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Introduction

Beyond Specific Pathogen-Free: Biology and Effect of
Common Viruses in Macaques

Nicholas W Lerche! and Joe H Simmons?”

Macaque models have contributed to key advances in our basic knowledge of behavior, anatomy, and physiology as well as to
our understanding of a wide variety of human diseases. This issue of Comparative Medicine focuses on several of the viral agents
(members of Retroviridae, Herpesviridae and 2 small DNA viruses) that can infect both nonhuman primates and humans as well as
confound research studies. Featured articles also address the challenges of developing colonies of macaques and other nonhuman
primates that are truly specific pathogen-free for these and other adventitious infectious agents.

Abbreviations: SPF, specific pathogen free; SV40, Simian virus 40

As a group, nonhuman primates comprise our closest living
animal relatives; in fact, humans and macaques shared a common
ancestor as recently as 25 million years ago.'® Because of their
physical and physiologic similarity to humans, macaques have
been used extensively in biomedical research for the past 500 y.8
During this time, macaques have contributed to key progress in
our basic understanding of behavior, anatomy, and physiology
and the pathophysiology of a wide variety of human infectious
diseases. In fact, macaques remain invaluable models in the study
of AIDS, Parkinson disease, diabetes, obesity, and Alzheimer dis-
ease, for just a few examples.?!

Adventitious infectious agents are well known to interfere
with biomedical research by increasing morbidity, mortality, and
variability, thus confounding research, 132023 and macaques are
susceptible to a variety of microbial agents that can infect hu-
mans as well.!34922 To address these concerns as well as issues of
colony health and animal welfare, a minimal definition of specific
pathogen-free (SPF) was developed that includes animals that
are free of B virus (Cercopithecine herpesvirus 1), SIV, simian type D
retroviruses 1 through 5, simian T-lymphotropic virus, and Myco-
bacterium tuberculosis.5>'* However, macaques are susceptible to
numerous additional adventitious viruses, some of which cause
life-long persistent or latent infections and potentially can con-
found research results. To increase awareness of these agents,
the Association of Primate Veterinarians sponsored a seminar
at the 2006 AALAS National Meeting titled Beyond SPF: Biology
and Impact of Common Viruses in Macaques, at which several re-
spected experts in the field of macaque diseases presented timely
information on numerous macaque retroviruses, herpesviruses,
and small DNA viruses (SV40 and parvoviruses). Many of the
seminar participants and other authors have contributed articles
to this issue of Comparative Medicine.
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Retroviruses are a large and diverse group of enveloped, sin-
gle-stranded, RNA viruses that are unique among viruses: they
posses a complement of enzymes, including reverse transcriptase,
that allows them to reverse-transcribe their RNA genomes into
DNA and then insert that DNA into the genome of the host. Once
the retrovirus is inserted into the host’s chromosomes, it is called
a ‘DNA provirus.”® The integrated provirus enables retroviruses
to persistently infect their host and avoid its immune system.®1°
Table 1 lists some of the noteworthy macaque, human, and vet-
erinary retroviruses. Currently 4 well-described retroviruses are
known to infect laboratory macaques.

Herpesviruses are a highly varied group of enveloped, double-
stranded, DNA viruses. All herpesviruses described to date have
the capacity to undergo a period of latency after they infect their
natural host. During latency, closed-circular viral DNA genomes
can be found within cells, but only a subset of viral genes are
expressed, and progeny virus is not present; however, the virus
can reactivate from latency, replicate, and cause disease.!” Viral
latency can occur in a variety of differenct cell types depending
upon the herpesvirus: for example, the Simplexviruses undergo
latency in neurons of dorsal root ganglia, whereas Lymphocryp-
toviruses undergo latency in B lymphoctes.!” The mechanisms of
herpesvirus latency are not well understood, but the outcome of
virus latency is persistent, lifelong infection. B virus is included
on the minimal list of agents defining the SPF status of macaques
primarily because this virus can cause fatal encephalomyelitis if
it inadvertently infects humans;*!® however, reactivation during
periods of immunosuppression or stress potentially can act as
a confounding research variable as well. In addition to B virus,
at least 5 other herpesviruses cause lifelong, latent, infections in
macaques (Table 2).

In addition to retroviruses and herpesviruses, several other
other viruses can infect macaques,? including simian polyomavi-
rus (Simian virus 40; SV40) and Simian parvovirus. Although they
belong to different families, SV40 and Simian parvovirus are both
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Table 1. Common human and veterinary retroviruses

Family Subfamily Genus

Species

Alpharetrovirus

Betaretrovirus

Gammaretrovirus

Orthoretrovirinae
Deltaretrovirus
Retroviridae
Epsilonretrovirus

Lentivirus

Awvian leukosis virus
Rous sarcoma virus

Simian type D retrovirus
(Mason—Pfizer monkey virus)
Mouse mammary tumor virus

Feline leukemia virus
Gibbon ape leukemia virus
Reticuloendotheliosis virus

Human T-lymphotropic virus
Simian T-lymphotropic virus
Bovine leukemia virus

Walleye dermal sarcoma virus

Human immunodeficiency virus
Simian immunodeficiency virus
Feline immunodeficiency virus
Visna/maedi virus

Spumaretrovirinae Spumavirus

Simian foamy virus
Feline foamy virus
Bovine foamy virus
Equine foamy virus

Well-described macaque retroviruses are shown in bold.

Table 2. Common human and macaque herpesviruses

Family Subfamily Genus Species
. . Herpes simplex viruses 1 and 2 (Human herpesvirus 1 and 2)
Simplexvirus . . . )
B virus (Cercopithecine herpesvirus 1)
Alphaherpesvirinae
Varicellovirus Varicella—zoster virus (Human herpesviris 3)
Simian varicella virus (Cercopithecine herpesvirus 9)
Cutomeealovirus Human cytomegalovirus (Human cytomegalovirus 5)
Herpesviridae L. yromes: Rhesus cytomegalovirus (Cercopithecine herpesvirus 8)
Betaherpesvirinae
Roseolovirus Human herpesvirus 6 and 7
Lumphocruptovirus Epstein—Barr virus (Human herpesvirus 4)
ymphocryp Rhesus lymphocryptovirus (Cercopithecine herpesvirus 15)
G h i7i . . .
armmanerpesetrinae Kaposi sarcoma herpesvirus (Human herpesvirus 8)
Rhadinovirus Rhesus rhadinovirus (Cercopithecine herpesvirus 17)
Retroperitoneal fibrosis herpesvirus

Well-described macaque herpesviruses are shown in bold.

small, nonenveloped, DNA viruses; thus, they are quite stable
and environmentally persistent. Both of these viruses have been
associated with debilitiating disease in macaques that were im-
munosuppressed as a result of intercurrent retrovirus infection or
as the result of a research protocol.”1>19

Although ‘super-clean’ or ‘super-SPF’ macaques that are free of
all or most of the earlier-described agents are not readily available
to most researchers, colonies do exist within the NIH-funded Na-
tional Primate Research Center Program. Because the availability
of super-SPF macaques is limited, understanding the pathogensis
of these adventitious viruses and how they might interfere with
research can lead investigators to make proactive, informed, de-
cisions about the potential effect on research, may help explain
noted research variability, and can provide guidance in establish-

ing humane study endpoints.

We hope that readers find the following articles informative,
and we extend our thanks to the authors for their hard work and
contributions.
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