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KEY POINTS

e Cryptococcosis has been described in 17 ferrets worldwide, with 12 of these cases being
reported since 2002, and has only recently been reported in the United States and Europe.

¢ Influenza is both a zoonotic and anthroponotic disease; therefore, recognition of influenza
infection in ferrets by veterinarians can aid in increased surveillance in humans, as was
seen in the 2009 pandemic H1N1.

o Although treatment of hypothyroidism in ferrets is simple and similar to that for dogs and
cats, the clinical signs are ambiguous and include obesity, lethargy, decreased activity,
excessive sleeping, and in some ferrets hind-end weakness.

e Pure red cell aplasia (PRCA) is a nonregenerative anemia that should be considered when
presented with an anemic ferret. Prompt and aggressive therapy with long-term immuno-
suppressive medications and blood transfusions as needed are vital in the successful
treatment of this condition.

Several emerging diseases have been recently reviewed, with little to no new informa-
tion arising since the publication of these comprehensive reviews. The reader is
encouraged to seek the following resources for additional information on those
emerging conditions in previous editions of Veterinary Clinics of North America—
Exotic Animal Practice:

e Disseminated idiopathic myofasciitis:
Ramsell KD, Garner MM. Disseminated idiopathic myofasciitis in ferrets. Vet Clin
North Am Exot Anim Pract 2010;13(3):561-75.
e Mycobacteriosis:
Pollock C. Mycobacterial infection in the ferret. Vet Clin North Am Exot Anim
Pract 2012;15(1):121-9.

@ Section of Exotic Companion Animal Medicine and Surgery, Department of Clinical Studies,
School of Veterinary Medicine, University of Pennsylvania, 3900 Delancey Street, Philadelphia,
PA 19104, USA; ® Gulf Coast Avian and Exotics, Gulf Coast Veterinary Specialists, 1111 West
Loop South, Suite 110, Houston, TX 77027, USA
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e Systemic coronavirus:
Murray J, Kiupel M, Maes RK. Ferret coronavirus-associated diseases. Vet Clin
North Am Exot Anim Pract 2010;13(3):543-60.

CRYPTOCOCCOSIS
Etiology and Epidemiology

Cryptococcus spp are capsulated, dimorphic, basidiomycetous fungi that are found in
soil, air, and trees.! Although there are 39 recognized species, only a few species are
found to cause disease in humans and animals.? The most medically relevant species
are Cryptococcus neoformans and Cryptococcus gattii. C neoformans is split into
2 distinct variants: var. neoformans (previously called serotype D) and var. grubii
(previously called serotype A).2 This species is classically identified as causing menin-
gitis and meningoencephalitis in immunosuppressed people, has a worldwide distri-
bution, and is found in pigeon droppings.’ C gattii (previously called Cryptococcus
neoformans var. gattii) is also synonymously called Cryptococcus bacillisporus in
some texts. It is endemic in tropical and subtropical climates, although it is being
found in more areas, and is an emerging pathogen in immunocompetent humans in
North America.®* Additional species that can cause disease in immunosuppressed
humans include Cryptococcus albidus and Cryptococcus laurentii, but to date these
species have not been documented to cause disease in ferrets.

This fungus has a special life cycle that involves a yeast form and a filamentous
form. The most medically relevant form is the basiospore, which is the infectious
form in mammals. The natural route of infection is via inhalation of the basiospores
or actual yeast cells. In the host, the yeast appears as round-ovoid structures with
a polysaccharide capsule.! This thick capsule helps prevent desiccation' and, in the
correct environment, allows the organism to stay viable for up to 2 years.? In addition,
this capsule in C neoformans also functions as its major virulence factor because it
helps to evade the host’s immune system.?® Because entry is via inhalation, the nasal
cavity and lungs can be infected first, followed by hematogenous spread to the central
nervous system (CNS).2

Cryptococcosis in ferrets
Since it was first reported in the literature in the United Kingdom in 1954,° there have
been 16 reported cases of cryptococcosis in ferrets. Before 2000 there had been 4 re-
ported cases: 1 in the United Kingdom, 1 in Australia, and 2 in North America. Since
2000 there have been several cases in Australia, 3 in North America, and 1 in Spain.
As with cryptococcosis in humans, cats, and dogs,?®7 the 2 most common species
reported in ferrets is C neoformans and C gattii (Table 1). Of the 13 cases that reported
the infectious species, 6 ferrets were infected with C neoformans®'" and 6 were
infected with C gatti.”'271* In the 3 cases that the variant was listed for C neoformans,
it was always var. grubii.” %" The infectious species was not explicitly listed in 2
ferrets'®; they were included in a report of a 2003 outbreak of Cryptococcus in
Canada, where other animals and humans were infected with both C neoformans
and C gattii (see Table 1).

Age and sex

Of the 16 reported cases of cryptococcosis, the sex was reported in 14 cases. There
were more cases reported in male ferrets: 12 males®”:°-1416 and only 2 females.”"'® In
addition, there are more cases reported in spayed/castrated ferrets”-1%'416 than in
intact ferrets.®® The ages of these ferrets were reported in 13 cases and ranged
from 17 months to 6 years.®-11:13.14.16
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Table 1
Cryptococcal species and variant, country of infection, and patient signalment in 16 ferrets
with cryptococcosis

Signalment Cryptococcus Species and Variant Country Ref.
1. Mature M C neoformans UK 5
2. 3-y-old Ml C neoformans Australia 8
3. 6-y-old FS Not stated USA 16
4. 3-y-old M C neoformans USA (NY) 2
5. 5-y-old MC C gattii® Australia 712
6. 6-y-old MC C gattii® Australia 7
7. 2-y-old MC C gattii® Australia ’
8. 2-3-y-old FS C neoformans var. grubii Australia 7
9. 3.5-y-old MC Not stated Australia 7
10. 1.75-y-old MC C gattii VGII® Canada 7
1. 3-y-old Ml C gattii VGII® Canada 7
12. Not stated Not stated Canada s
13. Not stated Not stated Canada 15
14. 1.5-y-old MC C neoformans var. grubii USA 10
15. 4-y-old MC C neoformans var. grubii USA n
16. 17-mo-old MC C gattii serotype B VGI/AFLP4 Spain 1314

Abbreviations: FS, female spayed; M, male; MC, male castrated; MI, male intact.

@ Called C bacillisporus in publication, which is synonymous with C gattii.

b Although the original publication (Malik, 2002) states both cases from Canada as C neofor-
mans var. grubii, a more recent publication'® and personal communication with Malik indicate
that these cases were incorrectly speciated and actually had C gattii VGII, not C neoformans var.
grubii. This table reflects the most updated information.

Risk factors

In humans, it has been well documented that immunosuppression is a risk factor for
the development of cryptococcosis associated with C neoformans.® In cats, however,
underlying immunosuppressive disease is not commonly found.? In the reported
cases of ferrets there was one with concurrent lymphosarcoma,'® potentially causing
immunosuppression. Three ferrets were also treated with systemic steroids that may
have caused an altered immune status. In one case, dexamethasone SP was used to
manage hind-end paresis.® When the ferret was euthanized 5 weeks later, it had
systemic cryptococcosis. In a case of chorioretinitis, the ferret was treated with oral
prednisone.'®* This ferret was also treated with fluconazole at the same time, but
when he was euthanized 7 months after treatment he had signs of systemic
cryptococcosis.

Because Cryptococcus is found in soil, bird droppings, and trees, ferrets with
outdoor access are at additional risk. Reported exposures include living outdoors in
a hutch,®® contact with pigeons and finches, digging outside,” leash walks outside,'®
and outdoor play areas.'®'* The incubation period can range from 2 to 13 months, so
previous travel to an endemic area is another potential risk factor.?

There are 3 cases of ferrets with cryptococcosis living with other ferrets or humans
that had the same species of Cryptococcus, either as asymptomatic carriers or with
disease themselves. In Australia, two ferrets were infected with the same species of
Cryptococcus: one with a nasal infection and the other with a retropharyngeal infec-
tion.”12 A ferret in Spain that died of disseminated cryptococcosis lived with ferrets
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and humans who were asymptomatic carriers of the same strain of Cryptococcus
(based on nasal swabs)." It is likely that the ferrets and humans in the household
were exposed to the same source of Cryptococcus. Cryptococcus is not a zoonotic
disease because the organism does not aerosolize from infected tissue, and therefore
does not spread between humans and animals.?

Clinical Findings

Presenting complaints and physical examination findings for ferrets with cryptococ-
cosis vary depending on the organ system affected. In cats, upper respiratory tract
signs are most common, whereas in dogs disseminated disease affecting the CNS,
eyes, urinary system, and nasal cavity are common. Clinical signs similar those found
in cats and dogs and reported in ferrets include respiratory,” 1215 ocular,'®'# neuro-
logic,® musculoskeletal,” lymphatic,” 19314 and gastrointestinal signs'®'" as well as
acute death (Table 2).63

Diagnostic Testing

Clinical laboratory

As with other species, changes in the complete blood count (CBC) and chemistry panel
in ferrets with cryptococcosis is generally nonspecific but is an important first step
toward finding underlying disease.?'" In dogs and cats a mild to moderate regenerative
anemia, leukocytosis with a monocytosis, and eosinophilia can be seen, as well as
changes in the chemistry panel reflecting specific organs infected.? In the literature
only 3 ferrets had CBCs and serum biochemistries performed. Reported abnormalities
have included monocytosis,'® lymphopenia, " lactic acidosis, ! hypoglycemia,'! hypo-
calcemia,'®'" hypophosphatemia,’® hypoalbuminemia,’®'! and hyperglobulinemia,
although in one ferret the CBC and serum biochemistry was within the normal
range.'®'* This ferret had an additional protein electrophoresis run, which indicated
an elevation in the a- and B-globulins.™®

Diagnostic imaging

Depending on the organ system affected, radiographs, ultrasonography, and/or
magnetic resonance imaging (MRI) can be helpful diagnostic tools. A pulmonary bron-
chointerstitial pattern,' diffuse alveolar disease,” and/or pleural effusion” were noted
on thoracic radiographs in ferrets that presented for coughing and dyspnea. Crypto-
coccal infections were found in the lungs at necropsy.” " A cylindrical intra-abdominal
mass was noted on abdominal radiographs in one ferret that was found to have an
infected jejunum and mesenteric lymph node on necropsy.” Another ferret had an
abdominal ultrasonogram indicating mesenteric lymphadenopathy, which was found

Table 2

Clinical signs and physical examination findings by system in 16 ferrets with cryptococcosis

System Clinical Signs and Physical Examination Findings

Musculoskeletal Swollen limbs or digits’

Respiratory Nasal discharge, coughing, sneezing, dyspnea, swelling over nasal
bridge7,11,12,15

Ocular Chorioretinitis, acute bilateral blindness'3'4

Gastrointestinal Regurgitation, retching, gagging”'®"

Neurologic Posterior paresis®

Lymphadenopathy Popliteal, cervical, submandibular’-1%13.14
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to be an infected portal lymph node on biopsy.'! One ferret that presented for acute
blindness developed neurologic signs of incontinence and pain 7 months into the
treatment regimen and had MRI performed. This animal had a mass compressing
the thoracic region of the spinal cord and had cryptococcal infection in the spinal
cord on necropsy.'®'* When indicated by clinical signs or physical examination find-
ings, diagnostic imaging was helpful in pointing to a diagnosis of cryptococcosis.

Serologic and cerebrospinal fluid testing

The latex cryptococcal antigen agglutination test (LCAT) detects the polysaccharide
capsular antigen, and can be used on cerebrospinal fluid (CSF) and serum.'” This
test detects all known cryptococcal serotypes.? In humans, commercial kits have
high sensitivity and specificity, but false-negative results can occur when disease is
localized.? Antigen was detected in the CSF of one ferret that had chorioretinitis,
but it could not be titrated.’® Serum LCAT was positive in 4 ferrets in which the test
was used,”> %1213 and this was used to monitor response to treatment in cryptococcal
infections of the left forelimb” and mandibular lymph nodes.’® Because titer results
from different LCAT kits can vary, it is important to use the same kit when monitoring
response to treatment.?

Cytology

Cytology of affected tissue can lead to a quick presumptive diagnosis of Crypto-
coccus. Diff Quick, Giemsa, Wright, new methylene blue, and Gram stain can all be
used, and visualization at low power is usually the best. The presence of spherical
capsulate yeast on aspirates or impression smears of enlarged lymph nodes, masses,
or draining tracts has been seen in several ferrets.”'%12:13 |n addition to the presence
of the yeast, pyogranulomatous inflammation can also be seen in animals with an
intact immune system.

Biopsy

If possible, collection of a piece of affected tissue for biopsy is the most important
diagnostic step. If tissue is collected, impression smears should be made for cytologic
analysis, part of the sample should be used for culture, and the rest should be
submitted for histopathology.? In the reported ferret cases, identification of the yeast
was made on the biopsy of an enlarged lymph node in several cases,” 1314 as well
as a biopsy of an infected digit” and a nasal biopsy.'?

Immunohistochemistry

If tissue is not available for fungal culture and routine histopathology is unable to
confirm the presence of cryptococci, immunohistochemistry staining of tissue is avail-
able.2'® Caution should be exercised if this is the sole method being used to deter-
mine the infective species. Previous immunohistochemical testing methods
performed in ferrets have been reported to be inaccurate, leading to an improper iden-
tification of the cryptococcal species.'’

Fungal culture

Culturing for Cryptococcus is important because it can lead to correct identification of
the infectious species and variant. Culture also has the benefit of a sensitivity spec-
trum, which can aid in choosing an appropriate antimicrobial agent.'®'® Cryptococcus
is cultured on a medium of Sabouraud dextrose agar.? Cultures have been performed
on aspirates of enlarged lymph nodes'®'2 and a nasal swelling in ferrets.'? Therefore,
if Cryptococcus is suspected and aspirates or tissue is obtained for cytology or
biopsy, a sample should also be submitted for culture.
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Polymerase chain reaction

More recently, DNA-based methods have been used to correctly identify the crypto-
coccal species and variant. DNA polymerase chain reaction (PCR) testing has been
used to confirm the diagnosis and identify the infective species and variant in 2 ferrets.
PCR extraction was successful on infected lung tissue via necropsy'! and a lymph
node'®'4 collected via biopsy. In addition, PCR confirmed identical strains in 2 ferrets
with cryptococcosis from the same household.”

Pathology

Granulomatous or pyogranulomatous inflammation is typically seen in animals with
cryptococcosis that have intact immune systems. In cats, the nose, lungs, spinal
cord, and eyes are often affected, whereas dogs commonly have disseminated
disease and/or infection in the CNS and eyes.? Necropsy results were available for
8 ferrets. Four of these animals had evidence of disseminated disease.®”- 111314 Six
ferrets had infected lymph nodes®”:11:16 and, as expected owing to its entry via inha-
lation, 5 ferrets had evidence of disease in their lungs.”®'"'® Cryptococcus has
a predilection for the CNS, and infection was noted in 3 ferrets.®":1314 Two ferrets
each had disease in their liver®” and spleen,®'! whereas 1 ferret each had signs of
disease in the intestine,” thymus,'® eyes,'® mediastinum,” and peritoneum.®

Treatment

Managing immunosuppression

Identification and treatment of any underlying disease causing immunosuppression is
important in managing cryptococcosis. Successful treatment is limited if the cause of
immunosuppression cannot be controlled.® In humans, cancer and high-dose cortico-
steroid treatment have been linked with cryptococcosis.® Concurrent neoplasia may
have played a role in the one ferret that was reported to have both cryptococcosis
and lymphosarcoma.®

Surgical debulking

If possible, surgical debulking or removal of the affected area can be an effective treat-
ment. This approach was used successfully in one ferret with a digit infection” and in
one with a nasal infection.?

Antifungal agents

In humans with cryptococcosis, most initial isolates are susceptible to the major
classes of antifungal agents including amphotericin B, flucytosine, and the azoles.®
Different antifungal medications are warranted depending on the severity of disease
and the organ system affected. A variety of antifungal agents, doses, and frequencies
have been used to treat cryptococcosis in ferrets, with variable success (Table 3).

Amphotericin B (AMB) acts by binding to sterols (primarily ergosterol) in the cell
membrane of fungal organisms, and alters the permeability of this membrane.™® In
humans AMB has cured countless cases of disseminated cryptococcosis that would
have been fatal before the advent of its use.® This medication can be expensive, must
be administered parenterally, and can cause nephrotoxicity.'® Newer, lipid-based
products are less nephrotoxic and penetrate better into tissues.™ AMB in combination
with itraconazole has been used in one ferret with disseminated cryptococcosis, but
the ferret succumbed to disease 4 days after initiating treatment.”

Flucytosine inhibits protein, RNA, and DNA synthesis in fungal cells, and is useful
against strains of Cryptococcus and Candida.?® This medication reaches high levels
in the CNS, but there is a high incidence of resistance, so it must be used with another
antifungal agent such as AMB.® This combination is used in humans,® dogs, and cats.?
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Side effects of this medication can include bone marrow suppression and gastrointes-
tinal (Gl) disease in humans and animals.?2° There are no reports on the use of flucy-
tosine in the treatment of cryptococcosis in ferrets.

The azole antifungal agents include both imidazoles (ketoconazole, miconazole) and
triazoles (fluconazole and itraconazole). These agents work by altering the cellular
membranes of susceptible fungi.2! Azoles are fungistatic and rely on an intact immune
system to remove the infectious agent, so they may not be effective as a single
modality in immunosuppressed patients.? In human cases of cryptococcal meningitis,
ketoconazole was found to be ineffective, and miconazole is no longer used owing to
its toxicity.® There are no reports of the use of ketoconazole or miconazole in the treat-
ment of cryptococcosis in ferrets.

ltraconazole is effective against Cryptococcus, but has poor penetration into the
CSF and the aqueous humor.2" However, it has been used successfully in the
management of meningeal and ocular cryptococcosis in humans, dogs, and cats,
potentially because of the compromised blood-brain or blood-aqueous barriers during
infection.?® Itraconazole has good bioavailability if administered with food, and in
most species has the additional benefit of once-daily dosing.?' Side effects seem to
be dose related, and include hepatotoxicity, Gl disturbances, and vasculitis." Fluco-
nazole is effective against Cryptococcus and has good penetration into the CSF, eye,
and peritoneal fluid.?? It is has a high bioavailability and rapid absorption when admin-
istered orally, and has minimal side effects that can include anorexia and, rarely, hepa-
totoxicity.22 However, resistance to fluconazole has recently been reported in C gattii
in North America.? Both itraconazole and fluconazole have been used singly in cats
with mild to moderate cryptococcosis (without CNS involvement) and in dogs with
localized disease. Combination use with AMB is still recommended for disseminated
disease or CNS involvement.? ltraconazole has been used in the treatment of 4 ferrets
with localized disease” %12 and 1 with disseminated systemic disease.'" Fluconazole
has been used in the treatment of 1 ferret with ocular cryptococcosis'®'* and 1 that
had localized disease to the hind limb (see Table 3).”

Monitoring

Definitive treatment of cryptococcosis can be difficult to determine. It is not
uncommon for animals and humans to remain on long-term antifungals, sometimes
for the lifetime of the patient.® Malik, who has written numerous articles about crypto-
coccosis in veterinary patients (including ferrets), has seen recurrence 10 years after
successful therapy, and therefore recommends antifungal administration until crypto-
coccal antigen titers reach zero.2 This monitoring plan was used in the successful
treatment of a 1.5-year-old ferret that was treated with itraconazole for a total of
43 weeks until his LCAT reached zero.'® Malik additionally recommends monitoring
titers every 3 to 6 months after the titer reaches zero, to catch recurrence early.

If patients are on potentially nephrotoxic (ie, AMB) or hepatotoxic (ie, itraconazole)
antifungal agents, routine monitoring of kidney and/or liver values is recommended.

Prognosis

In humans, prognosis depends on the ability to control the patient’s underlying
disease.® Similarly, in cats, feline leukemia virus (FeLV)-positive status is associated
with a poor long-term prognosis.? In cats there also seems to be a negative outcome
with CNS disease, whereas in dogs the outcome may depend on where they live.?
Because of the paucity of reported cases of cryptococcosis in ferrets, risk factors
associated with prognosis cannot be assessed, but those ferrets with localized
disease have had a more favorable outcome than those with disseminated disease.
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Table 3
Treatments and outcomes in 16 ferrets with cryptococcosis
Treatment Route, Dose, Interval Duration Outcome Ref.
1. None Presented deceased 6
2. None Presented deceased 8
3. None <3 mo died of lymphosarcoma 16
4. Dexamethasone SP 0.15-0.5 mg/kg g 8-48 h  Tapered over 4 wk PT: improved CS °
30d 5 wk PT: euthanized because of cardiac disease; post mortem
indicated CNS cryptococcosis
5. Surgical debulking 171 d PT: nasal disease resolved 712
Itraconazole 25 mg PO every 24 h 21d 3y PT: euthanized because of abdominal mass; post mortem
33 mg PO every 24 h 21-171d showed no signs of cryptococcosis
25 mg PO every 24 h 171dto3y
6. Itraconazole 33 mg PO every 24 h Unknown Initial improvement 7

Euthanized
Post mortem: cryptococcus in enlarged and contralateral LN

None

Died after sedation

None

Died during induction
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9. Itraconazole 25 mg/kg PO every 24 h 6 mo 5 wk PT improved 7
6 mo PT antigen titer 0
10.  Surgical excision affected digit 4 mo PT no disease recurrence ’
11. Fluconazole 12 mg PO every 12 h >4 mo 4 mo PT doing well but dragging limb 7
12.  None Not reported 15
13.  None Not reported 15
14.  Itraconazole 15 mg/kg PO every 24 h 43 wk 3 wk PT decreased size of LN, stopped regurgitating 10
6 wk PT normal sized LN
40 wk PT antigen titer 0
15.  Itraconazole 10 mg/kg PO every 12 h 4d Died 4 d PT n
Amphotericin B 0.25 mg/kg IVevery24h 4d Post mortem showed disseminated cryptococcosis
16.  Fluconazole 10 mg/kg PO every 24 h 6 mo 4 mo PT clinical signs improved but antigen titer unchanged 1314
Prednisone 0.5 mg/kg PO every 24 h 6 mo 7 mo PT euthanized because of CNS signs
Diclofenac OU every 4-8 h 5.5 mo Post mortem showed disseminated cryptococcosis

Abbreviations: CNS, central nervous system; CS, clinical signs; 1V, intravenously; LN, lymph nodes; OU, in both eyes; PO, by mouth; PT, post treatment.
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Of the 16 reported cases of ferrets with cryptococcosis, 2 presented deceased,®® 2
did not have the outcome reported,’® 2 died before treatments could be adminis-
tered,” and 1 died of lymphosarcoma with Cryptococcus as an incidental finding on
postmortem examination.'® In addition, 1 ferret was treated with dexamethasone for
neurologic disease, only for cryptococcosis to be found on postmortem examination.®

A total of 8 ferrets received treatment for cryptococcosis. One ferret with localized
disease was treated successfully with only surgical excision of the affected digit.”
Another ferret with localized nasal cryptococcosis was successfully treated with
surgical excision and oral itraconazole for 3 years postoperatively.'> When he died
3 years after his initial diagnosis, he had no signs of cryptococcosis.

Three ferrets with localized disease were successfully treated with medical manage-
ment alone. One ferret with localized infection of the forelimb was treated with oral itra-
conazole and showed improvement 5 weeks into treatment. He was treated for a total
of 6 months, at which time LCAT was negative.” One ferret with localized disease of
the hind leg was treated with oral fluconazole for 4 months until he was systemically
well but still dragging his hind leg.” The final ferret with localized disease to a subman-
dibular lymph node was treated with oral itraconazole, and showed clinical improve-
ment after 3 weeks. He was treated for a total of 43 weeks and his LCAT titer was
negative after 40 weeks.?

Three ferrets with cryptococcosis were treated medically but died or were eutha-
nized because of their disease. One ferret with cryptococcosis of the right retrophar-
yngeal lymph node was treated with oral itraconazole, and although he improved
initially he was euthanized because of skin disease. On postmortem examination
this animal had evidence of Cryptococcus in both retropharyngeal lymph nodes.” A
ferret that presented for respiratory disease was treated with intravenous AMB and
oral itraconazole for 4 days before he died. Postmortem examination revealed dissem-
inated cryptococcosis.!’ One ferret with cryptococcal associated chorioretinitis was
treated with oral fluconazole and prednisone. This animal showed some initial
improvement in his overall health, but remained blind and was euthanized when he
developed signs of CNS disease 7 months after treatment. On postmortem examina-
tion the ferret had disseminated cryptococcosis. 314

INFLUENZA
Etiology and Epidemiology

Influenza is a contagious respiratory iliness caused by influenza viruses.?® These RNA
viruses are in the Orthomyxoviridae family and are classified into 3 species termed A,
B, and C, with species A being the most medically relevant to ferrets.2* Influenza type
A viruses are further divided into subtypes, based on 2 proteins that exist on the
surface of the virus: hemagglutinin (HA) and neuraminidase (NA). There are 17 known
HA subtypes and 10 known NA subtypes. Many different combinations of HA and NA
proteins are possible.?® For the purposes of this article, the focus is on the H1N1
subtype during the influenza season 2009 to 2010. This virus was also called “novel
H1N1” or “swine flu,” which emerged in the spring of 2009 and caused the first global
outbreak of disease caused by a novel influenza virus (influenza pandemic) in more
than 40 years.?® H1N1 was first seen in humans in March 2009 and then became
a pandemic by June 2009. As of April 2011, this virus has caused natural disease in
at least 10 animal species.?’

Geographic distribution and age
During 2009 to 2010 there were several reports of influenza in ferrets. There were 2
reports of naturally occurring influenza in pet ferrets in Pennsylvania,?® Nebraska,
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and Oregon?® and one report in a colony of ferrets® in lowa. In addition, there was one
black-footed ferret with influenza in a California zoologic setting.?” During this
pandemic, the youngest ferrets affected were 1 year of age while the oldest was
8 years.?®

Zoonosis and anthroponosis
Influenza is both a zoonotic and anthroponotic disease. In the 1930s the zoonotic
spread of influenza from ferrets was first reported.3" More recently, ferrets have
been instrumental in influenza research and as sentinels for this viral infection in
humans. Ferrets are used as animal models for influenza infection because they
display flulike symptoms and immune responses similar to those of humans.®? In
Pennsylvania in 2009, the diagnosis of influenza in several pet ferrets led to enhanced
surveillance for pandemic H1N1 in the region. This vigilance helped to increase the
identification of humans infected with this same strain.2® Experimentally, reassortment
of different strains of influenza in ferrets has been proved via coinfection with both
a human and avian strain of the virus. Therefore, a ferret exposed to both a pathogenic
and seasonal strain of influenza could act as mediator for the formation of a pathogenic
form of the seasonal influenza.33

Anthroponosis was suspected in several cases of influenza in ferrets in 2009. In
a group of ferrets with pandemic H1N1, the owners reported flulike symptoms from
6 to 9 days before clinical signs in the ferrets.?® In a California zoo 3 animals contracted
influenza A H1N1, including a black-footed ferret. It was suspected but not confirmed
that the virus was contracted from humans interacting with the animals.?®

Risk factors
Influenza infection in older people, young children, and those with immunosuppressive
conditions are at high risk for serious flu complications,?* and this may also be true for
ferrets because in a report of influenza in 13 ferrets, the 1 ferret that died during the
outbreak was 8 years old.?°

Exposure to swine and birds has been associated with influenza infections in
humans. Influenza viruses that normally circulate in pigs are called variant viruses
when they are found in people. In humans, certain influenza strains have been asso-
ciated with prolonged exposure to pigs at agricultural fairs.3* Avian influenza occurs
naturally among anseriformes and domestic poultry, but can infect other avian and
animal species, including sporadic human infections.3® During an outbreak of influ-
enza in a colony of ferrets living on a farm in lowa, investigation of their housing
revealed that they were 0.25 miles away from a swine operation and were exposed
to multiple avian species. There was concern for aerosol transmission from the swine
farm or locally housed birds.3°

Clinical Presentation

In humans and animals, influenza is characterized by respiratory signs and a fever. In
the naturally occurring cases of influenza in 2009 to 2010, the most common present-
ing complaints were coughing, sneezing, oculonasal discharge, and lethargy.?”-3° The
physical examination findings included dyspnea, oculonasal discharge, and a fever
between 104° and 105°F (40°-40.6°C).2829

Ferrets are used frequently in a research setting for influenza investigation. There-
fore, a more complete picture of the clinical disease has been described in the labo-
ratory setting. In one study that compared the clinical signs and recovery period of
ferrets experimentally infected with the pandemic H1N1 influenza versus other strains
of this virus, they found that weight loss could be found as early as the first day of
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infection.2* In comparison with other strains, ferrets infected with the pandemic H1N1
had the longest period of weight loss, the longest duration of fever, the most profound
lethargy, and the most prominent sneezing and nasal discharge. The more intense
clinical signs were thought to be due to the profound cytokine production and broader
tissue tropism of this pandemic strain.?*

Diagnostic Testing

In ferrets with suspected influenza, the initial database included a CBC, serum
biochemistry, and diagnostic imaging. Of the ferrets reported during the 2009 to
2010 pandemic, CBC changes included anemia® and biochemistry changes included
an increased alanine aminotransferase, increased alkaline phosphatase, and a low
total protein, potassium, and chloride.?® Thoracic radiographs were only performed
in a few ferrets, and were mostly unremarkable.?®

Influenza is both an anthroponotic and zoonotic disease. Therefore, identification of
the influenza strain is very important. Suspected cases should have samples collected
for confirmation and speciation via PCR and/or immunohistochemical staining.
Samples for real-time reverse transcriptase (rRT)-PCR submission include nasal,
pharyngeal, and conjunctival swabs, bronchoalveolar lavage fluid, and swabs from
the lungs on postmortem specimens. Depending on the ferret’s location, samples
may be submitted to the state animal health laboratory. During the pandemic, rRT-
PCR samples were helpful in identifying the influenza species in pet, farm, and
zoologic ferrets.27-28:30 Because this is a noninvasive test, it can easily be used on
humans and other ferrets in contact with the ill ferret.

If postmortem samples are available, immunohistochemical (IHC) staining can
assist in species identification. IHC was particularly helpful in the outbreak of naturally
occurring influenza in a farm setting where 8% of the ferrets became clinically ill with
influenza.®® Postmortem samples showed bronchointerstitial pneumonia with
necrosuppurative bronchiolitis, and through IHC the investigators were able to identify
the influenza as the pandemic H1N1 strain that was of swine lineage in origin.3°

Additional diagnostic testing includes serum collection for antibody detection. In
ferrets that were experimentally infected with H1N1, antibody responses correlated
with the severity of the influenza infections.?* During the outbreak of natural influenza
in a colony of farm ferrets, hemagglutination inhibition antibody was high in infected
ferrets.30

Treatment and Monitoring

The basis of influenza treatment involves supportive care and prevention of secondary
bacterial infection. Supportive care includes fluid therapy, either subcutaneously or
intravenously, if severely dehydrated or febrile. Weight loss was a common clinical
sign noted in ferrets experimentally infected with influenza, so support feeding is
also important.?* Ferrets are strict carnivores with a rapid Gl transit time, so a conva-
lescent diet should include a meal that is palatable, and high in fat and protein. Many
recovery diets for feline patients are suitable, such as Hill’'s A/D, Oxbow’s Carnivore
Care, or Lafeber’s Emeraid Carnivore. Coverage with a broad-spectrum antibiotic is
warranted if a secondary bacterial infection is suspected. Parenteral antibiotics can
be used in ferrets that are too sick or nauseated for oral antibiotics. The use of antiviral
drugs in the treatment of influenza is difficult, because this virus mutates and resis-
tance is common.®® There are variable results in the use of antiviral drugs in experi-
mentally induced influenza in ferrets, which seem to depend on the strain of the
virus and the time of administration after infection.3¢%7 In the ferrets with pandemic
H1N1 influenza, many were successfully treated with subcutaneous fluids, parenteral
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antibiotics, and support feeding.27-2%3% |t must be noted that influenza is zoonotic and
contagious to other ferrets, so appropriate precautions must be taken for all staff and
owners involved in treating the ill ferret.

In most cases, monitoring is straightforward during the treatment period. Response
to initial supportive care including monitoring of weight gain, hydration status, and
temperature are important. In the case of the black-footed ferret with HIN1, he was
in a zoologic park setting with exposure to humans. Therefore, his influenza status
was monitored via PCR testing. When his clinical signs resolved after treatment with
parenteral antibiotics, his influenza PCR was negative.?”

Prognosis

Depending on the viral strain and concurrent disease, the prognosis for ferrets with
influenza is favorable. The ferrets experimentally infected with pandemic H1N1 had
severe illness, but the strains were cleared from the ferrets within 7 days after
infection. This same clearance was noted in other strains of the more common
seasonal influenza strains.?* During an outbreak in Nebraska and Oregon, only
1 ferret died and 12 others recovered with supportive care. The ferret that died
was 8 years old and may have had concurrent disease.?® In an influenza outbreak
in a colony of 1000 ferrets, there was a morbidity rate of 8% and a mortality rate
of 0.6%.%°

HYPOTHYROIDISM

Although one of the most common endocrinopathies seen in dogs, hypothyroidism
has only recently been described in 7 ferrets.3® Impaired production or secretion by
the thyroid results in a deficiency of circulating thyroid hormone and associated clin-
ical signs.

Etiology and Pathogenesis

At present, the pathogenesis of hypothyroidism in ferrets is not known. In dogs,
primary hypothyroidism is most common, with 2 abnormalities observed that affect
the thyroid gland with approximately equal occurrence: lymphocytic thyroiditis and
idiopathic thyroid atrophy. Lymphocytic thyroiditis involves infiltration and destruction
of the glandular parenchyma by lymphocytes, plasma cells, and macrophages. This
condition is believed to be immune mediated, but the exact pathogenesis has not
been elucidated. The presence of antithyroglobulin varies between breeds, and
whether it occurs before or as a result of follicular damage is unknown. Idiopathic
thyroid atrophy is characterized by the loss of the thyroid parenchyma and replace-
ment with adipose connective tissue, with no observable inflammation or fibrosis.
Primary and metastatic neoplasia can uncommonly also cause hypothyroidism.3® In
cats, acquired hypothyroidism is almost always the result of treatment for hyperthy-
roidism. Only one published case of feline hypothyroidism currently exists, which
was confirmed to be lymphocytic thyroiditis using histopathology.*°

Clinical Signs

Clinical signs are often vague, but the most consistent ones are obesity, lethargy,
decreased activity, and excessive sleeping. Rear-leg weakness has also been noted
in some ferrets. Common clinical signs noted in dogs (eg, hair loss, hypercholester-
olemia) were not consistently noted in the 7 ferrets diagnosed with hypothyroidism.
Hypoglycemia was also not noted unless associated with a concurrent
insulinoma.38
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Differential Diagnoses

The vague, nonspecific signs of lethargy and decreased activity are present in any
myriad of diseases seen in ferrets, especially their most common endocrinopathies,
insulinomas, and hyperadrenocorticism. Owners may also mistake the decreased
activity as normal changes associated with aging. Ferrets that are on long-term steroid
therapy to manage their insulinoma-induced hypoglycemia will often become obese
and have a pot-bellied appearance. Rear-leg weakness may be associated with hypo-
glycemia, myasthenia gravis, or thromboembolic disease.

Diagnostic Testing

As in dogs and cats, eliminating the possibility of sick euthyroid syndrome is essential
to diagnosing hypothyroidism. Diagnostic testing to rule out concurrent disease
should be performed along with evaluation of the thyroid.

Experimentally, intravenous injection of 1 IU of thyroid-stimulating hormone (TSH)
(Dermathycin) per ferret was sufficient to evaluate thyroid function in adult male
ferrets, and showed significant increase in circulating thyroxine (T4) after 2 hours.
Measured tri-iodothyronine (T3) values did not change for at least 6 hours, making
measurement of circulating T4 an easier and more feasible parameter to measure in
clinical practice.*!

Unfortunately, Dermathycin is no longer available for purchase in the United States.
More recently, however, T4 levels were measured using human recombinant TSH
(Thyrogen) in 11 neutered ferrets, and successful stimulation of the thyroid axis was
achieved. Prestimulation values for T4 in neutered male and female ferrets were
determined to be 29.9 + 5.8 ng/mL and 21.8 + 3.3 ng/mL, respectively. Ferrets
were stimulated using 100 ug Thyrogen intramuscularly, and euthyroid ferrets were
found to have an increase of 1.4 times basal levels after 4 hours.3® A concurrent study
involving 25 laboratory and pet neutered ferrets using the same protocol was also
released in 2012. The investigators noted a median poststimulation T4 level at
34.8% above prestimulatory levels, and found the mean plasma T4 of euthyroid
ferrets to be 21.3 nmol/L.%?

Treatment

Oral levothyroxine at 50 to 100 ug every 12 hours was able to return serum T4 to
normal resting levels in test studies. Treatment also led to increased activity, weight
loss, and increased rear-leg function. Ferrets with sick euthyroid syndrome were not
responsive to levothyroxine therapy.3®

Prognosis

Prognosis with T4 supplementation has thus far been excellent for the 7 animals
studied.3® As the pathogenesis of hypothyroidism in ferrets is unknown, the long-
term prognosis has yet to be determined, as has whether adjustments to the dose
of levothyroxine will need to be adjusted over time.

PURE RED CELL APLASIA

Pure red cell aplasia (PRCA) is a nonregenerative anemia characterized by a marked
deficiency of erythroid precursors despite normal numbers of granulocytes and mega-
karyocytes in the bone marrow.*® Though a rare condition, PRCA may be underre-
ported in ferrets because other more common causes of anemia, such as
hyperestrogenism and lymphoma, carry a guarded prognosis. Therefore owners may
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elect to provide palliative symptomatic care or euthanize the animal rather than have
the anemia fully worked up.

Etiology and Pathogenesis

Variable mechanisms have been implicated in the causes of the bone marrow hypo-
plasia, including the production of antibodies against the erythroid precursors, inhibi-
tion of erythropoiesis owing to alterations in cytokine production, production of
antibodies against erythropoietin, and induction of antibodies during an infection
against antigens that cross-react with an epitope on erythroid precursors.**

Congenital and acquired types of PRCA have been described, with the majority of
cases being acquired. Congenital PRCA, also known as Diamond-Blackfan anemia, is
a heritable disease that develops during early infancy in humans and is often associ-
ated with other various congenital abnormalities such as craniofacial dysmorphism,
cardiac defects, urogenital malformations, cleft palate, neck and thumb abnormalities,
and generalized growth failure.**4% A congenital case of PRCA has also been
described in a 3-month-old dog based on the criteria of a progressive normochromic
and normocytic anemia in infancy and an absence of erythroid maturation in the bone
marrow.“8 In the author’s (S.C.) practice, a 5-month-old ferret (See Table 4 - Case A)
was presented for a severe and progressive anemia with confirmed erythroid hypo-
plasia of the bone marrow. This ferret may possibly represent a case of congenital
PRCA; however, the ferret had been vaccinated just 3 weeks before presentation,
and it is unknown if this animal had an inherited condition or if the PRCA developed
as a consequence of the vaccination.

Of those cases of acquired PRCA, primary and secondary forms of PRCA have been
documented in dogs,*"™° cats,*®*0 and humans.**®' Primary PRCA is an autoim-
mune disorder, and is thought to be a variant form of immune-mediated hemolytic
anemia (IMHA) whereby antibodies destroy erythroblasts in the bone marrow.*84° |n
these cases, the cause of antibody production is often idiopathic.

Secondary PRCA occurs after a systemic disease (eg, viral infections, various
neoplasms) or treatment with certain drugs or vaccines.*+4"5! Cats infected with
FeLV subgroup C can develop a progressive, fatal PRCA,®° and parvoviral infections
in dogs*®*° have been associated with cases of PRCA. In humans, parvovirus B19
directly infects the erythroid precursors, resulting in premature apoptosis.4 Aleutian
disease is a parvovirus that affects ferrets; however, to date it has not been implicated
in the development of PRCA. Formation of antibodies against erythropoietin after
treatment with recombinant human erythropoietin is thought to be the cause of
some cases of PRCA in dogs.*9-%2

In the published case of an 8-month-old ferret, extensive testing was performed to
find an underlying cause of the erythroid hyperplasia, but none was found.® Based on
the response to immunosuppressive medications, an immune-mediated mechanism
was thought to be involved, and the conclusion was made that this was a case of
primary PRCA. In the author’s (S.C.) practice, 4 additional ferrets have been diag-
nosed with PRCA based on erythroid hypoplasia of the bone marrow. The previously
described 5-month-old ferret (Case A) had been vaccinated for canine distemper just
3 weeks before presentation, and it is unknown whether erythroid hypoplasia in the
bone marrow was an idiosyncratic reaction to the vaccine or if this ferret had a primary
or congenital form of PRCA. The other 3 ferrets diagnosed with PRCA were mature
(older than 4 years) and had other systemic illness preceding or concurrent with their
severe anemia, including chronic episodes of diarrhea in one ferret (Case C), insuli-
noma and hyperadrenocorticism in the second (Case D), and severe leukocytosis
and generalized weight loss of unknown cause in the third (Case B) (Table 4).
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Table 4
PRCA signalment, treatment, and outcome
Initial
Signalment PCV (%) Concurrent Disease Treatment Response to Treatment/Outcome Ref./Year
8-mo-old 8 Multiple blood transfusions 53
female
Prednisolone 2 mg/kg PO every 12 h No evidence of regeneration noted after 2 wk
Cyclosporine 4 mg/kg PO every 12 h (added on Marked regenerative response. PCV increased
2 wk later) to 25% and increase in reticulocytes
within 2 wk.
Cyclosporine 6 mg/kg PO every 12 h (dose PCV increased to 37% and reticulocytosis
increased after recurrence of clinical signson  noted within 5d
day 86 of treatment)
Azathioprine 1 mg/kg PO every 24 h (given for Likely did not contribute to increase in PCV
less than a week)
Erythropoietin 40 U SC every 48 h x 3 Likely did not contribute to increase in PCV
injections
5-mo-old 18 Vaccinated with Multiple blood transfusions 2004
male distemper 3 wk
(Case A) before presentation® Prednisolone 1 mg/kg PO every 12 h PCV continued to drop to 10% over 15d

Cyclosporine 2.2 mg/kg PO every 12 h (added
on as second immunosuppressive drug
owing to lack of response to prednisolone)

Cyclophosphamide 10 mg/kg PO

Patient was on medication for less than a week
before passing away

Patient passed away 5 d after receiving single
dose
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4-y-old 26 Severe lymphocytic Prednisolone 2 mg/kg PO every 12 h PCV increased to 41% within 4 wk 2009
male leukocytosis 3 wk
(Case B) prior with a PCV of 38%. Tapered prednisolone in 4-wk increments Patient became anemic again (32%) 10 wk into
Leukocytosis improved down to 1 mg/kg PO every 24 h treatment (week 6 of taper)
with a three week
course of Clavamox Cyclophosphamide 5 mg/kg PO every 12 h Patient euthanized 6 d later when patient
12.5 mg/kg PO 12 h (added on, in addition to increasing presented in lateral recumbency. Biliary
(suspected to be prednisolone back to hyperplasia and hepatocellular
reactive lymphocytes 2 mg/kg PO every 12 h) degeneration noted on necropsy. Numerous
due to immune hemosiderin laden macrophages noted in
stimulation) the bone marrow and all cell lines were
present at the time of death
6 y-old 27 Normal PCV just 6 wk prior. Prednisolone 2 mg/kg PO every 12 h PCV 46% within 4 wk. Complete remission 2012
female Month-long history of
(Case Q) diarrhea, mild fever, and Patient became diabetic 5 mo later; was
splenomegaly tapered off the prednisolone and started on
insulin. No recurrence of anemia
6-y-old 17 Insulinoma and Multiple blood transfusions Adrenalectomy and insulinoma nodulectomy 2012
male hyperadrenocortisim performed because hyperestrogenism was
(Case D)® (confirmed with adrenal Was already on Prednisolone the suspected cause for the anemia and
panel). Was 38% on 0.75 mg/kg PO every 12 h for management thrombocytopenia. Patient’s PCV increased
preoperative blood of hypoglycemia. Unable to wean off to 51% after 4 wk
work just 4 d prior prednisolone because of persistent
hypoglycemia after surgery PCV remained normal for 9 wk
1 Insulinoma; cachexia of Multiple blood transfusions Presented 13 wk after surgery. Patient arrested
unknown cause. during sedation to collect bone marrow
No recurrence of Patient passed away before aspirate and core biopsy
hyperestrogenism immunosuppressive therapy could be
based on repeated initiated
adrenal panel just
2 wk prior

Cases A-D are ferrets that presented to the author’s (S.C.) clinic. All ferrets had erythroid hypoplasia on cytologic analysis of the bone marrow.

Abbreviations: PCV, packed cell volume; PO, by mouth; PRCA, pure red cell aplasia; SC, subcutaneously.

2 It is unknown whether vaccination was the trigger for this ferret's PRCA.

b |nitial presentation of anemia believed to be caused by hyperestrogenism secondary to hyperadrenocorticism because the ferret had a concurrent thrombocyto-
penia and the PCV improved several weeks after adrenalectomy. Recurrence of anemia noted 13 weeks later was believed to be caused by PRCA, because no evidence of
hyperestrogenism was noted 2 weeks prior on an adrenal sexhormone panel and normal numbers of megakaryocytes and granulocytes were noted in the bone marrow.
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Clinical Signs

Similar to cases seen in dogs*”*° and cats,®° ferrets with PCRA usually present for

a progressive weakness and lethargy ranging from several days to a few months in
duration, although some were alert and responsive on admission despite their
moderate to severe anemia. On physical examination, extreme pallor of the mucous
membranes is the primary abnormality noted, just as seen in canine*® and feline®°
cases. Cardiac murmurs have been reported in both dogs*® and cats,?® but were
not noted in the published ferret case>® or in any of the ferrets in the author’s (S.C.)
practice. The 3 older ferrets presented to this clinic were in fair to poor body condition,
presumably resulting from their concurrent illnesses.

Differential Diagnoses

Differentials for PRCA encompass other more common causes of anemia. Anemia due
to blood loss, secondary to trauma and gastric ulceration, is a common occurrence in
ferrets. Gastric ulceration induced by stress and Helicobacter mustelidae can lead to
significant melena and chronic anemia. Coagulopathies can also result in significant
blood loss, and include certain types of rodenticide toxicities, disseminated intravas-
cular coagulation, thrombocytopenia, and severe hepatic failure, resulting in deficits of
coagulation factors. Anemia can also be a result of decreased red cell production, with
lymphoma and renal disease as possible causes. Although anemia of chronic disease
was considered as a possible differential for the ferrets with concurrent disease, the
progressive decline in the packed cell volume (PCV) despite improvement or resolu-
tion of their underlying condition makes this less likely.

Hyperestrogenemia can result in a life-threatening anemia attributable to a pancyto-
penia. The anemia is a result of decreased production of red blood cells and increased
blood loss secondary to thrombocytopenia. Bone marrow suppression from hyperes-
trogenism has been documented in intact females in prolonged estrus, spayed
females with an ovarian remnant, and rarely in neutered males and females with
hyperadrenocorticism.54:%%

Anecdotally, immune-mediated hemolytic anemia (IMHA) has been noted in ferrets,
although there are no published cases in the literature.5* Dogs and cats with IMHA typi-
cally have a strong regenerative response, indicating that the destruction is targeted at
mature red cells rather than the erythroblasts in the bone marrow.*” Although a strong
regenerative response is noted in most cases of IMHA, a nonregenerative IMHA charac-
terized by erythroid maturation arrest and pathologic changes in the bone marrow (eg,
dysmyelopoiesis, myelonecrosis, myelofibrosis) has been described in dogs and cats.*®

Diagnostic Testing

A severe anemia without leukopenia or thrombocytopenia is the primary clinical
finding in animals with PRCA. The normal hematocrit of ferrets is 46% to 61% and
is higher than in other species, so a mild or moderate anemia may go unrecognized
unless a clinician is aware of this difference.>* The anemia is typically hormocytic
and normochromic with a poor reticulocyte response to the anemia, indicating that
the anemia is nonregenerative.*® In ferrets, normal reticulocyte counts can be as
high as 10%, with counts higher than 12% during a regenerative response.*

Severe anemia (<18%) was noted in 2 of the ferrets (see Table 4, Cases A and D) in
the author’s (S.C.) practice and in the one published case report.>® The number of
leukocytes and platelets were not affected except in one patient that had a lymphocytic
leukocytosis three weeks prior suggestive of immune stimulation (Case B - see
Table 4).
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For those ferrets that were severely anemic, serum biochemistries were not per-
formed. Serum biochemistries performed on the ferrets that were only moderately
anemic on initial presentation had no significant abnormalities, other than hypogly-
cemia in one ferret that had an insulinoma.

A bone marrow aspirate or bone core biopsy is indicated in any nonregenerative
anemia.>* Ideally both are performed, because aspirates are ideal for evaluating cell
morphology, whereas core biopsies are preferred for evaluating marrow cellularity.>®
A CBC should also be performed at the same time as sample collection for an accu-
rate interpretation of the bone marrow (Fig. 1).5¢ Samples can be collected in ferrets
from the proximal femur, humerus, and iliac crest.5” Analysis of the bone marrow
reveals extreme depletion of the erythroid precursors in the presence of normal gran-
ulopoiesis and thrombopoiesis.*®5%%3 This selective hypoplasia is believed to be
a result of immune-mediated destruction of erythroblasts. This disease differs from
the typical appearance of IMHA, whereby there are normal to increased numbers of
erythroblasts in the bone marrow. The singular loss of only the erythroid cell line
and no changes in the myeloid or megakaryocytic cell lines results in a marked
increase in the myeloid-to-erythroid ratio. The myeloid-to-erythroid ratio in ferrets
has been reported to range from 1:3 to 3:1.5.%8 In the one published case report,
the ferret had a myeloid-to-erythroid ratio of 4.6:1.5%

An antinuclear antibody test (ANA) can be performed to assess for autoantibodies
as part of the diagnostic workup of certain autoimmune diseases. However, it is uncer-
tain whether this test is effective in ferrets because ANA titers were negative in the one
published case study.®®

Treatment

The mainstay of treatment is to provide whole blood transfusions to support the ferret
while using immunosuppressive drug therapy to cease the destruction of the immature
red blood cells.

Blood transfusion

For ferrets that are clinical for their anemia, blood transfusions are indicated to provide
symptomatic support so that immunosuppressive therapy has an opportunity to take
effect. There are no known blood types in ferrets, so risk from transfusion reaction is

Fig. 1. Ferret bone marrow with erythroid hypoplasia. (original magnification x40).
(Courtesy of Catherine Pfent, DVM, Texas A&M College of Veterinary Medicine, College
Station, TX.)
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lower than for other species.®® In the published case report, the anemic ferret received
multiple transfusions over the course of treatment, including blood from 3 different
donors for the third transfusion.>® Multiple blood transfusions from different individuals
have also been administered to anemic ferrets in the author’s (S.C.) practice, with no
observed adverse effects. However, the recipient is always closely monitored during
a transfusion for adverse reactions, such as spikes in temperature, tachycardia,
tachypnea, pruritus, and vomiting. If noted, administration of the blood is temporarily
stopped or given more slowly. The recipient can also be premedicated with diphenhy-
dramine (2 mg/kg intramuscularly, intravenously, or orally) as a preventative for a trans-
fusion reaction.®®

Large healthy males make the best donors, as they are able to donate a larger volume
of blood. Approximately 1% of the donor’s body weight can be collected safely.
Because a relatively large volume is being collected, the donor should be sedated to
minimize risks of venipuncture from the anterior vena cava. Isoflurane is commonly
used; however, this can cause a significant drop in PCV because of splenic sequestra-
tion of red blood cells.®" In their practice, the authors have sedated donor ferrets with
subcutaneous or intramuscular injections of ketamine (10 mg/kg) and midazolam
(1 mg/kg) to minimize the reduction in PCV. The neck of the donor ferret is shaved
and sterilely prepped before venipuncture. A 23-gauge butterfly catheter is inserted
into the thoracic cavity just cranial to the first rib and directed toward the opposite
rear limb. The blood is collected into a syringe prefilled with Acid-Citrate-Dextrose
(ACD) anticoagulant (1 part ACD to 9 parts blood). Supplemental subcutaneous fluids
and an injection of iron dextran (10 mg/kg intramuscularly) are administered to the
donor ferret during recovery.

If a donor is not available, oxyglobin (hemoglobin glutamer 200 [bovine]) can be
used if the ferret is in an acute crisis from its anemia.?? However, its use is limited
for stable patients with chronic anemia because of oxyglobin’s short half-life of
approximately 18 to 43 hours.®® Oxyglobin had been previously withdrawn from the
market in 2010, but production has resumed in early 2013 and it is now available in
the United Kingdom and Republic of Ireland (http://www.dechra.eu/dechra-news.
aspx?PID=199&Action=1&Year=2013&Newsld=1299; accessed January 29, 2013).

Immunosuppressive therapy

Corticosteroids are often given as the first treatment in cases of PRCA for humans,*451
dogs,*® and cats.®° However, relapse is not uncommon (up to 80% in human cases),
especially when the medication is tapered after remission.>' Prednisolone at immuno-
suppressive doses (2 mg/kg orally every 12-24 hours) have been used in ferrets. In the
published case report, no evidence of regeneration (reticulocyte count of 0 cells/uL)
was noted after 2 weeks of prednisolone (2 mg/kg orally every 12 hours) therapy
alone.5® Improvement on prednisolone (2 mg/kg orally every 12 hours) was seen in 2
of the 4 cases (Case B and C) seen in the author’s practice. Increases in PCV to
near normal levels were noted within 4 to 5 weeks. However, relapse of the anemia
was seen in 1 of the ferrets (Case B) while the prednisolone was being tapered. A third
ferret (Case D) was already on prednisolone (0.75 mg/kg orally every 12 hours) for
management of insulinomas when it presented for its anemia, though not at an immu-
nosuppressive dose. In this particular ferret, his initial presentation of anemia was
believed to be caused by hyperestrogenism secondary to confirmed hyperadrenocor-
ticism, because the patient had a concurrent thrombocytopenia and its PCV increased
from 18% to 51% within 4 weeks after surgery. The ferret’'s PCV remained in normal
ranges until recurrence of the anemia was noted 13 weeks later. This second incidence
was believed to be caused by PRCA, because no evidence of hyperestrogenism was
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noted 2 weeks prior on an adrenal sex hormone panel. Erythroid hypoplasia of the bone
marrow was confirmed at necropsy. The PCV of the final ferret (Case A) continued to
drop from 18% down to 10% over 2 weeks while receiving prednisolone, but it was
most likely receiving a suboptimal dose (1 mg/kg orally every 12 hours) (see Table 4).

Because of the high rate of reoccurrence, prednisolone is rarely used alone for the
treatment of PRCA. Response to cyclosporine A is considered excellent in humans.®’
In the published ferret case, a regenerative response and improvement in the anemia
were noted 2 weeks after the administration of cyclosporine (4 mg/kg orally every
12 hours) as a second immunosuppressive medication.>® A recurrence of the nonrege-
nerative anemia was noted on day 86 of treatment, approximately 2 weeks after the
trough plasma concentration of cyclosporine had decreased. The cyclosporine dosage
was increased (6 mg/kg orally every 12 hours), and a significant increase in both retic-
ulocyte number and trough plasma concentration of cyclosporine was noted within 5
days. Administration of both prednisolone and cyclosporine were continued for a total
of 14 months, at which point the ferret appeared to be in complete remission and
remained in remission for up to 21 months after cessation of all medications.>3

In the published report, azathioprine (1 mg/kg orally every 24 hours) was initiated
when the ferret came out of remission on day 86. However, because azathioprine
has delayed immunosuppressive effects, it most likely did not play a role in the ferret’s
regenerative response and was discontinued after less than a week.5® Cyclophospha-
mide, an alkylating agent used to treat various autoimmune conditions and cancer,
has been used in dogs*® and cats®° for the treatment of PRCA. Although cyclophos-
phamide is used in chemotherapeutic protocols for lymphoma in ferrets,®* its use for
treatment of PRCA in ferrets has not been documented. Antithymocyte globulin, alem-
tuzumab, rituximab, and intravenous immunoglobulin have been used in the treatment
of acquired PRCA in humans, but their use in veterinary medicine has not been
reported.®' Erythropoietin has been used in cases of canine and feline anemia asso-
ciated with end-stage renal failure, but it has questionable benefits in patients with
normal renal function.>3%5 In addition, the use of erythropoietin has been implicated
in some cases of acquired PRCA in other species.*®®2 Although erythropoietin was
administered to the ferret in the one published case report, it was not thought to be
a factor in that ferret’s remission. In other species, erythropoietin is effective only after
administration for several weeks, and the ferret had a marked reticulocytosis within
5 days of initiating treatment with erythropoietin. The dosage of the ferret's cyclo-
sporine had been increased at the same time and was thought to be the more likely
cause of the regenerative response.>®

Prognosis

In other species, prognosis depends on the inciting cause of PRCA. In people, cases
of secondary PRCA due to medications are often transient and reversible when the
medications are discontinued.** Most dogs (10 out of 13) responded well to immuno-
suppressive medications, although initial response to therapy had a median of 38 days
(range 22-87 days) and complete remission had a median time of 118 days (range 58—
187 days).*® A rapid response (1.5-5 weeks) was noted in 6 of 7 cats; however,
a relapse and/or refractoriness to treatment was noted if the cats were not treated
promptly and aggressively with long-term immunosuppressive medication.>° In addi-
tion, cats that develop PRCA after an infection with FeLV subgroup C do not respond
to immunosuppressive therapy, and usually succumb to their anemia.®°

The prognosis in ferrets is unknown because of the paucity of reports, but complete
remission has been reported in one ferret treated with multiple blood transfusions and
immunosuppressive therapy.5® In the author’s (S.C.) practice, 1 ferret (Case C)
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responded extremely well to prednisolone alone, had complete remission, and has not
had a recurrence of its anemia 1 year later. A partial and short-term response was
noted in 1 ferret (Case B), but the nonregenerative anemia returned while in the
process of weaning off the prednisolone. It is unknown whether the ferret with concur-
rent insulinoma and hyperadrenocorticism (Case D) had a delay in the appearance of
his PRCA because it was on long-term steroids, albeit not at an immunosuppressive
dose. The case in the juvenile ferret (Case A) had no response to immunosuppressive
therapy and multiple blood transfusions, which may have been due to suboptimal
dosing of the prednisolone (see Table 4). Based on these cases, ferrets possibly
respond in a similar manner to cats, for which prompt and aggressive long-term immu-
nosuppressive therapy is required to prevent recurrence of erythroblast destruction
and refractoriness to medication.

SUMMARY

There are several emerging diseases described in ferrets that occur with unknown
frequency or may be overshadowed by those conditions that are more commonly
seen. Based on current published data, it is unknown whether these emerging condi-
tions occur sporadically or are increasing in incidence. Being cognizant of these
diseases will allow for earlier detection and identification of affected ferrets. In turn,
this can lead to more effective and successful treatment of affected patients in clinical
practice. Diagnosis and reporting of cases is also crucial in expanding our under-
standing of these rarer diseases, and will facilitate elucidation of their incidence,
etiology, and pathology.
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