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Simian Parvoviruses: Biology and Implications for 
Research

Meredith A Simon

The simian parvoviruses (SPVs) are in the genus Erythrovirus in the family Parvoviridae and are most closely related to the 
human virus B19. SPV has been identified in cynomolgus, rhesus, and pigtailed macaques. All of the primate erythroviruses have 
a predilection for erythroid precursors. Infection, which is common in macaques, is usually clinically silent. Disease from SPV is 
associated with immunosuppression due to infection with various retroviruses (SIV, simian retrovirus, and simian–human im-
munodeficiency virus), surgery, drug toxicity studies, and posttransplantation immunosuppressive treatment and therefore is of 
concern in studies that use parvovirus-positive macaques.

Abbreviations: SHIV, chimeric simian–human immunodeficiency virus; SPV, simian parvovirus; SRV, type D simian retrovirus; SIV, 
simian immunodeficiency virus

In 1959, a small, nonenveloped virus (rat virus) was isolated 
from rat tissue cultures.21 Over the next decade, similar viruses 
were identified as the etiologic agents of severe enteritis in cats 
and mink and of facial abnormalities in newborn hamsters.44,45 
The nonenveloped viruses are among the smallest viruses that 
infect mammalian cells, with a genome size of approximately 5 
kb. They are named parvoviruses, from the Latin parvum, mean-
ing small. The virion has icosahedral symmetry, is composed of 
2 or 3 structural proteins (VP1, VP2, and sometimes VP3), and 
contains a linear single-stranded DNA genome. The viral DNA 
also encodes 1 or 2 nonstructural proteins (NS1 and NS2).

Currently the family Parvoviridae is divided into 2 subfamilies, 
the Parvovirinae, which infect vertebrates, and the Densovirinae, 
invertebrates (Table 1). The Parvovirinae are further divided into 5 
genera: Parvovirus, which contains the rodent, feline, canine, and 
avian parvoviruses; Dependovirus, the adeno-associated viruses; 
Erythrovirus, the human parvovirus B19 and related viruses; Bo-
cavirus, human and other bocaviruses; and Amdovirus, Aleutian 
mink disease virus.2 Although many parvoviruses are associ-
ated with severe disease, others cause inapparent infections. The 
adeno-associated viruses are replication-defective parvoviruses, 
identified as contaminants of adenovirus stocks, and require coin-
fection with adenovirus or herpesvirus.

A key feature of replication-competent, autonomous, parvovi-
ruses is the requirement for mitotically active host cells for viral 
replication. Parvoviruses require a host cell to go through S phase 
to replicate and lack the ability to initiate host DNA synthesis in 
resting cells.34 The autonomous parvoviruses are fairly species-
specific, although some will grow in cultured cells from other spe-
cies. In addition, transformation of ordinarily nonpermissive cells 
can render them permissive for productive infection by rodent 
parvoviruses.40 However, parvoviruses vary markedly in host 
range and pathogenicity, as determined primarily by the capsid 
proteins.10 The most severe clinical effects tend to occur in fetal 
and newborn animals, including in utero death and congenital 

lesions.4 In older animals, clinical signs are due to lytic viral repli-
cation in target tissues and to the subsequent immune response4.

B19, the Erythrovirus of Humans
In 1974,12 the human parvovirus B19 was discovered fortu-

itously in serum. The B19 genome encodes only 3 proteins of 
known function: the 2 structural proteins VP1 and VP2 and the 
nonstructural protein NS1, which has roles in transcriptional acti-
vation and cytotoxicity.32

Although no disease was associated with B19 until the 1980s, 
syndromes of anemia, erythema infectiosum (Fifth disease), ar-
thropathy, and fetal loss are now recognized as being caused by 
B19.4,19,48 Clinical disease from B19 infection is determined by 
the hematologic and immunologic status of the host, and pri-
mary infections in immunocompetent hosts may be inapparent or 
have mild nonspecific symptoms. In studies of human infection 
with B19, rates of infection in the United States, Europe, and Asia 
are similar, although some remote populations, such as isolated 
Amazonian tribes, or residents of remote islands, appear to have 
escaped infection.48 Antibody prevalence gradually decreases 
with age, varying from 2% to 15% in children 1 to 5 y old, to 
greater than 85% in persons older than 70 y.2,11,19 Although anti-
body is prevalent, viremia is rare. Serology, electron microscopy, 
or PCR analysis can be used to diagnose infection. Transmission 
occurs through the respiratory tract, by transfusion of blood or 
blood products, and vertically in utero. Virus can be found in the 
nasopharynx in experimentally infected humans, followed by 
viremia, which peaks at 1 to 2 wk after infection.3 Production of 
antibodies to B19 correlates with the waning of viremia, and per-
sistent infection occurs when antibody production is insufficient 
or absent, which can be due to immunocompromise for any of a 
number of reasons.48 Persistent, possibly latent, B19 infection has 
been recognized in immunocompetent persons.9,23,30,39

B19 has a strong predilection for erythroid precursors, and the 
subsequent destruction of these cells accounts for the anemias 
associated with B19 infection and for the name of the genus of 
which B19 is the prototype, Erythrovirus. The bone marrow in 
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infected patients has decreased numbers of erythroid precursors, 
along with giant pronormoblasts with intranuclear inclusions 
and cytoplasmic vacuolization.20,48 Viral particles in the nuclei 
of infected cells can be demonstrated by using electron micros-
copy. Globoside, also known as the erythrocyte P antigen, is an 
important cellular receptor for B19 on erythroid cells.5 Globo-
side is also present in the placenta and fetal myocardium, some 
megakaryocytes, and endothelial cells, thus accounting for some 
of the additional clinical effects of B19. α5β1integrin is a corecep-
tor that is present on erythroid progenitors and appears to be 
required for viral entry into the cell.47 Therefore the entry of B19 
into erythroid cells requires viral binding to globoside on the host 
cell surface and then entry mediated by activated β1 integrins. 
Because mature red blood cells do not carry α5β1integrin, B19 can 
bind to, but not enter, erythrocytes.47 The autoantigen Ku80 has 
been implicated as an additional coreceptor for B19, especially 
with regard to infection of nonerythroid cells.33

In additional to B19, other parvoviruses of humans include a 
bocavirus,1 identified in the respiratory tract, and PARV4 (and 
variant PARV5) in plasma.15-17 The bocavirus has been implicated 
in lower respiratory tract disease.29 PARV4 (and variant PARV5) 
are different enough from other mammalian parvoviruses that 
they may be classified as a new genus;15,17 no disease association 
has been made for these viruses, and they have been found mainly 
in pooled plasma and in tissues from HIV-infected persons.16,30

Simian Parvoviruses
In 1992, severe anemia necessitating euthanasia was recognized 

in a group of cynomolgus macaques (Macaca fascicularis). Micro-
scopic examination of bone marrow revealed decreased erythroid 
and myeloid lineages and, in some samples, abnormal erythroid 
cells with bizarre nuclear forms and intranuclear inclusions mor-
phologically similar to those seen in B19 infection (Figure 1).35 
Ultrastructural examination revealed intranuclear viral particles 
and an occasional viral array characteristic of parvoviruses. The 
clinically affected macaques had concurrent infection with the im-
munosuppressive type D simian retrovirus (SRV).22,26,31 Although 
only macaques dually infected with parvovirus and SRV became 
anemic,37 infection with SRV alone has been associated with se-
vere anemias in rhesus macaques.28 A second group of anemic 
cynomolgus macaques with similar histologic characteristics was 
identified, although the association of anemia with dual infection 
of SRV and parvovirus was not as absolute.37 The second group 
of animals was on a safety evaluation study, which may have 
confounded the findings.

Simian parvovirus (SPV) has been cloned and sequenced and 
was determined to have 50% overall homology with B19 and little 
sequence similarity to other parvoviruses. 6 Similar viruses have 
been identified in anemic rhesus (Macaca mulatta) and pigtailed 
(Macaca nemestrina) macaques experimentally infected with the 
chimeric immunodeficiency virus SHIV.14,18 Sequence analysis re-
vealed more than 70% homology among the 3 nonhuman primate 
parvoviruses and 50% to 60% similarity to B19, and the primate 
parvoviruses are evolutionarily linked.27 Like B19, SPV encodes 
a single structural protein, NS1, and 2 capsid proteins, VP1 and 
VP2.6,25 Because the nonhuman primate parvoviruses also have 
a predilection for erythroid precursors and use globoside as a 
receptor,7 they have been added to the genus Erythrovirus.13

Experimental infection of cynomolgus macaques by intra-
venous or intranasal inoculation with SPV produced transient 
viremia, which waned after seroconversion, and clinically silent 
transient anemia and reticulocytopenia, with typical changes in 
bone marrow erythroid line cells.36 Although the macaques in 
the cited report were seropositive for SRV as well, no signs of 
immunosuppression were apparent during the SPV inoculation 
study. Experimental SPV infection in pregnant cynomolgus ma-
caques resulted in hydrops fetalis and fetal death.38,46 Epidemio-
logic studies suggest that SPV transmission is usually horizontal, 

Table 1. Parvovirus taxonomy

Family Subfamily Genus Type species Hosts

Parvoviridae Parvovirinae Parvovirus Minute virus of mice Vertebrates
Erythrovirus B19 virus 

Dependovirus Adeno-associated virus 2 

Amdovirus Aleutian mink disease virus 

Bocavirus Bovine parvovirus 

Densovirinae Densovirus Junonia coenia densovirus Invertebrates

Iteravirus Bombyx mori densovirus 

Brevidensovirus Aedes aegypti densovirus 

Pefudensovirus Periplanta fuliginosa densovirus 

Figure 1. Photomicrograph of bone marrow from an SIV-infected rhesus 
macaque. Arrows indicate intranuclear parvoviral inclusions in erythroid 
precursors (hematoxylin and eosin stain; bar, 50 µm).
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probably through the respiratory tract or by means of fomites, as 
for B19 infection in humans.19,37,41

Little has been published regarding the prevalence of SPV in 
macaques, but in one study,8 approximately 50% of cynomolgus 
macaques and 35% of rhesus macaques had antibodies against 
VP2. In another colony of rhesus macaques, use of a commer-
cial human B19 enzyme immunoassay that uses VP1 as antigen 
identified fewer than 6% of animals younger than 4 y as positive; 
this rate increased to just greater than 19% of macaques 14 to 19 y 
old.24 In immunocompetent animals, primary infection typically 
is clinically silent; animals with anti-SPV antibody are resistant 
to reinfection.8

Since the original reports of parvoviruses in 3 species of ma-
caques, parvovirus infection with associated anemia has been 
identified in cynomolgus macaques in conjunction with SRV,42 
in an SHIV-infected pigtailed macaque,14 and in an SIV-infected 
rhesus macaque.43 SPV viremia was detected in 11 of 22 cyno-
molgus macaques that received heterotopic heart transplants;41 
5 animals were euthanized because of severe anemia. Among 7 
SPV-negative animals that received hearts from SPV-seropositive 
animals, 5 became viremic, 3 of which died with anemia. Further, 
2 of the 3 that died also received bone marrow from the donor. 
The 2 animals that did not become viremic also did not serocon-
vert to SPV. Most of the recipients received some form of immu-
nosuppressive therapy to prevent transplant rejection, and their 
SRV status was not determined, thereby complicating interpreta-
tion of this study. To summarize the work to date, disease from 
SPV is associated with immunosuppression due to infection with 
retroviruses (SRV, SIV, and SHIV) or as a sequela of surgery, use in 
drug toxicity studies, or immunosuppressive therapy to prevent 
transplant rejection.

Zoonotic Potential of Simian Parvoviruses
Do simian parvoviruses have zoonotic potential? In one study, 

SPV VP2 immunoblotting of sera from animal handlers appeared 
to indicate a correlation between exposure to SPV-positive ma-
caques and the presence of SPV antibody.7 However, sera from 
humans with no known exposure to macaques were occasion-
ally positive in the same immunoblot assay, so the possibility of 
crossreactivity to B19 has not been excluded. In addition, SPV can 
replicate, albeit not robustly, in human bone marrow in vitro.7 
Therefore, although SPV may be able to infect humans, definitive 
studies have yet to be published.

Summary
The simian parvoviruses are closely related to the human eryth-

rovirus B19. Infection is common in macaques, at an estimated 
rate of 20% to 50%. Primary infection is usually clinically silent, 
with perhaps a transient anemia and reticulocytopenia, due to the 
viruses’ predilection for erythroid precursors. The epidemiology 
of SPV is not well established; extrapolation from what is known 
about B19 warrants concern for persistent or latent infections and 
possible recrudescence during immunosuppression.

Disease from SPV is associated with immunosuppression and 
therefore poses a concern in studies that use parvovirus-positive 
macaques. Although vertical transmission has been demonstrat-
ed experimentally, seroconversion increases gradually with age, 
such that continued testing and exclusion likely will yield parvo-

virus-negative animals. Serology indicates past exposure to SPV; 
subsequent PCR or culture analysis is needed to identify animals 
with active infection.
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