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Introduction

Rodents are susceptible to an array of viral
infections many of which spread rapidly
because of the population density and turn-
over typically encountered in a vivarium.
The effects of infection in individual animals
are, in turn, influenced by host-related fac-
tors such as age, genetic susceptibility and
immune status and by virus-related factors
such as virulence, stability and tropism.
Virus — host interactions produce infections
that range from lethal to asymptomatic and
from acute to persistent. The impact of se-
vere infections is usually apparent, but the
effects of asymptomatic infections, that are
detected only by seroconversion, are harder
to gauge. They will depend on the research
for which the affected animals will be used,
the harm the causative agents may pose to
other animals or to animal products such as
cell lines and transplantable tumors and, in
the case of zoonotic agents, the risk to labo-
ratory workers. The research scientist and
the vivarium director are challenged to as-
sess correctly the risks from adventitious
infection for the welfare of the staff, the ani-
mals and the research.

Because of the myriad ways in which labora-
tory rodents are used, intuitive research on
interference from viruses may lead to unpro-
ductive “fishing expeditions’”., Few studies
have dealt specifically with effects of rodent
viruses on research, documented interferen-
ce under conditions that mimic infection or,
in the case of older studies, established that
the animals employed were free of adven-
tious infection. Therefore clues to interfer-
ence must often be infected from studies of
pathogenesis and epizootiology or from
unexpected research results associated with
infection. Either source may be useful to
guide further experimentation.

This brief review focuses on conventional
viruses that may interfere with research
employing common laboratory rodents:
mice, rats, hamsters and guinea pigs. They
are separated by nucleic acid type and then
by virus or virus group. We attempt to high-
light conditions one is likely to encounter
during natural rather than experimental in-
fection. Extensive reviews of rodent viral
infections, including their potential for inter-
ference, are available elsewhere. Among the
most useful of these are: Infectious Diseases
of Mice and Rats (Lindsey et al. 1991), Viral
and Mycoplasmal Infections of Laboratory
Rodents: Effects on Biomedical Research
(Bhatt et al. 1986), Complications of Viral
and Mycoplasmal Infections in Rodents to
Toxicology Research and Testing (Hamm
1985) and a series of texts on the biology
and diseases of laboratory animals devel-
oped by the American College of Laboratory
Animal Medicine (Foster et al. 1982, Lind-
sey et al. 1979, van Hoosier & MacPherson
1987, Wagner & Manning 1976). We have,
however, included some citations from re-
cent research that is not addressed in these
texts.

DNA viruses

Ectromelia virus

Ectromelia virus is an Orthopoxvirus of
mice that is antigenically related to vaccinia
virus. It is thought to be transmitted pri-
marily through-skin wounds, but airborne
transmission cannot be ruled out. Viral re-
plication at the site of entry extends to regio-
nal lymph nodes and is followed by viremia.
Genetically susceptible mice develop lethal,
fulminant infection with severe necrosis
especially in lymphoid, hematopoietic and
alimentary tissues. Moderately resistant
mice may survive, but they can develop ex-
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anthemas from which the infection derives
its common name, mousepox. The skin le-
sions contain infectious virus and contribute
to protracted environmental contamination
with virus. Genetically resistant mice often
have asymptomatic infection, but may also
shed virus during early stages and put sus-
ceptible mice at risk. Infection is diagnosed
from seroconversion, clinical signs, and le-
sions that include necrosis and intracyto-
plasmic inclusions. Apart from the exanthe-
matous form, infection normally lasts less
than three to four weeks.

Research complications stem from pathoge-
nic infections where morbidity and mortal-
ity are high. Mice and mouse products ob-
tained from countries where the virus is
endemic should be quarantined and evalua-
ted before use.

Rodent adenoviruses

There are two known mouse adenoviruses
designated MAd-1 and MAJ-2, (formerly
strains FL and K-87), respectively. Anti-
bodies also occur in rats, but the eliciting
agent(s) have not been isolated. Serological
studies in the United States indicate that
natural infection is caused by MAd-2. It is
usually asymptomatic and spreads by the
oral-fecal route. Viral replication in intest-
inal epithelium is expressed by intranuclear
inclusions. MAd-1 can cause fatal multi-
systemic necrosis after experimental inocu-
lation of infant mice,

Interference from MAA/2 infection has not
been reported. MAd-1, apart from inducing
fatal infection in infant mice, is reported to
render the kidneys of adult mice more sus-
ceptible to bacterial infection.

Lethal interstitial pneumonia accompanied
by adenoviral inclusions has been reported
in guinea pigs (Kunstyr et al. 1984). The
causative agent has not been isolated and
specific serological assays are not available,
but the agent appears to share antigens with
MAd-2.
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Rodent parvoviruses

Minute virus of mice (MVM) and two viru-
ses of rats, rat virus (RV) and H-1 virus, are
well-recognized rodent parvoviruses. Aditio-
nal viruses have recently been found in mice
and there is serological evidence for corres-
ponding agents in rats and hamsters. They
are currently called rodent orphan parvo-
viruses (OPVs) to imply rudimentary under-
standing of their biology (McKisic et al.
1993, Smith et al. 1993). The rodent parvo-
viruses are antigenically related but can be
distinguished by serological tests that detect
virus-specific proteins. Natural infection,
however, appears to be species-specific and
is often asymptomatic. The pathogenicity of
parvoviruses is episodic and stems from
cytolytic replication in cells transiting the S
phase of the mitotic cycle. Thus parvoviru-
ses are more pathogenic for very young ro-
dents than for adults.

RV in particular is more pathogenic than
the other rodent parvoviruses. Lethal infect-
ions can develop in utero and infants may
die from multisystemic necrosis that is com-
monly prevalent in the liver and cerebellum.
Hemorrhagic infarcts, primarily of the cen-
tral nervous system, can develop in infants
and weanlings.

Parvoviruses are excreted in feces, urine and
probably by the respiratory tract, although
routes of excretion may vary. They are
transmitted by animal contract and fomites,
but airborne transmission may be impor-
tant. Infection in immunocompetent adults
elicits seroconversion and is often acute and
self-limiting. Athymic adults and euthymic
infants, by contrast, may develop persistent
RV infection (Gaertner et al. 1989, Jacoby
et al. 1991). OPV appears to persist in mice
infected as infants or adults for at least se-
veral weeks after seroconversion. Persistent
infections have not been demonstrated for
MVM. Maternal antibody protects infant
rats from RV infection, but immune defen-
ces in parvovirus infections are generally not
well-defined.



Potential complications from parvoviruses
are inferred from their predilection for di-
viding cells and their tropism for endothe-
lium, hematopoietic tissue and lymphoreti-
cular tissues (Gaertner et al. 1992). In addi-
tion to overt disease, concern should focus
on research where cell replication is critical
such as immunology and oncology. Immu-
nosuppression has been demonstrated for
mouse and rat parvoviruses. However, the
full immunomodulatory and oncolytic po-
tential of parvoviruses is unclear, Conver-
sely, research that induces immunosuppres-
sion or tissue damage may activate” silent
parvovirus infection which, in the case of
RV, may have disruptive or lethal effects.
Parvoviruses also commonly contaminate
transplantable tumors and cell cultures.

Rodent herpesviruses

Rodent herpesviruses have been studied ex-
tensively as models for human infection, but
natural infections are infrequent. Species-
specific cytomegaloviruses are known for
mice, rats and guinea pigs. Mice have a se-
cond herpesvirus, mouse thymic virus, and
two additional herpesviruses have been iso-
lated from guinea pigs. None of these agents
cause clinical disease during natural infec-
tion and only one, mouse thymic virus, cau-
ses a significant lesion, thymic atrophy in
neonatally infected mice. They are, how-
ever, transiently immunosuppressive under
experimental conditions and, at least one,
mouse cytomegalovirus, may enhance sus-
ceptibility to bacterial infection. Further-
more they can persist after the onset of hu-
moral immunity. Chronic excretion, especi-
ally in the saliva of persistently infected ani-
mals, leads to contact infections that could
be troublesome in breeding colonies or
among immunodeficient animals.

RNA viruses

Sendai virus

Sendai virus 1s a Paramyxovirus that causes
pneumonia in mice, rats, hamsters, guinea
pigs and other rodents. Clinical disease is
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most frequent in mice. Infant, immunodefi-
cient and genetically susceptible mice are at
risk for severe or lethal pneumonia and con-
valescence in enfants is often accompanied
by retarded growth. Immunodeficient ani-
mals also may develop persistent pneumo-
nia and wasting. Infection usually begins in
the upper respiratory tract and proceeds to
bronchiolitis and alveolitis within 10 days.
Recovery is accompanied by seroconversion
and repair of the lung with varying degrees
of scarring. The duration of immunity is
unknown and susceptibility to re-infection
has not been studied. Lesions in rats re-
semble those in mice, but clinical signs are
uncommon. Hamsters and guinea pigs also
are prone to silent infection.

Interference from Sendai virus infection
stems primarily from pneumonia. Affected
mice endure anesthesia poorly and repara-
tive scarring may interfere with pulmonary
physiology research. Mice may also have
increased susceptibility to bacterial infection
including mycoplasmosis and to lung neo-
plasia from chemical carcinogens. Immuno-
modulatory effects have been described in
rats and mice, but apart from inhibition of
lung macrophages, there is little evidence for
direct effects of virus on lymphoreticular
cells. The stress of acute infection may pro-
voke transient immunosuppression or other
stress-related phenomena such as fetal re-
sorption.

Pneumonia Virus of Mice (PVM)

PVM is a Pneumovirus that infects mice,
rats, hamsters, guinea pigs and possibly
other laboratory rodents. Infection is typi-
cally asymptomatic and expressed as mild
rhinitis and interstitial pneumonia. The
course is acute and accompanied by sero-
conversion, but persistent pneumocnia and
wasting has been reported in immunodefi-
cient mice. Little is known about inter-
ference from PVM infection, but the poten-
tial to compromice anesthesia and facilitate
opportunistic pathogens should be consi-
dered (Roths et al. 1993).
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Mouse coronaviruses

Mouse coronaviruses are commonly grou-
ped as mouse hepatitis virus, a term that is
misleading for at least two reasons. First,
numerous strains of mouse coronavirus exist
in nature and they differ in virulence, tissue
tropism and antigenic profile. Second, hepa-
titis is an uncommon feature of natural in-
fection although it was often encountered in
experimental infection, especially after pa-
renteral inoculation. These viruses are, how-
ever, among the most common infectious
agents of laboratory mice and have a signifi-
cant potential to interfere with research.
Natural infection is limited to mice and
tends to be polytropic (Compton et al
1993). Polytropic strains initiate respiratory
infection followed by broad dissemination
that often involves lymphoreticular tissues.
Encephalitis occurs occasionally by direct
extension of infection from the nose to the
brain, Enterotropic strains colonize the in-
testine and, in infant mice, can cause fatal
enteritis or enterotyphlocolitis. Infection in
immunocompetent adult mice is often
asymptomatic and generally lasts less than a
month. Recovery is accompanied by sero-
conversion and lesions may be limited to the
development of virus antigen-positive syn-
cytia in the alimentary tract, lymphoid tis-
sue, vascular endothelium or elsewhere. In-
fection in immunodeficient animals, by
contrast can be chronic and debilitating.
The proclivity of coronaviruses for antigenic
variation i1mplies that immunity to one
strain does not ensure immunity to other
strains. Thus enzootic infection may reflect
sequential exposure to related, but antigen-
ically distinct strains of virus rather than the
result of persistent infection with one strain.
Mouse coronaviruses can distort research
with mice in various ways ranging from the
induction of severe clinical disease to the
alteration of serum biochemistry. Immune
dysfunction, the expression and duration of
which may be difficult to predict, is among
the most troublesome effects and a refelec-
tion of viral lymphocytotropism (Cook-
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Mills et al 1992, de Souza & Smith 1991,
Smith et al. 1991). Coronaviruses can also
contaminate cell lines and transplantable
neoplasms including hybridomas. Because
these viruses are ubiquitous and their effects
can be unpredictable, the potential for inter-
ference should be explored if research results
are unexpectedly distorted in a setting where
active infection is suspected.

Rat coronaviruses

As for mouse coronaviruses, multiple strains
of rat coronaviruses have been isolated for
which rats appear to be the only natural
host. Infection is highly prevalent and is ra-
pidly transmitted by aerosol among rats of
all ages. It begins as acute rhinitis followed
by mild tracheobronchitis and alveolitis.
Virus also attacks serous and mixed salivary
glands and lacrimal glands causing necro-
tizing sialoadenitis and dacryoadenitis. Cli-
nical signs include sneezing, photophobia,
lacrimation, chromodacryorrhea and cervi-
cal swelling. Infection is acute and serocon-
version is usually followed by complete re-
covery. Immunity is longlived, but transient
re-infection can occur as can mild infection
with heterologous strains of virus (Percy et
al. 1990, Weir et al. 1990a). Athymic rats
develop protracted sialodacryoadenitis and
interstitial pneumonitis with spread of virus
to atypical sites like urinary mucosa (Weir
et al. 1990b).

Complications from rat coronavirus infec-
tion include increased risk from anesthesia
due to respiratory inflammation, inappeten-
ce and transient effects on reproductive effi-
ciency. Susceptibility to mycoplasmosis, and
potentially to opportunistic organisms 1is
increased. Dacryoadenitis can lead to acute
or chronic keratoconjunctivitis, accompani-
ed occasionally by other severe manifesta-
tions of eye disease such as synechia, hypo-
pyon, hyphema and secondary glaucoma.

Mouse encephalomyelitis virus
Mouse encephalomyelitis virus is a picorna-
virus of mice although seroconversion has



been detected occassionally in rats. Natural
infection is usually enteric and asymptoma-
tic, but occassional extension to the central
nervous system may cause posterior paraly-
sis from poliomyelitis. Laboratory strains
can produce acute, lethal encephalitis or
immunemediated demyelination after paren-
teral inoculation. Infection is often acute
and accompanied by seroconversion, but
chronic infection with viral excretion may
occur in seropositive animals (Brownstein et
al. 1989).

Interference with research is likely to be
minimal apart from the risk of neurological
involvement especially where host defences
or alimentary barriers to infection are com-
promished.

Reoviruses

The tree mammalian reovirus serotypes (1,
2 and 3) possess distinguishable hemagglu-
tinins. Reoviruses commonly infect mice,
but rats, hamsters, guinea pigs and man are
susceptible. Reovirus 3 is often assumed to
be the sole cause of infection in laboratory
rodents, but this assumption may be un-
warranted since generic serological tests that
are often used for health monitoring do not
distinguish the 3 serotypes. Infection in
adult mice i1s asymptomatic, but diarrheal
disease has been reported in sucklings. Ex-
perimental infection of 2 day old mice re-
cently showed that virulence is virus strain-
dependent and can range from mild, tran-
sient enteritis for reovirus 2 to hepatoence-
phalitis, myocarditis and lymphoid deple-
tion for reoviruses 2 and 3 (Barthold et al.
1993). Infection typically lasts 3 weeks or
less and 1s transmitted by the oral-fecal
route.

The mild, transient nature of reovirus infec-
tion makes it a minor nuisance in most re-
search settings. Reoviruses are, however,
common contaminants of cell lines and
transplantable tumors. Experimental infec-
tion has been reported to suppress carcino-
genesis and enhance tumor immunity.
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Rotaviruses

Rotaviruses are Reoviridae that commonly
infect many mammals including man. Two
antigenically distinguishable rotaviruses are
known to infect laboratory rodents: mouse
rotavirus (epidemic diarrhea of infant mice
(EDIM) virus) and rat rotavirus (infectious
diarrhea of infant rats (IDIR) virus or rat
rotavirus-like agent). Both cause diarrhea in
infant animals with atendant weight loss and
runting. Although morbidity may be high,
mortality is usually low, in part because ani-
mals continue to nurse, and complete reco-
very 1s common. Lesions are restricted to in-
testinal villus epithelium which can be va-
cuolated, clubbed and attenuated, although
stress may provoke thymic atrophy. Immu-
nocompetent adults develop only asympto-
matic infection.

Interference with research stems from tran-
sient diarrhea and runting. An agent similar
to rat rotavirus has been identified in human
patients and raises the possibility of cross-
infection.

Lymphocytic choriomeningitis virus
(LCMYV)

LCMYV is an Arenavirus that has been used
extensively to investigate immune defences
against viral infections and viral-induced
immunological injury. While its value for
immunological research is beyond question,
LCMYV must be treated with caution as it is
pathogenic for man, causing a flu-like illness
that may progress to fatal encephalitis. Na-
tural rodent hosts include mice, hamsters,
and guinea pigs, but rats and other species
can be infected by inoculation. Transmis-
sion occurs by contact with contaminated
urine, saliva or milk as well as transplacent-
ally. Infection of infant or adult mice can be
acute and uneventful, but more complicated
sequelae are often encountered. Persistent
infection with viraemia and viruria results
from in utero or neonatal exposure of mice
and in hamsters infected at any age. Clinical
signs are uncommon during natural infec-
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tion, but several forms of LCMV disease
have been characterized, especially in mice.
Acute infections in infant mice can be fatal
and acute infections in adults can provoke
lethal T cell-mediated immunological injury
the distribution of which depends on viral
tropism. Neurotropic strains can provoke
lethal lymphocytic choriomeningitis from
which the virus gets its name, whereas visce-
rotropic strains commonly cause necrosis
and inflammation in the liver. Lymphocyto-
lysis is also associated with acute infection.
Persistent infection leads to immune com-
plex disease marked by vasculitis and fatal
glomerulonephritis.

Interference from LCMYV is significant be-
cause of its effects on the immune system
and its zoonotic potential. Moreover its abi-
lity to persistently infect animals, cell lines
and transplantable tumors can lead to the
silent spread of infection in laboratories and
vivariums. The immunomodulatory effects
of LCMYV are varied and often hard to pre-
dict. Depending on virus-host interactions,
LCMYV may enhance or suppress immunity.

Moreover it can interfere with viral onco-
genesis and with the growth of transplant-
able tumors. There is also evidence of its po-
tential to interfere with luxury” functions
such as the production of pituitary hormo-
nes (Oldstone et al. 1982, Klavinskis & Old-
stone 1988). Human exposure most often re-
sults from contact with persistently infected
hamsters that may excrete large quantities of
virus in urine for many months. Mice are
less threathening, but immunocompromised
mice have been incriminated in human ex-
posure (Dykewicz 1992).

Lactic dehydrogenase-elevating virus
(LDV)

LDV is a virus of mice that is currently un-
dergoing reclassification. Like LCMV, it can
result in lifelong viremic infection with
immune complex formation. Natural infec-
tion is rare and transmission occurs prima-
rily by inoculation of contaminated cells or
tumors. Infection is generally asymptomatic,
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but is associated with marked elevations of
serum enzymes, notably lactic dehydrogen-
ase, due to viral interference with enzyme
catabolism by macrophages. Interference
from LDV stems primarily from its replica-
tion in macrophages. Resultant dysfunctions
in immune response will vary depending on
mouse strain and age, the timing of virus
inoculation and the response being measu-
red. LDV, LCMYV, mouse coronaviruses,
and perhaps parvoviruses have the potential
to mimic each other in their effects on
immunity and tumorigenesis. Thus aberrant
research results should stimulate diagnostic
testing to differentiate these infections.

Hantaviruses

Hantaviruses infect small rodents, including
laboratory rats, persistently and asympto-
matically. They are the causative agents of
hemorrhagic fevers in people and fatal labo-
ratory exposures have been reported from
East Asia. The viruses can be transmitted by
aerosol and may be carried by animals or by
biologicals such as transplantable tumors.
Laboratory rats and wild-trapped rodents
from enzootic regions such as Asia should
be quarantined and tested before use. Moni-
toring of tumor cell lines is also recommen-
ded.

Miscellaneous viruses

We have not included discussion of tumor
viruses such as the rodent leukemia viruses,
mouse mammary tumor viruses and mouse
polyoma virus. They can clearly interfere
with research by causing cancer. The reader
is referred to other sources such as those
listed at the beginning of this article. It is
worth adding, however, that hamsters are
susceptible to a transmissible lymphoma
whose expression is associated with a papo-
vavirus and a retroviral-like agent (Barthold
et al. 1987).

Finally, we acknowledge K virus, an endo-
theliotropic papovavirus that can cause in-
terstitial pneumonia and persistent infection
of immunodeficient or immunologically im-



mature mice. It is rarely encountered in
laboratory mice, but the natural reservoirs
appear to be feral and wild mice.
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