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SUMMARY

The first human parvoviruses to be described (1960s) were the adeno-associated viruses (AAVs, now classed as
dependoviruses), originally identified as contaminants of cell cultures, followed by parvovirus B19 (B19V) in 1974, the
first parvovirus to be definitively shown to be pathogenic. More recently two new groups of parvoviruses, the human
bocaviruses (HuBoV) and the Parv4 viruses have been identified. These four groups of human viruses are all members
of different genera within the Parvovirus family, and have very different biology, epidemiology and disease
associations from each other. This reviewwill provide an overview of the virological, pathogenic and clinical features of
the different human paroviruses, and how these new viruses and their variants fit into the current understanding of
parvovirus infection. Copyright # 2010 John Wiley & Sons, Ltd.
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INTRODUCTION
Parvoviruses are, as their name suggests, small
viruses (from the Latin ‘parvum’ meaning small),
with a single stranded DNA genome [1]. They are
ubiquitous in nature and common infectious agents
of animals, including birds and insects. At least
four different types of parvovirus are now known
to infect humans: dependoviruses, human boca-
viruses (HuBoV), parvovirus B19 (B19V) and
Parv4. Although these viruses look similar under
the electron microscope (Figure 1) they are
members of different genera within the Parvoviridae
family, with different replication and transcription
strategies (Table 1) and different cellular tropisms.
Most information is known about B19V, and for
many years it was the only parvovirus known to
cause human disease. With the discovery of new
human parvoviruses this is now under review,
although for most of the new viruses there is only
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limited information, and their full pathogenicity has
not been determined. This review will summarise
the key features of each of these different virus
families and the evidence for their role in human
disease. There have beenmany excellent reviews on
B19V, and the reader is advised to consult them for
amore extensive review of the clinical presentation
of B19V infection.

PARVOVIRUS TAXONOMY
Parvoviruses, are small (18–26nm) non-enveloped,
icosahedral viruses. They have a linear single-
stranded DNA genome, with hairpin sequences
at each end. The length of the DNA is between
4500 and 5500 nucleotides. The Parvoviridae family
consists of two subfamilies, the Densovirinae and the
Parvovirinae: theDensovirinae are all viruses of insects
while the Parvovirinae are viruses of vertebrates [1].
The Parvovirinae is further subdivided into five
genera based on replication pattern, transcription
map and sequence homology (Table 1). Most of the
parvoviruses have a relatively simple genome with
two large open reading frames encoding the non-
structural (NS or Rep) proteins and capsid (VP or
Cap) proteins, respectively. The short parvovirus
genome does not encode a DNA polymerase, so all
parvoviruses are dependent on either host cell
enzymes (transiting S phase) or co-infection with
another virus for efficient DNA replication.



Figure 1. Immune EM of Parv4 virus particles from a patient with high titre Parv4 DNA in plasma. The micrograph shows the typical

appearance of parvovirus particles coated with antibody. EM provided by Dr Hazel Appleton, Centre for Infections, Health Protection
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PARVOVIRUSES AND AMDOVIRUSES
The genus Parvovirus contains a wide range of
viruses of mammals and birds, some of which
cause major diseases in their animal hosts. The
Table 1. Taxonomy and characteristics of memb
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viruses are characterised by having dissimilar
hairpins at the 50 and 30 ends of the genome, two
mRNA promoters and a single polyadenylation
site at the 30 end [1]. Most members of the genus
ers of the Parvovirinae
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package only negative stranded DNA molecules.
No member of this family is known to infect
humans, and they will not be considered further in
this review.

Similarly there are no human members of the
Amdovirus genus, the genus that currently only
the Aleutian mink disease virus belongs to. Re-
evaluation of the transcription profile has shown
that this virus has a single promoter, and produces
6 different transcripts with polyadenylation
signals in the mid and 30 end of the genome [2].
The virus is unusual in that replication is enhanced
by caspase activity, which is needed to cleave the
non-spliced non-structural protein [3].

HUMAN DEPENDOVIRUSES

Discovery
The Dependoviruses, or adeno-associated viruses
(AAVs) as they were originally known, were the
first parvoviruses to be found in humans. Although
originally identified as contaminants in adenovirus
preparations they were first isolated directly from
human samples in 1967 [4]. Subsequently, depen-
doviruses have been identified in a wide range of
mammalian and avian species. Till date at least
nine different dependovirus serotypes have been
described in primates [5], and AAVs -1, -2, -3, 8 and
9 are common human infections [5,6].

Biology
The virions package equal numbers of positive
and negative stranded DNA, and the genome has
‘identical’ inverted terminal repeat sequences at
the 50 and 30 end. Efficient virus replication is
dependent on co-infection with helper viruses,
usually adenovirus or herpes virus, although some
replication can also be detected in the absence
of helper virus. The viruses have three mRNA
promoters, and a single polyadenylation signal
at the 30 end.

Cell culture and tropism
Based on cell culture studies, it was originally
thought that after infection of a cell the virus could
enter one of two distinct but interchangeable
pathways: either the lytic pathway or viral
integration. In the presence of helper virus,
generally adenovirus or herpes virus, then all
transcripts are produced, the DNA is efficiently
Copyright # 2010 John Wiley & Sons, Ltd.
replicated, new capsids are produced, the DNA is
packaged and the new virions are released into
the environment by cell lysis. However, in the
absence of helper infection, only the Rep transcripts
are expressed and there is limited DNA replication.
In cell culture studies with high multiplicities of
infection the viral genome can become integrated
into the host cell genome. This integration is not
random, but dependent on shared sequences in
the terminal hairpin structure and the host
chromosome that the Rep protein recognises (the
Rep-binding site) to give a targeted integration. For
AAV2 integration this tends to be a specific region
on chromosome 19 [7,8], but other sites can also
be targeted. It was this propensity for targeted
integration that was the reason for the initial
interest in developing dependoviruses for gene
therapy [9]. However, in the absence of Rep
proteins, AAV integration is both inefficient and
random, and increasingly it is recognised that cells
can be efficiently transduced with AAV vectors
without the requirement for integration, with the
formation of episomal monomeric and concata-
meric circular DNA molecules [10]. Dependo-
viruses probably persist in a similar structure in
adenoidal tissue following natural infection.

Different AAVs have different cell tropisms
and this is mainly dependant on the different
capsid structures of the virus, with heparin, sialic
acid and/or the laminin receptor being used as
the receptor for the human AAVs [11–13]. This is
widely exploited in the gene therapy field to allow
targeting of vectors to different tissues.

Epidemiology
Although original studies in the 1970’s suggested
that AAV infections were very commonwith�80%
of 14 year olds having neutralising antibody [14],
these studies were done in the presence of helper
virus (adenovirus 2) which may have confounded
the results. More recent studies with recombinant
AAV (no need for helper virus) have suggested that
the seroprevalence is much lower in Europe,
Australia and America, with �30% of adults with
antibody to AAV2 and 10–20%with antibody to the
other human serotypes [6,15].

Disease association
Although AAV sequences have been found in
genital [16] and placental tissues [17], and a role
Rev. Med. Virol. 2010; 20: 231–244.
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in fetal loss has been suggested, these findings
have not been reproducible and there is no
evidence that any of the dependoviruses are
pathogenic.

HUMAN ERYTHROVIRUSES

Discovery
Human B19V is the type member of the Erythro-
virus genus. The virus was initially discovered in
the serum of an asymptomatic blood donor (coded
19 in panel B, hence its name) as a cause of false-
positive results in counter-immunoelectrophoresis
tests for the detection of hepatitis B virus surface
antigen [18]. Subsequently, related parvoviruses
have been identified in cynomolgus monkeys [19],
pig-tailed macaques and rhesus macaques [20].
These erythroviruses share up to 60% homology
with B19V, have a similar genome organisation
and share similar biological behaviour in natural
hosts [21]. More recently, even closer related
erythroviruses were identified in serum [22,23]
and tissue samples [24] from humans. Although it
was initially suggested that these might be new
virus families, it is now recognised that they
represent different genotypes of B19V [25]. There is
no evidence for different serotypes of B19V, and the
different B19V genotypes have a similar biology
and pathogenicity.

Biology
Erythroviruses are characterised by packaging
both positive and negative stranded DNA.
They have a single promoter at the 50 end, and
polyadenylation signals in the mid genome
and 30 end. There are two small open reading
frames that encode proteins of Mr approximately
7500 and 11 000. The function of these proteins
is not clearly known, although the B19V Mr
11 000 protein is essential for efficient B19V
replication and production of infectious virus
in cell culture [26].

Cell culture and tropism
B19V is highly erythrotropic. In vivo, B19V
replication and production of infectious virus
occurs preferentially in late erythroid progenitor
cells found predominantly in the bone marrow.
In vitro the virus can be cultured in some
erythromegakaryoblastoid cell lines [27,28], but
Copyright # 2010 John Wiley & Sons, Ltd.
replication is very inefficient, and the infection is
not fully permissive. Efficient in vitro replication
can only be observed in CD36þ erythroid pro-
genitor cells [29].

Erythroid specificity is in part due to the tissue
distribution of the receptor for B19V, the blood
group P antigen [30]. This antigen, also known as
globoside, is found in the erythrocyte precursors in
bone marrow as well as in a variety of other tissues,
including megakaryocytes, endothelial cells, pla-
centa, fetal myocardium and fetal liver. Rare
individuals who lack the blood group P antigen
are naturally resistant to B19V infection [31].

Although globoside is necessary for cell infection
it is not sufficient, and additional receptors are
required for cell entry. Alpha5 beta1 [32] and
Ku80 [33] both have been proposed as additional
putative receptors. In addition to cell entry, efficient
DNA processing and replication only occurs in
erythroid cells, although aswithmost parvoviruses
this can be overcome by co-infection with helper
virus such as adenovirus [34].

Epidemiology
B19V infection is ubiquitous, being found in all
parts of the world. Virtually all the infection is with
B19V genotype 1 (the original genotype identified).
Only rarely has acute genotype 2 infection been
identified, although the B19V genotype 2 has
been found in tissue samples [35–37]. It has been
proposed that genotype 2 was more prevalent in
the past, but that it was replaced by genotype 1
in the 1960’s [38,39]. In contrast, B19V genotype 3 is
found predominantly in parts of Africa where it
seems to be the main circulating genotype [40,41].
Following acute infection B19V DNA persists in
tissue, probably for the rest of the person’s life, and
it has been proposed that examining tissues can
give a ‘Bioportfolio’ of the viruses an individual
has been exposed to [38].

In all parts of the world B19V infection is a
common illness of childhood; by 20 years of age,
approximately 50% of children have detectable
IgG [42–44]. In temperate climates, most infections
occur in the spring, with mini-epidemics occurring
at regular intervals several years apart. Secondary
infection rates approach 50% in households [45]
but are lower for adults in schools or other
institutions [46]. Transmission is predominantly
via the respiratory route, probably by droplet
Rev. Med. Virol. 2010; 20: 231–244.
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spread, and is highest at the time of viraemia,
before the onset of rash or arthralgia.

B19V infections also can occur as a result of
transfusion of blood or blood products [47].
Estimates of the prevalence of B19V DNA in blood
donors vary widely with the sensitivity of the assay
used for detection, but in studies with sensitive
PCR assays,�1%may have low levels of virus [48],
whereas 1:40 000 donors have high titres of virus
[49]. Most reported cases of transfusion-related
infection are due to pooled components, and
virtually all pooled products contain parvovirus
B19V [50]. B19V is relatively resistant to heat and
is not inactivated by solvent–detergent [51]. All
pooled plasma products are now screened for B19V
DNA, and in Europe the European Pharmacopoeia
[52] requires that pooled plasma products have a
B19V viral titre of <104 IU/ml to reduce the risk of
transmission.

Disease associations
Most infections caused by parvovirus B19 are
asymptomatic or mild. When infection is associa-
ted with symptoms, a variety of disease mani-
festations, depending on the immune status of the
host, can be observed (Table 1).
Erythema infectiosum

The most common manifestation of B19V infection
is erythema infectiosum, a mild febrile illness with
rash [53]. Erythema infectiosum is also known as
‘fifth disease’ as the fifth of the historical six
infectious diseases of childhood associated with
rash, the others being measles (first), scarlet fever
(second), rubella (third), Duke’s disease, now no
longer recognised as a distinctive entity (fourth)
and roseola subitum (sixth). The illness is also
known as ‘slapped cheek disease’ due to the
characteristic facial rash that is seen in children
with infection. Studies in adult volunteers demon-
strated a minor febrile illness that began approxi-
mately 8 days after nasal inoculation of virus
and was associated with mild haematological
abnormalities during the second week and facial
rash at 17–18 days [54].

The rash usually begins on the face with the
typical slapped cheek and then can spread to the
trunk were it often has a lacy reticular appearance.
Occasionally the rash can be more florid and rarely
it can present as papular-purpuric gloves and
Copyright # 2010 John Wiley & Sons, Ltd.
socks syndrome (PPGSS), characterised by fever,
swelling and petechiae [55].
Polyarthropathy syndrome

Although uncommon in children, arthropathy
occurs in �50% of adults and is more common in
women thanmen [56]. The joint distribution is often
symmetrical, with arthralgia and even frank arthritis
affecting the small joints of the hands and
occasionally the ankles, knees andwrists. Resolution
usually occurs within a few weeks, but persistent or
recurring symptoms can continue for years.
Transient aplastic crisis (TAC)

Transient reticulocytopenia followed by rebound
reticulocytosis occurs in most subjects infected with
B19V [57]. However, this transient marrow suppres-
sion is not associated with symptoms in most
individuals. In individuals with increased erythro-
poiesis (e.g. haemolytic disorders and haemoglobu-
linopathies) and who depend on continual rapid
production of red blood cells to prevent anaemia,
B19V infection causes TAC [45,58]. TAC often
requires symptomatic treatment with blood transfu-
sions, and if not treated promptly may lead to severe
complications. In one retrospective study the crude
risk of cerebrovascular complicationswithin 5weeks
after B19-associated aplastic crises in homozygous
sickle cell diseasewas 58 times greater than expected
[59]. Patients with TAC are viraemic and, therefore,
infectious at the time of clinical presentation.
Chronic bone marrow failure and pure red cell
aplasia (PRCA)

In patients who cannot mount an efficient
immune response, B19V infection can become
persistent, with high titre B19 viraemia and a
resulting pure red cell aplasia (PRCA) or chronic
anaemia. PRCA has been reported in a wide
range of immunocompromised patients, includ-
ing those with congenital immunodeficiency
(i.e. Nezelof syndrome), acquired immunodeficiency
syndrome and lymphoproliferative disorders
(especially acute lymphoblastic leukaemia) as
well as transplant recipients [60]. Along with
the high levels of B19V DNA detectable in the
serum, patients have a persistent anaemia associ-
ated with reticulocytopenia and absent or low
levels of B19-specific antibody, bone marrow
examination often reveals the presence of
Rev. Med. Virol. 2010; 20: 231–244.
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scattered giant pronormoblasts. Temporary cessa-
tion of chemotherapy may result in an immune
response to B19V and resolution of infection.
Alternatively, administration of immune globulin
may lead to a prompt drop in viral DNA titres
in the blood and resolution of infection.

Although B19 primarily targets the red cell
precursor, other haematologic lineages can be
affected. Transient neutropenia, lymphopenia and
thrombocytopenia have been observed during acute
B19 infection [54]. Parvovirus occasionally causes a
haemophagocytic syndrome [61]. Rare cases of
idiopathic thrombocytopenia (ITP) and Henoch–
Schönlein purpura have been reported to follow B19
infection [62], although transient erythroblastopenia
of childhood (TEC) and aplastic anaemia do not
appear to be caused by B19V infection.
B19V infection in pregnancy

Maternal infection with B19V during pregnancy
can lead to miscarriage or the development of
hydrops fetalis. Prospective studies indicate that
the risk of transplacental fetal infection is about
30%, and the risk of fetal loss, predominantly in
the early second trimester, about 9% [63]. The
estimated risk of congenital infection aftermaternal
B19 infection is <1% [64]. Although B19V does
not appear to be teratogenic, anecdotal cases of
possible eye damage and central nervous system
abnormalities in infants whose mothers have
experienced B19 infection during pregnancy have
been reported [65]. In addition, several cases of
congenital anaemia after maternal infection have
been described [66].

B19V probably causes 10–20% of all cases of non-
immune hydrops [67]. The pathogenesis is a
combination of cardiac decomposition due to
severe anaemia and B19-induced fetal myocarditis.
Intrauterine blood transfusion can prevent fetal
loss in some cases [68,69].
Table 2. Diseases associated with human parvo

Disease

Fifth disease (erythema infectiosum)
Polyarthropathy syndrome
Transient aplastic crisis (TAC)
Persistent anaemia/pure red cell aplasia
Hydrops fetalis/congenital anaemia

Copyright # 2010 John Wiley & Sons, Ltd.
Less common presentations

A large number of clinical presentations, associated
with detection of parvovirus DNA in serum
and tissue, have been reported (Table 3) [62,70].
While, B19V DNA can be detected by PCR for
years in normal tissue [36,71,72], with unknown
clinical significance, in many cases it confounds
the interpretation of B19 disease associations.

Diagnosis
Because viraemia is transient (2–4 days) in
immunocompetent individuals, the diagnosis of
acute B19V infection is usually based on detection
of IgM antibodies [73]. Due to the importance of the
conformational epitopes, commercial assays using
recombinant viral-like particles expressed in insect
or yeast cells are the preferred option. B19V specific
IgM antibodies can be detected at the time of rash in
fifth disease, and by the third day of aplastic crisis
in patients with haematologic disorders. IgM
antibodies remain detectable for 2–3 months after
infection.

B19V specific IgG antibodies become detectable
at the same time as IgM, and remain detectable
thereafter for life. Because >50% of the population
have B19 IgG antibodies, detection is not helpful for
the diagnosis of acute infection.

In immunocompromised patients, or patients
presenting with TAC, the B19V IgM and IgG may
remain negative and diagnosis should be made by
the detection of high titre B19V DNA in blood or
serum. Diagnosis of fetal infection can be based on
detection of virus in amniotic fluid and placental
tissue.

In acute infection viraemia >1012 B19V DNA
genome copies per ml of serum can be detected at
the height of viraemia, but titres fall rapidly within
2 days. Patients with aplastic crisis or PRCA due to
B19 generally have >105 B19V DNA genome copies
per ml of serum. Although most PCR-based assays
virus B19 infection

Host(s)

Healthy children
Healthy adults (especially women)
Patients with increased erythropoiesis
Immunodeficient or immunocompetent patients
Fetus (<20 weeks)

Rev. Med. Virol. 2010; 20: 231–244.
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Table 3. Unusual manifestations of
parvovirus B19 infection

Body System Disease

Hepatobiliary Hepatitis
Cardiovascular Myocarditis

Vasculitis
Rheumatological Arthritidies (including

adult and juvenile
arthritis)

Renal Glomerulonephritis
Neurologic disease Encephalitis

Brachial neuropathy
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will detect B19V genotype 1, primers specifically
designed to detect genotypes 2 and 3 are required to
detect all three genotypes. Low titre B19 DNA may
be detectable by PCR for many months after acute
infection [74], and tissues probably remain posi-
tive for the rest of the person’s life [38]. Therefore,
quantitative PCR should be used for diagnosis.

Prevention and treatment
No antiviral drug is available for treatment of
B19V infection. However, because the humoral
immune response plays a prominent role in
controlling B19V infection, commercial immune
globulin preparations from healthy blood donors
can be used to treat, and in some cases cure,
persistent B19V infection in immunocompromised
patients. Generally, the dose used is 400mg/kg/day
for 5–10 days [75,76]. Treatment of patients with
rash illness or polyarthropathy is symptomatic only;
administration of immune globulin is not beneficial.

Currently, no vaccine is approved for B19V,
although a recombinant viral preparation based
on viral-like particles expressed in insect cells has
been evaluated in phase 1 trials and the results
were promising [77]. A second phase I/II trial
was terminated in September 2008 and results are
awaited.

HUMAN BOCAVIRUSES

Discovery
Bocaviruses are viruses that infect the respiratory
and gastrointestinal tract of young animals, and
the genus is named for the two original members
Copyright # 2010 John Wiley & Sons, Ltd.
of the genus bovine parvovirus (BPV1) and canine
minute virus (aka canine parvovirus type 1).

AHuBoVwas first identified in a study to identify
novel pathogens in pooled respiratory samples
of Swedish children with lower respiratory tract
infections using random PCR [78]. Two libraries of
DNA clones were obtained and of the >800 clones
analysed, 62 contained bocavirus sequences. A
specific PCR was designed, and testing individual
samples confirmed a novel bocavirus in 17 of 540
(3.3%) of clinical samples. Subsequent studies have
identified HBoV in respiratory samples from most
parts of the world [78,79]. Similar sequences have
also been identified in the faecal samples of children
with gastrointestinal illness [80].

Using similar methods of virus purification
and random amplification three additional HuBoV
have been identified in faecal samples and named
HBoV2 [81], HBoV3 [82]and HBoV4 (GenBank
FJ973561), respectively. The sequences are suffi-
ciently diverse that it has been suggested that
they are different viruses, but there is no evidence
to indicate whether they are antigenically different
or not.

Biology
Although the nucleotide and genomic organisation
of BPV1 was first characterised in 1986 [83], the
transcription pattern of BPV1 was only identified
more recently [84]. Both BPV and CPV1 have
different palindromic hairpins at the 50 and 30 end
[85,86], but till date the complete hairpin structure
for none of the HuBoV has been characterised. In
contrast to the other parvovirus genera, bocaviruses
have a third ‘large’ open reading frame in the
middle of the genome that encodes a nucleopho-
sphoprotein (NP1). All bocaviruses appear to use
a single promoter with multiple polyadenylation
signals for transcription of the genome [84,87].

Cell culture and tropism
The replication cycle of BPV1 has been most often
studied in primary fetal lung cells, [83] although
the virus will also grow in embryonic bovine
tracheal cells [88]. The virus binds to sialic acid, and
glycophorin A has been proposed as a possible
cellular receptor [89]. HuBoV cannot be grown in
conventional culture and till date have only be
cultured in a pseudostratified human airway
epithelium cell culture system [87]. Although the
Rev. Med. Virol. 2010; 20: 231–244.
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authors were able to demonstrate the production
of spliced transcript and increase in viral DNA,
replication was not very efficient, perhaps in
keeping with the known requirement of parvo-
viruses for replicating cells. None of the other
ocaviruses have been grown in culture, and the
cellular receptor for none of the HuBoV is known.

Epidemiology
HBoV capsid proteins have been expressed in
insect cells using baculovirus, and used in a
number of seroepidemiology studies [90–94]. All
the studies suggest that HuBoV is a common
infection, but the results vary widely from studies
suggesting that >90% of 5 year olds have antibody
[90,91], to those suggesting that only 30% of
Chinese children under 9 have detectable antibody
[92]. This is surprising given that all are using very
similar bocavirus viral-like particles, in a similar
indirect format, and clearly reflects marked differ-
ences in sensitivity and/or specificity. So far there
have been no studies using the other HuBoV as
antigen, although the marked similarity in the
protein sequence would suggest that there would
be substantial cross-reactivity. It is presumed that
it was antibody to HuBoV that was related to the
earlier observation that antibody to BPV1 could be
detected in human sera [95].

In contrast to the relatively small number of
seroprevalence studies, there have been a large
number of studies published on the detection of
bocavirus DNA in respiratory samples, faecal
samples, blood and/or other tissues. Based on
these studies HuBoV appears to be a common
infection and is found in all parts of the world.
Bocaviral DNA is generally found in respiratory
and faecal samples of children, but can occasionally
be found in respiratory samples from adults [96–98].
Bocaviral DNA is rarely detected in blood, and it
has not been detected in plasma pools.

Disease associations
There have been a large number of studies on
the frequency of HuBoV DNA in respiratory
secretions, especially in children with acute
respiratory infection. A wide range of different
assays has been used, amplifying different parts of
the genome, and almost certainly with different
levels of sensitivity and specificity. What is clear is
that HBoV has worldwide endemicity, and can be
Copyright # 2010 John Wiley & Sons, Ltd.
detected in 1.5–19% of respiratory samples from
symptomatic hospitalised children [99]. Positive
children are generally less than 2 years old, and
likely to be symptomatic with lower respiratory
tract infection. However, there have been relatively
few studies with asymptomatic children of this age
group. When studies with control groups have
been performed HBoV is detected rarely or in a
significantly lower number of patients [99–104].
However, in symptomatic children, HBoV is
frequently not the only pathogenic virus detected,
and thus the role of HBoV as a pathogenic virus is
not clear cut, especially given the propensity for
parvoviruses to be detected in tissues for long
periods of time, and of increased parvoviral
replication by ‘helper’ viruses.

However, there is increase in evidence that the
virus is pathogenic, and especially associated with
wheezing and respiratory disease in young chil-
dren [105]. In these cases, HBoV is often the only
virus detected, and quantitative PCR suggests that
in these cases the viral load is higher in the
respiratory secretions (>104 genome copies/ml),
more likely to be accompanied by detection of
HBoV in blood [105], and the detection of an IgM
response [106,107].

HBoV has also been detected in faecal samples,
and its role as a cause of childhood gastroenter-
itis is also unclear. In different studies around
the world, HBoV has been identified in between
0.5 and 5.5% of cases [108–113]. In most of
the these studies, other pathogens have been
found in the HBoV positive samples, and in one
control study there was no difference in the
detection rate of HboV in symptomatic and
control patients [110].

Similar results have been found for the other
HuBoV found in faecal samples. HBoV2 was
found in 5/98 children (none with gastroenteritis)
in Pakistan, but in only 3/699 of stool samples
submitted to Edinburgh for enteric bacteriology
[81]. In a case control study in Australia, HBoV2
was found in 17% (32/186) of cases of acute
gastroenteritis, and only 8% of controls [82]. In
contrast, in the one study reported so far on
HBoV3, there was no difference in the detection
of virus in patients with acute gastroenteritis
or controls [82]. Further studies are required
to determine whether any of the HuBoV are
associated with some cases of childhood gastro-
enteritis, and also their relationship to the
Rev. Med. Virol. 2010; 20: 231–244.
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commonly observed faecal parvoviruses remains
to be established [114].

HUMAN PARV4

Discovery
Parv4 was originally identified in a patient with
acute viral syndrome [115] as part of a study to
identify novel viral agents using similar methods to
those used to identify HuBoV. The patient was an
intravenous drug user, co-infected with hepatitis C
and unfortunately was lost to follow up. Parv4
and ‘Parv5’ (now recognised as a second Parv4
genotype) DNA have been detected in pooled
plasma collections [116], and a third Parv4
genotype was more recently identified in bone
marrow and lymphoid tissue of African patients
with HIV infection [117].

Biology
The virions appear to package equal amounts of
negative and positive stranded DNA [118]. The
virus has not been grown in culture, but prelimi-
nary studies of the transcription map based on
transfection of the DNA into cells suggest that
Parv4 has a single promoter with multiple poly-
adenylation sites [119], and does not group with
any of the other parvovirus genera. Although on
original identification it was suggested that it
should be classified as amember of the Erythrovirus
genus, it will probably be classified as the type
member of a new parvovirus genera, along with a
group of similar animal viruses identified in pigs
and cattle [120].

Cell culture and tropism
Parv4 does not grow in standard cell culture or
bone marrow culture, and till date has not been
successfully cultured in vitro. Like B19V, Parv4
DNA has been identified in plasma pools, and in
bone marrow, lymphoid tissue, skin and liver
samples [121–124] but it is not known if any of these
tissues are the primary site of replication in the
body.

Epidemiology
Parv4 is a common contaminant of plasma pools,
and can be detected in �4% of plasma pools
[125]; the titres of Parv4 are also much lower than
those seen with B19V prior to plasma pool
Copyright # 2010 John Wiley & Sons, Ltd.
screening. Furthermore, the virus has been
found in �3% of USA and Thailand blood
donors, although unpublished data suggest that
it is much lower in European volunteer blood
donors. The finding of viral sequences in bone
marrow and lymphoid tissue of intravenous
drug users (17/24) as opposed to HIV-positive
men who had sex with men (0/13), indicates
that the virus can be transmitted by parenteral
means [126], but whether this is the only route
of transmission, is still unknown. Similarly,
Parv4 sequences were detected in 13% (13/87)
liver samples [124]; more than 50% of the Parv4
positive livers were co-infected with HCV. When
the same 87 liver samples were tested for B19V
DNA, 68% were positive.

Parv4 virus-like particles have also been
expressed in insect cells and used to develop
assays for seroprevalence. Although the numbers
tested are small at the moment, Parv4 antibody
was detected in 15/33 intravenous drug users and
15/35 haemophiliacs but could not be detected in
any (0/50) orthopedic outpatient controls.

Disease associations
So far no disease has been associated with Parv4
infection. The original patient did have ‘acute viral
infection syndrome’ [115], but it is not known if this
was associated with a primary Parv4 infection, or
was a co-incidental finding.
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