody resulting from the inability
of the immune system to control the infection.  However, because mycobacteria are intracellular
pathogens which replicate within host macrophages, host defenses are believed to be largely
dependent on T-lymphocytes, with antibodies being of only minor importance.3  It is likely,
therefore, that only low levels of antibodies are present in cases of latent disease.

The persistence of mycobacteria within macrophages is believed to be due to their ability to switch
off the normal process of phagocytosis.  The surrounding lymphocytes become cognizant of these
persistent bacteria and secrete cytokines, including IFN-(, in an effort to stimulate the colonized
macrophages.6  The CMI, measured by the TST, is dependent on the production of these cytokines
by the sensitized lymphocytes at the site of the tuberculin injection, in recognition of the
mycobacterial protein.3, 6  Based on this phenomenon, Wood et al. developed an in vitro assay for
measuring CMI responses.  The assay involves overnight incubation of small aliquots of whole
blood with tuberculin PPD antigens and mitogen (phytohemagglutinin) to stimulate sensitized
lymphocytes to produce IFN-(.  The blood is also cultured with a nil antigen.  The plasma
supernatant is then assayed for IFN-( using an EIA.2,3,7  The nil antigen control is used to detect
IFN-( in the circulation which, if present, may mask specific responses and make interpretation
difficult.  The mitogen antigen is used as a positive control to demonstrate that the blood contains
immunologically competent T cells capable of producing IFN-(.  Inadequate response to this control
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may indicate immunosuppression or blood sample deterioration, and the test would be considered
invalid.3  

This assay was first applied to TB diagnosis in cattle, using bovine and avian PPDs and an EIA
specific for bovine IFN-( (BOVIGAM™, CSL Animal Health, Parkville, Victoria 3052, Australia).
This test has been extensively trialled and found to have  88-100% sensitivity for culture-confirmed
bovine TB (compared with 72% for the skin test) and  94-100% specificity.  It has been approved
by the USDA, and is now used routinely in many countries for TB diagnosis in cattle, buffalo and
goats. It is also known to be effective in several exotic hoofstock species.8  The assay was
subsequently applied to the diagnosis of TB in humans, using human and avian PPDs and an EIA
specific for human IFN-( (QuantiFERON®–TB, Cellestis Ltd., St. Kilda, Victoria 3182,
Australia).3, 4  This test has been found to have 90% sensitivity and 98% specificity  in the diagnosis
of latent TB.6  It is now used as a diagnostic test in Australia and was approved by the US FDA in
late 2001.  Most recently, the assay has been modified for the diagnosis of TB in non-human
primates, using bovine and avian PPDs and an EIA specific for primate IFN-( (PRIMAGAM™,
CSL Animal Health, Parkville, Victoria 3052, Australia).2  It has been used successfully in gorillas,
chimpanzees, orangutans, gibbons, macaques, baboons, mandrills, guenons, vervets, langurs,
guerezas, squirrel monkeys, marmosets, tamarins, and lemurs (Stephen Jones, pers. comm.).  It is
currently used as a diagnostic test in Australia and, at the time of writing, has approval pending from
the USDA.

IFN-( assays have several advantages over the TST and other indirect diagnostic techniques for TB.
The tests require a single patient visit; they are not influenced by tester/observer error; they can be
completed in less than 24 hr; the procedure is routine and can be handled by any standard serology
laboratory performing EIA’s; they do not involve the introduction of foreign protein into an
individual and therefore may be repeated as frequently as required; they differentiate between TB
and exposure to environmental mycobacteria; and they include assessment of the patient’s current
immune status, permitting assessment of the validity of the test response.4, 6  The current
QuantiFERON®-TB and PRIMAGAM™ tests, however, do not differentiate between IFN-(
responses generated by TB infection and BCG vaccination, hence “false positives” may still occur
in BCG vaccinees.1  Recently, specific antigens, ESAT-6 and CFP-10, have been identified which
are present in the genome of M. tuberculosis and M bovis (and three species of atypical
mycobacteria rarely associated with disease), but not in BCG or the other non-tuberculosis
mycobacteria.  Inclusion of ESAT-6 and/or CFP-10 in IFN-( assays in the future will permit
differentiation of these responses.1

The following case investigation demonstrates the use of IFN-( assays in TB diagnosis. A 20-yr-old
female Western lowland gorilla at Melbourne Zoo was immobilized in January 2002 for
investigation of chronic intermittent lameness. Osteoarthritis was diagnosed and routine TB tests
performed, including a comparative TST and PRIMAGAM™ assay.  These tests both detected a
strong response to bovine PPD, indicating infection with M. bovis or M. tuberculosis (Table 1). 
This was a surprising result because there has been no known case of TB in any animals at the zoo
in the past 30 yr.  Quarantine of all new arrivals to the zoo, including TB testing of all primates, pre-
employment TB testing of all staff with animal contact, and regular surveillance of the TB status of
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individual primates have all been effective prophylactic measures against this disease entering the
collection.  TB is not reported in any native or feral animal species found in the zoo grounds, and
bovine TB has officially been eradicated from Australia.  Our gorilla group lives in a large open air
display, and visitors view the animals either through glass or at a minimum distance of 10 m.  TB
transmission from visitors, therefore, is not considered a possibility (Jonathan Streeton, pers.
comm.).

The gorilla was wild-caught as an infant in Gambia in 1982.  She was subsequently housed with
chimpanzees in a rehabilitation-release centre, then relocated to a European zoo in 1990.  A single
TST was performed on arrival there, with a negative result.  She was relocated to Melbourne in Dec
1997; a comparative TST was performed while she was immobilized for placement in the shipment
crate.  Seventy-two hours later, there was slight induration at the bovine PPD injection site.  She was
immobilized 3wk later for TB investigations including repeat TST, PRIMAGAM™ assay, thoracic
radiographs and specimen collection for acid fast smears and  mycobacterial culture.  On this
occasion, the TST and PRIMAGAM™ were both negative and the other diagnostic procedures did
not detect evidence of TB.  She was therefore released from quarantine.

Following the positive TST in Jan 2002, the animal was immobilized again for TB investigations,
including all procedures undertaken in January 1998, with the addition of gastric and colonic
endoscopy and biopsy, and PCR on specimens collected for culture.  While the PRIMAGAM™ was
positive, all other tests were negative for evidence of active disease.  Furthermore, it has no clinical
signs of active disease. A prophylactic course of isoniazid and rifampicin was implemented.

IFN-( assays proved very valuable in the investigation of this case:
1.  There was a possibility that the TST result in January 1998 was a false negative, either due to

errors in injection or reading techniques, or due to immunosuppression, possibly induced by the
significant stress of relocation.  These possibilities, however, were ruled out as the
PRIMAGAM™ result was also negative, and the strong mitogen response indicated
immunocompetence.  It was concluded from this result that the earlier TST response was
therefore likely to be a false positive, possible due to injection trauma or other trauma to the
eyelid induced during the relocation process.

2.  It was also possible that the TST result in January 2002 was a false positive, either due to
injection technique, exposure to environmental mycobacteria, or previous BCG vaccination.
The strong concurrence of the PRIMAGAM™ result with the TST ruled out the first two
possibilities.  The response to bovine PPD was significantly greater than that to avian PPD,
indicating infection with M. bovis or M. tuberculosis.  As it was plausible that the gorilla had
been given BCG in Gambia, ESAT-6 and CFP-10 were included in the IFN-( assay in February
2002.  These are experimental antigens, provided by the Statens Serum Institute, Denmark, and
Cellestis Ltd, Australia. Both produced strongly positive results which clearly ruled out the
possibility of a BCG reaction because these antigens are not present in the BCG genome. Only
the result for the ESAT-6 assay appears in Table 1 because there was insufficient blood  to
quantify the CFP-10 result.  These results confirmed that she is infected with M. bovis or M.
tuberculosis. There is no indirect diagnostic test that can differentiate between these two
organisms.
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3.  The source of the gorilla’s infection has not been identified, however PRIMAGAM™ results
from January 1998 are worth some attention.  The enzyme immunoassay optical density (OD)
Bovine PPD was > OD Avian PPD by 0.036, and OD Bovine PPD was > OD Nil antigen by
0.040.  While both differences are less than the test cut-off point of 0.05, they are greater than
those in all other adult gorillas tested (see Table 2), and these values may in fact be reflective
of recent infection with TB.  The protocol for screening humans following TB exposure is to
perform two TSTs 3 mo apart, because CMI does not develop immediately following infection,
and a case of early disease may be missed if the patient is only tested once.6  Australian
quarantine protocols required the animal to be held in post arrival isolation for 60 days, and a
single TST performed in that time.  The outcome of this case suggests that a longer post arrival
quarantine period is appropriate for imported primates, including two TSTs 3 mo apart.

4.  Subsequent to the diagnosis of TB in this animal, all other gorillas in the group and all personnel
who had worked closely with her or her wastes were tested for TB using both TST and IFN-(
tests.  Results of these tests are presented in Tables 2 and 3.   All gorillas were negative for TB
on both tests, but the IFN-( results of Male #3 and Female #4 included a mild response to avian
PPD which exceeded the bovine PPD response, indicating exposure to environmental
mycobacteria.  These are hand-reared infants which share an enclosure not accessed by other
group members.  The strong mitogen response reported for all gorillas ruled out the possibility
of false negatives due to anergy.  This is significant because all animals except Females #1 and
#3 were infected with Varicella Zoster Virus either at, or close to, the time of testing.  If TSTs
alone had been performed, immunosupression by concurrent disease would have been
considered a possibility.

5.  Nineteen staff members were tested, all of whom had been mantoux tested 1-4 yr earlier.  Three
people had significant conversions in their mantoux responses.  One other person (Veterinarian)
did not present for mantoux test reading but had a positive QuantiFERON®-TB result.  All four
had histories of BCG vaccination, but as they had shown no or negligible response to their
previous mantoux, these recent reactions caused some concern.  The IFN-( assays proved very
useful in the interpretation of these responses (see Table 3).  The QuantiFERON®-TB results
of Gorilla Keeper #1 showed a dominant response to avian PPD, indicating that her TST
conversion was due to exposure to environmental mycobacteria.  The IFN-( assays of the other
three were all positive for M. tuberculosis complex organisms, however their ESAT-6 and CFP-
10 assays were negative, clearly indicating that their responses were to BCG, and they are not
infected with M. bovis or M. tuberculosis.  If  IFN-( assays had not been available, Gorilla
Keepers #1 and #2 would have been diagnosed as having latent TB on the basis of existing
criteria (mantoux induration >15 mm in BCG vaccinees) and prescribed a 9-mo course of
isoniazid. All other tested staff members showed no recent mantoux conversions or significant
IFN-( results.

The use of IFN-( assays in this investigation has permitted us to conclude at this stage that there is
no evidence of disease spread from the infected gorilla. All contact gorillas and staff will be retested
3 mo after their first test. Meanwhile strict quarantine procedures are in place within the zoo.
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Table 1.  Results of TB skin testing and gamma interferon enzyme immunoassays in a female gorilla.  

Date Comparative Skin
Testing

PRIMAGAM™ Assaya 
(EIA ODs)b

ESAT-6c

pg/ml
Bovine 

PPD
Avian
PPD

Nil
Antigen

Bovine
PPD

Avian
PPD Mitogen Result

12.7.97 Weak +ve -ve - - - - - -
1.6.98 -ve -ve 0.026 0.066 0.030 1.473 -ve -
1.31.02 Strong +ve Weak +ve 0.043 0.591 0.103 3.233 +ve -
2.22.02 - - 0.051 0.938 0.182 4.300 +ve 83.5 (+ve)
aPRIMAGAM™ is a IFN-( assay for the detection of TB in non-human primates (CSL, Australia). Results are interpreted as positive for 
exposure to M.tuberculosis complex organisms if ALL of the following criteria are met:

OD Bovine PPD> OD Avian PPD by $ 0.05
OD Bovine PPD> OD Nil antigen by $ 0.05
OD Mitogen > 0.05.

bEnzyme Immunoassay Optical Densities.
cThis is an assay for IFN-( produced in response to the ESAT-6 antigen.  Results are interpreted as positive when greater than 10 pg/ml.
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Table 2.  Results of post exposure TB testing (February-April 2002) of other gorillas exposed to the female gorilla.

Animal
(age)

TB Test
History

Comparative
Skin Test

PRIMAGAM™ Assaya 
(EIA ODs)b

Thoracic
Radio-
graphs

Bovine
PPD

Avian
PPD

Nil
Antigen

Bovine
PPD

Avian
PPD Mitogen Result

Female #1
(44 yr)

Last tested
April 94: -ve. -ve -ve 0.048 0.045 0.059 0.873 -ve -

Female #2
(31 yr.)

Last tested 
Nov 99: -ve. -ve -ve 0.032 0.032 0.04 0.954 -ve NSFc

Female #3
(22 yr)

Last tested
April 00: -ve. -ve -ve 0.029 0.037 0.042 3.402 -ve NSF

Male #1
(19 yr)

Last tested 
July 00: -ve. -ve -ve 0.051 0.053 0.069 0.323 -ve -

Male #2
(2.5 yr)

No previous
testing -ve -ve 0.021 0.028 0.035 0.751 -ve NSF

Male #3
(2 yr)

No previous
testing -ve -ve 0.031 0.114 0.135 2.093 -ve NSF

Female #4
(2 yr)

No previous
testing -ve -ve 0.04 0.068 0.104 0.922 -ve NSF

aSee Table1, footnote a.
bEnyzme immunoassay optical densities.
cNo significant findings; no evidence of TB lesions.

Table 3.  Results of post expsoureTB testing (February-April 2002) of personnel exposed to the female gorilla.

Staff Member
BCGa

Vaccine
Status

Previous
Mantoux

Test 

Mantoux
Test QuantiFERON®-TB Assayb

ESAT-6,
CFP-10c

pg/ml

Thoracic
Radio-
graphs

Human
PPD

IU/ml

Avian
PPD

IU/ml

Mitogen
IU/ml % H/M % H-A   

H Result

Gorilla Keeper #1 Yes Oct 98
5mm 20mm 7.9 15.3 52.9 15 -94 -ve 5.6,  0

(-ve) NSFd

Gorilla Keeper #2 Yes Dec 98
0mm 20mm 45.9 39.7 111.3 41 14 +ve 2.1,  0

(-ve) Pending

Veterinarian Yes Feb 01
0mm Not read 9.9 4.4 13.1 76 56 +ve 0.4,  0.7

(-ve) Pending

Waste Disposal
Staff Member

Yes Sept 01
0mm 13mm 5.8 3.4 12.1 48 41 +ve 1.2,  0

(-ve) NSF

aBacille Calmette Guérin.
bQuantiFERON®-TB is an IFN-( assay for the detection of TB in humans (Cellestis, Australia).  Results are interpreted as positive for exposure
to M. tuberculosis complex organisms if ALL of the following criteria are met:

Human PPD > 1.5 IU/ml
Mitogen > 1.5 IU/ml
% H/M (% Human/Mitogen) > 15%
% H – A / H (% Human – Avian / Human)  > -10%.

cThese are assays for IFN-( produced in response to the ESAT-6 and CFP-10 antigens. Results for both assays are interpreted as positive when
greater than 10 pg/ml. 
dNo significant findings; no evidence of TB lesions.
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SPONTANEOUS Clostridium difficile-ASSOCIATED DIARRHEA IN LEMURS

Cathy V. Williams, DVM

Duke University Primate Center, 3705 Erwin Road, Durham, NC 27705 USA

Abstract

Clostridium difficile is a gram-positive, anaerobic bacterium that is increasingly recognized as a
serious pathogen in human and veterinary medicine.  Clinical disease occurs when pathogenic
strains of the organism colonize the intestinal tract, proliferate, and produce endotoxins, a process
facilitated by antibiotic exposure and disruption of the normal intestinal microflora.  In this report,
eight cases of suspected Clostridium difficile-associated diarrhea in lemurs are described.

Introduction

Diarrhea is a common cause of morbidity and mortality in many species of captive primates,
including lemurs.  In two surveys of disease of lemurs in captivity, loose or abnormal stool was the
most common cause for medical intervention.4,10  Reported infectious causes of enteritis in lemurs
include pathogenic enteric bacteria (Salmonella typhimurium, Yersinia enterocolitica,
Campylobacter fetus jejuni, enteropathic Escherichia coli, and Klebsiella pneumoniae) and
gastrointestinal parasitism.  Protozoal parasites, Giardia, Balantidium coli, Entamoeba, and
Trichomonas, are frequently associated with diarrhea in lemurs although heavy infections with
nematode parasites may be responsible as well.11  No viral enteric diseases have yet been
documented in lemurs.

Clostridium difficile is an anaerobic spore-forming gram-positive rod that is recognized as the cause
of enteritis in a wide variety of species.  It was first identified as the etiologic agent of
pseudomembranous colitis in humans in 1978.1  Clostridium difficile-associated diarrhea (CDAD)
is now considered to be the most common cause of antibiotic-associated colitis in people.  The
spectrum of animals reported to be susceptible to developing CDAD secondary to antibiotic therapy
include laboratory mammals, horses, swine, cats, penguins, ostriches, prairie dogs, marmosets, and
a Kodiak bear.2,6,7,13-17,20,21  C. difficile has also been implicated as causing spontaneous diarrhea not
associated with antibiotic therapy in Syrian hamsters, foals, and immunocompromised humans.8,9,18

In 1998 a Coquerel’s sifaka (Propithecus verreauxi coquereli) at the Duke University Primate
Center died following a protracted bout with diarrhea.  Stool collected the day prior to death was
positive for Clostridium difficile toxins A and B.  Since then, seven more cases of suspected CDAD
have occurred sporadically in lemurs at the Duke University Primate Center.  The purpose of this
report is to summarize these eight cases with the intent of gaining a better understanding of the
clinical symptoms and factors predisposing lemurs to developing CDAD.
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Methods

A retrospective survey of medical records from eight lemurs at the Duke University Primate Center
exhibiting clinical symptoms of diarrhea along with positive Clostridium difficile toxin tests of stool
were evaluated.  Information on species, age, sex, previous antibiotic therapy, laboratory test results,
and outcome of therapy were evaluated.

Routine CBC, serum chemistries, fecal Giardia (ELISA), Cryptosporidia (IFA), and C. perfringens
toxin assays were sent to a commercial veterinary diagnostic laboratory (Antech Diagnostics, 10
Executive Blvd., Farmingdale, NY).  Fecal examinations for parasites and ova by direct microscopic
exam and zinc sulfate flotation were performed in-house at the Duke University Primate Center and
assays for Clostridium difficile toxin A and B were performed at the Duke University Medical
Center Clinical Microbiology Laboratory using the C. difficile Tox A/B Test (TechLab, 1861 Pratt
Drive, Suite 1030, Blacksburg, VA). Viral titers to primate rotavirus, parvovirus, cytomegalovirus
(SA6), simian immunodeficiency virus, and simian retrovirus 1, 2, and 5 were performed on serum
by Esoterix Inc, (Infectious Disease Center, 7540 Louis Pasteur, San Antonio, Texas).

Results

Eight cases of diarrhea associated with positive tests for Clostridium difficile toxin A and B in stools
have been diagnosed in three species of lemurs at the Duke University Primate Center from June
1998 through February 2002.  Species affected included one Coquerel’s sifaka (Propithecus
verreauxi coquereli), one ring-tailed lemur (Lemur catta), and six black lemurs (two Eulemur
macaco macaco and four Eulemur macaco flavifrons).  Five of the eight lemurs received antibiotic
therapy for unrelated problems prior to developing diarrhea, two lemurs were housed with animals
that had developed CDAD secondary to antibiotics but had not received antibiotics themselves, and
one developed diarrhea while in quarantine and did not have exposure to antibiotics or other
antibiotic-treated animals.  A summary of affected animals and previous antibiotic exposure is
presented in Table 1.

The severity of the symptoms and character of the diarrhea varied among individuals and among
species.  The Coquerel’s sifaka had profuse, watery diarrhea accompanied by complete anorexia and
abdominal bloating while the ring-tailed lemur and the black lemurs had scant, mucoid, bloody
diarrhea accompanied by lesser degrees of anorexia, with or without vomiting.  Complete blood
counts and serum chemistries were performed on six and seven of the affected lemurs respectively.
Leukocytosis with neutrophilia was the most consistent finding present in all six animals tested.
Total white blood cell counts ranged from 13,200-18,800/ml and absolute neutrophil counts from
9,850-16,360/ml.  Monocytosis and lymphopenia were variably present.  Biochemical abnormalities
were consistent with fluid and electrolyte loss from the gastrointestinal tract and included increases
in BUN and creatinine present in four of seven animals, and electrolyte abnormalities:
hyperphosphatemia in five of seven, and hyponatremia and hypochloremia, each in three of seven
animals.  One animal each had hypoproteinemia, hypoalbuminemia, and hypoglobulinemia.
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In all eight cases, testing for other known causes of diarrhea in lemurs was negative.  Strongyloides
spp. were found on fecal flotation exams from two animals but treatment did not resolve the
diarrhea, prompting the search for an alternate cause for the diarrhea in these animals.  In addition
to direct microscopic examination of feces for protozoal parasites, Giardia and Cryptosporidia were
further ruled out by parasite-specific ELISA and IFA assays respectively (see Table 2).  Assays for
Clostridium perfringens toxin in stool was negative in the six animals tested.  Despite a scarcity of
information on viral causes of diarrhea in lemurs, serum viral titers to rotavirus, parvovirus,
cytomegalovirus (SA6), simian immunodeficiency virus, and simian retrovirus 1, 2, and 5 were run
on three of the eight animals and were negative in all cases.  Stool from the Coquerel’s sifaka was
also negative for viral particles when examined by electron microscopy.  In each of the eight cases,
feces were positive for C. difficile toxins A and B by ELISA.  Because fecal toxin detection is
considered diagnostic for Clostridium difficile-associated diarrhea in other species, a tentative
diagnosis of CDAD was made in each case.

Seven of the eight affected animals were treated with metronidazole at 50 mg/kg orally either q 24
hr or divided b.i.d.  Clinical symptoms resolved completely in all seven animals further supporting
the diagnosis of Clostridium difficile-associated diarrhea.  In the Coquerel’s sifaka, the first animal
diagnosed with CDAD, the diagnosis was not made until late in the course of the illness and the
animal died 8 hr after the onset of therapy with metronidazole.

Discussion

Clostridium difficile has been isolated from a variety of sources, including marine sediment, soil and
sand, and feces of clinically normal humans, mammals, and birds.3,19  While the vegetative state is
strictly anaerobic, the spore form can survive in aerobic environments for many months, increasing
the likelihood of environmental contamination in areas where asymptomatic carriers reside.5  C.
difficile is believed to cause disease after colonization of the gastrointestinal tract with toxigenic
strains, proliferation of the organism, and the production of toxins.  Anaerobic gut bacteria may
confer resistance to colonization with C. difficile and circumstances that alter the normal
gastrointestinal tract microflora such as antibiotics may facilitate colonization.  C. difficile produces
two potent lethal toxins, an enterotoxin (toxin A) and a cytotoxin (toxin B).12   The two toxins are
believed to act synergistically to induce characteristic signs of disease.  Not all strains of C. difficile
possess the genes that encode for toxin production, and such strains are not considered to be
clinically relevant.

Previous antibiotic therapy predisposes a variety of mammals to CDAD and this appears to be the
case in lemurs evaluated in this report.  Five (62%) of the lemurs described had antibiotic exposure
prior to developing diarrhea.  However, lemurs appear capable of developing CDAD in the absence
of antibiotic therapy as well.  Of the three lemurs not receiving antibiotics themselves, two were
housed with animals that developed CDAD following antibiotic therapy.  It is possible that heavy
spore contamination of the housing environment was sufficient to cause the development of CDAD
in these two animals.  Heavy environmental contamination is unlikely to have caused disease in the
third animal that developed CDAD while in quarantine, but stress associated with a new
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environment and/or a change of diet may have contributed to the development of disease in this
animal.

In humans, any antibiotic can cause CDAD but ampicillin, cephalosporins, and clindamycin are
most often associated with the development of infection.5 Lemurs that developed CDAD at the Duke
Primate Center following antibiotic exposure followed the same trend.  One was treated with
ceftazidime, a third generation cephalosporin, and the rest were treated with amoxicillin or
amoxicillin-clavulinic acid, one in combination with enrofloxacin.  Similar to humans, the increased
incidence of CDAD associated with the use of these antibiotics may reflect their frequent use in
clinical settings rather than an inherent increased risk associated with the use of these drugs.

It is interesting that six of the eight lemurs (75%) affected with suspected CDAD were black lemurs.
Whether black lemurs have an inherent increased sensitivity to the disease cannot be determined at
this time.  Possible alternate explanations include an increased frequency of antibiotic use in black
lemurs at the Duke Primate Center relative to other species or the presence of stressors associated
with the captive environment altering their resistance to C. difficile.

In summary, lemurs appear susceptible to developing spontaneous Clostridium difficile-associated
diarrhea in captivity.  Previous antibiotic therapy as well as proximity to other animals with the
disease increases the likelihood of lemurs developing CDAD, but lemurs can develop the disease
in the absence of these two factors.  Diagnosis requires a high index of suspicion and depends on
the clinical history, symptoms, and the demonstration of Clostridium difficile toxins A and B in the
stool of affected animals.  Treatment with metronidazole at 50 mg/kg divided b.i.d. is effective if
started early in the course of the disease.
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Table 1.  Summary of species, age, sex, and previous antibiotic therapy of lemurs with suspected
Clostridium difficile-associated diarrhea.
Species Age Sex Previous Antibiotic Therapy
Coquerel’s sifaka 16 mo F Ceftazidime
Ring-tailed lemur   6 yr M Enrofloxacin and

Amoxicillin-clavulinic acid
Black lemur 1   7 yr F Amoxicillin-clavulinic acid
Black lemur 2 16 yr F None
Blue-eyed black lemur 1 11 yr F Amoxicillin
Blue-eyed black lemur 2 11 yr M Amoxicillin
Blue-eyed black lemur 3   8 yr M None
Blue-eyed black lemur 4   9 yr M None
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Table 2.  Summary of results of fecal stool cultures, parasite examinations, clostridial toxin assays,
and serum viral titers in lemurs with suspected Clostridium difficile-associated diarrhea.a

Species Stool
Cultureb

Fecal
Exam Giardiac Crypto-

sporidiad
Clostridium
perfringens

Clostridium
difficile

Viral
Titerse

Coquerel’s sifaka - - - - - 0 -
Ring-tailed lemur      - +f np np - 0 np
Black lemur 1 - - - - - 0 -
Black lemur 2 - - - - - 0 -
Blue-eyed black lemur 1 - +g - - np 0 np
Blue-eyed black lemur 2 - - - np - 0 np
Blue-eyed black lemur 3 - np np np np 0 np
Blue-eyed black lemur 4 - - - - - 0 np
aKey:  (-)=negative, (+)=positive, np=not performed.
bStools were cultured for Salmonella, Shigella, Yersinia, and Campylobacter. 
cFeces were assayed for  Giardia antigens by ELISA.
dFeces were assayed for Cryptosporidia by IFA.
eSerum titers were run for rotavirus, parvovirus, simian immunodeficiency virus (SIV), 
and simian retrovirus  (SRV) 1, 2 and 5.
fFecal floatation positive for Strongyloides spp., quantity too numerous to count.
gFecal floatation positive for Strongyloides spp., quantity one ova. 
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Abstract

Bonobos (Pan paniscus) are highly intelligent, endangered apes whose natural home range is limited
to the lowland rain forest south of the Congo river. In 2001, the International Studbook for bonobos
listed the world population of captive bonobos as 141 animals held at 17 institutions, with 16
animals residing at the Milwaukee County Zoo.  Bonobos have a low fecundity rate, with singleton
births occurring at an average interbirth interval of 4 yr.3 Between January  1990 and March 2000,
over 30% of captive bonobo mortalities reported to the International Studbook occurred in perinatal
animals.  Of these deaths, 69% were due to abortion, stillbirth or congenital defect. In bonobos over
1 yr of age, 46% of mortalities were associated with cardiovascular disease.  Cardiovascular disease
decreases the reproductive success of the captive population by affecting middle-aged animals, often
of prime breeding age, with deaths reported in animals 11-29 yr of age (Clyde, 2000 Veterinary
Advisor Report to the Bonobo Species Survival Plan).

Ultrasonography is a valuable tool for detecting fetal abnormalities, monitoring gestation, screening
animals for cardiovascular disease, and assessing clinical progression and treatment effectiveness
in affected animals.  The operant conditioning program for bonobos initiated at the Milwaukee
County Zoo in 1993 has allowed repeated cardiac and reproductive ultrasonographic evaluations of
awake bonobos in order to document baseline data for individual animals, and to develop reference
parameters for the species.  Measurements from a single gestation have been published previously.4

Ultrasound examinations are performed with bonobos stationed in an overhead transfer chute made
of 5 × 5 cm metal mesh.  The chute connects two play areas and the animals frequently relax in this
chute.  To facilitate examinations, animals are positioned overhead in sternal recumbency with arms
extended over their head for operator safety.  For cardiac evaluations, animals with barrel-shaped
chests are trained to twist onto their left hip in order the lower the left chest wall closer to the mesh.
A 10 × 10 cm sliding door was designed to allow better access with the ultrasound probe, but most
measurements are taken with the probe inserted through the mesh.

Ultrasound examinations are performed by registered ultrasonographers, and later evaluated by a
consulting board certified medical cardiologist, radiologist, or obstetrician.  Echocardiograms have
been collected using either a Phillips SD 800 or Phillips 2000 ultrasound machine and a phased array
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2.5 MHz probe.  A complete cardiac study utilizes two-dimensional (2D) images to assess the
anatomic relationship and motion of the heart structures, M-mode unidimensional images for cardiac
measurements, Doppler analysis to assess blood flow through the heart, and echophonocardiography
for the evaluation of heart sounds and murmurs.  Cardiac parameters for three adult male and three
adult female clinically healthy bonobos are presented in Table 1.  

Gestational ultrasounds are performed with the same machines and probe. A complete gestational
study includes detection and measurement of the fetal heart rate to verify viability, measurement and
identification of fetal structures to evaluate fetal growth and to check for possible fetal defects,
assessment of fetal presentation and position, description of placental location and quality, and
evaluation of amniotic fluid volume.  Ultrasound parameters collected during a single nonpathologic
gestation for each of three different female bonobos are presented in Table 2.

Transthoracic echocardiography and transabdominal gestational ultrasonography are effective tools
for noninvasive assessment of cardiac and fetal health in the bonobo.  The ability to obtain these
measurements without anesthesia should allow for more frequent evaluations in this endangered
species. The anatomic structure and function of the bonobo heart, placenta and fetus are very similar
to humans, affording ease of interpretation for consulting medical specialists.  Echocardiographic
parameters measured in mature bonobos appear similar to values reported for adult humans,1 even
though bonobos weigh considerably less.  However, fetal parameters and fetal growth rate in
bonobos are different from published human reference ranges.2  Established calculations for human
fetal age appear to overestimate the age of the second trimester bonobo fetus, while underestimating
bonobo fetal age in the third trimester.  Continued effort is needed from all institutions holding
bonobos to collect cardiac and gestational ultrasound measurements to develop improved reference
ranges in this highly endangered ape.
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Table 1.  Echocardographic parameters collected from three adult male and three adult female
clinically normal, non-anesthetized bonobos (Pan paniscus) using operant conditioning.
Gender M M M F F F
Age (yr) 28 16 10 33 28 8
Aortic cusp separation (cm) 1.4 2 1.5 1.6 1.3 1.9
Aortic root dimension (cm) 2.7 3.1 2.4 2.5 2.2 2.8
Left atrium (cm) 2.6 3.5 2.7 3.2 2.6 2.6
Right ventricle (cm) 1.4 1.6 1.8 1.4 1.2 1.8
Interventricular septum (cm) 1 1.1 1.1 1.1 1.1 1
Left ventricle in diastole (cm) 4.8 4.6 4.6 3.1 3.4 4.7
Left ventricle in systole (cm) 3.3 3.5 3.1 2 NM 3.5
Left ventricular posterior wall in diastole (cm) 1.2 0.8 1 1.1 1.1 1.1
Left ventricular posterior wall in systole (cm) 1.4 NM 1.4 1.1 NM 1.4
Fractional shortening (%) 30 23 32 36 NM 26
Ejection fraction (%) 66 54 70 73 72 60
Mitral valve(cm) 0.8 0.9 1 0.6 0.7 1
Aortic valve (cm) 1.5 1.5 1.6 1.4 1.6 1.5
Tricuspid valve (cm) 0.5 0.6 0.8 0.4 0.8 0.5
Pulmonic valve (cm) NM NM NM 1 NM NM
NM=not measured.
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Table 2.  Ultrasonographic parameters collected from three adult female, pregnant, non-anesthetized
bonobos (Pan paniscus) using operant conditioning.  

BIPARIETAL DIAMETER (cm) HEAD CIRCUMFERENCE (cm)

30 ma 28 mb 9 pc 30 m 28 m 9 p
DDP d

145 2.9 10.1
117 3.8 13.8
108 4.0 15.9
87 5.1 17.8
66 5.4 19.6
45 5.9 21.1
42 5.3 19.1
30 6.8 22.9
21 5.8 21.1
17 6.5 23.2
7 6.2 23.3
5 6.8 23.7
3 7.2 24.8
2 7.3 25.6

ABDOMINAL CIRCUMFERENCE  (cm)  FEMUR LENGTH (cm)

30 m 28 m 9 p 30 m 28 m 9 p
DPP
145 9.9 1.7
117 15.1 2.8
108 14.7 3.1
87 16.8 4.2
66 21.2 4.7
45 23.6 5.4
42 16.1 4.1
30 26.0 5.9
21 20.7 4.7
17 23.7 NMe

7 21.4 5.3
5 25.1 5.9
3 26.1 NM
2 23.3 6.1
a30-yr-old multigravida
b28-yr-old multigravida
c9-yr-old primigravida
dDPP = days prior to parturition
eNM=not measured
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Abstract

Chronic air sacculitis has been documented as a prevalent problem in both free-ranging and captive
great apes and monkeys.1-6,8  Air sacculitis is especially problematic in the orangutan (Pongo
pygmaeus) and can lead to pneumonia which is often fatal.9  Conventional medical treatment for air
sacculitis includes antibiotics, nebulization, and supportive care.3,4,7,8  More invasive measures
include surgical closure of ostia to prevent the spread of pneumonia  and/or air sac marsupialization
to allow continual drainage.2,6-8  In cases where these treatments fail, resection of the air sac can be
an alternative method of treating air sacculitis. 

In the past, complete resection of the laryngeal air sac has been successfully performed in baboons
(Papio anubis) without apparent clinical recurrence of infection.3,5  More recently, air sac resection
has been performed in the following great apes: 

Case 1 

An 11-yr-old Sumatran male orangutan (Pongo pygmaeus abelii) housed at the Gladys Porter Zoo
had recurrent air sacculitis.  Prophylactic closure of the ostia had been performed at 5 yr of age.
Although the air sac was not distended, Pasteurella multocida was cultured from it at this time.  At
approximately 10 yr of age, the animal developed distension of its laryngeal air sac and began
having recurrent air sacculitis.  Several attempts at marsupialization were unsuccessful and resulted
in closure and refilling of the air sacs.  Complete resection of the air sac was elected.  Access to the
air sac was through a horizontal incision across the neck.  The air sac was completely reflected from
the underlying epithelium.  The use of electro cautery minimized bleeding and allowed the air sac
to be easily removed in its entirety.  During removal, the previously placed ostia closure sutures
remained intact. The ostia were resected closer to the trachea and surgically closed.  An attempt to
minimize the large amount of dead space was made by tacking the skin to the underlying tissues.
The incision was closed with an intradermal pattern using 2-0 absorbable suture.  Surgical healing
was successful, with moderate swelling in the first post-operative week and no evidence of an air
sac or dead space within the first month.  To date, there is no evidence of recurrence or surgical
complications. 
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Case 2 

A 31-yr-old female Sumatran orangutan (Pongo pygmaeus abelii)  from the National Zoological
Park had recurrent air sacculitis.  Repeated marsupialization of the laryngeal air sac was
unsuccessful and a previously closed right ostia reopened.  Air sac resection was performed leaving
a small amount of air sac to marsupialize around the open right ostia.  The marsupialized air sac was
later completely resected due to reinfection.  Once the air sac was completely removed and the
surgical site healed, no further complications from air sacculitis recurred.  This animal was later
euthanatized due to complications associated with gastrointestinal adenocarcinoma.  At necropsy
the resection site looked excellent with no evidence of residual infection. 

Case 3 

A 12-yr-old male bonobo (Pan paniscus) had a history of intermittent soft tissue swellings at the
thoracic inlet that did not fully resolve with short-term courses of antibiotics.  Upon presentation at
the Columbus Zoo, the infected air sac was again treated with oral antibiotics but began to slough
revealing a large, semi-fluid air sac abscess.  Surgical resection of the infected air sac was
performed, ligating the air sac at its connections with the larynx.  Lateral extensions of the sac were
dissected into the axillary regions where they could not be traced further.  These were ligated at the
most distal region identified.  The area was copiously flushed with saline and the incision closed.
The incision later dehisced and healed by secondary intention. Recovery from the surgery was
uncomplicated and no change in vocalizations were noted.  Follow up for the next 10 yr did not
show any recurrence of abscesses in this region.  

Discussion

Air sac resection is an uncomplicated and successful treatment modality for chronic air sacculitis
in great apes and should be considered in cases of recurrence and/or chronicity. Surgical removal
of the air sac provides a viable therapy for a chronic infection and prevention of the spread of the
infection to the lower respiratory tract. It also alleviates the often unsightly drainage from
marsupialization sites, therefore improving public viewing while on exhibit. To date, no untoward
effects have been noted from air sac resection.  However, long term sequelae may not yet be known,
especially in the young male orangutan as it reaches sexual maturity. 
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Abstract

Oral administration of various anesthetics to primates has historically used pineapple juice, maple
syrup, peanut butter, marshmallows, or honey.3,6  While these were good formulations for the species
studied, these animals often remember they were drugged because the carrier was only given when
the veterinarian was around.  Recently, carfentanil was administered to chimpanzees (Pan
troglodytes) transmucosally/orally by syringing a carfentanil solution onto the oral mucosa of the
animals.3  This was deemed a successful method of anesthesia by the authors (5/5 chimps reached
at least stage 4 of anesthesia).  

Transmucosal fentanyl is approved for use in the United States as a preanesthetic agent in adults and
children and for use by adults for break-through cancer pain.  Using this formulation in primates that
have been trained to accept and suck on placebo candy, fentanyl was absorbed transmucosally
similarly to the pharmacokinetic profile in humans.  When the fentanyl was chewed and swallowed,
there was still a sedative effect.  This study provides an alternative sedative regimen for nonhuman
primate restraint and also yielded terminal phase pharmacokinetic data of transmucosal fentanyl in
three species of great apes.  Eight orangutans (Pongo pygmaeus), 10 chimpanzees, and 4 gorillas
(Gorilla gorilla) housed at local zoological collections were used in this study.  The animals have
been trained to accept and slowly suck on a piece of placebo candy, given as a treat, following an
overnight fast.  On the day of the study the animals were  given a compressed powder formulation
of fentanyl (Actiq®, Anesta Corporation, Salt Lake City, Utah).  The animals received transmucosal
administration(s) of fentanyl at an intended dose of 15 - 20 :g/kg based on estimated body weight.
Following fentanyl sedation, the animals were induced using an appropriate combination of
Telazol® and medetomidine, Telazol®, or ketamine and midazolam administered via projectile dart.
The pharmacokinetic/pharmacodynamic data obtained in these primate species were compared to
the published data in rhesus monkeys (Macaca mulatta)7 and humans.1,2,4,5  
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ENVENOMATION OF SMALL PRIMATES BY BARK SCORPIONS (Centruroides
sculpturatus):  SYMPTOMS AND TREATMENT

Kathy Orr, DVM

The Phoenix Zoo, 455 N. Galvin Parkway, Phoenix, AZ 85008 USA

Abstract

The Phoenix Zoo is located in a large natural desert city park within the natural range of the bark
scorpion Centruroides sculpturatus.  Because we built our zoo within this range, we have
unavoidable encounters between our zoo animals and bark scorpions.

Bark scorpions are small scorpions (13-75 mm) but produce a potent neurotoxic venom that can be
life threatening, especially in small animals.  Centruroides sculpturatus is the only scorpion species
in the continental United States that is dangerous to humans.  The toxin is produced in paired venom
glands located in the last tail segment which is called a telson.  The telson also has a stinger to
inoculate the venom into prey or enemies.

Bark scorpion venom is a complex mixture of mostly basic proteins of low molecular weight. These
proteins are neurotoxins that act by affecting the sodium channel function of neurons in a way that
causes or enhances repetitive firing.  The venom contains no enzymes that cause tissue destruction,
so there is usually no inflammation at the site of the sting. 

Most clinical signs in humans and small primates are the result of repetitive firing of neurons in
various organs.  Humans report a painful tingling or burning sensation at the site of the sting.
Hyperesthesia, paresthesia, muscle twitching or fasciculation, excessive salivation, trouble
swallowing, roving or rotary eye movements, vomiting, and loss of control of pharyngeal muscles
with resulting asphyxiation are the signs common in non-human primates and humans.  Other
symptoms that have been reported by humans which can not be observed in animals include blurred
vision, slurred speech, numbness and pain at the site of sting.

In the 6 yr from 1995 to 2000 there were 14 cases of scorpion sting in squirrel monkeys and
tamarins at The Phoenix Zoo that were serious enough to require treatment with goat serum
antivenom (Table 1).  These small primates are insectivorous and are usually stung when catching
the scorpions to eat them.  We rarely identify the site of the sting and rarely find the scorpion, but
the symptoms have become so familiar as to be pathognomonic.

The goat serum antivenom has been produced since 1965 and has, until recently, been produced by
the Antivenom Production Laboratory at ASU in Tempe, AZ under the direction of Dr. William
Northey.  The antivenom was never available commercially, but was supplied at no cost as an
investigational drug to human hospitals and some veterinarians in Arizona and adjacent areas within
the range of bark scorpions.  We have seen no allergic reactions in our animals in spite of
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administering antivenom twice to four animals and three times to one animal.  Production has
stopped since retirement of technician Marilynn Bloom who produced the last batch of antivenom
in April 2001. 

One vial of antivenom is usually given intravenously to any animal exhibiting life threatening
symptoms.  Relief of symptoms occurs rapidly with return to normal function in 1-2 hr.  Often the
animals appear exhausted and have to be hospitalized for 1-2 days for supportive care.  Animals
stung before antivenom was available took 4-5 days to recover with intensive supportive therapy
and some died.  Animals that are ataxic or salivating, but can still stand and move about, are not
given antivenom and generally recover in 1-2 days.

The most common laboratory findings are hypoglycemia and extremely high CPK from muscular
hyperactivity.  Animals may be hypothermic or hyperthermic, depending on the weather and how
soon after a sting they are found.

Scorpions are nocturnal and are not easily killed or controlled with “normal” pesticide treatments.
They usually hide in dark moist areas during the day.  They are fairly long lived, unlike many
arthropods; so removal of each individual adult significantly reduces the population.  The three main
methods of control used at the zoo are chickens and quail in high risk exhibits to eat the scorpions,
elimination of scorpion hiding places where possible, and nocturnal scorpion hunts by keepers using
black lights (the scorpions fluoresce) and long forceps.  The night’s catch used to be sent to the
Antivenom Production Lab for antivenom production. 

 Climatic conditions seem to influence scorpion populations. There are more some years than others.
In 1995 (a bad year) 32 bark scorpions were removed from an area of the zoo 1 wk before a Goeldi’s
monkey who lived in that area was stung.  Six of our 14 cases occurred in 1995.  Five cases occurred
in 1999.  There were only two cases in 1997, one in 2000, and none in 1996, 1998, and 2001.  Bark
scorpions are active seasonally, with most stings occurring in warm weather.  Only two of our
serious stings occurred during winter months

Neurotoxicity from bark scorpion envenomation in our small primates has been a nontraditional but
challenging problem to control and to treat.  Fortunately we have had a life-saving source of
antivenom available to us from Arizona State University.  We hope someone else will take on the
task of producing  bark scorpion antivenom again for the future before our stockpile is used up.
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Table 1. Scorpion sting cases requiring antivenom at the Phoenix Zoo from 1995-2000.  
Date Sex Species AD# Antivenom

Dose
Weight

3/22/95 Male Goeldi’s monkey 5134 1 vial 572 g
5/16/95 Male Goeldi’s monkey 6704 ¾ vial 461 g
6/12/95 Female Golden lion tamarin 7452 ½ vial 454 g
8/25/95 Female Red backed squirrel monkey 6242 ¾ vial 621 g
8/27/95 Male Red backed squirrel monkey 6241 2 vials 794 g
9/6/95 Male Goeldi’s monkey 5134a  1 vial i.v. 572 g
1/26/97 Female Golden headed lion tamarin 7864 4/10 vial i.m.

6/10 vial i.v.
717 g

7/22/97 Male Goeldi’s monkey 5134a  1 vial 681 g
5/20/99 Female Golden headed lion tamarin 8813a  1 vial 716.5 g
6/12/99 Male Red backed squirrel monkey 6083 1 vial 967 g
6/15/99 Female Golden headed lion tamarin 8813a  1 vial 689 g
6/26/99 Male Goeldi’s monkey 6704a  1 vial 410 g
7/7/99 Male Red backed squirrel monkey 6083a  1 vial 971 g
2/22/00 Male Golden lion tamarin 8479 1 vial 665 g
aSecond or third dose of antivenom.
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USE OF PIROXICAM FOR TREATMENT OF BASOSQUAMOUS CELL CARCINOMA
OF THE NASAL PLANUM IN A COMMON SQUIRREL MONKEY (Saimiri sciureus)

John M. Sykes, DVM,1* Karen S. Kearns, DVM, Dipl ACZM,1,2 and Kenneth M. Rassnick, DVM, Dipl
ACVIM- Oncology1

1Department of Clinical Sciences, College of Veterinary Medicine, Cornell University, Ithaca, NY 14850
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Abstract

A 0.5-kg female adult common squirrel monkey, Saimiri sciureus, of unknown age was evaluated
for a 7-mo history of a nonhealing lesion and discharge around both nares.  Upon examination, a 10-
mm diameter area of crusted proliferative tissue was noted over the nares.  The left nostril was
stenotic.  Histopathologic examination of an incisional biopsy of the tissue was consistent with a
basosquamous cell carcinoma.  No evidence of metastatic lesions was found on physical
examination or full body radiographs.  Computed tomography revealed a soft tissue mass arising
on the rostrum. The mass extended 3mm deep to the surface and the underlying nasal cavity and
bone were normal. 

Treatment with oral piroxicam (Feldene®, Pfizer) at a dosage of 0.3 mg/kg was initiated.  Piroxicam
was given every other day for the first 7 days and then daily.  To facilitate oral dosing, piroxicam
was suspended in sterile saline to yield a concentration of 0.25 mg/ml. 

Tumor size was measured at 2, 4, 8, and 12 wk after beginning treatment.  After 4 wk of treatment
with piroxicam, there was a 10% reduction in tumor area, overall thickness was reduced, and the
tissue appeared less inflamed and drier.  The monkey appeared significantly more comfortable, spent
less time rubbing its face, and its social activity was increased.  However, by week 8 tumor size
progressed and by week 12 the animal's quality of life had deteriorated.  The monkey was
euthanatized.  Necropsy findings did not reveal any lesions suggestive of treatment toxicity. 

Piroxicam is a class I nonsteroidal anti-inflammatory drug (NSAID) originally approved to treat
arthritis in humans.5  In addition to its anti-inflammatory effects, numerous experimental and clinical
trials have proved piroxicam to be effective in treating carcinomas in animals and humans.2-4  The
mechanism of action that defines NSAIDs as a class is their ability to inhibit cyclooxygenase
(COX), the enzyme that metabolizes arachidonic acid into prostaglandins.  Two distinct isoforms,
designated COX-1 and COX-2, have been recognized.  COX-2 is the isoezyme involved in the
progression of some neoplasias.  The proposed mechanisms of action against tumors include
modulation of inflammation and immunosuppression, increased apoptosis, anti-angiogenesis and
decreased tumor cell invasiveness.1,6 

Treatment in this case was considered successful in that there was qualitative improvement in
appearance of the tumor and improved attitude and comfort of the monkey.  A major benefit of
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piroxicam was the ability to treat the animal within its normal social setting.  The monkey was easily
medicated each day without disruption of its daily activities and without removal from the group.
T his is in contrast to other potential treatment options available to treat invasive neoplasms of the
nasal planum, such as radiation therapy, which would have required removal for extended periods
of time.  As an important goal in this case was to maintain quality of life, the authors feel that the
use of piroxicam, when compared to other treatment options, provided a better quality of life, even
if for a shorter period of time.
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AGRI-BIOTERRORISM IN DOMESTIC AND NON-DOMESTIC ANIMALS

Christopher W. Olsen, DVM, PhD

Department of Pathobiological Sciences, School of Veterinary Medicine, University of Wisconsin,
Madison, WI 53706 USA

Abstract

The intentional dispersal of Bacillus anthracis spores in 2001 brought bioterrorism to the forefront
of the American psyche and raised significant concerns among the general public for the risks of
biologic attacks directed at our human population.  As veterinarians, we recognize that bioterrorism
can also be aimed at animal populations (agri-bioterrorism), be they domestic, free-ranging or
exotic.  

The intent of an agri-bioterrorist remains fundamentally to impact our human population.  In the
case of domestic animals, the specific objectives might be to decrease the overall food supply of a
nation, to create skepticism in the safety of the food supply and thereby incite anger at the
government, to disrupt international trade and national or multinational economies, or to indirectly
cause human illness and death by employing zoonotic infectious agents.  Despite the surveillance
and control procedures in place in the United States, we remain a country that is vulnerable to an
agri-bioterrorist attack, and the implications of such an attack could be staggering whether measured
financially or in numbers of livestock lost.

Infection of free-ranging or exotic species via a bioterrorist attack has received much less attention
than that directed toward domestic livestock.  Infections in non-domestic animals could potentially
result from either intentional targeting of these species or via spillover from a domestic animal
epizootic.  The objectives of targeting non-domestic species may be somewhat different from those
of livestock, but the impact could still be very substantial: death of endangered species, loss of
genetic/reproductive diversity and the emotional impact of animal illness and death on zoo patrons.

A wide variety of pathogens have been considered as potential agri-bioterrorism agents.  The CIA
has highlighted 15 animal pathogens of greatest concern: African and classic swine fever viruses,
avian influenza and Newcastle disease viruses, bluetongue virus, foot and mouth disease virus,
goatpox and sheeppox viruses, pseudorabies virus, lyssaviruses, rinderpest and peste des petits
ruminants viruses, porcine enteroviruses and vesicular stomatitis virus.  To this list we should
probably add Bacillus anthracis (anthrax) and Burkholderia mallei (glanders).  As is evident from
this list, agri-bioterrorism can involve infectious agents that are specific for one animal species or
for many species, agents associated with low to high case fatality rates, agents that require or do not
require a vector for transmission, and agents that are or are not infectious for human beings as well
as animals.  After presenting the basic concepts of agri-bioterrorism, this seminar will review the
clinical presentations in both domestic and exotic animal species of several of these agents.
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DISEASE TRENDS IN CENTRAL AFRICA: THE IMPLICATIONS ON GREAT APE
HEALTH AND WILDLIFE CONSERVATION

Annelisa Kilbourn, DVM,1,2* Jean-Marc Froment, Dipl Zoologie,4 Pierre Rouquet, Doc.Vet.,3 Eric Leroy,
Doc.Vet.,3 and William Karesh, DVM1

1Field Veterinary Program, Wildlife Conservation Society, 2300 So. Blvd, Bronx, NY 10460 USA;
2SOSRhino, 680 N. Lakeshore Dr., suite 807, Chicago, IL 60611 USA; 3Centre International de Rechérche
Médical, Franceville, BP 769 Gabon; 4ECOFAC- Park National de Odzala- Congo, Cellule de
coordination, BP 15115, Libreville, Gabon

Abstract

Diseases can significantly affect wild primate conservation efforts and humans sharing the same
habitat. Working with alliances between wildlife conservation non-governmental and national
government organizations is key when developing a program aimed at protecting free-ranging
lowland gorilla populations from the risk of emerging or introduced diseases. Such a
multidisciplinary program was initiated in 1999 by the Wildlife Conservation Society (WCS) Field
Veterinary Program, linking the Centre International de Recherche Medical Franceville (CIRMF),
 artement des Eaux et For s and local medical facilities with ECOFAC, World Wildlife Fund
(WWF), EDG, and SOSRhino. Monitoring teams put in place in the region are conducting health
assessments of great apes by evaluating general morbidity and mortality indicators including the
presence of multiple parasitic, bacterial and viral pathogens. Furthermore when combining
standardized visual observations and biologic sample collection with GIS and digital images, spatial,
temporal and demographic trends in medical conditions, such as  aws or hind limb paralysis, can be
evaluated. In addition to these assessments, quarterly human health evaluations, conducted by the
local health care professionals, were initiated to assess risk factors. These efforts received increased
attention in light of the recent Ebola outbreak in eastern Gabon and Western Congo. Human health
organizations efforts, such the World Health Organization, the  edicines Sans Frontier  the Center
for Disease Control and Prevention, the  ant Militaire and the National  inist es de Sant , therefore
all became linked. Recognition of the risks of zoonotic diseases was brought further into focus when
reports of increased wildlife mortalities and human disease were occurring side by side during this
current epidemic. Having local qualified teams in place for the gorilla health program permitted the
rapid response and investigation of the atypical wildlife mortalities reported. The wildlife
mortalities, which included more than 33 gorillas (Gorilla gorilla) and a dozen chimpanzees (Pan
troglodytes), concentrated around a couple of villages in Gabon near the Congolese border,
incorporate zones with some of the world  highest densities of Western lowland gorillas. Epidemics,
as in this case of Ebola, have not only devastating human health impacts but also the potential for
severe long-term socio-economic consequences on the human population and local wildlife
conservation efforts. Although pathogens will always play a role in wildlife ecology, the
implications, under circumstances where introduced or emerging zoonotic diseases have such a
devastating impact, are enormous and cannot be ignored. Continued research on the health
implications of zoonotic diseases in and around the region is therefore essential and in motion. To
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guide preemptive/preventive measures to decrease zoonotic disease transmission risks, the following
steps are underway:

1.  Implementation of ongoing health awareness programs in local human populations,
2.  Standardization of the health evaluation of free ranging primates, 
3.  Collection and analysis of visual health data and biologic samples, and
4.  Capacity building of local teams for ongoing monitoring of changes. 

This epidemic is just one example of the significant impact diseases can have on both the human
population and the regional fauna. With the hopes of diminishing the negative impacts, when linked
with monitoring and research, increased awareness and other preventive health measures will
improve our understanding of the relationships between disease and population dynamics and the
implication on human and great ape health and wildlife conservation.
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Abstract

In May 2000, Francisella tularensis was isolated from tissues collected during the necropsy of a
golden lion tamarin (Leontipithecus rosalia) that had died at the Phoenix Zoo. This was the sixth
acute death in the tamarin collection within 2 mo.  Six of the zoo’s 15 tamarins died.  Mortalities
occurred in four different species: golden-headed tamarin (Leontopithecus chrysomela), golden lion
tamarin (L. rosalia), red-handed tamarin (Saguinas midas), and cotton top tamarin (S. Oedipus). A
Goeldi’s marmoset (Callimico goeldii) died with similar clinical symptoms during this time frame
and was later confirmed to have had tularemia.  The most prominent clinical symptoms were severe
depression, painful abdomen, generalized hypoglycemic symptoms, hyperthermia (depending on
stage of progression) and peracute death.  The primary differential for this presentation was scorpion
stings, which are fairly common in the Southwest United States. After the final diagnosis was
confirmed, two additional tamarins were successfully treated for tularemia with the aminoglycoside,
amikacin (4.5-6.8 mg/kg b.i.d. to t.i.d. either i.m. or i.v.). Review of medical records and preserved
tissues identified an additional fatal case of tularemia in a siamang (Hylobates syndactylus) in
January 2000. The histopathology, fairly consistent in all the deceased specimens, revealed a
necrosuppurative enteritis, hepatitis and splenitis.

Tularemia or “rabbit fever” is a bacterial zoonosis caused by Francisella tularensis.1-4 The disease
is endemic in northern Arizona, but it is not known to be enzootic in wildlife or insects in central
or southern Arizona at elevations below 4000 ft. F. tularensis had not previously been documented
in this zoologic collection. Due to the zoonotic disease potential to guest and staff members and the
health threat to the collection animals, preventive measures were immediately initiated.  Zoo and
public health officials at the state, county and federal (Center for Disease Control and Prevention)
levels conducted a joint epidemiologic investigation.

Surveillance for human illness consisted of a health status questionnaire filled out by every zoo
employee, serologic testing of employees which were exposed to the ill animals, and a letter to local
physicians. Active case surveillance among zoo animals involved serologic testing of carnivores,
petting zoo animals, non-human primates and other animals housed adjacent to the affected animals.
Local veterinary practitioners were requested to provide samples from their patients to survey the
pet population for comparative purposes. The zoo’s veterinary records and necropsy reports were
reviewed for other undiagnosed cases.  Wild rodents, rabbits, insects, and water samples from the
zoo grounds were collected and tested. Caging was examined for evidence of rodents, collecting
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samples for testing and to determine methods of minimizing further risk.  Zookeeper interviews
were conducted to accurately assess human risk and discuss behavioral traits of the animals that
might help determine the mode of transmission.

F. tularensis type B was confirmed by the Centers for Disease Control and Prevention in the six
tamarins and one marmoset.  Four percent (6/145) of the rodents and rabbits, specifically rock
squirrels (Spermophilus variegates), cotton rats (Sigmodon arizonae), round-tail ground squirrels
(Spermophilus tereticaudus), and cottontail rabbits (Sylvitagus auduboni), were infected with
tularemia.  Tests were negative on limited samples of mosquitos, triatomes and water. No ticks were
found in the area. None of the zoo employees, visitors, or other collection animals developed illness,
however two exhibit coyotes, a feral cat, and eight livestock animals from the petting zoo had
significant serologic titers. Pathology reports and histories implicated ingestion of infected rodents
as the most likely mode of transmission for the fatal non-human primate cases.  

The potential for persistence of F. tularensis type B in the rodent/rabbit population in this area is
unknown. A longitudinal ecologic study involving monthly trapping and testing of rodents/rabbits
is ongoing. There have been no other positive wild animals since the initial testing.  The original
source of the tularemia also remains unknown. 
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Abstract

History of Tuberculosis Treatment Guidelines and Working Group

Tuberculosis (TB) “emerged” as a disease of concern for captive elephants in 1996 when two
privately owned elephants died due to Mycobacterium tuberculosis (M. tuberculosis).  Following
these deaths, an Elephant TB Advisory Panel was formed to develop a diagnostic and treatment plan
for the remaining 18 elephants in this herd.  The diagnosis of M. tuberculosis in five additional
elephants in 1996 and 19971 raised concerns that the disease might be more prevalent in the captive
population than suggested by a retrospective study of elephants compiled from available current and
historic records in North American zoos.7  The latter review, published in 1994, had noted only eight
deaths from TB among 379 elephants for a prevalence of 2.1%.

The Elephant TB Advisory Panel (comprised of veterinarians from the zoo and academic
communities and the United States Department of Agriculture, APHIS, Veterinary Services),
together with the National Tuberculosis Working Group for Zoo and Wildlife Species (formed in
1997 primarily to address tuberculosis in non-domestic hoofstock) subsequently developed
recommendations to address the issue of TB in elephants.  “Guidelines for the Control of
Tuberculosis in Elephants” served as the basis for Policy #21, “Control of Tuberculosis in Regulated
Elephants,” issued by APHIS in April 1998 under the Animal Welfare Act (AWA).13   With
knowledge gained from the index elephant herd and eight additional elephant TB cases, diagnosed
between 1998-1999, the Group revised the Guidelines in 2000.12  Recent cases of tuberculosis
resistant to the first line anti-tuberculous drugs prompted a reanalysis of the guidelines. The group
was reconvened in January 2002 and new guidelines were formulated.14   This paper will discuss the
new guidelines formulated to continue the goal to eradicate TB from elephants and to limit the
emergence of drug resistant strains of M. tuberculosis in elephants.

The Guidelines specify criteria for the testing, surveillance, and treatment of elephants for TB.
Annual testing of all elephants by culture is required.  Based on current data, while intradermal
tuberculin testing and ELISA have been evaluated as diagnostic techniques,3,5,8 sputum culture is
considered the current gold standard.6  Because mycobacterial numbers may markedly differ in
individual samples of sputum as a result of differences techniques and/or temporal variations in
shedding, a series of three sputa must be submitted.  Samples for culture should be collected using
the trunk wash technique.2  Samples collected on culture swabs are not adequate.   Despite current
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limitations, the submission of samples for ancillary tests listed in the protocol is strongly
recommended to assist in the development of ancillary testing methods.  

According to the Guidelines, elephants are placed in one of four groups based on culture results and
exposure history.  Included are recommendations on monitoring, treatment, and restrictions on
travel.  For treatment, the Guidelines have been patterned after protocols known to be effective in
humans.10,11  To ensure adequate absorption, tuberculosis treatment regimens include mandatory
testing for serum drug levels. Blood levels comparable to those in humans9 can be achieved in
elephants with all first-line anti-tuberculosis drugs isoniazid (INH), rifampin, pyrazinamide, and
ethambutol (Mikota et. al., 2001; Maslow, unpublished)  To date, no idiosyncratic reactions have
been observed in elephants. Adverse effects have included inanition, INH and rifampin-related
hepatitis, and INH-related neutropenia (observed in one elephant).

“Guidelines for the Control of Tuberculosis in Elephants – 2002” can be accessed at the following
websites: www.aazv.org, www.aphis.usda.gov/ac/ElephTBGuidelines2000.html, and
www.elephantcare.org.

Prevalence of TB Among Elephants Regulated in America

Between 1996 and April 2002, 26 confirmed cases of tuberculosis (including the seven initial cases
above) have been diagnosed in elephants in North America among 539 animals tested for a
prevalence of 4.8%. M. tuberculosis was isolated from twenty-three female and two male Asian
elephants (Elephas maximus) and M. bovis was isolated from one female African elephant
(Loxodonta africana). Six zoological (AZA-accredited) and seven private (non-AZA-accredited)
facilities were affected. 

Ten of the 26 infected animals have died. Six animals died with extensive pulmonary and/or visceral
disease, two had localized pulmonary disease associated with fibrosis, and two had disease isolated
to a single lymph node that was diagnosed incidentally at necropsy.

Human Health Considerations 

Transmission of TB between an elephant and a human has been reported.4   While animal-to-human
transmission was suspected, this was not confirmed.  In this report, three handlers were documented
as converting from skin-test negative to positive.

In general, handlers in close daily contact with infected elephants would be at greatest risk.
However, since elephants may be at risk of contracting TB from infected humans, handlers and
others in close contact with elephants should undergo periodic skin testing to minimize risks to
elephant health.

To minimize potential aerosol exposures, handlers should wear HEPA filtered masks when in
proximity (<30 feet) to known positive animals and during procedures that generate significant
aerosolized sputa with herds with a prior history of TB disease or exposure. Animals should be
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maintained in well-ventilated areas to minimize risk to humans and other animals. Other infection
control procedures used in hospitals, such as HEPA filtration of air from the containment barns and
installation of UV lights, have not been tested but are considerations. Use of gowns, gloves, and
protective footwear are recommended to prevent skin and/or mucous membrane contamination and
to prevent spread to other animal quarters. 

Critical Issues 

Of great concern is the recent identification of antibiotic resistant strains of M. tuberculosis isolated
from elephants. To date, the isolates from four animals have been confirmed as resistant to INH (one
animal), rifampin (one animal), or both INH and streptomycin (two animals). To address this fact,
treatment regimens are constructed of at least three or four agents to which the strains are
susceptible.  To minimize future emergence of resistant strains, drug concentration monitoring is
mandated. 

Based on the observation that four animals had isolated disease, it seems likely that the pathogenesis
of TB for elephants is similar to humans: initial exposure with subclinical disease for most and
reactivation in a minority of animals.  Moreover, intermittent shedding appears to occur based on
necropsy data and clinical experience in at least two animals.  Therefore, the development of
ancillary tests to identify latently infected animals is crucial.  Latently infected animals can then be
treated prior to the development of clinical disease and thus prevent spread to humans and other
animals.   Such a strategy would maximize human contact for elephants with public exposure. 

To date, there have been no documented or suspected cases of TB transmission from elephants to
the general public. To minimize potential spread to the public, culture positive animals are restricted
from travel during the period of antibiotic treatment and 6 mo thereafter.  Animals exposed to a
known case, are also restricted from travel during evaluation and the early stages of treatment.
Exposed animals are administered prophylactic antibiotics to treat potential, undiagnosed latent
infection; antibiotic choices are based on susceptibilities of the index case.

Conclusions

Tuberculosis in elephants is a significant problem but is not epidemic.  Ante-mortem diagnosis
continues to be challenging.  Although identification of M. tuberculosis or M. bovis definitively
establishes the presence of infection, failure to isolate the organism does not rule out infection.
Annual testing remains essential.  Better diagnostic tests are needed.  Preliminary ELISA results are
promising.  The cooperation of the zoo community to provide samples for this and other ancillary
diagnostic tests will facilitate this research effort. 

Long-term monitoring of affected individuals and exposed herds is essential for determining the
success of TB treatment in elephants.  It is possible to administer anti-tuberculosis drugs that
achieve blood levels consistent with human therapeutic levels, however, the long-term efficacy of
current treatment protocols remains to be documented.  
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All elephants that die should receive a thorough postmortem examination.  A search for TB lesions
should be conducted, even if the disease is not suspected.  The Elephant Necropsy Protocol
(available on the above websites) outlines appropriate samples to submit for laboratory evaluation.
In cases of euthanasia, a diagnostic work-up for TB (including ancillary tests as outlined in the
Guidelines) should be performed premortem so that results can be correlated with postmortem
findings.
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Abstract

In June 2001, the National Zoological Surveillance Working Group was formed incorporating both
human and veterinary health experts from the Centers for Disease Control and Prevention, local and
state public health agencies, the United States Department of Agriculture, the American Zoo and
Aquarium Association and the American Association of Zoo Veterinarians.  A nation-wide
surveillance system for detection of West Nile virus (WNV) in zoos was outlined in a set of
guidelines entitled Surveillance for West Nile Virus in Zoological Institutions.  A 1-yr pilot study
was initiated in September 2001 and is being implemented in two phases.  Phase I consists of the
collection and testing of samples from ill or dead at-risk animals on zoo grounds; at-risk animals are
defined as animals (from any taxa) housed outside for at least part of the time that may be regularly
exposed to mosquitoes.  Phase II consists of a serosurvey of archived samples from at–risk animals
from selected institutions.  The Cornell University Veterinary Diagnostic Lab is performing all virus
isolation, serologic and RT-PCR tests for the system.  Preliminary results from the first 6 mo include
data from over 1,500 animals from 64 participating institutions in 30 states and the District of
Columbia representing all regions of the country.  To date, there have been 33 WNV antibody-
positive birds, 29 virus-positive birds, one bird that was antibody-negative but virus-positive and
the first antibody positive reptile in the United States.  In addition, four birds were found to be
antibody-positive for St. Louis encephalitis virus (SLE).  Thirteen additional animals screened
positive for antibodies to WNV and are currently undergoing confirmatory testing and five animals
have been confirmed as flavivirus antibody-positive but could not be classified further.  All WNV
antibody-, PCR, or culture-positive animals were from known WNV-epizootic areas in the United
States.  These initial results show promise for both increasing the effectiveness of existing national
surveillance systems by providing data from previously untapped sources, and for increasing the
quality of health monitoring in zoos in the face of a rapidly spreading emerging disease.
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Abstract

Diseases of bacterial origin are commonly encountered in cranes.2 Administration of antimicrobial
medications is often challenging due to inconsistent acceptance of medicated treats (e.g., fish,
rodents), multiple bird enclosures, and stress of daily handling. Administering antimicrobial drugs
within the drinking water would provide a low-stress means of treating bacterial infections in cranes.

Enrofloxacin (Baytril®, 3.23% Concentrate Antimicrobial Solution, Bayer Corporation, Shawnee
Mission, KS, USA) is currently approved for use in non-laying chickens and turkeys for the control
of E. coli and Pasteurella multocida infections. Mean plasma concentrations of enrofloxacin in both
poultry species were maintained above 0.2 :g/ml by adding the medication to drinking water at
concentrations of 25 and 50 ppm. The MIC90 values for E.coli and P. multocida isolates from natural
infections in poultry were 0.06 and 0.03 :g/ml respectively.1

This three-phase study was designed to determine if therapeutic plasma concentrations of
enrofloxacin and its metabolites could be achieved and maintained in sandhill cranes (Grus
canadensis) after administration in drinking water at a concentration of 50 ppm. Eight adult sandhill
cranes housed at the International Crane Foundation were utilized for this study. Two male/female
pairs were housed in shared pens, and two male/female pairs were housed in divided pens. Food
(Mazuri Crane Maintenance Diet, St. Louis, MO, USA) and fresh water were provided ad libitum
in buckets within the enclosure. In phase I (14 days duration), daily food and water consumption
were measured in order to establish controls for the treatment period. The cranes were handled and
weighed on days 0, 2, 6, 10, and 14 in order to mimic the handling during the treatment period.
Phase II (7 days duration) was a “washout” period during which only food and water consumption
were monitored. In phase III (14 days duration), enrofloxacin concentrate was added to the drinking
water at a concentration of 50 ppm (9.4 ml enrofloxacin solution/6.0 L water).  Food and water
consumption were measured daily during the treatment period. The cranes were restrained on days
0, 2, 6, 10, and 14 for weighing and venipuncture for plasma analysis of enrofloxacin/ciprofloxacin
levels.  Water samples from two enclosures were collected on days 2 and 10 (fresh medicated water)
and on days 3 and 11 (used medicated water) in order to evaluate enrofloxacin/ciprofloxacin
concentrations. 
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Twenty-four-hour food and water measurements indicated that manual restraint had a negative effect
on food and water consumption immediately following handling in most birds, but weights of all
study birds remained stable between phases I and III. The addition of enrofloxacin to the drinking
water did not have a negative effect on food and water intake. In fact, consumption of food and
water increased in many birds during the treatment period, but only one bird approached significant
weight gain during phase III. 

Plasma and water samples were analyzed by HPLC analysis for enrofloxacin and ciprofloxacin
concentrations. Water analysis revealed adequate drug levels in both fresh and used samples. Mean
enrofloxacin and ciprofloxacin plasma values and corresponding standard deviations for all study
birds are listed in Table 1. Birds in divided pens had slightly higher mean enrofloxacin plasma
concentrations than individuals in shared pens. Ciprofloxacin plasma concentrations were not
different between paired and unpaired birds. 

The plasma concentrations of both drugs were extremely low compared to in vitro MIC values for
common bacterial pathogens.3 It is uncertain why plasma concentrations are low in light of adequate
enrofloxacin concentrations in drinking water. Since all plasma samples were collected in the early
morning, it is possible that the concentrations measured were more likely associated with “trough,”
rather than “peak” concentrations. Further studies are needed to evaluate plasma enrofloxacin
concentrations sampled at multiple time points throughout a 24-hr period in order to determine
whether therapeutic concentrations can be achieved in sandhill cranes. 
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Table 1.  Enrofloxacin and ciprofloxacin plasma concentrations
(mean ± SD) for sandhill cranes (n = 8).

Sample Day Enrofloxacin (:g/ml) Ciprofloxacin (:g/ml)
Day 2 0.032 ± 0.017 0.021 ± 0.007
Day 6 0.028 ± 0.023 0.022 ± 0.012
Day 10 0.020 ± 0.008 0.015 ± 0.004
Day 14 0.009 ± 0.001 0.010 ± 0.001
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Abstract

The impact (terminal) velocity and the mass of the dart (syringe) that hits the animal determine the
extent of tissue injury.  Modern remote drug delivery systems are equipped with velocity controls.
The projector systems that utilize 22-caliber blank charges also offer various power levels (brown,
green, yellow and red) as a further mechanism for adjusting the speed and distance the dart is
propelled.  The goals of this project were to evaluate the factors associated with dart ballistics and
develop an equation to aid estimation of the terminal velocity of a given dart over a known distance.

Multiple delivery systems and brands of 22-caliber blank charges were investigated to determine
if terminal velocity could be reliably predicted.  Projectors investigated included Distinject
(Distinject, Peter Ott AG, Postfach, CH-4007 Basel, Switzerland, supplied projectors, darts and
charges.) models 50N, 60N, and 70N, and Pneudart (Pneudart, Inc., P.O. Box 1415, Williamsport
PA 17703) models 191 and 196.  Distinject darts studied were 3 ml and 5 ml Easydarts, 3.5 ml
Speedydarts, and 5 ml 50-caliber aluminum body darts.  Pneudart darts tested were 2 ml and 3 ml
disposable practice darts.  Ramset, CCI, and Palmer charges were studied.   

Initial and terminal velocities of the darts were measured using chronographs (Chronographs:
ProChrono Plus, Competition Electronics, Inc., Rockford, IL 61109 and Beta Model, Shooting
Chrony, Inc., Mississauga, Ontario, Canada L5A 3K6).  Regression analysis of data from 358 trials,
which took into account projector model, velocity setting, dart size, dart weight, and charge color,
revealed that charge weight was not a statistically significant predictor of terminal velocity (p=0.43).
Velocity setting, dart size, dart weight and charge color were predictors of terminal velocity.  

An equation for deceleration was derived from dart physical measurements and standard physic
laws.  The equation took into account initial velocity, dart mass and cross-sectional area, distance
traveled, drag, and air density.  

V/Vo = exp(-0.363(AD/m)

[Where V equals instantaneous velocity, Vo equals initial velocity, A is the dart’s frontal area, D is
the distance traveled and m is the dart’s mass.  0.363 is a conversion factor when the drag coefficient
is = 0.6, air density is =1.21 kg/m3, the negative sign indicates deacceleration of the dart.]

The equation was compared to measured terminal velocity measurements.   Based on data from 105
trials, the calculated terminal velocities significantly correlated with measured terminal velocities
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(r=0.73).  Utilization of this formula enables improved accuracy, predict terminal dart velocity and
help to reduce unnecessary trauma. 
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Abstract

During the last several years, Alaskan native subsistence hunters have reported “hairless” ringed
seals (Phoca hispida) taken along the Alaska Bering Sea coast.  Pathologic findings of four cases
of a patchy alopecia syndrome are presented.  Case 1 was diagnosed as a possible endocrine disorder
based on histopathology of a previously frozen carcass from the native subsistence harvest. Case 2
examined skin samples from a subsistence-harvested seal. On histopathology, the hair follicles
appeared to be in an inactive state consistent with a non-molting animal.  Additionally, there was
a bacterial folliculitis at the intersection of haired versus unhaired skin.  An unusual lesion was
observed in both cases 3 (a subsistence-harvested seal) and case 4 (a live-captured juvenile seal).
In both animals, organisms that destroyed the shaft, most likely resulting in shaft breakage,
colonized hair shafts within and around the affected areas. The lesions were accompanied by a
moderate folliculitis and perifollicular dermatitis. Dermatophytes are the most common organisms
to specifically colonize hair, although dermatophyte colonies usually have a different appearance
than the organisms observed in cases 3 and 4. Trichophyton shoenleini and an unidentified fungus
were cultured from case 3 and a possible Madurella grisa was isolated from case 4. The animal
representing case 4 was encountered during live-capture/release studies in Bristol Bay.  This animal
was transported to a rehabilitation center and treated for fungal dermatitis with oral itraconazole and
topical povidone iodine applications.  After 6 wk of treatment, a repeat biopsy demonstrated marked
reduction in the skin inflammation, consistent with a positive treatment response. Serum chemistry
values were within expected ranges throughout the rehabilitation period, but complete blood cell
counts indicated a mild eosinophilia during the first 4 wk of treatment.  Thyroid hormone levels
were lower than similarly aged phocids but reached an acceptable range prior to release.  Challenges
with thyroid-stimulating hormone (TSH) and adrenocorticotropic hormone (ACTH) were performed
to further assess endocrine responses.  Serum retinol and trace minerals concentrations were
measured and found to be higher than published values for similar species, but as with thyroid
hormones, no reference ranges for ringed seals were available. Organochlorine contaminant
concentrations in blubber from two cases (1 and 4) were lower than sympatric pinnipeds examined
by the same laboratory. Electron microscopy of the hair shafts on select cases was not enlightening.
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This occurrence of alopecia is of particular interest because it may be an emerging problem and
could indicate either the introduction of a new organism, increased susceptibility to an endemic
organism, or the possible range extension of an uncharacterized organism due to an environmental
change.  Additionally, there are important subsistence food implications including the public health
concerns for native people who handle and consume these animals, the potential for wastage due to
carcass rejection for human consumption, and a damaged pelt not utilizable for clothing or crafts.



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 395

CAPTIVE WILDLIFE MANAGEMENT COURSE FOR LATIN-AMERICAN ZOOS AND
AQUARIUMS

Luis Carrillo, DVM1* and Alberto Parás García, DVM2

1Department of Research and Conservation, Africam Safari, México; 2Animal Health Service, Africam
Safari, México

Abstract

Conservation of endangered species is crucial for Latin-American countries where exist an
enormous amount of biodiversity and endemic animal species. Ex-situ conservation is an important
tool to help in conservation efforts.  Modern zoos should play an important role in this matter.

The Captive Wildlife Management Course for Latin America is held every year at Africam Safari,
Mexico with the objectives of training Latin-American zoos and aquariums personnel in order to
improve the care and management of captive fauna in Latin America, to establish and promote the
importance of the environmental zoo education as a tool for conservation, to promote the inner
growth of Latin-American zoos through the training of their professionals, to promote the
standardization of methods, criteria and techniques among Latin-American zoos, to promote the
cooperation between Latin-American zoos for ex-situ and in-situ conservation programs, to promote
the ex-situ and in-situ research as tool for conservation.

The course is structured to provided the trainees with tools and experience to raise up their zoos to
an acceptable standard level making dramatic and profound changes regarding to areas such as
animal keeping and husbandry, animal management, zoo animal medicine, zoo visitors education,
zoo administration and marketing.

Courses are designed for 20 attendants. Trainees from countries such as Argentina, Ecuador,
Bolivia, Perú, Chile, Venezuela, Nicaragua, El Salvador, Mexico, Colombia, Brasil has assited to
previous courses. 

A lot of ex-trainees are today in decision-making positions, so the knowledge obtained during the
course gave them basis to growth as persons and professionals in the zoo setting.

It is very crucial for Latin-American zoos and aquariums to have a better-trained personnel in order
to keep their animal collection healthy and to contribute with the conservation of the fauna of their
own countries. 
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Figure 1. Countries represented in Latin-American Courses.
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Abstract

Enteropathogenic Escherichia coli (EPEC) has been associated with acute infantile diarrhea and is
a leading cause of human mortality in developing countries. While diarrhea is also a major problem
among primates kept in captivity, the role of Escherichia coli is still unclear.1 

This study was designed to characterize diarrheagenic E. coli recovered from the feces of 56 New
World non-human primates, primarily marmosets (Callithrix spp.), ranging in age from 3 wk to 6
yr. Seventeen of the 56 primates demonstrated signs of diarrhea and/or enteritis. E. coli recovered
from animal stools were tested by polymerase chain reaction (PCR) for genes encoding virulence
factors of diarrheagenic E. coli and for adherence capacity (HeLa cell assay).2 In addition, isolates
were characterized in terms of attaching and effacing lesion by the fluorescence actin staining test
(FAS) 3 and by electron microscopy. 

PCR was positive for the eae gene in 10 (27%) of the 39 animals without clinical diarrhea or
enteritis and positive in eight (47%) of animals with clinical signs.  Samples of intestinal tissues
from animals found by PCR to be eae+ E. coli were stained with hematoxylin-eosin (HE ) and
toluidine blue. Colonies of eae+ E. coli were serotyped and examined by PCR for genes encoding
virulence markers. 

Typical and atypical EPEC serotypes were recovered from healthy and sick animals, with several
isolates demonstrating pathogenic virulence markers responsible for overt signs of disease in a host.
Histologic examination of intestinal tissue from sick animals revealed a moderate neutrophilic and
mononuclear cell infiltrate in the lamina propria and submucosa, with atrophic crypts. 

The typical and atypical EPEC strains recovered from both healthy and sick non-human primates
demonstrated virulence-associated attributes similar to those of EPEC strains implicated in human
disease. From the results presented here, EPEC could represent a significant pathogen for non-
human primates, deserving further investigation. Due to similarities between human cases and the
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animals investigated in this study, marmosets could represent an important model for EPEC in
humans.
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Abstract  

Blastomyces dermatitidis is a saprophytic yeast found primarily in the Mississippi, Missouri, and
Ohio River valleys, the mid-Atlantic states, and southern Canada.3 The infectious mycelial phase
occurs in the soil and in culture.3 Blastomycosis develops most frequently in areas exposed to high
humidity, fog, and sandy, acidic soils near bodies of water.3  Most clinical cases occur from point
source exposure and are frequently diagnosed in autum.3  Transmission is from inhalation or
contamination of open wounds with spores from the environment.3  Blastomycosis commonly occurs
as a primary pulmonary infection with occasional spread to other viscera.1-3  The disease has been
described most often in dogs, cats, horses, and humans, but is rarely described in marine
mammals.2,4  Cases involving blastomycosis in marine mammals have been reported in a captive
Stellar sea lion,5 a captive dolphin,4 and two captive California sea lions.1  The two recently
described cases of blastomycosis in captive sea lions were located at the Indianapolis Zoo.1  This
report describes blastomycosis in a captive walrus, also at the Indianapolis Zoo. 

A 6-yr-old male walrus presented in July of 2001 with mild inappetence and lethargy.  Common
differential diagnoses for such a presentation in walrus include seasonal fluctuations in food intake
and behavior, tusk infection, or primary gastrointestinal disorder.  The presence of very mild clinical
signs and no obvious tusk involvement resulted in the decision to closely observe the individual
rather than initiate more invasive diagnostic procedures or treatment. Occasional coughing was
reported combined with mucus present in the nostrils 6 days after the initial behavioral change, thus
adding respiratory disorder to possible differential diagnoses.  A 2-wk period followed during which
the walrus exhibited normal attitude and behavior intermixed with recurring inappetence, mild
lethargy, and irritability.  The continued presence of intermittent clinical signs prompted
noninvasive sample collection for diagnostic evaluation.  On 1 August, aerobic culture of nasal
mucous samples revealed moderate growth of Serratia marcesens, Pseudomonas, and Enterobacter
aerogenes.  No pathogenic anaerobes or fungi were isolated.  Cytology of the mucus was
unremarkable.  Fecal analyses were within normal limits.  Due to the presence of respiratory signs
and a history of pinniped blastomycosis at Indianapolis Zoo, oral orbifloxacin (2890 mg, p.o., q 24
hr; Orbax®, Schering-Plough Animal Health Corp., Union, New Jersey 07083 USA) and
itraconazole (2900 mg, p.o., q 12 hr; Sporanox®, Janssen Pharmaceutica Products, Titusville, New
Jersey 08560 USA) were initiated.  Unfortunately, the animal continued to decline and anorexia
precluded successful administration of oral antimicrobials.  Ketoprofen (800 mg; Ketofen®, Fort
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Dodge Animal Health, Fort Dodge, Iowa 50501 USA) was administered i.m. once to relieve any
inflammation that could be occurring. This resulted in only a temporary improvement in activity and
consumption of oral antimicrobials.  The walrus was immobilized on 4 August in order to perform
complete physical exam, survey radiographs, endoscopy, and bronchoscopy.  Bronchoscopy
revealed the presence of purulent exudate originating from the right cranial bronchus.  Cytology of
the bronchial exudate revealed marked suppurative inflammation with mild hemorrhage, lacking the
presence of a causative organism.  No pathogenic bacteria or fungi were isolated on culture.
Thoracic radiographs were suggestive of bronchopneumonia primarily of the right cranial lung lobe.
Due to anesthetic complications, the animal was recovered prohibiting radiographs of the left lung
fields and abdomen.  Hemogram obtained during examination revealed the presence of a profound
leukocytosis (47,500) with a mild left shift.  Fungal antibodies to Aspergillus, Blastomyces,
Histoplasma, and Coccidioides were not detected in serum.  Ceftiofur sodium (Naxcel®, Pharmacia
& Upjohn Company, Kalamazoo, Michigan 49001 USA) was initiated at 250mg i.m. once daily as
well as amikacin sulfate (Amiglyde-V®, Fort Dodge Animal Health, Fort Dodge, Iowa 50501 USA)
at 2775 mg i.m. twice daily for suspected bacterial pneumonia.  One week following initial work-up,
there was moderate improvement in attitude and food intake facilitating some consumption of
itraconazole. However, 9 days following anesthesia and diagnostic testing, the walrus presented with
anorexia, severe lethargy and significant unilateral bloat, predominantly involving the right cranial
third of the body.  Continued deterioration resulted in a second immobilization and general
anesthesia for further diagnostic testing and possible exploratory surgery.  During surgical
preparations, the walrus became apneic with bradycardia, arrhythmias, and ultimately asystole.
Attempts to revive the patient were unsuccessful.  Hemogram at the time of death revealed
leukocytosis.  Blastomyces antibodies were present in serum collected on the day of death. Urine
histoplasma antigen was negative at the time of death. 

Exterior examination at necropsy revealed profound pitting emphysema from the right muzzle
caudad to the right caudal body. Gross findings included hemoperitoneum, profound subcutaneous,
mediastinal, pulmonary, and retroperitoneal emphysema,  pyothorax, hemothorax, generalized
consolidation of all lung lobes and variably sized tan nodules in all lung lobes. Wright-stained
impression smears of lung lesions obtained at necropsy revealed abundant budding yeasts consistent
with Blastomyces sp. Aerobic, anaerobic, and fungal culture analyses of thoracic fluid obtained at
necropsy revealed only Cladosporium sp. 

Histologic examination revealed severe granulomatous and necrotizing pneumonia and mediastinitis
with intralesional yeasts. The yeasts were spherical, 18-30 microns in diameter, and had a thick cell
wall consistent with Blastomyces dermatitidis.  The heart had moderate interstitial fibrosis with
myofiber degeneration.  Diffuse hepatic lipidosis and mild multifocal neutrophilic hepatitis with
Kupffer cell activation were also observed.  Acinar cells of the pancreas were atrophic (consistent
with suboptimal nutritional status).

The Indianapolis Zoo is located directly adjacent to the White River within the Ohio River valley.
Each of the three blastomycosis cases in pinnipeds at the Indianapolis Zoo have been temporally
associated with major construction projects involving excavation.  Therefore, prophylactic
administration of antifungal drugs during such activities in the future might be prudent. Trained
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behaviors such as voluntary blood collection, active expulsion of respiratory secretions, and
nebulization may aid in earlier detection of disease and facilitate effective therapy.   
 
LITERATURE CITED

1.  Garner, M.M., N. Kapustin, J.S. Proudfoot, J. Wojcieszyn, C.C. Wu.  2000.  Fatal Blastomycosis in Two Captive
Sea Lions.  Proc. Annu. Meet. Am. Assoc. Zoo Vet., New Orleans, Louisiana.  pp. 192-193.

2.  Hungerford, L.L., C.L. Campbell, A.R. Smith.  1998.  Veterinary Mycology Laboratory Manual.  Iowa State
University press, Ames, Iowa.  pp. 32-35.

3.  Nelson, R.W., C.G. Couto.  1998.  Small Animal Internal Medicine, 2nd ed.  Mosby, Inc., St Louis, Missouri.  pp.
1305-1307. 

4.  Sweeney,  J.C., G. Migaki, P.M. Vainik, R.H. Conklin.  1976.  Systemic Mycoses of Marine Mammals.  J. Am. Vet.
Med. Assoc.  169:946-948.

5.  Williamson, W.M., L.S. Lombard, R.E. Getty.  1959.  North American Blastomycosis in a Northern Sea Lion.  J.
Am. Vet. Med. Assoc.  153:513-515.   



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS402
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Gail M Cochrane, BVMS MRCVS* and Jill Robinson, OBE

Animals Asia Foundation, P.O. Box 82, Sai Kung Post Office, Kowloon, Hong Kong

Abstract

The Asiatic Black Bear (Ursus thibetanus) is listed under Cites as Appendix 1, and is the species
most frequently maintained in bear farms for bile extraction. Different surgical techniques and
catheter implantation are performed in order for bile extraction to occur, all of which have
undetermined peri and post-surgical mortality rates. All methods observed involve pain and
suffering to the individual animal. Synthetic and herbal alternatives are readily available to replace
bile in both allopathic and traditional medicines. Massive expansion of the bile market due to bear
farming has led to bile now being used in many non-traditional medicine ways, impacting
international bear populations, as other bear species are taken to fuel the trade in Asia and for Asian
consumers worldwide. Bear farming was originally encouraged to protect ‘wild’ bears, but there is
still a demand for ‘wild’ bear bile.

In July 2000 the Animals Asia Foundation, the Chinese government departments of the Beijing
China Wildlife Conservation Association and the Sichuan Forestry Department, signed an agreement
to allow the rescue of 500 bears from the cruelest farms and to commit to working towards the end
of bear farming in China. Since the agreement has been signed 30 Bear Farms have been closed by
the Chinese government and over 70 bears confiscated into the care of the Animals Asia Foundation
at their Rescue Center in Chengdu, Sichuan Province. 
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Abstract

Progestins are one of the most frequently used contraceptives in captive wild felids,1 although
hormonal contraception can induce endocrine dysfunction or uterine pathology, such as endometrial
hyperplasia, uterine inflammation, and uterine or mammary gland cancer.2-5  While most of these
diseases are identified postmortem, application of ultrasonography can be an effective and reliable
tool to diagnose reproductive disorders in live animals.6

An 11-yr-old nulliparous Siberian tiger (Panthera tigris altaica) was treated with subcutaneous
melenogestrol acetate (MGA) implants for several years. Due to a changed estimate of the genetic
value of the animal, a new breeding permission was granted in 1997. Following implant removal,
the tiger did not demonstrate signs of estrus. An ultrasonographic investigation was undertaken to
evaluate the general health status of this animal, and for reproductive assessment. Ultrasound
examinations were performed as previously described.7,8

On ultrasound, the vaginal vault contained a small amount of clear fluid. A vaginal cyst was
identified next to the caudal cervix, and the cervix itself appeared highly echogenic with mucosal
edema. Typically the uterine horns ranges in size from 1.5-2.0 cm in diameter, depending on age
and reproductive status of the female. In this case the uterine diameter was strongly enlarged (4.0-
6.0 cm) and the uterine body contained hypoechoic fluid. The endometrium appeared thickened and
irregular, and an endometrial cyst was identified within the uterine body. Both ovaries were normal
in size (right ovary: 3.1 × 1.5 cm; left ovary: 2.6 × 1.4 cm) and contained numerous (5-15)
follicular-like structures (maximum diameter 0.9 cm).  Palpation and ultrasonographic examination
of the mammary tissue revealed several firm, round structures, ranging in size from 0.5 × 0.5 cm to
10.0 × 10.0 cm.

The ultrasonographical findings suggested a severe pyometra despite the absence of overt, clinical
signs. An ovariohysterectomy was performed and surgical findings included a friable, distended
uterus containing approximately 3.0 L of purulent material. This tiger recovered well following
surgery despite the gross pathological changes observed at surgery.
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The application of ultrasonography presents a potential and reliable tool for assessing reproductive
health in zoo and wild animals. In particular, it may be used during hormonal contraception as a
non-invasive technique to monitor changes in the reproductive tract.
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Abstract

Introduction

Artificial insemination (AI) has been recognized as a valuable conservation tool for ex situ
management of endangered species.11 Techniques for AI in non-domestic antelope have met with
modest success.1,3,4,6 For species such as the fringe-eared oryx (Oryx gazella callotis), successful AI
has the potential to enhance one of the most challenging aspects of captive non-domestic species
propagation and management: the promotion of genetic diversity.  Reliable AI techniques could
allow for safe, controlled and efficient reproduction without risk of disease transmission.
Furthermore, a genetically diverse captive population could be maintained through the use of
cryogenically preserved semen. Procedures developed for scimitar-horned oryx (Oryx dammah)
after years of systematic study have been among the most successful in antelope species6,7 and it has
been proposed that these techniques may be effective across a broad range of related antelope
species. 

The purpose of this study was to determine if proven semen cryopreservation and AI protocols
developed in the scimitar-horned oryx7,8 could be applied to the closely related fringe-eared oryx
with similar success.  However, due to the fractious nature of the fringe-eared species, and the
necessity of working animals through a hydraulic restraint device on a regular basis for treatment
and sample collection, the use of a neuroleptic was introduced into the study design in an effort to
alleviate stress.

Experimental Design

Semen was collected from two adult male fringe-eared oryx by electroejaculation and was
cryopreserved using standardized protocols developed for scimitar-horned oryx.8 Nine adult female
fringe-eared oryx housed at the Wilds were utilized as a single insemination treatment group. For
sample collection and injections, individual animals were physically restrained in a hydraulic
restraint chute (Tamer®, Fauna Products, Red Hook, NY) weekly throughout the study period (~
50 days). To minimize stress, all individuals were administered perphenazine ethanthate (Trilafon®,
Schering-Plough) (100 mg i.m. q 7 days), a long-acting neuroleptic tranquilizer. Estrus
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syncronization consisted of two injections of prostaglandin F2" (PGF2"), in the form of
cloprostenol sodium (Estrumate®, Bayer Corp., Shawnee, MI 66201 USA) (500 :g i.m. q 11 days;
Estrumate®), as previously described for Scimitar-horned oryx.7 Timed artificial insemination was
performed approximately 48 hr after the second PGF2" injection.  For insemination procedures,
animals were immobilized by i.m. injection with a combination of carfentanil citrate (Wildlife
Laboratiories, Inc., Fort Collins, CO 80521 USA) (0.0175-0.0185 mg/kg i.m.), xylazine HCl (Butler
Co., Columbus, OH 43228 USA) (0.065-0.07 mg/kg i.m.) and ketamine HCl (Ketaset® , Fort Dodge
Animal Health, Fort Dodge, IO 50501 USA) (0.65-0.7  mg/kg i.m.) and were supplemented with
ketamine i.v. as needed.  Reproductive ultrasound examinations were conducted using a 7.5 MHz
linear array transducer (Aloka 500). All animals were examined via ultrasonography and palpation
of the uterus per rectum prior to insemination to determine ovarian structures present. Following
post-thaw sperm assessment, both uterine horns were inseminated (due to the duplex uterine
anatomy) with a 0.5 cc semen straw containing 5.5 × 106 to 16.3 × 106 motile sperm from the same
male. Antagonism of the immobilizing agents was achieved with i.v. administration of  Naltrexone
HCl (TrexonilTM, Wildlife Pharmaceuticals, Fort Collins, CO 80524 USA) and yohimbine HCl
(AntagonilTM, Wildlife Pharmaceuticals, Fort Collings, CO 80524 USA) Blood samples were
collected by jugular venipuncture on a weekly basis from the start of estrus sychronization to 6 wk
post-insemination. Progesterone and cortisol serum concentrations were measured by a colorimetric
Enzyme Linked Immuno Sorbent Assay (ELISA) generated against a standard curve.

Significant Findings

Semen Collection and Storage

Qualitative and quantitative comparisons between scimitar-horned oryx and fringe-eared oryx semen
were made. Semen volume, concentration, and sperm motility prior to cryopreservation were lower
in the fringe-eared oryx donors compared to those of scimitar-horned oryx donors. However, the
post-thaw motility average of 41% (n=18) and the measurements of acrosome integrity and forward
progressive status of the fringe-eared oryx sperm closely approximated those for scimitar-horned
oryx.5,7 The result of these characteristics was a lower total number of motile sperm upon
insemination in the fringe-eared oryx. 

Based on these parameters, the protocol for collection and cryopreservation developed for scimitar-
horned oryx was considered applicable to fringe-eared oryx.

Serum Progesterone and Cortisol Analysis

Two of the female oryx in this study were apparently acyclic, as demonstrated by static serum
progesterone levels.  The reason for this is undetermined.  Cyclicity in the other females appeared
normal and serum progesterone reached basal levels on the day of insemination, indicating
successful synchronization. Compared to the scimitar-horned oryx, progesterone rise following
estrus lagged by 1-2 days, possibly reflecting a delayed ovulation. At 50 days post-insemination, no
animals were found to be pregnant as determined by declining progesterone levels, and no other
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signs of pregnancy were detected beyond this point. Serum cortisol levels are currently undergoing
analysis.

1.  Pregnancy was not achieved in these study animals.
2.  The findings demonstrate effective estrus synchronization with PGF2" in fringe-eared oryx,

when treated as previously described for scimitar-horned oryx.7
3.  Estrus sychronization was achieved while the animals were on a concurrent therapy with the

neuroleptic drug perphenazine enanthate, although the neuroleptic treatment may have
contributed to a delayed ovulation.

Morphology of the Reproductive Tract

Rectal palpation and ultrasound examination allowed detailed evaluation of the reproductive tract.
Bifurcation of the uterine horns (duplex uterus) was typically noted at the level of the cervix, while
one animal had two separate cervices that shared an external os.
 

1.  These anatomical findings are similar to those described for scimitar-horned oryx.7

Variation in estrus-related morphologic characteristics were recorded as follows: fluid was noted
in the uterus of five animals; uterine tone varied from flaccid to firm and contracted; development
of the primary follicle ranged from 5-17 mm in size; four animals exhibited a corpus luteum on one
ovary, varying from 5.5-12.5 mm in size. Ovarian structures were not evaluated by Morrow, et al,
2000 in the scimitar-horned oryx study.

1.  Despite apparent success in estrus synchronization based on serum progesterone
measurements, there were inconsistencies detected in estrus-related uterine and ovarian
characteristics among individuals.

Conclusion

No pregnancies were detected in this study, however, the possibility of early embryonic death cannot
be ruled out. The reasons for failure of conception or pregnancy in the study are unknown. Potential
factors include the following: (1) Lack sperm penetration and capacitation. This possibility could
be attributed to the lower number of motile sperm inserted during AI in the fringe-eared oryx
compared to the number used in the scimitar-horned oryx study, although the degree of acrosome
integrity and forward progressive status of the sperm were considered very good. (2) Ovarian
disturbance caused by transrectal ultrasound examination. It has been suggested that ovarian
manipulation at the time of AI may result in ectopic ova through displacement of the fimbriae. (3)
Animal stress. Although the animals in this project underwent fewer hands-on procedures than did
the scimitar-horned oryx in the reference study, the variable effects of stress in non-domestic
hoofstock are still largely unknown and therefore cannot be ruled out as factors in these study
results. (4) Unknown side effects of perphenazine administration. Little information is available on
reproductive side effects of perphenazine and related compounds. Report of previous trials on
concurrent estrus synchronization and neuroleptic drug treatment could not be found after an



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS408

exhaustive literature search. Studies with various species have demonstrated such effects as
reproductive hormone inhibition, delayed ovulation, estrus inhibition,2,10 and delayed nidation.10

Given these previous findings, it is possible that perphenazine accounted for the apparently delayed
ovulation in this study. Further investigation into the each of these factors as potential causes of
failure to develop pregnancy during assisted reproduction is warranted. Despite the lack of
reproductive success in this study, key aspects of assisted reproduction in fringe-eared oryx were
elucidated and these results should facilitate the advancement of future studies.
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Abstract

Pacheco’s disease is caused by a herpesvirus and was first reported in Brazil in 1929.2  Clinical signs
in psittacines include depression, diarrhea, regurgitation, neurological symptoms, and death.
Another viral disease of psittacines, polyomavirus, is associated with depression, regurgitation,
diarrhea, and subcutaneous hemorrhages.1,3,4  Although widely described in the literature, there are
no reports of polyomavirus occurring in Brazil. 

A blue-fronted Amazon parrot (Amazona aestiva), living in a zoo for some months, was euthanized
for a progressive ocular mass in the right cranial periocular region.  The mass did not respond to
surgical removal.  Macroscopic postmortem findings included severe hepatomegaly and
splenomegaly.  Histologic examination revealed the mass to be lymphoma-like, characterized by
an anaplastic lymphoid-like cell. Similar infiltrates were observed in liver, spleen, and kidney.
Acidophilic round structures, compatible with intranuclear inclusions, were also identified on
histologic exam.  

A ring-necked parakeet (Psitaculla krameri) presented moribund 2 days after the owners acquired
it from a pet shop.  Death occurred before antemortem testing or treatment could be performed.
Significant postmortem findings included hepatomegaly and splenomegaly. Histologic examination
showed a large number of structures compatible with acidophilic intranuclear bodies. 

Samples from both cases were submitted for in situ hybridization, using specific probes for
Pacheco's disease herpesvirus and for psittacine polyomavirus. Results obtained from the blue-
fronted Amazon parrot showed the presence of a herpesvirus.  The role of this herpesvirus in the
neoplastic process and possible immunosuppression effects are unclear. Results from the ring-
necked parakeet showed the presence of both a herpesvirus and a polyomavirus in the liver and
spleen. The polyomavirus was responsible for most of the inclusion bodies observed, and may
represent the cause of death in this animal. 

Following first report of this disease in Brazil in 1929, there have been no further reports of
Pacheco’s disease.  Laboratories that perform diagnostic testing to confirm Pacheco’s disease and



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS410

polyomavirus infections are currently not available in Brazil.  However, there are many psittacines
in Brazil succumbing to hepatic disease without a definitive diagnosis. The authors believe that the
mortality rate in psittacines from Pacheco’s disease and polyomavirus in Brazil is high, but the
diagnostic tests are not available to confirm this theory.   
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Abstract

Psittacines are found all over the globe, from tropical to very cold regions. There are approximately
350 species of psittacines in the world, 100 in South America, and around 80 species reside in
Brazil.  As an order, psittacines represent more endangered species, around 90 species worldwide.
The objective of this study was to contribute a more precise diagnosis of the causes of death and the
most common diseases of captive psittacines in Brazil.  Causes of captive psittacine morbidity and
mortality were quantitatively and qualitatively characterized. Cause of death was based on
pathological study in association with other diagnostic tests, including microbiology, parasitology,
immunohistochemistry, polymerase chain reaction, in situ hybridization, and general information
on the history and management of the animals.

One-hundred-thirty psittacines from 13 different institutions were examined postmortem. The birds
examined represented 26 species, 18 species native to Brazil, and seven non-native species.  From
this group, 58.5% were from zoos, parks, and breeding facilities, and 41.5% were from private
owners. The most common species was the blue-fronted Amazon parrot (Amazona aestiva),
representing 69/130 (53%) of the total of animals studied.  

Infectious processes were the leading cause of mortality, identified as the cause of death in 60.8%
of the cases examined. Non-infectious causes occurred in 28.5%, undetermined causes in 6.9%, and
infectious/suspicious causes in 3.8% of the cases examined.  Among the agents responsible for
infectious process, bacteria were involved in 30.8% of the cases, followed by parasites (16.1%),
Chlamydia sp. (5.4%), fungi (3.1%), mixed fungal and bacterial infection (2.3%), Mycobacteria sp.
(1.5%), viruses (0.8%), and concomitant bacteria and parasite infection (0.8%).  Among the non-
infectious processes, the most common death cause was trauma (6.9%). Non-infectious process in
the digestive system occurred in 6.2% of the cases examined, followed by intoxications (3.8%),
euthanasia, (3.8%), neoplasia (2.3%), stress (2.3%), cardiovascular processes (2.4%), and metabolic
disorders (0.8%).
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Abstract  

Feminizing syndrome can be caused by a number of reasons such as neoplasias in testes, adrenal
glands or in the pituitary, which lead to abnormal levels of sexual steroids, luteinizing hormone or
GnRH or due to alterations in the sensitivity of the target organs to the hormones. This syndrome
is not common with zoo and wild animals. However,   in certain circumstances, it can compromise
the management of a group or even breeding programs in zoos and in the wild. It is very important
to investigate the possible causes of this syndrome in order to make correct decisions with  respect
to the individuals and species involved. This syndrome may interfere with normal behavior causing
disruption of the relationships inside animal groups. The present paper reports a clinical case of
feminizing syndrome in an adult male African lion (Panthera leo) from the São Paulo Zoo
Foundation in São Paulo, Brazil.  

A 9-yr-old male African lion, with a successful breeding record, kept in the São Paulo Zoo began
to present a marked reduction of  the mane and became totally maneless in a few weeks. The mane
is a classical secondary sexual characteristic in male lions. This male used to fight with other males
of the group to gain access to the cycling females and after the observed phenotypic change, it was
noticed that the lion was no longer fighting. Instead, other males were observed fighting against each
other for an opportunity to mount the maneless feminized male, which was seen accepting those
mountings several times. Another interesting behavior observed was that the feminized male lion
began to help the females of the group take care of the cubs.  

The feminized male lion was restrained in a squeeze cage and blood samples were collected twice
per day (morning and afternoon) for 3 days to measure serum testosterone and cortisol levels. This
procedure was repeated with six normal male lions for comparison. The feminized male was then
anesthetized with a combination of  ketamine hydrochloride (Vetaset®, Fort Dodge, São Paulo,
Brazil; 10 mg/kg i.m.) and xylazine hydrochloride (Rompun®, Bayer do Brasil, São Paulo, Brazil;
0.1 mg/kg i.m.). As soon as the lion was immobilized, a blood sample was collected and
immediately afterwards was injected with the GnRH agonist Lecirelina (Gestran Plus®, Arsa SRL,
Buenos Aires, Agentina; 25 :g i.m.). Blood samples were collected every hour after the Lecirelina
injection until the lion's recovery. The same protocol was repeated with a phenotypically and
behaviorally normal male lion. During sedation, we conducted an andrologic examination  involving
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the inspection of external genitalia, checking the presence of  spicules in the glans, as an indirect
parameter of normal testosterone level, and palpations of the testes for consistency evaluation. The
testis volume (V) was estimated by measuring the length (L) and width (W) of each testis using
sliding calipers and then calculating the volume using the formula V=L × W2 × 0.524.3 The two
values for each male were added together to provide a volume for the combined testes. The
andrologic examination was repeated with six normal male lions. Four months after this procedure,
the feminized male was again restrained with the same anesthetical protocol and at this time we
injected LH from purified porcine pituitary extract (Lutropin-V®, Vetrepharm, Ontario, Canada;
25 mg i.m.) right after sampling blood, and serial samples of blood were collected every hour until
the recovery of the animal. The same procedure  was also performed with the normal male lion.
Testosterone and cortisol levels for all of the blood samples were measured with a commercially
available radioimmune assay (Coat-a Count® , DPC, Los Angeles, California, USA). 

The feminized male presented a total testicular volume of 25.50 cm3, smaller than the mean value
obtained from the six normal males in São Paulo Zoo 50.96 ± 9 cm3 (p< 0.01). It was also smaller
than the data from literature, 69.8 ± 14.9 cm3 in the lions from Ngorongoro Crater and 87.8 ± 6.4
cm3 in the population from Serengeti.1 The testes were harder in consistency than in the normal
males. There were very tiny spicules in the glans of the feminized lion when compared with the
clearly evident ones in the normal males. The average testosterone level for the feminized lion was
0.10 ng/ml. This value was far below the mean level obtained from the six normal males, 0.72 ±
0.65 ng/ml (Student's t-test, p<0.001). The values for the six normal lions are comparable with data
found in literature 1.85 ± 0.53 ng/ml for adult captive lions in Indian zoos2 and  1.13 ± 0.25 ng/ml
and 0.96 ± 0.36 ng/ml obtained from free-living lions in Serengeti plains and in the Ngorongoro
Crater, respectively.1  After the injections of GnRH agonist, it was seen that the testosterone level
of the normal male began to rise in the first hour reaching a peak of 1.15 ng/ml at 5 hr. The injection
of  LH in the normal male only showed a sharp rise after 5 hr, reaching a peak of 0.54 ng/ml at the
eighth hour. The feminized lion showed no significant change in testosterone level in either of the
challenges, never reaching more than 0.33 ng/ml after the GnRH and than 0.14 ng/ml after the LH.
No significant differences in the cortisol levels were observed between the feminized lion, 12.30 ±
2.87 :g/dl and the normal male, 13.41 ± 2.92 :g/dl. 

The results showed a clear difference between the testosterone levels of the feminized lion and the
normal males. The possible source of this anomaly was investigated by the injection of the two
different hormones in order to check  whether the testes or the pituitary gland were involved. After
the stimulation with GnRH agonist and LH, only the normal male had an increased in the
testosterone production, while the feminized male showed no response. With the first hormonal
challenge with GnRH agonist,  we intended to induce an endogenous release of  LH with an
expected rise in testosterone levels, which could mean that there was a possible lack of LH
production by the pituitary in the abnormal lion. In the second treatment with a supposedly high
dose of exogenous LH, we were checking the level of sensitivity of the Leydig cells to a direct
stimulation  by LH. In both cases, the absence of a response in the feminized male and the clear
response of the normal male strongly suggested that there is a lack of testicular sensitivity to LH
stimulation in the abnormal lion. We expected that the time elapsed between the hormones injections
and the increase of testosterone in the normal lion would be shorter with the LH treatment than with
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the GnRH agonist. This is because we were skipping one of the  phases in the classic hypothalamic-
pituitary-gonads hormonal axis; however, we observed the opposite. One possible explanation for
these results could be that with the GnRH treatment the responses were due to the release of
endogenous LH. However, with the injection of a heterologous LH (porcine) we observed a delay
in the increase of  testosterone, which could be due to a lower sensitivity of the specific receptors
in the Leydig cells. Another possibility is that the dosage of  LH was too low. There are no proven
procedures for this kind of hormonal challenge in male lions, and there is no information in the
literature, thus the experiment was simply empirical. The lack of an increase in testosterone levels
in the feminized male lion could be explained by a theoretical breakdown in the LH receptors in the
Leydig cells, which is difficult to confirm. The cortisol levels showed that there was no significant
difference in the stress levels between  both animals during the procedures.  

This work characterized a clinical case of feminizing syndrome by means of phenotypical,
behavioral and hormonal evaluations and suggested the etiology based in two hormonal challenges,
although it was impossible for us to confirm the lack of testicular LH receptors. Further
investigations on a molecular basis are determinant to confirm this theory.  
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Abstract

Kibale National Park is a multiple-use protected area that provides habitat for a chimpanzee (Pan
troglodytes schweinfurthii) population of approximately 550.1  Chimpanzees are increasingly
threatened in the wild due to habitat loss and fragmentation, poaching, and increased contact with
humans.  Due to the close taxonomic relationship between humans and great apes, there exists a high
potential for disease transmission from humans to chimpanzees.3 The introduction of a pathogen to
an immunologically naïve population could result in high morbidity and mortality, therefore
threatening the survival of this species.2 Given the potential for disease transmission and its
consequences, monitoring the chimpanzee’s health is clearly necessary.  Monitoring for diseases
endemic to the chimpanzee population as well as detection of disease outbreaks are essential
components of a health-monitoring program.  Early detection and management of disease outbreaks
will minimize the negative impacts of disease on the endangered population. A health-monitoring
program has existed for mountain gorillas (Gorilla gorilla beringei) for at least 15 years
(http://www.morrisanimalfoundation.org). To initiate a similar program for the chimpanzees of
Kibale National Park a workshop on chimpanzee health monitoring was held at Makerere University
Biological Field Station, Kibale National Park, Uganda, from July 15-16, 2000.  This 2-day
workshop was intended to give field biologists/researchers, veterinarians, national park staff, and
other interested parties training in noninvasive techniques that are useful in monitoring the health
of free-living endangered primate populations. The course consisted of both lectures and practical
demonstrations and included topics on the threats to chimpanzees from human diseases, postmortem
examination of chimpanzees, human safety issues, noninvasive sample collection techniques,
laboratory analysis techniques, visual monitoring of chimpanzees for signs of ill-health, and
anesthesia and care of confiscated chimpanzees.  Participants included veterinarians, students and
researchers from the United States, field staff from Kibale National Park, the District Veterinary
Officer, the District Medical Officer, staff and researchers from other national parks in Uganda that
contain chimpanzees, and park staff and veterinarians from Tanzania.  A permanent field veterinary
laboratory consisting of equipment to perform urinalyses, fecal examinations, and complete post-
mortem examinations was established at the Kibale Chimpanzee Project, Makerere University
Biological Field Station, Kanyawara, Kibale National Park, Uganda.  Reference intervals for urinary
physiologic values in the chimpanzees of Kibale National Park were also established. During July
and August 2000, 22 urine samples were collected from apparently healthy habituated chimpanzees



2002 PROCEEDINGS AMERICAN ASSOCIATION OF ZOO VETERINARIANS 417

from Kibale National Park by a midstream catch. The urinalyses were performed in the field and at
the laboratory of the Kibale Chimpanzee Project within 12 hr of collection. The results are
summarized in Table 1. The information gained from this program will assist with the noninvasive
diagnosis of certain diseases in wild chimpanzees that will aid in prompt and effective decisions
regarding the management of diseases in the population.
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Table 1. Urinary reference intervals for chimpanzees (Pan troglodytes schweinfurthii), Kibale
National Park, Uganda.

Parameter Normal Range
     (n = 22)

Color Colorless to light yellow (46%); yellow (54%)
Appearance Clear (90%); foamy (10%)
Specific Gravitya 1.018 ± 0.006; range, 1.005-1.035
Leukocytes Negative (100%)
Nitrite Negative (100%)
Urobilinogen Less than 1.0 mg/dl (100%)
Protein Negative (100%); trace (14%); 30 mg/dl (23%); 100 mg/dl (14%)
pH 8.5 (100%)
Blood Negative (96%); low positive (4%)
Ketones Negative (100%)
Bilirubin Negative (91%); low positive (9%)
Glucose Negative (100%)
aValue expressed as mean ± standard deviation.
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Abstract

The ophidian paramyxoviruses (OPMV) were first described in 1972 in a venom production
laboratory in Zurich, Switzerland, affecting specimens of Fer de Lance (Bothrops moojeni)
originating from Brazil.1 Since then, many outbreaks have been reported in the United States and
Europe.3,5 The major clinical signs associated with OPMV infection are respiratory disease,
abnormal posturing, head tremors, regurgitation, anorexia, mucoid feces, and death. Secondary
invaders including Pseudomonas sp., Aeromonas sp., Salmonella sp., Morganella sp., Providencia
sp., and others pathogens, may facilitate the primary viral infection. The major histopathologic
findings of infection include proliferative pneumonia and necrotizing pancreatitis.  Encephalitis and
pancreatic hyperplasia may also be observed.3

OPMV has been reported in Brazilian snakes in the United States and Europe and was identified in
the venom gland of a jararaca viper (Bothrops jararaca) in Brazil.4 Here we report the presence of
OPMV in an epizootic outbreak of respiratory and central nervous system disease in neonatal Urutus
(Borthrops alternatus) in Brazil.

In December 2000, a female Urutu housed in the Laboratory of Herpetology, Butantan Institute, São
Paulo, Brazil, gave birth to 27 offspring. The animals were measured, weighed, and transferred to
another room where snakes of different species were maintained. Forty days after the transfer, three
of the neonates died without manifesting clinical signs of illness.  Postmortem examination revealed
mild pulmonary congestion. At that time, four other snakes (animal numbers 1, 2, 3, and 4) from the
same litter developed clinical signs of respiratory and central nervous system disease. These four
animals were euthanatized according to protocols recommended by Butantan Institute, followed by
a complete gross postmortem examination. Tissue samples from major organs were collected, fixed
in 10% buffered formalin, and routinely processed for light microscopy. Additional sections were
obtained and processed for immunohistochemical assays as previously described.2
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No significant postmortem findings were observed during gross examination of all four snakes..
Histopathologic examination revealed proliferative pneumonia in animals 1, 2, and 4. One snake
demonstrated giant cell pneumonia (animal 4) and another demonstrated giant cell pancreatitis
(animal 1). No microscopic changes were detected in animal 3. No lesions were identified in the
brain of the four animals. Immunohistochemical assays for OPMV antigen were strongly positive
in pulmonary epithelial cells of animals 1, 2, and 4, and in the giant cell pancreatitis of animal 1.
Bacteriologic cultures isolated  Citrobacter braakii from the blood of animals 1 and 2, Enterobacter
cloacea  from the blood, lung, and liver of animal 3, and  Salmonella arizonae from the lung and
liver of animal 4. 

OPMV is considered to be an important infectious agent of snakes. Death often occurs within 1  day
following the onset of signs of illness. In many cases, clinical signs are subtle and may go
unrecognized until death. In the present report, three snakes were found dead without prior clinical
signs, and four presented with respiratory distress and opisthotonos before euthanasia. Using light
microscopy, three of the four euthanatized snakes were found to have proliferative pneumonia.
Although clinical central nervous system distress was identified prior to death, microscopic brain
lesions were not observed in any of the animals examined. Immunohistochemical assays
demonstrated the presence of OPMV antigen in pulmonary tissue from three of the snakes evaluated.

Postmortem microbiological cultures isolated gram-negative bacteria from the tissues of several
snakes. Secondary bacterial infections have been reported with OPMV infections in snakes.3 OPMV
may function as an immunosuppressive pathogen, allowing secondary bacterial organisms to
become invasive and contribute to the severity of the disease. 

The presence of OPMV in Brazil has been previously documented as an incidental finding in the
venom gland of a jararaca viper (Bothrops jararaca).4 However, no illness was observed in this
snake. The current study confirms the presence of OPMV in captive snakes in Brazil manifesting
clinical signs of respiratory and central nervous system disease. 

Additional studies are currently underway to isolate and partially sequence the virus and to
determine the serological status of the snakes from the Laboratory of Herpetology, Butantan
Institute. 
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STANDING CASTRATION IN A TWO-YEAR-OLD RETICULATED GIRAFFE
(Camelopardalis reticulata) 
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Abstract

A chute conditioned 2-yr-old reticulated giraffe (Camelopardalis reticulata) was castrated using
standing sedation and an EZE bloodless castrator.1 The decision to castrate this young male giraffe
was based on the inability of the Cheyenne Mountain Zoo to accommodate two adult male giraffes
in their current enclosure. This 2-yr-old bull was beginning to spar and exhibit aggression with the
adult bull in the giraffe herd (his sire). Shipping this young male was not an option at the time.

Among the anesthetic challenges facing zoo veterinarians, giraffe anesthesia is considered to have
a historically high mortality rate associated with it.2 For this reason we decided to perform the
castration using a standing sedation protocol with the Alpha-adrenergic agonist xylazine. Before
attempting this procedure the keeper staff intensely chute conditioned this giraffe over a period of
several weeks. The conditioning was gradual, and by the end of the conditioning the giraffe was
allowing the placement of bellybands and a quick release head halter. The decision to use a banding
castrator rather than performing an open castration was based on the temperament of the giraffe and
the limited access to the scrotum and testes in the standing position. 

Methods

A 2-yr-old male reticulated giraffe weighing 632.0 kg was placed in a box-type chute with
removable side panels. Two 6-inch wide nylon mesh straps were placed in a ventral abdominal
position, one just caudal to the axilla, and one just proximal to the scrotum. The giraffe was given
100 mg of xylazine i.m. (Rompun, Miles Laboratories) and within 15 min the giraffe was so sedate
that he began to buckle on all four limbs, using the bellybands to support most of his weight. The
scrotum was then prepared aseptically for the castration. Fifteen milliliters of buffered lidocaine (1:1
dilution of 2% lidocaine and 8.4% sodium bicarb) was infused by injection in and around the
proximal portion of the scrotum and spermatic cord. Sedation was profound enough at that time to
cause laxity of the giraffe’s head and neck. At this time a quick release halter was placed on the
giraffe to support his head and neck, and a nasal cannula was placed providing 100% oxygen
supplementation, heart rate and oxygen saturation were monitored via pulse oximetry. The scrotum
and testes were manually isolated from the body wall and two rubber-castrating bands were placed
as tightly as possible between the testes and the body wall. Blood was drawn for a CBC and serum
chemistry panel; and the following medications were given:  600 mg of flunixin meglumine i.m.
(Banamine, Schering-Plough Animal Health) 10 ml of penicillin G procaine i.m. (Dura-Pen, Vedco
Inc.), 2 ml of tetanus toxoid i.m. (Fort Dodge Laboratories), 12 ml of vitamin E / Se i.m. ( Bo-Se,
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Schering-Plough Animal Health). Reversal was achieved with 50 mg of yohimbine, 50% i.v. and
50% i.m. (Yobine, Lloyd Laboratories) The giraffe was able to walk out of the chute within 20 min
of reversal and was eating and drinking with no signs of pain or discomfort 6 hr later. We continued
him on oral Banamine and trimethoprim/sulfadiazine powder (Tucoprim, Pharmacia & Upjohn) for
the next 7 days. For follow up the giraffe was placed in the chute weekly to exam the bands and the
scrotum, the scrotum and testes steadily became atrophic and desiccated. In bulls banded by the EZE
bloodless castrator the scrotum becomes completely desiccated and drops off within 3 wk. Three
months later our giraffe still had the remnants of his scrotum and testes and although there were no
apparent complications we decided to amputate the scrotum in case the bands would act as a nidus
for infection and inflammation. The giraffe was again placed in the chute with bellybands and given
25 mg of xylazine i.m., this dose was just enough to perform the amputation without additional
anesthesia. The rubber bands were removed with a pair of tin-snips and the scrotum was amputated
in the crush created by the bands. There was a small area of granulation tissue at the surgical site
but no active bleeding. Twenty-five milligram of yohimbine was given i.m. for reversal, and the
giraffe was bright and alert in 15 min. The keepers were instructed to place betadine ointment on
the granulation tissue once daily for the next 10 days. 

Discussion

We feel we were able to perform this castration in a standing position because of the extensive chute
training and conditioning the giraffe received from the keepers. Without having a calm animal in
the chute we would not have been able to castrate him with xylazine alone. The EZE bloodless
castrator has been used in the field with cattle for several years, complications noted by the
manufacturers are mostly related with poor placement of the bands. If the bands are not placed
correctly or tight enough there can be partial vascular and spermatic cord occlusion resulting partial
necrosis and the production of toxins leading to endotoxemia and possibly septicemia. We feel the
reason that the scrotum did not fall off on its own as it should, was that the tissue on the neck of the
scrotum was too thick, if we had performed the procedure on a younger animal the results may have
been more or less what was expected. In the future, when planning another castration we will hope
to have the animal chute trained before it is 1 yr old, hopefully avoiding having to amputate the
scrotum months later. 
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COMPARATIVE HEMATOLOGY OF THE FAMILY EMYDIDAE
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Abstract

The family Emydidae is the largest family of turtles containing both freshwater and semi-terrestrial
species.1 The majority of this family can be found throughout the Northern Hemisphere with the
greatest diversity occurring in the United States and southeast Asia.1,2 Considerable variation in the
morphology of white blood cells has been identified between members of the Family Emydidae.
This study compared blood samples from healthy representatives of the family Emydidae to
determine normal cell appearance and aid in cell type identification. Samples were collected from
individuals held in zoological collections around the United States.  Members from 26 of the 30
genera were included in this study.  An attempt was made to include at least three individuals from
each representative genera.  A blood sample was collected from the jugular vein, brachial or femoral
venous plexus, or the dorsal coccygeal vein. Blood smears were stained with a Romanowsky stain
using a Wescor 7120 Aerospray with both the medium blood and bone marrow light settings. Cell
types were examined and identified under oil immersion on an Olympus BH-2 microscope.
Representative cell types were documented micrographically.  Erythrocyte morphology was
consistent across the family.  A few individuals were infected with Haemogregarine-like organisms.
Heterophils and esosinophils varied in cell size, staining intensity, and granule morphology.
Lymphocytes and thrombocytes were difficult to distinguish independently and thrombocytes were
identified on the basis of “raft” formation.  There was variability in the size of basophils.  Azurophil
and monocyte morphology did not vary significantly and resembled those found in other reptiles.
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Abstract

The Franciscana dolphin (Pontoporia blainvillei) is considered to be one of the most threatened
small cetaceans in the western South Atlantic Ocean and is the most common cetacean caught
incidentally in fishing nets along its distribution.5 Studies on the stock structure and abundance of
the Franciscana dolphin in its home range are needed to evaluate the impact of this incidental
mortality on the population.2

Parasites have been useful as an additional source of information regarding various aspects of host
biology, including stock identity.1  Therefore, detailed studies regarding parasite burden of P.
blainvillei have been recommended as a tool to evaluate ecological segregation and stock structure.3

In the present study, we analyzed metazoan parasites from the stomach, intestines, and lungs of 41
Franciscana dolphins caught incidentally in fishing nets or stranded in beaches from three
geographically close areas: group 1, Guarujá and Praia Grande (São Paulo State), n = 12 (24o00’S,
46o17’W); group 2, Cananéia (São Paulo State), n = 17 (25o00’S, 47o56’W); and group 3 (Paraná
State), n = 12 (25o30’S, 48o23’W). The sample population consisted primarily of immature animals
between 0-3 years of age. 

No parasites were found in the lungs. Acanthocephalans (Polymorphus sp.) were found in the
stomachs of two animals and were considered an incidental finding. The trematode Hadwenius
pontoporiae (Digenea: Campulidae) was the only parasite found in the intestines, with a prevalence
of 100% for group 1, 82.35% for group 2, and 58.33% for group 3. The mean intensity of H.
pontoporiae for groups 1, 2, and 3 was 39.5, 25.05, and 13.5 parasites per host, respectively.

Because the sampling of wild animals is often opportunistic, samples obtained are rarely age-
stratified or diverse enough to detect heterogeneity in host-parasite associations.4  No significant
correlation between total body length and infection levels (Pearson’s correlation coefficient = 0.51,
p > 0.01) were observed. Franciscana dolphins from Rio Grande do Sul State showed a negative
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correlation between mean intensity and total body length and age of the host, suggesting that
immune response may increase with age.1 

In this study there was a significant difference in number of parasites among the three groups
(Kruskal-Wallis test, p = 0.012). Groups 2 and 3 were geographically close and exhibited non-
significant differences in the total number of parasites found (Mann-Whitney test, p = 0.063).
Groups 1 and 3 were further apart geographically and differed significantly in total number of
parasites (Mann-Whitney test, p = 0.003). 

Analysis of data from areas where H. pontoporiae has already been found, including those of this
study (Rio Grande do Sul State1 and Argentina2), demonstrates an increasing prevalence and mean
intensity of parasite infection with increasing latitude. Therefore, H. pontoporiae may continue to
be used as a biological tag for Franciscana dolphin stock studies, with standardized methodology
throughout its distribution, along with other characteristics, always considering the number of
factors that may affect the results.
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MEDETOMIDINE-KETAMINE-BUTORPHANOL COMBINATIONS IN BINTURONGS
(Arctictis binturong)
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Abstract

The scientific literature on binturongs (Arcticis binturong) is sparse and there is very little
information on anesthesia of binturongs or any other viverrids.1,3  Anesthetic combinations of
medetomidine, butorphanol, and ketamine have been proven to allow quick, relatively safe, and
reversible immobilization and anesthesia in other members of the order Carnivora.2,4  This study
investigated the effects of two combinations of medetomidine, butorphanol, and ketamine in order
to determine an effective anesthetic protocol for binturongs.

Thirty-four captive adult binturongs were anesthetized for physical examinations.  The
cardiopulmonary effects of two combinations of ketamine-medetomidine-butorphanol were
compared.  Animals were assigned to one of two groups by stratified randomization.  Group HK/LM
was administered a relatively high dose of ketamine (Ketaset, Fort Dodge Animal Health, Fort
Dodge, Iowa 50501 USA; 8 mg/kg), a low dose of medetomidine (Dormitor, Pfizer Animal Health,
Exton, Pennsylvania19341 USA; 0.02 mg/kg), and butorphanol (Torbugesic, Fort Dodge Animal
Health, Fort Dodge, Iowa 50501 USA; 0.4 mg/kg). Group LK/HM was administered a relatively low
dose of ketamine (4 mg/kg) and a high dose of medetomidine (0.04 mg/kg), and butorphanol (0.4
mg/kg).  The weight of each animal was estimated prior to injection.  Animals were restrained with
a net and hand-injected in the thigh muscles. Each animal was allowed 10-15 min for induction.  If
needed, supplemental drugs were administered following the allotted induction period.    

After transportation to a central processing location, animals were weighed and monitoring
equipment was attached.  Temperature, heart rate, respiratory rate, arterial blood pressure, arterial
oxygen saturation, and end-tidal CO2 were measured every 5 min for 45 min.  Time of induction,
time to head up, and time of recovery (time to standing) were also noted.  After 45 min of
monitoring, animals in the HK/LM group were given an i.m. injection of atipamezole at 0.1 mg/kg
(Antisedan, Pfizer Animal Health, Exton, Pennsylvania 19341 USA) and animals in the LK/HM
group were administered 0.2 mg/kg of atipamezole.  When possible, a 30 ml blood sample was
obtained for complete blood count, serum biochemistries, serum vitamin and mineral analysis, and
steroid hormone analysis.  Most blood samples were obtained from the jugular vein, but other
venipuncture sites included the cephalic, femoral, saphenous, and tail veins.  

Data sets were tested for normality using Shapiro and Wilk’s test.  Data sets that were normally
distributed are reported as means (± standard deviations) and were analyzed by repeated measure
ANOVA.  Data sets that were not normally distributed were analyzed using a Kruskall-Wallis Test
and median values are reported.  Animals weighed 16-32 kg.  Individuals varied greatly in the
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response to the anesthetic combinations.  Of the 34 binturongs anesthetized, six in each group
required supplemental agents to achieve adequate anesthesia.  Physiologic values for the remaining
22 animals were analyzed.  Leaving the animals without any stimulation for 10-15 min after
administration appeared to improve the quality of induction and anesthesia.  Heart rates were
significantly higher in the LK/HM group at all time points.  There were no significant differences
in arterial oxygen saturation and both groups had animals with values <90%.  Values for mean
arterial blood pressure were not significantly different between groups.  Respiratory rates, end-tidal
CO2 values, and body temperatures were similar between the two groups.  Time to intubation was
significantly less in the HK/LM group (5 min) than in the LK/HM group (10 min).  However, time
to head up and time to recovery were significantly longer in the HK/LM group (24 min and 38 min,
respectively) than in the LK/HM group (6 min and 12 min, respectively).

Although the LK/HM animals had longer induction times, the substantially shorter recovery times
made this the preferred combination of the two investigated.  However, there was a considerable
amount of variability, as well as mild-to-moderate hypoxemia, with both combinations.  Ketamine-
medetomidine-butorphanol combinations can be used effectively in binturongs, but other anesthetic
combinations should be investigated in an effort to find a protocol that provides more consistent
results in this challenging species.
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FEMALE CHIMPANZEE (Pan troglodytes troglodytes)

Olga Lydia Aballi Neninger, MV, MSc

Parque Zoologico Nacional de Cuba, Carretera de Varona Km 31/2, Boyeros Ciudad de la Havana, Cuba

Abstract

Due to development and implementation of a chimpanzee reproduction program at the National Zoo
in Havana, Cuba, uterine morphology was evaluated in an adult female chimpanzee (Pan troglodytes
troglodytes). Uterine evaluations were performed using the techniques of hysterosalpingography and
laparoscopy. The hysterosalpingography revealed a normal uterus with a longitudinal diameter of
3 cm, cervix 2 cm in diameter, a channel cervix of 1.5 cm diameter, and the fallopian tubes were
permeable.  The laparoscopic examination revealed a subserosal uterine leiomyoma with external
alterations in form and dimension. The lesions observed neither deteriorated the uterine
endometrium, obstructed the fallopian tubes, or affected the internal capacity of the uterus.  These
results allowed the authors to consider this female chimpanzee potentially fertile.

Introduction

From the early 20th century there has been improvement in the use of endoscopic techniques in
veterinary medicine.7 The first laparoscopic procedure in veterinary medicine, performed in 1985,
involved uterine horn ties in a dog.9  

A laparoscopy is a endoscopic procedure for the visual examination of the peritoneal cavity and its
contents. It has been of great value in the diagnosis of the gynecological affections, the monitoring
of reproductive cycles in domestic cats and wild animals8 in endosalpinx studies, the mobility and
permeability of ducts, the fimbrio-ovarian relationship, and the characteristics of the peritoneum.3
Other diverse uses such as, monitoring ovarian cycles, detection of anomalies of the abdominal
organs, extractions of leiomyomas, and ovarian biopsies have been described.1,7,9

A hysterosalpingography is the radiologic visualization of the uterine cavity through the introduction
of a contrast agent into the cervix. The principal indication for this type of diagnostic examination
is the study of sterility and infertility. The hysterosalpingograpy tests tubule permeability, and is also
indicated for the determination of the size and  form of the uterus.  This technique may also be
applies to the detection of fallopian obstruction, channel narrowing, or dilatation.  Although a
hysterosalpingograpy can suggest the presence of adhesions, the specificity of this test is only 83%.3

A hysterosalpingography can be helpful in the diagnosis of uterus septado or bicorne, however, it
is necessary to carry out a laparoscopy to establish the definitive diagnosis.  A
hysterosalpingography can be used to evaluate the size and thickness of the fallopian conduct, as
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well as the characteristic of the endosalpinx.5,6  Hysterosalpingography and laparoscopy are 
important diagnostic tools in infertility studies to evaluate the general aspect of the internal genital.4

The present work describes the procedures used to carry out the gynecological evaluation of the
genital apparatus in one captive female chimpanzee that had a previous history of infertility and
stereotypic behavior, such as aggressiveness, indifference to the male, homosexuality, and
hypermenorrhea.
 
Methods

A 33-yr-old female chimpanzee housed at the National Zoological Park of Cuba was studied. The
animal was anesthetized using xylazine (6 mg/kg i.m.) followed by ketamine (5 mg/kg i.m.).  In
addition to the gynecological examination, a complete physical examination and blood sampling for
diagnostics and baseline serum sample banking was performed.

Following aseptic preparation of the vulvoperineal region, the hypersalpingography was performed.
With the cervix fixed and visualized, a metallic catheter was introduced through the cervix and 10
ml of a contrast agent (meglumine diatrizoate) was introduced prior to obtaining the radiographic
film.   

For the laparoscopic procedure, the point of insertion was half-line at navel level.  A telescope
degree O, rigid rectilinear  vision scope was inserted, 4 mm in diameter and 25 cm long.

Results

The hysterosalpingography revealed a normal uterus with a 3 cm longitudinal diameter, a cervical
diameter of 2 cm, a channel cervical diameter of 1.5 cm, and the fallopian tubes were permeable.
The uterus appeared normal uterus (cavity free) without internal form alterations and fallopian
conduct was permeable. 

Laparoscopic examination of the uterus revealed the presence of leiomyomas and external
alterations in uterine form and dimension.  The leiomyomas appeared as a prominence in the
peritoneal cavity in the form of a polipoidea. Similar pathologies has been reported in humans.2
Inflammatory lesions were also observed, characterized by multiple adherences from the uterus to
the abdominal wall, which appeared to impeded the appropriate mobility of the uterus. The existence
of this pathology, in association with infectious agents, causes infertility.5 A microbial analysis
performed prior the laparoscopy was negative. The inflammatory lesions observed may indicate
previous infection. 
 
Conclusions

A leiomyoma is a benign tumor composed of smooth muscle and conjunctive tissue.  Classified by
location, they may arise from one of the three uterine layers, endometrium, myometrium, and
serosa.8  The initiating cause of leiomyomas is not known.  In a few cases, leiomyomas can cause
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infertility, abortions, deterioration of the uterine endometrium, obstruction of the fallopian tube, or
alter the position of the cervix, preventing correct sperm deposition.8 Leiomyomas may interfere
with the capacity of uterine distension.10

The majority of leiomyomas cause few to no symptoms, but if observed, the most common
symptoms are prolonged and intense hemorrhage during menstruation.  The hypermenorrhea
observed in the animal from this report may be a result of the leiomyomas detected during
laproscopic examination.  

Although some alterations in the reproductive tract were detected in the female chimpanzee from
this report, the internal capacity of the uterus was found to be unaffected.  The external lesions
observed in the uterus are compatible with previous uterine infections not present at the time of
gynecological evaluation.  Based upon the hypersalpingography and laproscopic examination
techniques utilized in the report, the authors consider this female chimpanzee to be potentially
fertile.
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Abstract

In the Galapagos islands, two species of pinnipeds are found, the Galapagos fur seal (Arctocephalus
galapagoensis),5 and the Galapagos sea lion (Zalophus wollebaeki).4 Because of the unique
characteristics of their tropical habitat, both species have developed important features of endemism,
such as corporal size reduction, physiological adaptations of thermoregulation, and specific
behavioral characteristics.2,7,8,10  Both populations are relatively small, approximately 20,000-30,000
individuals9 and highly vulnerable to climatic changes, such as El Niño Southern Oscillation events.8

The Galapagos fur seal is found in the northeastern islands (Isabela, Fernandina, Santiago, Pinzon,
Pinta, Marchena, and Wolf), in northeast Genovesa, and a small population exists in the central
region (North Seymour, Baltra, and Santa Cruz).8  The Galapagos sea lion lives on almost all the
islands, but the densest colonies are located in the southern and central regions of the archipelago
(Española, Floreana, San Cristobal, Caamaño, South Plaza, Mosquera, and North Seymour).6 

These pinnipeds, like other species of the archipelago, have a high risk of being affected by the
introduction of exotic species (dogs, cats, and rats), and other problems, such as the most recent oil
spill that occurred on San Cristobal Island in January, 2001.  Long-term vigilance and monitoring
of health parameters in wildlife populations help to document changes in the prevalence of
infectious agents and exposure to toxics. This data, together with general population dynamics and
ecology, provides essential information that enables the interpretation of the state of health of both
these pinniped  populations and the ecosystem.

As part of a long term study on the ecology, behavior, physiology, and epidemiology of the
pinnipeds of Galapagos, the use of isoflurane as an anesthetic agent for handling pups and juveniles
of both species to obtain quick morphometric measurements and biological samples was evaluated.
Anesthesia with isoflurane has been reported in similar species to provide a quick induction, an ideal
state of immobilization, a high margin of safety, and a complete and quick recovery.1,3

The field study was carried out on six different islands, in six rookeries of the Galapagos sea lion
and in one rookery of the Galapagos fur seal. Each animal was restrained manually and isoflurane
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(Forane® Abbott Laboratories Limited, Queenborough, Kent, UK) was administered at 5 % in
oxygen (1-2 L/min) for induction using a portable anesthesia machine designed for humans. An
endotracheal tube was placed in the majority of animals and the isoflurane concentration was
adjusted according to stimuli response and the presence or absence of palpebral reflex and
mandibular tone. 

During anesthesia, the following physical signs were monitored: palpebral reflex, capillary refill
time, mandibular tone, cardiac and respiratory frequency, oxygen saturation, and body temperature.
A pulse oximeter with a rectal probe was used.  Once the procedure was completed, the animals
were maintained on oxygen until they recovered completely. Morphometric measurements, body
weight, hair samples, blood (10-20 ml) from the jugular vein, and select samples from pathologic
lesions were obtained during the anesthesia period.

A total of 77 Galapagos sea lions (36 male and 41 female) were anesthetized for 4-26 min (mean
10.37, SD = 2.45) with an induction time of 2-20 min (mean 6.26, SD = 1.021). Animals ranged in
weight from 5-23 kg (mean = 12.42, SD = 1.56).  Six Galapagos fur seals (2 male and 4 female)
were anesthetized for 11-18 min (mean = 14.83, SD = 2.48) with an induction time of 7-14 min
(mean = 10.5, SD = 2.88). Animals ranged in weight from16-23 kg (mean = 18.33, SD = 2.65).
Mean pulse oximetry readings were 94% (range = 90-98, SD = 3.75), mean pulse rate was 116 per
min (range = 91-146, SD =18.96), mean respiratory rate was 13 per min (range = 11-16, SD 2), and
mean body temperature was 37.5OC (range = 36.4-38.5, SD = 0.9).

The physiologic parameters of the Galapagos sea lion obtained in this study, compared with those
of the California sea lion (Zalophus californianus) obtained using a similar anesthetic protocol,3
were similar in pulse (mean = 107 per min, SD = 4.5, range = 82-158) and respiratory rates (mean
= 17 per min, SD = 1.3, range = 9-38), but the oximetry readings were significantly better in
Galapagos sea lions (mean  = 97.33%, SD = 0.5, range = 90-99) compared to California sea lions
(mean reading =84.83%).  Body temperatures of Galapagos sea lions never rose above 39/C (mean
37, SD =0.15, range = 35.8-39), compared to body temperatures of 40/C and 41/C observed in
California sea lions under similar environmental conditions.3 

The Galapagos sea lions were much more tolerant to human presence than the California sea lions,
and this behavioral characteristic may have benefitted the outcome of the anesthesia procedure. The
small Galapagos fur seals, however, were more intolerant to human presence than the Galapagos sea
lions and were more aggressive during physical restraint. The largest Galapagos fur seal handled (23
kg) never recovered from the anesthesia.  The primary cause of death was attributed to shock related
to capture, physical handling, and anesthetic procedure.

The use of isoflurane as an anesthetic agent for pups and juvenile Galapagos sea lions proved to be
safe and practical for the handling of a large numbers of animals. Despite the few number of
Galapagos fur seals anesthetized and the anesthetic death of one animal, we still consider the
protocol useful, but for future projects the aggressive behavioral characteristic of this species should
be taken into consideration.
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Abstract

Capture myopathy is a syndrome that occurs in domestic and wild animals. It has been described
in several wild ruminants and occasionally in primates, marsupials, equids, canids and birds. It’s a
dynamic and complex process involving fear perception, sympathic nervous system and alteration
of adrenal glands and muscular activity. An intensive muscular activity leads to a accumulation of
lactic acid, severe metabolic acidosis and secondary muscle necrosis. The process can be presented
in four ways: ataxic myoglobinuric syndrome, shock syndrome, ruptured muscle syndrome, and
delayed-peracute syndrome. The clinical signs are pain, stiffness, inability to rise, oliguria and
depression. The literature suggest that capture myopathy has no predilection by sex or age between
the susceptible species. The objective of this abstract is to describe the report of a capture  myopathy
case in a wild adult female of collared peccary (Tayassu pecari), captured in a live trap during the
fauna rescue of Sérgio Motta hydroelectric power plant in the Preseidente Epitacio region, São
Paulo, Brazil. After 24 hr of capture, the animal presented impotence of the pelvic limbs with
difficulty of locomotion. The treatment wasn’t successful, so the animal was euthanized. After the
sacrifice of the animal, the necropsy was done and the gross exam showed extensive areas of pale
muscle mixed areas of normal coloration in skeletal muscles of both pelvic limbs. In the
histopathologic exam multiple areas of muscular necrosis were seen, with hyalinization and loss of
muscular fibers, associated to normal areas of musculature and connective tissue. The gross and
microscopic findings associated with the clinical symptomatology and history are compatible with
the diagnostic of myopathy. When managing  this species of animal this syndrome should be
considered and prevented.
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Abstract

Introduction

Leiomyoma is a benign tumor with smooth muscle origin, with low frequency in domestic animals,
and like the others neoplasias, rarely described in wild felids. The tumor may occur in a lot of organs
like the uterus, gastro-intestinal tract, gallbladder and urinary bladder. Usually this type of neoplasia
is very proliferative, invading surrounding tissues. The main neoplasias that affect the uterus are
carcinomas, adenomas, adenocarcinomas, fibromas, fibrosarcomas, leiomyomas, fibroleiomyomas
and fibroleiomyosarcomas, affecting usually adult animals. The objective of this paper was to
describe the occurrence of leiomyoma in a captive puma (Puma concolor) in Brazil.

Methods

A puma (Puma concolor), female, of 15 yr, born in captivity, resident with a male of the same
specie, presented muco-purulent secretion, intermittent during 15 days. The secretion was collected
with a swab and examined in the optic microscope, where was visualized a high number of
neutrophils. Then it was decided to restrain the animal with ketamine (10 mg/kg) and xylazine (1
mg/kg) and do a clinical exam. During the exam it was observed the presence of a soft structure in
the abdomen. It was decided to do an exploratory laparotomy. There was a big, soft mass in the
uterus and an ovariohysterectomy was performed. After the surgery the animal was kept in a for pos
surgical recuperation.

The uterus was carefully examined and muco-purulent secretion was collected and kept in a Stuart
medium for microbiology exam. Samples of altered and normal tissues were collected and kept in
a 10% formalin solution for histopathologic and exams. The reagents used in the immuno exam were
vimectin, alpha actin and Ki-67 antigen. The antigenic recuperation was done by humid heat using
high pressure. The slides were examined in the optic microscope.

Results

At the macroscopic evaluation it was possible to observe severe vessel congestion of the serosa and
moderate enlargement of the uterus walls, presence of a big amount of yellow muco-purulent
secretion and the presence of two masses in the uterine horns. One of the masses was localized in
the medial part of the left uterine horns, approximately 12 cm in diameter, whitish-pink, firm
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consistency and the presence of a cyst of 1.5 cm. The other mass was located in the right uterine
horn and was 3 cm in diameter. Both of the masses were strongly adhered to the uterus wall and
were projected in to the uterine lumen without obstructing it. The ovaries were normal. In the
histopathologic exam it was observed the presence of exuberant production of mesenchymal tissue,
showing multiples cellular bundles randomly. The tissue was composed of cells containing
elongated nucleus, with discrete pleomorphism and rare stroma. The low irrigation of the masses
resulted in extensive areas of necrosis. Although suggestive of leiomyoma in the histopathologic
exam, it was decided to do a immunohistochemistry to find the origin of the neoplastic cells. The
results of the alpha smooth muscle and the muscular actin antibodies characterized the tumor as a
leiomyoma. The microbiological culture showed the presence of Bacillus brevis and Bacillus
pasteurii. These agents are commonly found as contaminants or opportunistic in bacterial infections

Discussion

The most frequent neoplasias described in big cats in captivity are the carcinomas and the adenomas
of the mammary gland. These tumors are usually related to the use of contraception substances. In
this puma it was diagnosed the presence of leiomyoma in the uterus wall. There was not found any
report of uterus leiomyoma in big cats in captivity in Brazil, only the report of a leiomyosarcoma
in mammary gland with metastasis in multiple organs in a captive jaguar (Panthera onca). 
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Abstract

Although renal parasites are uncommon in birds several reports have been published.  Reports
include Coccidia within the epithelium of the collecting ducts and tubules, and intravascular
Schistosome ova in waterfowl, Cryptosporidial proliferation in the apical membranes of renal
tubular epithelium, and Encephalitozoon hellem infection in lovebirds and budgerigars.  Renal
trematode infections have been reported in waterfowl with flukes generally found in collecting
tubules of the medullary cone.  Trematodes may be found incidentally or may lead to clinical renal
disease in some birds.1

Sporadic deaths in the collection in this report were noted over a four year period.  Seven birds were
examined (black mask lovebird, Agapornis personata, white headed munia, Lonchura maja, fairy
bluebird, Irena puella, white headed buffalo weaver, Dinemellia dinemelli ,scarlet chested parrot,
Neophema splendida, a long tail finch, Poephila acuticauda and a blacksmith plover, Anitibyx
armatus).  Adult trematodes, identified as Tanaisia zarudnyi were recognized, primarily within the
lumen of renal collecting ducts.  Associated lesions included dilation of the ducts, metaplasia of the
lining epithelium, and an interstitial pleocellular inflammation. Many of the birds had other lesions
contributing to their debilitation and clinical signs.
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Abstract

Data collection, dissemination, and interpretation for wildlife that are collected from natural
disasters or confiscated and that are sent to multiple institutions in multiple countries can be a
daunting task.  Creation of an online database system to collect data on medical management
antemortem and postmortem would provide a useful means for maintaining proper records.   In
January of 2002, approximately 7500 turtles were confiscated in Hong Kong, sent to a central
location in the United States (Florida), processed and examined, and then sent to various public and
private institutions throughout the country.  A Microsoft® Access® database was established and
a web-based form developed to allow for data entry of physical exam findings, treatments,
procedures, microbiology, parasitology, and necropsy findings.  Furthermore, the system allows for
searching data and exporting to programs such as Microsoft® Excel® for data analysis.  A system
such as this would enhance not only future turtle rescue endeavors, but also those of other wildlife
species that require animal dissemination including natural and manmade disasters (e.g., oil spills).

Introduction

The advent of computer programs such as MedArks have provided a means of data collection and
dissemination for zoological parks.  However, a method for  collecting, analyzing, interpreting, and
disseminating data for wildlife species in which animals are distributed to multiple institutions for
short to long term treatment that can be utilized by all individuals involved have not been available.
Designing a program such as this requires: 1) availability to the majority of individuals involved and
2) ease of interfacing with the database environment so that adding and searching information can
be done.  Database programs provide the best means of collecting, analyzing, and disseminating data
as opposed to spread sheets which can be difficult to sort through.

In January 2002, approximately 4300 illegally caught turtles intended for food, aphrodisiac, and
medicinal purposes were confiscated in Hong Kong and transported to Florida and Europe for triage
and medical treatment for capture and transport related conditions.  After this initial processing,
turtles were sent to various public and private institutions throughout the United States for further
medical treatment.  In order to provide a means of collecting data on individual animals including
physical examination findings, procedures, clinical and hematologic analyses, treatment modalities,
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microbiology and parasitology findings, and finally, gross and histologic findings, a web-based
program was developed that could allow ease of data entry, searchability, and exportation functions.

Methods

Microsoft® Access® was utilized to establish various data entry parameters by creating tables with
individual fields.  Once, these tables were created, field relationships were established linking all
parameters, and thus creating a means of searching the data.  The tables included basic turtle
information (animal number, species, triage date, body score, body marking (notch, hole), and death
date), physical examination (medical record number, date, physical exam findings, and weight),
procedures (anesthesia date, type, dose, and effect; procedure date, type, and result), treatment (date,
type, dose, and comment), CBC, clinical chemistry, parasitology and microbiology, and
gross/histologic findings.   Whenever possible, “drop down” lists were created to maintain
consistency in diagnoses, drugs, and necropsy findings.  Where appropriate, additional diagnoses
could be added to populate the lists.

Once the database was designed, SQL and cold fusion were utilized to prepare the website.

Discussion

Web-based data entry serves as an excellent means of maintaining medical information on wildlife
species that for a variety of reasons (confiscation, natural disasters, man-made disasters) that are sent
to a variety of institutions.  The use of these systems provides a source of data that can be stored,
managed, search, and exported to different computer programs for data analysis and interpretation.
The result of this is an increase in the speed of information dissemination and a method for
increasing productivity and reducing the amount of time required by individuals who serve as the
contact person.
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Abstract

Peafowl (Pavo cristatus) are often kept as loosely managed species in zoological collections, fully
flighted and roaming freely on zoo grounds.  A single peacock may have a harem of 2-5 peahens
and each peahen may produce 8-12 chicks per year, rapidly exceeding the carrying capacity of a zoo
and affecting surrounding neighborhoods.  Contraception of the peacock (rather than peahen) was
chosen as the most efficient means of achieving nonlethal population control.  Castration is
associated with significant risk of mortality during surgery or soon afterward, due to the large
bilateral incisions required and risk of severe hemorrhage from the vena cava and other structures,
therefore we elected to perform bilateral vas deferens surgery using minimally invasive techniques.

The vas deferens of peafowl runs along the femoral artery, along the surface of the kidney.
Therefore, adequate visualization and controlled dissection technique are critical and bilateral vas
surgery cannot be performed safely through just one approach.  For each vas, an intracoelomic
approach via the caudal thoracic air sac was found to be optimal for visualization of anatomy and
placement of instruments.  A 1-cm incision was made through skin and body wall in the last rib
space at approximately mid-thigh.   A rigid 2.7-mm endoscope with Taylor sheath was inserted
through this incision to visualize the testis and vas deferens.  Endoscopic iris scissors were used
through the instrument channel of the Taylor sheath to bluntly dissect the vas from the femoral
artery in two locations, near the testis/epididymis and approximately 1 cm distal.  Hemorrhage
during vas dissection varied from negligible (from fascia) to free flowing (from the femoral artery),
but was usually minimal.  If hemorrhage was more severe, pressure was applied to the artery using
the shaft of an instrument passed through the Taylor sheath channel; clot formation was adequate
within a few minutes and dissection could continue at another site nearby.  Once the vas was
sufficiently dissected away from the femoral artery, the endoscope and Taylor sheath were held in
place and another skin and body wall incision was made into the last rib space, approximately 2-3
cm dorsal to the first incision.  A 5-mm cannula was introduced through this second incision, and
its tip could be visualized in the caudal thoracic air sac using the endoscope.   A monopolar cautery
hook was introduced through the 5-mm cannula and current was applied to each dissected portion
of vas using a radiosurgical unit (5.5 setting, filtered current, Surgitron FFPF, Ellman International,
Hewlett, NY), taking care to deliver current in short pulses to protect adjacent tissues.
Histopathologic exam of removed vas suggested 50-90% of the lumen had been obliterated by
cautery.  The vas was transected in two sites, either during current application or with endoscopic
iris scissors.  The region of vas between the two transection sites was grasped with endoscopic
forceps and removed through the Taylor sheath.  Both incisions were closed with 4-0 monofilament
polyglyconate suture  (Maxon®, Davis & Geck, Wayne, NJ) in body wall and skin layers.  The
peacock was then repositioned for the same procedure to be performed on the other vas.
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During the development of this surgical technique, several methods were attempted with less
adequate results than the technique described above.  Hemoclip application was attempted for vas
ligation along with vasectomy, but hemoclip introduction through the body wall proved problematic
despite the use of various retractors.  Other incision sites were attempted (caudal to the last rib, or
more ventral) with more soft tissue trauma than we considered acceptable. Typically, we found
surgery on the right vas deferens to be more quickly accomplished than for the left vas deferens.
Future variations of the procedure may include suture ligation or hemoclip ligation of each vas using
a 5-mm laparoscopic hemoclip applier (with the goal of eliminating the possibility of sperm
granuloma formation), or use of a 5-mm laparoscopic bipolar cautery instrument.

Devising a technique for peacock contraception was challenging and at times frustrating.  Although
we do not yet know the long-term contraceptive benefits and surgical consequences of the various
techniques tried, we are hopeful that this is a reproducible and useful procedure. 
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Abstract

The San Diego Zoo currently manages several diabetic primates. This abstract will focus on those
managed using insulin injections. The diagnosis of diabetes has been based on urinary glucose and
ketone concentrations,  blood glucose concentrations, and insulin levels. There are three animals
being treated with insulin (Table 1). Three types of insulin are used to manage these animals: a
combination product containing 70 %  isophane insulin and 30 % regular insulin (Humulin 70/30,
Eli Lilly and Company, Indianapolis, IN 46285 USA); regular insulin (Humulin R, Eli Lilly and
Company, Indianapolis, IN 46285 USA); and ultralente insulin (Humulin U, Eli Lilly and Company,
Indianapolis, IN 46285 USA). Historically blood glucose measurements were obtained infrequently.
The male drill was trained for venipuncture but was frequently uncooperative. The female drill was
trained for toe sticks, however discomfort prevented getting them on a frequent basis. Monitoring
was based on urine glucose and ketone readings three times daily and intermittent blood glucose
measurements. Glucometers (FreeStyle glucometer, TheraSense Inc., Alameda, CA  94502 USA)
that allow blood glucose measurements on a very small amount of blood have recently become
available. Therefore more areas of the body can potentially be used for blood stick sites versus just
the toes or fingers. All three animals have been trained for regular blood sticks. Keepers have been
trained to perform blood glucose measurements and to administer insulin injections. They check the
blood glucose concentrations three times per day for the drills and two to three times per week for
the mangabey. A sliding scale has been developed for dosing the insulin at each treatment in the
drills. The dose of insulin is based on what the blood glucose concentration is at that time. The
golden-bellied mangabey has a set dose for a.m. and p.m. treatments since daily blood glucose
measurements are not done.  The treatment intervals are not ideal due to keeper schedules. The a.m.
and p.m. doses of insulin are approximately 7-8 hr leaving approximately 17 hr between the p.m.
insulin and the next AM insulin. A long acting insulin (ultralente) is used in the p.m. to extend the
action of the insulin during this prolonged period. Regular insulin is also administered along with
the ultralente insulin in the PM to effect an initial reduction in blood glucose levels as well as reduce
post-prandial blood glucose elevations. The combination isophane/regular insulin product  is given
in the AM. Additional regular insulin may be added to the a.m. treatment if the blood glucose is
high. Fructosamine and glycosylated hemoglobin are measured opportunistically. These results are
used in addition to the blood glucose levels to evaluate how well an animal is being regulated.
Variability in response to insulin between individuals as well as within an individual over time  has
been observed. There are periods when an animal’s response to insulin increases or decreases.
Frequently the exact cause of this change cannot be identified. Through better regulation of diabetic
primates, the long-term survival can be enhanced while reducing the amount of secondary diseases
associated with diabetes mellitus.
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Table 1. Primates currently managed with insulin at the San Diego Zoo.
Common Name (Genus species) Sex Birth Date Number Years on Insulin
Drill (Mandrillus leucophaeus) Male  Sept. 1979 12
Drill (Mandrillus leucophaeus) Female Dec. 1976 6.5 
Golden-belly mangabey
(Cercocebus agilis)

Female Jan. 1986 2 
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ABSTRACT

Basic Principles

Treatment Needs
The dental need of the veterinary patient in a zoological establishment sentres overwhelmingly
around having a healthy dental and oral environment. In this field functional issues only have a
practical relevance in herbivores and even then are of secondary importance. While aesthetic
considerations play no part in an ethical veterinary dental treatment plan.

Treatment Objectives
The objectives of veterinary dentistry should be balanced between three primary aims:

1. Predictability of treatment - avoiding any therapy that will not afford a very high degree of
long term success.

2. Minimal surgical trauma - whenever the clinical condition or the predictability of therapy
may allow.

3. Speed of therapy - not jeopardising the animal's life through an unnecessarily prolonged
general anaesthetic-

Preparation
The dental team must be prepared for all eventualities through:

1. Being fully conversant with the regional anatomy of the species being treated.
2. Being totally proficient in all the appropriate treatment techniques and having the necessary

clinical experience and decision making skills to perform the treatment as rapidly as
possible.

3. Having experienced dental assistants familiar with the techniques, instrument and materials
aid with the operations.

4. Having suitable dental equipment and materials to be able to perform quality therapy even
under the most arduous operating conditions.

5. Having equipment and instruments that match the size of the structures being worked on so
the length of anaesthesia is not unnecessarily prolonged.

Seal & Sea lions

Periodontal disease

Dental stains
Sea lions in captivity and in the wild invariably develop a black deposit on their teeth. The
gingival condition adjacent to these coating is usually healthy. Histopathological opinion is that



they are most likely to be the result of the activity of oral chromogenic bacteria and are not
pathogenic to the animals.

Juvenile periodontosis
Infrequently young seals have been seen to exhibit juvenile periodontosis, where there is a
rapid progression of periodontal disease with alveolar bone destruction, purulent gingival
discharge and tooth drifting in the jaws. There is usually a strong odour of halitosis.
Macroscopically the teeth appear healthy and clean. The cause of the syndrome is almost
certainly a host immune response, which is generally recognised as one of the most important
factors in the aetiology of periodontal disease. Dental host response is described as the
individual's resistance or susceptibility against the bacterial endotoxins being liberated from
the bacterial plaque on the teeth. Juvenile periodontosis does not respond well to antibiotic
therapy and extraction of the teeth is the treatment of choice.

Chronic periodontitis
Some old sea lions can exhibit pain from their canine teeth that superficially appear healthy.
Examination under sedation can reveal deep periodontal pockets with a purulent discharge,
although the teeth that have bulbous roots will still be well retained in their sockets. A short-
term course of antibiotics will control an acute phase of infection, but in the long term
extraction of the effected teeth is the treatment of choice. The removal of these teeth can be
challenging as these older animals have fully formed roots to their canines and the consistency
of the alveolar bone is much less flexible than encountered in young animals.

Dental trauma
Captive sea lions between the age of 18 months and three years often exhibit severe damage to
their permanent dentition, with exposures of their pulp cavities. The affected teeth are usually
the mandibular incisors, canines and premolars. It is suspected that the loss of tooth substance
is caused through abrasion with non-dental structures. The aetiology of the condition is unclear
as some animals have been observed to play with pebbles, or chew the structure of their pool,
whilst other sea lions that show signs of severe tooth wear have not been observed to engage in
such behaviour.

Because sea lions have a long growth period before reaching maturity, and do not have a
postnatal primary dentition, the teeth of these animals, especially the roots of the canine teeth
have a prolonged period of development. Due to this long period of development the pulp
cavities remain large and the apices stay dilated to- facilitate root growth to maturity. These
large pulp-cavities have the feature of maintaining the vitality of the exposed pulp through the
formation of "pulp polyps", but at the same time afford a very large space for harbouring
bacteria once the pulp tissue has become necrotic.

Pulp necrosis is followed by periapical abscess formation, where the animals often exhibit a
mandibular swelling, malaise and localised pain, The infection responds to systemic antibiotics,
but usually reoccurs, the lower canine teeth occasionally forming an extra-oral sinus tract at the
ventral aspect of the mandibular symphysis or intra-orally at the lingual aspect of the effected
tooth.

In a captive environment these teeth do not have a functional use in the sea lion. Also the
immature state of the pulp cavities and the apical foraminae are not commensurate with the
principles of root canal treatment. At the same time pulp therapy to maintain the vitality of
these teeth cannot be considered to be predictable, and the many teeth that are usually involved
in each animal would require a very long general anaesthetic with no long-term benefit to the



animal. Therefore in these cases extraction of the damaged teeth offers the most practical and
beneficial therapy.

Extraction of the sea lion's canine teeth follows standard oral surgical principles, but the
bulbous roots require judicious removal of alveolar bone before elevation is attempted so as not
to fracture the mandible. The suture line of the mucoperiosteal flaps frequently breaks down in
the aquatic environment, but the sockets heal through secondary intention within a short period
of time. Postoperatively the animals exhibit normal feeding behaviour and the mandibles
continue to develop normally.



LOW DOSE DOXYCYCLINE TREATMENT TO CONTROL
PERIODONTAL DISEASE IN MULTIPLE PRIMATE SPECIES - a
Preliminary Report

E.J.Bicknese, DVM, MPVM1, and D.A.Fagan, DDS,2

'San Diego Zoo, P.O.Box 120551, San Diego, CA 92112, USA, and 2The Colyer Institute, P.O.
Box 26118, San Diego, CA 92196-0118, USA.

As a result of the relative inability to obtain a satisfactory oral examination on a regular basis,
and to perform routine dental treatments without anesthesia, chronic periodontal disease in non-
human primate species has been difficult to treat, and almost impossible to resolve or prevent in
most species. This presentation discusses a small clinical trial considering the long term use of
two convenient low dose doxycycline suspensions1 ( raspberry-flavored suspension and
raspberry/apple-flavored suspension), often used in a pulsatile manner, to control and in some
cases, completely resolve chronic periodontal disease in several captive non-human primate
species.

It is not uncommon to find periodontal infections in many primate species living in captive
environments. Periodontal disease can be severe, chronic, generalized and debilitating.
Advanced oral disease is often accompanied with the potentially detrimental, systemic impact of
chronic, intermittent, transient bacteremia. Prolonging the anesthesia in the patient with chronic
oral infection is not always a safe alternative. Moreover, it is well known that the beneficial
effects of routine oral prophylaxis is amazingly short lived at best, and often detrimentally
contributes to the patient's systemic bacteremia. This situation has not availed itself to resolution
because until recently there has not been a convenient, available, clinical solution to address this
severe oral problem.

In the past few years, as researchers have unlocked the secrets surrounding the cellular and
molecular mechanisms of periodontitis, the role of the host's (patient's) immune system response
in the initiation and progression of the disease process has become quite clear. As a result, host-
modulating pharmacotherapies as adjuncts to traditional antimicrobial therapy have become the
standard-of-care for the clinical management of human periodontal infections. An understanding
of these new strategies has presented the potential for effectively treating, and perhaps finally
preventing the recurrence of periodontal disease in captive primate species. Routine dental
scaling, gingival curettage, and root planing still needs to be done on a routine basis, when and
where indicated to remove accumulated plaque and calculus. Also, a therapeutic course of
appropriate, broad spectrum antibiotics (for example3 Clindamycin hydrochloride 5.5-
12 5mg/kg BED- TED, Metronidazole benzoate 25mg/kg BED, Amoxicillin 20mg/kg BID) in the
advanced cases is always indicated to correct any overt purulent situations. When these two
treatment modalities are used in combination, the result seems to be a long term corrective
treatment protocol, which offers very positive signs of success in preventing the recurrence of
this all too common periodontal disease process.



The authors have safely and effectively utilized this long term, low dose, doxycycline treatment
protocol in 10 animals of seven species3. There has been some variations in dosing as a result of
the different management practices specific to the individual species, but generally 0.3 mg/kg PO
BID x 90 days - stopped for 90 days - and the repeated for another 90 days - on and off again. In
some animals several treatment cycles caused complete resolution and the treatment cycles have
stopped. Other animals, that had either very severe periodontal disease or are anesthetized
infrequently to monitor recurrence, will be on the on/off cycles indefinitely. As a direct result of
the small volume of drug necessary per dose, and the very pleasant flavor of the suspensions,
dosing compliance has been very successful overall. This treatment protocol seems to be very
well tolerated. It has also been used in a colobus monkey, a species often difficult to medicate
due to its folivorous diet and sacculated stomach.

A very thorough discussion of how and why this treatment protocol works is available in the
article "Modulation of the Host Response in the Treatment of Periodontitis" by Gloub, et al
listed in the reference list below. A copy of this article was provided at the presentation.
Clearly, more clinical evaluation in numerous other species is necessary before this protocol
becomes standard of care, but considering the magnitude of the impact of chronic periodontitis
on the captive primate population, early presentation of these limited results was considered
essential The authors are in the early stages of treating a few small carnivores with this protocol
and are hopeful it will be effective in carnivore species also.

A small clinical trial of a widely used human treatment protocol to address chronic non-human
primate periodontitis, with a modest modification in dosing has resulted in the proposed
availability of an unusually safe, effective and reasonably-priced treatment modality. This
protocol has provide another urgently needed treatment option for the exotic animal veterinarian,
which seems to improve the health and quality of life of various non-human primate charges.

Dorycvcline Products i.

- Vibramycin® 5mg/ml: raspberry flavored doxycycline monohydrate; good for 2 weeks after
reconstitution; Pfizer labs, Division of Pfizer Inc., NY 10017.

- Vibramycin Calcium Syrup® lOmg/ml: raspberry-apple doxycycline calcium suspension;
extended shelf life; Pfizer labs, Division of Pfizer Inc., NY 10017.

Dosages2: The dosages listed for clindamycin, amoxicillin and metronidazole have not been
determined by pharmacological studies but has been clinically effective and appear safe in many
non-human primate species.

Due to their folivorous diet and sacculated stomachs, the clindamycin hydrochloride (Upjohn
Company, Kalamazoo Michigan 49001) has not been used in species like colobus or langurs.
Metronidazole has been used frequently in colobus/langur species without adverse effects;
amoxicillin has been only been used cautiously and occationally in colobus/langur species;.



Species successfully treated 3:
Allen's Swamp Guenon -1 animal Cercopithecus nigroviridis
Bengal Slow Loris- 4 animals Nycticebus coucang bengalensis
Colobus monkey- 1 animal Colobuspolkomas kikuyuensis
Crab-eating Macaque-1 animal Macacafasicularis
Mainland Drill- 1 animals Mandrillus leucophaeus
Golden-bellies Mangabey- 1 animal Cerocebus galeritus
Sumatran Orangutan- 1 animal Pongopygmaeus abeli
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A Dental Extraction Site Management Protocol Utilizing a
Synthetic Bone Graft Particulate Technique

D.A.Fagan, DDS,'* and J.E.Oosterhuis, DVM2

'The Colyer Institute, P.O. Box 26118, San Diego, CA 92196-0)18, USA; 2San Diego Wild Animal Park, 15500 San
Pasqual Valley Rd, Escondido, CA 92027-9614, USA

The presence of a geriatric population of individuals is an increasingly common occurrence among the many captive

groups of primate species. Routine dental and/or oral care of this group invariably reveals various degrees of

advanced periodontal disease that requires the removal of one or more teeth. The surgical extraction of

periodontally compromised teeth can present the clinician with a major surgical challenge. The likelihood of post-

operative bleeding from a dental extraction site is increased by the normal suction component associated with the act

of swallowing, as well as any elevation of the patients blood pressure commonly associated with pain. Proper

management of aH dental extraction sites, at the time of surgery, with emphasis upon preventative measures to

minimize the possibility of life threatening post-operative complications, is an essential and necessary element of

contemporary comprehensive oral care of exotic animals. An extraction site management protocol is the focus of

this presentation..

The first concern of dental extraction site management is to minimize collateral or incidental trauma to the

surrounding gingival tissues while the tooth is being removed, and to disinfect the oral cavity with a dilute solution

of broad spectrum antiseptic or antibiotic solution, prior to beginning the procedure. Use a #15 scalpel blade to cut

the attachment of the gingiva to the crest of the alveolar bony ridge. Detach and retract the adjacent gingival tissue

surrounding the tooth in order to provide adequate visual access to the underlaying alveolar bony ridge. Using an

appropriately sized (#2,4, or 6) round burr in a high speed dental handpiece with both air and water coolant, create a

narrow "moat" around the neck of the tooth into the crest of the alveolar ridge. With the aid of a straight elevator

and/or a "cow-horn" forceps, apply directional "rocking" pressure to move the tooth away from the bony socket into

the "moat" space on the opposite side of the tooth, thereby rupturing the underlaying periodontal ligament and

gradually loosening the tooth. When sufficiently loosened, remove the tooth from its socket following standard oral

surgical technique described for third molar impaction surgery in humans.

The second issue of concern is to thoroughly remove all of the infected, granulation tissue and debris from the

socket site back to smooth, healthy bone, taking care not to damage the underlying anatomical structures like the

mandibular nerve or the maxillary sinus. This is easily accomplished with two instruments, the double-ended Molt

curette and/or a dental bone file, and on occasion a larger round burr in the high-speed dental handpiece. The

copious use of water and H2O2 is highly recommended to assist in the cleaning of the extraction site. The socket is

now properly prepared for the third step.



Closing the extraction site is the third major issue of concern, and is accomplished in three steps. The first step is to

fill the clean extraction site about 3/4 full with a "wet sand" mixture of Bioglass® (Consil, Nutramax Laboratories,

Inc., Baltimore, Maryland 21236, USA), a synthetic bone graft particulate material moistened with any of the

commonly available broad spectrum antibiotic solutions (enrofloxacin, amikasin, etc.). Step two is to place a firm

layer of calcium sulphate (CapSet®, LifeCore Biomedical, Chaska, Minnesota 55318-3051, USA) prepared to the

manufactures directions, over the Bioglass® to create a "barrier layer", which also encourages epithelial "creep" and

promotes healing. Step three is to suture the previously protected full thickness gingival flaps back over the filled

socket site as firmly as possible. A post-operative program of antibiotics and analgesics for 7 to 10 days is

recommended, and spraying the oral cavity once or twice a day with a broad-spectrum antibiotic or antiseptic

solution when possible, will aid the healing process.

A post-operative radiograph of the freshly placed synthetic bone grafting materials is essential, and a matching

follow-up radiograph should be scheduled for about 6 months to document the replacement, regeneration and repair

of the alveolar ridge.

Proven techniques applied in a timely fashion, have been shown to promote primary wound healing and minimize

the risks of life threatening post-operative bleeding episodes associated with the removal of periodontally involved

teeth in primates. These proven principles apply to all mammalian osseous surgery and/or extraction procedures.
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Apicoectomy treatment on a Canadian Beaver {Castor canadensis)

G. Steenkampab, D. Crossleyc, L. Venterd & P.Buss3

A 5 year 9 month year old Canadian beaver was presented for treatment of lip trauma

resulting from overgrowth of the mandibular right incisor following earlier loss of the right

maxillary incisor. Extraction of the affected tooth was considered, but rejected due to the

length of the embedded portion of rodent mandibular incisor teeth. The lip injury was

managed by regular crown reduction of the overgrowing incisor every 8 weeks, whilst a more

permanent solution to the problem was planned. An apicoectomy of the caudal 2cm was

performed on the right mandibular incisor to arrest growth of the tooth. It took the remainder

of the tooth 9 months to erupt to the level where it was expelled from the body, further

coronal reduction being required once during this period. Radiographic follow-up, 9 months

post-expulsion, confirmed complete tooth loss and the alveolus filled with radiodense tissue.

This tissue has the same density as bone.

The growth of the resected tooth slowed down, contrary to experimental cases done on rats.

A further complication of the premature loss of the maxillary incisor was the medial

deviation that occurred on the left maxillary incisor. Once the right mandibular incisor was

removed the left maxillary incisor started to wear on the lateral aspect. Corrective trimming

of both incisors are envisaged for the future.
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A USEFUL PARTNERSHIP IN EXOTIC ANIMAL DENTISTRY BETWEEN
THE UNIVERSITY OF LOUISVILLE AND THE LOUISVILLE ZOOLOGICAL
GARDEN

Elizabeth R.Hayden, B.S., RVT
Louisville Zoological Garden
HOOTrevilianWay
Louisville, KY 40213

INTRODUCTION

The partnership between the University of Louisville and the Louisville
Zoological Garden began four years ago in an effort to teach senior dental students the
ability to apply the knowledge of their field of study into an animal model. The zoo
agreed to this partnership in order to foster a positive relationship between the zoo and
future professionals and to create a unique partnership between institutions in the
community. Through this partnership we are able to provide a high level of quality
dental care for our collection animals as well as begin to fulfill the mission of the zoo,
which is to better the bond between people and the planet.

BACKGROUND

The dental program is one of the first programs in the United States to be
involved with a zoo on a preventative rotation. The zoo originally approached Dr.
Thomas J. Cark, who has volunteered his services for the past 20 years, about the
possibility of a class in which students could help aid in the preventative dental treatment
of the zoo's animals. Dr. Clark and the dental students are responsible for the patient's
preventative dental exam, which includes prophylaxis (cleaning, polishing, and
evaluation), extractions, root canals, and performing computerized digital x-rays.

THE CLASS

This elective course described as "a didactic and clinical training experience
facilitating the dental care of exotic animals in a zoo setting" has quickly become one of
the dental school's most popular electives since its inception in the spring of 1999. It is
open to senior dental students and dental hygiene students, which are those students who
have completed their third year dental and first year dental hygiene program respectfully.
The class is an elective offered in the spring term and goes from approximately early
January until mid March and is worth one credit hour. Prior to students making a zoo
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visit, zoo veterinarian Roy Burns and University of Louisville Dental school faculty
present a series of seminars and lectures. These lectures discuss the role of the zoo as
not only an entertainment venue, but also as a place for education, conservation and
research. Extensive discussions of comparative dental anatomy and zoo remote
immobilization and anesthesia are also covered. The object of the class lectures is to
inform and educate, as it is important to prepare the class for what might be seen during a
veterinary procedure so as to prevent confusion or misconception.

THE ZOO

Following a four-week lecture period, the zoo becomes the classroom for clinical
training in exotic animal dentistry. Veterinary staff typically will immobilize two
animals at the same time and run two procedures concurrently. Animals are
immobilized by remote anesthesia and brought to the Animal Health Center for their
dental and preventative health exams. At the Animal Health Center, animals are
intubated and put on isoflurane gas anesthesia. Once the animal is stabilized, only then
are students allowed access to the patient. Students generally have only one rotation
through the clinical aspect of the exotic animal dentistry class. There is a new rotating
group of six to ten students present at each procedure and students take turns cleaning
and polishing teeth and assisting the dentist if restorative procedures such as root canals,
crowns, and extractions are required. Continuity is provided by the veterinary staff,
zookeepers, and complete computerized records as well as the presence of the two
professors, Dr. Thomas J. Clark, Clinical professor, and Susan W. Grammer, Associate
professor, who are present at every procedure involving their students. During the dental
cleanings, veterinary staff is able to complete the preventative health exam. During this
exam, blood and urine are collected, radiographs and blood pressures are taken, and
ECG, ultrasound and a complete physical exam is performed. Once the dental and
preventative health exams are complete, the patient is recovered.

PROS AND CONS

One of the major issues is always time. We are under certain time constraints
since we are working and coordinating procedures with another organization. Our annual
dental and preventative health exams must be performed in a three-month period whereas
typically we could complete the exams within a one-year period. We are limited to one
day per week (typically Wednesdays) as opposed to being able to choose the most
convenient day. Also, on the day of the procedure, the staff and students from the
university only have a window of about two hours in which they are available to
participate in the procedure. Students and staff generally arrive between 9:30 am and
10:00 am and need to leave the zoo by noon in order to attend afternoon classes.
Therefore, we need to carefully plan our time so the dental class participants can have
access to the first patient by 10:00 am to begin their part of the dental exam and at the
same time have enough time to complete the dental on the second patient. Two
procedures are generally run concurrently in order to assure that all animals on the
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rotation schedule can be accommodated during the months of January through March.
In order for us to work safely with two animals, veterinary and animal staff departments
need to be fully staffed. Two animals also generate twice the lab work, supplies, clean up
and care. Other than veterinary and animal staff, there are two university faculty
professors, 6-10 students, and on many occasions special guests and/or media. Dealing
with all of these elements as well as performing our own roles in the procedure can be
difficult to juggle. The major "pro" within all the "cons" is of course the strong
relationship being built between the university and the zoo as well as the quality of dental
care this program provides our collection animals.

CONCLUSION

So, why do we participate in this program? Our mission as a zoo is to better the bond
between people and the planet and through this program we are able to do just that. As
students are exposed to a unique and different side of a zoo facility they typically leave
with a more positive view of animals in captivity, as they witness first hand the level of
commitment and interaction between zookeepers and the animals in their care. They are
also impressed with the amount and level of quality medical care the animals receive
under the supervision of a dedicated veterinary staff. The hope is that as future medical
professionals this positive feeling will translate into something productive in the future
whether it be with our zoo or another community zoo, as a medical professional sharing
their expertise with another medical community or as an interested member of the zoo
with a renewed interest, appreciation and understanding for the endangered species of the
world. If we can leave these unique zoo visitors with a positive feeling towards the
animals they are caring for we have accomplished a portion of that mission.
Most importantly we receive specialized dental care from truly dedicated professionals
who are proud of their profession and want to give back to the community and the earth
by helping to enhance and prolong the health of endangered species. It is truly a
mutually beneficial relationship for all those who participate and it is our job to help
nurture that relationship and help it grow into something larger and global.
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Complete, One Appointment, Root Canal Therapy
And Cast Restoration
(2.5 Hours Or Less)

By: Michael R.Templeton, D.D.S.;
Rick Smith, D.V.M.

In treating fractured teeth in carnivores and omnivores, the decision making
process is a straight forward one, it must be determined if the tooth is required for
function, i.e. biting/ feeding, tongue retention, or identity. The teeth that are most
often identified with being functionally-necessary are the Canines and 1st Molars. Root
canal therapy on these teeth has been and continues to be a vital part of the treatment for
the animal who has fractured its tooth/ teeth, however, root canal therapy, by itself,
far too frequently leads to an unsatisfactory end result. Retaining the tooth in a
nonfunctional state or worse, failure of the treatment due to vertical fracture of the tooth
and /or coronal leaking of the access restoration leading to reinfection of the periapical
area, does not serve our patients well. However, exposing our patients to a second
'knock down' to cement a cast restoration is hardly medically or fiscally responsible.
With a bit of prior planning, good teamwork and the use of some of our newer dental
laboratory materials, it is possible to provide a very high level of service to our patients
with a reduction of the risks associated with that second appointment.

This paper will discuss the techniques involved in root canal therapy from a
dentist's perspective and provide a "cookbook" outline of the complete procedure from
start to finish in the context of the case study that led me to design this time-table.

The patient is a 7 year old, male American Black Bear (Ursus americanis) at the
Heritage Park Zoo in Prescott, Arizona. His zookeepers noticed a change in the
appearance of his maxillary left canine tooth. His weight was estimated at 450 pounds
(200 kg). He had been observed chewing on the chain link fence of his enclosure in the
past. The patients diet consists of pig chow, senior dog food (kibble), omnivor biscuits,
carrots and fruits of various kinds. Rick Smith, DVM, who, along with his team, would
lead the procedure and be responsible for the sedation and well-being of Shash. I was
contacted and asked to consult regarding treatment options.

Patient was anesthetized for the initial evaluation with Telazol IM (5.5mg/kg)
administered with a jabstick. This did not achieve adequate anesthesia, so our weight
estimation was increased to 475-500 pounds (215-227kg) and a second dose of Telazol
(2.2mg/kg) was given about 30 minutes after initial dose.

16



Once the bear had been confirmed 'down', visual examination revealed a
compound fracture of the maxillary left canine. More than 10mm of the incisal tip was
missing, fractured horizontally, supragingivally, exposing the pulp. An additional
portion of the tooth (5mm X 10mm X 2+mm thick piece) was fractured vertically on the
buccal. This fractured piece extended more than 5mm subgingivally and was still
attached to the gingiva in that area. It was this aspect of the fracture that prompted me to
treatment plan a cast crown for restoration of this tooth. Preoperative radiographs were
taken at this time.

The discussion of the treatment process that ensued, highlighted the concerns of
the zoo director, Dan Mazur and Dr. Smith in having to resedate the bear, as well as the
concerns of the handlers and myself, that, because of the nature of the fracture and the
probable source, refracturing the tooth, possibly irreparably, was also something to be
avoided.

The decision was made to proceed with the treatment recommended and schedule
the second appointment 3-4 weeks later for maximum safety during sedation. The second
anesthetic procedure was Telazol (7mg/kg) again administered IM via jabstick. The
initial dose gave good anesthetic depth, but was supplemented at 45min with Telazol
(3mg/kg). Recovery from both procedures was uneventful. Now, 16+ months later, the
crown is present and functioning, the periapical lesion is resolved and patient is as good
as new.

A variety of factors required that the optimum treatment for Shash be
accomplished in two appointments, however, the concerns expressed by all concerned
and in discussions with other practitioners regarding their 'less than optimal results',
lead me to develop this treatment schedule which allows for complete treatment in one
appointment/ sedation.

The following is a "cookbook" list of materials and a time-table that I, as a
general dentist and lab owner, know is possible to achieve. The key to doing this type of
service, is establishing yourself with a dental laboratory close to your office oz zoo before
hand and letting them know what you need time wise. The following is a list of the
actual materials that I use. There are other materials that may allow you to achieve the
same results. I do not have any sort of financial interest in any of the companies
represented here.
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Materials

Impression materials: Correct Plus VPS (Hydrophilic impression material)
Pentron Corp.

P.O. Box 724 Wallingford, CT 06492
800-551-0283

Impression trays: Cat and Dog Impression Trays
Dr. Shipp's Laboratories

351 N. Foothill Road Beverly Hills, CA 90210
800-442-0107

Casting Investment: "1700" & Die Stone: Die Master Die Stone
Talladium, Inc.

25031 Anza Drive, Valencia, CA 91354
800-221-6449

Bonded Resin Cement: Panavia
J. Morita USA, Inc.

9 Mason Irvine, CA 92618
888-566-7482

Endodontic Lubricant: RC Prep
Sultan Chemists

Endodontic Sealer: Vitapex DiaDent Japan
or Endo Rez Ultradent Products, Inc.

505 West 10200 South, South Jordan, UT 84095
800-552-5512

Casting Alloy: NPG+2
AalbaDent, Inc.

400 Watt Drive Cordelia, CA 94585
800-227-1332

Laboratory Vibrator, Electric Hand Piece, Apex locator, Assorted Burs, Sodium
Hypochlorite 5.25%, Irrigating syringe and needles, Gutta percha points, Paper points,

Absolute Alcohol
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Time Table

0:00 Start

0:05

0:15

0:25

0:30

0:40***

0:45***

1:00

1:00 ***

1:10• in***

Sedation is confirmed- Exam and Evaluation
Evaluate tooth for periodontal health, Trans-illuminate for possible
vertical fractures, Pre-op X-rays. Do not wait for X-rays to develop!

Assuming all is favorable for keeping the tooth, i.e. A) Clinical
crown is 2-3 mm minimum, B) Pulp is exposed but no Vertical Fracture,
C) Tooth is 'Necessary'; Then immediately start preparing the tooth for
crown utilizing a circumferencial chamfer preparation. Attempt parallel
axial walls, a uniform reduction of remaining tooth structure and margins
at or very slightly below gingival contour. For domesticated animals 0.5-
0.75mm is the minimum reduction. For the large or exotic animals a 1.5-
2.0mm is the minimum reduction. ** Avoid trauma to the gingiva. The
resultant bleeding / oozing will only complicate the impression. If,
however, it is unavoidable, Visine* works great as a hemostatic agent.

Wash and dry tooth/prep. Make impression in rigid tray (upper
and lower) with VPS impression material. Mix quick set die stone and
vibrate into the prep impression. Mix the lab stone and vibrate into the
opposing impression.

Transport impression to dental lab. This can be either your staff or
the laboratory's staff.

Perform access with #6,8,orlO Round Bur. Review pre-op X-ray.
Determine test file length using #15 file and Apex locator. Take test file
verification X-ray. Process. Instrument pulp out of canal using R/C Prep,
alternating with Hypochlorite rinses in a crown down approach.

( The *** instructions are for the Laboratory)

Arrive at Dental Lab. Separate models from impressions. Pindex
die for crown and pour base for die with quick set stone.

Cut out die and trim. Apply Die lube and mount models.

If post is needed to obtain adequate retention for crown, prepare
post space. (Remember Posts do not reinforce the tooth and are only used
to provide additional retention for crown.)

Wax up crown. Remember only primates have lateral excursions
and then only minor excursions. Must be waxed to a more sissor-like up
and down occlusion than humans. Sprue into crucible former.

Invest wax pattern with "1700" investment.
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1:30

1:25***

1:55***

2:00***

2:10-15

2:20

2:30

Final rinse of canal with Hypochlorite. Dry canal with absolute
alcohol and paper points. Fit master gutta percha cone. Mix endodontic
sealer and introduce into canal. Obturate. Cement post or fill access with
amalgam. Clean area. If necessary, Prophylaxis can be done now.

Put investment into HOT oven, burn out 30min.

crown.

Cast, divest, polish, and provide sandblasted finish to interior of

Transport crown back to patient.

Crown arrives at Patient.

Try in crown, Etch and prime tooth with Panavia Primer.
Mix Paste/ Paste, Load crown and seat. Apply air inhibitor.
(Panavia sets very quickly in anaerobic environment)

Clean up. Make patient comfortable. Finished.

20



Extra-oral Endodontic Technique for the Maxillary Canine in Felidae

JohnL.ScheelsD.D.S.
Dental Consultant

Milwaukee County Zoo

Victoria L. Clyde D.V.M
Staff Veterinarian

Milwaukee County Zoo

The conventional coronal, also known as the direct or oblique, endodontic technique, is adequate
for successful endodontic treatment if the operator can thoroughly debride the root canal to its apex. Even
with the potentially troublesome delta apex in carnivores, the success rate is very high if a hermetic seal can
be achieved. As in all endodontic procedures, periodic re-examination including radiographs is necessary
to evaluate the long term success of treatment.

However, if a coronal endodontic fill fails, if a periapical lesion is present initially, or if the apex is
significantly altered due to lysis such that a solid seal would nt be achieved using a coronal technique, the
surgical apical approach should be considered. This extra-oral .approach permits debridement of a
periapical lesion, apisectomy of the root and a direct retrograde seal.

The intra-oral surgical technique for maxillary canines in Canidae has been performed
successfully for many years. The mandibular extra-oral surgical technique has also been successfully
performed for many years in Canidae, Felidae, Hyanidae, and Ursidae. However, performing an
apisectomy and retrograde fill with an intra-oral approach in felidae has presented a challenging surgical
problem for the author and others due to anatomical considerations. The intra-oral approach in Felidae
necessitates the reflection of the levator nasolabialis muscle, is very close to the infraorbital foramen, and
forces the operator to approach the root apex ventrolaterally.

In Felidae, the apex of the maxillary canine is more safely and directly accessible extra-orally in
the facial area rostral to the medial canthus of the eye. This approach was first suggested to the author in
personal conversations with Dr. Peter Kertesz, who describes this technique in his book A Colour Atlas of
Veterinary Dentistry.

CASE REPORT

An 18 month old, 7.5 kg, female caracal (Caracal caracal caracal) new to the Milwaukee County
zoo collection presented with a fractured right maxillary canine tooth during routine quarantine
examination. The canine tooth had approximately 3 mm of its tip fractured off, the pulp chamber was
exposed, and the tooth was darkened due to degeneration of of the pulpal tissue, and induction of food
debris. There was no sign of an external drainage tract lesion. Radiographic examination revealed the
presence of a periapical lesion 6mm by 7mm in diameter. The extra-oral surgical approach was chosen to
debride the periapical lesion, resect the apex, and perform a retrograde fill in conjunction with the coronal
or oblique endodontic fill.

The caracal was immobilized with ketamine (Ketaset©, Fort Dodge Animal health, Fort Dodge,
Iowa 50501, USA) 16 mg/kg and tiletamine/zolazepam(Telazol©, Fort Dodge Animal Health) 4.5 mg/kg
administered intramuscularly by a plastic dart. The animal was intubated with a 5.5 mm cuffed
endotracheal rube and maintained on 1-1.5% isoflurane in oxygen. Amoxicillin (Amoxi-inject©, Pfizer
Animal Health, Exton, Pennsylvania 19341, USA) 150 mg and enrofloxacin (Bayrtil©, Bayer Corporation,
Shawnee Mission, Kansas 66201, USA) 34 mg were administered subcutaneously prior to the surgical
procedure.
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A horizontal incision was made rostral to the medial canthus of the eye, dissecting to bone. The
patients' eyes were draped for protection. A 558 surgical bur in a water cooled high speed dental
handpiece was used to cut through the bone and expose the canine apex and lesion.

The periapical lesion was debrided with small bone currettes. The exposed root apex was
sectioned Endodontic files were used to debride the entire root canal from the coronal end Sodium
hypochlorite and RC Prep (Root Canal Preparation©, Premier Dental Products, Co., 3600 Horizon Drive,
King of Prussia, PA 19406-0974) was used to irrigate the canal during filing. When the canal was
prepared, irrigated, and dried, a PC pressure syringe (Pulpdent Corporation Pressure Syringe©, Pulpdent
Corporation, 80 Oakland Street, Watertown, MA 02471, USA), was used to deposit the zinc oxide/eugenol
paste until it extruded apically. Gutta percha points were fitted, placed and laterally condensed A
retentive preparation was made at the apical and coronal ends, and silver amalgam was used to seal the
preparations. The surgical site was irrigated with sterile saline and closed with dissolving sutures.

Interoperative and postoperative radiographs were obtained to verify endodontic working length
and extent of endodontic fill.

Amoxicillin (Trimox©, Bristol-Myers Squibb, Pinceton, New Jersey 08540, USA) 150 mg p.o.
b i d was administered for 14 days postoperatively. The incision healed quickly without complication, and
the animal's appetite remained excellent.

The animal was reimmobilized using either a similar anesthetic regimen, or ketamine 6mg/kg
and medetomidine (Domitor©, Pfizer Animal Health) 37 mcg/kg I.M., at 3 weeks, 14 months and 29
months. A small scar, approximately 1x4 mm, remains present at the incision site. Radiographs taken at
each recheck showed healing of the periapical lesion, and normal bone repair in the surgical site.

The animal delivered and raised a litter approximately 18 months after the initial procedure.

DISCUSSION

This technique offers a simple direct approach to endodontically treat a maxillary canine that
has an apical anatomy which would not permit a complete apical seal using the conventional approach.
This extra-oral endodontic approach is more direct and less traumatic than the intra-oral surgical approach
in Felidae.

Literature Cited:

Kertesz, Peter, 1993. A Colour Atlas of Veterinary Dentistry and Oral Surgery. Wolfe
Publishing, Mosby-Yearbook Europe, London Pg. 254.
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ABSTRACT

Xenograft to Close Oroantral Opening in Male Gorilla

Thomas P. Mooneyham, DDS, Oral & Maxillofacial Surgeon,
Thomas P. Meehan, DVM, Senior Veterinarian, Brookfield Zoo, Chicago, IL,

John L. Scheels, DDS, Consultant, Milwaukee Zoo, & Brookfield Zoo, Chicago, IL

Presented with the problem of closing an oroantral tract in an animal other
than a human requires a general anesthesia for safety of the animal and the
clinicians performing the care. It also requires the surgery to harvest the bone and
place it in the site. Using AAA (Autolyzed, Antigen-extracted, Allogeneic human
bone) grafting material as a xenograft in this animal can afford us the possibility of
not having to perform needless donor site surgery, thereby reducing the anesthesia
time, and the risk of increased morbidity to the animal.

Oroantral fistulae negate the normal pressure variation between the mouth
proper and the ant rum of Higbmore (maxillary sinus). Performing a surgical
procedure to close the soft tissues properly, and graft the xenograft bone to the
existing alveolar bone requires attention to detail. Since 19651 we, in the surgical
community, have been aware of the existence of osteoinduction caused by certain
proteins in bone graft materials. Drs. Kent, Block2, Triplett3 et al have reported in
various journal articles about the need to properly place the bone matrix for
grafting, and have an appropriate GTR type of material, Boyne4, to protect the bone
graft from extensive inflammatory enantomers.

A discussion of the technique and the reasoning for this technique is offered.

References:
1. Urist, M. R., Bone: Formation bv autoinduction. Science 150:8893,1965
2. Block, M.S., Kent, J.N., Endosseous Implants for Maxillofacial

Reconstruction, Philadelphia, W.B. Saunders, 1995
3. Triplett, R.G., Schow, S.R., Fields, R.T., Bone Augmentation With and

Without Biodegradable and Nonbiodegradable Microporous Membranes,
Oral & Maxillofacial Clinics of North America, Aug 2001, pp 411-422, W.B.
Saunders

4. Boyne, P.J., Regeneration of alveolar bone beneath cellulose acetate filter
implants, J Dent Res., 26:569, 1964
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SUCCESSFUL APPLICATION AM) OUTCOME OF A DIRECT
PULP CAP IN A MAYLASIAN ELEPHANT

By: Thomas J. Clark DMD
Clinical Professor
Department of Surgical and Hospital Dentistry
University of Louisville School of Dentistry

ABSTRACT:

Significant tusk fractures in elephants usually result in
a pulp exppsure. Untreated pulp exposures inevitably result
in an infection of the pulp, pulpal necrosis, infection of the
periapical tissues, loss of the tusk, and in some instances
loss of the host animal to septic processes.

We present a successful application of a procedure for a
fractured elephant tusk with pulp exposure that was
simple, performed with readily available instrumentation,
and did not require any form of anesthesia. The procedure
involved a partial pulpectomy, followed by application of
topical antibacterial medication, direct pulp cap utilizing
calcium hydroxide (Dycal), followed by obliteration of the
access canal utilizing glass ionomer, amalgam, and photo-
cure resin. Subsequently, a machined aluminum crown
was placed on this tusk for final restoration. Follow up
approximately 1-1/2 years later showed a continual and
uninterrupted growth of the tusk of approximately 10
inches. This indicates that there was no significant
permanent physiological damage to the pulp, and normal
odotogenesis has ensued.

This procedure was performed on a 14 year old
Maylasian elephant (ELEPHAS MAXIMUS HIRSUTUS).
The successful outcome of this procedure warrants
consideration in situations like this one.
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ELEPHANT TUSK REMOVAL

Martin Steiner D.D.S.1

Alan R. Gould D.D.S.'
Thomas J. Clark D.M.D.'

Roy Burns D.V.M."

ABSTRACT

Elephant tusk removal typically requires surgical procedures that are time consumng, costly, and
present a significant health risk to the animal when performed utilizing general anesthesia. Such
techniques require gouges, chisels, and forceps to accomplish removal of the tusk. We present successful
application of a procedure for elephant tusk that was simple, performed without surgical instruments, and
did not require any form of anesthesia. The procedure utilized the technique of placing rubber elastics
around the tusk, causing alveolar bone loss with subsequent exfoliation of the tusk. This method was first
described in the human dental literature in 1923 when rubber rings were used in a human tooth removal.
Subsequent reports described the use of rubber bands for tooth removal in patients with hemophilia. The
present case concerns an 18 year old Afican elephant (Loxodonta Africana) with an eight year history of
traumatic tusk intrusion progressing to local infection requiring tusk removal. The rubber elastics were
placed around the elephant tusk and apically repositioned every two days with additional elastics added.
Elephant handlers tugged lateraly on the tusk daily to generate increased tusk mobility. Exfoliation
occurred within three weeks of commencement of use of elastics. The infection promptly resolved, and
healing was uneventful. Consideration should be given to application of this technique to other types of
zoo-housed animals where tooth extraction is indicated, and animal handling options and animal anatomy
are appropriate. The successful outcome of this procedure suggests it to be a reasoable treatment option
when parameters for tusk removal are similar.

1 Department o fSurgical & Hospital Dentistry, School of Dentistry, University of Louisville, Louisville
Ky, 42092

ii Louisville Zoological Gardens, Louisville, KY 40217
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PULPAL TREATMENT AND RESTORATION OF A FRACTURED TUSK OF AN
AFRICAN ELEPHANT (LOXODONTA AFRICANA)

By: George P. Willis, D.D.S.*
Associate Dean for Clinical Affairs
Indiana University School of Dentistry
1121 W. Michigan St.
Indianapolis, IN 46202

Jeff Proudfoot, D.V.M.
Senior Veterinarian
Indianapolis Zoo
1200 W. Washington St.
Indianapolis, IN 46222

Jan Ramer, D.V.M.
Associate Veterinarian
Indianapolis Zoo
1200 W.Washington St.
Indianapolis, IN 46222

A 2 year, 4 month old female Loxodonta Africana weighing 740 kg. (1631 lbs.) was
found to have a fractured right tusk. The fracture had exposed approximately 1 cm. of pulpal
tissue and the fractured tusk margins were 2-3 mm sub-sulcular.

Etorphine HC1 10 mg/ml was used for immobilization (1 mg IM via hand syringe,
supplemented with an additional 1 mg eleven minutes later). Intubation was with a 26 mm
endotracheal tube and maintained on Isoflurane at 1-2% for 105 minutes.

Two radiographs were taken. Electrosurgery was utilized to expose the entire periphery
of the fractured tusk. A sterilized .25 inch drill bit in a cordless drill was utilized to remove
necrotic pulp tissue and expose vital bleeding pulp tissue ( approximately 2 cm. apically into the
tusk). Gentamicin antibiotic ointment was placed over the vital pulp tissue followed by a layer
of Consil® ( Bioglass® Syntehtic Bone Graft Paniculate). A bonding agent ( OptiBond Solo
Plus®) and a chemical cure composite core paste (Compcore®) were used to seal the access
opening. Anesthesia was reversed with 100 mg I.V. Naltrexone HC1 50 mg/ ml. During the
procedure, 7.75 grams Amoxicillin tryhydrate was given I.M. Oral antibiotics (sulfamethoxazole/
Trimetnoprim 300 mg/ml) 15,000 oz were given once a day for two weeks. The sulcus area was
flushed with .075% chlorohexidine and .9% saline three times a day for one week. Four weeks
post treatment, the elephant showed no signs of infection and the tusk had grown approximately
.5 cm.
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THE TREATMENT OF INFECTED TUSKS IN A COLLECTION OF
PACIFIC WALRUS (Odobenus rosmams).

Peter Kertesz, BDS(U.Lond), LDS RCS Eng.,'* John D. Harrison, PhD, FRCPath2

'Zoodent International, 29A Brook Street, London W1K 4HE, U.K;
'Dept ofOral Pathology, GKT Dental Institute, King's College, London, U.K.

Nomenclature in this paper for anatomical orientation of the teeth will be the standard dental
terms: Coronal and Apical, for direction towards or relationships to, the Distal and Proximal
extremities of the tusk respectively.

ABSTRACT

Ten Pacific Walrus aged between 4 and 6 years were housed in Moscow Zoo. Seven of the
animals developed bilateral tusk abrasions, where the teeth were worn down to within 4.0 to
1.0 cm of the gingival margins. This occurred through normal "digging" behaviour at the
bottom and the sides of their concrete lined pools. The animals exhibited various degrees of
malaise and depression for over one year that gave cause for concern. Three of the fourteen
tusks had their pulp cavities exposed. Facial swellings developed in all the affected animals
and five walrus exhibited facial sinus tracts medial to the eyes, with a purulent discharge. The
infections responded to oral antibiotic treatment, but recurred after the medication was
stopped.

The anatomy of the permanently dilated apical foramen of the walrus tusk does not allow
thorough debndement and precise obturation of the pulp cavity, which is a prerequisite of root
canal therapy. Therefore endodontic treatment of these teeth is contraindicated.

Eight walrus were treated by bilateral tusk extractions under inhalation anaesthesia. One of
the animals operated on was developing bilateral cataract and had his healthy tusks extracted
for prophylactic reasons, as he was becoming increasingly disorientated with his environment
and likely to damage his tusks.

Walrus tusks may be extracted by an internally collapsing technique or through a
mucoperiosteal flap procedure. The walrus tusk, even when exhibiting a pulp cavity exposure,
will have an irregular, reparative dentine plug of variable depth obstructing the canal. This
barrier can extend close to the apical extremity of the tusk obliterating the guidance the pulp
cavity may afford, thereby making the creation of a symmetrical, hollow tusk, that is required
for longitudinal sectioning, unpredictable.

The position of the walrus on the operating table was determined by the anaesthetist's
requirements to maintain the animal. Sternal recumbency made access in performing the
internally collapsing technique difficult and time consuming.

Thirteen tusks were removed through a flap procedure, while three were extracted through the
internally collapsing technique. Most of the animals were eating within 24 hours after surgery.
The sinus tracts healed, and the facial swellings or purulent discharges did not reoccur in any
of the animals over a follow-up period of seventeen months.
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On examining decalcified sections of one of the infected tusks, a thin layer of largely acellular
dentine lined the pulpal surface of the dentinal wall. The junction of the dentinal plug and the
pulpal wall of the tusk did not form a seal and pus extended to the abraded coronal surface.
Some chronically inflamed pulp remains were observed in the infected tusk's pulp cavity. The
microscopic features support a diagnosis of pulpitis and pulpal necrosis, which were
secondary to microscopic pulpal exposure through the abraded surface or the secondary
dentine plug. It appears that the speed of the abrasion was too fast to allow the formation of an
organised secondary dentine barrier that could produce an impermeable seal.

Walrus tusks which have suffered severe abrasion to their coronal extremities should be
judged to have had the vitality of their pulp tissues compromised and their extraction ought to
be considered at signs of related pain, malaise, swelling or infection. At the same time such
surgery must not be taken lightly and the team should be prepared for all eventualities.
Depending on the operating position the animal is maintained in by the anaesthetist, in the
author's opinion a flap procedure appears to be the most predictable for their tusk extraction.
Conservative treatment for abraded or infected walrus tusks is not considered appropriate.
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PLACEMENT OF PROTECTIVE METAL CROWNS ON THE TUSKS OF CAPTIVE
PACIFIC WALRUS (ODOBENUS ROSMARUS DIVERGENS)

By: George P. Willis, D.D. S. *
Associate Dean for Clinical Affairs
Indiana University School of Dentistry
1121 W. Michigan St.
Indianapolis, IN 46202

Jeff Proudfoot, D.V.M.
Senior Veterinarian
Indianapolis Zoo
1200 W. Washington St.
Indianapolis, IN 46222

Jan Ramer, D.V.M.
Associate Veterinarian
Indianapolis Zoo
1200 W. Washington St.
Indianapolis, IN 46222

Maintaining healthy tusks in captive Pacific walrus ( odobenus rosmarus divergens) has
been challenging for many institutions. The wear and trauma associated with these animals'
captive behavior of grinding their tusks on exhibit rocks, cement block walls, etc. has been
thought to be a contributor to the tusk pulpal problems that affect these animals. A technique of
placing (and replacing as needed) sacrificial mental crowns on Pacific walrus tusks has been
effective in slowing the wear of the tusks and allowing tusk growth. An impression of the tusk
tip is made with alginate dental impression material and a stone model is poured. This technique
requires the animal to be trained to remain relatively motionless for 1.5 minutes. An alternative
technique for those younger or less trained animals is the use of warm modeling clay in a
specimen jar. A light layer of mineral oil is placed on top. of the clay and the specimen jar is the
forced over the tusk and removed immediately in a parallel path with the tusk to minimize
distortion. Since most tusks have almost an ideal crown preparation taper, no tusk preparation is
necessary (an occasional undercut can be blocked out in the lab). Crowns are then fabricated out
of a removable partial denture material (Ticonium). The crowns can then be tried on the tusk for
fit, and placed with glass ionomer cement without anesthesia. Depending on the aggressiveness
of the rusk wearing habits of the animals, the crowns have been reported to last for 6-12 months
(or longer) before they wear through and need replacement.
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"Lumpy Jaw" - Another Perspective

D.A.Fagan, DDS,' andJ.E.Oosterhuis, DVM:

1 The Colyer Institute, P.O. Box 26118, San Diego, CA 92196-0118, USA; ' San Diego Wild Animal Park, 15500
San Pasqual Valley Rd., Escondido, CA 92027-9614, USA

The term "lumpy jaw" has been utilized in Veterinary Medicine for many years as a catch all phrase to describe a

diverse assortment of clinical ailments involving the facial bones of a wide variety of animals. Most often it seems

to have been used as a pseudonym for chronic actinomycosis commonly seen in domestic sheep and cattle, or

associated with various macropods. As a result of these associations, many clinicians have come to believe that any

and all "lumpy jaw" lesions are de facto actinomycosis to be opened, drained, flushed, and left to heal on their own.

The authors have individually and collectively treated a substantial variety (See Appendix A) of these so called

"lumpy jaw" lesions during the past 25+ years, and have come to see them as something much more specific. The

purpose of this presentation is to share some of our observations and, hopefully shed some much needed light on the

exact nature of this all-to-common facial lesion.

It is important to establish the fact, that the term "lumpy jaw" is not an actual disease or a recognized morphologic

diagnosis. It is merely a colloquialism - "an expression or form of speech of the type used in informal

conversation". "Lumpy jaw" is an informal term commonly used to identify the presence of an anatomical

abnormality associated with the facial bones of various animals. This is an important distinction because this

chronic, expansive bony lesion is actually the first visual manifestation of chronic alveolar osteomyelitis involving

the animal's dentition, and is usually associated with an overlaying, diffuse, soft tissue cellulitis.

The term "Chronic Alveolar Osteomyelitis" is the morphologic diagnosis for this common anatomical abnormality.

As a consequence, this lesion can be described in greater detail in terms of its etiology, pathogenesis and treatment

alternatives.

The Etiology of this common bony lesion remains complex and incompletely understood. It is however, clear that

one or more of the following four common clinical ailments can form the focus of infection, which eventually

results in the expansive infection of the alveolar bone. These are:

1 • Any aggressive PERIAPICAL abscess

2. Any chronic PERIODONTAL abscess

3. A localized TRAUMATIC injury to the face

4. A GENETIC or DEVELOPMENTAL defect (ex: enamel dysplasia)

These can and often do occur in combination. For example, a localized periodontal abscess can progress into a peri-

apical abscess. An enamel or dentin dysplasia like the dens indente, can and often does result in an irreversible
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pulpitis with peri-apical abscess, which then eventually develops into a chronic alveolar osteomyelitis. A traumatic

blow to the lower border of the mandible often results in a localized inflammatory injury, which can then easily

become infected and develop into an osteomyelitis. It is important to note that all of these etiological factors: 1)

occur with regularity; 2) involve the animal's dentition; 3) are difficult to detect without a detailed intra-oral

examination including specific dental radiography; and 4) eventually all of them will result in a chronic, expansive,

alveolar osteomyelitis. No doubt, there are additional etiological factors, and / or combinations of factors, as yet

unidentified, which contribute to the formation of this lesion as well.

An understanding of the pathogenesis of these lesions is important, because the clinical management and treatment

of this chronic bony infection depends upon the interruption of this progressive sequence. "Alveolar Osteomyelitis"

typically develops in the following sequence. Secondary to one of the factors listed above (i.e. abscessation, trauma,

or a developmental abnormality with secondary infection), inflammation of the alveolar bone occurs. If the lesion

was not infected initially, sooner or later, infection of the site will follow. This infection is generally of mixed

microbial growth and it develops within the body of the bone. The animal's immune system will respond and

attempt to "wall off' and contain the infection with fibroplasia, which eventually results in the formation of a cystic

cavity. Bacterial growth (particularly anaerobic), however continues within the cystic cavity. Intermittently but

regularly, the pressure within the cystic cavity exceeds the surrounding local capillary bed pressure, and the lesion

will expand with more active inflammation and fibroplasia. Eventually, this partially contained expansion erodes

into the nutrient canals in the adjacent cortical layer of bone, and diffuse cellulitis results. It is only at this time that

outwardly demonstrable "lumpy jaw" is evident.

Historically, the treatment for lumpy jaw type lesions has been limited to repeated episodes of opening the lesion,

flushing and draining the contained debris, and accepting the eventual granulation and closure of the wound, usually

followed in time by another recurrent need for treatment. Recognizing this lesion to be a chronic alveolar

osteomyelitis associated with one or more tooth root abscesses as the source of the recurrent infection, enables the

clinician to treat and eventually eliminate this infection. The authors use a combination of clinically proven

treatment modalities, which the author's have collectively termed :

"The BETA - INFUSION TECHNIC with COMPOUND APICOECTOMY".

This two part treatment protocol is defined by the limits commonly associated with the treatment of any highly

excitable and easily injured exotic herbivore.

The first phase of treatment is the SURGICAL FISTULATION of the lateral wall of the "Lump" with placement of

a fixed solid catheter at a location, which will eventually provide adequate access to the apical roots of the involved

dentition. This requires familiarity with standard apicoectomy surgical access, as well as multiple intra-oral dental

radiographs. The objective of this procedure is to convert the chronic osteomyelitis into a contained, externally

draining fistulas tract connecting the apical abscess of the associated tooth (teeth) to the exterior of the animal's

face. This requires minimal "hands on" time, and only 2 or 3 intermittent follow-up procedures to flush the internal
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bony site with a sequence of water (H20) to insure an open path, then simultaneously from two separate sources

hydrogen peroxide (H2O2) and sodium hypochlorite (NaOCl) and finally 2% Betadyne Solution (Povidone-Iodine

U.S.P., 10% with 1% available Iodine) functioning as an antiseptic / microbicide, while the animal's immune system

completes the healing process in about 6 weeks. This procedure enables the animal to remain with its group or with

minimal separation ( e.g. during a breeding or gestation period ).

The second phase of the protocol is termed the COMPOUND APICOECTOMY, which restores the integrity of both

the dentition and the alveolar bony defect with a combination of: 1) a traditional dental tooth root apicoectomy; 2)

endodontic therapy with access through the apex of the tooth (teeth); 3) retro-fill of the apical aspect of the tooth

root with a substantial restorative material like a glass ionimer cement; and finally 4) the restoration of the bony

defect with one or more of the commonly accepted paniculate synthetic bony grafting materials - like Bioglass,

and/or CapSet. (Bioglass ® Consil, Nutramax Laboratories, Inc., Baltimore, Maryland 21236, USA, a synthetic

bone graft paniculate material moistened with any of the commonly available broad spectrum antibiotic solutions

like enrofloxacin, amikacin, etc.) and (CapSet ®, LifeCore Biomedical, Chaska, Minnesota 55318-3051, USA).

In conclusion, a protocol has been presented, which seems to provide the concerned clinician with a method to treat,

manage, and or eliminate one of the most common clinical dental infections in exotic hoofstock.
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Appendix A

Following is a list of some of the species treated by the authors, while developing the BETA - INFUSION

TECHNIC with COMPOUND APICOECTOMY into a practical clinical protocol.

A few photographs of the developing protocol can be found at: www.colyerinstitute.org

Additional general background information concerning these species can be found on the Ultimate Ungulate Web

Site at: http://www.ultimateungulate.com/artiodactyla.html

Camelus dromedarius - Dromedary, Arabian camel

Elaphodus cephalophus - Western Tufted deer

Muntiacus muntjak - Indian muntjac

Mazama americana - Mexican Red brocket

Pudu mephistophiles - Northern pudu

Antilocapra americana - Pronghorn

Aepyceros melampus - Impala

Connochaetes gnou - White-tailed gnu, Black wildebeest

Damaliscus pygargus - Bontebok
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Antidorcas marsupialis - Springbok

Gazella dama - Addra gazelle

Gazella dorcas - Dorcas gazelle

Gazella leptoceros - Slender-horned gazelle

Gazella rufifrons - Red-fronted gazelle

Gazella soemmerringi - Soemmerring's gazelle

Gazella thomsonii - Thomson's gazelle

Neotragus moschatus - Zulu Suni

Tragelaphus eurycerus - Bongo

Tragelaphus spekei - Sitatunga

Ammotragus lervia - Aoudad, Barbary sheep

Capra caucasica - West Caucasian tur

Capra ibex - Alpine ibex

Hemitragus jemlahicus - Himalayan tahr

Ovis aries - Mouflon

Ovis canadensis - Bighorn sheep

Oryx dammah - Scimitar-horned oryx

and an assortment of Thoroughbred, Standard bred, Morgan and mixed breed domestic horses.
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PHYSICAL AND CHEMICAL ANALYSIS OF THE THIRD RIGHT LATERAL INCISOR OF A GIANT

PANDA (Ailuropoda melanoleuca)

R McManamon, JS Wefel, LD Braswell, Q Wang, MM Crane, R Hou, RL Sartor, ZH Zhang, AJ Zhang, TL

Maple

ABSTRACT

A three year old giant panda (Ailuropoda melanoleuca). on loan to Zoo Atlanta through partnership with the

Chengdu Research Base for Giant Panda Breeding and the Chengdu Zoo, was immobilized for a complete physical

examination, due to inappetance. A vertical fracture, exposing the pulp chamber, of the third right lateral incisor was

identified, and the tooth was extracted. Malocclusion was also noted. Physical and chemical properties of the tooth

were analyzed and documented through non-destructive methods (visual tactile exam, clinical x-rays, clinical

photographs) and destructive methods (enamel chemistry analysis, ultrastructural examination using standard and

polarized light microscopy, and ED AX analysis using scanning electron microscopy). Due to lack of a normal giant

panda tooth for comparison, values were compared to those obtained from a human tooth, and all results appeared

consistent. Flouride was measured in trace amounts, similar to levels found in human subjects who do not have the

benefit of fluoride-containing products or water. ED AX analysis gave similar values for human and for panda in

terms of calcium and phosphate levels. From these findings, the fracture was presumed to be due to simple trauma.

The co-authors believe that this report represents the first comprehensive (physical, ultrastructural, and chemical)

analysis documented, for a giant panda tooth. An international, cooperative biomedical survey of captive giant

pandas in China in 1998, documented a significant number of dental problems (broken canines, malocclusion,

abnormal wear patterns). This study was performed to complement international cooperative efforts to

systematically examine, document, and share information regarding normal and abnormal health patterns, diagnostic

and treatment methods, to advance the welfare of giant pandas in captivity and in the wild. Detailed analysis and

consistent documentation methods regarding giant panda dental health, will assist in achieving these goals.
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EARLY DETECTION OF DENTAL AND ORAL PATHOLOGY

JohnL. Scheels D.D.S.
Dental Consultant

Milwaukee County Zoo

Roberta Wallace D. V.M.
Chief Veterinarian

Milwaukee County Zoo

ABSTRACT

Early detection of dental and oral pathology often leads to a less complicated and more successful
resolution of the problem. Patterns of signs in many species which indicate that dental and oral problems
are likely present have been observed. Thorough communications about these signs, between the zoo
keepers, veterinarians and dental consultant, has improved the early detection and elevated the level of care
provided.

Here at the Milwaukee County Zoo we hold periodic seminars with the keepers to illustrate what
certain signs may indicate. We do this every two years to teach new personnel and encourage an exchange
between all of us. Problems that were first detected by keepers are reviewed in these seminars.

The keepers have noticed many very subtle behaviors that have indicated that pain is present.
Variations in eating habits is a very important observation, as are physical posture of the head or jaw, eye
problems, swellings or lesions on the face, nasal drainage, tooth fracture, unusual mouth and tougue
motions, bloody saliva, and changes in stool appearance. These signs and others may indicate that a
problem exists. The keepers take pride in detecting early signs of health problems. Together we have all
learned more about early warning signs. Enhancing the keepers' knowledge and thus their observational
skills has significantly aided in our efforts to manage our collection animals' dental and oral health.

Examples used to illustrate these signs include the following:

Nasal drainage in a cheetah associated with Focal Palatine Erosion.
tx: close palatal lesion, and reduce length of cusp causing lesion.

Fractured mandibular canine in a rhinocerous
tx.endodontics

Discolored tooth in a fruit bat.
tx: extraction

Chronic eye infection in a domestic cat associated with an abscessed maxillary canine,
tx: extraction.

External drainage tract on the muzzle of a domestic dog associated with an abscessed mazilJary 4th

premolar. tx: extraction

Discolored hair on chin of a polar bear associated with an abscessed mandibular canine,
tx: surgical endodontics

Chronic drainage tract on face of a black colobus monkey associated with an infected maxillary canine.
tx: surgical extraction
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