
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Vet Clin Exot Anim 8 (2005) 123–138
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This article is designed to be a practical reference for veterinarians who
see rabbits in private practice. We have not attempted to thoroughly cover
major aspects of husbandry, biology, or nonviral disease; the reader is
referred to other references for these purposes [1–4]. We have emphasized
naturally-occurring viral infections that cause clinically significant disease.
This emphasis comes at the expense of discussing viral pathology and
alterations in physiology that may be important in research settings but
have less clinical impact in a practice setting.

This paper is subdivided into sections based on the organ system that is
affected predominantly by infection. We recognize that this format may
oversimplify the multi-systemic effects of viral diseases but believe that the
approach will be helpful for easy reference and discussion of the most
common clinical presentations. Each section includes a brief overview of the
viral agent, host susceptibility, disease transmission, clinical signs, diagnosis,
control, and prognosis. Important differential diagnoses for disease pre-
sentation also are described when appropriate.

Treatment of viral disease centers on supportive care; in some cases, the
prognosis may be grave. We recommend that practitioners make use of their
clinical judgment when dealing with a sick rabbit, including aggressive
treatment (eg, encouraging gastric motility), meeting the patient’s fluid
needs, and removing nonessential stressors. In a multiple rabbit household
or in a rabbitry, control measures to minimize the contagious nature of viral
disease must be implemented. In rare instances, it may be appropriate to
discuss the possibility of zoonotic disease transmission.
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Viral diseases of the neurologic system

Viral diseases that affect the central nervous system of rabbits rarely have
been reported; however, rabies and herpes simplex infections have been
associated with neurologic disease in this species [5–7].

Rabies

Between 2000 and 2002, eight laboratory-confirmed cases of rabies in
rabbits (Oryctolagus cuniculus) were reported to the Centers for Disease
Control and Prevention. All reports occurred in states in which rabies is
enzootic in raccoons [8–10]. In the few clinical case reports that documented
rabies infection of the domestic rabbit (O cuniculus), a paralytic form of the
disease was observed principally. In these cases, infected rabbits had a
history of being housed in an outdoor situation and had confirmed or
potential exposure to wildlife [5,11–13]. Initial signs of disease in infected
rabbits have been nonspecific, including anorexia and lethargy; in one case,
these were the only signs that were observed [12]. As the disease progresses,
neurologic signs, including head tremors, blindness, and ascending
paralysis, have been described; the affected rabbit often dies within 3 or
4 days [5,11–13].

Rabies is diagnosed in animals by means of postmortem direct
immunofluorescent antibody testing of brain tissue by state or local health
departments [14]. Although rabies is rare in rabbits, they are susceptible to
infection and initial signs of infection may be nonspecific in nature. Rabies
infection should be considered as a rule-out in rabbits who demonstrate
symptoms of a rapidly progressing neurologic disease with a history of
outdoor housing or possible exposure to wildlife or other potentially rabid
animals. No approved rabies vaccination for use in rabbits is marketed in
the United States [5]. Clients who keep rabbits outdoors should be
cautioned to protect their animals from potential exposure to feral animals.

Herpes virus hominus

Naturally-occurring disease that is associated with herpes virus hominus
infection has been reported in the domestic rabbit; there have been two
reports of clinical disease associated with this virus. In both cases, a person
who had a herpetic lesion (eg, cold sore) was known to have close contact
with the infected animals [6,7]. Infected rabbits exhibited signs of anorexia
and neurologic abnormalities, including restlessness, circling, and tonic-
clonic spasms. In both cases, neurologic disease progressed to lateral
recumbency at which point the animals were euthanized. On histopathology,
a nonsuppurative meningoencephalitis with neural cell necrosis and intra-
nuclear inclusion bodies was observed. The agent involved in the infection
was classified as herpes virus hominus subcategory herpes simplex virus by
polymerase chain reaction (PCR) and immunohistochemistry.
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Viral diseases of the integument

Viral infections of the integument are more common in the rabbit than in
most species. The viruses that are associated with skin disease in the rabbit
belong to the pox and papova virus families.

Myxoma virus

Myxoma virus is a leporipoxvirus of the Poxviridae family [15]. In 1896,
myxoma virus infection was documented in European rabbits that were
located in Uruguay. This outbreak was associated with high mortality and
numerous mucinous skin masses on affected animals [16]. In 1928, myxoma
virus was first recognized in North America when an outbreak of fatal
disease was observed in California [17].

Myxoma virus is transmitted principally by arthropod vectors, mosqui-
toes, and fleas. Rabbits of the genus Sylvilagus serve as the natural host for
myxoma virus; in them, myxomatosis produces a benign skin disease that is
associated with the development of local skin tumors that resemble fibromas
at the site of viral inoculation by way of bite by mosquito or other blood-
sucking insect [18]. In the European hare (Lepus europaeus), myxoma virus
infection rarely has been associated with disease. Infection in the European
or domesticated rabbit (O cuniculus) has been associated with systemic
disease with mortality rates of up to 100% [19]; however, the presentation of
disease depends greatly upon the strain of virus and the particular species of
rabbit [20,21]. Typical skin lesions that are associated with disease in the
domestic rabbit include edema of the eyelids, ears, nose, anus, and genitals;
blepharoconjunctivitis; hemorrhage; and nodules on the ears, head, body,
and legs at the site of infection that may become congested or necrotic
[17,19,22–24]. Histologically, the skin lesions consist of the proliferation of
stellate (myxoma) mesenchymal cells surrounded by a mucinous matrix. In
addition, endothelial cell proliferation, intracytoplasmic inclusions in
various cell types, and epidermal cell hyperplasia or degeneration in ad-
vanced lesions may be observed [19,22,24,25].

For a thorough description of the systemic disease that is associated with
myxoma virus refer to the section that details viral multi-systemic diseases.

Rabbit (Shope) fibroma virus

Rabbit fibroma virus is a member of the Poxviridae family and is related
closely antigenically to myxoma virus [26]. Rabbit fibroma virus was first
identified in an Eastern cottontail rabbit (S floridanus) in 1932 [27]. This
species was shown to serve as the natural host for the virus, but other species
of cottontail rabbits and European rabbits (O cuniculus) have proven to be
susceptible as well [19,27]. Initially, this virus was considered to be a benign
skin disease of cottontail rabbits; however, it since has been associated with
an epizootic of disease in domestic rabbits that resulted in high morbidity
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and mortality in newborn animals. Neonatal infection was associated with
systemic disease that was characterized by lethargy, poor body condition,
and death [28].

Rabbit fibroma virus infection has been recognized in cottontail rabbits
in the United States and Canada [18]. The natural cycle of infection is not
understood completely, but biting arthropods may serve as the primary
means for virus transmission [29–31].

Infection in European rabbits (O cuniculus) is characterized by flat, freely
movable, subcutaneous tumors that primarily are located along the legs,
feet, ears, muzzle, and around the eyes (Fig. 1). These tumors may measure
several centimeters in diameter and resolve spontaneously within a few
months. Microscopic examination of the skin lesions reveal proliferation of
mesenchymal cells which become stellate or ovoid, multifocal areas of
necrosis, and mononuclear and polymorphonuclear infiltrates [28,32–34].

Diagnosis of rabbit fibroma virus is based upon clinical presentation and
histopathologic examination of biopsied masses. Differentiation of rabbit
fibroma virus from infection with myxomatosis and papillomatosis in the
domestic rabbit should be accomplished readily based upon characteristic
gross lesions [17]. Control of disease may be undertaken by limiting

Fig. 1. Rabbit (Shope) fibroma virus. Photograph of a Rex rabbit that presented with classic

multi-focal subcutaneous masses located around the eyes, digits, and in the genital region

subsequent to rabbit fibroma viral infection. (Courtesy of Craig Franklin, DVM, PhD,

DACLAM, University of Missouri, Columbia, Missouri).
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exposure to arthropod vectors. Because tumors regress spontaneously,
treatment, in general, is not necessary [35].

Cottontail rabbit (Shope) papillomavirus

The cottontail rabbit (Shope) papillomavirus was the first oncogenic
virus to be identified in mammals. In 1933, this virus was found to be
associated with the appearance of wartlike tumors in the cottontail rabbit
(S floridanus) [36]. Although the cottontail rabbit serves as the natural host,
this virus is transmissible to domestic rabbits (O cuniculus) and was
responsible for a spontaneous outbreak of papillomatosis in domestic
rabbits from southern California [37,38].

Cottontail papillomavirus has been associated with disease in the
cottontail rabbit population in the midwestern United States and in
domestic rabbits in California [38,39]. This virus may spread by direct
contact; however, the principal mode of transmission occurs through
arthropod vectors. The rabbit tick (Haemaphysalis leporis-palustris) is
suspected to be the most common mode of transmission in the cottontail
rabbit; however, experimental transmission of this virus also was demon-
strated by mosquitoes and reduviid bugs [40,41]. In the domestic rabbit,
the predominant location of papillomas along hairless areas of the ears
and eyelids suggests that transmission from the cottontail rabbit to the
domestic rabbit may occur primarily through the mosquito [38].

In the cottontail rabbit, infection is characterized by wartlike protuber-
ances that are located predominantly along the neck, shoulders, and
abdomen. At the sites of infection, these warts start as red, raised areas that
become papillomas and eventually may develop into large, keratinized
horny growths. These growths may vanish within a few months or they may
become neoplastic in nature and be replaced by squamous cell carcinomas
[36,42]. In the domestic rabbit, spontaneous infection was characterized by
horny protuberances that were located most commonly along the ears and
eyelids (Fig. 2) [38]. Experimental infection of the domestic rabbit revealed
a lesser degree of papilloma regression than was observed with the cottontail
rabbit and a high rate of carcinoma development following infection [43].

Cottontail papillomavirus may be diagnosed based upon characteristic
clinical presentation and histopathologic examination. In areas where
infection is endemic, natural infection may be controlled through control of
the arthropod vector. Treatment may be accomplished through surgical
removal of the papilloma [35].

Viral diseases of the gastrointestinal system

Gastrointestinal disease in rabbits is common and accounts for
a significant economic loss. Viral diseases that affect the gastrointestinal
system of rabbits include papillomavirus, parvovirus, rotavirus, and enteric
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corona virus. Prominent nonviral causes of gastrointestinal disease include
colibacillosis, coccidiosis, and enterotoxemia [4]. Coinfection by viral and
nonviral pathogens is common and often cause more severe clinical signs
than the viral pathogen alone would induce.

Papillomavirus

Oral papillomatosis in the rabbit is caused by a papillomavirus in the
Papovaviridae family and is not related antigenically to the Shope papilloma
virus [44]. The prevalence of oral papillomatosis in the rabbit has been
described as ‘‘infrequent.’’ The estimated prevalence has been reported to be
between 5% and 33% [44–47]. Infection has been noted most frequently in
animals between the ages of 2 months and 2 years [44,46,47].

Infection with oral papillomavirus is characterized by the development of
small (1–2 mm) papillomas that usually occur on the ventral aspect of the
tongue, although other locations on the tongue and in the oral cavity have
been reported [46–48]. One report described lesions that were as large as 10
mm behind the mandibular incisors [45]. Gross lesions have been noted as
soon as 14 days after experimental infection and reach their maximal size
after approximately 1 month; most lesions begin to regress spontaneously
[45,46,48]. Experimental infection only has been demonstrated when the
rabbits were inoculated following artificial damage to the epithelium of the
tongue and oral cavity [48]. This suggests that rough or hard food, chewing
on rough cage bars, or malocclusion may predispose animals to infection
with the oral papillomavirus. Animals that were exposed previously to oral
papillomavirus (seropositive) were resistant to reinfection [46]. The duration
of this immunity is not known.

Microscopically, oral papillomavirus lesions consist of proliferating
epithelial cells with hyperkeratosis, with or without a fibrovascular stalk.

Fig. 2. Cottontail rabbit (Shope) papillomavirus, papillomatosis. Photograph of a domestic

rabbit that presented with an approximately 1.5-cm keratinized horny protuberance located

along the dorsal surface of the ear pinna secondary to cottontail rabbit papillomavirus.

(Courtesy of Craig Franklin).
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Cells at the junction of the stratum spongiosum and the papilloma have
abundant, clear cytoplasm with eccentric nuclei and basophilic intranuclear
inclusions [44,46,48].

Affected animals show few clinical signs and the disease usually is
diagnosed incidentally upon finding the characteristic papillomas on the
tongue or in the oral cavity during preparation for surgery or during
necropsy [45,47]. The absence of obvious clinical signs may account, in part,
for the variation in reported prevalence.

There are few differential diagnoses for oral papillomas in the rabbit;
however, one case report noted a sialocele (ranula) on necropsy that was
mistaken for an oral papillomavirus lesion [49]. The diagnosis of rabbit oral
papillomatosis usually is based upon demonstration of the characteristic
papillomatous lesion in the oral cavity. Because the lesions are transient and
clinical signs usually are not associated with the disease, treatment or removal
of oral papillomas is unnecessary in most cases. Although natural trans-
mission to other species has not been noted, hamsters developed fibromas
following experimental infection with rabbit oral papilloma virus [46].

Parvovirus

Just as in many other species, parvovirus infection in rabbits was shown
to produce clinical disease [50,51]. Lapine parvovirus (LPV) was first iso-
lated from rabbits in Japan in 1977. This investigation found antibodies to
LPV in 46.7% of 90 commercial rabbits that were tested [52]. A similar
study that was conducted in the United States using rabbits (O cuniculus)
that were held in a laboratory setting demonstrated that 75% of 46 animals
were seropositive for LPV [51].

Although the percentage of animals that is seropositive is high, the
clinical signs that are caused by the disease are mild. Following experimental
inoculation, clinical signs included listlessness and anorexia 4 to 6 days
postinoculation. Virus was recovered from the liver, pancreas, spleen, small
intestine, cecum, mesenteric lymph nodes, and feces for 14 days following
inoculation. Microscopically, the virus caused mild to moderate catarrhal
enteritis with hyperemia, exfoliation of enterocytes, and luminal fluid
accumulation [50].

Given the short duration and minimal clinical signs, diagnosis of
parvoviral disease in rabbits may prove to be difficult in a clinical setting.
Isolation or demonstration of viral particles from the feces is the primary
diagnostic method. To the authors’ knowledge, a serologic test is not
commercially available. Treatment of uncomplicated parvoviral infection is
supportive.

Rotavirus

Rotaviral infections were shown to cause diarrhea in a wide variety of
host species. Rotaviruses are a member of the Reoviridae family. Initially,
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rotavirus was isolated from rabbits that had diarrhea in England in 1976
[53]. Since that time, rabbit rotavirus has been studied in depth and has been
used in modeling the immune response and in developing vaccines for
human rotaviral infection [54]. Studies showed that the rotaviral strains that
infect rabbits are group A serotype 3, subgroup I and II rotaviruses [55,56].
These serotypes are common among a variety of species, including humans
and cattle [56,57].

Although the true incidence of rotaviral disease in rabbits is not known,
antibodies were demonstrated in 29% of 17 wild cottontail rabbits
(S floridanus) in Ontario, 52% of 27 snowshoe hares (L americanus) in the
Yukon, and 98% of 91 commercially-raised New Zealand White rabbits
(O cuniculus) from two rabbitries in Ontario [58]. The presence of rotaviral
antibody in rabbits was shown to be age-dependent. More than 90% of
neonates (\1 month), weanlings (2–3 months), young adults (3–4 months),
and breeding adults (>5 months) had antibodies to rotavirus, whereas only
25% to 69%of preweanling (1–2months) animals had antibodies to rotavirus
[59,60]. This corresponds with other reports that show the peak prevalences of
rotaviral disease in endemically-infected rabbitries is in animals that are
between 36 and 42 days old [61]. This suggests that animals become infected
after maternal antibodies wane. In naı̈ve and experimentally-inoculated
colonies, 1- to 2-week-old animals were the most severely affected [62,63].
Following experimental infection, animals between 1 and 2weeks oldwere the
only age group that showed clinical signs. Fecal viral shedding is similar for all
age groups and tapers around 10 days after experimental infection [63].

The most common clinical signs in rabbits that have rotaviral disease are
diarrhea and dehydration [53,62,64,65]; however, rotaviral infections may
be clinically silent, with the affected animals shedding virus in their feces
[53,54,60,66]. Experimental infections with rotavirus that was isolated from
the feces of animals that had severe diarrhea resulted in only mild clinical
signs [63–65]. This suggests that other factors may be involved when
rotavirus is isolated in outbreaks of severe diarrhea and a high mortality
rate. This is supported by a study that demonstrated more severe diarrhea
and an increased mortality rate when animals were coinfected with
Escherichia coli [65]. On necropsy, animals that are infected with rotavirus
have a distended, fluid-filled small intestine and cecum [58,64]. Histopath-
ologic findings spanned the jejunum and the ileum; lesions included
shortened, fused villi with attenuated epithelium and slight to moderate
increases in crypt depth [62,64].

A clinical diagnosis may be made based upon clinical signs in the proper
age group or viral isolation from the feces of animals that have clinical signs.
An antigen capture ELISA, such as those used in rotaviral diagnosis in
cattle [67], also may be useful given the similarity in serotypes. Differential
diagnoses include coccidiosis, Tyzzer’s disease (Clostridium piliforme),
clostridial enteritis/toxemia, colibacillosis (E coli), and cecal dysbiosis
(mucoid enteropathy) [4].
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Treatment of an individual animal relies upon fluid and electrolyte
replacement, either orally or subcutaneously. Treatment in a rabbitry might
include discontinuing breeding for 4 to 6 weeks to stop the influx of naı̈ve
animals and to allow infected animals adequate time to mount an immune
response and stop shedding the virus [18]. After an individual animal has
recovered, it is resistant to subsequent infection [54,66,67].

Coronavirus

Coronaviral infections in rabbits have two manifestations: (1) enteritis
and (2) pleural effusion disease and cardiomyopathy [68]. Cardiomyopathy
was reported following coronaviral experimental infection in a laboratory
setting; however, there are no reports to suggest that this occurs as sequelae
to naturally-occurring infection [2,69–71]. Coronavirus was linked first to
diarrhea in rabbits in Canada in 1980 when viral particles that were
consistent with the Coronaviridae family were noted on electron micro-
scopic evaluation of fecal matter from rabbits that presented with diarrhea
[72]. In a survey of rabbitries from the northwestern United States and
southwestern Canada, the prevalence of antibodies to rabbit enteric
coronavirus (using a canine coronavirus test) ranged from 3% to 33%.
Rabbitries with a high prevalence of diarrhea were more likely to have
antibody titers to rabbit enteric coronavirus (RECV). The cross-reactivity
with canine coronavirus (type I coronavirus) and lack of cross-reactivity
with mouse hepatitis virus (type II coronavirus) suggest that RECV is a type
I coronavirus [73]. Viral particles have been isolated from the feces of
experimentally-infected rabbits as long as 29 days postinfection [74].

Clinical signs of RECV infection in rabbits include watery diarrhea,
abdominal distention, anorexia, and sudden death [68,72,74]. Rabbits that
are between 3 and 10 weeks old are affected most commonly [72].
Experimentally infected animals have not shown sudden death as a clinical
sign; this suggests that like rotaviral infections, concurrent infections with
other organisms may exacerbate clinical signs. Experimental infection has
revealed that gross lesions (eg, congested small intestines and fluid cecal
contents) may be noted 6 hours to 3 days postinoculation. On histopath-
ologic examination of the small intestine, necrosis of the villous epithelial
cells has been noted within 6 hours of experimental infection. By 48 hours
postinoculation, small intestinal villous blunting, crypt hypertrophy, com-
plete M-cell necrosis, and necrosis of villous epithelial cells overlying the
gut-associated lymphoid tissue was noted. In addition, RECV may result in
subclinical infections [74].

Diagnosis may be made by finding viral particles in the feces of rabbits
that have diarrhea or characteristic lesions on necropsy and histologic
evaluation of the gastrointestinal tract. A commercially-available serologic
assay for RECV is not known to the authors but it may be possible to
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detect RECV by using a commercial canine coronavirus test [67]. In
addition, use of serology may be of limited immediate utility since animals
that develop diarrhea are unlikely to have mounted an antibody response to
RECV.

Treatment of individual animals includes isolation from unaffected
rabbits and supportive therapy. Management changes in the face of an
outbreak (eg, delayed weaning, diet changes, broad spectrum antibiotic
treatment, vaccination) have not been successful in preventing morbidity
and mortality [75].

Viral multi-systemic diseases

Rabbit caliciviral disease

Rabbit viral hemorrhagic disease (RHD) is related closely to the
European brown hare syndrome (EBHS); both diseases are caused by
related, but antigenetically distinct, caliciviruses [2,76,77]. RHD is an ex-
tremely contagious disease and is the only rabbit disease that is reportable to
the U.S. Department of Agriculture. Disease was first reported in China in
1984 and is now endemic in New Zealand and Australia. Outbreaks of
disease in American domestic rabbits were documented recently [78,79]. A
recent outbreak in Illinois resulted in the euthanasia of more than 4800
rabbits to stop the spread of disease [78]. If RHD is suspected, the state and
federal veterinarian should be contacted immediately and quarantine should
be instituted.

Confirmation of disease can be performed with PCR of tissue extracts,
hemagglutination assay, and ELISA; however, histopathologic examination
of the liver and spleen also may serve as a means of diagnosis [78,80].
Clinical signs may include nonspecific illness, fever, convulsions, morbidity
of more than 30%, and mortality of 90% or more in affected domestic
(O cuniculus) rabbit populations. Disseminated intravascular coagulopathy
plays a prominent role in disease pathology; gross findings at necropsy may
include blood-stained nasal discharge, hepatomegaly, splenomegaly, and
hemorrhage on surfaces, including the pericardium and intestine [2,81].
EBHS has been reported to affect wild and farmed hares (L timidus and
L europaeus) in many European countries; similar to RHD, outbreaks of
explosive disease are possible with similar clinical signs and prevalences of
mortality in hares that are affected with EBHS [82,83]. Experimental
infection of domestic rabbits with EBHS calicivirus did not result in clinical
disease and did not protect animals from subsequent challenge with RHD
virus [84]. Outbreaks of RHD in domestic rabbits may occur rapidly owing
to an incubation time of only 1 to 2 days and death in 2 to 3 days; fomites,
direct contact, aerosols, insect vectors, and carcasses serve as means of
spreading disease [2,85].
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Herpesvirus

Sudden death in Canadian rabbitries (O cuniculus) has been attributed to
a herpeslike viral infection. Antemortem signs of disease may be subtle or
absent but gross necropsy findings include hydropericardium and multi-
focal hemorrhages in the skin, abdominal viscera, and heart. Although the
prevalence and pathogenesis of this virus is unclear, histopathologic lesions,
including intranuclear inclusions that are consistent with herpes virus and
isolation of herpesviral particles from lesioned tissues, were found. These
findings led some investigators to conclude that herpeslike viral infection
was responsible for the outbreak [2].

In wild populations of rabbits, including the eastern cottontail
(S floridans), serologic surveys demonstrated a low (\4%) prevalence of
serum antibodies to Herpesvirus sylvilagus [86]. The clinical significance of
this is unclear; however, in rare cases, unexplained death in cottontails may
be attributed to herpesvirus [87]. Experimental inoculation of pregnant
cottontail rabbits demonstrated that this virus is not transmitted across the
placenta [88]. Recent studies demonstrated that experimental inoculation of
cottontails with H sylvilagus resulted in the development of lymphoprolifer-
ative lesions that were similar to lesions noted following Epstein-Barr virus
infection in humans [89,90].

Myxomatosis

Myxoma virus in its natural hosts (S brasiliensis or S bachmani) causes
only a benign fibroma. In the European or domestic rabbit (O cuniculus),
however, it can cause a fulminant disease that is known as myxomatosis (or
the amyxomatous form of myxomatosis). After its initial introduction into
European rabbit populations in Europe and Australia, the virus killed
nearly 100% of infected animals [91]; however, the combination of selection
for resistant hosts and attenuated strains of virus has greatly reduced the
prevalence of mortality due to disease. A study that was performed in Spain
demonstrated endemic myxomatosis in wild European rabbit populations,
but found no evidence of adult mortality that was associated with this
prevalence [92]. A recent study in which naı̈ve European rabbits were
infected experimentally with several strains of myxoma virus provided
additional evidence of the variable virulence of different strains [93].
Experimental infection of European rabbits with an attenuated form of
myxoma virus resulted in transient systemic illness with orchitis and
epididymitis; animals recovered from infection and demonstrated normal
fertility by 60 to 90 days following infection [94]. There are occasional
outbreaks of disease in domestic rabbits in the United States (most
commonly California) and Mexico which are believed to represent
accidental transmission from the brush rabbit (S brushmani) by way of an
insect vector [95].
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Prognosis and presence or absence of clinical signs vary tremendously
with host and viral strain. Clinical signs may be consistent with nonspecific
illness and hypothermia (unlike the fever associated with RHD); gross
pathology of dead animals may range from edema of the eyelids, con-
junctiva, and anogenital region to extensive lung lesions (associated with
secondary bacterial infections) [2,25,93]. Diagnosis may be performed
through PCR of tissue extracts, gross or microscopic lesions, or inoculation
of suspected infected tissue into susceptible rabbits [2]. Treatment consists of
supportive care and prognosis varies significantly with strain and host.
Vaccine development is on-going but no vaccine is marketed in the United
States [96,97]. Clients in California or other areas with increased risk of
disease, should be counseled to control potential exposure to insect (flea and
mosquito) vectors.

Summary

Viral disease in the rabbit is encountered infrequently by the clinical
practitioner; however, several viral diseases were reported to occur in this
species. Viral diseases that are described in the rabbit primarily may affect
the integument, gastrointestinal tract or, central nervous system or may
be multi-systemic in nature. Rabbit viral diseases range from oral papillo-
matosis, with benign clinical signs, to rabbit hemorrhagic disease and
myxomatosis, which may result in significant clinical disease and mortality.
The wild rabbit may serve as a reservoir for disease transmission for many
of these viral agents. In general, treatment of viral disease in the rabbit is
supportive in nature.

Acknowledgments

The authors would like to thank Dr. Cynthia Besch-Williford for her
editorial assistance and Howard Wilson for his assistance with the figures in
this article.

References

[1] Quesenberry KE, Carpenter JW. Ferrets, rabbits, and rodents clinical medicine and surgery.

2nd edition. St. Louis (MO): Saunders; 2004.

[2] Percy DH, Barthold SW. Pathology of laboratory rodents and rabbits. 2nd edition. Ames

(IA): Iowa State University Press; 2001.

[3] Manning PJ, Ringler DH, Newcomer CE. The biology of the laboratory rabbit. 2nd edition.

San Diego (CA): Academic Press; 1994.

[4] Harkness JE, Wagner JE. The biology and medicine of rabbits and rodents. 4th edition.

Baltimore (MD): Williams and Wilkins; 1995.



135RABBIT VIRAL DISEASES
[5] KarpBE, BallNE, Scott CR, et al. Rabies in two privately owned domestic rabbits. J AmVet

Med Assoc 1999;215(12):1824–7.

[6] Weissenbock H, Hainfellner JA, Berger J, et al. Naturally occurring herpes simplex

encephalitis in a domestic rabbit (Oryctolagus cuniculus). Vet Pathol 1997;34(1):44–7.

[7] Grest P, Albicker P, Hoelzle L, et al. Herpes simplex encephalitis in a domestic rabbit

(Oryctolagus cuniculus). J Comp Pathol 2002;126(4):308–11.

[8] Krebs JW, Mondul AM, Rupprecht CE, et al. Rabies surveillance in the United States

during 2000. J Am Vet Med Assoc 2001;219(12):1687–99.

[9] Krebs JW, Noll HR, Rupprecht CE, et al. Rabies surveillance in the United States during

2001. [erratum appears in J AmVetMed Assoc 2003;222(4):460] J AmVetMed Assoc 2002;

221(12):1690–701.

[10] Krebs JW, Wheeling JT, Childs JE. Rabies surveillance in the United States during 2002.

J Am Vet Med Assoc 2003;223(12):1736–48.

[11] CDC. Rare rabid rabbit reported - Minnesota. Vet Public Health Notes, August, 1980.

p. 1.

[12] CDC. Rabid rabbit bites a 4 year old girl - Iowa. Vet Public Health Notes, March, 1981.

p. 23–4.

[13] Gallagher C. The case of the unlucky lagomorph. Vet Forum 1998;78–9.

[14] Smith JS. Rabies. Clin Microbiol Newsl, October, 1999;21:17–26.

[15] Fenner F, Wallace P. Rowe lecture. Poxviruses of laboratory animals. Lab Anim Sci 1990;

40(5):469–80.

[16] Sanarelli B. Das mycomatogene virus. Beitrag zum stadium der krankheitserreger. (The

mycomatogene virus. Contribution for the stage of the pathogens) Zentralbl Bakteriol

Parasitenkd Infektionsk Hyg 1898;23:865–82 (in German).

[17] Kessel JF, Prouty CC, Meyer JW. Occurrence of infectious myxomatosis in southern

California. Proc Soc Exp Biol Med 1931;28:413–4.

[18] DiGiacomo RF, Mare CJ. Viral diseases. In: Manning PJ, Ringler DH, Newcomer CE,

editors. The biology of the laboratory rabbit. 2nd edition. San Diego (CA): Academic Press;

1994. p. 171–204.

[19] Fenner F, Ratcliffe FN. Myxomatosis. New York: Cambridge University Press; 1965.

[20] Sobey WR. Selection for resistance to myxomatosis in domestic rabbits (Oryctolagus

cuniculus). J Hyg (Lond) 1969;67(4):743–54.

[21] Sobey WR, Conolly D, Haycock P, et al. Myxomatosis. The effect of age upon survival

of wild and domestic rabbits (Oryctolagus cuniculus) with a degree of genetic resistance

and unselected domestic rabbits infected with myxoma virus. J Hyg (Lond) 1970;68(1):

137–49.

[22] Hurst EW.Myxoma and Shope fibroma. I. The histology of myxoma. Br J Exp Pathol 1937;

18:1–5.

[23] Chapple PJ, Bowen ETW. A note on two attenuated strains of myxoma virus isolated in

Great Britain. J Hyg (Lond) 1963;61:161–8.

[24] Fenner F, Marshall ID. A comparison of the virulence for European rabbits of strains of

myxoma virus recovered in the field in Australia, Europe, and America. J Hyg (Lond) 1957;

55:149–91.

[25] PattonNM,Holmes HT.Myxomatosis in domestic rabbits in Oregon. J AmVetMedAssoc

1977;171(6):560–2.

[26] Fenner F. Classification of myxoma and fibroma viruses. Nature 1953;171:562–3.

[27] Shope RE. A transmissible tumor-like condition in rabbits. J Exp Med 1932;56:793–802.

[28] Joiner GN, Jardine JH, Gleiser CA. An epizootic of Shope fibromatosis in a commercial

rabbitry. J Am Vet Med Assoc 1971;159(11):1583–7.

[29] Kilham L, Dalmat HT. Host-virus-mosquito relations of Shope fibromas in cottontail

rabbits. Am J Hyg 1955;61:45–54.

[30] Kilham L, Woke PA. Laboratory transmission of fibromas (Shope) in cottontail rabbits by

means of fleas and mosquitoes. Proc Soc Exp Biol Med 1953;83:296–301.



136 KROGSTAD et al
[31] Dalmat HT. Arthropod transmission of rabbit fibromatosis (shope). J Hyg (Lond) 1959;57:

1–29.

[32] MCLeod C, Langlinais P. Pox virus keratitis in a rabbit. Vet Pathol 1981;18:834–6.

[33] Pulley L, Shively J. Naturally occurring infectious fibroma in the domestic rabbit. Vet Pathol

1973;10:509–19.

[34] Raflo C, Olsen R, Pakes S, et al. Characterization of a fibroma virus isolated from naturally-

occurring skin tumors in domestic rabbits. Lab Anim Sci 1973;23(4):525–32.

[35] Jenkins JR. Skin disorders of the rabbit. Veterinary Clin North Am Exot Anim Pract 2001;

4(2):543–63.

[36] Shope RE, Hurst EW. Infectious papillomatosis of rabbits. J Exp Med 1933;58:607–24.

[37] Shope RE. Serial transmission of the virus of infectious papillomatosis in domestic rabbits.

Proc Soc Exp Biol Med 1935;32:830–2.

[38] Hagen KW. Spontaneous papillomatosis in domestic rabbits. Bull Wildl Dis Assoc 1966;2:

108–10.

[39] Gross L. Oncogenic viruses. 3rd edition. Oxford (UK): Pergammon; 1983.

[40] Larson CL, Schillinger JE, Green RC. Transmission of rabbit papillomatosis by the rabbit

tick, Haemaphysalis leporis-palustris. Proc Soc Exp Biol Med 1936;33:536–8.

[41] Dalmat HT. Arthropod transmission of rabbit papillomatosis. J Exp Med 1958;108:9–20.

[42] Syverton JT, Dascomb HE, Wells EB, et al. The virus-induced papilloma to carcinoma

sequence. II. Carcinomas in the natural host, the cottontail rabbit. Cancer Res 1950;10:

440–4.

[43] Syverton JT. The pathogenesis of the rabbit papilloma to carcinoma sequence. Ann N Y

Acad Sci 1952;54:1126–40.

[44] Weisbroth SH, Scher S. Spontaneous oral papillomatosis in rabbits. J Am Vet Med Assoc

1970;157(11):1940–4.

[45] Mews AR, Ritchie JS, Romero-Mercado CH, et al. Detection of oral papillomatosis in

a British rabbit colony. Lab Anim 1972;6(2):141–5.

[46] Sundberg JP, Junge RE, El Shazly MO. Oral papillomatosis in New Zealand white rabbits.

Am J Vet Res 1985;46(3):664–8.

[47] Dominguez JA, Corella EL, Auro A. Oral papillomatosis in two laboratory rabbits in

Mexico. Lab Anim Sci 1981;31(1):71–3.

[48] Rdzok EJ, Shipkowitz NL, Richter WR. Rabbit oral papillomatosis: ultrastructure of

experimental infection. Cancer Res 1966;26(1):160–5.

[49] Weisbroth SH. Sialocele (ranula) simulating oral papillomatosis in a domestic (Oryctolagus)

rabbit. Lab Anim Sci 1975;25(3):321–2.

[50] Matsunaga Y, Chino F. Experimental infection of young rabbits with rabbit parvovirus.

Arch Virol 1981;68(3–4):257–64.

[51] Metcalf JB, Lederman M, Stout ER, et al. Natural parvovirus infection in laboratory

rabbits. Am J Vet Res 1989;50(7):1048–51.

[52] Matsunaga Y, Matsuno S, Mukoyama J. Isolation and characterization of a parvovirus of

rabbits. Infect Immun 1977;18(2):495–500.

[53] Bryden AS, Thouless ME, Flewett TH. Rotavirus in rabbits. Vet Rec 1976;99:323.

[54] Conner ME, Estes MK, Graham DY. Rabbit model of rotavirus infection. J Virol 1988;

62(5):1625–33.

[55] Thouless ME, DiGiacomo RF, Neuman DS. Isolation of two lapine rotaviruses:

characterization of their subgroup, serotype, and RNA electropherotypes. Arch Virol

1986;89(1–4):161–70.

[56] Tanaka TN, Conner ME, Graham DY, et al. Molecular characterization of three rabbit

rotavirus strains. Arch Virol 1988;98(3–4):253–65.

[57] Castrucci G, Ferrari M, Frigeri F, et al. Isolation and characterization of cytopathic strains

of rotavirus from rabbits. Arch Virol 1985;83(1–2):99–104.

[58] Petric M, Middleton PJ, Grant C, et al. Lapine rotavirus: preliminary studies on epizoology

and transmission. Can J Comp Med 1978;42(1):143–7.



137RABBIT VIRAL DISEASES
[59] DiGiacomo RF, Thouless ME. Age-related antibodies to rotavirus in New Zealand rabbits.

J Clin Microbiol 1984;19(5):710–1.

[60] DiGiacomo RF, Thouless ME. Epidemiology of naturally occurring rotavirus infection in

rabbits. Lab Anim Sci 1986;36(2):153–6.

[61] Peeters JE, Pohl P, Charlier G. Infectious agents associated with diarrhoea in commercial

rabbits: a field study. Ann Rech Vet 1984;15(3):335–40.

[62] Schoeb TR, Casebolt DB, Walker VE, et al. Rotavirus-associated diarrhea in a commercial

rabbitry. Lab Anim Sci 1986;36(2):149–52.

[63] CiarletM,GilgerMA, BaroneC, et al. Rotavirus disease, but not infection and development

of intestinal histopathological lesions, is age restricted in rabbits. Virology 1998;251(2):

343–60.

[64] Thouless ME, DiGiacomo RF, Deeb BJ, et al. Pathogenicity of rotavirus in rabbits. J Clin

Microbiol 1988;26(5):943–7.

[65] Thouless ME, DiGiacomo RF, Deeb BJ. The effect of combined rotavirus and Escherichia

coli infections in rabbits. Lab Anim Sci 1996;46(4):381–4.

[66] Hambraeus BA, Hambraeus LE,Wadell G. Animal model of rotavirus infection in rabbits–

protection obtained without shedding of viral antigen. Arch Virol 1989;107(3–4):237–51.

[67] CastrucciG, Frigeri F, FerrariM, et al. Comparative study of rotavirus strains of bovine and

rabbit origin. Comp Immunol Microbiol Infect Dis 1984;7(3–4):171–8.

[68] Osterhaus AD, Teppema JS, van Steenis G. Coronavirus-like particles in laboratory rabbits

with different syndromes in the Netherlands. Lab Anim Sci 1982;32(6):663–5.

[69] Christensen N, Fennestad KL, Bruun L. Pleural effusion disease in rabbits. Histopatho-

logical observations. Acta Pathol Microbiol Scand 1978;86(3):251–6.

[70] Alexander LK, Small JD, Edwards S, et al. An experimental model for dilated

cardiomyopathy after rabbit coronavirus infection. J Infect Dis 1992;166(5):978–85.

[71] Edwards S, Small JD, Geratz JD, et al. An experimental model for myocarditis and

congestive heart failure after rabbit coronavirus infection. J Infect Dis 1992;165(1):134–40.

[72] Lapierre J, Marsolais G, Pilon P, et al. Preliminary report on the observation of

a coronavirus in the intestine of the laboratory rabbit. Can J Microbiol 1980;26:1204–8.

[73] Deeb BJ, DiGiacomo RF, Evermann JF, et al. Prevalence of coronavirus antibodies in

rabbits. Lab Anim Sci 1993;43(5):431–3.

[74] Descoteaux JP, Lussier G. Experimental infection of young rabbits with a rabbit enteric

coronavirus. Can J Vet Res 1990;54(4):473–6.

[75] Eaton P. Preliminary observations on enteritis associated with a coronavirus-like agent in

rabbits. Lab Anim 1984;18(1):71–4.

[76] Ohlinger VF, Haas B, Thiel HJ. Rabbit hemorrhagic disease (RHD): characterization of the

causative calicivirus. Vet Res 1993;24(2):103–16.

[77] Capucci L, SciclunaMT, Lavazza A. Diagnosis of viral haemorrhagic disease of rabbits and

the European brown hare syndrome. Rev Sci Tech 1991;10(2):347–70.

[78] Campagnolo ER, ErnstMJ, BerningerML, et al. Outbreak of rabbit hemorrhagic disease in

domestic lagomorphs. J Am Vet Med Assoc 2003;223(8):1151–5.

[79] Anonymous. Rabbit calicivirus infection confirmed in an Iowa rabbitry. J Am Vet Med

Assoc 2000;216:1537.

[80] Teifke JP, Reimann I, Schirrmeier H. Subacute liver necrosis after experimental infection

with rabbit haemorrhagic disease virus (RHDV). J Comp Pathol 2002;126(2–3):231–4.

[81] Chasey D. Rabbit haemorrhagic disease: the new scourge of Oryctolagus cuniculus. Lab

Anim 1997;31(1):33–44.

[82] WirblichC,MeyersG,OhlingerVF, et al. Europeanbrownhare syndromevirus: relationship

to rabbit hemorrhagic disease virus and other caliciviruses. J Virol 1994;68(8):5164–73.

[83] Gavier-Widen D. Morphologic and immunohistochemical characterization of the hepatic

lesions associated with European brown hare syndrome. Vet Pathol 1994;31(3):327–34.

[84] Nauwynck H, Callebaut P, Peeters J, et al. Susceptibility of hares and rabbits to a Belgian

isolate of European brown hare syndrome virus. J Wildl Dis 1993;29(2):203–8.



138 KROGSTAD et al
[85] MCColl KA, Merchant JC, Hardy J, et al. Evidence for insect transmission of rabbit

haemorrhagic disease virus. Epidemiol Infect 2002;129(3):655–63.

[86] Dressler RL, Ganaway JR, Storm GL, et al. Serum antibody prevalence for Herpesvirus

sylvilagus,Bacillus piliformis andCalifornia serogroup arboviruses in cottontail rabbits from

Pennsylvania. J Wildl Dis 1988;24(2):352–5.

[87] Schmidt SP, Bates GN, Lewandoski PJ. Probable herpesvirus infection in an eastern

cottontail (Sylvilagus floridanus). J Wildl Dis 1992;28(4):618–22.

[88] Spieker JO, Yuill TM.Herpesvirus sylvilagus in cottontail rabbits: evidence of shedding but

not transplacental transmission. J Wildl Dis 1977;13(1):85–9.

[89] Hesselton RM, Yang WC, Medveczky P, et al. Pathogenesis of Herpesvirus sylvilagus

infection in cottontail rabbits. Am J Pathol 1988;133(3):639–47.

[90] YangWC,HesseltonRM, Sullivan JL. Immune responses toHerpesvirus sylvilagus infection

in cottontail rabbits. J Immunol 1990;145(6):1929–33.

[91] Kerr PJ, Best SM. Myxoma virus in rabbits. Rev Sci Tech 1998;17(1):256–68.

[92] Calvete C, Estrada R, Villafuerte R, et al. Epidemiology of viral haemorrhagic disease and

myxomatosis in a free-living population of wild rabbits. Vet Rec 2002;150(25):776–82.

[93] Marlier D, Mainil J, Sulon J, et al. Study of the virulence of five strains of amyxomatous

myxoma virus in crossbred New Zealand White/Californian conventional rabbits, with

evidence of long-term testicular infection in recovered animals. J Comp Pathol 2000;

122(2–3):101–13.

[94] Fountain S, HollandMK,Hinds LA, et al. Interstitial orchitis with impaired steroidogenesis

and spermatogenesis in the testes of rabbits infected with an attenuated strain of myxoma

virus. J Reprod Fertil 1997;110(1):161–9.

[95] Licon Luna RM. First report of myxomatosis in Mexico. J Wildl Dis 2000;36(3):580–3.

[96] Torres JM, Sanchez C, Ramirez MA, et al. First field trial of a transmissible recombinant

vaccine against myxomatosis and rabbit hemorrhagic disease. Vaccine 2001;19(31):4536–43.

[97] Psikal I, Smid B, Rodak L, et al. Atypical myxomatosis–virus isolation, experimental

infection of rabbits and restriction endonuclease analysis of the isolate. J Vet Med B Infect

Dis Vet Public Health 2003;50(6):259–64.


