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Murine cytomegalovirus (MCMV) is a natural pathogen of mice that is present in all wild mice populations and has
been used extensively as an animal model for human cytomegalovirus disease. By manipulating the mouse strain,
the type of virus used, the inoculation route and the addition of various chemotherapeutic treatments (e.qg.
immunosuppression), many human diseases can be modeled in a realistic and consistent way. This entry

describes the many ways that MCMV has been used to model human disease.

congenital disease placenta salivary gland

| 1. Introduction

It has famously been stated that “mice lie and monkeys exaggerate”], but the use of animal models in the study of
infectious disease provides strong evidence for the mechanisms underlying the pathogenesis of infections in
humans and provides opportunities to study interactions between hosts and pathogens that are not provided by
collecting minimally invasive human samples such as blood, feces, saliva and urine. When investigating infectious
diseases, the ability to correlate tissue histopathology with pathogen replication rates over time or evaluate cell
signaling and related immune modulation in the context of a complete immune system is of inestimable value and
provides mechanistic information, as well as pre-clinical opportunities to test treatment efficacy and toxicity. The
ability of a pathogen to infect both mice and humans allowed the development of Koch’s postulates, an evidence
framework still used today to prove the association of newly described pathogens with infection and subsequent
pathological sequelae, albeit with modifications to account for the presence of pathogens in commensal floral8l and

viruses that are attenuated in a culturel4. An example of this modern reasoning has been applied for SARS-CoV-
101,

There are many animal models where laboratory-inoculated animals exhibit symptoms or pathogen replication that
mimics human infection, even though infection may not occur in the natural environment. These models are useful
in carefully evaluated (and disclosed) circumstances (discussed inl8 for SARS-CoV-2) and have provided useful
information on infection pathways and the effects of opportunistic infections and potential drug targetslZl. Examples
of animal models in non-target species are those developed for influenza and respiratory syncytial virus in ferrets(8
and Ebola virus infection, which have been modeled in suckling (but not adult) immunocompetent mice as well as
Syrian golden hamsters[2. These models and others like them have illuminated pathways used by pathogens to
travel from the site of infection to organs or other sites of tropism, as well as immune responses, symptom and

infection profiles and treatment options.
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In animal models for viral disease, the presence of the correct receptor used by the virus to enter a cell is critical
and needs to be largely conserved between species for cross-species infection to occurl®. For infections where
viruses do not naturally infect another species due to absence of the correct receptor, transgenic mice have been
developed that allow an animal model to be developed (e.g., for poliovirus)2%. Some viruses, such as influenza,
naturally infect multiple species (avian species, pigs and humans2t)) while others, such as cytomegalovirus, are
species-specific. Animal models where the pathogen naturally infects the animal host and the disease is naturally
present in wild populations can provide insights into human disease by illuminating complex host-pathogen

interactions and provide clinically relevant data.

Cytomegaloviruses (CMVs) from the family Herpesviridae and the subfamily Betaherpesvirinae are species-
specific viruses and have been isolated from many mammalian species (e.g., human, mouse, rat, guinea pig and
various primates; see2 for a discussion). CMVs have evolved with their hostsi22l and generally do not replicate
completely in vivo in different species after inoculation, even where in vitro growth has been described (e.g.,
murine cytomegalovirus (MCMV) will grow in vitro in rat cells but will not grow in vivo in rats4). However, there
have been reports of the replication of disparate CMV in other species in circumstances where xenotransplantation
has taken place and the recipient has received immunosuppressive chemotherapy22€l juvenile rats have also
been reported to support the growth of MCMV, although older rats (>6 weeks old) were not susceptible to

infection2d,

| 2. MCMV as a Model for HCMV Infection

The recorded movement of MCMV between organs differs, depending on the route of infection (described in28l and
[12) There is a strong tropism for the salivary gland, and active viral replication persists in salivary glands for longer
than other organs, regardless of the route of infection used. As with all herpesviruses, MCMV infection has a latent
phasel22. MCMV infection without significant manipulation of the host has successfully been used to model various
aspects of human infection (Table 1). Information from this natural animal model has greatly improved the

understanding of the pathogenesis of HCMV infection in humans.

Table 1. Human disease caused by human cytomegalovirus (HCMV) modeled by murine cytomegalovirus (MCMV)

infection in mice.

Human - SGV YTCv 2
Condition Lab Conditions PEU 3 Effect Reference
Intraperitoneal (i.p) SGV/TCV not White blood cells have viral
Viremia inoculation of specified DNA but no evidence 24
BALB/cByJ mice. 108 PFU of ie1 RNA.
Viral latency BALB/c footpad TCV Whole body irradiation leads 22129
inoculated at 2 10° PFU to reactivation of infection.
weeks of age. Antibody protects from viral

dissemination.
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Human
Condition

Pneumonitis

Hepatitis

Ocular infection
(retinitis)

Excretion of
CMV into
breastmilk

Arterial blood
pressure post
CMV infection

Viral myocarditis

Infection post
bone marrow
transplantation

References

Lab Conditions

Latency present
after 3 weeks.

1. Intranasal
inoculation into
outbred Swiss mice
or intra-tracheal
infection of BALB/c
mice.

2. Inoculation of
newborn BALB/c.

i.p inoculation of
BALB/c mice.

1. Intraocular

inoculation (scarified

cornea or through

corneal limbus) of
IRC/Sic mice.

2. Intraperitoneal
inoculation of
BALB/c mice.

Acute or latently
inoculated C57BL/6
mothers (i.p.),
leukocytes from BM
positive
by ie1 mRNA
detection, RTPCR.

i.p. inoculation of 2-
week-old C57BL/6
mice.

i.p. inoculation of
C57BL/6 and
BALB/c mice.

Irradiated BALB/c
mice inoculated with
virus prior to
intravenous (i.v.)
purified bone
marrow cells.

SGV YTcv 2
PFU 3

TCV
>10% PFU

SGV, 6 PFU i.p.

SGV, 10° PFU

SGV, Tissue Culture
Infectious

Dosesg values given.

SGV

3 x 10%-3 x 10% PFU

TCV,
3 x

10° PFU/1mL/mouse

SGV
10% PFU

10° PFU

Effect

Severe diffuse interstitial
pneumonitis closely
resembling that seen in
immunocompromised
patients and in newborn
infants, 20% died.

Pneumonitis and
myocarditis, 95% lethal.

Hepatitis evident, dose is

Lethal Dosesp.

Different effects SGV vs.

TCV.

Inflammatory response in
retina (virus not present)
and iris (virus present).

Evidence of neonatal
infection via breast milk.
Inoculation of milk into CD-1
1-day old mice results in

infection.

MCMYV increased blood
pressure independent of
diet. Increased serum IL-6,
TNF-alpha, and MCP-1.

Inflammatory foci in the
heart and infection of
cardiac myocytes.

Failure in haematopoiesis,
leading to death.

Reference

(40]

[42]

[44]
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1 2
Lt Lab Conditions S0/

Condition PFU 3 Effect Reference

Spermatozoa plus Embryos collected on E14.

Sexual Smlt.h.MCMV One produced cytopathic
o artificially SGV [45]
transmission of inseminated 10° PEU effect (second passage). No
CMV via semen significant difference with

(compared with

numbers or abnormalities.
sperm alone).2Z
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acurt)%i'rﬂ_rﬁﬂgt.)suppression, allowing the reactivation of a latent infection. One of the more serious sequelae of CMV

infection is found in solid organ transplant recipients, who often experience reactivation from latency and

13 MG helindnifiO Plepatiti O ArNp AendaMIREINrdieEtion aiRid isEeA - REM ole U RERBIQIF R ANE cMy

dis@MigBasYiMRAGRE AR ShafRMEYah RN AlRRPEERGE \Hrer Bordy Y Rl Brifd b8 W2 ARRT no

acti@@8yiral replication but a strong CMV-specific humoral response) being transplanted into a seronegative

1%8CBISAHTOrdN AR QUCIMES. SRSIdte dmRERYR AN s, AASNIVIFR! BSERBYIOVHR GalBeRTIsTRLBRIVSIS
SUGgRRAYEEI IR PR RHIS HERABGNtURiRg IRusaRseh ARGeanEFRHhPERY e IBIREARD PUFRBISD i Kidpsy

transplant recipients BI cMV can also cause post-transplantation disease in recipients of allogeneic
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herb&dpeibld83tem cell transplants, and pre-emptive therapy is often initiated after clinical evidence of CMV
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