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Summary. – Parvovirus B19 (B19V) is a small non-enveloped single-stranded DNA (ssDNA) virus of the 
family Parvoviridae, the subfamily Parvovirinae, the genus Erythrovirus and Human parvovirus B19 type spe-
cies. It is a common community-acquired respiratory pathogen without ethnic, socioeconomic, gender, age or 
geographic boundaries. Moreover, the epidemiological and ecological relationships between human parvovirus 
B19, man and environment have aroused increasing interest in this virus. B19V infection is associated with 
a wide spectrum of clinical manifestations, some of which were well established and some are still controversial, 
however, it is also underestimated from a clinical perspective. B19V targets the erythroid progenitors in the 
bone marrow by binding to the glycosphingolipid globoside (Gb4), leading to large receptor-induced structural 
changes triggering cell death either by lysis or by apoptosis mediated by the nonstructural (NS)1 protein. The 
pattern of genetic evolution, its peculiar properties and functional profile, the characteristics of its narrow tro-
pism and restricted replication, its complex relationship with the host and its ample pathogenetic potential are 
all topics that are far from a comprehensive understanding. The lack of efficient adaptation to in vitro cellular 
cultures and the absence of animal models have limited classical virological studies and made studies on B19V 
dependent on molecular biology. The present review looks at the nature of this virus with the view to provide 
more information about its biology, which may be useful to the present and future researchers.
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1. Introduction

Parvovirus B19 (B19V) is a small single-stranded DNA 
(ssDNA) virus of the family Parvoviridae, the subfamily 
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Parvovirinae, the genus Erythrovirus and Human Parvovirus 
B19 type species (Meryl and Jeffrey, 2007; Servey et al., 2007; 
Kahn et al., 2008). It gained its name because it was discov-
ered in well B19 of a large series of microtiter plates labeled 
in this way (Sabella and Goldfarb, 1999). It is divided into 
three genotypes – with subtypes (B19V, LaLi-like, and V9-
like), which have 10% nt divergence (Nguyen et al., 1999; 
Hokynan et al., 2002; Servant et al., 2002; Molar-de Backer 
et al., 2012). While these genotypes generally cross-react 
serologically, detection by PCR amplification may require 
specific primers. The virus was first discovered in 1975 and 
first linked to human disease in 1981 (Cossart et al., 1975, 
1981). Infection with parvovirus B19 causes several clinical 
syndromes (fifth disease, transient aplastic crisis, pure red 
cell aplasia, hydrops fetalis, glomerulopathy and anaemia in 
end stage renal disease) and may contribute to other illnesses 
(Cohen and Buckley, 1988; de Jong et al., 2011).

Infection with parvovirus is very common and occurs 
worldwide without ethnic or geographical boundary. Ac-
quisition is often during childhood and continues at lower 
rates throughout adulthood, such that between 70 and 
85% of adults show serologic evidence of past infection 
(Cohen and Buckley, 1988; Kelley et al., 2000). Infectivity 
shows seasonal variation in temperate climates, being more 
common in winter and spring. Transmission of infection 
usually occurs by inhalation of virus in aerosol droplets 
(Anderson et al., 1985). Infection can also be transmitted 
vertically from mother to fetus, through transfusion of 
blood products, bone marrow transplants, and solid-organ 
transplants (Jordan, 1996; Azzi et al., 1999; Heegard and 
Lamb, 2000; Broliden, 2001; Egbuna et al., 2006). The sec-
ondary attack risk for exposed household persons is about 
50%, and about half of that for classroom contacts (Young 
and Brown, 2004).

Symptoms characterized by low-grade fever, malaise, 
a “slapped cheek” facial rash, and later by the spread of a lacy 
maculopapular rash involving the trunk and limbs (Kelley 
et al., 2000). The rash normally disappears within 1 week, 
although recrudescences can occur for several months after 
emotional or physical stress or exposure to sunlight or heat 
(Musiani et al., 2005). Arthralgias and arthritis can occur 
in the setting of erythema infectiosum, but arthropathy is 
a more common manifestation of infection in adults, par-
ticularly in women (White et al., 1985). It typically manifests 
as sudden onset of symmetric polyarthralgia or polyarthritis 
with a rheumatoid-like distribution involving knees, wrists, 
ankles, and metacarpophalangeal joints. Although the joint 
symptoms are usually of brief duration, some do have pro-
longed symptoms that last weeks to years. Transient aplastic 
crisis as a result of B19 infection is of particular concern in 
patients with either decreased red blood cell production or 
increased turnover (e.g. hereditary spherocytosis, sickle cell 
disease) (Serjeant et al., 1993).

Antibodies are the hallmark of the adaptive immune re-
sponse to B19V. In naïve individuals, B19V-specific antibod-
ies are produced early after infection and are assumed to be 
able to neutralize viral infectivity and progressively lead to 
clearance of infection. IgM are produced first and can usually 
last about 3–6 months following infection, soon followed by 
production of IgG that is assumed to be long-lasting. IgA can 
also be detected in body fluids (Giorgio, 2013).

2. Morphological criteria of B19 virus

B19V was first identified tentatively as a parvovirus on the 
basis of morphology at the electron microscopy observation. 
Initial biochemical characterization of virions confirmed 
typical properties of parvoviruses, and their composition of 
two structural proteins, VP1 and VP2. The larger VP1 protein 
accounts for about 5%, while the smaller, colinear VP2 protein 
constitutes the remaining bulk of the virion (Cotmore et al., 
1986). Parvoviruses are characterized by a surprisingly high 
rate of evolutionary changes; at approximately 10-4 nt substitu-
tion per site per year, which is more typical for RNA viruses 
(Sackelton and Holmes, 2006). Alignment of VP2 capsid 
protein gene sequences of parvoviruses and their comparison 
with known molecular structures allowed a first structural 
prediction of the B19V capsid shell with help of cryoelectron 
microscopy and crystallographic X-ray diffraction studies on 
VP2-only (Chapman and Rossmann, 1993). 

Virus like particles (VLPs) of B19V were obtained from 
recombinant systems such as baculovirus (Agbandje et al., 
1991, 1994;  Kaufman et al., 2004). More recently, native viri-
ons, either DNA-containing or empty, have been purified and 
crystallized, and their structure has been compared to that 
of VP2-only VLPs (Kaufman et al., 2008). The capsid shell is 
composed of 60 protein subunits; the core structure is formed 
by the VP common region, forming classical beta-barrel, 
with eight strands connected by large loops projecting on the 
outer surface and determining its topography and specific 
structures at the 5-, 3-, and 2-fold symmetry axes. Similar 
to other parvoviruses, a cylindrical structure is present at 
the 5-fold axis, forming a gated channel connecting interior 
and outer surface of the virion, whose rim is surrounded by 
a “canyon-like” depression. Typical of B19V is the absence of 
prominent spikes at the 3-fold axis and a general rounded, 
smooth surface. When comparing VP2 VLPs with native 
virions, difference in structure is mainly evident around the 
5-fold axis, suggesting that in native virions, either DNA-
containing or empty, the cylindrical channel is normally 
bordered by the N-termini of VP2 proteins (Giorgio, 2013). 
Inside the capsid is the ssDNA genome. At the 5ʹ and 3ʹ ends 
of this genome are palindromic sequences of approximately 
120 to 250 nt that form hairpins and are essential for viral 
genome replication. 
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The NSP is 671aa polypeptide (74 kDa), containing an 
SF3 helicase domain. In NSPs of small viruses (such as par-
vovirus, polyomavirus, and papillomavirus), a SF3 helicase 
domain usually hybridizes with the viral origin of replication 
(OR) domain to prime DNA replication, leading to the OR 
unwinding, necessary for priming of strand displacement 
synthesis (Ozawa and Young, 1987). The cellular replication 
proteins are then recruited to the origin and the viral DNA is 
replicated. It can be assumed that its activity is also necessary 
for strand unwinding in the packaging phase of replicative 
cycle. NSP transactivates its own promoter, boosting viral 
macromolecular synthesis and promoting viral replication 
(Raab et al., 2002; Guan et al., 2009). The representative 
presentation is shown in Fig. 1.

Structure of several SF3 helicases has been solved, but 
not that of B19V NS protein. They all possess the same core 
alpha/beta fold, consisting of a five-stranded parallel beta 
sheet flanked on both sides by several alpha helices. The SF3 
helicase proteins assemble into a hexameric ring (Doerig et 
al., 1999; Zhi et al., 2006).

Despite the fact that B19V NSP is of nuclear localization, 
produced early during replication and being detectable along 
the course of infection, it is not associated with virions like 
other NS proteins of parvoviruses (Cotmore et al., 1986). 
It has been shown that NS protein is present in infected 
cells in other forms with lower molecular mass, but neither 
posttranslational modification nor processing of these forms 
of NS has been clearly documented. (Cotmore et al., 1986; 
Ozawa and Young, 1987). As discussed earlier, structural and 
functional predictions indicate the presence of DNA binding, 
endonuclease, helicase, and transactivating domains. Some 
of these activities have been documented experimentally. 
NS protein is essential for replication of B19V genome (Luo 
and Astell, 1993; Sol et al., 1993) by operating on terminal 
structures of B19V DNA replicative intermediates, allow-
ing terminal resolution and strand unwinding, necessary 
for priming of strand displacement synthesis (Arend and 
Dayer, 1990). On the whole, the NS1 protein of parvovirus 
B19 is a multifunctional protein that performs many different 
functions during the virus life cycle.

3. Functional genomics of the B19 virus

Heterologous transactivation of several genes such as 
those involved in inflammatory responses have been at-
tributed to NSP (Fu et al., 2002). Expression of NSP in het-
erologous cellular systems, such as K562 cells, can promote 
production of the inflammatory cytokine interleukin 6 
(IL-6), but neither the production of other related cytokines, 
as IL-1β, IL-8, nor TNF-α (Sol et al., 1999). NSP-primed IL-6 
induction is mediated by a NF-κB binding site in the IL-6 
promoter region, which is strongly implying that NSP func-

tions as a transacting transcriptional activator on the IL-6 
promoter (Ozawa et al., 1988). In a different system, such 
as the monocytic cell line U937, expression of a transduced 
NSP gene can induce the production of TNF-α mRNA as 
well as protein in a manner associated with the NSP expres-
sion. The AP-1 and AP-2 motifs on the TNF-α promoter are 
responsible for this NSP-mediated upregulation (Momoeda 
et al., 1994). Despite the diverse cellular environments, both 
mechanisms indicate a potential proinflammatory role of 
NSP (Moffatt et al., 1998).

B19V NSP shows various effects on the host cells. Early 
reports indicated its cytotoxicity that could be abolished 
by mutating its putative nucleoside triphosphate-binding 
domain (Nikkari et al., 1995; Brian et al., 2011). In addition, 
NS1 of parvovirus B19 induces cell death by apoptosis in 
at least erythroid-lineage cells by a pathway that involves 
caspase 3, whose activation may be a key event during 
NS1-induced cell death. Studies on UT7/EpoS1 and K562 
cells have shown that NS1 initiates apoptosis by activating 
caspase 3 (but not caspase 1) in a manner which is deferent 
from the IL-6 activation pathway (Moffatt et al., 1998; Ozawa 
et al., 1988). In human erythroid progenitors, CD36+ cells, 
infection-induced DNA fragmentation characteristic of ap-
optosis, and the commitment of erythroid cells to undergo 
apoptosis was combined with their accumulation in the 
G(2) phase of the cell cycle. The cytotoxicity of NS1 in such 
cells results from chromosomal DNA damage caused by the 
DNA-nicking and DNA-attaching activities of NS1. Studies 
have been shown NS1 covalently binds to cellular DNA and is 
modified by PARP (Poly ADP ribose polymerase), an enzyme 
involved in repairing single-stranded DNA nicks. The DNA 
nick repair pathway initiated by PARP and the DNA repair 
pathways initiated by ATM/ATR are necessary for efficient 
apoptosis resulting from NS1 expression (Poole et al., 2011; 
Momoeda et al., 1994). NS1-induced apoptosis was inhibited 
by caspase 3, 6, and 8 inhibitors, and substantial caspase 3, 
6, and 8 activities were induced by NS1 expression. Fas-FasL 
interaction was not involved in induction of apoptosis in 
erythroid cells, but these cells were sensitized to apoptosis 
induced by TNF-α, suggesting a possible connection between 
the respective apoptotic pathways activated by TNF-α and 
NS1 in human erythroid cells (Levy et al., 2009). Model for 
B19V NS1 induction of anti-DNA antibodies resulting in 
apoptosis is shown in Fig. 2.

4. B19 virus receptor and internalization

It was proved that B19V binding to the cellular receptor 
globoside (Gb4Cer) induces structural changes in the capsid, 
leading to the accessibility of the N-terminal region of VP1 
(VP1u). Although such large receptor-induced structural 
changes have not yet been observed in other parvoviruses, 
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Fig. 1
Schematic representation of B19V genome organization and functional mapping

Top: open reading frames identified in the positive strand of the genome; arrows indicate the coding regions for viral proteins positioned on the ORF 
map. Center: genome organization, with distinct representation of the terminal and internal regions and indication of the positions of promoter (P6), 
splice donor (D1, D2), splice acceptor (A1-1/2, A2-2/2), and cleavage-polyadenylation (pAp1, pAp2, and pAd) sites. Bottom: viral mRNAs species; black 
boxes indicate the exon composition and light boxes indicate the ORFs contained within mRNAs (Giorgio, 2013).

Fig. 2

Model for B19V NS1 induction of anti-DNA antibodies
B19V-induced apoptosis generates nucleosomes and apoptotic bodies 
containing NS1-modified DNA. Anergized anti-DNA B cells take up NS1-
modified nucleosomal DNA through their anti-DNA immunoglobulin 
surface receptor and present NS1 peptides in the context of MHC to NS1-
specific T cells. The NS1 specific T cells are activated by antigen presenting 
cells (APC) that express NS1 peptides in the context of surface MHC after 
uptake of apoptotic bodies or immune complexes containing NS1-modified 
DNA. The NS1-specific T cells provide the helper signal required, in addition 
to the DNA signal, for the anergized B cell to break tolerance. vDNA = viral 
DNA; hDNA = human DNA; TC = T cell receptor; PS receptor = phosphati-
dylserine receptor; FcR = Fc receptor (Poole et al., 2011).

Fig. 3

Model for B19 life cycle (Heegard and Brown, 2002; Harbison et al., 2008)
The life cycle of parvovirus B19 includes binding of the virus to host cell 
receptors (1), internalization (2), uncoating and translocation of the genome 
to the host nucleus (3), DNA replication (4), RNA transcription (5), protein 
translation (6), assembly of capsids and packaging of the genome (7), and 
finally cell lysis with the release of the mature virions (8). 
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a slight opening of the 5-fold axis pore has been detected 
following binding of adeno-associated virus 2 (AAV-2) to 
heparin (Heegard and Brown, 2002). The expansion of the 
5-fold axis pore is believed to facilitate the externalization 
of VP1u, which, in all parvoviruses studied so far, occurs 
during the intracellular trafficking of the capsid mediated 
by the acidified endosomal environment (Mani et al., 2006; 
Parsyan et al., 2006; Harbison et al., 2008). Model for B19 
life cycle is shown in Fig. 3.

5. Epidemiology

Based on seroprevalence studies, it has been demon-
strated that human parvovirus B19V is actively circulat-
ing worldwide without neither ethnical nor geographical 
boundaries, albeit with some regional differences (Chorba 
et al., 1986; Brown et al., 2001; Mossong et al., 2008; Salimi 
et al., 2008; Molar-de Backer et al., 2012; Duedu et al., 
2013). Acquisition is often during childhood and continues 
at lower rates throughout adulthood such that between 70 
and 85% of adults show serologic evidence of past infection 
(Cohen and Buckley, 1988; Kelley et al., 2000). Infectivity is 
temperature-dependent, with the infection being more com-
mon in winter and spring. Transmission of infection usually 
occurs by inhalation of virus in aerosol droplets (Anderson 
et al., 1985). Infection can also be transmitted vertically from 
mother to fetus (Bonvicini et al., 2007) through transfusion 
of blood products, bone marrow transplants, and solid-organ 
transplants (Chorba et al., 1986; Arzi et al., 1999; Mossong 
et al., 2008; Heegard and Lamb, 2000 Broliden et al., 2001; 
Egbuna et al., 2006). The secondary attack risk for exposed 
household persons is about 50%, and about half of that for 
classroom contacts (Chorba et al., 1986).

6. Pathogenesis and immune response

After gaining access to the human host, B19V targets the 
erythroid progenitors in the bone marrow by binding to the 
glycosphingolipid globoside (Gb4), also known as blood 
group P antigen (Brown et al., 2001). P antigen is expressed 
abundantly on erythroblasts and at lower levels in a limited 
number of other nonerythroid cell types. Although the 
P antigen is necessary for binding of the virus to the cell 
surface, it is not sufficient for entry and replicative infection 
in human cells (Chorba et al., 1986; Brown et al., 2001). Re-
cent studies support the existence of a cellular co-receptor; 
α5β1 integrin, necessary for a successful infection, although 
this hypothesis remains controversial (Weigel-Kelly et al., 
2003). This integrin is expressed at high levels on erythroid 
progenitors, whereas P antigen-positive non erythroid cells 
that do not express this co-receptor are considered non 

permissive for efficient infection. A third molecule, Ku80, 
has also been suggested as a possible co-receptor for B19V 
infection (Munataka et al., 2005).

After B19V infection of erythroid progenitors, cell death 
occurs either by lysis or by apoptosis (Takahashi et al., 1990; 
Morita et al., 2003) mediated by the NSP. In normal infec-
tion, intense viremia lasts several days, during which time the 
reticulocyte count can drop to zero (Kutzman et al., 1987). 
Recovery is associated with production of virus-specific IgM 
antibodies 10 to 12 days post infection. This is followed by the 
production of IgG antibodies that are directed against both 
types of viral capsid proteins (Modrow et al., 2002). It is dis-
cussed that antibodies to the unique amino terminal region of 
VP1 seem most important (Kutzman et al., 1988). It has been 
a long-held belief that the development of antibodies results in 
rapid and complete clearance of viremia. Emerging evidence, 
however, challenges this notion (Saikawa et al., 1993). With 
the use of sensitive quantitative techniques such as dot blot 
and nested PCR assays, B19V DNA has been detected in bone 
marrow and in peripheral blood for months and even years 
in seemingly immunocompetent individuals, despite the 
presence of neutralizing antibody (Soderland-Venermo et al., 
2002; Lindblom et al., 2005). The clinical significance of this 
delayed clearance and low-level viremia is unknown.

Traditionally, the humoral immune response has been 
considered most important for clearance of parvovirus 
infection and for long-term protection from re-infection. 
However, accumulating data suggest that humoral immu-
nity alone may be insufficient for virus eradication (Hsu et 
al., 2011). The cellular immune response is now attracting 
more attention, and its contribution to infection control is 
gaining appreciation. Although limited data are available, 
studies have shown a striking CD8+ T cell response mounted 
predominantly against B19V NSP (Tolfvestam et al., 2001). 
Moreover, activated CD8+ T cells against B19 epitopes have 
been detected for up to 2 years after infection, which may 
suggest that T cells contribute to long-term pathogen con-
trol (Isa et al., 2005). It is interesting that Isa et al. (2006) 
showed discordance between the distributions of the cellular 
immune response in healthy seropositive individuals com-
pared with those having B19V persistence due to skewing 
of the CD8+ T cell response toward structural VP proteins 
(Norbeck et al., 2005). Thus, lack of B19V clearance could 
potentially be related to failure or perhaps “exhaustion” 
of the NSP response, however, this remains to be proved 
(Zhou et al., 2004). Less is understood about the role of 
B19V-specific CD4+ T cells in acute infection, but it does 
seem that CD4+ T cell proliferative responses are directed 
against VP1 and VP2 (von Poblotzki et al., 1996; Fransila et 
al., 2001). Further studies are required to clarify the role of 
the cellular immune response in viral clearance, in establish-
ment of persistent infection, and in relation to the clinical 
manifestations.
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Table 1. Complications post human parvovirus B19 infection

Host susceptibility Well-established syndromes Other associated symptoms based on 
organ system

References

All patients especially 
children

*Fifth Disease Renal: proliferative glomerulonephritis, 
collapsing glomerulopathy, focal segmen-
tal glomerulosclerosis, thrombotic micro-
angiopathy, renal transplant dysfunction, 
acute allograft rejection

(Wierenga et al.,1995; Marchand et al., 1999; 
Murer et al., 2000; Nakazawa et al., 2000; 
Zalnourian et al., 2000; Taylor et al., 2001; 

Basoun et al., 2002; Cavallo et al., 2003; On-
guru et al., 2006)

Adult women *Arthropathy (Luzzi and Kartz, 1985)
After maternal infec-

tion during pregnancy
*Hydrops fetalis, intrauterine 
fetal death, miscarriage (after 

maternal infection during 
pregnancy)

Rheumatic: rheumatoid arthritis, systemic 
lupus erythematosus, chronic fatigue syn-
drome, dermatomyositis, uveitis, systemic 
sclerosis

(Kerr, 2000)

Patients with chronic 
haemolytic disorder

*Transient aplastic crisis (in pa-
tients with chronic hemolytic 

disorders)

(Kuhl et al., 2005)

Immunocompromised 
patients

*Chronic pure red blood cell 
aplasia 

Cardiac: myocarditis, cardiomyopathy, 
diastolic dysfunction 

(Luzzi and Kartz, 1985; Kerr, 2000)

All patients Hepatobiliary: hepatitis, fulminant liver 
failure

(Serjeant et al., 1981; Kuhl et al., 2005)

 =
Hematologic: hemophagocytic syndrome, 
idiopathic thrombocytopenic purpura and 
hemolytic uremic syndrome

(Diaz and Collazos, 2000; Bock, 2006; Ergaz 
and Omoy, 2006)

 =
Dermatologic: “Gloves and socks” syn-
drome , Gianotti-Crosti syndrome and 
erythema nodosum [70 & 83]

(Kerr, 2000; Onguru et al., 2006)

 =
Vasculitis: Kawasaki disease, Henoch-
Schönlein purpura, microscopic polyar-
teritis nodosa and Wegener's granulomato-
sis [90, 91 & 92]

(Mustafa and McClain, 1996; Aktepe et al., 
2004; So et al., 2007)

 =
Neurologic: encephalopathy, meningitis, 
seizures, transverse myelitis, Guillain-
Barre syndrome, acute cerebellar ataxia, 
neuropathy 

(Nigro et al., 1994; Lunardi et al., 2008)

 =
Pulmonary: idiopathic pulmonary fibrosis, 
scleroderma-associated pulmonary fibro-
sis, lymphocytic interstitial pneumonitis 
and septal capillaritis 

(Nigro et al., 1994)

*Five well-established syndromes that are associated with B19 infection are shown. In addition, a wide range of manifestations have been reported in 
association with this infection, but a causal role for B19V in many of these has not been conclusively established.

Table 2. Comparative analysis of the efficiency of different assays applied for the diagnosis of diseases caused by human parvovirus B19

Disease IgM IgG B19V DNA hybridization B19V DNA amplification
Fifth disease +++ ++ – +
Arthropathy ++ + – +
Transient aplastic crisis +/- +/- ++ ++
Persistent anemia +/- +/- ++ ++
Hydrops fetalis and congenital infection +/- + +/- ++
Previous infection – ++ – +/-

(+) Positive results. (–) Negative results. Greater numbers of plus signs indicate stronger positive results.
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7. Clinical manifestations and complications

The spectrum of clinical disorders that are associated 
with B19V infection ranges from benign to life-threatening 
depending on the age, hematologic status, and immunologic 
status of the host (Lindblom et al., 2005b). Many immuno-
competent individuals with detectable B19V-specific IgG 
have no recollection of specific symptoms or recall only 
nonspecific symptoms of the upper respiratory tract illness. 
There are several common and well-established outcomes 
of B19V infection (Lefrere et al., 2005). Erythema infectio-
sum, also referred to as fifth disease, is the most common 
manifestation of infection in children (Anderson, 1987). It is 
characterized by low-grade fever, malaise, a “slapped cheek” 
facial rash, and later by the spread of a lacy maculopapular 
rash involving the trunk and limbs. The rash normally disap-
pears within 1 week, although recrudescence can occur for 
several months after emotional or physical stress or exposure 
to sunlight or heat (Musiani et al., 2005). Arthralgias and 
arthritis can occur in the setting of erythema infectiosum, 
but arthropathy is a more common manifestation of infec-
tion in adults, particularly in women (White et al., 1985). 
Sudden onset of symmetric polyarthralgia or polyarthritis 
with a rheumatoid-like distribution involving knees, wrists, 
ankles, and metacarpophalangeal joints are noted (Woolf et 
al., 1989). Although the joint symptoms are usually of brief 
duration, some do have prolonged symptoms that last weeks 
to years (Arend and Dayer, 1990). The pathogenesis of the 
cutaneous eruptions and joint symptoms are presumed to 
be, at least in part, due to deposition of immune complexes 
in skin and synovial tissue, because the onset of manifesta-
tions coincides with appearance of B19V-specific antibodies 
in the serum (Brass et al., 1982). Immunocompromised 
patients, who cannot mount an antibody response to B19V, 
typically do not develop these symptoms, whereas treat-
ment of these patients with intravenous immunoglobulin 
may produce rash and/or joint pains. Nevertheless, other 
mechanisms besides immune complex deposition may be 
involved in the inflammatory response; skin biopsies from 
infected patients suggest that direct infection of dermal ves-
sels and cellular infiltration may contribute to tissue injury 
(Takahashi et al., 1995; Magro et al., 2000). However, not 
all immunocompetent patients that mount an antibody 
response show symptoms. Other factors unique to the host 
likely play a role, such as elaboration of particular cytokine 
profiles (Kerr et al., 2003, 2004).

Transient aplastic crisis as a result of B19V infection is 
of particular concern in patients with either decreased red 
blood cell production or increased turnover (e.g. hereditary 
spherocytosis, sickle cell disease) (Serjeant et al., 1993; Choi 
et al., 2002). In healthy individuals, temporary suppression 
of erythropoiesis during the viremic phase is usually well 
tolerated owing to the long life span of erythrocytes (120 

days), and hemoglobin levels remain fairly stable. In contrast, 
a severe and sometimes life-threatening drop in hemoglobin 
can occur in those having shortened red cell lifespan (5 to 15 
days), as is the case with chronic hemolytic disorders (Opal-
eye et al., 2011). Although supportive care with transfusion 
is often required, the aplastic crisis is usually self-limiting, 
rarely lasting for more than two weeks, as a result of the 
production of neutralizing antivirus antibodies. Parvovirus 
B19 has been linked to other hematologic abnormalities: 
thrombocytopenia, leukopenia, or both may be seen in acute 
infection, even in immunologically normal hosts (Pattison et 
al., 1981). Cases of immune thrombocytopenic purpura, He-
noch-Schonlein purpura and hemophagocytic syndrome 
have been attributed to parvovirus B19. However, transient 
erythroblastopenia of childhood and true aplastic anemia are 
not associated with infection (Brown, 2008). Finally, B19V 
infection during pregnancy may lead to hydrops fetalis and 
intrauterine fetal death (Ergaz and Omay, 2006).

8. Diagnosis 

As discussed, B19V is a virus presenting different clinical 
syndromes, so that the acute-phase infection can be followed 
by a delayed clearance, active chronic infections, or silent 
persistence in tissues, depending on the interplay with host 
factors and the efficacy of the immune system response 
(Servey et al., 2007). Therefore, an accurate laboratory 
diagnosis of B19V infection will necessary rely on a mul-
tiparametric approach, combining as much as possible of 
both molecular detection of viral components and immu-
nological detection of virus-specific antibodies (Corcoran 
and Doyle, 2004).

Immunologically, detection of a specific immune response 
is still considered the standard and most widely used means 
of laboratory diagnosis of B19V infection. Parallel detection 
of specific anti-B19 IgM and IgG antibodies is carried out 
and interpretation of the combination of results may allow 
for a presumptive diagnosis of active, recent, or past infec-
tion (Barah et al., 2003). Of limited availability, although 
potentially useful, are assays to determine IgG avidity or 
acute-phase ETS reactivity (Magro et al., 2006). 

Historically, at the beginning of the studies on B19V, im-
munological assays were established using native virus as 
antigens, but very early on this limitation was overcome and 
the antigens used for immunological detection have been 
obtained by means of heterologous recombinant expression 
systems (Gallinella et al., 2003; Doyle, 2011). Recombinant 
proteins expressed in prokaryotic systems have been used 
for the detection of immunity against linear epitopes, since 
they lose their native conformation. On the other hand, 
the recombinant proteins expressed in eukaryotic system 
maintain their native conformation, and, thus, are used to 
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detect immunity against conformational epitopes (Modrow 
and Dorsch, 2002). In particular, viral capsid proteins as-
sembled as VLPs with antigenic configuration quite similar 
to that of native virus are the recognized standard antigens 
for immunological detection.

Recently developed chemiluminescent immunoassays 
can use VLPs composed of VP2 only, VP2+VP1, or 
VP2+VP1u expressed in prokaryotic systems, thus allow-
ing the detection of antibodies to conformational VP2 or 
also to linear VP1u epitopes. Western blot, or, better, line 
blot assays, includes an array of conformational and linear 
antigens and can be used as a confirmatory assay to dissect 
the range of antibody response to B19V (Cohen et al., 1983; 
Anderson et al., 1986). In this kind of assay, NSP can also 
be used as an antigen to detect the presence of specific an-
tibodies, whose correlation with clinical course is, however, 
still controversial. 

Molecularly, the detection of the viral genome in pe-
ripheral blood, bone marrow, or tissues can be considered 
the more direct and appropriate approach to the diagnosis 
of infection. In the progress towards a rapid and accurate 
molecular diagnosis, a wide array of molecular hybridization 
and nucleic acid amplification techniques have continuously 
been developed (Anderson et al., 1986; Kerr et al., 1999). In 
particular, standardization and inclusion of competitor or 
internal controls have been developed for PCR protocols 
in a continuous effort of accuracy and robustness (Kaikko-
nen et al., 1999; Manaresi et al., 2004; Enders et al., 2006). 
Nowadays, real-time quantitative, internally controlled 
PCR techniques must be considered the standard analytical 
method for the molecular detection of B19V (Zerbini et al., 
1995; Gallinella et al., 1997; Peterlana et al., 2006; Musiani 
et al., 2007). Two main requirements should be met; first, 
the capability of detection of all genotypes of B19V; second, 
a calibrated and standardized quantification of viral target. 
Both of these requirements can take advantage of interna-
tional standards and can be challenged by international 
proficiency panels (Aberham et al., 2001). The continuous 
technical development will certainly in the future lead to 
novel molecular detection methods and analytical platforms 
that will improve performances and reduce time and costs.

Finally, in situ hybridization techniques for the detection 
of viral nucleic acids, and immunohistochemical detection 
of viral proteins, can be useful as a complement to PCR 
techniques for investigation of viral infection in bioptic 
samples, with the advantage of identification of infected 
cells and allowing the discrimination of productive in-
fections from silent persistence of the virus (Salimans et 
al., 1989; Morey et al., 1992; Gallinella et al., 1994, 2004;  
Gentilomi et al., 1994; Gruber et al., 2001; Manaresi et al., 
2002; Baylis et al., 2012). The sensitivity of direct DNA 
hybridization methods is approximately 106 genome copies 
per milliliter, while the sensitivity of DNA amplification 

techniques (specifically PCR) is approximately 102 genome 
copies per milliliter (Anderson et al., 1985; Bonvicini et 
al., 2006).

9. Treatment

Specific antiviral therapy is not available to treat B19V 
infection. The treatment approach of infection depends on 
host factors such as immune status, underlying conditions, 
and manifestations of infection (Broliden, 2001). Most 
cases of infection in immunocompetent hosts do not need 
treatment, because the symptoms are transient, although 
nonsteroidal anti-inflammatory agents may be helpful in 
cases of arthropathy. Patients with transient aplastic crisis 
may need supportive therapy with blood transfusions until 
neutralizing antibody response can clear the virus and he-
matopoiesis is restored (Bonvicini et al., 2007). In cases of 
fetal infections and hydrops, intrauterine transfusions are 
indicated when the hemoglobin concentration in the fetal 
circulation falls below a threshold level, and case series report 
improved survival rates of hydropic fetuses (Morey et al., 
1995; Bonvicini et al., 2006). There are several options for 
the treatment of pure red cell aplasia and persistent infection 
in immunocompromised patients, in whom B19V-specific 
antibody response is absent or minimal (Lunardi et al., 1998). 
Commercial Ig (IVIG), a significant source of anti-B19V an-
tibodies, has proved to be efficacious, although no controlled 
studies have been carried out (Morey et al., 1995; Moudgil 
et al., 1997; Murer et al., 2000; Egbuna et al., 2006). Various 
regimens have been reported with favorable outcomes, but 
on the basis of the pooled data, 400 mg/kg per day for 5 to 
10 consecutive days seems to be clinically useful in most 
cases. Although clinical response is common as evidenced 
by reticulocytosis, increased hemoglobin levels, and decline 
in serum viral DNA, a complete eradication of viremia may, 
however, not occur in some patients, particularly in trans-
plant patients, who are highly immunosuppressed. Thus, 
relapses of anemia can occur up to several months after 
completion of treatment (Brennand and Cameron, 2008). 
Repeated administration of IVIG may be helpful, but some 
patients experience multiple relapses (Moudgil et al., 1997; 
Brennand and Cameron, 2008). Reduction of immunosup-
pressive medication is often recommended in addition to 
IVIG (or without IVIG in less severe cases) to allow the 
patient’s own immune response to mature and neutralize 
the virus (Bertoni et al., 1997; Lamont et al., 2011). Several 
reports have concluded that symptomatic B19V infection 
is linked specifically to the use of tacrolimus rather than 
the overall state of immunosuppression (Grabarczyk et al., 
2011). This is based on the observations that a switch from 
tacrolimus to cyclosporine was followed by viral clearance 
and complete resolution of anemia in some patients (Pamidi 
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et al., 2000). Accordingly, some have suggested this change in 
drug regimen for infected recipients who fail to respond to 
IVIG. The mechanism for this difference, if it is real, remains 
unknown. Spontaneous recovery has also been reported in 
some patients without therapy (Taylor et al., 2001; Eid et al., 
2006). Human monoclonal antibodies have been developed, 
but their therapeutic or prophylactic use has not been evalu-
ated (Gigler et al., 1999; Geetha et al., 2000).

10. Prevention and vaccine development

Various strategies can be used to prevent B19V trans-
mission in the community and in the hospital. Good hand 
washing is critical and the most important single method 
of infection control (Katragadda et al., 2013). Close contact 
with individuals who have respiratory symptoms or fever 
should be avoided when possible and frequent hand washing 
is advised (Leifeldt et al., 2002). Patients who have suspected 
B19V infection should be identified on admission and placed 
in isolation. Staff should be educated about the modes of 
spread of B19V and that shedding of virus typically lasts 
about 3 to 8 days, but may persist for weeks, particularly in 
immunosuppressed patients (Crabol et al., 2012). Blood and 
blood product should be carefully screened before transfu-
sion into the recipient (Giorgio, 2013). The development of 
a vaccine for B19V has been a problematical endeavor. Pre-
liminary work on vaccine development has been conducted. 
Main immunogenic determinants are considered the viral 
capsid proteins, with their VP2 conformational and VP1u 
linear epitopes. Viral capsid proteins expressed in eukaryo-
tic heterologous systems will retain original structure and 
form VLPs that are antigenically similar to native virions. 
Therefore, VLPs can be produced and assembled from VP2 
protein only or can be enriched in VP1 to include neutral-
izing epitopes encoded in the VP1u region in the vaccine 
(Geetha et al., 2000). These VLPs are immunogenic in the 
animal experimental model. Phase I studies showed their 
immunogenicity and relative safety in humans; however 
phase II studies showed a remarkable reactogenicity (Leifeldt 
et al., 2002; Crabol et al., 2012). These results still fuel the 
development of efficient and safer vaccines. 

11. Conclusions

Parvovirus B19 infection is associated with a wide spec-
trum of clinical manifestations, some of which were well 
established and some still controversial. It is a virus that can 
offer continuous matter of interest to virologists for many 
reasons. The pattern of genetic evolution, its peculiar proper-
ties and functional profile, the characteristics of its narrow 
tropism and restricted replication, its complex relationship 

with the host and its ample pathogenetic potential are all 
topics that are far from a comprehensive understanding. The 
lack of efficient adaptation to in vitro tissue cultures and the 
absence of animal models have limited classical virological 
studies and made studies on B19V dependent on molecular 
biology. However, the difficulties in obtaining efficient re-
combinant systems have impaired a thorough understanding 
of the viral lifecycle and virus-host interactions.

B19V is underestimated from a clinical perspective. Its 
wide circulation and prevalent benign and self-limiting 
clinical course generally lead to a diminished appreciation 
of its pathogenetic potential. In this review, only selected 
clinical aspects have been discussed, despite the possibil-
ity that B19V is a potential etiological agent in a wider 
ensemble of diseases, encompassing practically all organs 
and systems. An extended awareness and definition of the 
actual pathogenetic role of B19V in the human diseases, the 
development of better diagnostic methods and algorithms, 
the development of prophylactic, and therapeutic options 
will continue to be relevant issues, worth of efforts by the 
scientific community.
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