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Bulleted Statements
What's already known about this topic?

e Fetal manifestations of congenital parvovirus B19 virus (B19V) infection include
anaemia, hydrops fetalis and fetal death.

e The peakincidence of B19V associated hydrops fetalis is 21-24 weeks gestation
during the fetal hepatic stage of haematopoiesis.

What does this study add?

e Routine screening for B19V in pregnancy is not recommended unless there is
confirmed B19V exposure or diagnostic workup for fetal anaemia or hydrops is
indicated.

e This risk of pregnancy loss is closely related to timing of infection and should

inform prenatal counseling, surveillance and specialist follow-up.

Data Availability Statement:

Research data are not shared
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Abstract

Parvovirus B19 (B19V) infection is well known for its mild, self-limiting clinical
presentations in children, such as erythema infectiosum. Approximately 40% of women
of childbearing age are susceptible to B19V infection. While maternal B19V infection
usually has a good prognosis, B19V can cause severe fetal anaemia and pregnancy loss
due to its ability to suppress erythroid progenitor cells. Noninvasive ultrasound
monitoring for fetal anaemia is usually performed if maternal seroconversion occurs in
the first 20 weeks of gestation, with amniocentesis for fetal infection reserved for those
who first present with fetal anaemia or hydrops of unknown cause. Intrauterine
transfusion is the standard treatment for severe fetal anaemia and is associated with a
significant improvement in survival. However, survivors of hydrops fetalis may have a
higher rate of long-term neurodevelopmental complications compared with
nonhydropic survivors. This review aims to synthesise published data on the diagnosis,
surveillance and outcomes of congenital parvovirus infection to assist clinicians in

diagnosing and managing this important condition.
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1. Introduction

Parvovirus B19 (B19V) is a small single-stranded DNA virus most commonly
spread horizontally by respiratory secretions. It can also be transmitted vertically from
mother to fetus during pregnancy.! B19V has the characteristic ability to infect the
placenta and fetal erythroid precursor cells, potentially leading to devastating
complications including fetal anaemia, non-immune hydrops fetalis (NIHF) and
intrauterine fetal death (IUFD). In this review, we synthesize the published data on the
diagnosis, surveillance and outcomes of fetal parvovirus infection to aid clinicians in

counselling and management of maternal infection during pregnancy.

1.1 Virology and serology

Parvovirus B19 is the only member of the family Parvoviridae known to be
pathogenic in humans.2 The B19 virion has several cellular receptors important in its
pathogenesis, the most clinically relevant being the globoside or P-antigen (P-Ag).3 P-Ag
is present on haematopoietic precursors as well as endothelial cells, fetal myocytes, and
placental trophoblasts.3-> This characteristic tissue distribution of P-Ag is responsible
for the clinical syndromes caused by B19V fetal infections.

Erythropoietin/erythropoietin receptor signaling is essential for B19V tropism
and DNA replication. Individuals who have a congenital absence of P-Ag on their
erythrocytes demonstrate natural B19V resistance.#* Non-haematopoietic tissues that

express the P-antigen, such as myocytes, do not permit viral replication. The
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pathogenesis of B19V in these tissues is thought to be due to the toxic accumulation of
B19V nonstructural protein (NS1), rather than active viral replication.

Specific B19V IgM antibodies appear seven to twelve days after infection and
usually disappear within three to four months.5-8 B19V-specific IgG is not reliably
detectable until about 28 days post exposure. (Figure 1) High-avidity IgG antibodies
mediate lifelong immunity and subsequent encounters with B19V boost titres of B19V
IgG across a person’s lifetime.> Therefore, if a pregnant woman is IgG positive at time of

exposure, she is immune and is not at risk of fetal transmission of B19V. 2,10

1.2 Epidemiology and transmission

Infection with parvovirus B19 occurs globally, with increasing seropositivity
with age.3 7 Approximately 15% of preschool children, 50% of young adults and 85% of
the elderly show serologic evidence of past infection.3. 7 Infection is asymptomatic in 25-
50% of infected individuals.®> The susceptibility of women of childbearing age to
parvovirus ranges from 26% to 44%, but is commonly quoted at 40%.1 3.8, 11-13 The risk
of B19V infection during pregnancy is estimated at 1-2% in endemic periods, rising to
10% during epidemic periods.3 7-12 Seronegative pregnant women, once exposed to the
virus, can transmit the infection to the fetus via the placenta in approximately 17-35%
of cases.1.7.14-16 Vertical transmission occurs one to three weeks after maternal

infection.3 7. 11
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1.3 Clinical syndromes of parvovirus B19 in children and adults

The features of B19V are varied, however, the most common manifestation by

far is erythema infectiosum.

Acute infection

Erythema infectiosum (EI, or ‘Fifth disease’) is the most common clinical
manifestation of B19V infection in immunocompetent hosts. Classically, EI affects
school-aged children with low-grade fever, malaise and facial rash that gives rise to the
name ‘slapped cheek syndrome.’ The infection is normally self-limiting and resolves

within one to two weeks.

Infection with B19V may cause a self-limiting symmetric arthropathy, more
frequently in female adults than in children.> 7 In patients with abnormal
erythropoiesis, such as thalassemia or sickle cell anemia, acute B19V can cause a
transient aplastic crisis. In sickle cell anaemia, this can be complicated by acute splenic

sequestration, hepatic sequestration and acute chest syndrome.1?

Chronic infection

In immunocompromised patients, B19V can cause persistent bone marrow

suppression manifested by chronic anemia.> About 5% of adult patients and 10% of

This article is protected by copyright. All rights reserved.



children immunosuppressed for haematological malignancies have documented

complications from B19V with severe and even lethal cytopenias.>

B19V demonstrates tropism for myocytes and B19V has been implicated in a
range of myocardial disorders.> Parvovirus B19 has been identified from
endomyocardial biopsies and has been associated with myocarditis, dilated
cardiomyopathy and left ventricular dysfunction, although a causal link has not been

definitively established.18-21

On average, 50% of adult cases of EI have associated joint manifestations that
may persist for weeks to months, and sometimes years.5 B19V DNA has been detected
in synovial tissue specimens in patients with chronic arthritis, although again, a direct

causal link has not been clearly identified.

2. Pathogenesis of maternal-fetal infections

2.1 Placental infection

The presence of P-Ag on the trophoblast layer of the villi provides the pathway
by which B19V may be transmitted from an infected mother to the fetus.22 P-Ag
expression by villous trophoblast cells occurs in a gestation-dependent manner.
Immunoreactivity for P-Ag is strongest in villous trophoblastic cells of first trimester
placentae, with diminished reactivity in second trimester, and a near lack of staining on

third trimester placentae.22
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2.2 Fetal infection

Unlike the rubella virus, B19V is not teratogenic. However, fetal tissues including
haematopoietic cells in the liver, myocardium, endothelial cells, platelets,
megakaryocytes and fibroblasts have been demonstrated to express the P-antigen viral

receptor.> This correlates with the range of clinical syndromes seen in fetal infections.

The fetal liver acts as the primary haematopoietic organ from nine to twenty four
weeks gestation. The second trimester is also the period of the most rapid increase in
red cell mass in the fetus, increasing by more than 30-fold. However, the half-life of fetal
red cells produced at this gestation is relatively short at 45-70 days.23 (Figure 2) Thus,
the fetus is exquisitely vulnerable to any pause in red cell production in second
trimester.1 This risk is greatly decreased in the third trimester, when fetal
haematopoiesis has shifted to bone marrow and the lifespan of red blood cells is

increased.

The observed risk of B19V-induced NIHF ranges from 3.9 - 11.9%, with the peak
incidence between 21 and 24 weeks of gestation.3 7. 13. 24 The interval between B19V
infection and development of NIHF usually ranges from two to six weeks.3 7 Pregnancy

outcomes after maternal infection are discussed in further detail below.

3. Diagnosis and clinical management
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3.1 Diagnosis of maternal infection

No national society currently recommends routine antenatal serological
screening for B19V immune status.8-1© Women are most commonly tested for
parvovirus B19 infection after a known exposure, or when ultrasonography reveals

hydrops fetalis or fetal anaemia of unknown cause.

The diagnosis of maternal infection relies on antibody detection, though viremia
detection with PCR is available.” Figure 3 demonstrates the role of serology in guiding
clinical management of the pregnant woman. Pregnant women exposed to B19V should
have serologic screening performed as soon as possible after exposure to determine if
they are at risk of acute infection.? 10 [f B19V IgG is present and IgM is negative, the
woman is immune and should be reassured that she will not develop infection.? 10 If
both B19V IgG and IgM are negative, the woman is susceptible to infection. As infection
can be asymptomatic, susceptible women who have had a documented exposure should

be re-tested for seroconversion in two to four weeks.3

A positive IgM result is evidence of recent infection, but a negative result must be
interpreted in the context of the presumed time since exposure. Maternal serology can
be misleading if checked within seven days of exposure to an infectious contact as IgG
and IgM could both be negative at this stage.® The sensitivity of IgM antibody detection
at eight to twelve weeks after maternal infection is reported to vary from 63 to 70%,

implicating a substantial number of false negative results.3-7-13 Thus the absence of IgM

This article is protected by copyright. All rights reserved.



cannot exclude fetal B19V infection two to three months before testing. At the time of

clinically overt NIHF, IgM levels may already have become low or even undetectable.3 14

Polymerase chain reaction (PCR) on plasma for maternal B19V DNA can improve
the diagnostic accuracy early in the course of maternal infection.3 ¢ 13 B19 viraemia
occurs as early as five to ten days after exposure, before any change in serology is
detected (see Figure 1). Viraemia can be detected for approximately seven days in
immunocompetent individuals, prior to the onset of symptoms (if they occur). However,
it is generally unlikely to be positive after onset of maternal symptoms.8 In a study of 72
pregnancies complicated by B19V infection, IgM serology correctly diagnosed 94.1% of
B19V infections, compared with 96.3% correctly diagnosed using B19V PCR.14 If a
pregnant patient has a history of recent parvovirus exposure and initial serologies are
negative, maternal B19V PCR screening can help achieve maximum diagnostic
sensitivity. However, the clinical utility of PCR testing is low and not routinely used,
since maternal diagnosis is not usually time critical and waiting for confirmatory

serological testing is still required.

There is no antiviral therapy or passive immunoglobulin treatment for B19V
infection and no therapy to prevent fetal infection after maternal exposure.
Management of congenital B19V infection thus relies on secondary prevention of severe

fetal consequences due to anaemia.

3.2 Invasive prenatal diagnosis of fetal infection
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Amniocentesis for PCR of B19V DNA is the method of choice to diagnosis fetal
parvovirus infection when investigating a fetus that presents with hydrops of unknown
cause.2> Maternal serology in this clinical presentation is only useful if both IgG and IgM
are negative, which excludes maternal and hence fetal B19V infection. As discussed
above, other combinations of maternal serology results are compatible fetal infection,
including an IgG positive/IgM negative result. Whilst PCR for B19V can be performed
on both fetal cord blood or amniotic fluid, amniotic fluid has a higher detection rate and
is less invasive than cord blood sampling.1> Fetal serology is rarely used diagnostically
as the fetal immune system is immature and does not mount predictable IgG/IgM
immune response.3 68 25 Detection of B19V-specific IgM in fetal blood only has a
sensitivity of 29%, and percutaneous fetal blood sampling carries a 1% fetal loss rate.3

[t is much more common for women to present with B19V seroconversion with a
normal fetal ultrasound. These women are usually managed noninvasively with

ultrasound monitoring for fetal anaemia rather than amniocentesis.

3.3 Non-invasive fetal monitoring with ultrasound

If a maternal B19V infection has been diagnosed before twenty weeks gestation,
referral for specialist assessment should be made as infection in the first half of
pregnancy confers the highest risk of fetal anaemia. The fetus is non-invasively
monitored for fetal anaemia with ultrasound every one to two weeks for up to 12 weeks
after infection.” % 10 Anaemia is detected using Doppler measurement of the middle

cerebral artery (MCA) peak systolic velocity (PSV), which has good diagnostic accuracy
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in identifying anaemic fetuses using the standard threshold of MCA PSV > 1.5 MoMs

from 18 weeks gestation.1 3, 14,18, 26

The ultrasound measurement of the MCA PSV is obtained by obtaining an axial
view of the circle of Willis. We recommend the technique as described by the
International Society of Ultrasound in Obstetric and Gynaecology guidelines.2” The risk
of anemia is highest in fetuses with a pre-transfusion peak systolic velocity of >1.5 MoM,
though lower thresholds (eg. 1.29 MoM) have higher sensitivity, for lower specificity.26
28 A multicentre study of MCA PSV in 32 at risk fetuses (due to maternal parvovirus
infection) demonstrated that parvovirus infection can be detected noninvasively by
Doppler ultrasonography. Cordocenteses performed in 16 out of 17 fetuses with MCA
PSV of >1.50 MoM demonstrated anaemia.2? PSV for the prediction of anaemia caused
by parvovirus infection in this study had a sensitivity of 94.1% with a specificity of

93.3%.%°

The classic MCA PSV reference charts developed by Mari et al date from 18
weeks.26 However, adaptations to extrapolate normal MCA PSV ranges to earlier
gestations exist. The frequency of surveillance should be increased to weekly MCA PSV
once the option of fetal transfusion becomes a realistic option. If hydrops or evidence of
fetal anaemia on MCA PSV monitoring develops, referral should be made to a specialist

capable of fetal blood sampling and intrauterine transfusion.? 10 (Figure 3)

Early signs of NIHF include fetal ascites and cardiomegaly. In advanced stages,

generalized oedema, pericardial effusion and a thick, oedematous placenta can be
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found.t 30,31 Figure 4 demonstrates a fetus at 22 weeks gestation with hydrops
exhibiting cardiomegaly, pericardial effusion and ascites. The placental changes are
thought to be responsible for the occasional maternal complication of ‘mirror
syndrome,” a pre-eclampsia-like syndrome with edema, hypertension, proteinuria and
maternal anemia and reflects the signs present in the fetus.3.7 Other reported
ultrasound signs of parvovirus B19 infection include echogenic bowel, meconium
peritonitis, first trimester increased nuchal translucency, amniotic fluid abnormalities

and myocardial dysfunction.32-36

3.4 Other clinical manifestations of fetal infection

Fetal myocarditis

Myocarditis is a known complication of fetal B19V and may contribute to
hydrops and fetal death in some cases.37-40 Wang et al. reported the presence of B19V
DNA in cardiac tissues at autopsies of 29 infants born to mothers positive for
parvovirus.#! Seventeen per cent were positive for parvovirus while all thirty controls
were negative.#! Fetal cases of B19V with massive endocardial fibroelastosis have also

been reported without anaemia, some of which persisted into the newborn period.*2 43

Thrombocytopenia
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Severe thrombocytopenia has been described in approximately 40% of
parvovirus-infected fetuses with NIHF.#4 There is a large range of thrombocytopenia
described, from 2 x 109/L to 155 x 109/L.%> 46 The largest published series by de Haan et
al. described platelet counts less than 50 x 10*9/L in 46% of B19V infected fetuses,
though spontaneous fetal haemorrhage was not observed.** While the risk of fetal
haemorrhage due to thrombocytopenia is not possible to quantify, anecdotally some
clinicians prophylactically transfuse platelets at the time of red cell transfusions for
fetuses with B19V-mediated anaemia. In a study of 11 pregnant women, two fetuses
with severe thrombocytopenia (platelet count of 2.0 and 24 x 10°/L) died secondary to
exsanguination from umbilical cord puncture. Clinicians should be aware of the risk of
severe thrombocytopenia and consider platelet transfusion during cordocentesis if the

platelet count is <50 x10°/L.46

3.5 Management of anaemia and NIHF
Intrauterine transfusions (IUT) of red blood cells were pioneered for fetal

hemolytic disease due to Rhesus alloimmunisation and they are now standard
treatment for a variety of causes of fetal anaemia.4” Although never studied in
randomised trials, observational studies have clearly demonstrated that IUT in severely
anaemic fetus with B19V infection improves survival. IUT has been shown to reduce the
mortality rate from about 50 to 18%, with most non-hydropic fetuses usually requiring
only a single transfusion.> ¢ In a meta-analysis of fourteen studies including 1,436 cases

of fetal B19V infection, the survival rate of transfused fetuses was 82% compared with
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55% without transfusion.#8 In contrast to the progressive nature of Rhesus disease, the
natural history of anaemia due to parvovirus is resolution as fetal haematopoiesis shifts
from the liver to the bone marrow in the third trimester.6 The performance of MCA PSV
for prediction of anaemia in transfused fetuses does decline# but ongoing monitoring
after IUT with MCA PSV is still warranted until the risk of post-procedure complications

and recurrent anaemia are past.

The earliest gestation at which an IUT can be offered will be dependent on the
expertise and facilities of the treating centre, as well as individual clinical factors such
as placental location and technical access. IUT <20 weeks gestation is possible via the
intravascular or intraperitoneal routes and has been performed as early as first
trimester.50 51 The commencement of intensive surveillance for fetal infection will be
tailored to the gestation at which the fetal centre is able to offer fetal intervention with

IUT.

As discussed above, thrombocytopenia may accompany the severe anaemia of
fetal B19V, potentially increasing the IUT procedure-related risk of exsanguination.® 46
Although concurrent intrauterine platelet transfusion can be performed, potential
complications include fluid overload, thrombosis and concomitant cardiac failure. These
risks must be weighed up against the low overall incidence of fetal bleeding
complications in B19V infection, though severity of thrombocytopenia should be

considered.3 44 46
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3.6 Postnatal management

No specific postnatal investigation is indicated in infants that did not have
evidence of fetal anaemia or other ultrasound features of congenital B19V infection.
Infants that had fetal anaemia requiring IUT, myocarditis or hydrops should have

paediatric review and follow up according to local practice.

4. Pregnancy outcomes

4.1 Perinatal outcomes

Whilst the estimated contribution of parvovirus infection to the overall burden
of fetal loss is low (0.1% up to 0.8% during epidemics),52 maternal B19V infection has
been found to increase the risk of fetal loss (odds ratio (OR) 2.68), spontaneous
abortion (OR 2.42) and stillbirth (OR 3.53) when compared with uninfected pregnant

women.>3

Hydrops is the main determinant of mortality and adverse perinatal outcome in
B19V infection. Twenty-nine per cent of hydropic fetuses suffered perinatal death
compared to 4% of non-hydropic fetuses in one meta-analysis.! However, it should be
noted that hydrops can resolve spontaneously with an apparently normal infant at
delivery, although the rate of spontaneous resolution is uncertain. 54 Spontaneous
resolution of anaemia without the need of IUT occurred in 5.2% of cases in fetuses
affected by hydrops compared to resolution in 49.6% of fetuses not affected by hydrops

in one study.! Bascietto et al. have summarized the overall outcomes in B19V congenital
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infections, depending on the absence or presence of hydrops.! This is presented in Table

1.

Gestation at infection is also a main determinant of pregnancy loss. A prospective
study of B19V infection in pregnant woman based on serological studies calculated an
overall 6% miscarriage/fetal death rate (64/1018).24 All of these losses occurred in
cases of infection prior to 20 weeks gestation despite targeted ultrasound examination
following serological diagnosis. The miscarriage rate in women diagnosed in first
trimester was 13%, and this rate decreased to 9% for infections diagnosed at 13-20
weeks and 0% after 20 weeks. The majority of fetal deaths (80%) occurred within 4
weeks of infection (median 3 weeks) and the highest risk of fetal death occurred with
maternal infection between 9-16 weeks.2# [t is unclear whether fetal transfusions were
offered before 20 weeks at the study centre, so the higher rates of fetal deaths may also
reflect difficulties addressing suspected fetal anaemias based on ultrasound
surveillance. This prospective study supports the existing literature that indicates
minimal risk if infection occurs in the second half of pregnancy.14 24.30.55,56 However, it
should be noted that there were four stillbirths in this study attributed to B19V
infection between 22 and 24 weeks gestation. This was in a cohort of 96 pregnancies
diagnosed with acute maternal B19V infection between 21 and 24 weeks.24 B19V has
been detected in stillbirths up to 41 weeks gestation.37.57-59 In a case series of stillbirths
born after 22 weeks, parvovirus was detected in 13 of the 92 (14%) cases.®? Only two of

the parvovirus B19 DNA-positive cases were hydropic.6® While it is not possible to
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predict the risk of third trimester fetal death after maternal infection from these case

control studies, it does suggest a potential role for B19V in some unexpected stillbirths.

4.2 Long term fetal complications

As well as the prenatal complications of fetal anaemia, long-term neurological
sequlae of congenital B19V infection have also been reported. Case reports of hydropic
survivors describe ventriculomegaly, polymicrogyria and heterotopia among the range
of central nervous system anomalies.?1 62 In a systematic review, the prevalence of
abnormal brain imaging was 9.8% in fetuses with hydrops compared to 0% in those
without hydrops.! In this review, the risk of abnormal neurodevelopmental outcome

was almost 10% in children who had fetal hydrops due to B19V infection.!

Neurodevelopmental problems in the absence of structural brain lesions may
also occur after intrauterine transfusions in up to 12.5% of children.63
Neurodevelopmental delays have been measured as ranging from mild cognitive delay,
to mild fine motor impairment, to severe developmental delay and neurological
abnormalities including ataxia, hypertonia and cerebral palsy, though severe
complications are rare.t4-6¢ [t is not clear whether the pathogenesis of
neurodevelopmental abnormalities is severe fetal anaemia, hypoxia/ischaemia, direct

viral effect, or complications of IUT.
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Isolated case reports and case series have also described gastrointestinal
complications associated with parvovirus B19 infection, particularly hyperechogenic
bowel and meconium peritonitis.16.32-34 Congenital hypoplasia of the abdominal muscles
in newborns after intrauterine B19V infection as a result of ascites has also been

reported.3> 36

5. Summary

While universal maternal serological screening is not a routine part of prenatal
care, accurate identification and treatment of fetuses affected by congenital B19V
infection has been shown to improve perinatal outcomes. Early stratification of fetal
risk by gestational age and commencement of fetal monitoring for anaemia when IUT is
a feasible option is vital as the outcome of congenital B19V infection is excellent if

managed prior to the onset of hydrops.

There are still many future research questions required to be answered in order
to improve the identification and management of congenital parvovirus B19 infection.
These include improved strategies to prevent maternal infection and more data on the
long-term outcome of neonates born after an intrauterine B19V infection. At present,
however, maternal serology, fetal ultrasonography and timely IUT are the gold

standards to manage this eminently treatable congenital infection.
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Figure Legends
Figure 1 - Virological, immunological and clinical course after acute B19 infection in a

normal individual*

*Reproduced from Brown et al.6” with permission from Elsevier.
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Figure 2 - Prenatal and postnatal stages of haematopoiesis*

*Illustration by Michat Komorniczak® (Poland), released under Creative Commons 3.0.

Attribution-ShareAlike (CC BY-SA 3.0)
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Figure 3 - Evaluation and management of women exposed to parvovirus B19 during

pregnancy

fIf IUT is an option before 18 weeks, start weekly USS

Abbreviations - B19V: Parvovirus B19, w: weeks, MCA: middle cerebral artery, IUT:

intrauterine transfusion
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Figure 4 - Fetus at 22 weeks gestation with hydrops due to parvovirus infection,

exhibiting (A) cardiomegaly and pericardial effusion, and (B) ascites*

*Images courtesy of Dr Simon Meagher (University of Melbourne, Mercy Hospital for
g 34 g ty Yy p

Women and Monash Ultrasound for Women)
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Tables

Table 1 - Outcomes of congenital parvovirus B19 infections based on Bascietto et al.!

Hydropic fetuses Non-hydropic fetuses
Outcome Fetuses Pooled % Fetuses Pooled %
(n) (95% CI) (n) (95% CI)
Miscarriage (<20 weeks)  16/53  27.2(12.2-45.5) 3/51 8.8(2.8-17.6)
Perinatal death 98/372 29.5(21.4-38.2) 4/158 44(1.2-9.7)
Intrauterine death 68/326 24.0(16.4-32.5) 3/158 3.4(0.8-7.5)
Neonatal death 29/335 3.1(0.2-8.1) 1/104 3.0 (0.6 - 6.9)
Spontaneous resolution
17/314 5.2 (2.5-8.8) 57/91 49.6 (20.7 - 78.6)
infection
Intrauterine transfusion 218/271 78.7 (66.4-88.8) 22/93 29.61 (6.0 -61.6)
Fetal loss after IUT 53/188 28.9(19.4-39.4) 2/58 5.5(1.2-12.5)
Abnormal brain imaging 7/63 9.8 (2.5-21.0) 0/45 0.0 (0.0 -7.0)
Abnormal
7/70 9.5(2.6-20.2) 0/32 0.0 (0.0 -7.5)
neurodevelopment
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