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ABSTRACT

Background: Diagnosis of congenital viral infection at birth is generally at-
tempted by direct detection of the virus by PCR in various neonatal materials. How
to reliably diagnose intrauterine infection with parvovirus B19 (B19V) at birth is
unknown.

Objectives: To evaluate the performance of B19V DNA detection in cord blood
(CB) or neonatal dried blood spots (DBS) in diagnosing fetal infection.

Study design: Two cohorts of children diagnosed prenatally with an intrauterine
B19V infection were included in this study. CB samples of intrauterine B19V infec-
tions that were sent to a reference laboratory for congenital infections in
Stuttgart, Germany in the period 1995-2014 were tested in triplicate for BL9V DNA
by quantitative PCR. DBS from children with intrauterine B19V infection that un-
derwent IUT at the LUMC, Leiden, the Netherlands in the period 2009-2014 were
tested for B19V DNA by quantitative B19V PCR in triplicate.

Results: Fourteen of twenty (70%) CB samples tested positive for BL9V DNA. The
positivity rate was 40% (4/10) in those with a prenatal diagnosis <20 weeks gesta-
tion. When intrauterine B19V infection was diagnosed thereafter, 100% (10/10)
samples were B19V DNA positive. Of the thirteen available DBS, twelve (92 %)
tested positive. Viral load in CB and DBS corresponded inversely with time from
fetal diagnosis to birth.

Conclusion: B19V DNA can be detected in neonatal blood samples of children fol-
lowing intrauterine B19V infection, although the possibility of false-negatives,
even in severe infections, should be considered. B19V viral load at birth correlates
with timing of infection.
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BACKGROUND

Parvovirus B19 (B19V) is a ubiquitous human pathogen, evident from the sero-
prevalence of 50-70% in adults [1,2]. B19V infects erythrocyte progenitor cells and
generally causes only a mild illness in immunocompetent individuals. In preg-
nancy however, infection can lead to fetal hydrops and fetal death due to severe
fetal anemia. Vertical transmission occurs in 40-51% of infections in pregnancy
[3,4] and risk of fetal hydrops in maternal infection is estimated at 3.9-11.9% with
a peak incidence between 17-24 weeks of gestation [3-5]. The overall risk of fetal
death in maternal infection is 6.4-6.9% [3-5], where fetal death is a rarity when in-
fection occurs after 20 weeks of gestation. Over the past decades, correction of
fetal anemiain hydropic foetuses by intrauterine erythrocyte transfusion (IUT) has
considerably improved the fetal survival rate, from an estimated 50% or less to 75-
84.6% [5-8]. Itis estimated that the incidence of B19V infection during pregnancy
is 1% in endemic periods and may increase up to 10% in epidemic periods, which
occur every 4-5 years [9]. However, actual data on how many fetuses experience
intrauterine B19V infection are lacking. Maternal infection may go unnoticed. Se-
vere cases of fetal anemia may be diagnosed at the 20-week ultrasound, offered
to all pregnant women in many European countries. Less severe or subclinical
cases might be missed, and even mild fetal hydrops can resolve spontaneously [4].

Until recently, long term outcome after IUT was thought to be unaffected [10-
12]. More recent data however show that neurodevelopmental impairment occurs
more frequently in children with intrauterine B19V infection compared with the
general population [7,13]. Being able to diagnose an intrauterine B19V infection
after birth might become valuable in children with developmental disorders or in
assessing disease burden of B19V in an epidemiological context.

PCR techniques have been used previously to determine B19V prevalence in
neonatal blood. The reported vertical transmission rates of 40-51% are partly
based on the results of PCR on neonatal blood [3,4]. Also, the role of B19V in other
disorders has been researched with the use of neonatal DBS [14,15]. The assump-
tion that neonatal blood is suitable for the postnatal diagnosis of intrauterine in-
fectionisreasonable, as B19V DNA can be commonly detected in blood for months
after infection in children and adults [16-21] and cytomegalovirus can also be re-
liably detected in postnatal blood in case of congenital infection [22], but its suit-
ability has not yet been evaluated.
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Objectives: This study researched the value of CB and DBS as means to diagnose
intrauterine infection with B19V after birth.

STUDY DESIGN

Study populations

Postnatal material was collected from 2 cohorts with intrauterine B19V infection,
proven by PCR on fetal blood or amniotic fluid. One cohort consisted of patients
who underwent invasive prenatal diagnosis (amniocentesis and/or fetal blood
sampling) in various fetal medicine centers in Germany in the period 1995-2014.
Cord blood, collected shortly after birth, was sent to the laboratory in Stuttgart,
Germany. The other cohort consisted of patients who underwent IUT in the period
2009-2014 at the Leiden University Medical Center (LUMC), the Netherlands. In-
formed consent was obtained from parents to retrieve the DBS, collected in the
first week after birth as part of the national screening programme for metabolic
and endocrine disease. DBS were subsequently obtained from the National Insti-
tute for Public Health and the Environment (RIVM, Bilthoven, the Netherlands)
where they are stored for five years after birth. To test performance in the general
population, for every DBS of a child with proven infection, 5 control DBS from
Dutch children out of the general population were requested from the RIVM,
matched for year and region of birth.

DNA extraction and B19V quantitative PCR

CB and DBS: All CB and DBS samples were tested at the LUMC, Leiden, the Nether-
lands. For CB, automated DNA extraction was performed on a MagNA Pure 96 in-
strument (Roche Diagnostics, Rotkreuz, Switzerland) using the MagNA Pure 96
DNA and viral NA small volume kit, according to the manufacturer’s instructions.
Extraction efficiency and PCR inhibition was controlled internally by adding a fixed
concentration of an internal control (phocine herpesvirus DNA) to the lysis buffer.
Samples were subsequently tested with an in-house PCRin triplicate as described
below.

DNA extraction from DBS was performed by spin columns as described previ-
ously [15]. Briefly; one entire DBS was punched, corresponding with approxi-
mately 50 pL of whole blood. The individual DBS punch was subsequently incu-
bated with lysis buffer and proteinase K and an internal control DNA (phocine her-
pes virus) was added. After adding ethanol 96-100% and after centrifugation, the
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supernatant was applied to a spin column (QIAamp DNA mini blood kit, Qiagen,
Hilden, Germany) and DNA extraction was performed according to the manufac-
turer’s instructions. The eluate was directly used for real-time PCR. Quantitative
B19V PCR on CB and DBS was performed by means of an internally controlled in-
house real-time PCR targeting the NS region of the genome as described by Knoes-
ter [23]. Quantification was performed using the WHO international standard
(code 99/800, NIBSC, Potters Bar, UK). For optimal sensitivity, PCR was performed
in triplicate for each eluate of CB and DBS as most viral loads were expected to be
low.

Fetal blood samples: Due to small volumes, fetal plasma at time of IUT was not
available for quantitative re-testing to assess exact viral load at time of fetal diag-
nosis. For CB, viral loads as measured at time of fetal diagnosis are reported. For
DBS, viral loads in fetal blood were estimated based on PCR cycle threshold (Ct)
values measured at time of diagnosis, using the standard curve of the WHO inter-
national standard.

B19V Viral load calculation in CB and DBS:

If only one triplicate tested positive, PCR was repeated. It was only considered
truly positive if repeat PCR was also positive. If one or two out of the three meas-
urements in the triplicate were positive we assumed B19V DNA was present in the
entire triplicate however with such a low viral load that it could not consistently
be detected, as values would probably lie around the limit of detection. To not
underestimate the mean viral load of the DBS, we used a method to correct for
negatives around the limit of detection. Mean viral loads in DBS were thus calcu-
lated as described by Croghan et al [24], with minor modifications. Firstly, limit of
detection (LOD) of the particular triplicate was defined as follows: if two out of
three measurements were positive then LOD was considered the mean of the two.
If only one triplicate was positive, this value was considered the LOD. Secondly,
the negative value(s) were imputed by substituting the negative value with
LOD/v2. In case of 2 negative measurements within a triplicate, the mean of the
entire triplicate was calculated as (LOD/v2 + LOD/+/2 + LOD)/3. In case of 1 negative
measurement within a triplicate the mean of the triplicate was calculated as
(LOD/v2 + LOD + LOD)/3.
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Statistical analysis: The data were analysed using IBM SPSS Statistics 25. Confi-
dence-intervals for sensitivity and specificity were calculated using the Clopper-
Pearson method. Correlation between lapse of time and viral load was calculated
using the Pearson correlation coefficient. Positivity rates were compared using
Fisher’s exact test.

RESULTS

CB and DBS: Table 1 describes the characteristics of the German and Dutch co-
horts and the result of the quantitative B19V PCR on CB and DBS respectively. In
the German cohort invasive prenatal diagnosis and/or IUT’s were performed at a
median gestational age (GA) of 20 weeks (range 14-33) and median hemoglobulin
level was 3.8 g/dL (range: 1.7-12.1). Seventy percent (14/20) of CB samples tested
positive. The positivity rate was 40% (4/10) in those with a prenatal B19V diagnosis
at <20 weeks gestation. When intrauterine B19V infection was diagnosed thereaf-
ter, all CB samples (10/10) were B19V DNA positive.
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Of 21 children who underwent IUT at the LUMC, informed consent was obtained
to test the DBS of 13 children. Two children received two IUT’s. First IUT’s were
performed at a median GA of 21 weeks (range: 20-29 weeks) and fetuses had a me-
dian hemoglobulin level of 3.0 g/dL (range: 1.8-6.1) at the time of IUT. Ninety-two
percent (12/13) DBS tested positive for B19V.

When all postnatal samples are pooled together, sensitivity of B19V DNA detection
for diagnosing intrauterine B19V infection was 79% (95 CI 61.0 - 91.0%). Positivity
rate in samples from children with an IUT performed before 20 weeks gestation
was 45% (5/11), in cases with an IUT after 20 weeks positivity rate was 95% (21/22;
p-value 0.003). Fetuses not treated with IUT had a positivity rate of 73% (8/11) in
postnatal samples, fetuses who underwent IUT had a positivity rate of 78% (18/22;
p-value 0.66). The inverse correlation of the time-span between diagnosis of intra-
uterine infection and postnatal sampling on the one hand and the postnatal B19V
viral load on the other is depicted in figure 1 (R-squared: 0.51, p-value <0.001).
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Figure 1. Viral load in CB and DBS according to weeks after prenatal diagnosis. Green diamonds
represent cord blood, purple dots represent dried blood spots.
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Sixty-three out of 65 DBS from the general Dutch population tested negative in all
triplicates for B19V. One child tested positive in all three triplicates (mean viral
load 2.2 x 102 IU/mL) and one child tested positive in one triplicate, but negative
in all three triplicates upon repeated testing. When this one is considered false-
positive, specificity of the PCR is 98.4% (95% Cl 91.7-100%).

Fetal plasma: For five fetuses in the DBS cohort, fetal plasma viral load was esti-
mated by applying the WHO international standard curve to previous Ct-values.
The estimated mean fetal plasma load at time of IUT was 7.2 x 10%° IU/mL (range:
2.0 x10° - 7.9 x 10%). Viral load in DBS is dependent on height of viral load in fetal
blood samples and on lapse of time since IUT, with an estimated detectable B19V
DNA half-life of five days as demonstrated in figure 2.

1012_
1010_
108_
106_

104_

B19V viral load (1U/mL)

102_

10° I I I I I I
20 24 28 32 36 40

Gestational age (weeks)

Figure 2. Viral load in fetal plasma and DBS according to gestational age. Dots represent loads in
fetal plasma; the newborn’s corresponding load in DBS is indicated by diamonds in the corre-
sponding colour.
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DISCUSSION

In this study we demonstrate the feasibility of detecting an intrauterine B19V in-
fection after birth by real-time PCR in postnatal blood samples, both in CB and
DBS. Viral loads in neonatal blood were low and often around the limit of detec-
tion, as demonstrated by the fact that triplicates were not consistently positive in
the PCR. The low viral loads and inconsistent positivity of triplicates might make
distinction from false positives, e.g. from PCR contamination, difficult. A first ap-
plication in the general population already yielded 3% (2/65) positive DBS, of
which one can probably be interpreted as a true positive considering its consistent
positivity in all triplicates, but the other DBS is more difficult to interpret. As DBS
from the general population were tested anonymously it was not possible to verify
clinicalinformation on these cases. This study shows that validation before imple-
mentation is important as high sensitivity cannot be assumed and false negatives
or weak positives do occur. Furthermore, positive results may also be found in a
control population.

In adults, B19V DNA persists in peripheral blood for months to even years after
infection [16-19]. It is remarkable that samples of proven fetal infections - even in
cases with severe hydrops - have such low viral loads, or remain negative, 5 to 6
months after infection. For eventual clearance of parvovirus B19 infection, im-
munity is essential. From the second trimester onwards, the immune system of
the fetus is functioning but it is stillimmature. Even with the addition of vertically
transmitted maternal IgG, which is considered to be most important in clearance
of B19V infection [25], it is unlikely that fetuses clear B19V infection more ade-
quately than otherwise healthy adults. It should be taken into account that the
absolute blood volume (as gross indicator of the number of erythrocytes) of a 4-
kg newborn is around 300 mL, while adults have a mean blood volume of 5 L [26].
Also, neonatal erythrocytes of term infants have a life span of 60 to 90 days com-
pared to 120 days in adults [27]. Time to clearance of DNA in peripheral blood is
affected both by the lower blood volume and the lower half-life; possibly resulting
in faster clearance in fetuses and newborns.

The postnatal detection of intrauterine B19V infection may serve two goals.
Retrospective diagnosis of infection may be used in case of postnatal clinical sus-
picion of an intrauterine infection. Recent research has shown that developmen-
tal delay might occur in children with intrauterine B19 infection [8,9,28]. However,
it is still unclear whether this is the result of the B19V infection itself or the result
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of severe fetal anemia. Furthermore, the number of children with an intrauterine
infection without adverse fetal outcome may be considerable compared to those
with adverse outcome. Therefore, it will be challenging to interpret a PCR-positive
result in neonatal blood in children with developmental delay. Another goal of di-
agnosing intrauterine B19V infection after birth is the assessment of the preva-
lence and the disease burden of fetal infection with B19V. As mentioned previ-
ously, there are no data yet on the number of intrauterine infections.

Our study has limitations. Many children in our study underwent IUT. The effect
of IUT on fetal viral load is unknown. In our limited dataset, IUT did not influence
the positivity rate of postnatal diagnosis. However, supplementing erythrocytes
causes a temporary decrease in erythropoiesis [29], possibly resulting in a de-
crease in viral replication as less erythrocyte progenitor cells are available to the
virus and thus, possibly resulting in a reduction of the postnatal viral load. Conse-
quently, higher postnatal viral loads might occur in patients with no or mild ane-
mia who are not treated with IUT. On the other hand, children with severe anemia
might be expected to represent the population with highest viral loads, although
previous research in transfused children did not establish a relation between viral
load and severity of anemia [30].

In conclusion, we demonstrated the feasibility of diagnosing intrauterine B19V
infection after birth by testing CB and DBS from newborns. This new application
of B19V PCR creates a widened timeframe for the diagnosis of intrauterine B19V
infection in the individual and it opens possibilities for epidemiological studies to
improve insight in the prevalence and disease burden of intrauterine B19V infec-
tion. Nevertheless, sensitivity is rather low when infection takes place in early
pregnancy. The possibility of false negative results in postnatal samples, even in
severe infection, should be considered.
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