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ABSTRACT

In 1999, there were reports of a new type of lesion in the hides of captive reared alligators
from Florida Similar lesions were first reported from alligator hidesin Louisianain 2001;
however, it wasn't until 2002 that small epizootics became apparent. 1n 2002, the Louisiana
Department of Wildlife and Fisheries began a collaborative effort with the Louisiana State
University School of Veterinary Medicine (LSU SVM) to help elucidate the etiology of “PIX”
disease, later renamed Lymphohistiocytic Proliferative Syndrome of Alligators (LPSA).

Preliminary work concluded that LPSA was a systemic disease affecting multiple
tissues. Based on the results of this preliminary study, particularly the histopathol ogic evaluation
of LPSA tissues, aviral etiology was established as the top differential for LPSA. Further work
revealed that LPSA positive aligators were 476 (95% Cl: 79.6, 2845.2) times morelikely to be
seropositive for WNV than LPSA negative aligators. At that point it was aso becoming clear
that the occurrence of LPSA matched the occurrence of WNV in alligator farms. Another
project was performed to further elucidate the association between WNV and LPSA based on
results of WNV serology, WNV RT-PCR, and histopathol ogic evaluation of animals with
(treatment) and without (control) LPSA lesions. Results from this study revealed that in the
treatment group, 97.5% (95%Cl: 92.7-102.3 %) of the LPSA skin lesions (TxA) were positive
for WNV viaRT-PCR. Of the skinswithin the treatment group that had no LPSA lesions (TxB),
8% (95%Cl: 0-16.9%) were positive for WNV. In the control group, al of the skin samples
(CxS) were negative for WNV. All aligatorsin TXA were significantly (p=0.07">%) more likely
to have RT-PCR WNV positive skin than those in CxS, and TxB (p=0.08"%). There was no
significant difference in the recovery of WNV from the skins of aligators from TxB and CxS

(p=0.24).
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Theresults of thiswork support the theory that LPSA is a cutaneous manifestation of
chronic WNV exposure/infection in captive reared alligators. Therefore the epidemiology of
LPSA follows the epidemiology of WNV and prevention, surveillance and control methods used

for WNV should effectively decrease the occurrence of LPSA.



INTRODUCTION

Modern day crocodilians date back over 65 million years to the Mesozoic era, yet they
have been able to survive with relatively small evolutionary changes. Their biology, physiology,
and anatomy are very different from other reptiles. Unfortunately, these evolutionary marvels
are now starting to suffer from anthropogenic influences on their environment, and many are
now threatened or near extinction. Of the 23 species of crocodilians found worldwide, 13 can be
found on the red list of endangered species (IUCN 2004). Fortunately, there are now
international conservation programs dedicated to the preservation of these species.

In the United States, the American aligator (Alligator mississippiensis) is the most
common and best-known crocodilian. The only other species of native crocodilian found in the
United States, the American crocodile (Crocodylus acutus), is a highly vulnerable species that
has alimited range in southern Florida. The American aligator was also at critical levels during
the 1960's, but afederal conservation program designed to protect wild popul ations through
farming and ranching has brought their population numbers back to sustainability. In Louisiana
alone, it is estimated that there are over one million animals. The first type of operations
consisted of farms. Breeding pairs of aligators were kept in outdoor enclosed areas where they
could mate and nest (Figure 1). The eggs were then collected and incubated. The farming
operations later developed into a ranching operation in which eggs were harvested from the wild
and incubated in private facilities (Figure 2). The magjority of the hatchlingsin this system are
raised for their hide and meat; however, to help maintain the wild populations, 14% of the
hatchlings are eventually returned to the wild. Today, Louisianaisthe world’s primary producer
of aligators; however, captive rearing operations can also be found in Florida, Texas, Georgia,
and other southern statesalligators naturally inhabit. In Louisiana, the mgjority of the operations

are ranches.



In 1999, there were reports of a new type of lesionsin the hides of captive reared
aligators from Florida. These skin lesions were described as 1mm pit scars on tanned alligator
hides (Dickson 2001, Cardeilhac 2001). These scars weretermed “PIX” disease because the
lesions, according to the tanners, appeared as if made with an ice pick. Origind work performed
by Cardeilhac et al. (Cardeilhac et a. 2001) described the lesions as lymphocytic infiltrations and

granulomas with aweakened cornified layer. They also observed fungal hyphae in some of the

Figure 1. Outdoors enclosure used for farming Morelet’s crocodiles in Mexico.

Figure 2. Buildings used for aligator ranching in Louisiana
lesions and were able to obtain fungal growth from one sample. The fungus was identified as
Hortaea werneckii, and it was believed to be at least in part the presumptive agent for “PIX”

disease (Cardeilhac 2001).



Similar histologic lesions were first reported from aligator hidesin Louisianain 2001,
however, it wasn't until 2002 that small epizootics became apparent. In 2002, the Louisiana
Department of Wildlife and Fisheries (LDWF) began a collaborative effort with the Louisiana
State University School of Veterinary Medicine (LSU SVM) to help elucidate the etiology of
“PIX” disease. In addition to performing research dealing with “ PIX” disease, the LSU SVM
also provided clinical veterinary servicesto the Louisiana Alligator Industry (LAI). Early on
during these collaborative efforts the authorsre-classified “PIX” disease as Lymphohistiocytic
Proliferative Syndrome of Alligators (LPSA). This classification was used because it provided a
histopathol ogic description of the original skin lesions. The work presented here describes the
research and clinical work performed between 2002 and 2007 to define the epidemiology of
LPSA in alligators from Louisiana alligator ranches.

Biological Hypotheses
1. LPSA isaninternal/systemic disease.
2. Theetiology of LPSA is infectious because affected animals are generally found in the
same pen or building.
3. The histopathologic lesions associated with LPSA are consistent with viral disease.
4. LPSA isaclinical sign associated with West Nile virus (WNV) infection in aligators.
5. The appearance of LPSA in farmed alligators in Louisiana coincided with the appearance

of WNV in Louisiana.



LITERATURE REVIEW

Because of their relative age, crocodilians represent an important group of vertebrates.
These animals have survived for millions of years utilizing many unique evolutionary features.
Most of our knowledge regarding these animals has come through research; however, the
majority of the research isrelated to evolutionary biology, physiology, taxonomy and behavior.
To date, there have been few examples of research evaluating the health of these animals. The
purpose of this literature review isto provide a concise review of our current knowledge
regarding these animals.
Louisiana Alligator Industry

The LAl isregulated by the LDWF, and hasitsrootsin the Rockefeller Refugein Grand
Chenier, Louisiana. During the 1960s the popul ation of wild alligators in Louisiana was
estimated at less than 100,000 (LFAC 2007). Because of the decreasing population size, a
moratorium on alligator hunting and regulation of alligator harvest were implemented in an
attempt to re-establish the alligator populations. As part of those efforts, an aligator farming and
ranching program was established in order to promote alligators as a natural renewable resource
in the state. This program would help conserve alligator habitat as well as promote the
preservation of wild aligators. An alligator ranching program was established in 1986. Under
this program, the LDWF granted egg harvest permits to licensed alligator ranchersin the state.
There are currently 59 aligator ranchesin the state and collectively they produce approximately
390,000 alligators every year. This market has an annual value of approximately 30 million
dollars. Thealigator ranching system works viathe sale of egg harvest permits by LDWF for
collection of aligator eggs from private and public lands. Egg collection usualy takes place
between June and August. Eggs numbers can range from 20 to 60 per nest. Once the eggs are

collected, they are taken to a private facility where the eggs are incubated in designated buildings
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or incubators. The eggs collected from the wild are at different stages of incubation, so once at
the aligator ranch it may take anywhere from afew weeks to months for the eggs to hatch
depending on the time of collection. The total incubation period ranges from 40 to 90 days.
Incubation temperature will determine the sex ratio of the alligators between the 7" and 35" day
of incubation. Temperatures of 30°C (86°F) or below will yield a higher proportion of females
while temperatures >34°C (93°F) will yield a higher proportion of males (Grenard 1991). The
majority of alligator ranchers do not attempt to select for a specific sex. Oncethe alligators are
hatched, they are placed in indoor buildings where they are raised until the time of slaughter.
Alligators are usudly raised in 18 to 20 inches of water. The water depth may be adjusted
depending on the size of the alligators and the condition of their skin. A wooden tableis
sometimes placed in the pens and used as a feeding surface, while others place the food directly
on the water. Dry commercial feeds ranging in protein content from 45 to 56% are readily
available. The mgjority of the facilitieswill feed acommercia diet exclusively, while others
mix in fish, chicken, or nutriameat. Within 10 to 12 months, alligators can be raised to a market
size of 36 inches. At that point the ranchers begin the slaughter of the alligatorsin order to sl
the hide and meat. The alligator hides are sold to dealers and tanners for further processing. The
LAl isthelargest supplier of aligator hidesin the world. Louisianaaligator hides eventually
end up in high end retail products such as watch bands, shoes, purses, and other fashion items.
These products have the benefit of coming from a natural renewable resourcethat is
environmentally friendly and hel ps contribute to the wild populations of aligators. In addition to
the hide, alligator meat is sold to processing plants and distributed to restaurants, supermarkets,
and specialty stores.

The conservation agpect of the LAl comes from the 14% of alligators at each facility

(based on the yearly egg harvest) that are destined for release back into the wild. The percent of
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aligators released is based on an expected survival of 10 to 20% of the hatchlings under natural
conditions, and amounts to approximately 55,000 alligators being released back to the wild every
year (LFAC 2007). Alligators being released to the wild are identified using toe tags and a tail
notch. This program has been extremely successful, and has served as an important model for
other crocodilian species around the world. Today, the population of wild alligatorsis estimated
at well over 1 million animals, a 90% increase from the 1960s estimates.
Taxonomy

The taxonomic identification of crocodiliansis variable, with some authors arguing over
what should be classified as a species or a sub-species. Tables 1 to 3list the generally accepted
23 crocodilian species by their common name, scientific name, and geographic distribution.
Theselists are not meant to be absolute, but rather a general guideline. Countries such as
Australia, India, Mexico, Papua New Guinea, South Africa, and the United States maintain
intensive production operations for various species.
Anatomy and Physiology

One of the most commonly asked questions’ regarding a crocodilian is how to distinguish
acrocodile from an aligator. Thefirst mgjor differenceisthat they belong to two different
families. There are currently three distinct families of crocodilians: Alligatoridae (Table 1)
(aligators and caimans), Gavialidae (Table 2) (gharials or gavials), and Crocodylidae (Table 3)
(thecrocodiles). Geographical location can aso help in the identification of some species.
Alligators are thought to tolerate colder temperatures and live at higher latitudes, while
crocodiles and caimans are less cold resistant and live in warmer areas (Huchzermeyer 2003).
However, there are some anatomical features that will be most useful in differentiating aligators
from crocodiles. Alligators and caimans have a broad u-shaped snout, while crocodiles have a

more narrow v-shaped snout. This comparison can be made when looking at the dorsal aspect of
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Table 1. Taxonomy of the Family Alligatoridae

Common Name Scientific Name Geographical Distribution
American aligator Alligator mississippiensis Southeast United States
Chinese alligator Alligator sinensis Eastern China
Spectacled/Common caiman Caiman crocodilus Central and South America
Broad-snouted caiman Caiman latirostris South America
Jacare caiman Caiman yacare South America
Black caiman Melanosuchus niger South America
Cuvier's dwarf caiman Pal eosuchus pal pebrosus South America

Table2. Taxonomy of the Family Gavialidae.

Common Name Scientific Name Geographical Distribution

Indian gharial/True gharia Gavialis gangeticus Indian subcontinent

the head (Figure 3). A more obvious distinction can be made when looking at their mouth from
theside Alligators and caimans have notches in the maxillathat fit the mandibular teeth.
Therefore, they have no mandibular teeth visible if observed from the side with their mouth
closed. On the other hand, the fourth mandibular tooth of crocodilesis readily apparent when
looking at the profile of the animal (Figure 4). On close inspection of the integument, one

can aso look for the presence of integumentary sensing organs (1SO’s) or dome pressure
receptors (DPR’Ss). These receptors are clear to gray pits that are present on the skin of
crocodilians, but their location varies with species. Their function is not completely understood,

but they may play arole as mechanoreceptorsin prey detection or even as chemoreceptors aiding



Table 3. Taxonomy of the Family Crocodylidae

Common Name

Scientific Name

Geographical Distribution

American crocodile

Crocodylus acutus

North, Central, and South America

Slender-snouted crocodile Crocodylus cataphractus Africa
Orinoco crocodile Crocodylus intermedius South America
Fresh water crocodile/Johnston's crocodile Crocodylus johnstoni Austraia
Philippine crocodile Crocodylus mindorensis Philippines

Morelet's crocodile

Crocodylus morel etii

Central America

Nile crocodile

Crocodylus niloticus

Africaand Madagascar

New Guinea crocodile

Crocodylus novaeguineae

Papua New Guinea and Irian Java

Mugger crocodile/Swamp crocodile

Crocodylus palustris

Indian subcontinent

Saltwater/Estuarine crocodile Crocodylus porosus Australia and Southeast Asia
Cuban crocodile Crocodylus rhombifer Cuba
Siamese crocodile Crocodylus siamensis South East Asia
African dwarf crocodile Osteolaemus tetraspis Africa
False gharial Tomistoma schlegdlii South East Asia
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in detection of salinity levels (Soares 2002, Britton 2005). Alligators and caimans only have
ISO’s on the lateral aspect of the mandible (Fig. 5). Crocodiles and gharials have ISO’'s
throughout the body, most noticeably on the ventral scales (Fig. 6). Their presence can be used
to differentiate the skins from the two main groupsin the leather market. An additional feature
that could be used for differentiation is the presence or absence of salt glands, which are absent

in the tongue of aligators and caimans but well developed in crocodiles and gharials.
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Figure 3. Dorsal view comparison of caiman and alligator (A) versus crocodile (C).

Figure 4. Lateral view comparison of caiman and alligator (A) versus crocodile (C).

One of the most interesting anatomical features of crocodilians is the palatal or gular valve.
There is some discrepancy as to the name of this structure and its two components, but | will
attempt to describe them based on their anatomical location. Crocodilians have atrue hard palate
that endsin a soft palate caudally. This soft palate has aventral flap that is referred to asthe
velum palati. The velum palati isthe dorsal component of the palatal valve. Itssecond and

ventrd component isthe gular fold. This structure projectsin acraniodorsal direction from the



Figure5. Integumentary sensing organs (gray dots) on the lateral mandible and maxilla of an
alligator.

Figure 6. Integumentary sensing organs (arrows) on the ventral skin of a crocodile.

base of the tongue and has a cartilaginous base to it that is part of the larynx. Together, the
velum palati and the gular fold form what is known as the palatal or gular valve (Fig. 7). The
function of thisvalveisto seal the pharyngeal cavity while under water to prevent aspiration,
allowing these animals to catch prey under water. Crocodilians also have control of their nares,
and are able to open and close them as needed to prevent water influx.

The respiratory system of crocodiliansis comprised of a pair of well- developed lungs.
Respiration in these animalsis an active process, and is aided by the intercosal muscles and the
septum post hepaticum. The septum post hepaticum is analogous to a mammalian diaphragm,
and creates a partial separation of the thoracic and abdominal viscera. There are also a number

of membranous connections that separate the lungs and the liver and an intricate mesentery
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Figure7. Picture of the palatal valve with its two components, the velum palati dorsally and the
gular fold ventrally.

system that encompasses the gastrointestinal tract and viscera. All these modifications may be
necessary for allowing the changes in pressures that occur during diving.

The cardiovascular system of crocodiliansis also unique. Crocodilians have afour-
chambered heart, as opposed to the standard three- chambered heart found in other reptiles and
amphibians. The circulation of blood through the crocodilian heart islike that in the heart of
mammals; however, there are two separate anastomoses that enable these animals to shunt blood
during times of breath holding (e.g., diving). The foramen of Panizzais an anastomosisthat is
located at the base of the heart between the left and right aortic arches. This foramen allows for
venous admixture, which is essential during periods of diving in order to conserve oxygen
(Fleming 2001). During diving (e.g., breath holding), pulmonary hypertension occurs. Thisin
turn creates increased pressure in the pulmonary artery and the right ventricle, forcing
deoxygenated blood through the foramen of Panizza and into the left side of the aorta for
distribution to the body. This mechanism allows for the conservation of oxygen, and supplies
oxygenated blood to those organs that require it the most. As a consequence, some crocodilian

present in some species as avessel connecting the two aortic arches (Huchzermeyer 2003).
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Other anatomical features include the presence of submandibular and paracloacal glands.
The hard dorsal scales are comprised of osteoderms, which are bony plates located in the dermis.
They also have asmaller gastric compartment distal to the stomach that is a gizzard-like
structure in which rocks and other materials may be found. It, however, does not appear as
developed asthe ventriculusin abird. Their intestines have athick wall and can have well
developed diffuse aggregates of lymphoid tissues analogous to Peyer’ s patches. Crocodilians
have no urinary bladder, but can hold large amounts of urine and water in their colon. A gall
bladder is present. Sexing can be performed by palpation. Males have a phallus, which can be
pal pated and extracted from the cloaca. Females have awell- developed clitoris that can be
confused with aphallus. Internally, they have paired gonads that are in close association with
the ventral surface of the kidneys.

The body temperature, heart rate and respiration will vary with species and
environmental factors. Environmenta temperature, season of the year, and age represent some
of the factors that can influence physiologic data.

Husbandry

Environmental Considerations

The environmental considerations for crocodilianswill vary with the scenario in which
you are working. In captive rearing operations, facilities are aimed at producing large number of
animals in the most efficient manner possible. In azoo or other educational institution, the
facilities are aimed at exhibiting the animals in the most accurate artificial environment possible.
Regardless, both scenarios should concentrate on having clean water, appropriate diet, and
enough space to accommodate the growth of the animals. Aswith most exotic animals, the

challengeisto mimic their natural environment as closely as possible in captivity.
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Enclosure Size

There are no specific recommendations for enclosure size for crocodilians in captivity.
The size of the enclosure will largely depend on the species of crocodilian and their purpose in
captivity. You should have a genera understanding of their biology and natural behavior in
order to design an appropriate enclosure for display (e.g., zoo or aquarium). If in doubt, you
should contact an institution housing the species for advice on what has worked or not worked
for them. There are, however, some genera guidelines for the commercial production of
American aligators (A. mississippiensis). The recommendations for maintaining aligatorsin a
commercia operation are as follows. One sgquare foot per aligator up to 24 inchesin length
(snout to tip of tail), three square feet per aligator for those between 25 and 48 inches in length,
and after that add an additional square foot of space for every 6 inches in body length beyond 48
inches (Elsey 2004). These are considered to be recommendations for the maximum stocking
rate for alligatorsin commercial operations.

For azoo or educational facility, the recommendation should be made to make the
exhibit asbig as possible. First, consider the species of interest. Some species grow larger than
others and may be more territorial, which would require alarger enclosure. Y ou must aso
consider how many animals will be kept in the enclosure and the gender ratio of animalsin the
enclosure Males can become quite aggressive during the reproductive season, and keeping them
separated should be a consideration if enough space is not available. Exhibits can be maintained
outdoors, indoors, or using a combination of both. Outdoor exhibits will likely mimic the natural
environment more closely, but also present more challenges for maintaining hygiene of the water
and environment and exposure to diseases. Geographical location will also play arolein the
creation of outdoor exhibits, as not all species of crocodilians can tolerate cold weather. Findly,

some species can generate large burrows, and may escape an exhibit that is not secured.
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Temperature and Humidity

The temperature and humidity requirements for crocodilians in captivity vary with
gpecies. Once again, it isimportant to have an understanding of their biology and natural history
to be able to duplicate their natural environment. The provision of both circadian variationsin
the light cycle and environmental temperature to mimic the natural environment should be made.
Unfortunately, thisis not the case in many commercial operations, where they are maintained at
afairly constant temperature and humidity in order to obtain faster growth. From ahealth
standpoint, this may allow infectious organisms that typically affect mammalsto also affect these
reptiles. Asthe animals are maintained at higher temperatures, approaching those of mammals,
new diseases may adapt to infecting reptile hosts. In an enclosure, the water temperature can be
maintained via heating elements contained within the concrete slab or in line water heaters if
using are-circulating system. The water temperature must also be maintained during the
refilling of the pen or enclosure to avoid a drastic temperature change.

Lighting

Lighting requirements for reptiles are still a controversial subject. Asageneral rule, full
spectrum lighting possessing adequate ultraviolet B radiation (UVB) is recommended for
herbivorous and omnivorous reptiles. Ultraviolet light is essentia for the synthesis of vitamin
Ds, specifically its active form 1, 25 dihydroxyvitamin D, which is essentia for the metabolism
of calcium and phogphorus. A deficiency of vitamin D3 can lead to inappropriate calcium
absorption, which in turn creates a metabolic imbalance (e.g., metabolic bone disease).
Metabolic bone disease, and more specifically secondary nutritional hyperparathyroidism, is
recognized in many reptile species that are not provided UVB and/or calcium. Carnivorous
reptiles may also benefit from UV B, but are thought to obtain enough vitamin D; and calcium

from their prey. The UV B requirement for crocodilians is unknown, but as true carnivores it
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might be expected that they can thrive with minimal exposureto UVB. It isacommon practice
at aligator ranches to raise these animals in darkness with no source of UVB or anormal light
cycle. Most animalswill grow well under these conditions, and some have even been grown to
adulthood without signs of metabolic diseases. However, the author has aso observed evidence
of metabolic bone disease in a subset of captive American alligators being fed acommercial diet
and with no exposure to ultraviolet light. In these cases, we must also consider the possibility
that the commercial diet may be deficient in calcium. Anecdota stories from alligator ranches
claim that weak, anorectic animals appear to improve after being exposed to sunlight over a
period of time. Further research is needed to determine the UV B requirements of crocodilians,
and the potential benefits of exposure to UVB. Natural unfiltered sunlight is the best source of
UVB, but various artificial sources are aso available.

Substrate

The two main substrates usedin a crocodilian exhibit are water and soil/sand. The
species, age, and feeding habits must be taken into account in order to avoid selecting a substrate
that may be accidentally ingested. It is also important to prevent the public from throwing coins
and trash into exhibits, as this may represent a source of toxicity and foreign body impactions.
In commercial operations, a smooth covering is applied to the concrete in order to preserve the
quality of the hide. Either an epoxy coating or plastic liners are routinely used as substrate.
Nutrition

Crocodilians are true carnivores, as evidenced by their short intestinal length and cutting/
tearing teeth. Assuch, they will require ahigh protein diet that islow in fiber. Their feeding
habitsin the wild will vary with age and food availability. The diet of juvenile animals often is
comprised of small invertebrates, amphibians, and other reptiles. Asthey grow, they will pursue

larger sized prey of the same type and add fish and birds to their diet. Asadults, they will start
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preying on small mammalstoo. There has been some study into the nutritional requirements of
aligators (Staton et al. 1990) (Coulson et a. 1987). Different feeding schemes were also
evaluated in the early 1990s (Coulson et a. 1992). In captivity, there are various commercial
feeds available for alligators. These are extruded pellet diets that aim to meet the complete
nutritional requirements of an alligator. These diets are generally comprised of 45%, 47%, or
56% protein, less than 11% fat, and fiber content less than 3% (Burris 2005). Over time these
diets have been refined. They are widely used in commercial ranching operations, but may
prove too expensive and/or inappropriate for the long term feeding of alligators. A variety of
whole prey feeds, such as chicken, nutria and fish, may also be recommended. If using nutria,
you must be sure that it was not killed using lead shot, as this can lead to lead toxicosisin
aligators (Camuset al. 1998). If feeding fish that has been frozen, you must also supplement the
diet with thiamine to prevent thiamine deficiency.
Preventive Medicine

Quarantine

All newly acquired crocodilians should be quarantined before being introduced into a
facility. A detailed history from the facility providing the animals should also be obtained in
order to gather information related to previous disease history. It isimportant to always work
with reputable individuals or institutions. Wild caught animals rarely come with much history.
Crocodilians should be quarantined for a minimum of 60 to 90 days. Quarantine should aways
be donein abuilding that is separate from the main facility. During thistime, the animals can be
examined for any sign of illness, and diagnostic tests (e.g., complete blood count, chemistry,
West Nile virus (WNV) antibodies) performed to assess the overall health status of the animals.
If they originated from an areawhere WNYV is prevalent, it may be advisable to test for

antibodies to determine exposure to WNV.
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Unfortunately, a true quarantine process can not be done in many cases because of
limited facilities, timeor money. Quarantine can also be areal challenge for commercia
operations where you may be dealing with tens of thousands of animals. Nonetheless, zool ogical
ingtitutions should always attempt to quarantine crocodilians.

Routine Exams

Routine physical exams should be performed on crocodilians at zoological institutions as
part of their preventive health program. Asanimals get larger in size, this activity may become
more hazardous. Chemical immobilization can be used, if needed, in order to perform necessary
examinations. In commercial operations, the skin of a subset of animals will be examined at
some interval before the time of slaughter. These instances present an opportunity for
veterinarians to examine the animalsin this type of operations. Other than these, routine
physical exams are not commonly performed in crocodilians in commercial operations.

Biosecurity

Biosecurity is an essential part of disease prevention in any animal facility, and
crocodiliansare no exception. A sanitation station should be placed at the entrance of each
building. These stations should contain a footbath and a hand washing station. The presence of
these stations should remind individuals of the importance of biosecurity, and minimize the
transfer of diseases between exhibits or buildings. A brush should be provided at each footbath
to clean the boots/shoes thoroughly. The solution for the bath can be made of sodium
hypochlorite or other commercia disinfectant, preferably with virucidal activity. Footbaths
should be changed dally or asthey are dirtied since organic material can deactivate disinfectants.
The footbath should always be used before and after entering the building. A hand washing
station should also be provided. If awater sourceis available, then a sink and hand soap should

be provided. Alternatively, you can provide a waterless hand sanitizer product or exam gloves.
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In addition to the sanitation station, separate tools for working in each building should be
provided. Thiswill also prevent the transfer of diseases via nets, brooms, rakes, or other
cleaning supplies. The buildings themselves must also be maintained free of pests and cleaned
thoroughly when possible. In commercial operations, it is common practice to empty and
disinfect the buildings after the slaughter period and before introducing new animals. Finally,
the water the animals are housed in should be cleaned regularly. Poor water quality often leads
to the development of health problemsin these animals. Regular complete changes of the water
and/or the addition of filtration can be used to maintain the quality of the water.
Handling and Restraint

Manual restraint of crocodiliansis required for examining, medicating, and
transporting/rel ocating crocodilians. The size and species of crocodilian will determine the most
appropriate restraint method to use. Always work with someone who is familiar with the
behavior and restraint of a particular species. Alligators and caimans are usually thought of as
being less aggressive than crocodiles, but this may not always be true. All sizes and species
should be handled carefully, considering both the safety of the individuals restraining the animal
and the animal itself. Crocodilianslessthan 3 feet in length (snout to tip of tail) may be handled
by one or two individuals. Those between 3 and 6 feet in length should be handled by at |east
two or threeindividuals. Those longer than 6 feet in length will require at least four to five
individuals for saferestraint. There are a number of restraint tools, such as pole snares, nets,
sgueeze cages and traps, which can be used to restrain crocodilians. The head, tail, and limbs
must be immobilized and kept under control to effectively immobilize a crocodilian. Once the
animal is captured, the mouth should be secured with strong tape or arope. Albino and leucistic
animds can have a more sensitive skin than those that are normally pigmented, and should

therefore be handled more carefully. Restraining acrocodilian is a stressful procedure, soitis
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important to minimize the amount of contact time spent wit the animal. Chemical restraint
should be considered for aggressive or overly fractious animals
History and Physical Examination

Signs of illness in captive crocodilians usually begin as non-specific in nature. Anorexia,
lethargy and death may be the first indication that something iswrong in a collection of animals
or commercia operation. A changein the behavior of the animals may also be observed. A visit
to the facility should be performed during feeding time to avoid additional stress to the animals.
A thorough review of the husbandry practices should be evaluated. A thorough history should
include questions about the number of animals, source, age, most recent introduction, quarantine
practices, diet, general husbandry practices, frequency of feeding, water quality parameters,
clinical signs, time since first signs were observed, recent changes in management techniques,
and whether any treatments have been provided. If working in acommercial operation, a subset
of animals should be collected for diagnostics and necropsy. In addition to obtaining routine
samples, tissues should be frozen for possible bacterial, fungal, or viral cultures. If workingina
zoological institution, you may not be able to sacrifice live animals, but you should obtain
diagnostic samples from those with and without clinical signs. Necropsies should be performed
in all dead animals. Live animals should be examined closdly.

Once the animal is properly restrained, you can perform athrough physical exam. You
must, however, beaware of the location of the head and tail at all timesfor your own safety. The
physical exam is performed asin any other species. An ora examination can be performed if a
speculum isinserted into the mouth before securing it with tape or arope. A plastic PVC pipe or
piece of wood can be used for this purpose (Fig. 8). Examine the eyes for evidence of discharge,
and determine if the third eyelid is functioning properly (Fig. 9). Examine the skin for any

evidence of trauma or dermatitis, two common findings in commercia operations. Palpate the
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extremities and joints for any evidence of swelling. Joint swelling is acommon sequellaeto
mycoplasmosis or trauma. Examine the musculature of neck, pelvic region and tail. Poor body
condition may be reflected in these areas. In commercia operations, it isimportant to examine

the skin on the ventrum. Many disease manifestations will be noted on the ventral skin. Itis

Figure 8. A speculum inserted in the mouth of an alligator allows for visualization of the
oropharyangeal cavity. This may also be used as a protective guard while performing endoscopy
or retrieving foreign bodies from the intestinal tract.

Figure 9. Conjunctivitis with involvement of the third eyelid in aMorelet’s crocodile.

also common to find tooth marks, scratches, and lacerations. Finally, examine the vent and
cloaca for any abnormalities. If working in acommercia operation, examine multiple animals to
determine if an observation is associated with disease in multipleanimals. If workingin a
zoological institution and any findings are suspected to be infectious in origin, you should
examine other animalsin the exhibit. Aswith any species you need to be aware of what is

normal in order to recognize clinical signs of disease.
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Diagnostic Testing

Diagnostic testing in crocodilians should follow the same standard protocolsadvocated
with other species. One of the limitations associated with some of the diagnostic tests available
for crocodiliansis that they are not validated or are based on aloose set of reference ranges. Itis
important to always inquire about the specifics of atest in order to make an accurate
interpretation of the results. Published literature and the experience of other colleaguesis an
invaluable part of interpreting diagnostics in crocodilians.

Venipuncture

There are various sites for venipuncture in crocodilians. The ventral coccygeal vein can
be accessed from either the ventral or lateral aspect of thetail (Fig 10). Thisvessel laysventra

to the vertebral processes and on midline with the vertebrae. A second aterndiveisthe

Figure 10. Venipuncture being performed from the ventral coccygeal vein using alateral
approach.

supravertebral sinuslocated on midline at the junction of the head and the neck (Fig. 11). You
must be careful not to insert the needle past the spine, asit may be possible to damage the spina
cord. A third site for venipuncture isthe lateral occipital sinus, located lateral to the
supravertebral sinus (Wilhite and Nevarez 2004). This site can be approached from the dorsal

aspect of the neck, and is surrounded by muscles, decreasing the risk of contact with the spinal
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Figure 12. Venipuncture being performed from the lateral occipital sinusin an aligator. Notice
that it isfarther away from midline, eliminating the risk of damaging the spinal cord.

cord (Fig. 12). A 3cc syringe and a 22 gauge needle can be used for blood collection. Lithium
heparin and EDTA tubes can be used for chemistries and complete blood counts, respectively. |If
collecting serum, the tubes may have to sit for at least 45 to 60 minutes before centrifugation to
allow proper separation of the serum from the red blood cells.

Clinical Pathology

Aswith other species, complete blood counts (CBC’s) and chemistry panels are a
fundamental part of diagnosticsin crocodilians. These tests can help us assess the overall health
status of an animd. A CBC is generally used to measure whether an animal has aleukocytosis
(e.g., stress or inflammation) or leukopenia. Plasma chemistry panels can provide insight into

the physiologic status of an animal. Measurement of the packed cell volume (PCV) and total
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solid¢/ total proteins of an animal are al'so important to provide insight into the erythron,
hydration status, or possible inflammatory response (e.g., hyperglobulinemia) of a patient. Fine
needle aspirates, impression smears and fluid analysis are useful diagnostic toolsin crocodilian
medicine. Urinalysisisnot apractical test in crocodilians due to the absence of a urinary bladder
and functional loop of Henle, and the fact that they will likely release the urine product in the
water.

A CBC can be done using a hemacytometer with the Unopette Eosinophil Determination
for Manual Methods stain (Becton Dickinson and Company, Franklin Lakes, NJ 07417-1885). A
blood smear stained with diff quick (Quik-dip stain, Mercedes Medical Physician and Laboratory
Products, 7490 Commerce Ct. Sarasota, FL 34342) is aso needed to compl ete your total
estimated white blood cell count and obtain the cell differential count. Interpretation of CBC's
from crocodilians can be challenging at first, if you are not familiar with the morphology of their
white blood cells. In order to familiarize yourself with these cells, spend some time scanning the
blood smear to become familiar with all the different types of cells and their appearances.
Alternatively, the samples can be submitted to a commercial laboratory that is comfortable
interpreting crocodilian CBC's.

Imaging

Most imaging modalities (e.g., radiographs, Computed Topography scan, Magnetic
Resonance Imaging, and ultrasound) can be used for crocodilian imaging, aslong asthereisa
general understanding of their anatomy. Thiswill be crucia for the interpretation of diagnostic
images. Knowledge of the anatomy will also help locate organs during ultrasound examination.
Radiographs can be used to locate foreign bodies as well as diagnose fractures. Contrast studies
can aso be performed. Barium sulfate or iohexol can be administered at 5-20 ml/kg PO to

improve the quality of the images. lohexol can be diluted with water at a1:1 ratio (Carpenter et
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a. 2001). Depending on the size of the animal and the site of interest, some imaging procedures
may be performed with the animal under manual restraint only. However chemical restraint may
be required in some instances.
Stress and Immunosuppression

Stress has been defined as “a physiological answer to a perceived threat that includes, but
isnot restricted to, increased adrenal secretion” (Rooney and Guillette 2001). Stress can aso be
any event that challenges homeostasis. The response of the body to that event is complex and
involves more than an adrenal response. The autonomic nervous system, the hypothalamic
adrenal axis, neuropeptides, neurotransmitters, and neuroimmunological mediators all play arole
in the response of the immune system to stress (Dohms and Metz 1991). Measuring stress and
immunosuppression is achdlenge in veterinary medicine. There are no specific tests available
to provide aclinical measure of stress. Because of this, we generally concentrate on identifying
a combination of physiologic changes that give us an idea of what isinvolved in a stress
response. The stress response in crocodilians has been examined in relation to restraint, long
term corticosterone implants, cold shock, and stocking densities (Rooney and Guillette 2001,
Lance and Elsey 1999, Morici et a. 1997, Lance and Elsey 19994, Elsey et a. 1990). Lance et
al. provides an overview of the physiology and endocrinology of stressin crocodilians (Lance et
a. 2001). Catecholamines, glucocorticoids, glucose, and lactate have been implicated in the
stress response of crocodilians. Changes in the white blood cells have also been implicated with
immunosuppression and the stress response (Lance and Elsey 1999, Morici et a. 1997, Lance
and Elsey 19993, Lanceet a. 2001). Thereis enough evidence to suggest that stress plays an
important role in the physiology of crocodilians, and it may indeed predispose them to illness.

Overcrowding, handling, excessive noise, diet changes, and temperature irregularities should all
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be considered as predisposing or confounding factors of disease. All these factors must be
considered in the history of aclinical case and at the moment of making recommendations.

An example of how stress can play arolein disease susceptibility can be observed in a
case seen by the author. A commercial aligator facility had a chronic history of dermatitis. The
alligators with the most severe lesions were consistently located on one end of the building while
those at the other end were unaffected or only mildly affected. Thelocation of the severely
affected animals was consistent in all buildings. One building had no affected animals. After
obtaining athorough history and visiting the operation, a possible explanation for the occurrence
of disease was found. All the buildings with affected animals had PV C pipes on theinside walls
that delivered water to each individual pen. A strong water stream fell from the pipes down into
the water and the strength of the stream decreased from one entrance of the building (inflow) to
the other entrance (outflow). The strength of the water stream was considerable near the inflow.
The building with no affected animals did not have any source of falling water into the pens.
Water quality, temperature, and diet were the same in affected and non-affected buildings. The
most affected animals happened to be in the pens at the inflow side of the building with the
number of affected animals decreasing as you approached the outflow side of the building. This
constant flow of water was creating a constant movement of the water surface and consequently
stimulating the alligators viathe ISO’'s. Once this watering system was changed, the cases of
dermatitis decreased and no new cases were reported. Although other factors such as water
quality may have contributed to the dermatitis, the change in the watering system decreased the
progression and occurrence of the disease. Other stressors for captive reared adligators include
construction and drastic changes in water temperature. This reiterates the importance of

addressing the environment as well as the animals when working in commercial operations.
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Bacterial Diseases

Most bacterial infectionsin captive crocodilians are probably opportunistic in nature.
Poor water quality, trauma, and stress are some of the factors that contribute to bacterial
infectionsin crocodilians. Crocodiliansin their natural environment seem to cope well with
most bacterial infections. This may bein part to reports of antibacterid propertiesin serum and
tissues of crocodilians (Merchant et al. 2003, Shaharabany et al. 1999). Thisremainsa
controversial topic and some are investigating it further. It may also mislead people into
thinking that crocodilians are not susceptible to bacterial infections. It istrue that they appear to
tolerate trauma and other lesions that would be fatal in many species, but they are still capable of
succumbing to an array of microorganisms, including bacteria. In fact, a number of bacterial
infections have been reported in crocodilians and septicemias are thought to be a frequent
finding. Septicemias are definitively diagnosed post-mortem and can be associated with awide
number of bacteria, many of them generally associated with the intestinal microflora. Thereis
an abundance of information about bacteria recovered from American alligators (Gorden et al.
1979, Shottset al. 1972, Millichamp et al. 1983, Jacobson 1984, Flandry et a. 1989, Novak and
Seigel 1986, Wallace et al. 1966, Mainster et al. 1972, Brown et al. 2001, Jacobson et al. 1984,
Clippinger et al. 2000, Barnett and Cardeilhac 1995, Newton 1992, Bounds and Normand 1991,
Russell and Herman 1970, Brown et al. 2001a) (Table 4) and African dwarf crocodiles
(Osteolaemus tetraspis) (Huchzermeyer et al. 2000). Some bacteria (e.g., Aeromonas sp.) are
commonly isolated from crocodilians, while others (e.g., Erysipelothrix sp. and Clostridium sp.)
are not as common.

Salmonellosis

The importance of Salmonella sp. arises more from its zoonotic potential rather than its

ability to cause disease in crocodilians, although it has been associated with mortalitiesinNile
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crocodile (C. niloticus) hatchlings (Huchzermeyer et al. 1994). In most commercial operations,
the meat is sold as a by-product of hide production. Various species of Salmonella have been
isolated from the meat of crocodiles from commercia operations, and may represent a potential
source of infection for humans (Barnett and Cardeilhac 1995, Russell and Herman 1970, Millan
et al. 1997, Madsen 1996, Madsen 1993, Manolis et al. 1991, Rickard et al. 1995). Petting zoos
at zoological institutions that include crocodilians may also serve as a potential zoonotic source
of infection for humans. Although the zoonotic potential for this organism does exist, there are
no well- documented cases of human infections originating from crocodilians.

Chlamydiosis

Chlamydiosis has aso been reported in crocodilians. There is areport of an isolate
closely resembling Chlamydophila psittaci that was obtained fromthe livers of Nile crocodiles in
Zimbabwe (Huchzermeyer et al. 1994). Thisinfection isthought to have an acute course, and
was characterized by hepatitis and heavy mortalitiesin hatchlings. A chronic form
characterized by conjunctivitis has also been reported and may be more common. There are aso
other reports of Chlamydia sp. isolates in cases of mycoplasmosis and adenoviral infections
(Huchzermeyer 2003).

Dermatophilosis (“ Brown Spot Diseases’)

“Brown spot disease” has been attributed to Dermatophilus sp., with most of the cultures
resembling Dermatophilus congolensis. It has been reported in both crocodiles and alligators
(Newton 1992, Bounds and Normand 1991, Buenvigjeet a. 1997, Buenvigje et al. 1998, Barnett
and Cardeilhac 1998). Affected animals present with brown to red lesions on the skin that are
usually located at the junction of the ventral abdominal scales. Over time, these lesions may
become ulcerated. This disease does not respond well to antibiotic thergpy, but can be prevented

by practicing intensive hygiene methods
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Table 4. Bacteriaisolated from A. mississippiensis with and without clinical signs of disease.

Clinical
Isolate Tissue Signs/L esions Reference
Aeromonas hydrophila Blood Yes Brown et al. 2001
Lungziggts’,”"er' Yes, No Gorden et al. 1979
intestines, oral cavity
Lungs, blood Yes Shotts et al. 1972
Oral cavity, water No Flandry et al. 1989
Aeromonas sp. Lungs Yes Clippinger et a. 2000
Acitenobacter calcoaceticus Oral cavity No Flandry et al. 1989
Aerobacter radiobacter Oral cavity No Flandry et al. 1989
Bacillus sp. Not specified Yes Barnett and Cardeilhac 1995
Bacteroides asaccharolyticus Oral cavity No Flandry et a. 1989
Bacteroides bivius Oral cavity, water No Flandry et al. 1989
Bacteroides |oescheii/denticola Oral cavity, water No Flandry et al. 1989
Bacteroides oralis Oral cavity No Flandry et al. 1989
Bacteroides sordellii Oradl cavity No Flandry et al. 1989
Bacteroides thetaiotamicron Oral cavity No Flandry et al. 1989
Bacteroides vulgatus Oral cavity No Flandry et al. 1989
Bacteroides sp. Water No Flandry et al. 1989
Citrobacter freundii Blood Yes Novak and Seigel 1986
Oradl cavity No Flandry et al. 1989
Clostridium bifermentans Oral cavity, water No Flandry et al. 1989
Lungs Yes Clippinger et a. 2000
Clostridium clostriidoforme Oral cavity No Flandry et al. 1989
Clostridium innoculum Water No Flandry et al. 1989
Clostridium limosum Oral cavity No Flandry et al. 1989
Clostridium sordellii Oral cavity, water No Flandry et al. 1989
Clostridium sporogenes Blood Yes Clippinger et a. 2000
Clostridium tetani Oral cavity No Flandry et al. 1989
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Table 4. Continued)

Clostridium sp. Blood Yes Clippinger et a. 2000
Corynebacterium sp. Tail abscess Yes Shotts et al. 1972
Dermatophilus sp. Skin Yes NeWtc,)\rI'o%?ngfn’ dBlcglng and
Diphtheroid sp. Oral cavity No Flandry et al. 1989
Edwardsiella tarda Kidney, feces Yes Wallaceet a. 1966
Fat body, pericardial fluid Yes Clippinger et a. 2000
Enterobacter aggl