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Abstract

Parvovirus B19 is a small single-stranded DNA virus and a potent inhibitor of erythro-
poiesis, due to its cytotoxicity to erythroid progenitor cells. Infection with parvovirus 
B19 during pregnancy can cause several serious complications in the fetus, such as 
fetal anemia, neurological anomalies, hydrops fetalis, and fetal death. Early diagnosis 
and treatment of intrauterine parvovirus B19 infection is essential in preventing these 
fetal complications. Testing maternal serum for IgM antibodies against parvovirus B19 
and DNA detection by PCR can confirm maternal infection. If maternal infection has 
occurred, ultrasound investigation of the fetus and measurement of the peak systolic 
flow velocity of the middle cerebral artery are sensitive non-invasive procedures to 
diagnose fetal anemia and hydrops. Intrauterine transfusion is currently the only ef-
fective treatment to alleviate fetal anemia, but if the fetus is (near) term, induction of 
delivery should be considered. Most maternal infections with parvovirus B19 occur 
through contact with infected children at home. Individual counseling of susceptible 
pregnant women will reduce unnecessary fetal deaths.
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B19 virus: virology

Human Parvovirus B19 (B19V) is a small single-stranded DNA virus (10). It is the only mem-
ber of the Parvoviridae family, genus Erythrovirus, known to be pathogenous to humans 
(30). Its genome of about 2,500 base pairs encodes for three major proteins. Two structural 
proteins (VP1 and VP2) make up the viral capsid. The viral capsid consists for 95% of VP2; 
the remaining 5% is made up of VP1. VP1 differs from VP2 only in the N-terminal region 
with the addition of 227 amino acids that mainly are located outside the virion and ac-
cessible to antibody binding (26, 27). The non-structural protein (NS1) is presumed to be 
involved in viral replication, activation of viral gene transcription and inducing apoptosis 
in target cells (7, 32). 

Pathogenesis of B19V in pregnancy

B19V is a potent inhibitor of hematopoiesis because it lytically infects erythroid precursor 
cells. The cellular receptor for B19V is globoside or P-antigen. It is found on erythrocyte 
progenitor cells (erythroblasts and megakaryocytes), but also on erythrocytes, synovium, 
placental tissue, fetal myocardium, and endothelial cells (7, 42). Viral replication of B19V is 
restricted to erythroid progenitor cells. Expression of globoside on the cell surface is not 
sufficient for viral cell entry and therefore for viral replication. Globoside is a binding-site for 
B19V on the cell surface, but B19V needs α5β1 integrin as a cellular co-receptor and func-
tional activity of β1 integrin for cell entry (40). Recent data suggest that Ku80 auto antigen 
may also function as a co-receptor (33). The NS1 protein of B19V is involved in inducing cell 
death. Both direct toxic cell injury and the induction of apoptosis contribute to this effect. 
Infection with B19V usually takes place through respiratory droplets, but B19V can also be 
transmitted by blood and blood derived products and can be transmitted vertically from 
mother to fetus (16). No vertical transmission has been described if the mother is immune 
at the time of exposure. It is highly unlikely that fetal infection occurs if the mother has IgG 
antibodies since this is thought to give life-long protection against re-infection with B19V. 
When maternal infection occurs, maternal viremia reaches its peak approximately 1 week 
after infection. Symptoms such as erythema infectiosum, mild fever, arthralgia and head-
ache start approximately 10-14 days after infection in about 50% of infected women. At 
the time of the occurrence of IgM antibodies, presumably during the maternal peak viral 
load (day 7), the risk of vertical transmission may be maximal (20). Until now, the exact 
route of transmission is unknown. 
Jordan et al. (24) showed a decreasing expression of globoside within the villous trophob-
last layer of the human placenta with increasing gestational age. This may explain why 
the incidence of fetal morbidity and mortality related to B19V infection decreases with 
gestational age (16). More likely, passive transfer of maternal antibodies after the age of 25 
weeks may reduce fetal morbidity and mortality at late stages of pregnancy.
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Epidemiology of B19V

Infection with parvovirus B19 is common worldwide. The yearly peak incidence of infec-
tion occurs during spring and epidemics occur every four years (5). The prevalence of IgG 
antibodies directed against B19V in the population ranges from 2 to 15% in children 1 to 5 
years old, 15 to 60% in children 6 to 19 years old 30 to 60% in adults and more than 85% in 
the geriatric population (22). 
About 35-45% of women of childbearing age do not possess protective IgG-antibodies 
against B19V. The incidence of acute B19V infection in pregnancy is approximately 1-2% 
in endemic periods, but in epidemic periods infection rate may rise to >10% (38, 14, 37). 
In case of maternal infection, vertical transmission occurs in 33-51% of cases, the risk of 
adverse fetal outcome is approximately 10% (7, 34). Infections with B19V are estimated to 
cause 48 cases of fetal death each year in the Netherlands (5). 

Clinical manifestations of B19V in pregnancy

Fetal infection with B19V is associated with intrauterine fetal death (IUFD), non-im-
mune hydrops fetalis (NIHF) and neurological manifestations. Fetal infection can also be 
asymptomatic. 

Fetal death
Cases of fetal death due to B19V infection have been described mostly between 20 and 24 
weeks’ gestation, but cases of IUFD as early as 10 weeks and as late as 41 weeks’ gestation 
have also been described (34).

Non-immune hydrops fetalis
The observed risk of B19V-induced hydrops fetalis is 3.9% after maternal infection through-
out pregnancy, with a maximum of 7.1% when infection occurred between 13 and 20 
weeks of gestational age. The peak incidence of B19V associated hydrops fetalis is between 
17 and 24 weeks of gestation (16). A fetus affected by B19V may show signs of hydrops 
fetalis on ultrasound investigation, typically marked ascites, cardiomegaly and pericardial 
effusion (Figure 2). In advanced stages, generalized edema and a thick, hydropic placenta 
can be found. The latter may be responsible for a maternal pre-eclampsia-like syndrome 
with swollen legs, hypertension, proteinurea and maternal anemia, the ‘mirror-syndrome’, 
which is so called because maternal signs apparently reflect those present in the fetus. The 
underlying mechanism responsible for the fetal symptoms is severe anemia, which leads 
to high output cardiogenic heart failure. NIHF is more frequent during the hepatic stage 
(8-20 weeks of gestation) of haematopoietic activity (41). In this stage of haematopoiesis 
the half-life of erythrocytes is shorter compared to the later bone marrow and splenic hae-
matopoietic stage (7). Therefore the fetus is at this gestational age especially vulnerable to 



41

severe anemia and hydrops fetalis. The interval between B19V infection and development 
of NIHF ranges from 2 to 6 weeks (41).

Neurological manifestations 
Few cases of encephalopathy and severe CNS abnormalities following intrauterine B19V 
have been reported and only three cases of B19V neonatal encephalitis / meningitis have 
been reported (23, 28). The low frequency of neurological complications suggests that this 
is an uncommon complication. B19V has also been associated with pediatric stroke (11, 23, 
19, and 31). Isumi et al. (23) demonstrated perivascular calcifications in the fetal cerebral 
cortex, basal ganglia, thalamus and germinal layer following congenital B19V infection. In 
the cerebral white matter multinucleated reactive microglial cells were seen. B19V DNA 
could be detected in glial cells and endothelial cells and suggest that immature fetal blood 
vessels permit infection of B19V, leading to perivascular inflammatory changes. 

Diagnosis

Serological tests
Serologic examination of maternal blood is the first and most useful diagnostic test that 
should be performed as soon as possible once B19V infection is suspected during preg-
nancy (see algorithm). B19 IgG or IgM antibody detection now is most often performed 
by enzyme immuno assays, which tend to replace the immunofluorescent technique (3, 
15).  B19V specific IgM antibodies become detectable in maternal serum within 7-10 days 
after infection, sharply peak at 10-14 days, and than rapidly decrease within 2 or 3 months 
(1). IgG antibodies will rise considerably more slowly and reach a plateau at 4 weeks after 
infection. As a result, comparison of the IgG and IgM EIA ratio’s (or IFA titers) can provide an 
indication of the actual stage of B19 infection. If IgM titers exceed IgG titers, the B19V infec-
tion took place less than month ago, viral load levels will be high, and fetal complications, 
if absent, may still develop (3).  Although measurement or maternal IgM is highly sensitive 
and specific, one should be aware of two classic pitfalls. First, after a recent contact, there 
will be a serologic window of seven days, during which both IgG and IgM remain nega-
tive. Secondly, at the time of clinically overt hydrops fetalis, IgM levels may already have 
become low or (rarely) even undetectable. It is even conceivable that continued antigenic 
shedding resulting from the fetal infection may contribute to the decline of maternal IgM 
levels.  In such cases, PCR analysis of the same blood sample will be highly informative.  
In contrast to the reliability of B19V serology in maternal blood, serologic examination of 
fetal and neonatal blood samples is highly unreliable since most unborn children will not 
produce IgG or IgM responses to B19V. Therefore examination of fetal serum or neonatal 
(cord blood) for B19V infection should be confined to B19 DNA detection by PCR, which 
effectively will confirm or exclude fetal B19V infection. 
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Viral DNA detection (PCR)
Nucleic acid amplification to detect B19V DNA is an extremely sensitive means (most pub-
lished PCR assays are able to detect viral DNA at 1 to 100 copies/mL) to detect viral DNA in a 
sample. This method is especially useful in patients lacking an adequate antibody-mediated 
immune response, immunocompromised or immunosuppressed individuals, and fetuses. 
In such cases serological testing for B19V is unreliable (25). Using standard procedures, de-
tection of B19V specific IgM in fetal blood has a sensitivity of 29% compared to almost 100% 
for PCR (3, 16). However, low B19V DNA levels may persist for years after acute infection and 
therefore low-positive PCR results for B19V do not prove recent infection (29).  

Ultrasound measurements
If a recent parvovirus infection is suspected during pregnancy, ultrasound examination 
should be performed to exclude the presence of fetal anemia and hydrops. Blood flow in 
anemic fetuses has a hyper dynamic pattern, which can be detected non-invasively with 
Doppler ultrasonography in various fetal blood vessels. These changes in blood flow are 
thought to result from increased cardiac output and decreased viscosity of fetal blood. 
Blood flow in the middle cerebral artery is the first to respond to fetal anemia due to the ear-
ly response of brain tissue to anemia. An increase in the middle cerebral artery peak systolic 
velocity (MCA-PSV) (Figure 1) is a very sensitive measure to identify fetal anemia caused by 
B19V infection (9, 12). Timing of intrauterine transfusion for treatment of fetal anemia and 
prevention of fetal hydrops can be based on these MCA-PSV measurements.
B19V-associated fetal hydrops, an accumulation of excess fluid in at least two body compart-
ments of the fetus, can be easily seen on fetal ultrasound (Figure 2) (4, 6, and 18). Hydrops 
caused by anemia usually manifests itself first by ascites, with enlargement and thickening 
of the fetal heart. Untreated, fluid accumulation progresses with skin edema, pericardial 
effusion and placental edema. Pleural effusions are late and minimal in anemic hydrops. 
Amniotic fluid volume may be normal or even decreased; polyhydramnios is rare (39).  

Figure 1. Measurement of peak 
systolic velocity in the middle 
cerebral artery (MCA-PSV).
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Figure 2.  Fetal ascites (1) and enlargement of fetal liver (2) and fetal heart (3).

Therapy

Intrauterine transfusion (IUT)
Management of B19V infection with IUT can correct fetal anemia and may reduce the mor-
tality of B19V infection significantly (Figure 3). Timely IUT of fetuses with severe hydrops 
reduces the risk of fetal death (17, 35, 36, and 16). In most cases, one transfusion is suffi-
cient for fetal recovery. Following successful transfusion, it may take weeks for all hydropic 
signs to disappear. A few cases of spontaneous resolution of hydrops due to parvovirus 
infection have been described. This has led to discussion on the best time to intervene or 
whether to intervene at all. Only fetal blood sampling can provide information on fetal he-
moglobin and reticulocyte count, and thus on whether the fetus may be in a spontaneous 
recovery phase or not. Most clinicians choose to proceed with transfusion when the fetal 
blood sample shows anemia, even if there is already evidence of recovery of erythropoiesis 
by a high reticulocyte count. Due to the rarity of the disease, a randomized trial to find the 
best policy is unlikely ever to be performed.
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Figure 3. Insertion of the transfusion needle in the umbilical vein (arrow).

Management of intrauterine B19V infection

Pregnant women who have been exposed to B19V, or those developing symptoms com-
patible with B19V infection, should be assessed for susceptibility or the presence of infec-
tion, by determining their B19V IgG and IgM status (Figure 4). If the woman is immune to 
B19V (IgG positive, IgM negative) she can be reassured that recent exposure will not result 
in adverse consequences in her pregnancy. If there is no immunity to the virus and no 
seroconversion has taken place after 1-2 weeks, the woman is not infected with the virus. 
She should be counseled about the risk of B19V infection. If the woman has been infected 
with B19V (IgM positive), the fetus should be monitored for the development of hydrops 
fetalis by ultrasound examination including assessment of MCA-PSV, preferably weekly 
until 10-12 weeks post-exposure. If the fetus subsequently develops hydrops and/or ane-
mia (increase in MCA-PSV), an IUT should be considered. A fetal blood sample should be 
taken during IUT to perform a measurement of B19V DNA, hemoglobin and reticulocyte 
counts. If the fetus is near term or at term, delivery should be considered (8). Intrauterine 
transfusion may be preferable to delivering a severely hydropic fetus, even close to term. 
Hydropic neonates usually are prone to severe respiratory problems, which can be pre-
vented by allowing intrauterine recovery.
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Prognosis, risk factors and prevention

Prognosis
Children who survived a successful IUT for B19V-induced fetal anemia and hydrops fetalis 
have a good neurodevelopmental prognosis (13). 

Risk factors
A prospective evaluation of 618 pregnant women exposed to B19V in an endemic period 
was performed by Harger et al. (21). In this study the single statistically significant risk fac-
tor that was found for B19V infections in pregnant women was exposure to B19V by their 
own children. Other studies have found an increased risk for B19V infections in elementary 
school teachers and day-care workers (21). 

Prevention
Because maternal exposure to B19V occurs before her child or any other contact has a rash 
or is otherwise symptomatic, and considering that around 20% of children are asympto-
matic, no reasonable strategy to avoid B19V exposure to pregnant women is apparent. 
Also, it would not be justified excluding pregnant women from the workplace during en-
demic periods, since the risk of occupational infection may be similar to or less than in 
the community or at home. Individual counseling of pregnant women, identified to be se-
ronegative, with a high-risk profile (school teachers, day-care workers) should be done to 
prevent unnecessary fetal death (21, 16). This would require an active policy of serological 
testing of these categories early in pregnancy. Recently Ballou et al. (2) described a recom-
binant parvovirus B19 vaccine composed of VP1 and VP2 capsid proteins, which proved to 
be immunogenic and safe to use in human volunteers. Vaccination of non-immune preg-
nant women could be a highly effective method to prevent fetal infection with B19V, but 
doubt exists about the cost-effectiveness of this strategy in the general population.
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Figure 4. Clinical and laboratory protocol for the first weeks after maternal exposure to B19V . This does not 
apply to longer intervals after exposure.
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