








e Use other trainers to help if the flock is too large to manage at first.
* Avoid aggressive behaviors by reinforcing for calm behavior.
e Find compatible birds for flock behaviors.

»  Tobegin flock behaviors use approximations: start with 1 or 2 two birds doing the behavior at a time and
then gradually add to the flock.>

Benefits of training a flock

One of the benefits of working with a flock of birds is that the birds can learn by watching each other. Modeling
is the name for this learning process.® This strategy can be used to initiate training parrots in a flock to enter a
kennel. The kennel can be placed by the birds (without the door at first). Reinforcers such as seeds can be
sprinkled in and around the kennel. Once one bird begins to explore the kennel other birds usually will follow
quickly. Soon the kennel becomes a conditioned reinforcer to explore and enjoy. When it comes time to ask
individual birds to enter the kennel on cue, it can be a simple transition. Modeling can allow birds to learn from
each other and also gain confidence from watching others. This can also be seen as birds learn to follow each
other in flight patterns.

Conclusion

Flight allows parrots the opportunity to make choices. This in turn requires caregivers to challenge themselves to fully
embrace positive reinforcement training strategies as well as develop an increased sensitivity to bird body language.
This challenge can help create a more skilled trainer that can lead to a very well trained and well behaved flighted
companion parrot. With positive reinforcement training coming to the forefront as key to successful companion animal
relationships, there is potential for more parrots to be able to safely experience the benefits of flight.
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Abstract: Birds of prey, both wild and trained, are managed in captivity for a variety of reasons including
falconry (the hunting of game with trained birds of prey), rehabilitation and educational centers, aviculture
and breeding projects, and zoological institutions. For the most part, captive birds of prey experience few
behavioral problems. Those that do occur are usually the direct result of their interactions with humans.
This article will describe concepts of raptor behavior in captive birds of prey, with inferences from the
behavior of their wild counterparts that will assist the veterinarian in understanding the etiologies and
methods of managing these abnormal behaviors.

This manuscript, except for “Chronology of Physical and Behavioral Development,” represents a
previously published work: Jones MP. Behavioral aspects of captive birds of prey. Vet Clin North Am
Exotic Anim Pract. 2001:613-632.

Introduction

Birds of prey are considered to be highly complex and intelligent species with many of their activities deeply
rooted in instinctual behaviors such as the drive to forage for prey.! Fox describes the normal behavior of birds of
prey as consisting of 3 components including 1) inherited/innate behaviors, 2) imprinted behaviors, and 3) learned
behaviors and their interactions.! Unfortunately, just as in pet psittacine species, raptors confined to captivity are
also susceptible to behavioral disorders when faced with the inability to express themselves in an appropriate
manner. These behaviors can then become misdirected and expressed in ways that may bring harm to the raptor
or those who provide care for them. Behavioral problems do not arise overnight, and it is therefore important for
the avian veterinarian treating birds of prey to understand the components of behavior as they pertain to the
expression of normal or abnormal behaviors in captive birds of prey.

Components of Behavior

Inherited or innate behavior

Inherited or innate behaviors of raptors are those that are generally unalterable and include specific instincts,
individual temperaments, biological urges and drives, as well as memory.! These behaviors are “characteristic”
of the particular species such as foraging methods, courtship, and nesting behavior in which there is only a
relatively small learning component and are essentially unchangeable even with human intervention.1-2

“Personality traits” of various species of raptors, which can be difficult to define in birds, are also considered
innate behaviors. As a general rule, buteos such as red-tailed hawks (Buteo jamaicensis) tend to be rather
mellow, even-tempered birds in captivity.3 Accipiters, such as the goshawk (Accipiter gentilis), Coopers” hawk
(Accipiter cooperi) and the sharp-shinned hawk (Accipiter striatus), tend to be very secretive in the wild and
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are often considered to be over-reactive, high strung, and nervous when in captivity. Most large falcons, such as
peregrine falcons (Falcon peregrinus), are considered to be rather easy to handle in captivity, although the
prairie falcon ( Falco mexicanus) has developed the reputation of being temperamental and unpredictable as it
matures.13 Owls such as the great horned owl (Bubo virginianus) can also be rather ill-tempered and unpredictable
in captivity.

Imprinted behavior

Shortly after hatching, wild raptors begin to imprint to the sounds made by the parents and, ultimately, to the parents
themselves as their visual acuity improves. This process is rather long and continues throughout the time the young
bird is in the nest with its parents as well as social interactions between the young raptor, its siblings, the parents, and
conspecifics. During the process of imprinting to its parents, young raptors also begin to imprint on siblings.t As the
young raptor grows, it begins to recognize its siblings as competitors for food and mantles (spreading the wing and tail
feathers over food to keep other raptors from seeing and possibly stealing whatever it possesses).! The time frame
during which raptors imprint to parents and siblings varies between species but is generally thought to be longer in
larger species such as eagles. However, once the imprinting process has begun and the young raptor becomes familiar
with certain objects, anything that is not considered parent or sibling is something to be feared.!

The next stage is that of imprinting on future mates. Interestingly, young raptors will imprint on future breeding
partners with or without the presence of siblings. Even those raptors that have been reared by species other than
their own can recognize conspecifics when they reach sexual maturity and begin to form pair bonds. Such
recognition is most likely deeply rooted in instinctual behaviors as courtship and nesting behaviors play a significant
role in pair bond formation,! possibly lessening the likelihood of creating hybrids in the wild.

The final component of imprinting is termed environmental imprinting. The nest site, immediate surroundings, and
environmental cues that affect future nest site choice and location become firmly imprinted in the fledging raptor’s
mind. Later in life, the raptor will search out similar nest sites or habitats suitable for nesting.

Imprinting raptors to humans: The process of imprinting a raptor involves both innate behavior as well as
learned behavior. Imprinting results in the formation of filial-maternal bonds, pair formation, environmental
attachments, food preferences, as well as conditioned responses.? This is especially true in raptors that have
well-defined ecological niches (such as many falcon species and accipiters). Raptors in captivity that are imprinted
to humans or other unnatural objects should be classified as malimprints, and it is important to make that distinction.

Raptors are commonly imprinted for use in falconry. The purpose is to develop an extremely tame hawk or falcon
which shows no fear of humans, dogs used as hunting companions, objects such as automobiles, planes flying
overhead, passing trains, and other such disturbances that might otherwise frighten a non-imprinted raptor, potentially
resulting in the loss of the bird. In falconry the process is long and tedious, quite often requiring several months of
intense daily socialization of the hawk or falcon to new and unfamiliar people, animals, objects, and situations as
well.% In some instances, raptors are raised in cohort groups (Creché) with varying degrees of human contact. If
there is a great deal of human contact these birds are essentially dual imprinted to their conspecifics and humans.

In addition to imprinting a raptor for falconry purposes, some birds are used in breeding situations, when at an
appropriate age, the raptor accepts the human surrogate parent as a mate. Male raptors that are imprinted on
man can be managed and trained to “copulate” and ejaculate onto a hat,® a mounted specimen, or some other
instrument specifically designed for semen collection. Likewise, females can be trained to voluntarily accept
insemination from the surrogate mate. The social interaction necessary to achieve the formation of pair bonds
with humans is an ongoing process, continuing from the early stages of imprinting to the age of sexual maturity;
often, the daily socialization required to maintain a raptor for falconry is the easiest way to achieve this result.®
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As previously stated, the imprinting process naturally occurs at an early age in the life of most altricial birds such
as raptors and is species- and time-dependent. However, this sensitive time period is most likely longer than in
precocial birds* that seem to imprint for life within the first few hours of hatching.” McElroy suggests that
imprinting Cooper’s hawks to be used in falconry is best when the young are taken from the nest between 12 and
18 days of age.® Afterwards, attempts at imprinting the Cooper’s hawk will leave the falconer frustrated at the
lack of tameness of the hawk and may result in moments of intense and sometimes unexplainable fear or aggression.
McDermott suggests that taking the eyas Cooper’s hawk at a much younger age of 7-10 days is ideal.> Koehler
suggests that the imprinting process occurs around 10-14 days for the American kestrel (Falco sparverius).® It
has been reported that the imprinting of sparrow hawks (Accipiter nisus) to humans optimally occurs between
days 1 and 8.4 At this formative time period, the sparrow hawk will most likely accept the human as a parent as
well as a future sexual partner.® This acceptance may continue if the hawks are taken from the nest between
days 10 and 14; however, they will most likely not accept the human as a sexual partner later in life.# Large falcon
species react impartially until around 14 days of age, at which point they become firmly imprinted on the person
or bird feeding them.”

Most of the literature involving imprinting raptors seems to focus on diurnal birds of prey. Nocturnal birds of prey
(owls) are different in that they do not become imprinted to humans until later during fledgling development. This
is because their cues for identification to a species or object are determined more by sight and, to a lesser degree,
sound.* McKeever suggests that the sensitive time period lasts from 14 to 21 days up to 42 days.10

Learned behavior

Learned behavior in birds of prey is a fascinating concept yet one that is poorly understood. Learned behaviors
can be modified throughout the life of the bird and include involuntary learning (habituation, classical and operant
conditioning, learning by association, trauma learning) and voluntary learning (insight learning and experience).!
Captive raptors, especially those used for falconry, must be properly conditioned such that strange situations are
not perceived as threatening or to be feared. It is possible that exposure to one stimulus may deaden or limit the
reaction to similar stimuli.1:11

Stages of Maturation

Fox!and Sherrod!2 describe the stages of maturation in raptors as follows: 1) newly hatched chick is offered food
by parents, 2) down chick begs from the parent, 3) newly fledged chick chases parent(s) for food—when satisfied
it plays and chases objects resembling prey, but does not catch live prey, 4) chick physically attacks parents for
food, 5) parent drops dead prey for chick, which chases and catches it; chick search image reoriented from
parent to the prey, 6) parent drops live prey, which reinforces connection of pursuit with food, 7) chick has
increasing difficulty in obtaining food from its parents and is left unattended for longer periods of time; it becomes
more successful in catching its own live prey and begins to stray away from the nest area; self hunting, 8) chick
is completely weaned to independence.! Although both males and females will remain in the immediate vicinity of
the nest it is believed that the smaller, sexually dimorphic males tend to progress and develop more rapidly in all
measures of behavioral development than the females.13 The males mature faster, become more proficient
hunters sooner that their female counterparts,13 and are more likely to disperse from the nest site sooner. There
is still much to be learned about this period in wild raptors,1* which may take years to complete in some species
(eagles); however, if not handled carefully in captive situations, it can lead to many unwanted behaviors that may
persist for the life of the bird of prey.
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Chronology of Behavior Development

Immediate post-hatching period

Newly hatched chicks may not feed for several hours after hatching. Captive-reared falcons are not normally fed
until they are 8-12 hours of age.1> When the chick is able to sit upright, they may begin to beg for food in
response to vocalizations from the adults. Most commonly, the female will brood and feed the young. Even after
the chicks are full, they will continue to beg for food; this instinctual behavior is perhaps related to competition
among sibling for a limited food supply in the eyrie.1>

Days 4—7 post-hatching

During this time period, the chicks are beginning to vocalized (“whistles” or “chirps™) while being fed, and some
preening behavior may be noted.16

Days 8-12 post-hatching

The nestlings spend a great deal of time lying down but are also beginning to spend more time upright or leaning
against each other.1’ They continue to ambulate (scoot) around the nest now with purposeful intent, to position
themselves in the best location to receive food from the parents, or to defecate over the rim of the nest.16

Days 14-17 post-hatching

The nestlings are becoming more coordinated and are able to move about the nest by supporting themselves on
their tarso-metatarsal bones while extending their wings for balance.® The chicks may also stand for brief
periods of time and begin to make preening motions at their breast and wings.1® While sitting, the chicks may take
on a “hunchback” posture with their feet splayed out in front of them and their heads angled forward.1’

Days 19-22 post-hatching

The nestling may still sit on their tarso-metatarsal bones; however, they are able to walk quite well and may not
need their wings for balance at this time. The chicks spend more time preening and have started to flap their
wings for short periods of time (3-5 seconds), especially after feeding.1® The nestling are also beginning to take
their own bits of food while the female is feeding them.16

Days 24-26 post-hatching

The chicks are also standing for longer periods of time, barely resting on their tarso-metatarsal bones and also
spend considerable time preening and flapping their wings.16:17 The nestling also begin to grab sticks and other
object with their feet.16 Stretching of legs and clenching of feet is often noted at this time.18 The young chicks are
capable of feeding themselves if the food does not have skin on it or has been opened by an adult.16

Days 28-30 post-hatching

Young chicks are becoming more aware of their surroundings and may peer over the edge of the nest/eyrie and
observe the parents exchanging prey away from the nest.16 Sleeping while standing is also a common occurrence.16
Interestingly, in the case of goshawks the adult female is rarely in the nest, but will defend the nest territory
vigorously.
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Days 32—-24 post-hatching

The chicks are now able to feed themselves when the adult female is not present and will also fight aggressively
over food left in the nest.16 Vigorous flapping, hopping, and running about the nest is common at this time.16
Young peregrine falcons may be come so active around the nest that the parent birds rarely visit the nest except
to leave food for them.1” Young goshawks may start to “branch” at this time.

Days 36—38 post-hatching

All chicks will be branching at this time and some chicks may actually begin to fledge.1® Young male peregrines
take their first flight as young as 35 day of age.16:17 Young birds will often fight aggressively over food left in the
nest but will also continue to accept food from the parents.16 Begging behaviors is often pronounced during this
time period.

Days 40 and greater post-hatching

Male chicks should have fledged at this time while female chicks may still be in the nest but will fledge by 42 days
of age.16 The chicks will continue to beg for food from the parent birds, and the parents will begin to provide food
at locations away from the nest at 45 days of age.16

Post-fledging dispersal

The post-fledging period (period of time between fledging and complete independence) is not fully understood in
wild raptors and may take weeks, months, or even years to complete in some raptor species. The period is
extremely important because it allows the fledging raptor the opportunity mature and sharpen its hunting skills
while still receiving benefits of parental care.

During the post-fledging period, both sexes of chicks will continue to remain in the vicinity of the nest; however,
the smaller males tend to develop faster in all aspects of behavioral development and become more proficient
predators—this allows the males to survive in the presence of their larger female siblings.18 The immediate post-
fledgling period is also a dangerous period for the fledging raptors as they are often very noisy (screaming)
begging for food and may draw attention to themselves or their siblings still in the nest.18:19 As the nestling further
develop their aerial capabilities, they may actually attempt to intercept the adults as they return to the nest vicinity
with prey.

The length of the post-fledgling period leading to dispersal from the nest vicinity varies dramatically among
various raptor species, and may be as short as 2-3 weeks (harriers and kites) or as long as 10-12 weeks (red-
tailed hawk and bald eagles).18 Complete “weaning” of young raptors may be somewhat sudden, depending upon
the amount of prey available and the hunting prowess of the chick.18 Fortunately, predatory behavior is deeply
rooted in instinctual behavior, and young raptors will chase and capture prey even in the absence of parent birds.
In some species of accipiters (European sparrow hawks) and falcons, the parents may continue to release prey
that is still alive in order to encourage the development of the young raptors hunting proficiency.18

Social Interaction and Birds of Prey

Raptors are generally considered solitary except during periods of migration, courtship, and nesting periods. A
few species are considered truly gregarious during the entire year, including Old World vultures, kestrels, and
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some species of eagles and hawks.2% The most notable example of social structure among birds of prey is that of
the Harris’ hawk (Parabuteo unicinctus) of the Southwest United States and Latin America,2 although the
degree of sociality may vary among the Harris” hawk population in the United States.2! A linear hierarchy exits
within groups of Harris’ hawks, which number around 5 individuals or more and consist of an alpha male and
female (breeders), a beta male, and several immature hawks that are usually, but not necessarily, related to the
alpha hawks (J. Dawson, Raptor Biologist, Sonora Environmental Consultants, Inc, personal communication).
The group will hunt prey cooperatively as well as assist in the care of the current year’s nestling. Cooperative
hunting has its advantages in that much larger prey can be captured than by a single hawk, allowing more for all
“pack”members.20 The same cooperative hunting behavior is seen in birds used for falconry, making the Harris’
hawk a favorite of falconers who like to “socialize” during hunting trips.

Rather than being considered highly social, the majority birds of prey are more territorial in nature. Species such
as the California condor (Gymnogyps californianus), Mississippi kites (Ictinia mississippiensis), and ospreys
(Pandion haliaetus) are weakly territorial at best.20 Virtually all other species are territorial to varying degrees.
Accipiter, especially the goshawk, and great horned owls are extremely territorial and will defend the breeding
territory nest site against any intruders (including humans) with extreme vigor. In captivity, a raptor may claim a
particular perch or area as its territory and attempt to defend it against “human” or other intruders.

Weight Management and Raptor Behavior

A cornerstone of managing raptors in captivity, especially those used for falconry or flight displays, is that of
adjusting a raptor’s behavior through weight control. Raptors that are being trained for falconry are managed in
a varying degrees of lean body mass.22 Therefore, by controlling the amount of food a raptor ingests in response
to environmental variables such as temperature, time of day, and daily activity levels, the falconer or trainer can
achieve the desired response from the bird, thus having a direct and marked effect on the bird’s behavior.

Methods of weight control vary between falconer/trainer; however, McElroy has developed a mechanism to
precisely control a bird’s weight that involves weighing the raptor and its food daily prior to feeding.22 The system
requires offering the raptor a specified amount of a consistent quality food source (quail for example) in the
evening. Then, beginning early the next morning, the raptor is weighed hourly in order to record and assess the
hourly weight loss until it ceases to lose weight or weight loss is minimal. The result allows the falconer to
determine the exact amount of a specific food (in grams) that the raptor digests per hour at a given temperature.
Keeping a raptor at a constant temperature, most commonly by keeping it indoors, allows the falconer to achieve
a constant rate of metabolism. In order to keep the raptor at its optimum weight and physical condition for hunting
(hunting weight), it is given a calculated amount of food determined by the amount it will metabolize per hour and
when it is expected to be exercise or hunted. Through repetition the falconer can then raise, lower, or maintain the
raptor’s weight at will. When lowering the bird’s weight, it is advisable to do so in small increments, usually 1% of
the body weight in a 24-hour period (H. McElroy, personal communication).

If the weight is haphazardly adjusted in certain species, particularly the accipiters, behavioral problems may
develop. An overweight raptor is one that is less inclined to pursue the intended quarry. Usually, the raptor
appears nervous and somewhat standoffish or fearful. Often the raptor does not respond to the falconer as it
should by either having a poor response, a delayed response, or no response at all. Instead of returning to the
falconer or trainer immediately when called, the raptor may remain aloof and unresponsive. A raptor that is
underweight and in low state of condition, may appear to fly weakly or refuse to chase the intended prey, display
subtle aggression, mantle excessively, scream, have a poor response, appear mentally dull, or even worse, may
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experience seizures due to hypoglycemia.2® Low condition is an emergency situation and such birds should
receive appropriate supportive care or they may lose additional weight (especially in cold weather) and possibly
die. Raptors in low condition may take several weeks to completely recover.

Behavioral Disorders in Captive Birds of Prey

Behavioral problems in birds have been well documented in psittacine species. Most, if not all, avian veterinarians,
have at one time or another dealt with the behavioral issues of feather picking, feather chewing, screaming, and
aggression in psittacine species. Raptors are no exception to the rule and experience similar problems as seen in
pet birds; however, these problems are either reported infrequently or not as well documented. Just as in pet birds,
it is important to remember that changes in behavior may be an indication of the presence of disease in a raptor
and should be evaluated appropriately. Ultimately, many behavioral problems in captive raptors are commonly a
direct result of improper handling or errors in judgment on the part of the handler.

Infantile behavior

Infantile behavior is not uncommon in captive birds of prey, and there are many reasons why such juvenile
behaviors can be exhibited even by adult raptors that have recently been introduced to captivity. Psychiatrist
believe that regression to infantile or juvenile behavior may be seen in human children as a way of dealing with
stressful situations; a defense mechanism, if you will, which allows the child to regain the security and carefree
world of childhood.1® The same may be true for raptors.

Food begging: Food begging is most commonly seen in human-imprinted raptors that are responding in hunger
to their surrogate human parent. Begging behaviors are also seen in wild raptors that have recently been introduced
to captivity. In many instances, birds that are being treated for medical or surgical problems or maintained in
rehabilitation centers will revert to juvenile behaviors once they begin to recognize humans as a source of food.
This seems particularly true of juvenile red-tailed hawks that revert to food begging and demonstrate almost
complete loss of fear of humans rather quickly. This transformation from a completely wild hawk to a noticeably
tame hawk may take only a few days of captivity. However, once the hawk begins to lose fear of the human, one
must be cautious when feeding such a raptor. For these birds will treat a human just as they would a parent,
sibling, or competitor and attempt to snatch the food directly from the hand that feeds them. In some instances, an
unfortunate game of tug-o-war may ensue if the hawk manages to grab someone’s hand. As a result, do not allow
captive raptors to see food in the bare hand, and make every attempt to conceal the food as it is being placed into
the enclosure or cage.

Mantling: The term mantling describes the way that a bird of prey will spread its wings and tail to cover up what
ever it is eating. Primarily, mantling serves to keep other raptors or potential thieves from stealing its hard earned
meal. However, it is also thought to serve another purpose and that is to “corral” the captured prey, confusing it,
and thereby preventing an easy escape should it break free from the raptor’s grasp.12 Mantling is a natural
process; however, it can be taken to an extreme and become a behavioral problem as the hawk or falcon
becomes overly possessive and aggressively protects whatever is in its grasp. Excessive mantling typically involves
the raptor spreading its wings and tail and, at times, actually laying down on the ground, glove, or perch in order
to cover its meal. Causes of excessive mantling include improper handling of a falconry bird while it is on a Kill,
sharp reductions in the amount of food offered to a bird of prey, sharp reductions in the weight of the bird causing
it to become overly excited while on a kill, attempts to take a kill or other food away from the raptor, or standing
over a bird while it is eating causing it to feel intimidated. Fortunately, mantling tends to become less intense with
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psychological maturity? but can easily return with improper handling as describe above. One way to prevent
excessive mantling by a raptor is to never take food from it; it is allowed to consume whatever it catches or
whatever is offered until it is satiated or is offered a substitute portion. The raptor is able to satisfy itself and has
had every opportunity to eat everything it was given. Continually offering tidbits of food while on a kill will also
help gain the trust of a raptor used for falconry.

Screaming: Excessive screaming, that is screaming for prolonged periods of time, often hours, is not uncommon
to many species of birds including psittacines and raptors. Screaming is a normal behavior that is often demonstrated
by juvenile raptors in relation to parent birds, but also a normal part of the daily activity of forming/maintaining
relationships in social situations. Young raptors will scream in recognition of their parents and in anticipation of
being fed. In captivity, juvenile as well as older raptors that recognize the human handler as the source of food
may scream. The problem is intensified by the rather loud screams that some raptors can emit; falcons, in
particular, can be extremely loud.

Screaming is a difficult problem to deal with and can try the patience of any falconer, handler, or trainer.
Unfortunately, this behavior is one that is easily (and often unintentionally) rewarded in an effort to get the bird to
stop, even if only for a moment. For example, offering food to a raptor that is screaming out of hunger may get it
to stop momentarily but only further reinforces that behavior. This is especially true if the raptor only sees the
caretaker only when it is to be fed.

Since raptors do not necessarily crave human contact, dominance training or negative reinforcement in the form
of seclusion or voiced disapproval do not work well in raptors and may serve to make matters worse. McDermott
suggests that screaming will decrease with the increase of non-food oriented time spent with the hawk in your
presence.? There is also some thought that screaming may result from frustration experience by a raptor in not
doing what it was designed to do, and that is to catch prey.>

Given time, most screaming will diminish or cease as the raptor matures psychologically, although the time frame
can be somewhat ambiguous. In falconry birds, the orientation of the raptor away from the human as the provider
of food to the catching of prey can have a dramatic influence on the degree and duration of screaming. The
sooner the young raptor is catching prey, the less likely it is to scream and remain oriented to the falconer or
trainer as the sole source of food; the raptor is allowed to go through the normal maturation process.

Infantile behavior as a component of courtship: In captive raptors imprinted on humans, it is thought that
females will revert to juvenile or infantile behaviors more readily than males because juvenile behavior patterns
form a larger part of the female’s courtship behaviors.* Females adopt juvenile behaviors including begging for
food, screaming, and other displays as a part of pair bonding when attempting to get the male to feed them, as well
as to appear less intimidating to the smaller males.? These same behaviors may be displayed to a human to which
a raptor has been imprinted and some type of pair bond has developed between raptor and human.

Aggression

Aggression in birds of prey is very common in species socialized (imprinted) to humans, especially in accipiters,
eagles, and some species of owls in which their aggression may correlate with the degree of rapaciousness.*
Aggression is normal when, in a wild setting, it is directed towards the intended quarry. However, in captivity, this
aggression is often misdirected towards other raptors or even people resulting in potentially dangerous situations.

Intraspecies aggression: Intraspecific aggression is of considerable concern owing to the sometimes extreme
reverse sexual dimorphism (the male is usually a third smaller than the female) seen in most raptor species. A
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prime example of this aggression can be seen in captive goshawks during the breeding season. If the female is
uninterested in the male’s advances or loses interest after copulation, there is a potential risk of trauma that may
result in the death and even consumption of the male if he is not provided avenues of visual and physical escape.
At times it may be necessary to trim the flight feathers of the female to prevent capture of the male.

Additionally, captive raptors may develop territories (see territoriality) within an enclosure. New arrivals into an
exhibit must then fight for their lives as they can never, at least to the satisfaction of the primary inhabitant, leave
their territory. One way to solve this issue is to totally rearrange the exhibit or enclosure prior to adding new birds.
This may confuse the previous inhabitant, thus preventing it from defending a specific territory.

A Cain and Abel syndrome is seen in greater spotted eagles (Aquila clanga), Spanish imperial eagles (Aquila
heliaca adalberti), red-tailed hawks, long-legged buzzards (Buteo rufinus), and other species where the older
and stronger sibling kills the younger sibling(s).24 In these situations, the adults make no attempt to interfere with
this processes. It is possible that the older sibling kills the younger as a consequence of perceived competition for
food and the attention of the adults. Most likely it is the result of one chick hatching earlier that the others,
resulting in a large difference in size.?® In captivity, human interaction may be necessary to prevent injury or
death to younger smaller siblings.2°

Interspecies aggression: Intraspecific aggression usually involves confrontation within a captive situation, because
aggressive tendencies cannot be channeled toward natural activity such as foraging and hunting of prey. Mixing
different species together can be a disaster waiting to happen if evasive techniques used by one species trigger
the hunting instinct of a larger species. Additionally, if a bird feels that is has no avenue of escape, it will most
likely adopt an aggressive attitude in an effort to defend itself from other raptorial species. Quite often the only
way to resolve such an issue is to remove troublesome and unsociable birds from the enclosure.

Aggression towards humans: Aggression may be directed at humans and is most likely the result of arrested
development at a stage where the young bird of prey would physically attack the “parent” for food, territoriality,
or possession. McDermott suggests that aggression, at least in imprinted accipiters such as the goshawk (Accipiter
gentiles) and Cooper’s hawk (these species are notorious for flying into the face of their handler), is a symptom
of a larger, sometimes more complex problem that may stem from improper handling and socialization associated
with the imprinting process, hunger, territoriality, possessiveness, as well as genetic predisposition.> Of that list of
potential causes, genetic predisposition seems to be the most difficult to define in terms of aggression.

Familiarity, especially in imprinted raptors, may also lead to aggression, as the raptor tends to treat the handler as
if he or she is another raptor and has no fear response that might cause the bird to divert its aggressive tendencies.
Aggression may also be cumulative as multiple, unrelated events or similar events may (unrecognizably to the
falconer or handler) build upon themselves, ultimately leading to an aggressive reaction. This reaction may then
become a behavioral pattern.

Harris’ hawks, which are one of the more easily socialized and trainable hawks, can become quite aggressive
towards humans. Much of their behavior is based upon “pack” dynamics in which they assume the role of the
alpha male or female and you are the subordinate “hawk.” There are numerous anecdotal reports of Harris’
hawks (more commonly females) attacking people because they consider them to be subordinates (J. Dawson,
personal communication). In many situations, the chamber in which the Harris” hawks is kept has perches that
allow the eyes of the hawk to be above those of the owner or trainer; a dominance issue. This may be more of a
problem in passage (trapped during their first year) Harris’ hawks in captivity (J. Dawson, personal communication).
Another situation may arise as the hawk is protecting its mate (you) from would-be suitors (other people). One
male Harris’ hawk that | owned would go out of his way to attack and strike other people if they entered the field
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while we were hunting. He would also go out of his way to attack and chase away wild hawks of various species
or other Harris’ hawks in the same vicinity. Never once did this Harris’ hawk show any aggression towards me,
whether in the field or in the housing chamber

Aggressive postures: Rarely will raptors show aggression leading to physical contact without demonstrating
defensive or aggressive postures and/or vocalizations. Signs of aggression can vary from mild posturing and
displaying to flying at the body, appendages, or face or grabbing the hand of the handler/trainer. A particularly
dangerous situation can arise with aggressive species such as large buteos or eagles. Typically, raptors demonstrate
aggressive or defensive posturing by attempting to make themselves appear much larger than they actually are.
Often the wings are opened, arched, and spread away from the body, the body feathers are fluffed outward, a
hunched posture with hackles raised is adopted, the body may be rocked from side to side while shifting the
weight from one leg to the other, and the eyes stare directly at the offending object or person. In some cases, the
offending object may be a certain colored hat, coat, eyeglasses or shades, articles of clothing, or a particular
person due to previous handling. It is important to identify the object of fear and remove it so as not to provoke the
raptor to aggression. If the object of the raptor’s aggression is a person, the raptor may attempt to attack the
person at every opportunity even if the incriminating incident happened weeks, months or years earlier.

Vocalizations accompanying aggression usually consist of screaming (with most species of hawks) and hissing
clapping of the beak (owls).25> Harris’ hawks typically demonstrate their displeasure by giving a low drawn-out
scream that is more of a croak than a scream. Owls, especially great horned owls, screech owls, and barred owls
(Strix varia) show their displeasure by loudly clapping the upper and lower beak together (bill clapping). Accipiters
often have a long drawn out “kek-kek-kek-kek-kek sound in rapid succession.

Possession and territoriality

The establishment and protection of breeding or foraging ranges is a natural tendency of birds of prey. Most territories
are relatively large enough to meet the nesting, foraging, and mating activities necessary to complete a breeding
season.? In areas where space is somewhat limited, territories may be rather small, variably sized, or overlap.

Defense of territories is normal and necessary for survival. In captivity, raptors will also establish territories in
which the bird becomes protective of a given area that it perceives as its territory. Often those territories are
related to an area in which a hawk was previously or currently fed. Once a territory is defined it is a rarely
abandoned or forgotten even with significant passage of time.

Both sexes will develop excessive territoriality, although in wild raptors it is usually the male that establishes,
reestablishes, or maintains a territory.2 Territorial displays in wild raptors may include aerial displays or activities
near the nest site, conspicuous perching, calling, or other long distance signals in hopes of attracting a mate. In the
context of inappropriate behavior, possessive or territorial displays in captive raptors usually involves some sort of
aggressive posturing or vocalization when the territory is approached. These displays of aggression may or may
not lead to physical contact.

Management of territoriality involves determining the site or cause of the behavior. If it is associated with food, don’t
feed the hawk in that area. Instead, feed the hawk in a different area or in complete darkness with a flashlight so that
the hawks cannot identify a particular area as its territory.> Some species are well known for developing aggressiveness
in response to territoriality, particularly the accipiters. Aggressive displays include side-to-side movement of the head
and neck, mantling, turning the back to you while looking over their shoulders, and feinting attacks to name a few.
Ultimately, these displays will lead to physical contact (grabbing or footing) if the problem is not identified and resolved.
Unfortunately, by the time the problem is identified, the behavior may be difficult to manage. Careful observation of
handling procedures may help to identify causes of territoriality or possessiveness.
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Feather picking, chewing or self mutilation

Feather picking and self-mutilation are well documented in psittacine species where causes range from infectious
to behavioral problems. Etiologies such as boredom, sexual frustration, or displaced aggression seem to be common
causes. In raptors, lack of appropriate exercise can be a significant etiology for feather picking. Feather picking
seems to be more common in captive bred Harris’ hawks, which seem to get bored rather easily in captivity.
Harris” hawks are by nature a gregarious species and lack of socialization, including with humans, may influence
the degree of boredom or frustration the hawk experiences. Usually, the feather picking is noted on the legs in the
femoral and tibiotarsal as well as pectoral regions. | have also seen Harris’ hawks that have picked feathers
around the shoulder region, dorsal antebrachium. Usually, the primary and secondary flight feathers are left
untouched.

Self-mutilation is an uncommon problem in raptors. Interestingly, the cases of self-mutilation in raptors that the
author has experienced have been in screech owls (Otus asio) following the placement of external coaptation
(figure-8-bandage) on an injured wing and a black vulture (Coragyps atratus). The vulture was treated with the
tricyclic antidepressant clomipramine for nearly a month with no improvement or resolution of the problem.
Eventually, the vulture was euthanized due to the severity of the self-mutilation. Other species such as the merlin
(Falco columbarius) and American kestrels have been known to mutilate their own feet.

Although the motivation for behavior problems may be as difficult to determine in raptors as it is in psittacine
species, the principles of management are essentially the same: try to identify and treat the underlying cause. A
minimum database should include as detailed a history as possible, a thorough physical exam and laboratory
diagnostics (complete blood count [CBC], biochemical analysis, and an examination of the feces for parasites).
Ancillary diagnostic tests should also include skin and feather pulp cytology, skin biopsy, histopathologic examination,
as well as appropriate culture and sensitivity test of affected areas of skin. A muscle biopsy should also be
considered, especially in birds that are mutilating their skin and underlying musculature. If the results of the
diagnostic tests are sufficient to explain the clinical signs, then treat appropriately. If they are not, then consider
behavior causes for feather picking or self-mutilation.

Treatment of feather picking or self-mutilation problems can be very difficult in raptors. In those cases involving
specific disease entities (infectious, inflammatory, or neoplastic), specific therapy can be instituted. In behavioral
cases of feather picking or self-mutilation, treatment should center on providing adequate stimulation in the form
of hunting if the bird is a falconry bird, environmental enrichment during long periods of inactivity, adequate
exercise, numerous opportunities to bathe (sun and water), and controlled exposure to the elements. In those
species that are easily stressed (screech owls and small accipiters), make sure they have the opportunity to
escape the gaze of larger raptors as well as a quiet environment. Screech owls in particular enjoy a hide box.
Supplying the raptor with some type of environmental enrichment during periods of inactivity is very helpful in
preventing boredom or mutilation. Mutilation wounds should be cleansed and dressed appropriately.
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Abstract: The purpose of this paper and presentation is to further define some of the key concepts, terms,
and considerations regarding the application of behavioral principles as a practical component of the
routine veterinary examination of companion birds. Categorical thinking offers both advantages (depth of
understanding of a subject or fact) and disadvantages as well, in that it can distort our ability to see the
differences and similarities between 2 facts. Veterinarians are increasingly accountable for a deeper range
of skills pertinent to the health and well-being of birds, including their behavior. Each of these categories
of skills and knowledge are immensely deep fields, and an integrative approach is important for success in
the ideal delivery of avian healthcare. Some of the fundamental neurobiological bases of behavior are
directly influenced by veterinary actions or medical procedures in the exam room. These aspects of
neurobiology can also be applied, with understanding, as a component of a therapeutic of interventional
program by avian veterinarians. Hormones do not control behavior, nor does the brain or nervous system
control hormones. The brain and therefore behavior is influenced both positively and negatively by
hormones, and at the same time influences hormonal release and function. Training and behavioral
conditioning are used for a variety of reasons in avian husbandry and medical practice, and are their
principles are being applied increasingly in avian medical practice settings. Behavioral therapy for companion
birds ideally begins and ends with prevention through training. When behavior problems are encountered,
depending on the specific circumstances involved, an interdisciplinary approach is often required in avian
practice. By thinking, talking, and actually working towards the identification and address of behavior
concerns with companion birds, and integrating these principles with the greater scope of wellness
management and medical therapies, the quality of healthcare for these animals can be dramatically improved.
The degree of satisfaction we receive from these endeavors undoubtedly will follow.

Introduction

There is an increasing interest in general avian medical practice in behavior and behavior-associated problems.
Unfortunately, understanding the proper methods for the identification, description, and addressing these problems
still remains inconsistent for most veterinarians caring for birds in general practice. For the most part, avian
medical records still tend to reflect the documentation of historical and physical examination facts, and the testing
for and treatment of identified or perceived states of disease. Comments regarding behavioral observations
remain, overall, rarely mentioned in most medical records. Recommendations for behavioral intervention are
often rare or far from complete, and are uncommonly followed up and documented as to their outcome. In the
absence of recognition and documentation of problems or proactive discussion of behavior, relatively advanced
states of behavioral problems should logically be expected to be seen in practice, which seems to be true in most
cases. As a result, behavioral intervention efforts seem to be comparatively futile, frustrating, and hence, seemingly
not realistically practical to pursue in day-to-day practice.

Historically, common veterinary terminology that has been used for describing approaches to the examination,
diagnosis, and medical treatment of birds has included descriptions such as “capture and restraint.” Most of these
procedures have involved direct physical overpowering of the birds and restraint with or without the use of
chemical immobilization. Granted, these approaches tend to “get the job done.” But with time, there seems to be
increasingly more severe learned and negative fear-associated responses by many of these birds. This leads to 1)
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risks to the bird and handlers when the birds are being examined, 2) increased risk of problems during medical
procedures, and 3) more difficulty separating stress-associated changes from early to moderate states of disease
in some laboratory diagnostics. More recently, it has become increasingly apparent that many medical procedures
can, in fact, be performed with less restraint, less of a negative experience by the birds, and less of a negative
manner of restraint for the animals as we have traditionally done in the past.

Starting with less aggressive methods of restraint and physical evaluation, practitioners should be positioned more
optimally to have the time to observe, identify, discuss, and guide their clients and patients towards more balanced
address of real or potential behavioral issues in the future. As time has progressed, there has been a higher
standard of care that has evolved, one that should include more of an emphasis on animal welfare, with higher
standards of animal care, informed recommendations of techniques to implement enrichment and training programs,
and in many situations, increased use of operant conditioning for husbandry and medical procedures. Training and
behavioral conditioning are used for a variety of reasons in avian husbandry and medical practice. Husbandry and
medical procedures can be facilitated with less stress and risk to operators or the birds, educational and entertainment
purposes can enhance the lives of the birds as well as broaden public awareness of the animals themselves, and
training can also be used as a part of an enrichment program. Training engages animals at the cognitive level, and
it is believed that training exercises are a form of “occupational therapy” for animals, reducing boredom in
captivity. Training also has an important role in assisting to integrate a companion bird into the home setting and
with the family in a more optimal manner consistent with long term homeostasis for all parties. Training can also
have a key role in the treatment or modification of many abnormal behaviors or behavioral problems that can be
seen in private practice.

The purpose of this paper and presentation is to further define some of the key concepts, terms, and considerations

regarding the application of behavioral principles as a practical component of the routine veterinary examination
of companion birds.

Why is Behavior Important to Consider in Daily Practice?

Behavior influences the clinical results we achieve

The behavior of these birds in a captive setting directly impacts the quality of their lives. It influences their
interactions with their stewards/owners and the probability of maintaining a long-term doctor-client-patient
relationship with a veterinarian. Behavior also plays a significant role in their mental and physical health. It is
known that behavioral conditioning of captive bird species in most circumstances can lead to a reduction of the
risks associated with physical evaluations or medical procedures. Conditioning and shaping behaviors also allows
for a reduction of expenses associated with maintenance and preventative health procedures, and allows for a
more complete patient evaluation in most circumstances. Punishment is often intentionally delivered during veterinary
consultations and routine aspects of many husbandry practices at home. Frequent punishment increases the
probability of 4 side effects detrimental to the quality of life of all animals. These side effects include aggression,
apathy, generalized fear, and escape/avoidance behaviors. A behaviorally conditioned and less fearful bird will be
more likely to have a minimization of stress-associated laboratory results, which may not necessarily reflect the
true physiologic state of a patient. Because these alterations can lead to misdiagnosis, and errors of both over and
under treatment, it is easy to see how “less is more” in the veterinary examination process.
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Expectations and standards of care are changing

The position of the pet bird in our society is changing. The pet bird that is integrated socially with its human family
is becoming increasingly more common as compared to the decorative parrot that lives isolated in a cage with
minimal, if any, social interaction. The patterns of diagnosed medical conditions in pet birds are progressively
shifting from what was more infectious and nutritionally associated diseases toward metabolic, neoplastic, and
behavioral disorders. In essence, there are increasing numbers of “non-Baytril responsive conditions” in avian
practice, and consequently, increased demand for improved diagnostic and therapeutic options. As far as behavioral
aspects of health, the veterinary profession has weakly addressed behavioral disorders of parrot species in the
past. As a result, the more commonly discussed psittacine behavioral disorders are often chronic or extremely
advanced at the time of initial veterinary recognition or attempted clinical address. As with most other medical
issues, the chronicity and severity of these behavioral disorders tends to be associated with a much lower success
rate for complete cure. Earlier recognition and diagnosis will result in more successful intervention and resolution.
The means by which we can recognize the components of behavioral problems early is key to more effective
prevention and early intervention with many companion bird behavioral disorders.

Practice economics

The economic aspects of incorporating behavior as a regular component of every patient examination also cannot
be ignored. Recommendations for annual examinations and/or vaccines, packed with costly laboratory testing
and/or treatments, alone, rarely will hold client loyalty for the multiple decades of life expectancy of the typical
medium to large pet parrot. This is particularly true if the bird is fearful of veterinary restraint, and/or if there is no
directly perceived value by the owner from the procedures performed during that annual or routine visit. A more
balanced approach to true wellness including behavioral evaluation, modification, and exercises for bird and
owner most often will maintain client loyalty and feed much greater returns on annual examination reminders.
Those bird owners that have a more engaged, enjoyable relationship with their companion birds are best positioned
to appreciate and request preventative health procedures, to recognize early signs of illness in their birds, and to
allow for earlier intervention should medical or behavioral problems be suspected or identified. Prognostically, this
is a good thing, and an appreciably positive impact on practice economics will follow.

Categorical Thinking in Practice

Veterinarians are usually trained to think categorically, applying labels and explanations for the things we see. As
simple examples, we classify disease as infectious or non-infectious, tumors as carcinomas or sarcomas, disciplines
as dermatology or ophthalmology. Categorical thinking has its advantages and its limits, however. Categorical
thinking helps our memory, but categorical boundaries distort our ability to see the differences and similarities
between 2 different facts. Some infectious disorders are dermatologic disorders. Some non-infectious disorders
can have an infectious component. If we pay too much attention to these boundaries, we will have trouble seeing
the big picture. This problem can be negatively reflected in the nature of our clinical diagnosis and recommendations
for therapy in practice. This reality also holds true for behavior.

In reality, behavior is influenced by many different categories: neurobiology, environmental factors, acute-
phase hormones, perinatal biology, development, genetic makeup, fetal environment, population and species
attributes, and natural selection. The environmental factors that influence the behavior and health of birds
includes but are not limited to their diet, their social interactions, their cage environment and enrichments,
and their physical health. Each and every one of these categories is interrelated. An interdisciplinary approach
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to behavior or even the entire scope of wellness management of birds makes more sense, in the greater
scheme of things. This type of approach is both daunting and essential in avian medical practice.

The ultimate goal that avian veterinarians strive to achieve is health and optimal quality of life for companion and
captive birds. We do this through a balanced lifestyle which is achieved by varying components of all of the above
categories of possible arenas of focus. The potential for becoming trapped in categorical thought is immense! By
approaching the entire scope of avian medical practice incompletely or through excessively focusing on individual
categories, effectiveness should be expected to be diminished. The challenge of working with avian behavior in
your exam room is to avoid categorical traps of thinking. An interdisciplinary approach to behavior that incorporates
applied behavior analysis, training, and also incorporates the broader categories involved in avian practice is key.

Learning in Your Exam Rooms: Neurobiology at Work

All behavior has a neurobiological basis. Long-term potentiation (LTP) occurs throughout the entire nervous
system, and is a phenomenon in which the strength of synaptic communication between 2 neurons is enhanced in
a persistent manner. LTP is thought to be a cellular analog of learning, and should be considered for a multitude of
reasons in daily practice, and particularly when establishing a behavioral intervention program. LTP is the process
of stimulating a dendritic spine with a dense cluster of rapid action potentials (action potential frequency is high),
resulting in that synapse becoming hyper-responsive or potentiated. After potentiation, that neural pathway is
stronger, and there is an increased likelihood that a single neuron can cause an action potential.

Increased frequency of action potentials generated is related to the intensity of the stimulus. An intensely stimulatory
single experience is capable of triggering LTP as a result of multiple, repeated action potentials. This is the
neurobiological basis of long term memory, resulting from even a single, intense, experience. In the exam room,
long-term potentiation of some neuropathways most certainly can occur, in a very negative way, as a result of
fear-eliciting, “capture and restraint” type of experiences for many birds. Some factors are known to enhance
LTP: two important ones include the availability of abundant energy and short-term stress. Short term stress
(stimulation) causes stress hormones to be released on a short term basis, and these hormones enhance memory.
Some important factors are also known to disrupt LTP: energy depletion and chronic stress. Unlike short-term
stress, chronic stress disturbs many types of memory consolidation and memory retrieval. In humans, alcohol in
sufficient amounts dramatically disrupts LTP. Chronic stress very likely plays a large role in some of the negative
learning experiences that are encountered by companion or captive birds, both enhancing LTP responses to
adverse stimuli as well as disrupting attempts to train or reduce problem behaviors. The negative role of fear, in
this light, needs to always be considered in the veterinary exam room. LTP has a neurobiological basis in sensitization,
which is the process whereby a stimulus that once did not have an effect on the ANS now does. Examples of
sensitization in humans would include many of the anxiety disorders built around trauma and traumatic experiences.
Long-term potentiation that results from sensitization is not necessarily a permanent event, and can be altered
through varying processes, including systematic desensitization procedures or habituation.

An Ornithological Perspective of Behavior

Ornithology is the study of birds, and encompasses the study of all aspects of birds, including but not limited to
their behavior. Behavior is the most direct tool a wild bird has to respond to its environment, and ultimately
determines whether it survives and breeds in its natural environment. The behavioral response that a captive bird
has to its environment has importance for the maintenance of homeostasis, both physically and psychologically in
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its non-natural environment. There are 2 general functional categories of avian behaviors described in ornithology
context: self-maintenance behaviors and social behaviors. Self-maintenance behaviors are aimed at accomplishing
some specific task to maintain the physical condition of the individual. Social behavior is intended to communicate
information to another individual. In most bird species, daily maintenance behaviors are self-maintenance behaviors
that are life-sustaining activities performed throughout the year. These behaviors include feeding, feather care,
locomotion, concealment, communication, and display. With captive parrots, feeding, feather care, communication,
and display behaviors are commonly observed daily maintenance behaviors. Enrichment of these behaviors is
known to benefit captive psittacines. Skill and understanding of methods to train or teach these kinds of behaviors
in many captive pet birds is important, as many of these behaviors must be learned, and are far from automatically
programmed. Abnormal behaviors in these same categories encompass the most common behavioral disorders of
companion parrots. Birds also engage in a large number of behaviors that are predominately undertaken for the
purpose of communication or signaling. These behaviors, in general, rank among the most complex of all avian
traits. A communication signal is a behavior sender that generates a response of the receiver in a way that
benefits the sender. Adisplay is a ritualized signal intended to convey a specific message. Many display behaviors
in birds, but not all, are genetically controlled, or instinctual. Compounding this is the fact that different stimuli in
different species trigger different behaviors that have different purposes. Even the social status of individual
members of some species influences responses to designated stimuli. Pair-bonding species are those in which
mating tends to be monogamous. Examples may include most parrot species. These species examples may be
contrasted with tournament species, in which mating tends to be highly polygamous and involves high levels of
male-male aggression and competition. Ornithological examples here may include mallard ducks or hummingbird
species. Similar pair bonding stimuli, applied amongst these types of species ranges, should be fully expected to
trigger different consequences.

The Endocrine System and Behavior-Who is in Control?

A belief theme that runs throughout behavioral neuroendocrinology is that hormones may “cause” some
behaviors, such as aggression, to occur. This theme is commonly evoked pertinent to pet birds in many
ways. “He is aggressive because it is breeding season,” or other constructed labels are often applied in
grossly simplistic ways. In more of a true context, hormones function to alter a pre-existing tendency for
the behavior to occur in the context of interaction with the environment. In essence, hormones modulate
how sensitive the brain is to the outside world and its specific stimuli. The neuroendocrine cascade involves
stimuli being received by the brain, messages then being relayed to the hypothalamus, to the anterior
pituitary gland, to the peripheral endocrine organs, which produce hormones, which have a body-wide
function and effect in a multitude of ways. Direct, one-way, and irrevocable control of behavior, however,
is not a part of these. The brain controls endocrine-associated behaviors in response to many different
stimuli as well as is influenced by those same hormones. A two—way road is a much more complete view of
the complexities of the endocrine system and behavior. This reality would explain in part why castration or
gonadectomy does not in and of itself completely eliminate reproductively-associated behaviors in animals
or birds, and may be a very incomplete approach to a larger problem.

An acute rather than sustained increase in plasma corticosterone at particular developmental ages is shown to be
the cause of impaired memory processing seen at hatch in chickens, suggesting the role of the perinatal and pre-
hatch environment on the learning capability of birds. In scrub jays, nutritional deficits during early development
were shown to have long-term consequences for hippocampal structure and spatial memory, which, in turn, were
likely to have a strong impact on the animals’ future. This example is a classic example of how the perinatal
environment of birds can influence brain development and behavior. Estrogen can be generated from other
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sources within the avian body beyond the ovary, and is known to influence behavior. Aromatase, the enzyme that
converts androgens to estrogens, has been shown to be unusually active in the entire telencephalon of males and
female zebra finches. By contrast, activity was undetected in testes, adrenals, or other tissues of males. These
results suggest that brain is the source of circulating estrogens in the male zebra finch. The persistence of some
likely estrogen-associated problems (physical and/or behavioral), particularly in cockatoos, could theoretically be
explained by a similar mechanism. In humans, glucocorticoids are known to inhibit adult neurogenesis, whereas
estrogen stimulated adult neurogenesis. Cushingoid dementia is a reversible disorder, associated with shrinkage
of neurons in the hippocampus. In post traumatic stress disorder, there is persistent atrophy of the hippocampus,
and this is likely more of a permanent disorder. Both of these human models of endocrine-associated disease
most likely exist in some form with captive or companion bird species.

Learning and Training Theory Put to Work

A general understanding of the concepts of the terms associated with training should be helpful, but an overemphasis
on the details of each and every term and definition can become even more problematic. A careful distinction also
needs to be made between behaviors and constructs. A behavior describes what a bird is doing, and is defined as
something that can be observed and measured. Alternatively, a construct is an idea or theory about the mental
processes inside an individual that explains why or how they behave as they do. Constructs can function as a trap
of categorical thinking or interpretation that can very easily lead the best avian veterinarian astray from a more
complete and multidisciplinary approach to behavioral problems. The concepts of reinforcement and punishment
are integral to an understanding of learning and training theories. Reinforcement (both positive and negative)
refers to an event that occurs in conjunction with a behavior and increases the likelihood that a behavior will occur
again. A positive reinforcer is a stimulus that is sought and is something that the animal presumably finds “pleasant.”
A negative reinforcer is a stimulus that is avoided and that the animal finds “unpleasant.” The proof their classification
lies strictly in the assessed future rate of the bird’s behavior(s). If a bird continues to behave in a particular way,
itis being reinforced regardless of your intentions. Reinforcers may be primary or secondary. Aprimary reinforcer
is any stimulus whose reinforcing effect is immediate (eg, food, water, warmth) and is not a function of previous
experience. A secondary reinforcer is any stimulus whose reinforcing effect is a function of its association with
a primary reinforcer. Reinforcers should not be necessarily confused with a reward or treat; they can take on a
far broader meaning, particularly when trying to apply behavioral analysis to problem behaviors. Punishment
differs from reinforcement in 2 ways. First, punishment occurs after the undesirable behavior, whereas a reinforcer
occurs before the behavior. Second, punishment decreases/suppresses the frequency of the undesired behavior,
whereas a reinforcer increases the frequency of a behavior. Frequent punishment increases the probability of 4
side effects detrimental to the quality of life of all animals. These side effects include aggression, apathy, generalized
fear, and escape/avoidance behaviors. Many of these side effects are associated with unhealthy stimulation of
excessive adrenocorticosteriod hormones, as well as LTP of neural pathways and their associated functions or
behaviors that may not be desired. The ultimate classification of which consequences function as reinforcers or
punishers is highly individual. Using applied behavior analysis, if a behavioral decrease is not observed, the
consequence is not a punisher for that particular bird. By positively reinforcing a desirable alternative behavior at
the same time as ignoring an undesirable behavior, a process termed differential reinforcement of alternative
behavior (DRA), we increase what we want to see more and decrease what we want to see less.
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Behavioral Problems: A Quick Look at One View of the Big Picture

Displacement behaviors are compulsive, by definition. Compulsive disorders have also been referred to as
stereotypies and sometimes in veterinary references as obsessive-compulsive disorders (OCD). In humans, an
obsessive-compulsive disorder is a neuropsychiatric disorder characterized by virtually ceaseless intrusions of
distracting, disturbing, and repetitive thoughts (obsessions) and by irresistible urges to carry out pointless, ritualistic
behaviors (compulsions). These behaviors are exhibited independent of their original context, have no apparent
goal, and have an element of dyscontrol in either the initiation or termination of the behavior. In the absence of our
ability to truly understand the thoughts of birds, it is challenging, at best, to apply these definitions to them.
Nonetheless, few argue that OCD does not occur in some avian species in some settings. Compulsive disorders
are generally associated with states of chronic stress or anxiety and may in some cases affect physical health.
Compulsive disorders may encompass a wide range of presentations that can only be diagnosed by excluding
those medical problems that might cause the signs. These disorders may arise out of situations of anxiety or
frustration. Frustration refers to a situation in which the animal is motivated to perform a behavior but is not able
to do so. In these situations, the animal might respond with displacement or compulsive behavior, where the
response is inappropriate or out of context with respect to the stimulus. Oral compulsive behaviors (such as flank
sucking and acral lick dermatitis in dogs) may develop more acutely, are most likely to be displayed in situations
of minimal (or even insufficient) stimulation, and may sometimes help the pet to better cope or settle its perceived
anxiety. Some feather damaging behaviors in birds may also fit in this type of a setting.

A sudden and extreme removal of wing function (thrust and lift) from a young bird, combined with its relocation
to a new home, could in principle lead to a loss of control of the bird’s perching stability and an increased tendency
to fall to the ground, anxiety and/or frustration, and the potential development of displacement behavioral problems.
These problems could include but not be limited to the manifestation of compulsive problems such as feather
damaging behaviors. Because compulsive or displacement disorders may initially arise from medical conditions,
anxiety, conflict, or conditioning and these factors may continue to act as maintaining factors, these causes must
first be identified, addressed, or resolved. Once this subset of etiologies has been successfully eliminated or ruled
down on a differential diagnosis list, behaviors that are truly compulsive often will persist. One important caveat,
however, is that behavior is a function of its consequences. The frequency of a response is changed by the
consequences that follow that response in an individual. A problem behavior that persists, somehow and someway;,
is likely being reinforced. This belief should take an avian veterinarian back through the ABCs of applied behavior
analysis, and back through the problem-solving types of approaches forwarded by Friedman or others.

There are 2 common and somewhat standardized approaches for working with problem behaviors and/or training
that are referenced in this presentation: the ABC analysis technique, outlined by Susan Friedman, PhD, and the
SPIDER approach, detailed by the Disney Animal Training Program. Both of these approaches follow a standardized
process, which is an important key to the ultimate effectiveness of a program.

The influence of instinct and fear in the development of and shaping of behaviors in birds is immense. The
presence of emotion in birds and its role in their behavior is more debated. The limbic system is the part of the
brain that is most centrally involved in emotion and in the generation of emotionally based behavior. The emotional
function of the limbic system has traditionally been believed to be a mammalian specialty, in that only mammals
have been attributed complex emotions. Regardless, it is known that thought and memory serve as stimulants for
the autonomic nervous system. The role of the limbic system with memory, particularly spatial memory, is well
known in birds. With companion birds, persistent stimulation of the 4 “F”s of the sympathetic nervous system:
Fear, Flight, Fight, and ...Sex should not be a desired event. Long-term potentiation of these neural pathways
should be fully expected to have a role in triggering adverse behaviors through anxiety, conflict, and the deleterious
effects of corticosterone or other hormones on neural function.
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For most compulsive disorders, a treatment program includes a more structured daily routine and a dramatic
increase in stimulation of a controlled nature. Birds that have developed more significant compulsive disorders
may have become particularly sensitive via LTP to specific stimuli or environmental settings. These stimuli may
have their origins in inconsistency or lack of predictability in the animal’s daily schedule and in their interactions
with their owners. Most significantly, fear-evoking stimuli often can be involved. Therapy must be focused to
address any and all identified unpredictable, inconsistent of fear-generating environmental factors or stimuli.
Training should be consistent and positive reinforcement based, and should be intended to teach the bird to
respond to stimuli, especially those that lead to more settled and relaxed behavior. Once these treatments have
been successfully applied, behaviors that are of a displacement or mildly compulsive degree should be expected
to resolve, whereas some of the more severely compulsive or possibly obsessive-compulsive may still persist.
Pharmacologic intervention can have value in treatment, even though the neurotransmitters involved in the
pathophysiology of compulsive disorders in birds are, at best, weakly understood. In other species, beta-endorphins,
dopamine, and serotonin have all been implicated primarily based on evidence of response to therapy. Based on
human models for the treatment of obsessive-compulsive disorders, drugs that inhibit serotonin reuptake (eg,
clomipramine, fluoxetine, citalopram) have been shown to be most effective in the treatment of canine and feline
compulsive disorders. Dopamine antagonists such as haloperidol may result in suppression of stereotypies.
Haloperidol or other antipsychotics might also be used to augment other pharmacologic therapy in refractory
cases. Probably most importantly, these drugs should not viewed as benign when they are used in practice, should
not be used as a sole “treatment” of a behavioral problem, and are properly applied as a portion of a comprehensive,
more multidisciplinary approach to the behavioral healthcare of companion birds.

Conclusion

The time to include behavior as a part of daily avian medical practice is now. Behavior needs to be discussed,
recorded, and addressed as a component of most physical examinations. Consideration needs to be forefront in
our minds that some of our commonly accepted and “routine” capture and restraint techniques are not in reality
causing behavioral problems in birds iatrogenically. Change is not easy, and it is hard work for us to learn to
replace habit and complacency with scientific knowledge, and new methods.

With pet birds, many abnormal lessons are intentionally or unintentionally taught. With time, abnormal behaviors
begin to develop from these foundational fertile grounds of inappropriate learning in the home or in our offices.
These abnormal behaviors may include a lack of ability to explore, discover and enjoy toys or other new enriching
items in their environment, an inability to enjoy or trust interaction with multiple people, development of a “one
person: bonded relationship, or increasing intolerance of caged existence or restricted mobility within the home.
Asthese problems continue to advance, feather damaging behaviors, obsessive-compulsive behaviors, reproductively
associated disorders, screaming, aggression, biting, and inability to accept new human interactions tend to
increasingly appear.

By thinking, talking, and actually working towards the identification and addressing of behavior concerns with
companion birds, the quality of healthcare for these animals can be dramatically improved, considering the current
bleak reality of the delivery of sound behavioral guidance in practice. Behavioral issues that are noted, explained,
and that are responsive to simple corrective maneuvers during the examination are easily appreciated by most pet
bird owners. The palpable recognition by the people associated with these birds of our behavioral counseling skills
will result in a greater probability of return visits, and more opportunity for veterinarians to deliver amore complete
preventative and proactive healthcare and overall lifestyle package in the future for bird, owner, and veterinarian.
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When Good Parrots “Go Bad”: Tactics for Integrating
Normal Parrot Behavior into the Human Household
Liz Wilson, CVT, CPBC
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Abstract: Many normal parrot behaviors are extremely upsetting to humans, often resulting in the
birds losing their homes. With an understanding of instinctual psittacine behavior, avian veterinarians
can assist their parrot-owning clients in understanding how to integrate normal behaviors into the
human habitat.

e A 10-year-old umbrella cockatoo (Cacatua alba) hen is ripping up the woodwork and its owners are
rapidly losing patience with the constant repairs.

e Ab-year-old male yellow-naped Amazon (Amazona auropalliata) is screaming every morning at sunrise,
and its owners can no longer enjoy sleeping late on weekends.

e A 7-year-old nanday conure (Nandayus nenday) of unknown sex screams when the owners come
home. This situation has been escalating, and if ignored, the nanday now shrieks for hours, only ceasing
when the owners pay attention to it.

e A 7-year-old male black-headed caique (Pionites melanocephala) loves to toss his food around. The
owners are sick of shipping sweet potatoes off the wall and finding cranberries squashed into the living
room rug.

« A5 year-old male African grey parrot (Psittacus erithacus) has suddenly begun to bite viciously “for no
reason,” according to the owners.

e A 3-year-old male Quaker (monk) parrot (Myiopsitta monachus) has become so aggressive around its
cage that the owners can’t clean and feed without injury.

While each of these cases is different from the next, they all have 2 things in common. First, there is a breakdown
in communication between 2 dramatically different species, humans and psittacine birds. Second is the added
component of inaccurate expectations on the part of the human regarding the parrot. A detailed examination of
each of these situations might prove illuminating.

First: An Important Question

When dealing with problem behaviors with parrots, the first question to ask is a deceptively easy one: Whose
problem is it?” Simplistic though it sounds, the answer is critical to fully understanding and resolving quandaries
with companion parrots. If it is the parrot’s problem, then steps must be taken to encourage the parrot to change
its actions. If it is the human’s problem, then the responsibility for change resides in that quarter.
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Most of the so-called “problem behaviors” that parrot owners complain about are natural psittacine activities like
destruction, noise, and messiness. From the author’s experience, no training (positive or otherwise) or behavior
modification can stop a parrot from being a parrot. So dealing with problem behaviors must be grounded in an
understanding of the innate behaviors of the creature itself. However, there are ways to step around some of
these issues and decrease psittacidae-Homo sapiens conflicts.

Destruction and Generalized Mayhem

In the analysis of whose problem is it, the umbrella cockatoo’s chewing woodwork is clearly not the cockatoo’s
problem, as it is likely having a grand time. The chewing of wood is a natural psittacine bird behavior, apparently
built into their DNA. Unlike puppies that go through a chewing stage as their teeth come in, and then out-grow it,
chewing is a lifelong activity for parrots, and they cannot be expected not to participate. So the cockatoo is not
being “bad.” Instead, it is just being a parrot. Consequently, chewing woodwork is a human problem, not a parrot
problem (unless, of course, there is toxicity involved). Because this is the human’s problem, then it is up to the
human to figure out how to prevent it.

By far the easiest way to prevent the decimation of woodwork (and furniture, upholstery, cell phones, computers,
sound systems, stock certificates, etc) is to disallow a parrot any contact with them. If the parrot can reach the
woodwork through the cage bars, then owners need to move the cage further away from the wall. If the destruction
is occurring when the bird is out of the cage, then it is not being adequately supervised when at liberty.

In addition, safely chewable things need to be provided for satisfying composting. Indeed, many parrot owners
find that frequent offerings of safe woods with bark and leaves (not chemically sprayed) can effectively distract
that psittacine beak for hours at a time. So instead of trying to change a natural behavior (both impossible and
detrimental), one must look for ways to step around the problem.

So precluding parrots from damaging things that humans do not wish damaged is the human’s responsibility. No
behavioral change should—or can be—expected of the parrot. The author was dismayed to hear one lecturer
advocate giving a macaw a leather wallet on which to chew, as if this would prevent the bird from destroying the
owner’s leather couch. Instead, the author felt they should’ve been instructed to disallow the bird any contact
with the sofa. Humans, not psittacine birds, are directly responsible for any destruction accomplished by a parrot’s
beak. When the author’s blue and gold macaw hen gets into the corner cabinet in the Kitchen and shreds cereal
boxes, that is not the macaw’s fault. It is the author’s fault.

Early Morning Screeching

The situation of the yellow nape’s early morning serenades also falls into the category of human problem. After
all, the Amazon is only doing what comes naturally to many species of birds when it performs of morning arias.
Ornithologists have repeatedly documented a phenomenon called “The Dawn Chorus”2 when many avian species
loudly proclaim the joy of the new day, the rising of the sun, their survival through the night, the borders of their
territory, etc. Biologist Joanna Berger eloquently described the piercing screeches of Amazon parrots as creatures
“who sound each dawn as though they’ve been set on fire and are slowly burning.”® Once again, this is a problem
only because humans are expecting a parrot to be something other than what it is: a parrot.
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Does this mean that people who live with psittacine birds have therefore signed away their sleeping late for as
long as they all shall live? Not necessarily. Circumventing an apparent instinct, however, should only be done
occasionally, and only with forethought. Rather than give up his beloved languorous sleep-in Sunday morning, one
ingenious client hit on the perfect compromise with his parrot. Every Saturday night, he would put the bird to bed
per usual in its sleep cage, which was set up in an unoccupied guest room. This room was equipped with blackout
shades and a white noise machine. The shades totally blocked out the light and the white noise machine blocked
the early morning sounds of the birds outside, allowing blissful late sleep on Sunday mornings. So this sensible
gentleman developed a compromise between his once-a-week luxury and his psittacine bird’s natural behavior.

Contact Calls

Biologists have long known about contact calls in various avian species,*° especially in social species like psittacine
birds. Used to identify position and keep track of other flock members, many parrots will contact call when their
human so-called “flock members” separate or reunite. This is likely the underlying etiology for many situations of
excessive screaming, including the worsening state of affairs with the nanday conure.

When contact calls are not answered they can often escalate to a scream—which generally gets a response. So
humans inadvertently teach their parrots that polite contact calls receive no response. As a consequence, parrots
learn to use excessive noise instead. After all, it is effective.

One colleague described African greys as learning human contact calls, such as the ringing of the phone, and
the beep of a microwave. Greys have therefore learned that certain sounds in the human habitat always get a
response, so they mimic these sounds when they are seeking contact with the members of their human flock.®

Therefore, clients need to identify their parrots’ contact calls, and they need to answer the bird’s polite vocalization
from wherever they are in the house. Otherwise, they risk teaching their parrots that only loud, obnoxious noises
get the response the birds need.

Capitalizing on normal quiet times

While parrots are normally noisy animals, there are certain times when birds are naturally quieter, and certain
activities that birds do quietly, such as foraging for food or preening. Consequently, when owners recognize
certain times of day when the natural noises of their psittacine birds tend to create problems, they can manipulate
events to temporarily change these patterns.

For instance, when owners need parrots to be quiet, offering a foraging opportunity can facilitate matters. For
clients unfamiliar with foraging and how to teach it, Scott Echols’ foraging DVD (“Captive Foraging”, Zoological
Education Network, 2006) is an excellent training tool.

Birds are generally quiet when they preen, especially after a bath. So if a temporary quiet period is crucial (eg,
important company is expected), owners can give their parrots a soaking shower prior to the company’s arrival,
encouraging the bird to partake of a serious preening episode.

Aparrot is not, and never will be, a quiet animal. However, there are normal times when it is far less likely to be

loud. By capitalizing on those times, humans can enjoy a precious respite from their parrot’s normally and naturally
raucous day.
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Food Flinging and Widespread Disarray

Other things that fall into the human problem and not the parrot problem category would be such things as food
flinging and generalized messiness. Colleague Chris Davis tells a wonderful fable (which the author has embellished
a tad) about the Good Lord creating the Rainforest:

When He finished making all the trees and the plants, the little animals on the ground filed a serious complaint,
alleging blatant height discrimination. After all, there were luscious foods growing in the top of the rainforest
canopy, but how were terrestrial critters to partake of them? After all, they could not fly like birds or climb like
their arboreal cousins. As component of the out-of-court settlement, the Good Lord made the Parrot. The Parrot
was charged to take one or two bites out of everything it ate, and then drop the rest down to the hungry earthbound
creatures below-thus avoiding further litigation. (The Good Lord was pleased to find that in so doing, the Parrot
was also helping propagate next year’s food crop.) So, when a parrot cheerfully lobs food around the living room,
itis only doing the Good Lord’s Work (personal communications, 1996).

Or, as the commentator stated in the PBS program NATURE: Jaguar—The Year of the Cat, “In the jungle, food
distribution often follows a vertical path.”

Fables not withstanding, profligate food wasting seems an inherent parrot behavior, meaning you will never teach
your parrot to be neat and thrifty with the groceries. However, some things might help. For instance, cutting bites
of food into smaller pieces might exponentially decrease the volume of victuals that are unceremoniously dumped
on the floor. If schedules permit, feeding smaller portions several times a day can also help. Another approach is
to hang a plastic shower curtain on the wall behind a cage, enabling owners to simply toss it in the washing
machine. Tired of chipping soft foods off of cage bars, the author localizes the consumption of such things with
her macaw by feeding such foodstuffs under tight supervision away from the cage.

The “Viciously Biting” Grey

The situation with the 9-month-old Congo grey that is biting “for no reason,” is a sad example of blatant cross-
species miscommunication. It is a misconception that animals do things for no reason. Indeed, these words
need to be rephrased to: for no reason the humans understand. Once done, the connotation of the situation
abruptly changes quite dramatically. Because things are done for a reason, then there is a rationale for the grey’s
aggression. If the human is motivated to stop the biting, then he/she needs to figure out what that motivation is,
and eliminate it. This is a lovely way to resolve many problems, because when the motivation for the behavior is
removed, the behavior will cease.

In the grey’s case, after careful analysis, the owners were startled to realize that the parrot’s aggression was
totally predictable: It was most likely to bite when someone was trying to pet it. More scrutiny revealed that there
were multiple steps that led up to the grey’s assault. Prior to biting, if he could, the grey would move away from
the hand that was trying to pet him. If the hand could not be avoided, the bird would lean away and growl when
the hand approached. As the human persisted in the attempts to fondle the bird, it would gently but firmly push
away the offending hand repeatedly. Then it would escalate to nipping, and resort finally to drawing blood.

When analyzed in this manner, the picture changes dramatically. Instead of the grey “viciously attacking,” it is
instead courteously trying to discourage a behavior with which it is not comfortable, only resorting to actual
violence when the human totally fails to understand the bird’s multiple attempts to communicate politely. So it is
obviously not the parrot that is at fault.
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If clients think that parrots should want to be petted, then they misunderstand something very fundamental about
animals in general. Those who work with multiple species of birds and mammals often conclude that there is only
one animal on this planet that is likely to want to be petted whenever a human wants to pet it, and that animal is
the dog. (Cat owners, for example, already know what happens if they try to force themselves on a cat when it
is not in the mood.) And a parrot is not a dog with feathers.

But he used to like it!

In situations such as this, the owners might respond that the grey stopped wanting to be petted only recently.
Consequently, they are justified in their confusion as to its motivations. After all, if it used to like it, then why
doesn’tit like it now?

This raises another issue entirely. Parrots are extremely long-lived, intelligent animals, and with intelligence and
long life come the ability to change. When the author’s niece was a child, she ate only one brand of cereal. Years
later, she can’t tolerate looking at the box. As a young adult, the author adored putting together plastic models, but
those little teeny pieces drive her buggy, now. Humans generally change a lot through the years, and so do
parrots. The author’s frequent response to a client’s statement “...but he never did this before” is “He never was
this age, before.”

At 9 months of age, this grey is starting to grow up (which is not to be confused with sexual maturity). As an
integral part of no longer being a baby, this grey is beginning to develop some independence (visualize an 8-year-
old boy, here) and form its own opinions about things. For instance, it is changing its attitude towards being petted.
It may have liked cuddling and stroking as a baby, but like most 8-year-old boys, it is developing a strong resistance
to it now. This does not make the grey bad because it does not wish to indulge the owners’ wishes.

Territorial Aggression

Once again, the Quaker’s territorial behavior is another example of an animal just doing what comes naturally. As
a colony nester, monks spend their days interacting with their mates, renovating and repairing their multi-roomed
dwellings, and squabbling with their neighbors. The author spent several hours observing these gregarious creatures
in the wilds of Saratoga, Florida, where they had built multiple nests in the palm trees outside the airport. Their
boisterous and garrulous behavior reminded the author of neighborhoods in South Philadelphia, with denizens
happily perched on their stoops each evening, squabbling and laughing with their neighbors.

Many of the larger macaws are also prone to territorial behaviors. This makes sense when their natural biology
is considered. According to biologists, a primary obstacle to the successful reproduction of large macaws is a lack
of suitable nest sites,” so this behavior makes perfect sense in terms of survival.

With highly territorial species, clients can step around the problem by perch training their parrots prior to problems
arising. Indeed, many experts think every companion parrot needs to be perch trained as soon as possible, just as
they should be trained to step onto the hand. Once acclimated to stepping politely onto something other than the
hand (such as a hand-held perch, a pillow, a basket, etc), owners need no longer risk appendages when servicing
the cage. Instead, territorial individuals can be moved to a play gym prior to dealing with the cage. So once again,
instinctive behaviors are circumvented, not challenged.
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Different Perspective

When parrot owners find themselves in conflict with their psittacine birds, avian veterinary personnel can assist
them gain perspective as to what is actually happening. With careful analysis, humans usually find that parrots
are only being parrots, and it is up to the humans to figure out a compromise. Rather than attempt to change an
innate behavior, clients will achieve greater success by re-channeling that activity into something less potentially
detrimental to a parrot’s continuing presence in the human habitat. After all, living with a parrot means living with
instinctual behavior. Some behaviors are hard-wired (like chewing and vocalizing), and not “bad.” Caretakers will
need to evaluate each situation and determine the basis for the behavior and proceed accordingly.

In conclusion, humans need to look carefully at whether or not their expectations are unrealistic regarding what
parrots are ... and are not. After all, parrots can be loud, messy, and destructive, and the humans who cannot
tolerate living with loud, messy, and destructive animals should not be trying to live with a parrot. Expecting a
parrot to be something other than a parrot is futile and sure to end in failure for all concerned.
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Abstract: Rabbits comprise 57% of the total small mammal population in the United States. A review of their
anatomy and physiology is presented, with special emphasis on respiratory considerations. Respiratory
diseases are among the most common reasons for presentation to the veterinarian. Common diseases,
trauma, and foreign bodies are reviewed, along with diagnostic techniques. Therapeutic techniques are

briefly discussed.

Introduction

According to a 2001 census, there were around 1.7 million households keeping over 4.8 million pet rabbits in the
US (Table 1).! The rabbit is the most popular small mammal pet by far, representing over 57% of the total small
mammal population in the United States.

Table 1. Small mammal pet demographics in the US (2001).

Species #US # % of total US small
households animals mammal pet population®
Ferrets 472,000 991,000 11.9%
Rabbits 1,783,000 4,813,000 573 %
Hamsters 734,000 881,000 10.5 %
Guinea pigs 524,000 629,000 7.5 %
Gerbils 168,000 319,000 3.8%
Other rodents 315,000 786,000 9.0 %

* total number of small mammals pets in US = 8,419,000

Small animal practitioners used to dealing with and heavily trained in small carnivore anatomy and medicine (ie,
dogs and cats) must readjust their perspectives as rabbit respiratory anatomy and physiology are very different.
An accurate appreciation of rabbit respiratory anatomy and physiology has implications not only for disease
investigation and treatment, but also for successful, atraumatic tracheal intubation.

Respiratory diseases are amongst the most common reasons for presentation to the veterinarian. Unfortunately,
owing to the large functional reserve of the cardiorespiratory systems and their tendency to mask symptoms of
disease, many rabbits are not presented early in the course of disease. Chronic pathologic processes may continue
unabated and result in the presentation of a chronically ill animal. Limited space only allows for the briefest of
descriptions here, but extensive reviews of rabbit respiratory medicine are available in the references.2*
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Anatomy

Figure 1. Endoscopic views of the normal rabbit respiratory system. (A) View of the left
anterior nasal cavity just caudal to the nostril demonstrating the alar fold (a) and nasal septum
(n); (B) view within the ventral nasal meatus of the left nasal cavity illustrating the turbinate
structures (te) and nasal septum (n); (C) view within the caudal ventral meatus looking into the
nasopharynx demonstrating the ethmoturbinates (e) and nasal surface of the soft palate (s); (D)
pharyngeal view showing the caudal tongue (t) and the normal position of the leading edge of the
epiglottis (black arrows) engaged over the caudal rim (white arrows) of the soft palate (s); (E)
same pharyngeal view following the dorsal displacement of the soft palate (s) to permit the
epiglottis (e) to fall ventral revealing the glottis (arrow), and cuniform processes (c); (F) view of
the trachea demonstrating the vascular smooth musculature (m) and the dorsal ligament (d); (G)
view of the tracheal bifurcation revealing left and right primary bronchi (arrows); (H) view from
the tracheal bifurcation looking inside a primary bronchus (b) and demonstrating 2 secondary
bronchi (arrows); and (I) thoracoscopic view illustrating the caudal right lung lobe (1).
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Figure 2. Computed tomography scans of the normal rabbit skull. (A) Anterior CT scan
demonstrating the paired maxillary sinuses (s) and the nasal meati (m) and (B) posterior CT scan
demonstrating the paired maxillary sinuses (s), paired ethmoid (or conchal) sinuses (e), and the
nasopharynx (n).

Air enters the nasal cavity through the nostrils, past the alar folds, and into the nasal cavity. The nasal cavity is
divided into left and right passages by a cartilaginous septum, and is separated from the oral cavity by the hard
and soft palates. Each nasal cavity contains dorsal and ventral nasal conchae (turbinates), and more caudally, the
endoturbinates or ethmoturbinates. The recesses between these conchae are termed the meati, and in the rabbit
there are dorsal, medial, and ventral meati that connect to the maxillary and ethmoid (or conchal) paranasal
sinuses via ostia.

The long nasopharynx extends to the larynx where the epiglottis is engaged over the caudal rim of the soft palate,
thereby permitting the unobstructed movement of air from nasal cavity, through the glottis, and into the trachea.
Approaching the larynx from the oral cavity reveals the soft tissue wall formed by the epiglottis engaged over the
caudal soft palate. To expose the glottis and gain access to the trachea from an oral approach, this anatomical
relationship must be disrupted by elevating the soft palate to allow the epiglottis to fall ventrally. The trachea is
composed of vascular smooth musculature and leads to the bifurcation and primary bronchi, which further divide
into secondary bronchi and bronchioles before terminating at alveoli. The thoracic cavity is relatively small with 2
lungs divided into 3 or more lobes. The left lung is composed of cranial, middle, and caudal lobes while the right is
divided into cranial, middle, caudal, and accessory lobes. The presence of intrathoracic fat in obese rabbits and
the persistence of the thymus in all adults complicate the evaluation of mediastinal opacities including thymomas.

Physiology

Rabbits are obligate nasal breathers and any obstruction within the nasal cavity will result in an increase in
respiratory noise and effort. Breathing is mainly diaphragmatic with normal resting respiratory rates around 30—
60 per minute. Open-mouth breathing is a poor prognostic sign when associated with advanced lower respiratory
tract disease in the agonal rabbit.
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Diseases

Trauma

Rabbits are inquisitive animals that if permitted to roam unsupervised can sustain various injuries. Bites from
other pets, particularly dogs, rocker chair injuries, wounds from falling objects, being dropped, and chewing
through electrical cables are examples. Soft tissue and skeletal injuries to the head, neck, and thorax can result in
respiratory signs including dyspnea and emphysema, and most are evaluated as emergencies. latrogenic trauma
to the glottis of rabbits is not uncommon following repeated failed attempts at tracheal intubation. Glottal swelling
may result in dyspnea, increased respiratory noise, and if severe hypoxia and death.

Foreign bodies

While chewing and choking on foreign bodies such as coins, pieces of rubber, grass seeds, and elastic bands can
cause them to lodge in the nasal meati, pharynx, glottis, or trachea, such objects are rare. More commonly, shards
of hay have caused acute sneezing, which if not promptly removed can act as a focus for infections of the
nasopharynx, which may ascend into the meati and paranasal sinuses. Aspiration pneumonia is uncommon in
rabbits due to the increased tone of the lapine cardiac sphincter. However, they can easily succumb to aspiration
pneumonia following careless syringe feeding.

Immunologic diseases

Allergic diseases such as asthma have been anecdotally reported in rabbits but apart from experimentally induced
conditions, no clinical reports could be found in the peer-reviewed literature.”~’ However, many cases of rhinitis,
sinusitis, and pneumonia are primarily associated with environmental issues (eg, inadequate humidity, high
environmental temperatures, poor air quality), which is unresolved may develop a secondary bacterial component.
Nasal flushing using saline under anesthesia coupled and improvements in the environment (eg, the use of air
filters) can often be more productive (and less harmful) than repeated courses of antibiotics.

Dental disease

Maxillary tooth root overgrowth can penetrate into the maxillary and retrobulbar areas, resulting in partial obstruction
and inspiratory rales, and exophthalmia, respectively. Perforation of a dental root into a sinus results in secondary
bacterial infection, abscessation, and osteomyelitis. Abscesses may cause maxillary or retrobulbar swelling, and
result in chronic sinusitis and rhinitis.

Craniocervical and thoracic masses

Masses outside the respiratory system may exert extraluminal pressure and exert respiratory compromise.
Abscesses, granulomas, or neoplasms affecting the head (eg, dental abscess), neck, or thorax (eg, lymphoma,
thymoma) may compress closely associated respiratory structures. Although the respiratory signs are secondary
and the primary condition needs attention, respiratory disease may be the primary presentation.

Viral diseases

Reports of viral diseases affecting the respiratory system of rabbits are rare. Myxoma virus has caused
oculonasal discharge and pneumonia in protracted cases, while rabbit hemorrhagic viral disease may cause
hemorrhage from the nose, mouth, and within the respiratory tract.®-? In addition, research studies have
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demonstrated infection with Sendai virus, herpes simplex, and infectious bovine rhinotracheitis virus, although
these are unlikely to become important clinical entities in practice.!0-12

Bacterial diseases

The most notorious respiratory pathogen of rabbits is Pasteurella multocida.2-3:13-17 Pasteurella is considered
a commensal organism of the nasopharynx, and therefore demonstration of Pasteurella alone (in non-SPF rabbits)
without a host pathological or immunological response does not definitively indicate disease. Poor husbandry and
malnutrition can predispose to pasteurellosis with signs associated with rhinitis, conjunctivitis, tracheitis, pneumonia,
pleuritis, and septicemia. The main routes of transmission are direct contact, air-borne spread and formites.
Variability in virulence and antimicrobial efficacy necessitates cultures and antibacterial sensitivity testing.

Bordetella bronchiseptica, Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus faecalis,
Klebsiella pneumonia, Micrococcus luteus, Escherichia coli, Streptococcus zooepidemicus, Pseudomonas
aeruginosa, Bacillus species, Moraxella catarrhalis, Enterobacter agglomerans, Proteus mirabilis,
Pseudomonas paucimobilis, Pseudomonas diminuta, Alcaligenes faecalis, and Escherichia coli have also
been isolated from the upper respiratory tract of clinically healthy rabbits. Mycobacteria, Mycoplasma, and
Chlamydophila have also been demonstrated within the respiratory tract of rabbits with respiratory disease.!8:1?
Attributing pathogenicity to any bacterial isolate can only be accomplished by demonstrating an immunologic or
pathologic host response. Therefore, a combination of culture/PCR with biopsy histopathology or cytology is
essential to make a definitive diagnosis.2%-2!

Mycotic diseases

Although natural mycotic respiratory disease has not been reported, experimental zygomycosis, aspergillosis, and
penicillosis have been documented, and generally require immunosuppressive steroid therapy and heavy spore
exposure. 2224

Parasitic diseases

No reports of parasitic respiratory disease in rabbits have been documented. Heartworm has not been reported
in rabbits.

Diagnostic Techniques

The diagnostic evaluation of a rabbit with evidence of respiratory disease should start with a thorough review of
husbandry and past medical history, followed by a complete physical examination. The examination should include
detailed visual appraisal as well as palpation of the head, neck, and thorax, and auscultation of the nasal sinuses,
trachea, thorax, and abdomen. Rabbits are fastidious groomers and oculonasal discharges are frequently cleaned
using the forepaws resulting in staining of the medial metacarpi. Conjunctivitis is common with upper respiratory
tract infection and results in epiphora, discharge, and periorbital alopecia. Dacryocystitis is common and the duct
may become obstructed resulting in chronic epiphora.

Further diagnostic tests that may be required include:

1. Blood collection for hematology, biochemistry, Pasteurella serology (paired titers to demonstrate active
disease)
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2. Radiography—skull (left and right lateral, obliques, and dorsoventral views), thoracic (left and right laterals
and ventrodorsal views), abdomen (left lateral and ventrodorsal views), angiography

3. Ultrasonography—thoracic ultrasonography, echocardiography

4. Endoscopy—nasal sinuses, glottis, trachea, bronchi, thoracoscopy
5. Computed tomography of the skull

6. Magnetic resonance imaging of the thorax

7. Endoscopic biopsy or tracheal wash/lung lavage for cytology/histopathology and microbiology.

Therapy

Supportive care may include supplemental oxygen, fluid and nutritional support, and non-steroidal anti-inflammatory
and analgesic medications. Specific therapies directed by diagnosis include:

1. Antimicrobial drugs—nebulization and/or systemic administration
2. Mucolytics

3. Anti-inflammatory medications—steroidal (prednisolone), non-steroidal (meloxicam), antihistamines
(diphrenhydramine)

4. Heart medications—digoxin, ACE-inhibitors

5. Diuretics—furosemide, spironolactone

6. Surgical rhinoscopy, rhinotomy, thoracotomy, or thoracoscopy.
In general, antimicrobial drugs are over-prescribed and increase the risks of inducing antibacterial resistance of
commensal organisms. Antimicrobial sensitivity testing is strongly encouraged where bacterial disease is confirmed
by culture and a host disease response. Standard sensitivity discs are effective; however, in the future MIC

(minimum inhibitory concentration) data in conjunction with antibacterial pharmacokinetics (volume of distribution
and MIC breakpoints) can help not only select the most appropriate drug, but also indicate the preferred dose.
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Abstract: Clinical cardiovascular disease of the small exotic mammal is common in exotic pet practice but
rarely reported. This paper reviews the cardiovascular anatomy and normal diagnostic findings of the
cardiovascular system of small exotic mammals. Also reviewed are common reported cardiovascular
diseases of non-neoplastic conditions in small exotic mammals, including ferrets, rabbits, rodents,
marsupials, skunks, raccoons, and hedgehogs. Suggested therapeutics for use in these species are
presented in a tabular format. By reviewing current cardiovascular information in these species as well as
commonly reported diseases, this article intends to stimulate additional case presentations of small exotic
mammal cardiovascular disease. Appropriate diagnosis and treatment of cardiovascular disease and
clinical reports characterizing cardiovascular disease and positive therapeutic outcome of cardiovascular
disease has yet to be reported in many of these species.

Introduction

Cardiovascular disease in small exotic mammals is anecdotally common, but clinical reports of diagnosis and
treatment of disease are rare. This review focuses on known causes of cardiovascular disease in the small exotic
mammal. Normal physiology, as it differs from the dog and cat will also be highlighted. Cardiomyopathy, dirofilariasis,
atrial thrombosis, and other acquired and congenital cardiac and vascular diseases of ferrets, rabbits, rodents,
hedgehogs, sugar gliders, raccoons, opossums, and skunks will be reviewed. Neoplastic diseases will not be
included. Expected clinical signs and diagnostic and treatment options, including a formulary is provided for these
species. This review is intended to stimulate the exotic mammal practitioner to diagnose, treat, and report cases
of cardiovascular disease in these species. Little information in this article is new; however, the reader may find
new information and resources as some of these species were studied anatomically and physiologically studied in
the 1970s. This review will also point out the dearth of baseline information available for some of these species.

Cardiovascular Diseases of the Ferret

The normal ferret heart rate is rapid and has a pronounced sinus arrhythmia associated with respiration. The
relatively caudally displaced heart in the tubular, elongated thorax facilitates safe venipuncture of the cranial
vena cava but dictates auscultation between the 6! to 8t ribs rather than at the level of the axilla. Cardiovascular
disease is an important differential when presented with a downer or “flat out” ferret. Clinical signs of cardiac
disease in ferrets include respiratory, cardiac, and generalized signs. Inappetence, weight loss, lethargy, and
caudal paresis of the pelvis (loss of the ferret “squink™) are common general clinical signs. Cough, emesis,
ascites, and dyspnea and syncopal episodes are also common presenting signs ferrets suffering cardiovascular
and respiratory disease. Cardiovascular diseases reported in the ferret include dilated and hypertrophic
cardiomyopathy, dirofilariasis, valvular disease, and myocarditis.
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Management of congestive heart failure includes administration of oxygen, diuretics, angiotensin-converting
enzyme inhibitors. Digoxin therapy is recommended with dilated cardiomyopathy. Third degree atrioventricular
block and pacemaker implantation in the ferret have been reported.

Heartworm prevention is recommended for ferrets. Prevention of heart worm disease in ferrets may be effected
with off-label use of selemactin, ivermectin, or moxidectin. Dirofilariasis in the ferret may be diagnosed via a
combination of clinical signs, and radiographic and ultrasonogrphic findings. A heartworm antigen test, if positive
may also be supportive of the diagnosis

Treatment of heartworm positive ferrets includes corticosteroid and ivermectin administration, suuportive care
for cardiac insufficiency and cage confinement. Adverse effects have been reported with melarsomine injections. !
Heart worms have been successfully surgically removed from the heart of a ferret with caval syndrome at
Texas A&M University.

Important clinical rule outs for cardiorespiratory disease secondary to systemic disease in the ferret include

lymphoma, distemper virus, or influenza virus infection. Ferrets may also suffer vascular disease from adrenal or
other tumor encroachment upon the vena cava or other vasculature.

Cardiovascular Diseases of the Rabbit

Although rarely documented, cardiovascular diseases of the pet rabbit occur and may be increased as they
increase in numbers as long-lived household pets.2 Important comparative aspects of cardiovascular physiology
of rabbits include: their tricuspid valves are actually bicuspid, coronary arterial circulation is limited in this species
(which may predispose them to myocardial ischemia), and the sinoatrial node is a relatively small group of
pacemaker cells. Normal variation in the major vessels occurs in rabbits. The aortic nerve of the rabbit appears
to respond only to chemoreceptors, not baroreceptors, and the pulmonary artery and associated branches are
heavily muscular. The aorta of the rabbit has a rhythmic neurogenic contraction, timed with the pulse wave.
Rabbit myocardium contains relatively high concentrations of sodium and calcium; administration of exogenous
calcium may cause premature ventricular contraction.

Congestive heart failure, congenital heart disease, myocardial disease, valvular disease, and vascular disease
occur in rabbits. Congenital cardiac diseases in rabbits include ventricular septal defect, atrial septal defect, and
valvular cysts. Giant breed rabbits may be more prone to dilated cardiomyopathy. Vitamin E deficiency in rabbits
causes muscular dystrophy and also affects the myocardium. Infectious causes of cardiac disease in rabbits
include viral, bacterial, and protozoal pathogens. In clinical medicine, infectious causes of rabbit cardiac disease
reported have been limited to Pasteurella multocida, Staphylococcus species, Salmonella species, Streptococcus
viridans, Coronavirus, and Encephalitozoon cuniculi. Idiopathic cardiac diseases reported in the rabbit include
dilated and hypertrophic cardiomyopathy and mitral and bicuspid valve insufficiency. Administration of alpha-
agonist anesthetics such as detomidine and xylazine has resulted in cardiac disease in this species as has the
experimental administration of doxorubicin; avoid administration of these drugs to rabbits.

Stress and increasing age are important factors in the incidence of cardiac disease in the rabbit. Catecholamines
cause sustained coronary vessel constriction in the rabbit resulting in ischemic cardiomyopathy. Similarly, chronic
stress based on intermittent crowding of rabbits results in dilated cardiomyopathy. Arteriosclerosis and aortic and
other vessel mineralization, and atherosclerosis occur on older rabbits, resulting in vascular compromise. These
diseases may occur spontaneously or secondary to hypercalcemia or hyperlipemia, respectively.
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Clinical signs of cardiovascular disease in the rabbit may be more difficult to assess in this prey species. Poor
body condition and signs referable to the respiratory system such as dyspnea, open mouth breathing, elbow
abduction, sternal recumbency, neck extension, reluctance to move, abnormal lungs sounds or lack of respiratory
sounds may indicate cardiovascular compromise in the rabbit.

Vascular and cardiac clinical abnormalities may be similar to those of the small companion mammal. In the
female rabbit, jugular distension may be obscured by the dewlap but ventral abdominal veins may also be assessed.
The ears serve as a rabbit cardiovascular barometer and are less objectionable to assess in the rabbit patient.
Peripheral pulse may be assessed in the auricular artery with palpation, pulse oximetery or Doppler probe.
Venous refill time and perfusion may also be readily assessed in the lightly pigmented rabbit patient. Exophthalmos
may be another sign of severe venous congestion or from a retrobulbar mass. Heart rate and rhythm should be
assessed. Rabbits commonly have a normal sinus rhythm on auscultation and do not have a sinus arrhythmia
associated with respiration.

Cardiovascular Diseases of the Rodent

Based on literature review and clinical practice, gerbils, hamsters, guinea pigs, chinchillas, and prairie dogs can
develop cardiovascular disease. Rats and mice appear, overall, less prone to cardiac disease. Common
cardiovascular diseases vary based on the species.

Pathologic review of pet hamsters (Mesocricetus auratus) indicated a 6% incidence of cardiac disease, although
this may be an underestimate based on lack of submission of the heart in many cases.? Noninfectious diseases of
pet and laboratory hamsters include a variety of congenital abnormalities, cardiomyopathy, atrial thrombosis,
calcifying vasculopathy, and myocardial mineralization. Tyzzer’s disease (Bacillus piliformis), and Salmonella
enteriditis can also cause cardiovascular disease in the hamster. Hamster incidence of atrial thrombosis is up to
73% in some laboratory strains. Androgens protect from heart disease in the hamster; thus female hamsters tend
to suffer cardiovascular disease earlier (~13.5m) than males (~21.5m). Neutering male hamsters removes this
effect. Cardiomyopathy is also common in the aged (>1.5 y) hamster. In the laboratory setting, both dilatative and
cardiomyopathic types of cardiomyopathy occur in certain hamster strains and are related to defects in the same
gene. Clinical signs of cardiovascular disease in the hamster may be nonspecific but include cold extremities,
lethargy, anorexia, and tachypnea. In other hamsters, less information is available; the Chinese hamster (Cricetulus
griseus) may suffer arteriosclerosis, myocarditis, myocardial fibrosis, and auricular thrombosis.3

Prairie dogs 3—4 years of age may develop dilated cardiomyopathy. Clinical signs include dyspnea, lethargy, and
anorexia. Odontoma, pneumonia, and obesity must be assessed as rule outs or complicating factors. Treatment
may be unrewarding; A nutritional etiology is proposed.

Chinchilla cardiovascular disease may be common, based on practitioner anecdotal reports.* Apparently, “normal”
chinchillas have cardiac murmurs during routine physical examination. Cardiomyopathy has been reported in two
young black velvet female chinchillas. Ventricular septal defect, tricuspid regurgitation, and a presumable cardiac-
related acute death have also been reported in this species. Appropriate diagnostics are warranted in any chinchilla
with cardiac abnormalities.

Guinea pigs are noted for their “spectacular” collateralization of their coronary arteries making them unlikely to develop
myocardial infarction. Guinea pigs are a preferred species for the studies of human cardiac disease based on their
docile nature and ease of obtaining ECG recording which mimic that of man. The guinea pig heart normally consists of
the standard 2 sounds of lub (louder)/dub (softer); however, it may be normally preceded by a 4™ heart sound corresponding
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to atrial contraction. The guinea pig heart normally lies on the midline and extends from the second to the fourth
intercostal space. The lumen of the right ventricle of the guinea pig contains a moderator band. Guinea pigs may
normally have up to 3 renal arteries. Cardiovascular diseases reported in the guinea pig include cardiomyopathy,
pericardial effusion, and metastatic mineralization. Dyspnea, tachypnea, pale mucous membranes, and acute onset of
weakness have been reported as clinical signs of cardiac dysfunction in the guinea pig.

Cardiovascular Diseases of the Hedgehog and Sugar Glider

Incidence of cardiovascular disease in the African hedgehog (Atalerix albiventris) approaches 40%.> Geriatric
males are more likely to have cardiac disease, but reports of affected animals include those as young as 1 year of
age. Acute death may occur, but many animals exhibit clinical disease such as heart murmur, moist rales, dyspnea,
dehydration, weight loss, and lethargy. Cardiomegaly, hepatomegaly, pulmonary edema and/or congestion,
hydrothorax, ascites, and pulmonary or renal infarcts are common gross necropsy findings. Possible etiologies of
cardiac disease in the hedgehog include inadequate diet, the presence of toxins, stress, and genetic predisposition.

Cardiovascular Diseases of the Skunk, Opossum, and Raccoon

Most reports of cardiovascular disease in the skunk (Mephitis mephitis), opossum (Didelphis virginiana), and
raccoon (Procyon lotor) are limited to experimental models, wildlife necropsies, and anecdotal mention. Cardiomyopathies
are anecdotally common in these animals when kept in captivity, likely based on the resultant obesity. However, no
current clinical report of treatment of cardiovascular in these species was found by the author.

In the experimental setting, the opossum is a model for endocarditis. Naturally occurring endocarditis and septicemia
have also been reported.® The layman’s term “crispy ear” is given to a disease, also called dermal septic necrosis,
affecting the ears and tail tips of affected opossums which have clinical signs of septicemia and necrosis of the
affected areas. This etiology of this apparently vascular disease has not been investigated scientifically. The
opossum has also been used as a model for investigation of systemic hypertension.

Trypanosoma cruzi infection occurs in skunks, raccoons, and opossums. In experimental infection of the skunk,
minimal clinical signs were present but they had chronic granulomatous myocarditis. Raccoons infected with this
organism in Georgia appear to suffer little cardiovascular pathology. Infection prevalence of trypanosomiasis
among North American wildlife is highest among raccoons (16%) and opossums (38%).” A single case of cor
pulmonale and cardiac failure has been reported in an adult male spotted skunk (Spilogale putorius), which died.
No treatment or diagnostics specific to cardiovascular disease were performed in this skunk, which evidenced
signs of dyspnea, anorexia, lethargy, and dried nasal exudates and had a history of tooth abscessation.

Experimental inoculation of raccoons suggests, and additional data from wild raccoons supports, the hypothesis

that raccoons are not particularly susceptible to Dirofilaria immitis infection.® The susceptibility of skunks and
opossums to Dirofilarasis has not been determined definitively but is thought to be susceptible.

Diagnosis of Cardiovascular Disease in the Small Exotic Mammal

Assessment of the cardiovascular system can be challenging, especially in the more diminutive species. In my
hands, careful observational examination along with administration of blow by oxygen administration can be
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rewarding. Observation of the cardiac impulse both by auscultation and by placement of the finger on the chest
or by assessment with Doppler probe to make cardiac function sounds more audible is recommended. Perfusion
may be assessed by observation of the feet, tail, and ears for color and temperature. Make careful note of
baseline heart rate and rhythm and respiratory rate of the patient on entry to facilitate the patient’s response to
therapy. ECG reference ranges have been obtained on mice and other small quadrupeds noninvasively via placement
of the feet on embedded electrodes.® Diagnostics for use in cardiovascular disease of the small exotic mammal
can be adapted from the companion mammal with knowledge of normal physiology of the species at hand.

ECG

Normal ECG tracing values have been reported for the ferret, rabbit, guinea pig, raccoon, and opossum (Table
1).2:10-12 The cardiac waveform of the ferret closely resembles that of the dog, while the shape and size of the
heart more closely resembles that of the cat.!2 Normal of values the anesthetized ferret ECG have been reported;
positioning and age of the ferret affect the ECG recording. Ferrets younger than 6 months have a higher heart
rate than the older ferret.

Table 1. Reference values for ECG parameters in small exotic mammals.*

Parameter Ferret'*" Rabbit? Guinea Pig Raccoon" Opossum**'?
(units)

Heart rate 250 430 198 330 240 310 94 134 180 240
(bpm)

P wave duration 0.01 0.03 0.01 0.05 0.015 0.035 0.025 0.035
(second)

P wave amplitude 0.09 0.20 0.04 0.12 0.01 0.003 0.023 0.005 .011%*
(mV)

P R interval 0.03 0.06 0.04 0.08 0.048 0.060 0.06 0.08
(second)

QRS duration 0.02 0.05 0.02 0.06 0.008 0.046 0.037 0.050 0.030 0.060
(second)

R wave amplitude 1 28 0.03 0.39 1.1 19 0.042 0.390  0.040 0.080%*
(mV)

QT interval (second)  0.06 0.16 0.08 0.16 0.106 0.144 0.220+ 0.178 0.14 .018

T wave amplitude -04 +04 0.05 0.17 0.062 0.011 0.149  0.010 0.020**
(mV)

Mean electrical axis, +75 +100 -43 +80 +20 +80

(degrees)

* Most animals anesthetized and in right lateral recumbency, Lead 11
** range adapted from lead AvF
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Important contrasts of the ECG of normal rabbits from that of the cat or dog include a pointed P wave in some
breeds of rabbit, and peaked T waves and a relatively long ST segment attributed to a diet high in potassium and
low in sodium.? The guinea pig electrocardiogram tracing more closely mimics that of humans when compared
with other lab rodents. The guinea pig’s attitude has provided us with unrestrained electrode measurements as
this animal will freely stand on a plate electrode to obtain tracings.

The opossum ECG has been studied based on their use as a research model. Heart rate and ECG wave
configurations, intervals, and amplitudes are not affected by death feigning in the opossum. ECG tracing
measurements from 10 apparently healthy wild caught opossums that were anesthetized in right lateral recumbency
are given (Table 1).10 Gender and positioning did not affect ECG recordings in this species. Sinus respiratory
arrhythmia was present in lightly anesthetized or unanesthetized opossums. The P wave of the opossum may be
positive or negative in Lead II. Anesthetized raccoons have similar QRS vector orientation of QRS to that of the
dog but low QRS amplitude similar to cats.!3

Radiographs

In the normal ferret, the heart shadow should be raised slightly above the sternum by a fat encased ligament.
Sternal contact of the ferret heart shadow on the lateral view connotes cardiac enlargement. Modified vertebral
heart score, a measurement of heart size which accounts for the ferret’s relative size, may also be used to assess
ferret heart size. Other easily identified abnormalities of the ferret radiograph associated with heart disease
include pleural effusion, pulmonary edema which appears as a patchy interstitial or alveolar pattern, pulmonary
venous congestion, ascites, or hepatomegaly and splenomegaly.

In the normal rabbit, the thymus persists into adulthood and remains large throughout the life of the rabbit are
readily visible in the cranial thorax. The thymus forms a cranial “cap” for the heart which points toward the
thoracic inlet. The heart is located from ribs 3—6 and occupies a relatively large area of the thoracic cavity. The
heart may have a considerable amount of pericardial fat in the obese rabbit which may be visible as a soft tissue
low density object superimposed over the cardiac apex. The lung fields are relatively small and surround a
relatively wide cranial mediastinum. The aorta and caudal vena cava are normally visible as are pulmonary
vessels. Normal anatomic variation of the major vessels occurs in this species. The tracheal carina occurs at the
4th or 5t intercostal space. Cardiomegaly should be considered if the heart is beyond 2.5-3 rib spaces wide on
the lateral view.2 Abnormal calcification of the aorta may be best visualized on the lateral view. Hydrothorax has
similar hallmarks in this species as other companion mammals.

In the guinea pig the heart is rather cranially placed and has a ventrocranial inclination, this species also normally
has a rather wide mediastinum. Cardiogenic edema may be evident via increased pulmonary density and tracheal
elevation due to cardiac enlargement may occur. Radiographic images of the normal Syrian hamster demonstrates
the apex of the heart points caudoventrally and to the left.

In the hedgehog, normal radiographic cardiac size or ultrasonographic parameters have not yet been reported.
However, common radiographic findings associated with cardiac disease in these species generally mimic those
of' small companion animals: pleural edema, pleural effusion, acrophagia or tracheal elevation occur. In the mouse
and rat, the heart silhouette can only be distinguished caudally from the lung lobes. The rat has a relatively wide
cranial mediastinum as well.
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Ultrasound

In the small exotic mammal, ultrasound may be most useful to determine the type of cardiac dysfunction as well
as the presence of a mass, dirofilariasis, or lung consolidation. Ultrasonographic parameters of normal subjects
have been determined for the mouse, Syrian hamster, rabbit, guinea pig, ferret, and chinchilla (Table 2). In the
chinchilla, mouse, and ferret the presence of anesthesia and type of anesthetic used affect ultrasonographic
parameters.*13-16 On ultrasonography, a fractional shortening of <25% has been reported as consistent with
cardiac dysfunction in the hedgehog. Normal ultrasonographic parameters have not been determined for the
skunk, raccoon, opossum, prairie dog, grey squirrel, or sugar glider.

Table 2. Reference ultrasonographic measurements of small exotic mammals.”

Parameter Mouse!” Hamster'™ Rat Guinea Chinchilla® Rabbit® Ferret"™'°

(mm) pig"’ Ket Iso

LVIDd 3.48-3.66 3.7-4.5 5.93-6.43 6.49-7.21 5.1-6.9 12.88— 7.3— 8.4—
15.86 10.3 10.2

LVIDs 2.26-2.42 1.9-2.7 4.08-4.42 4.18-4.52 2.3-4.3 8.83— 44-74 5.6-82
11.27

LVPWd 0.41-0.43 0.9-1.1 1.12-1.70  1.44-2.06 2.0-2.8 191241 3.1-53 2232

LVPWs 0.86-0.92 2.02-2.70  1.91-2.61 - 293403 5.0-6.7 3.84.6
IVSd 0.42-0.44 0.9-1.1 1.06-1.36  1.88-2.68 1.5-23 1.66-2.40 2943 3.0-3.8
IVSs 0.89-0.93 1.40-1.90 2.22-3.38 - 2.60-3.50 3.7-59 3.8-5.0
LA - - - 4.61-5.29 4.3-59 8.52— 53-89 4.9-6.7
10.80
AO - - - 4.40-4.90 3.7-6.0 7.50-9.02 4.3-63 3.8-5.0
HR (bpm) - 327417 - - 137-201 126-184 242— 218-
304 258

+ range derived from mean +/- 1 SD, animals anesthetized in most instances.
LVID - Left ventricular internal diameter; LVPW — left ventricular posterior wall; IVS — Internal ventricular
septum; LA —left atrium; AO — aorta; HR — heart rate; s — systolic; d- diastolic.

Other diagnostics

Appropriate serology for infectious disease which may affect these species such as pasteurellosis, trypanosomiasis,
and dirofilariasis may be used in these species. In the author’s hands, serologic detection of heartworms in ferrets
via an antigen test has been a successful antemortem diagnostic based on necropsy and ultrasonographic findings.

Thoracocentesis and or pleurocentesis are diagnostically useful, especially in ruling out infectious and neoplastic
causes of effusion. The technique for ferret thoracocentesis differs slightly from the companion mammal based
on the relatively caudal position of the heart. The needle is inserted at the 9t or 10t intercostals space, immediately
cranial to the rib, to remove effusion; thoracic ultrasonography is recommended to guide this process.
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Treatment of Cardiovascular Disease in the Small Exotic Mammal

Treatment of cardiovascular disease in the exotic mammals is largely extrapolated from data obtained from the
cat and dog. However, valuable information may also be obtained from the lab animal literature wherein rodent
species are used for cardiovascular research. Recommended dosages for cardiac and vascular drugs in small
exotic mammals are summarized in Table 3.
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Table 3. Therapeutics for use in small exotic mammals with cardiovascular disease.

Drug Species Dosage Comments, indication
Atenolol Ferret 6.25 mg/ferret PO q24h Beta blocker, hypertrophic
cardiomyopathy. Prolongs filling,
decreases myocardial ischemia.
Rabbit 0.5 5 mgkglV
Digoxin Ferret 0.005 0.01 mg/kg PO q12 24h. Positive inotrope. Right sided heart
Dose based on lean body weight, failure, nonresponsive
monitor serum concentration cardiomyopathy, dilated
beginning in week 2 [1 2 ng/ml] cardiomyopathy.
desired 12h post administration.
Rabbit 0.005 0.01 mg/kg PO q24 48h Also indicated for atrial
fibrillation.
Hamster, 0.05 0.01 mg/kg PO q12 24h
prairie dog
Diltiazem Ferret 1.5 7.6 mg/kg PO q12h Calcium channel blocker.
Increases ventricular filling,
reduces heart rate and blood
pressure, reduces myocardial
Rabbit 5.75 mg/kg oxygen consumption.
Enalapril Ferret 0.25 0.5 mg/kg PO q24 48h ACE inhibitor. Balanced
vasodilator; avoid use in animal
Rabbit with concurrent renal disease.
Hedgehog 0.5 mg/kg PO q 24h  48h
Furosemide Ferret 1 4 mg/kg PO, SQ, IM, IV g8 12h Diuretic, reduction of ascites,
pleural effusion, pulmonary
Rabbit 0.3 10 mg/kg PO, SQ,IM, IV g4  edema.
12h
Chinchilla, 1 10 mg/kg IM,SQ, PO g4 12h
guinea pig,
hamster,
mouse, rat
Hedgehog 2.5 5.0 mg/kg q8h
Prairie dog 1 4 mg/kg PO, SC ql12h
Nitroglycerin Ferret 1/16 1/4 inch/r ferret. Apply to  Initial adjunctive venodilation.
ointment 2% hairless region q12 24h
Rabbit 1/8 inch/per rabbit. Apply to
hairless region q12 24h
Propranolol Ferret 0.2 2.0mgkgPOq8 12h Beta blocker, hypertrophic

cardiomyopathy. Prolongs filling,
decreases myocardial ischemia.

78

Association of Avian Veterinarians



Hyperadrenocorticism in Ferrets: Clinical Updates
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Abstract: Hyperadrenocorticism is a common disease in pet ferrets. A review is given of this disease. Both
neutering as well as a genetic background are considered possible etiological factors for the development
of hyperadrenocorticism in ferrets. Results of research on alternatives for surgical castration by using
proligestone in female ferrets and a depot-GnRH-agonist implant containing deslorelin in male ferrets are
described whereby the deslorelin implants are considered very useful. With regard to the genetic
background, information is provided on why the MEN- and RET-genes are considered likely candidates
involved in the etiology of hyperadrenocorticism.

Review

Although hyperadrenocorticism is now generally considered to be a common disease in ferrets, the first case was
only published in 1987.1 In recent years, evidence has accumulated that this disease differs from
hyperadrenocorticism in humans (Cushing’s syndrome), dogs, and cats in that adrenocortical androgens, rather
than cortisol, play an important role in the pathogenesis. The clinical features include symmetrical alopecia, vulvar
swelling in neutered female ferrets (jills), recurrence of sexual behavior after neutering in male ferrets (hobs),
and pruritus. The alopecia usually begins in spring, which coincides with the start of the breeding season, and may
disappear without treatment. The next year the alopecia usually returns but may not resolve spontaneously at the
end of the breeding season. Other concurrent signs include urinary blockage in males, due to peri-prostatic or
peri-urethral cysts, and occasionally mammary gland enlargement in jills.2

In approximately 85% of ferrets with hyperadrenocorticism, one adrenal gland is enlarged without atrophy of the
contralateral adrenal gland, while in the other 15% of cases there is bilateral enlargement. After unilateral
adrenalectomy in the case of unilateral enlargement, the disease may recur due to enlargement of the contralateral
adrenal gland. The histological changes of the adrenals range from (nodular) hyperplasia to adenoma and
adenocarcinoma. No functional pituitary tumors have been found in ferrets with hyperadrenocorticism.>

Diagnostic tests available for the diagnosis of hyperadrenocorticism in ferrets include plasma hormone measurements
of androstenedione, 174-hydroxyprogesterone, dehydroepiandrosterone sulfate (currently no longer incorporated in the
“Tennessee endocrine panel”), and estradiol; urinary corticoid/creatinine ratios; and ultrasonography of the adrenals.
Measurement of hormone concentrations (in either plasma or urine) does not allow differentiation between
hyperadrenocorticism and functional ovarian remnant tissue, nor does it provide information as to whether the left or
right adrenal gland is affected. Using the clinical signs in conjunction with ultrasonographic evaluation of the adrenal
glands is therefore usually sufficient to establish a diagnosis. By using specific landmarks during an ultrasonographic
examination, the adrenal glands can be imaged in nearly 100% of the cases. The adrenal glands of ferrets with
hyperadrenocorticism have a significantly increased thickness (> 3.9 mm), have a rounded appearance, a heterogeneous
structure, an increased echogenicity, and sometimes contain signs of mineralization.*
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The results of ACTH stimulation tests and dexamethasone suppression tests are not considered diagnostic in
ferrets. Plasma concentrations of ACTH and 4-MSH in hyperadrenocorticoid ferrets (0.2 — 58.3 pmol/L [median
9.9 pmol/L] and 6 — 88.8 pmol/L [median 27.6 pmol/L], respectively) do not significantly differ from those of
healthy neutered ferrets (2.9 — 22 pmol/L and 4.8 — 108 pmol/L, respectively). This disease should therefore be
regarded as a corticotropin-independent condition.>

It has been postulated that early neutering, at 6 weeks of age, contributes to the high incidence of
hyperadrenocorticism in ferrets. In The Netherlands, however, ferrets are neutered after 6 months of age. In a
survey held among Dutch ferret owners, a high prevalence of hyperadrenocorticism (0.55%: 95% confidence
interval: 0.2 — 1.1%) was found, indicating that ferrets do not have to be neutered at an early age to develop
hyperadrenocorticism. However, there was a linear correlation between age at neutering and age at time of
diagnosis of hyperadrenocorticism. Based on these findings it was hypothesized that increased concentrations of
gonadotrophins, which occur after neutering due to the loss of negative feedback, persistently stimulate the
adrenal cortex resulting in adrenocortical hyperplasia and tumor formation.® Strong support for this hypothesis
may be found in the fact that the depot GnRH agonists, leuprolide acetate and deslorelin, can be used successfully
to treat ferrets with hyperadrenocorticism,’-® and that luteinizing hormone receptors (LH-R) have been detected
in the adrenal glands of ferrets with hyperadrenocorticism. These receptors are considered to be functional
because plasma concentrations of adrenal androgens increase after intravenous injection of a GnRH agonist.”

The most common form of therapy historically has been adrenalectomy, which could include partial resection of
the contralateral adrenal gland. Glucocorticoid-replacement therapy is rarely necessary after surgery, because
the contralateral adrenal gland is usually not atrophic. The biggest disadvantage of surgery is that the right adrenal
gland is attached to the dorso-lateral surface of the caudal vena cava, making it difficult to entirely remove this
gland. In addition, bilateral adrenalectomy poses the threat of hypoadrenocorticism and subsequent collapse of
the ferrets. However, some reports state that the latter does not occur commonly in ferrets after bilateral
adrenalectomy. With the introduction of the depot agonist leuprolide acetate, hyperadrenocorticism is now managed
in many ferrets without the use of surgery.” This drug, however, is expensive and requires frequent visits to the
veterinarian. Once another GnRH agonist (deslorelin), which is given by implant, becomes available for use in
practice, the number of visits to the veterinary practice may be reduced. Monitoring of the effect of GnRH-
agonist treatment can be done by periodic adrenal androgen measurements.

In a recent report, the use of melatonin (0.5 mg PO q24h) was described.!® With melatonin, there was some
alleviation of the clinical signs, but hormone concentrations, in general, rose and the tumors continued to grow.
This treatment may therefore pose a risk to the ferrets as their condition deteriorates, while the owners do not
notice any problems in their ferrets. Unfortunately, melatonin can be purchased over the counter in the United
States, potentially allowing home-medication with melatonin may therefore. This factor may delay the initial
presentation of the patient.

Several etiologies have been proposed as the cause for the preponderance of hyperadrenocorticism in ferrets.

Early spay/neutering and a.genetic predisposition have also been postulated as the underlying cause for this
disease. Both hypotheses will be discussed.

Alternatives for Surgical Castration in Ferrets

As described above, there is strong evidence suggesting that early neutering plays an important role in the
etiology of this disease. Routine neutering of ferrets started in the early 1980s, following the publications of
studies showing estrogen-induced bone marrow suppression in jills with prolonged estrus. There is no medical
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reason to castrate hobs, although it reduces aggression. Hobs when castrated can then be group-housed, and
castration also decreases the intensity of the musky odor produced by the sebaceous glands.

The hormonal consequence of neutering is that the negative feedback on hypothalamic GnRH and pituitary LH
and FSH is lost. This results in an increased pulsatile release of GnRH, LH, and FSH. Of these hormones, LH
seems to be the most important in stimulating the adrenocortical cells.

If surgical neutering is indeed responsible for the high incidence of hyperadrenocorticism in ferrets, alternatives for this
procedure need to be found. The ideal alternative would prevent reproduction and decrease the release of LH. A
review of the literature suggests proligestone and a depot GnRH agonist as the most promising alternative to neutering. !

Progligestone is registered in the United Kingdom to prevent estrus in female ferrets and has been used successfully
for many years. The probable mode of action of proligestone is the suppression of the secretion of gonadotropic
hormones (LH and FSH), thereby preventing ovarian cyclicity. No side-effects after the use of proligestone have
been reported in ferrets (except for prolonged gestation in ferrets which were mated with prior to receiving
proligestone). To see if the frequency of hyperadrenocorticism in jills would decrease after the use of proligestone
compared to surgical neutering, ferret owners were asked to choose for one of the options described. A total of
63 ferrets participated in this study, of which 35 were surgically neutered and 28 received proligestone. Owners
of 14 of the ferrets that had received proligestone were not satisfied with this drug as alternative for surgical
neutering. The main complaint was that some ferrets became pseudo-pregnant several days before the drug
would wear off. During this period, the jills would become very territorial and started to bite their owners. Once
the jills went into estrus, their behavior would return to normal. Based on these findings and the low response of
owners, it was decided to discontinue this study.

In a second study, the effect of treatment with the depot GnRH-agonist implant (deslorelin) on a variety of
parameters was determined. These included plasma testosterone levels, plasma LH and FSH concentrations,
concurrent testes size, presence of spermatogenesis, presence or absence of the typical musky odor, level of
intraspecies aggression, and sexual behavior of intact male ferrets was investigated. Twenty intact hobs (1—2
years of age) were divided into 3 groups. Ferrets from Group 1 (n=7) were castrated surgically. Ferrets from
Group 2 (n=7) were given a deslorelin implant, while ferrets from Group 3 (n=6) received a placebo implant.
Plasma testosterone concentrations were below the detection limit of the assay in the ferrets with the deslorelin
implants. The testis size in these ferrets was also very small compared to those from group 3. As expected,
plasma LH and FSH concentrations rose significantly in the surgically castrated ferrets compared to the intact
ferrets, while in the ferrets with the deslorelin implants a decreased in concentration from normal was observed.
According to a human test panel, ferrets which had received the deslorelin implant smelled the least. Normal
germ cells were found in the testis from the ferrets with the placebo implants, while no normal germ cells could
be found in the testis from the delorelin group. Finally, ferrets from the deslorelin group showed less aggressive
behavior among each other compared to the ferrets from the surgically castrated group and those from the
placebo group during confrontations test. The ferrets from the deslorelin group also showed less neckgripping of
a receptive female ferret compared to the other two groups. The deslorelin implant appeared to address all
concerns related to the desire to surgically castrate male ferrets, and may be a suitable alternative for surgical
castration in ferrets.

Heredity of Multiple Endocrine Neoplasms in Ferrets

In 2 retrospective studies, 39.7%!2 and 53%!3 of ferrets with spontaneous neoplasms had primary tumors of the
endocrine system with an almost even distribution between adrenocortical and pancreatic beta islet cell tumors.
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Multiple endocrine neoplasms are commonly reported in the same animal; 12%!2 and 20%!3 of ferrets had
multiple endocrine tumors with pancreatic islet cell and adrenocortical neoplasms most often seen concurrently.

This remarkable incidence of multiple endocrine neoplasms in ferrets suggests that the increased incidence may
be due, at least in part, to a familial predisposition. In humans, the appearance of benign or malignant proliferations
within 2 or more endocrine glands is nearly always genetically determined and is termed multiple endocrine
neoplasia (MEN) syndromes. 4 This group of syndromes often exhibits a progression from hyperplasia to neoplasia
in affected tissues.!4 The 3 currently accepted human syndromes are MEN types 1 (MEN1), 2a (MEN2a), and
2b (MEN2b).1415 MEN1 and MEN2 are inherited as autosomal-dominant genetic traits. MEN1 syndrome is
most commonly characterized by parathyroid hyperplasia, pancreatic islet cell, and/or pituitary tumors, but up to
40% of MEN1 patients also develop tumors of the adrenal, thyroid, or thymic tissues.!> The principle disease
characterizing the MEN2a and MEN2b syndromes is medullary thyroid cancer (MTC), with or without
pheochromocytomas and parathyroid adenomas. A number of different mutations have been described for the
MENT1 gene that have resulted in the development of either adrenal tumors or insulinomas. !6-!7 MEN2 syndromes
are associated with germ-line mutations within the RET oncogene.!5 A direct correlation between either the
MEN1 or RET genes with spontaneous multiple endocrine neoplasms in any animal has not been established.

There is only 1 published report in a ferret that classified precisely the human MEN syndromes.!® However, the
similarities between the manifested endocrine neoplasms in ferrets and the human MEN syndrome variations
prompted us to develop a study to determine if an analogous condition to the human MEN syndromes exists in
domestic ferrets. We believe that the most appropriate candidate genes to evaluate first were the MEN1 or RET
genes as they have been associated directly with the human MEN conditions.

Polymerase chain reaction (PCR) primers were developed using human and dog MENT1 and RET exon genetic
sequences. Samples of whole blood were obtained from ferrets with no clinical evidence of disease but were only
used for primer development because these ferrets could be affected. Samples were frozen and DNA was
extracted from the lysed white blood cells. To sequence the “normal” MEN1 and RET genes, buccal swabs were
obtained using cytologic brushes. Only ferrets that were greater than 5 years old with at least 2 generations of
familial medical history with no evidence of adrenal or pancreatic neoplasms were included in the study. For
affected ferrets, clinical evidence of endocrine neoplasia was determined by history, clinical signs, and diagnostic
testing including blood glucose and sex hormone testing. Once the diagnosis was established, buccal cytologic
brush swabs were collected in the same manner as for the controls. DNA was extracted from the buccal swabs
using routine methods. Direct sequencing of the genes for both affected and control animals was performed using
ABI fluorescent technology and an ABI 377 and a 3730 DNA Analyzer.

Additional genetic characteristics of these candidate genes in ferret endocrine neoplasms are being evaluated
using comparative genomic hybridization (CGH), expression analysis of candidate genes, and cytogenetic analysis
of neoplastic ferret tissues. Samples for analysis have been collected at postmortem examination from ferrets
when euthanasia was elected by the owners. A full postmortem examination was performed for 10 affected
animals and for 10 animals with no evidence of endocrine disease. A complete set of tissues including kidney,
spleen, liver, heart, lung, gastrointestinal tract, abdominal lymph node, brain, all endocrine organs, and all neoplastic
tissues were collected in triplicate. One set of tissues was prepared routinely for H & E for histologic evaluation
and examined. Complete histopathologic evaluation of all tissues was performed by a board-certified veterinary
pathologist to assess the health status of each ferret. To confirm endocrine tumor types, immunohistochemistry
was used for insulin and glucagon to identify pancreatic tumors; chromagranin immunostaining was used to
distinguish between adrenal cortical and medullary tumors; and other specific immunohistochemical stains were
used when other endocrine tumors were identified. The second set of tissues was collected fresh and immediately
placed into tissue culture media to attempt to propagate the control and neoplastic cell lines. The final set of
tissues was flash frozen in liquid nitrogen and stored at -80°C for further evaluation.
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As of the writing of these proceedings, all exons identified in the normal human and dog MENT1 and RET genes
were sequenced from the ferret from buccal swabs. At the meeting, we will present a comparison of our findings
from the normal and affected ferret genetic sequences from the buccal swab DNA, as well as a preliminary
evaluation of the expression of these genes in ferret endocrine tissues.

Acknowledgments: For the studies on alternatives for surgical castration in ferrets, we thank the Martine de
Beukelaar foundation, “Stichting de Fret,” and the department of Clinical Sciences of Companion Animals, Utrecht
University for their financial support of this project. In addition, we thank Dr. T.E. Trigg from Peptech Animal
Health, Australia, for providing us with the (placebo) implants; the veterinary students Remko van Deijk, Bregje
Muijlaerts, and Andrea Kuijten for their extensive contributions to this study; Dr. Jan Mol, Prof. Frank de Jong,
Adri Slob and Marianne Timmerman for measurement of the hormones; Dr. Claudia Vinke and Dr. Bart Houx for
supervision of the behavioral studies; and Dr. Marja Kik for supervision of the histology. Finally we thank Willie
Bergmann, Alex van Blankers, Rosan Oostendorp, and Annemarie Strookappe for their skilful technical assistance.

For the MEN studies, we thank PETCO Industries and the Center for Companion Animal Health, University of
CA, Davis for their generous financial support, Drs. Tracy Drazenovich and Leslie Lyons and Kevin Gazlay for
their technical support, and Dr. Cathy Johnson-Delaney for her never-ending insight and constant encouragement.

References

1. Fox JG, Pequet-Goad ME, Garibaldi BA, Wiest LM. Hyperadrenocorticism in a ferret. J Am Vet Med
Assoc. 1987;191:343-344.

2. Rosenthal KL. Adrenal gland disease in ferrets. Vet Clinic North Am Small Anim Pract. 1997;27:401-418.

3. Schoemaker, NJ, van der Hage MH, Flik G, et al. Morphology of the pituitary gland in ferrets (Mustela
putorius furo) with hyperadrenocorticism. J Comp Pathol. 2004;130:255-265.

4. Kuijten AM, Schoemaker NJ, Voorhout G. Ultrasonographic visualization of the adrenal glands healthy
ferrets and ferrets with hyperadrenocorticism. J Am Anim Hosp Assoc. 2007;43(2). In press.

5. Schoemaker NJ, Mol JA, Lumeij JT, Rijnberk A. Plasma concentrations of adrenocorticotrophic hormone
and alpha-melanocyte-stimulating hormone in ferrets (Mustela putorius furo) with hyperadrenocorticism.
AmJ Vet Res. 2002;63:13951-1395.

6.  Schoemaker NJ, Schuurmans M, Moorman H, Lumeij JT. Correlation between age at neutering and age at
onset of hyperadrenocorticism in ferrets. J Am Vet Med Assoc. 2000;216:195-197.

7. Wagner RA, Bailey EM, Schneider JF, Oliver JW. Leuprolide acetate treatment of adrenocortical disease in
ferrets. J Am Vet Med Assoc. 2001;218:1272—-1274.

8. Wagner RA, Piché CA, Jochle W, Oliver JW. Clinical and endocrine responses to treatment with deslorelin
acetate implants in ferrets with adrenocortical disease. Am J Vet Res. 2005;66:910-914.

9. Schoemaker NJ, Teerds KJ, Mol JA, et al. The role of luteinizing hormone in the pathogenesis of
hyperadrenocorticism in neutered ferrets. Mol Cell Endocrinol. 2002;197:117-125.

2007 Proceedings 83



10.

11.

12.

13.

14.
15.

16.

17.

18.

84

Ramer JC, Benson KG, Morrisey JK, et al. Effects of melatonin administration on the clinical course of
adrenocortical disease in domestic ferrets. J Am Vet Med Assoc. 2006;229:1743—-1748.

Schoemaker NJ, Lumeij JT, Rijnberk A. Current and future alternatives to surgical neutering in ferrets to
prevent hyperadrenocorticism. Vet Med. 2005;100:484—496.

Li X, Fox JG, Padrid PA. Neoplastic diseases in ferrets: 574 cases (1968-1997). J Am Vet Med Assoc.
1998;212:1402—-1406.

Williams BH, Weiss CA. Neoplasia. In: Quesenberry KE, Carpenter JW, eds. Ferrets, Rabbits and Rodents:
Clinical Medicine and Surgery. St. Louis, MO: WB Saunders; 2003:91-106.

Marx SJ, Stratakis CA. Multiple endocrine neoplasia: introduction. J Int Med. 2005;257:2-5.
Carney JA. Familial multiple endocrine neoplasia: the first 100 years. Am J Surg Pathol. 2005;29:254-274.

Chandrasekharappa SC, Guru SC, Manickamp P, et al. Positional cloning of the gene for multiple endocrine
neoplasia type 1. Science. 1997;276:404—407.

Crabtree JS, Scacheri PC, Ward JM, et al. Of mice and MEN1: insulinomas in a conditional mouse knockout.
Mol Cell Biol. 2003;23:6075-6085.

Fox JG, Dangler CA, Snyder SB, et al. C-cell carcinoma (medullary thyroid carcinoma) associated with
multiple endocrine neoplasms in a ferret (Mustela putorius). Vet Pathol. 2000;37:282.

Additional Reading: Nico Schoemaker’s PhD thesis can be found online at: http:/igitur-archive.library.uu.nl/
dissertations/2003-1128-094343/inhoud.htm

Association of Avian Veterinarians



Application of Serodiagnostics and PCR for the
Diagnosis of Encephalitozoon cuniculi

Carolyn Cray, PhD, Giselle Arcia, Renata Schneider DVM, Susan Kelleher DVM, and
Molly Varga BVetMed, CertZooMed, MRCVS

Session #165

Summary Style Manuscript

Affiliation: From the University of Miami Miller School of Medicine, Division of Comparative Pathology,
PO Box 016960 R-46, Miami, FL. 33101, USA (Cray, Arcia), SPCA Wildlife Care Center, 3200 SW 4th Avenue,
Fort Lauderdale, FL.33315, USA (Schneider) Broward Avian and Exotic Animal Medical Center, 611 NW 315
Avenue, Pompano Beach, FL. 33069, USA (Kelleher), and the Ashleigh Veterinary Centre, 221 Upper Chorlton
Road, Manchester England M16 ODE (Varga).

Traditional testing methods and new and improved assays have greatly revolutionized veterinary diagnostics over
the past 20 years. ELISA-based immunoassays have become commonplace not only for laboratory animals but
also for many companion animal species. PCR testing for detection of many infectious agents have been developed
and are available at a growing number of laboratories. Test options for diseases of exotic animals are available,
but their wide use is still retarded by the lack of information in regards to clinical applicability.

Serodiagnosis of Encephalitozoon cuniculi (ECUN) is problematic as seropositive animals can be found in the
absence of clinical signs. Most serodiagnostic studies that have been published are from non-US locations, which
does not aid in understanding the prevalence of this agent in routine exotic practice. In the United Kingdom, 23%
of asymptomatic rabbits were found to be seropositive vs 69% of symptomatic animals.! In a separate UK study,
52% of normal rabbits were found to be seropositive.Z In the US, anecdotal results were reported showing 49%
of asymptomatic rabbits were seropositive vs 61-78% of symptomatic rabbits.3 A study of naturally infected
animals at a breeding colony demonstrated that titers were found to be detectable 3—4 weeks after exposure.*
Immunization of rabbits with inactivated ECUN spores have been found to have especially long-lived antibodies
that can be detected.” Thus, IgG seropositive status may reflect chronic infection, clearance with seroconversion,
incidental exposure, or possible cross reaction.

Conversely, the presence of IgM titers may reflect acute infection. In fact, IgM titers were found in experimentally
infected rabbits from day 17 through 38.6 Notably, dogs with clinical encephalitzoonosis were found to have an
increase in gamma globulins.” Additionally; ECUN spores can be recovered in the urine of some infected animals.
One study found spores present between week 4 and 12 post-natural exposure.® Relative insensitive techniques
such as microscopy have been used thus far, but PCR should prove to enhance both sensitivity and specificity.
Rodent laboratories offer PCR testing but practitioners should note that no controlled studies have been conducted
using IgM titers or PCR in rabbits with natural infection.

The goals of the current study were multifold: to conduct a serosurvey, to study the application of protein
electrophoresis, and to study the application of PCR testing of urine samples. Normal and clinically suspect
rabbits were examined and, when possible, treated rabbits were examined at multiple time points. Three groups
of rabbits were examined: a large population from a Florida care center, single submitted rabbit samples from
across the USA, and a group from the United Kingdom. Submitting practitioners from the USA group were
surveyed for information regarding clinical signs and resolution. ECUN suspect animals had either neurological or
renal signs and many were reported to have a positive response to treatment.
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Serum samples were tested for antibody reactivity to ECUN by ELISA (Charles River Laboratories, Wilmington,
MA, USA) using commercially available anti-rabbit [gM and anti-rabbit IgG antibodies (Sigma Diagnostics, St.
Louis, MO, USA). Samples reactive at greater than or equal to a titer of 1:32 were considered positive. Upon
receipt, all samples were analyzed using the Beckman Paragon electrophoresis system and SPEP-II gels (Beckman,
Fullerton, CA, USA). Urine samples were sent for PCR analysis at a commercial laboratory (Charles River
Laboratories, Wilmington, MA, USA) and a portion of the samples were also examined in-house.

Preliminary results are summarized as follows:

1. In the care center, over 100 rabbits were examined. At initial examination, there were no confirmed or
suspect cases of ECUN. An average IgM titer of < 1:32 and IgG titer of 1:839 were found. Overall, 23%
of the rabbits were IgM positive and 48% were IgG positive. Approximately 25% of the rabbits had no
demonstrable IgG or IgM titers.

2. Single samples were received from across the US Although IgM titers were similar between normal and
ECUN suspect rabbits, there was a higher incidence of IgM-positive titers in the suspect group. In
addition, suspect animals had more than a two-fold higher IgG titer and all were IgG positive vs normal
rabbits. Notably, ECUN suspect rabbits had a significantly lower A/G ratio vs seronegative rabbits.
Globulin increases were found in alpha and beta globulin fractions as well as in the gamma fraction.

3. In the group from the UK, samples from 68 rabbits were examined by ELISA and EPH. The group
included normal rabbits as well as those demonstrating neurological and renal signs. Of the normal
rabbits, 51% were found to be seropositive. In the ECUN suspect rabbits, 80% were seropositive.
ECUN suspect rabbits were also found to have significantly higher levels of gamma globulins.

4. In the care center, 2 asymptomatic rabbits were found to be positive by PCR and coincidentally
demonstrated very high IgG titers (and were also IgM positive). The animals were not treated and
became PCR negative at retest points and also exhibited decreasing IgG titers. In the single submission
study, a reportedly asymptomatic rabbit was also PCR positive over a 3-month period. At the second
sample timepoint, both [gM and IgG titers were greatly increased over the original submission. Overall, a
low incidence of PCR positive rabbits was observed in the US study.

The initial serosurvey of normal rabbits indicates an IgG seroprevalence of 48—67% in the US and 51% in the
UK, which is consistent with previous reports.! In the current study, the prevalence of an IgG titer was
certainly not supportive of infection, as has been shown by others. However, ECUN-suspect rabbits were found
to have a higher incidence of IgG positive status vs normal rabbits. This concept has been reviewed previously.! = In
addition, suspect rabbits demonstrated a much higher IgG titer than normal rabbits. Thus, the examination of an
IgG titer may prove beneficial in diagnosis. Notably, although low IgM titers can be found in normal rabbits,
ECUN-suspect rabbits were more likely to be IgM positive. As the sample size of the study increases, it will be
important to study the association of IgM with specific clinical signs as well as the reported timeframe of the
onset of symptoms.

Protein electrophoresis (EPH) appears to have an application to ECUN diagnostics. Although not solely diagnostic
of disease or infection, the presence of changes in the globulin fractions is found in ECUN suspect rabbits. Again,
further studies with increased sample numbers should aid in calculating an overall predictive value to assign to the
combined use of EPH and serodiagnostic testing in rabbits.
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The presence of ECUN in the urine of rabbits as determined by PCR was found in both asymptomatic and
ECUN suspect rabbits. This has also been reported by others examining for the presence of spores in the urine
and the same authors have proposed shedding to occur 4—12 weeks after infection.® While a definitive antemortem
diagnosis of ECUN may remain impossible, the combined use of serological and PCR testing as well as protein
electrophoresis may prove valuable.
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Introduction

Thymomas are infrequent neoplastic masses in pet rabbits. When these do occur, they have the potential to cause
significant morbidity and mortality.! Because thymomas are considered benign masses, much of the disease
associated with them is due to their location in the relatively small thorax of rabbits. Thymomas act as a space-
occupying mass and can wrap around the great vessels in the thorax.! Both the diagnosis and treatment of
thymomas can be challenging. To best help the patient, it is important to understand the behavior of this neoplasm,
what methods are used for diagnosis, and what options are available for treatment.

The thymus is composed of epithelial cells and lymphocytes. The lymphocytes eventually form the T
lymphocytes. Normally, by adulthood, the thymus has involuted. Thymomas form when tissue inside the
thymus becomes neoplastic.2 Thymomas are technically termed thymic epithelial neoplasms. In human
medicine, classification of these neoplasms is controversial and many schemes exist to define thymomas.
Classification is based on the preponderance of cell types (epithelial vs lymphocytic) and the description of
the cells.? In rabbit medicine, classification is based on which cell type is most common: either epithelial or
lymphoctyic. Classification is important as treatment and prognosis will change depending on the majority
of cell types seen on cytology or histopathology.*

Because most thymic epithelial neoplasms are benign, there is great potential for treatment to be curative. This is
not always possible in malignant disease. Consequently, the sooner the mass is detected, the better the potential
outcome. Signs of disease in a rabbit differ from that seen in other species such as humans, dogs, and cats.
Therefore, one must be aware of the common and uncommon signs of this neoplasm in rabbits.!-3

This report will describe a series of cases of rabbits diagnosed with a thymoma. History and signs will be
discussed. Common findings on the physical examination will be listed. Diagnostic methodology of the masses
will be described. This will include radiographic and ultrasonographic descriptions along with aspiration techniques.
Finally, in this case series, various treatment options will be described along with outcomes. Treatment modalities
include surgical debridement, radiation therapy, chemotherapy, and thermal destruction.
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Materials and Methods

Rabbit thymoma cases from multiple sites will be examined. Information will be recorded to include signalment,
signs, and physical examination. The description of each diagnostic method will be discussed. Finally, the outcome
of each treatment option will be compared based on survivability, cost, and practicality. No statistics will be
necessary as this presentation is a case series.

Results and Discussion

Results from this study will be presented at the conference.

Acknowledgments: This study was funded in part by the Commonwealth of Pennsylvania.
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Abstract: Periapical infections, abscesses, and osteomyelitis are a common sequela in pet rabbits following
congenital or acquired dental disease. Aggressive treatment is usually needed, and may be provided by a
variety of surgical options. Thorough debridement, marsupialization of soft tissues, and postoperative
treatment locally are the author’s preferred choices, but they are not always applicable to difficult sites
such as the alveolar bulla. A variety of surgical options and approaches are described.

Pathophysiological and Clinical Considerations Related to Periapical
Infections in Pet Rabbits

Rabbits are a herbivorous species with elodont teeth. Because their teeth grow continuously, they do not develop a true
anatomical root. Therefore the aradicular end is better termed the apex. In pet rabbits, periapical infections are a
common complication from congenital or acquired dental disease, and are an important part of this syndrome. In
rabbits, the unique relationship between the reserve crown and the maxillary and mandibular alveolar bones allows
periapical infections to quickly involve surrounding bone and adjacent soft tissues, producing osteomyelitis and abscess(es).

The pathophysiology and clinical implications of periapical infections and abscessations in rabbits are not yet
completely understood, especially when compared to our knowledge of the same conditions in non-herbivorous
species. For example, it is not clear why rabbits do not appear to be painful until an advanced stage is reached;
why they do not elicit hyperthermia with purulent infections; or why these infections tend to encapsulate and
progressively destroy the surrounding bone.

Keeping in mind that rabbits are a prey species (and therefore naturally prone to hiding symptoms of disease), it
is easily understood why the clinician frequently faces advanced stages of acquired dental disease. The presentation
is commonly complicated by periapical infections, abscessation of soft tissues, and osteomyelitis. This syndrome
is often present at the time the pet first presents to the veterinarian.

The anatomical features of rabbits and the small size of their skull and teeth contribute in the difficulty in treating
rabbits medically and/or surgically.

Medical Treatment vs Surgical Treatment: The Role of Osteomyelitis

Because osteomyelitis is in part, the result of a bacterial infection, antimicrobial therapy represents the
treatment of choice. The best therapeutic choices come from culture/sensitivity. However, it appears that
the core of the abscess is usually sterile, anaerobic organisms are frequently involved, and many common
antibiotics are potentially toxic to rabbits.
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However, no clinical trials have demonstrated that medical therapy alone is effective. This is due to these unique
traits of periapical infections and abscesses in rabbits: the presence of a capsule; the presence of necrotic tissue—
soft, dental, or bony; and the presence of osteomyelitis. It is mandatory to address these 3 pathologic conditions
to obtain long-term therapeutic success and prevent reoccurrence. Extensive, aggressive, surgical treatment is
designed to remove the whole capsule, to remove affected tooth/teeth, and to thoroughly debride the osteomyelitic
bone and therefore facilitate the effectiveness of antibiotic therapy.!-2

Medical treatment also includes supportive (fluids and force feeding) and analgesic therapy. In the author’s
experience, both are seldom needed in pet rabbits, unless important gastrointestinal complications are present.
Rabbits usually do eat well soon after a dental or extraoral surgical treatment, and show an evident relief even
after an aggressive surgery, compared to the clinical conditions before the surgical treatment when the abscess
was still present.

Reported options for treatment of periapical infections reported in literature are listed in Table 1.

Table 1. Comparison of treatments, drug/techniques, and adjunct techniques used to manage periapical
infections in pet rabbits.

Treatment Drug/Technique Adjunct Technique Author’s experience
Medical Long-term injectable penicillin Ineffective or
palliative
Surgical Incision of the capsule Curettage and flushing of the Ineffective
purulent material
Surgical Incision of the capsule Curettage/flushing/packing of the Ineffective or short
abscess time effective
Surgical Excision of the entire abscess ~ Primary closure of the wound Ineffective or
(including the capsule); frequent relapse

extraction of the diseased
teeth; debridement of the
infected/necrotic bone

Surgical Same as above Introduction of long-term antibiotic
drugs
(Doxirobe gel)
Surgical Same as above Introduction of AIPMMA beads; Frequent relapses
closure of the wounds*’
Surgical Same as above Introduction of honey or sugar
solutions
Surgical Same as above Introduction of calcium hydroxide
Surgical Same as above Introduction of bioactive ceramics'
Surgical Same as above Marsupialization of the site to Very effective

facilitate postop. flushing and
debridement, application of healing
promoting products, healing by
secondary intention’

Surgical and  Same as above; injectable Marsupialization, etc. (see above) Best option
medical penicillin
combined (or other antibiotic based on

culture/sensitivity results)
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The Keys for a Successful Outcome

Assuming that medical treatment alone is ineffective or palliative, the surgical treatment of choice—in the author’s
opinion and experience—is that which addresses the 3 typical pathologic conditions related to periapical infections.
In addition to excision of the capsule and debridement of the bone, any fragments of diseased teeth must be
carefully located and removed.!-2 Intraoral extraction of the tooth is often not sufficient because the diseased
tooth is frequently fractured, or it may fracture during extraction because of partial reabsorption or ankylosis to
small pieces of necrotic bone (Figure 1).

5
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Figure 1. Removal of a tooth fragment and a piece of necrotic bone from a mandibular
osteomyelitic site in a 5-year-old male Flemish giant rabbit.

Ideally, the surgical technique should allow postoperative flushing and debridement of the surgical site, application
of antiseptics or other products to promote healing, and allow constant visual monitoring of healing.2 Actually, this
is based on the same basic principles of orthopedics, when a grade III open fracture with an osteomyelitic site.
The fracture repair is usually performed using external fixation and the infected site left partially exposed.
Marsupialization of the surgical site allows these same surgical principles in cases of osteomyelitis of the skull
(Figure 2).

2007 Proceedings 93



Figure 2. Postoperative appearance after marsupialization of the soft tissue around the
surgical site in the rabbit described in Figure 1.

Marsupialization with slow healing by secondary intention is also critical in cases of simultaneous extraction of 1
or 2 cheek teeth, where suturing of the gingiva is usually impossible. In these cases, impaction of the alveolus with
food will occur. Marsupialization allows flushing of an oral/extraoral fistula through the bone until the apposition of
new bone and healing of the gingiva effectively closes the fistula.

Despite exposure of part of the deep bone, marsupialization is well tolerated by rabbits, and they do not usually
need an Elizabethan collar or force feeding as they are usually able to eat the day after surgery. This treatment
method requires a longer and more difficult postoperative period, but daily flushing and the application of
antimicrobials or ointments to promote healing can be performed with gentle restraint and without the use of
anesthesia.2 Owners must be prepared for a temporary unattractive cosmetic appearance, but they are usually
able to perform part of the postoperative care at home. Frequent recheck examinations are recommended, and
should be discussed with the owner prior to surgery.

Nevertheless, a thorough and deep surgical debridement cannot be performed in every case because the extent
of the osteomyelitis may be too deep and wide. The severity of the bone infection is not directly related to the
severity of the clinical signs and symptoms. This is the reason why accurate diagnosis and a proper prognosis are
the keys to succesful surgical treatment. Before planning surgical debridement of an abscess and the related
osteomyelitis, it is mandatory to know in detail the tooth or the teeth involved and the extent of the osteomyelitis.
Even if exploratory surgery remains the most important step, complete pre-surgical evaluation allows the ruling
out of poor surgical candidates, and determination of the difficulty of surgery.

In order to make an accurate diagnosis and an informed prognosis, good to excellent radiographs of the skull and
teeth must be obtained using high resolution x-ray film (such as mammography film) in 5 basic projections (lateral,
15° right oblique, 15° left oblique, ventrodorsal, and rostrocaudal). Advanced technologies are now available and
appropriate in small exotic mammal patients; for example, CT scans now offer superiority over conventional
radiography in terms of diagnosis and prognosis. Three-dimensional reconstruction of the surface of the skull can
determine the exact extent of osteomyelitis, and rule out patients for whom surgery is not an option (Figure 3).
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Figure 3. Three-dimensional surface reconstruction of the CT scan of a rabbit skull. The
extent of the osteomyelitis affecting the right mandible is visible as an extentive lack of the
cortical bone. A huge necrotic fragment is also visible.

Management of Difficult Cases

Periapical infections most frequently affect the mandibular cheek teeth. Surgical treatment of maxillary cheek
teeth infections are much more challenging. Due to the anatomical features of the rabbit skull, periapical abscesses
of the distal (caudal) cheek teeth are typically difficult to handle surgically. While infrequent, periapical infection
and osteomyelitis of the 2nd and 3rd mandibular molar tooth (mandibular CT4 and CT5) carry a poor prognosis.
This is because the caudal portion of the body of the mandible is much thinner than the main body of the mandible
where mandibular CT1, CT2, and CT3 are located. In this caudal area, deep and complete debridement of the
osteomyelitic bone is not always possible, and the risk of intraoperative complications (ie, fracture of the mandible
during the debridement of the osteomyelitic bone) is much higher. Additionally, the insertion of the cranial portion
of the masseteric muscle along the mandible makes surgical access much more difficult. Precise diagnosis is
important in order to choose a proper surgical candidate. With a cranial surgical access, massenteric muscle
remains intact, as it is only reflected caudally. However, it is important to understand that the prognosis is guarded.

Retrobulbar abscesses in pet rabbits are frequent because of the anatomical relationship between the apices of
the maxillary cheek teeth and the orbital fossa. In rabbits, a unique boney structure called the alveolar bulla
includes the reserve crown and the apex of the 4 distal cheek teeth (the 3rd premolar, and the 3 molar teeth).
When a periapical infection involves 1 or more of these cheek teeth, the alveolar bulla acts as a preformed boney
cavity that can fill with food debris, tooth fragments, and pus. If the thin dorsal cortical bone of alveolar bulla is
perforated, a true retrobulbar abscess occurs. In the past, retrobulbar abscesses were diagnosed when increased
pressure behind the eye globe or true panopthalmitis was present, and consequently when the only option was
enucleation of the eye globe. Enucleation allows an easier, dorsal surgical access to the alveolar bulla; however,
marsupialization of this site is difficult and not recommended due to the deep orbital fossa, the potential exposure
of the optical nerve and the optic foramen, and for esthetic reasons.
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Nevertheless, proper diagnosis of abscessation of the alveolar bulla can be made before the development of a
retrobulbar abscess, and therefore before the eye globe is compromised. Unfortunately, an extraoral (lateral)
approach to access abscesses of the mandibular cheek teeth is extremely difficult due to the presence of the
zygomatic arch, and therefore the marsupialization technique cannot be applied. The intraoral approach is feasible
to the alveolar bulla through the tooth socket after extraction of the diseased maxillary cheek tooth/teeth. This
approach does not allow enough room to debride the alveolar bulla properly, which is much wider than the oral
fistula. The only option is to flush pus and food from the bone cavity frequently. This requires multiple anesthetic
procedures and the flushing does not promote filling of the new-formed cavity.

Lateral Maxillotomy for the Treatment of an Abscess of the Alveolar
Bulla

A lateral surgical approach to the maxilla was performed in a rabbit to resolve a retrobulbar abscess.

A 5-year-old male Flemish giant rabbit presented for a dental recheck. Initial symptoms from the initial visit a few
months prior were reduced food intake and difficulty in chewing. Mild exopthalmos was present, which was
improved after extraction of a loose tooth, the right maxillary 1st molar (CT4). The following recheck revealed
impaction of the CT4 socket with food debris and pus. The rabbit was scheduled, about every other month, for
flushing of the impacted site using a blunt gavage needle. At the time of the last recheck, radiographs revealed the
presence of a periapical infection of right maxillary CTS5, and a widened interproximal CT5-CT6 space. The
involvement of the alveolar bulla was confirmed by the presence of radiotransparency surrounded by marked
radiopacity of the margins. Exopthalmus was not present. Oral endoscopy demonstrated that the oral fistula from
the alveolar bulla was still present. Because a thorough debridement of the alveolar bulla cavity through the oral
fistula was not feasible, and because the gingiva had been sutured, a lateral extraoral surgical approach was
planned to allow debridement of the alveolar bulla and allow the introduction of small antibiotic-impregnated
polymethylmethacrylate (AIPMMA) beads. In this way, the boney cavity could be filled. The lateral approach to
the alveolar bulla was performed by exposing the ventral margin of the zygomatic arch, and then elevating the
cranial portion of the proximal end of the masseteric muscle from it. A small portion of the zygomatic arch was
burred away to approach the lateral side of the alveolar bulla The lateral wall of the bulla was burred to create a
small fenetration large enough to introduce a small Volkmann’s spoon to debride the inner cavity, to flush it, and to
introduce the AIPMMA beads. Once the alveolar bulla was filled, the muscular fascia of the masseteric muscle
was sutured to the zygomatic portion of the zygomatic muscle.> The subcutaneous tissue and the skin was
sutured routinely.

In order to prevent the AIPMMA beads from falling through the oral fistula, a resin glass ionomer (Geristore,
Den-Mat Corporation, Santa Maria, CA, USA) was applied intraorally to seal the fistula of the alveolar bulla.

The follow-up examination a few weeks later confirmed that the oral fistula was still closed. The radiographic
follow-up after 6 months showed that the AIPMMA beads were still in place, as demonstrated by comparison of
the radiograph with the postoperative control radiograph. At that time, it was decided to delay the dental rechecks.
The rabbit died at home about 11 months after surgery for unknown reasons. Necropsy was declined.
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Figure 4. Control radiograph taken 6 months after surgery. The radiodense spot is a plug of
resin glass introduced to seal the fistula of the alveolar bulla.
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Lymphoma is the third most commonly reported neoplasm in ferrets, and the most common hematopoetic neoplasm.
It has been described in all age groups, and in almost all organ systems. Many manifestations and presentations
of lymphomas and leukemias have been reported in ferrets. Cluster outbreaks of lymphoma have been reported
in colonies as well as in private homes, leading to speculation of an infectious etiology. However, no causative
infectious agent has been identified. Investigation into feline leukemia virus and Aleutian disease virus have
revealed no association with the development of lymphoma in ferrets.

In both human and companion animal medicine, a large number of classification schemes have been proposed.
However, there is no standard or recommended classification scheme for lymphoma in ferrets. The author
proposes a combination of the standard canine classification system based on staging disease and the feline
classification scheme, based on location of disease. In addition, size of neoplastic cells should always be documented.

Signalment and Clinical Signs for Ferrets with Lymphoma

Lymphoma may be present in a ferret of any age. It is reported in ferrets as young as 2 months of age, with no
recognized consistent sex or color pattern predisposition. It has been reported that ferrets younger than 2 years of
age are more likely to develop acute onset, a mediastinal mass, peripheral lymphadenopathy, lymphocytosis (often
lymphoblastic leukemia), and multicentric form. Older ferrets are reported to more commonly develop a chronic
form, usually with lymphopenia and mesenteric lymphadenopathy, with waxing and waning clinical signs. Preliminary
review of cases seen in the authors’ practice does not reveal a clear distinction between the disease between
younger and older ferrets (M. L. Needham, N. Antinoff, K. A. Hahn, unpublished data, 2004).

Clinical signs in ferrets with lymphoma vary according to the stage and organ affected. There is no “classic”
clinical presentation for lymphoma in ferrets. Some ferrets are asymptomatic, and disease may be detected on
routine annual examination or at the time of surgery for another disease. Signs are usually related to the organs
involved, and may include dyspnea, pleural effusion, lethargy, anorexia or inappetance, or gastrointestinal signs
(vomiting, diarrhea, weight loss, or maldigestion of food).

Physical examination findings historically may include mesenteric or peripheral lymphadenopathy and/or hepatic
or splenic enlargement. All of these signs may be present with many other diseases. Mesenteric lymphadenopathy
especially may be associated with any gastrointestinal disease or inflammatory process. Extreme discretion must
be used when interpreting these samples. The gastric lymph node is commonly reactive to any gastrointestinal
process, and should be avoided for biopsy if any other node is available.

2007 Proceedings 99



Overall in the authors’ practice, 33% of patients diagnosed with lymphoma had presented with disease affecting
the peripheral lymph nodes; 17% presented with disease affecting the thorax, and 71% presented with disease
affecting the abdomen. These results were regardless of age at time of presentation (M. L. Needham, N.
Antinoff, K. A. Hahn, unpublished data, 2004).

Recommended Reading

1. Antinoff N, Hahn K. Ferret oncology: diseases, diagnostics, and therapeutics. Vet Clin North Am Exotic
Anim Pract.2004;579-625.
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Abstract: The purpose of this study was to measure normal values for prothrombin time (PT) and partial
thromboplastin time (PTT) in 12 healthy ferrets using a current method used by Antech Diagnostic
Laboratory and a point-of-care analyzer (PCCA). Mean values for PT were 12 +/-1.5 seconds (Antech) and
20+/-1 seconds (PCCA), while PTT mean values (= SD) were 18+/-2 seconds (Antech) and 52+/-19 seconds
(PCCA). The PCCA is fast and easy to use. Further studies are warranted using the PCCA and Antech tests
in a larger number of healthy ferrets and in disease ferrets with and without bleeding.

Introduction

The normal coagulation system represents a tightly controlled balance between procoagulant and anti-coagulant
factors. A poorly functional coagulopathy system predisposes an animal to bleeding and subsequent anemia.
Anemia is common in critically ill animals and blood loss is the most common cause of anemia. Blood loss may be
due to trauma, neoplasia, or may occur secondarily to a coagulopathy. Coagulapathies occur in veterinary medicine
due to inherited coagulation factor deficiencies and acquired coagulopathies. The most common cause of a
coagulopathy in dogs and cats is warfarin toxicity. Anticoagulant rodenticides are the second most common fatal
toxicosis reported to the American Association of Poison Control Center (AAPCC) in dogs and cats.! Other
causes of acquired deficiencies of coagulation factors may result from liver disease or disseminated intravascular
coagulation (DIC). Previously, the limited accessibility of reference coagulation function laboratories combined
with the difficulty of understanding an incredibly complex system have led to a limited understanding of hemostatic
dysfunction, and which tests to order when faced with a bleeding patient. With the advent of point-of-care
coagulation function testing, and improved understanding of the complexities of the hemostatic system basic
coagulation function testing has improved. The point-of-care coagulation testing leads to a rapid assessment of
coagulopathies. The use of citrated blood for coagulation testing allows the clinician the convenience of delaying
testing for 2 hours after the sample is obtained and eliminates the need to obtain multiple samples. Although
published coagulation results are available, there may be wide variability from lab to lab depending on factors
such as sample handling, time in transit and lab methodology. Patient-side coagulation tests will provide
standardization of sample handling and testing procedures. Incidence of coagulopathies is not commonly reported
in ferrets, although the number of cases of rodenticide may be similar to that seen in dogs and cats. To the
author’s knowledge, no studies have reported point-of-care analyzer (PCCA) result for promthrombin time (PT)
and partial thromboplastin time (PTT) in ferrets.
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Materials and Methods

Twelve young healthy ferrets from the Abbott research facility were included in the study. The study was
approved by the Abbott animal care facility. The ferrets were given 2 mg/kg ketamine IM. Fifteen minutes later,
1.8 ml of whole blood was drawn from the right jugular vein of each ferret. The blood was placed into 2 different
tubes, each containing 0.1 ml of sodium citrate anticoagulant. The samples to be analyzed at Antech were stored
on ice and the samples collected for the point of care test were stored at room temperature. Prothrombin times
and PTT analysis was performed on the point of care analyzer (POCA) from Symbiotics (SCA2000, International
Technidyne Corporation, Edison, NJ, USA) 2 hours after collection following the manufacturer’s instructions.
The PT and PTT analysis at Antech (Antech Diagnostic Laboratories, USA) were performed within 4 hours of
collection of the blood.

Results

The mean PT/PTT values (= SD) were obtained from each of the 2 tests. The PT for Antech was 12 +/-1.5
seconds and for the SCA2000 it was 20+/-1. The PTT for Antech was 18+/-2 and for the SCA2000 it was
52+/-19.

Discussion on Results

The PT and PTT results for healthy ferrets were reported for 2 testing methods. There was a good correlation
between the PT results from the 2 different testing methods. There was not a good correlation between the PTT
results from the 2 different testing methods. This SCA2000 PTT results are also longer in dogs (71-102 seconds)
and cats (70-120 seconds) and may be more similar to the activated coagulation test (ACT) [U. Gieger, personal
communication, October 2004]. To the author’s knowledge, no studies have been done in ferrets to determine
normal ACT times. The ACT of ferrets may be similar to the PTT measurements in this study and future studies
are warranted in determining ACT measurements in ferrets. The analysis of serum was not done and may be a
better indicator for sample analysis at the Antech lab. Future studies need to be performed on serum and citrated
whole blood in a larger group of ferrets.

Discussion on Hemostasis

Bleeding disorders are common in small animals and probably common in ferrets. Rare reports of ferrets with
coagulapathies exist because of the limited availability of PCCA measurements for ferrets. This discussion is to
review hemostasis, coagulation, and PT and PTT coagulation tests.

Bleeding disorders can be categorized according to the means with which they disrupt hemostasis. Disorders of
primary hemostasis are generally thought to include thrombocytopenia (low platelet numbers) and thrombocytopathia
(poor platelet function).2> Clinical signs of a primary bleeding disorder include petechiae, ecchymoses, and
mucosal surface bleeding at one or more sites. Tests include platelet counts for thrombocytopenia and buccal
mucosal bleeding time (BMBT) for themobocytopathies (sepsis, azotemia, and drugs as NSAIDS).? Disorders of
secondary hemostasis include diseases of the coagulation cascade and fibrin clot formation. Animals with such
hemostatic defects have clinical signs of hemorrhage into body cavities, joints, and large subcutaneous or
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intramuscular hematomas.* Common coagulation abnormalities are rodenticide toxicity, liver disease, and
disseminated intravascular coagulation (DIC).> DIC involves a thrombocytopenia initially with a hypercoagulable
state (decrease in PT/PTT times) and, later, a hypocoagulable state (increased PT/PTT).?

The process of hemostasis refers to the normal stimulation of coagulation and formation of a clot in response to
vessel injury. In contrast, thrombosis refers to pathological clot formation. Hemostasis requires formation of the
primary platelet plug in response to vessel damage, which is then stabilized by cross-linked fibrin polymers.2 The
coagulation cascade is responsible for fibrin formation and has been traditionally depicted with intrinsic, extrinsic,
and common pathways. In health, the balance between pro and antithrombotic processes is such that vessel
damage is repaired effectively without excessive bleeding or coagulation. In disease, there can be loss of this
balance leading to hemorrhage or thrombosis. The modern view of coagulation emphasizes the intricate connection
between the coagulation system and inflammation.* It is now clear that these pathways are intimately linked such
that activation of one causes alterations in the other.

Tissue factor (TF) of the extrinsic pathway is the primary initiator of coagulation in both normal and disease
states. In fact, TFPI experimentally administered to septic animals can reduce mortality; however, human clinical
trials have not been able to reproduce these results.© It is an extremely pro-coagulant molecule that also has cell
signaling actions and interacts with numerous pathways other than coagulation. It also interacts with Factor 1X
and Factor X. At the culmination of the coagulation cascade, thrombin cleaves fibrinogen into fibrin monomers
that need to be cross-linked to produce a stable clot. Factor X111 is also activated by thrombin and stimulates the
covalent bonds between fibrin molecules.

During the past decade, as the importance of hemostatic dysfunction has been recognized as a key component of
the pathophysiology of the Systemic Inflammatory Response Syndrome (SIRS), the importance of documenting
hemostatic dysfunction in clinical patients has also increased.? Only recently has our knowledge of the factors
associated with antithrombosis and antifibrinolysis increased to allow our appreciation of the complexity of the
hemostatic system. The newer model of the coagulation cascade does not artificially separate the extrinsic and
intrinsic pathways that together operate in vivo. In the first step, small amounts of thrombin are generated after
vessel injury, followed by a thrombin burst with clot formation.

Antithrombin 111 (AT) is a plasma protein which functions as an anticoagulant by inhibiting many coagulation
factors (serine proteases including thrombin or 11a, 1Xa, Xa, X1a, and X11a) in the intrinsic and common coagulation
cascades. Antithrombin 111 is produced in the liver and is thought to be responsible for at least 70% of the
naturally-occurring anticoagulant activity present in plasma. The efficacy of AT as an anticoagulant agent is
markedly improved in the presence of heparin, which acts as a catalyst and increases the rate of protease
neutralization over 1000 fold. Although the heparin is free to interact again after inactivation of thrombin by
AT111,AT111 is consumed. AT activity may be calculated (expressed as a percentage of the activity and calculated
by the amount of thrombin inhibition) and the normal values for AT are species specific.’ In dogs, the normal AT
range is 80—100%. The risk for thrombosis increases when AT concentration is <80%, and a serious thrombotic
tendency exits when AT concentrations fall below 60%. Acquired AT deficiencies may result from inadequate
hepatic synthesis, increased loss through renal disease, gastrointestinal disease, or consumptive processes such
as DIC, and extravasation of plasma AT into extravascular spaces or bleeding. Decreased AT activity has been
reported in dogs with DIC, protein-losing nephropathy, gastric dilatation-volvulus Heparin can be administered
intravenously or subcutaneously to increase the activity of AT. But newer studies now suggest that use of heparin
is controversial.” It has been found to negate the anti-inflammatory effects of AT. Heparin is recommended in
DIC with thrombotic tendencies but not with an inflammatory condition is the initiating cause.’ Its main indication
is the treatment of established thromboemboli.
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The protein C and its cofactor protein S are vitamin K dependent serine proteases. Protein C has potent
anticoagulant, profibrinolytic, and anti-inflammatory actions. Levels of both protein C and activated protein C are
reduced in sepsis due to increased utilization, decreased hepatic production, and increased destruction by neutrophil
elastases.® In human studies, activated protein C levels have been inversely correlated with outcome.? Human
recombinant activated protein C (Drocetrogin alfa, Eli Lilly & Co, Indianapolis, IN, USA) administration to
human patients with severe sepsis reduced 28-day all-cause mortality and is the first pharmacological agent to
improve survival from sepsis.®:? The investigators concluded that its anti-inflammatory effects rather than the
anti-coagulant effects were most beneficial in this study.3-?

Low Molecular Weight Heparin (LMWH) has been used in dogs as well, mainly in experimental models. Use of
LMWH has significantly improved heparin management in human medicine because monitoring is not needed in
most patients and the dose response is predictable. A new problem of increased cost has been created. There are
considerable differences in the various products that are available so that global dosage recommendations are
difficult to make. The ideal anticoagulant should be safe, have oral bioavailability (for long-term use), have a wide
therapeutic window, have no need for monitoring, be easy to reverse, and have low cost.

Tests of Coagulation

Activated partial thromboplastin time is a laboratory performed assay that uses addition of a particulate activator
and a platelet phospholipids substitute to activate and test the intrinsic (factors V111, 1X, X1, and X11) and
common pathways (factors 1, 11, V, and X). Individual factor deficiencies of up to 75-80% or multiple factor
deficiencies of 30-40% are required to prolong the test. This test is useful for detecting inherited coagulopathies
Hemophila A (factor V111) and B (factor 1X), factor X1 and X11 deficiencies, and acquired coagulopathies such
as anticoagulant rodenticide intoxication (late stage), liver disease (late stage), and DIC (late stage).

Prothrombin time is a laboratory-performed assay that uses exogenous tissue factor to test for deficiencies of
the extrinsic (factor V11) and common pathways (factors 1, 11.V, and X). The assay is more sensitive to deficiencies
of factor V11 than factor 1 or 11 deficiencies. This test is useful for detecting inherited coagulopathies (factor
V11 in Beagles) and acquired coagulopathies such as anticoagulant rodenticide intoxication (prolongs in early
stages), acquired vitamin K deficiencies (liver or biliary disease), and DIC (late stage).

Laboratory Findings Supportive of DIC

—

Platelets reduced

2. Redblood cell morphology-schistocytes

3. Coagulation times (PT, PTT, ACT)-initially decreased and later prolonged
4. Fibrinogen is reduced

5. Fibrin degradation products are elevated

6. D-dimer is elevated

7. Antithrombin is reduced
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Conclusion

The PT and PTT values were determined in 12 healthy ferrets using 2 different tests (SCA2000 and Antech) for
citrated whole blood. There was good correlation between the PT results from the 2 different tests but not
between the PTT results. This could be due to the difference in the test methodology, small sample size, or use of
citrated whole blood instead of serum. Future studies are warranted to use a larger sample size and perform the
tests on citrated whole blood and serum.
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Introduction

Anorexia is a common nonspecific sign of stress in rabbits. Stress may be due to dental pain, systemic disease,
gastrointestinal stasis, or even “anxiety.”! Any period of anorexia lasting more than 1-2 days is a potential
emergency. Anorexic rabbits become dehydrated which slows gastrointestinal motility and eventually leads to
hypovolemia. Anorexia for longer than 1 day may also lead to hepatic lipidosis. Rabbits are herbivores and hindgut
fermenters. Their digestive system is driven by the presence of fiber in the diet, which allows efficient digestion
of the nonfiber portion of food.! High-fiber diets stimulate cecocolic motility, and have a low level of carbohydrate
and thus decrease the risk of enterotoxemia caused by carbohydrate overload of the hindgut. Frequently, a
reduction in the amount of fiber in the diet, an increase in carbohydrate consumption, and disruption of gastroenteric
motility lead to alterations in the cecal pH and disruption of the complex bacterial flora of the hindgut. The spore-
forming anaerobes, consisting mostly of Clostridium species and coliform species such as E coli, increase and
the population of normal organisms decrease. This will lead to enterotoxemia, sepsis, and death.!

The author always believes in the old adage “if the gut works, use it” for all animals. Early enteral feeding decreases
pain, helps with motility of the gastrointestinal tract, and decreases bacterial translocation. Hepatic lipidosis develops
quickly in the rabbit (ie, as early as 3648 hours) Critically ill rabbits commonly are too weak or too nauseous to eat
from a syringe. A nasogastric (NG) tube is much less stressful in the critical patient then force feeding with a syringe.
The primary disadvantage of NG tubes for enteral alimentation is when the small diameter precludes administration of
insoluble fiber, which is required for the rabbit’s gut motility. The purpose of this study was to evaluate the efficacy of
treating gastric stasis in rabbits using NG tubes and fiber diet by determing hours to normal stools, hours to start eating,
hours to normal appetite, mortality rate, and complications with use of the nasgastric tube.

HN Study

Lessons learned from the original study were that NG tubes were easy to place in rabbits using the Argyle NG
tubes. No stylet should be used when placing in rabbits due to possible esophageal mucosal perforation. The
trachea is very difficult to enter due to its anatomical position. Metoclopramide showed no subjective difference
in motility based on time for stool production. A diet without fiber (HN study) produces diarrhea in most rabbits.
The NG tube remained in place for a longer period of time raising concerns from the owners and referring
veterinarians. This also increases the financial burden for the owner. NG tubes are well tolerated in rabbits
without using an E collar.
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Materials and Methods

Thirty-five rabbits were included in the study. The initial exam was performed revealing a dilated stomach. A
nasal speculum was used to examine the teeth. The minimum bloodwork for all 35 cases was a PCV/TP, blood
glucose, and BUN. There were 25/35 cases in which blood gas analysis, chemistries, and urinalysis were performed.
The rabbits were treated as given below:

1.

108

Butorphanol (0.6 mg/kg IM) or buprenorphine (0.03 mg/kg IM) with midazolam (0.25 mg/kg IM) was
administered.

An intravenous cephalic catheter was placed.
Blood pressure, temperature, and heart rate were recorded.
If the rabbit was hypotensive (systolic indirect Doppler blood pressure less than 90 mmHg):

In the author’s experience, normal rabbits have heart rates between 180—240 beats per minute (bpm),
systolic blood pressure between 90—120 mm Hg, and temperatures between 100—102°F (37.7-38.8°C).
Most rabbits that presented for hypovolemic shock demonstrate heart rates less than 200 bpm, hypotension
(systolic blood pressure less than 90 mm Hg), and hypothermia (temperature <98°F [36.6°C]).

Resuscitation from hypovolemic shock can be safely accomplished with a combination of crystal-loids,
colloids and rewarming procedures. In the hypovolemic rabbit, a bolus infusion of isotonic crystalloids is
administered at 10—-15 ml/kg. Hetastarch is administered at 5 ml/kg IV over 5-10 minutes. The blood
pressure is checked, and once it is above 40 mm Hg systolic, only maintenance crystalloids are given,
while the patient is aggressively warmed. The warming should be done within 1-2 hours with warm
water bottles, forced air heating blankets, and warming the IV fluids. Once the animal’s rectal temperature
has risen to 98°F, the blood pressure is rechecked. If the rabbit is hypotensive, then crystalloid (10 ml/kg)
with hetastarch at 5 ml/kg increments can be repeated over 15 minutes until the systolic blood pressure
rises above 90 mm Hg (systolic). The rectal temperature must be maintained as needed by a warm
incubator and warmed fluids. When the systolic blood pressure is >90 mmHg, the rehydration phase of
fluid resuscitation begins.

If endpoint parameters (normal blood pressure, heart rate, mucous membrane color, and CRT) are still
not obtained, the animal is evaluated and treated for causes of nonresponsive shock (ie, excessive
vasodilation or vasoconstriction, hypoglycemia, electrolyte imbalances, acid-base disorder, cardiac
dysfunction, hypoxemia). If cardiac function is normal, and glucose, acid-base, and electrolyte abnormalities
have been corrected, treatment for nonresponsive shock is continued. Oxyglobin has not been approved
for use in the cat, ferret, rabbit or small mammal, but has been used successfully at our hospital when
given in small volume boluses. We administer 2 ml/kg boluses given over 10 to 15 minutes until normal
heart rate and blood pressure (systolic blood pressure greater than 90 mm Hg) are obtained. This is
followed by a continuous rate infusion of Oxyglobin at 0.2 to 0.4 ml/kg/h. When Oxyglobin is not available
for treatment of refractory hypotension, the author has used 7.5% hypertonic saline at 3 ml/kg bolus with
HES at 3 ml/kg given slowly over 10 minutes. Vasopressors as dopamine or norepinephrine can be used
to treat refractory hypotension; however, when using the above protocol the author has never had to use
these drugs in small mammals.
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Dehydration deficits are assessed when perfusion parameters are normal. Replacement of dehydration
deficits is done with the use of isotonic crystalloids. Interstitial deficits were lost acutely, so replacement
is done quickly over 4-6 hours and added to maintanence fluids. The clinician must remember that
maintanence fluids are 3—4 ml/kg/hr.

5. Analgesia varies with the clinician (ie, butorphanol contant rate infusion, buprenorphine IV q6h, fentanyl
constant rate infusion)

6. NG tube placement

The Advanced Nutrition Support Enterals for herbivores from RockSolid Herpetoculture
(www.rocksolidherpetoculture.com) has developed a herbivore enteral diet for reptiles. The powder diet
has 8% fiber concentration and is suitable for temporary NG tube nutrition in the rabbit (S. Donagnue,
personal communication, June 2003). When a rabbit presents with anorexia for greater than 24 hours and
is dehydrated or poorly perfused, we use an NG tube as part of the treatment plan.

We have developed a protocol for feeding anorexic rabbits that is based on an NG tube used to deliver
nutrition and rehydrate the stomach contents. An Argyle tube (5- to 8-Fr; Kendall Co, Mansfield, MA,
USA) is used, and the length necessary to reach the stomach is determined by measuring from the tip of
the nose to the last rib. The Argyle tube is a softer material than a red rubber tube. A stylet should not be
used because the esophagus of the rabbit can be perforated with any additional force. A local anesthetic
(2% lidocaine gel) is placed into the rabbit’s nostril. The rabbit must be properly restrained while protecting
its back, and the head is ventrally flexed but with the neck straight (to avoid compression of the trachea)
by an assistant. The tube is passed ventrally and medially into the ventral nasal meatus. The end of the
tube is advanced until it reaches the stomach. Verification of placement is determined with a radiograph
and/or aspiration of gastric contents.

7. Regardless of the level of enteral support selected for a critical rabbit, food should be available at all
times for voluntary consumption. Provide the rabbits customary diet: same brand, same bowl, same
amount, etc. Timothy hay should be part of the rabbit’s normal diet. Placing fresh grass, timothy hay, or
alfalfa hay in front of the rabbit may stimulate the appetite. Fresh greens, such as dandelion greens,
broccoli flowers and stem, cilantro, dark leaf lettuce, watercress, Brussels sprouts, celery leaves, cabbage,
and endive may entice a rabbit to eat and can to be offered ad libidum.

8. Cisapride was started at 0.5 mg/kg q8h via NG tube after first stools were produced or no intestinal
obstruction was appreciated

9. The time to first stools, eating, and normal food consumption was recorded. Mortality was recorded and
necropsy performed on dead rabbits. Any complications were recorded.

Inclusion criteria for 35 rabbits over 3 years
1. Anorexia for >1 day
2. Decreased or absent stool production

3. Teeth appeared normal on initial exam
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Exclusion criteria
1. Gastric or intestinal foreign body identification by radiographs or on necropsy

2. Admit to hospital was declined

Results

Table 1. Results

Hours Hours to stool Hours to start eating Hours to normal
production appetite

Less than 12 hr 15 5 5

12-24 hrs 11 5 3

24-36 hrs 5 16 15

36—48hrs 3

48-60 hrs 2 3

6072 hrs 1

> 72 hrs 1

Mortality rate = 4/35

Two rabbits died due to a duodenal tricobezoar obstruction and one due to a gastric perforation. One died of
cardiopulmonary arrest; it was suspected that this rabbit was septic.

Complications

1. Nasal discharge in 5/35 rabbits
2. Respiratory distress in 1/35: NG tube removed and respiratory distress resolved
3. Tube removed by rabbit in 4/35, requiring placement of E collars

4. Tube displaced in 2/35, requiring re-suturing

Several Limitations of the Study

1. The first limitation is that no controls were used in the study. There were no rabbits that were treated
without NG tubes and only intravenous fluids and cisapride. But previous studies revealed poor response
to HN diet and use of the NG tube in the author’s evaluation. No controls to determine if force feeding
only would have produced similar results. Many of these rabbits were very sick and I doubt that they
would have consumed food.
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2. Pain medications were not standardized.

3. Metroclopramide or ranitidine were not added to the protocol. Metroclopramide was deleted from the
protocol with HN diet and there was no difference noted in time to stool production.

Conclusion

The use of NG tubes with the herbivore diet for rabbits with gastric stasis syndrome is well tolerated. Rabbits that
present with gastric stasis, dehydration, or poor perfusion (ie, hypotensive, hypothermic, bradycardic) should be
hospitalized with intravenous fluid support, enteral feeding through an NG tube, and addition of cisapride to
increase gastric and intestinal motility. This treatment is successful for treatment of gastric stasis. The primary
cause of the gastric stasis must be resolved (ie, poor nutrition, stress, infections, and/or molar points).
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Abstract: An 8-month-old female spayed ferret was presented for severe anemia. Pure red cell aplasia was
diagnosed based on bone marrow cytology and biopsy. No evidence for infectious agents, neoplasia,
ovarian remnant, hyperadrenocorticism, or toxicosis as a cause for the profound anemia was found, so
immune-mediated pure red cell aplasia was considered the most likely differential diagnosis. The clinical
signs were controlled with blood transfusions and immunosuppressive therapy.

Introduction

Pure red cell aplasia (PRCA) is a hematologic disorder characterized by a marked decreased concentration of
erythroid precursors in the bone marrow in the face of normal granulopoiesis and thrombopiesis, which usually
results in severe nonregenerative anemia. Bone marrow examination usually reveals maturation arrest at some
stage of the erythroid precursor and, if left untreated, erythroid precursors may be completely absent.!3 So far,
PRCA has been described in dogs, cats, and humans.*>

The pathophysiology of PRCA is heterogeneous. A congenital form of the disease has been described in humans
and 1 dog. Parvoviruses have also been postulated as a cause for this disease in both dogs and humans, and feline
leukemia virus subgroup C (FeLV-C) can cause PRCA in cats.%:%7 However, acquired autoimmune mediated
mechanisms are thought to be the main process for PRCA in cats, dogs, and humans because antibodies destroy
erythroid precursors in the bone marrow. Treatment with recombinant human erythropoietin, certain drugs, and
certain toxin exposures are all potential causes for PRCA. In humans, pregnancy has also been associated with
immune mediated PRCA.2 Anemia is a common clinical finding in ferrets and is a manifestation of many disease
processes. To our knowledge, immune-mediated anemia in ferrets has not been described in the literature; however,
it has been clinically identified in ferrets in the form of hemolytic anemia (IMHA) with unknown prevalence (K.
Rosenthal, personal communication, 2007). IMHA is typically characterized by a regenerative anemia represented
by appropriate reticulocytosis.

Aplastic anemia in ferrets usually occurs as a result of hyperestrogenism in intact female ferrets that fail to
ovulate or in spayed female ferrets with active ovarian remnant tissue. Clinical cases of ferrets with aplastic
anemia have been described in adult female ferrets and are most commonly associated with marked pancytopenia.
Clinical findings include subcutaneous petechiation and echymosis, alopecia, an enlarged vulva and increased
sexual behavior.3 10 Interestingly, hyperestrogenism caused by hyperadrenocortisism in ferrets does not commonly
result in pancytopenia, petechiation and ecchymosis that are commonly identified with estrogen toxicity.
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This report describes a juvenile female ferret with chronic, nonregenerative anemia. This presentation of anemia
was very different in nature from previously described estrogen-induced aplastic anemia. The response to treatment
with immunosuppressive drugs in this report favors an immune-mediated pathogenesis for the PRCA.

Clinical Report

An 8-month-old, female spayed fitch ferret (Mustela putorius furo) was referred on emergency for severe
anemia. The owner reported 2 weeks of lethargy and inappetance prior to presentation. No other abnormal
clinical signs had been noted and there was no history of trauma or toxic exposure. The ferret had been vaccinated
for distemper and rabies after purchase and had received oral milbemycin oxime and lufenuron monthly for
heartworm preventative. To the owner’s knowledge, no other medications had been given. Blood analysis by the
referring veterinarian was consistent with severe anemia (Hct 5%; reference range, 43—55%, IDEXX laboratories,
West Sacramento, CA, USA) and lymphocytosis (70%; reference range, 43—55%, total white cell count was
3000/uL, IDEXX laboratories, absolute cell counts not reported).

On physical examination, the ferret was quiet but alert. The only abnormal finding was severe pallor of the mucus
membranes, nose, and skin. The preliminary list of differential diagnoses for the anemia included gastrointestinal
bleeding and estrogen toxicity due to remnant ovarian tissue. Less likely differentials, given the signalment,
history, and clinical signs in this particular case, were infectious diseases, coagulopathies, immune-mediated
anemia, hyperestrogenism due to hyperadrenocorticism, toxin exposure, renal failure, neoplasia, or anemia of
chronic disease.

The ferret was hospitalized for further diagnostics and therapeutics. The Hct was found to be 8%. A whole blood
transfusion was performed and IV fluid support was also provided (LRS, Baxter, Deerfield, IL, USA). The post-
transfusion Hct was 19%. Once the ferret was stabilized, diagnostic testing was pursued. Whole body radiographs
and abdominal ultrasound (US) were performed and no abnormalities were identified. A fecal occult blood test
was positive (Hemoccult, Becker Coulter Inc, Fullerton, CA, USA). Fecal examination for parasites was negative.

Initial supportive therapy including empirical antibiotics (Clavamox 25mg/kg PO q12h; Pfizer Animal Health,
Exton, PA, USA), GI protectants (famotidine, 0.5mg/kg SC q12h; Bedford Laboratories, Bedford, OH, USA),
and sucralfate (100mg/kg PO q12h; Carafate, Axcan Scandipharm Inc, Birmingham, AL, USA) and fluid and
nutritional support was initiated. Additional blood samples for a biochemistry panel or for plasma sex hormone
analysis were not collected at this time because of the severe anemia. One injection of human choriogonadotropin
(HCG, 60 IU IM; Chorulon, Intervet Inc, Millsboro, DE, USA) was given empirically for potential hyperestrogenism.
The ferret was more alert and active within 24 hours of initiation of supportive care.

Four days after presentation the ferret declined and again appeared weak and pale. A blood sample was collected
for a complete blood count and biochemistry panel. All biochemistry values were within reference intervals.!!
Severe anemia (Hct 10%; reference range, 42—55%!1) was again identified with no evidence of regeneration
(reticulocyte count: 0/uL) The total white blood cell (5770/uL; reference range, 2.5-8.6 x103 /uL!!) and platelet
(454,000/uL) counts were within reference intervals. A second blood transfusion was provided and the post-
transfusion Het was 23%.

Two days later, the ferret was anesthetized and bone marrow aspirates and biopsies were performed. Cytologic
evaluation of an impression smear from the bone marrow biopsy demonstrated a hypercellular sample.
Megakaryocytes, both mature and immature forms, were present and appeared adequate. The myeloid series
was present, complete, and normally distributed through segmented neutrophils. The erythroid series was present,
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but appeared left shifted, with greater numbers of rubriblasts, prorubricytes, and basophilic rubricytes. Only
scattered polychromic rubricytes and metarubricytes were noted, with rare polychromatophilic erythrocytes.
These findings indicate a maturation arrest, which can be seen with pre-regenerative anemias. Given that the
duration of the clinical signs was greater than the time expected to produce a regenerative response (3—5 days),
these findings were more supportive of a selective destruction of later erythroid cells and a lack of regeneration.
The Myeloid:Erythroid ratio was 4.6:1, determined by a 500 cell count differential. Because reference values for
ferrets are reported to range from 1:3 to 3:1, these findings indicated an erythroid hypoplasia, which is significant
given the severe peripheral anemia.!? Increased numbers of small, well-differentiated lymphocytes were found,
comprising 44% of the nucleated cells counted. Normal lymphocyte counts in ferret bone marrow are reported to
be less than 15% of the nucleated cells.!2 Occasional plasma cells and a few macrophages were also present.
Histological findings from the biopsy samples were consistent with the cytologic findings. Immunohistochemistry
using the CD3 marker for T-cells, and CD20 for B-cells, demonstrated that the majority of the lymphoid cells in
the bone marrow were mature and of T-cell lineage. Maturation arrest of the erythroid cell line was diagnosed
and an immune-mediated reaction was suspected. A saline slide agglutination test was performed and no red cell
agglutination was present. In-situ Aleutian disease virus PCR (ADV) (Aleutian Disease Virus In-Situ hybridization;
University of Georgia, USA) from the bone marrow was also performed and was negative.

Endoscopic examination of the upper GI was also performed and no gastric or duodenal mucosal abnormalities
were identified. Gastric biopsies were obtained and were of normal histologic appearance. Silver stains and PCR
of gastric tissues for Helicobacter species were negative. A blood sample was submitted for evaluation of total
iron binding capacity (TIBC) and total iron and were within reference intervals for cat/dog at our hospital (TIBC,
481 pg/dl; iron 423 ng/dl, references for ferret are not available). Despite these results, an iron dextran injection
(10 mg IM; Vedco Inc, St. Joseph, MO, USA) and an injection of vitamin B complex (2 mg/kg IM; Vedco Inc, St.
Joseph, MO, USA) were administered.

Based upon the diagnostic results obtained at this time, a tentative diagnosis of PRCA was made. Estrogen
toxicity seemed unlikely in the absence of pancytopenia, outward clinical signs such as vulvar enlargement and
alopecia, and ultrasound findings. Eight days after presentation, prednisone (2 mg/kg PO q12h; Roxane Laboratories
Inc, Columbus, OH, USA) was added to the treatment protocol for its immunosuppressive effects, the famotidine
was discontinued and omeprazole (0.7mg/kg PO q24h; Prilosec OTC, Procter & Gamble, Cincinnati, OH, USA)
was initiated, and the antiobiotics were continued. Ten days after initial presentation, the ferret was more active
and alert. The Hct was 28% but there was still no evidence of regeneration (reticulocytes = 0/uL). The ferret
was discharged to the owner with instructions to continue the medications until follow-up examination.

The ferret was treated with prednisone as a sole immunosuppressive drug for 13 days. But by 23 days after initial
presentation, severe, nonregenerative anemia was again identified (Het 11.4%; reticulocytes = 0/uL). Cyclosporine
(4mg/kg PO q12h; Neoral, Novartis, East Hanover, NJ, USA) was prescribed as a second immunosuppressive
drug. Two weeks later, the Hct was 25% and a regenerative response was identified for the first time (reticulocytes:
315,000/uL). The owner was instructed to continue the prednisone, cyclosporine, omeprazole, and antibiotics until
further notice. Rechecks were recommended weekly to re-evaluate the complete blood count, reticulocyte counts,
and trough plasma cyclosporine concentrations.

On Day 82 after presentation, a severe anemia (8%) with mild reticulocytosis (reticulocyte count=6260/pL) was
again identified. A third transfusion was performed and the post-transfusion Hct was 28%. The trough plasma
cyclosporine concentrations had been decreasing over the previous 2 weeks and there was some question as to
whether the cyclosporine had been correctly stored or administered. Nonetheless, azathioprine (1 mg/kg PO
g24h x 7d; Roxane Laboratories Inc., Columbus, OH, USA) and erythropoietin (40U SC EOD x 6d; Epogen,
Amgen, Thousand Oaks, CA, USA) were prescribed. The cyclosporine dosage was increased (6 mg/kg PO
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q12h). Five days later, the Hct was increased (37%) with significant evidence of regeneration (reticulocyte count:
1,522,500/ L) and the trough cyclosporine concentration had increased significantly (1200 ng/mL). Cyclosporine,
antibiotics, and GI protectants were continued.

Plasma sex hormone analysis was first performed 43 days after presentation and a mild elevation in plasma
estradiol concentration was identified (182 pmol/L; reference interval, 30—180 pmol/L, University of Tennessee,
Knoxville, TN, USA). The hormone panel was repeated on days 98, 163 and 259 and the plasma estradiol levels
were 186, 152 and 122 pmol/L, respectively. The other hormones remained within reference intervals on all 4
hormone panels with the exception of 17-OH progesterone, which was significantly elevated (12.6 nmol/L;
reference interval, 0—0.8 nmol/L) on day 259. Abdominal ultrasound was repeated at each of those visits and no
evidence of either an ovarian remnant or of enlarged adrenal glands was identified.

The ferret has maintained Hct values ranging from 35% to 42% for the past 7 months, since the last anemic
crisis. Trough plasma cyclosporine concentrations have fluctuated and have ranged between 114-743 ng/mL.
Plasma biochemistry values have remained within reference intervals, with the exception of an intermittent mild
elevation in ALT. The prednisone and cyclosporine (6 mg/kg PO q12h) therapies have been continued and the
prednisone dose was tapered gradually (0.5 mg/kg PO ql12h). All other drugs were discontinued. The ferret
currently appears to be in remission. To date, it appears that the nonregenerative anemia has been managed with
immunosuppressive therapy, supporting the diagnosis of immune mediated PRCA in this case.

Discussion

PRCA in this ferret responded to combined and prolonged immunosuppressive therapy with prednisone and
cyclosporine. Azathioprine was given for less than 1 week and probably did not play a role in the response to
treatment as it takes weeks for its immunosuppressive effect to become evident in other species. Also, azothioprine
is not commonly prescribed for PRCA in other species. Other treatment options for the treatment of PRCA
include cyclophosphamide, and anti-lymphocyte globulin. Cyclophosphamide has been used for PRCA in human
and veterinary medicine*> and anti-lymphocyte globulin has been used in human patients.!-2 In this case, cyclosporine
was chosen due to the relatively faster response to this drug in other species, which can be crucial for a successful
outcome in severe cases. Erythropoietin can be used for anemic crisis and was used for 3 doses in this case,
when the ferret relapsed and the Hct was 8%. Administration of erythropoietin may have been associated with
the marked release of reticulocytes into the circulation, which was appreciated 5 days after initiation of this
therapy; however, the regenerative response could also have been associated with the increased trough plasma
cyclosporine concentration also measured at that time. In other species, erythropoietin therapy generally only
becomes effective after weeks of administration and its usefulness in patients with normal renal function is
questionable. Furthermore, recombinant erythropoietin administration is listed as one of the possible causes for
PRCA in other species.2

Mild elevations in estrogen were identified on the plasma hormone panel and it is intriguing that the estradiol was
at the high end of the normal reference interval in a young spayed ferret. Repeated hormone measurements
suggested there was reason to suspect increased hormonal activity which could be a result of either an ovarian
remnant or hyperestrogenism associated with hyperadrenocorticism. Hyperadrenocorticism was strongly suspected
by day 259 when the 17-OH-progesterone was significantly increased. The mild estradiol elevation was not
identified until the anemia was already in remission, so the significance of the potential hormonal disturbances in
relation to the PRCA in this case is unknown. Remnant ovarian tissue was never identified on repeated US
examinations but failure to observe remnant ovarian tissue on US is not sufficient to rule out this abnormality. No

116 Association of Avian Veterinarians



other clinical signs commonly associated with either estrogen toxicity or hyperadrenocorticism in ferrets, such as
vulvar enlargement or alopecia were identified at any time in this case. Interestingly, one form of immune-
mediated PRCA that has been reported in humans is associated with pregnancy.!-2 The pathogenesis of PRCA
during pregnancy in humans is largely unknown. It has been suggested that hormonal disturbances can cause
anemia through direct effects on the red cell precursors or by induction of autoimmunity. PRCA can be caused by
other conditions such as viral and retroviral infection and drug toxicity. In this ferret, screening for evidence of
exposure to ADV, a parvovirus that affects mink and ferrets, was performed as parvoviruses have been associated
with PRCA in dogs and humans.!%:3:7 Retroviruses have not been described in ferrets to date, but it has been
suggested that certain diseases in ferrets may be associated with retroviruses and further research is needed.!!
Based upon the results of diagnostic testing and the response to immunosuppressive therapy, we believe that the
PRCA in this ferret was induced by immune-mediated mechanisms. Further research is needed to understand the
pharmacology of immunosuppressive drugs such as cyclosporine in ferret patients.
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Exotic pet ownership in North America, especially in small exotic mammals, has increased at a dramatic
rate. With limited therapeutic information available on exotic pets, use of drugs in these species often
requires extrapolation from other animals, including traditional companion animals. In many cases,
extraopolation of drug dosages are often no more than educated guesses and may even be detrimental to
the health of the animal being treated.

One of the most popular exotic animals is the domestic rabbit (Oryctolagus cuniculus), in which there are
5,300,000 owned by 2,200,000 households (American Pet Products Mfg. Assoc./ASPCA Shelter Magazine).
This number is far greater when one considers the number of domestic rabbits worldwide. Although marbofloxacin
(Zeniquin, Pfizer Animal Health, Exton, PA, USA) and meloxicam (Metacam, Boehringer Ingelheim Vetmedica,
Inc, St. Joseph, MO, USA) are used clinically in rabbits, there have been no pharmacokinetic studies published on
marbofloxacin and only 1 report on meloxicam.

Marbofloxacin is a synthetic fluoroquinolone antimicrobial that was developed exclusively for veterinary use and
is approved for treatment for skin and soft tissue infections in dogs and cats and for urinary tract infections (ie,
cystitis) in dogs. Like other fluoroquinolones, marbofloxacin acts by inhibiting bacterial DNA gyrase, an enzyme
responsible for packaging DNA within cells. Marbofloxacin is safe and efficacious in other species and has rapid
bactericidal activity against many gram-negative, and some gram-positive, aerobic organisms at relatively low
concentrations.! Efficacy against Staphylococcus intermedius, Escherichia coli, Proteus mirabilis,
Pseudomonas species, and Mannheima haemolytica has been reported.! Marbofloxacin has similar or higher
antibacterial activity and broader antibacterial spectrum, compared with other fluoroquinolones.!

Although clinicians are aware of the importance of analgesics for animals suffering from medical, traumatic, and
surgical conditions causing pain in animals, there are very few research studies on the pharmacokinetics of
nonsteroidal antiinflammatory drugs (NSAIDS) in exotic small animals. Where data is available, it generally has
been based on rodents (ie, mice and rats) as a model. Despite their popularity as a companion animal, few studies
on NSAIDs have been performed on rabbits.

NSAIDs, commonly used in both human and veterinary medicine, have relatively uniform pharmacokinetic

properties. The chemical nature of the drugs (ie, weak acids) allows for very efficient absorption following
external administration; however, individual drugs vary in their absorption when given with or without food.2
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Once absorbed, NSAIDs are highly protein-bound. Most NSAIDs undergo hepatic metabolism prior to elimination
via urinary excretion. Some undergo extensive enterohepatic recirculation, and others are unchanged when
eliminated in the urine.?

NSAIDs act both centrally (eg, analgesic, antipyretic actions) and peripherally (eg, analgesic, antithrombic
actions)3 and are one of the best classes of drug to prevent and treat postoperative pain. They induce potent
analgesic and antiinflammatory effects, inhibit spinal nociceptive transmission, and are indicated for cases of
potential edema and inflammation, mainly in cases of musculoskeletal disorders.* Results of several studies
indicate that NSAIDs are sometimes more effective than opioids in treating postoperative pain in dogs and cats.*

Recently, meloxicam has become one of the most popular NSAIDs in veterinary medicine. Meloxicam exhibits
antiinflammatory, analgesic, and antipyrectic activities in animal models and clinical studies.” Like other NSAIDs,
the primary mechanism of action of meloxicam is the reduction of prostaglandin production through its inhibitory
activity against COX.> Because of the greater COX-2 selectivity of meloxicam and other new-generation
NSAIDs, these drugs may be associated with a decreased occurrence of adverse effects such as inhibition of
platelet function, development of gastrointestinal tract ulcers, and impairment of renal functions.

Because management of bacterial infections with antimicrobials and of pain and inflammation by NSAIDs are 2
of the most challenging aspects of therapy encountered in small mammal medicine, our studies were designed to
determine the pharmacokinetics of both marbofloxacin and meloxicam in the domestic rabbit. Values of
pharmacokinetic variables will be determined for 8 rabbits in each study by use of noncompartmental analysis®’
performed with commercially available software. Parameters calculated will include AUC; AUMC; MRT; C__ ;
T, ax; and t; 5. Data derived from these studies will be used for determining appropriate dosages of marbofloxacin

max? . A |
and meloxicam in the rabbit.

Acknowledgments: This research was supported by a grant from Oxbow Pet Products, Murdock, NE, USA.
We also thank John Miller and Dawn Hromank, Oxbow Pet Products, for their support and encouragement of
this study.

References

1. Spreng M, Deleforge J, Thomas V, et al. Antibacterial activity of marbofloxacin. A new fluoroquinolone for
veterinary use against canine and feline isolates. J Vet Pharmacol Ther. 1995;18:284-289.

2. Adams HR, ed. Veterinary Pharmacology and Therapeutics. 8th ed. Ames, IA: Towa State University
Press; 2001.

3. Carroll GL, Simonson SM. Recent developments in nonsteroidal antiinflammatory drugs in cats. J Am Anim
Hosp Assoc. 2005;41:347-354.

4. Luna SPL, Basilio AC, Steagall PVM, et al. Evaluation of adverse effects of long-term oral
administration of carprofen, edodolac, flunixin meglumine, ketoprofen, and meloxicam in dogs. Am J

Vet Res. 2007;68:258-264.

5. Gates BJ, Nguyen TT, Stetter SM, Davies NM. Meloxicam: a reappraisal of pharmacokinetics, efficacy
and safety. Expert Opin Pharmacother. 2005;6:2117-2140.

120 Association of Avian Veterinarians



6. Gibaldi M, Perrier P. Pharmacokinetics. 2nd ed. New York, NY: Marcel Dekker; 1982;409-417.

7. Riviere JE. Comparative Pharmacokinetics: Principles, Techniques, and Applications. Ames, IA: Iowa
State University Press; 1999;327.

2007 Proceedings 121






Etiology, Pathology, and Control of Enterocolitis in a
Group of Hamsters

Heather Wilson Barron, DVM, Dipl ABVP (Avian), Lauren Richey, DVM, PhD, Dipl ACVP,
Stephen Hernandez-Divers, BVetMed, DZoo Med, MRCVS, Dipl ACZM, and
Branson Ritchie, DVM, PhD, Dipl ABVP (Avian)

Session #198

Summary Style Manuscript

Affiliation: From the School of Veterinary Medicine, St. Matthew’s University, Grand Cayman, Cayman
Islands, KY1-1209 (Wilson Barron), the Department of Small Animal Medicine, College of Veterinary
Medicine, University of Georgia, Athens, GA 30602, USA (Ritchie, Hernandez-Divers), and the Division of
Laboratory Animal Medicine, Tufts University, Boston, MA 02111, USA (Richey).

Introduction

Enterocolitis is the most important cause of morbidity and mortality in hamsters.! In the 2 large United States
commercial breeding facilities included in this study, approximately 3% of hamsters shipped develop diarrhea.
With more than 10,000 hamsters shipped weekly into the commercial pet-trade from these 2 producers, approximately
15,600 hamsters are affected per year, resulting in substantial economic loss, treatment effort, repeated antimicrobial
exposure, and loss of life.

Clinical signs seen in these weanlings usually include diarrhea, anorexia, ruftled hair, dehydration, weight loss, and
death. “Wet-tail” is a non-specific clinical sign that can result from enterocolitis and resultant diarrhea caused by
a number of different enteric pathogens. Although the term “wet-tail” historically has been associated with the
disease proliferative ileitis caused by Lawsonia intracellularis, other bacterial and parasitic diseases also cause
diarrhea.2=® Escherichia coli, Campylobacter jejuni, Helicobacter aurati, Salmonella species, and Pasteurella
pneumotrophica have also been implicated in outbreaks of enterocolitis.>’~10 A wide variety of potential pathogens
are present in pet-quality hamsters, many of them zoonotic. Stress of weaning, transport, and environmental
change are probable factors in development of disease.

Materials and Methods

All procedures described in this study were critically reviewed and accepted by the University of Georgia’s
Institutional Animal Care and Use Committee.

In the first phase of this project, 15 weanling Syrian hamsters (Mesocricetus auratus), 8 from 1 commercial
breeding facility and 7 from a second neighboring facility, both in the southwest United States, were used to
determine the pathogens contributing to the clinical signs of “wet-tail.” Both facilities are “closed” breeding
colonies that produce a variety of rodents for the pet trade. Approximately 40,000 hamsters are housed at each
facility, and maintained in a separate space from the other rodents. Deliveries to a commercial chain of southeastern
pet stores are made on an “all-in/all-out” weekly basis. All pet store animals are under health management from
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a single source and report a high incidence of “wet-tail.” Generally, approximately 300 hamsters are included in
each air-conditioned van driven shipment. Breeder and weanling hamsters are fed on a commercial rodent lab
block with occasional seed mix treats and offered water free choice. Housing consists of plastic containers in a
room kept at 75° F (23.9°C) with aspen or pine bedding that are cleaned and disinfected twice weekly. Young
hamsters are weaned and shipped at approximately 5—6 weeks of age (body weight of 45-50 g).

All 15 hamsters used in this study were shipped in the same vehicle from the breeding facilities to the University
of Georgia, College of Veterinary Medicine as described above. All were given complete physical examinations
upon arrival. Fecal exams, including direct saline smear and fecal flotation, were performed. Nine individuals
(60%) were severely affected with enterocolitis and were humanely euthanized within 12 hours of arrival and
promptly necropsied. The remaining 6 (40%) appeared clinically normal, with normal fecal consistency, and were
hospitalized for several days for monitoring and continued to have normal stools. At the end of this time, these
individuals were also euthanized and necropsied. Sinus flushes were performed on all animals as a routine part of
the necropsy. Blood was collected from all 15 individuals and serum sent to the University of Missouri, Research
Animal Diagnostic Laboratory to test for Sendai virus, Tyzzer’s disease, PVM (pneumonia virus of mice), and
LCMYV (lymphocytic choriomenangitis virus) by ELISA. PCR assays for Campylobacter species and Clostridium
difficile toxins were performed on tissues.

In the second phase of this project, 20 hamsters (10 at each facility) were treated with praziquantel and febendazole
prior to shipping to determine if antiparasitic drugs would reduce parasite burdens and decrease diarrhea. The
treated hamsters were shipped with an untreated control group of 10 hamsters. The hamsters were approximately
4 weeks of age when treatment was initiated and treatment was repeated in 12 days. The control group was
given a placebo of paste, super synersweet powder, propylene glycol, flavor, lecithin, isopropyl palmitate, and
pluronic gel, similar to the vehicles used to administer medications to the treated group on the same schedule. All
the medication was given orally and both treatment and control groups were shipped 48 hours after finishing the
last treatment.

Results

In the first phase of the study, the most important findings were severe Tyzzer’s disease (infection with Clostridium
piliforme) and cestodiasis in all of the 9 clinically ill hamsters. Eight (89%) of these 9 hamsters were positive for
Campylobacter species by PCR-based testing. Two (22%) of 9 hamsters had Clostridium difficile toxins, a
commonly reported cause of enterocolitis.Z-0 All 15 (100%) of the hamsters had mild to severe infections with
the tapeworm, Hymenolepis nana. The tapeworm burden appeared correlative with the level of disease and
debilitation. The protozoa Giardia, Entamoeba, Spironucleus muris, and trichomonads were also variably detected
in all individuals. The yeast Torulopsis (Candida) heavily colonized the stomach of all hamsters. Rare spiral
Helicobacter-like organisms were seen in intestinal wet mounts. Interestingly, the remaining 6 clinically normal
hamsters, which were also euthanized and necropsied, had all of the same pathogens except for Clostridium
piliforme.

Serologic testing revealed all hamsters to be positive for Sendai and PVM. Nasal flushes revealed a wide variety
of bacterial respiratory pathogens, corresponding with evidence of otitis and sinusitis histologically. Interestingly,

all were serologically negative for Tyzzers, despite clear evidence histologically. All were negative for LCMV.

In the second phase of the study, although parasite burdens were decreased, there was no statistically significant
difference in the incidence of enterocolitis between the treatment and control groups.
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Discussion

Diarrhea is the most common problem in captive hamsters. It can occur in hamsters of any age or breed and is
commonly known as “wet-tail.” Clearly, the most significant pathogen in these weanling hamsters was Clostridium
piliforme, a gram-negative, spore-forming, obligate intracellular bacteria and the causative agent of Tyzzer’s
disease. Due to the intracellular nature of the organism and the acute progression of the disease, treatment is
rarely rewarding. Control of this disease in a commercial breeding colony is problematic and would ideally involve
depopulation, rigorous disinfection of the premises, and repopulation with C piliforme-free derived breeding
stock. Bacterial spores are quite stable in the environment and can remain infectious for 1-2 years.

In 3—10 week old hamsters, diarrhea is most frequently caused by Lawsonia intracellularis (proliferative ileitis)
and often results in a high mortality rate. Although L intracellularis has been commonly associated with “wet-
tail,” it is notable that there was no evidence of proliferative ileitis in our study or a study by Motzel and Gibson.?

However, a number of other pathogens were documented in the hamsters in this study, many of which are
transmissible to humans. The zoonotic concerns of these finding in a species commonly sold to children through
large, commercial chain pet stores cannot be stressed enough. Additionally, the high morbidity and mortality rates
of these weanlings are bound to have a potentially devastating impact on the human-animal bond.

Adult hamsters with wet-tail syndrome may also experience debilitating disease and death. The etiology may be
multifactoral for both young hamsters and adults. Clinical outbreaks with diarrhea may be precipitated by stress,
including high cage temperatures or humidity, overcrowding, malnutrition, dietary changes, shipping, or underlying
diseases, such as infection with parasites. All of the hamsters in this study carried a variety of parasites. In some
individuals, the tapeworm burden was high enough to provide apparent near impaction of the intestines. This
significant level of cestodiasis was initially thought to be an important causative factor in the development of
disease in these individuals, as the sickest individuals had the highest worm burdens.

Previously identified bacteria associated with “wet-tail” disease, in addition to the aforementioned Lawsonia
intracellularis, have included species of Campylobacter, Salmonella, Clostridium, Yersinia pseudotuberculosis,
and Escherichia coli. The prevalence of each of these bacterial infections in hamsters remains unknown, but is
reportedly high in many colonies. In this study, the most clinically significant infections appeared to be with
species of Campylobacter and Clostridium. Historically, prevention and treatment have centered around the
use of antimicrobials, husbandry/management, selective breeding, or culling. But this approach has not been
rewarding in bringing the morbidity and mortality rate down to an acceptable level.

The goal of this project was to document the specific etiologic agent or agents and the resulting pathology causing
enterocolitis in a defined population in order to design an effective preventative or therapeutic program. The
hypothesis was that high intestinal parasite burdens in these weanlings was impairing gut defense mechanisms,
allowing colonization with more pathogenic bacteria. However, a deworming program of the young hamsters in
this study had no effect on the incidence of diarrhea. Further studies are needed to determine a cost-effective
method of preventing enterocolitis in hamsters.
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