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A B S T R A C T

Objectives: The aim of this study was to investigate whether the seroprevalence of IgG antibodies against
seven viruses (cytomegalovirus, herpes simplex virus 1&2, measles morbillivirus, parvovirus B19, rubella,
and varicella-zoster virus), which can potentially compromise maternal and fetal wellbeing, differs based
on country of origin among women with chronic hepatitis B (CHB).
Method: This study was a single-center, hospital-based cross-sectional study. The study included women
with CHB 15–45 years of age, included in the Danish Database for Hepatitis B and C. Seroprevalence
estimates were calculated with a 95% confidence interval and were compared between age groups,
regions of origin, and to the general population.
Results: 177 women were included in the study. Overall, the seroprevalences of antibodies were similar
among women with CHB with origin outside Denmark and compared to the general population in
Denmark, but there was a notable difference in the seroprevalence of antibodies against herpes simplex 2
between women from Africa (37.1% CI 95% 22.0;55.1) and women from the Middle East (2.5% CI 95%
0.1;14.7).
Conclusion: Women with CHB whose origin is outside Denmark do not appear to differ, based on origin, or
be at greater risk of acquiring these viruses during pregnancy than their Danish counterparts.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Vertical transmission of viral infections during pregnancy is a
significant cause of maternal and fetal morbidity and mortality.
The clinical manifestations vary depending on the viral agent and
the gestational age of pregnancy at infection. A viral infection in the

first two trimesters of pregnancy can lead to congenital
malformation or fetal death (MMWR 2001; Tan and Koren
2006; Ornoy and Ergaz 2017). Viral infection towards the end of
the pregnancy can lead to preterm birth or neonatal morbidity and
mortality (Brown et al. 2003; Rasmussen and Jamieson 2015; De
Paschale and Clerici 2016). Further, primary infection with
varicella-zoster virus (VZV) in the last trimester of pregnancy
may lead to varicella pneumonia in the mother; this is associated
with a mortality as high as 14% (Tan and Koren 2006). In this study,
we have chosen to focus on the following seven viruses due to their
potential harm caused during pregnancy: cytomegalovirus (CMV),
herpes simplex virus 1 and 2 (HSV1 and HSV2), measles
morbillivirus (morbillivirus), parvovirus B19, rubella virus, and
VZV.

Abbreviations: CMV, Cytomegalovirus; CHB, chronic hepatitis B; CRS, Congenital
Rubella Syndrome; CSV, Congenital Varicella Syndrome; DANHEP, Danish Database
for Hepatitis B and C; HBV, Hepatitis B virus; HSV1, Herpes Simplex virus 1; HSV2,
Herpes Simplex virus 2; MMR, Measles, mumps, and rubella; VZV, Varicella-zoster
virus; Morbillivirus, Measles morbillivirus.
* Corresponding author at: Department of Infectious Diseases, Copenhagen

University Hospital, Hvidovre, Kettegaard Alle 30, DK 2650 Hvidovre, Denmark.
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aised in Denmark. Consequently, in our clinical practice, the
uestion is often raised whether pregnant women born outside
enmark have the same risk of acquiring any of the viruses
entioned above during pregnancy compared to women born in
enmark.
Patients chronically infected with hepatitis B virus (HBV, CHB)

iving in Denmark are typically immigrants from Africa or Asia (Weis
009), making them a target population for this study. As well, all
regnant women have since 2005 been tested for HBV infection early
n pregnancy (Knigge and Fouchard 2010); only if a woman is
xposed to other viruses during pregnancy do the Danish guidelines
ecommend testing the woman's level of specific antibodies to guide
urther treatment, clinical follow-up, and counseling.

Among adults in Denmark, the prevalence of immunoglobulin G
ntibodies (IgG) against CMV is 80%; HSV1 and HSV2 80% and 33%,
espectively; parvovirus B19 65% and against VZV 98% (Sundheds-
tyrelsen 2019; Statens Serum Institut 2019a, 2019b; Agner et al.
020). The varicella vaccine is not a part of the Danish childhood
accination program. In 2017, 94% of infants in Denmark were
accinated with the first dose of the measles, mumps, and rubella
MMR) vaccine, and 88% received the second dose (Sundheds-
tyrelsen 2017). However, there is no knowledge about the
revalence of antibodies against these viral infections in women
urrently living in Denmark, but with an origin outside Denmark
rom countries with varying immunization coverage. According to
he World Health Organization (WHO), the lowest coverage of
easles immunization is found in South-East Asia (75%) and Africa

73%), and the highest coverage is found in Europe (94%) (WHO).
omen born outside Denmark might therefore be at higher risk of

ontracting one or more of these viral infections during pregnancy,
f they do not have protection from vaccination or previous
nfections.

Thus, the aim of this study was to investigate whether the
eroprevalence of IgG antibodies against these seven viruses (CMV,

HSV 1&2, morbillivirus, parvovirus B19, rubella virus, and VZV)
differs based on country of origin in women with CHB, 15–45 years
of age, with origin outside Denmark, and to compare these to
official seroprevalence estimates from the Danish population.

Method

This study was conducted as a single-center, hospital-based
cross-sectional study.

Study population

Women with CHB living in Denmark were used as a
convenient sample to serve as a proxy for immigrants in
Denmark. Hence potential subjects for inclusion were required
to have CHB (HBsAg positive >6 months) and be aged 15–45
years of age at enrollment in the Danish Database for Hepatitis
B and C (DANHEP) (Weis 2009). Women eligible for inclusion
were referred to the Department of Infectious Diseases at
Copenhagen University Hospital, Hvidovre, between Jan 1,
2005, and Dec 31, 2016. DANHEP is a nationwide clinical
database of patients with chronic hepatitis B and C, �15 years
of age, admitted or referred to a hospital in Denmark. The
database contains demographic, clinical and paraclinical
information, and includes a biobank. In Denmark, all patients
with chronic hepatitis B and C exclusively attend hospital
departments of infectious diseases, or gastroenterology.

Seroprevalence estimates from the Danish population were
obtained from official Danish sources.

Blood samples

The blood samples used in this study were collected from the
preexisting DANHEP biobank. Blood samples are collected on an

able 1
revalence of viral IgG antibodies among chronically HBV infected women of reproductive age, born outside Denmark.

Number
of cases

CMV % [CI 95%],
positive/ negative
cases

HSV1 % [CI 95%],
positive/ negative
cases

HSV2 % [CI 95%],
positive/ negative
cases

Morbillivirus %
[CI 95%],
positive/
negative cases

Parvovirus B19 %
[CI 95%], positive/
negative cases

Rubella virus %
[CI 95%],
positive/
negative cases

Varicella % [CI 95%],
positive/ negative
cases

Total 177 96.6 [92.4;98.6], 84.2 [77.8;89.1] 18.6 [13.4;25.3] 92.1 [86.8;95.4] 58.2 [50.5;65.5] 91.0 [85.5;94.6] 92.7 [87.5;95.9]
171/6 149/28 33/144 163/14 103/74 161/16 164/13

Age
15�25 40 95.0 [81.8;99.1]38/

2
82.5 [66.6;92.1] 33/
7

10.0 [3.3;24.6] 4/36 90.0 [75.4;96.8]
36/4

52.5 [36.3;68.2] 21/
19

90.0 [75.0;96.7]
36/4

95.0 [81.8;99.1] 38/2

26�35 85 97.7 [91.0;99.6] 83/
2

83.5 [73.6;90.4] 71/
14

15.3 [8.7;25.1] 13/
72

90.6 [81.8;95.6]
77/8

61.2 [50.0;71.4] 52/
33

91.8 [81.8;95.6]
78/7

89.4 [80.4;94.7] 76/9

36�45 52 96.1 [85.7;99.3] 50/
2

86.5 [73.6;94.0] 45/
7

30.8 [19.1;45.3] 16/
36

96.2 [85.7;99.3]
50/2

57.7 [43.3;71.0] 30/
22

90.4 [78.2;96.4]
47/5

96.2 [85.7;99.3] 50/2

P-value 0.66 0.84 0.02 0.42 0.65 0.98 0.34
Region
Africa 35 100 [100;100] 35/0 94.3 [80.0;99.0] 33/

2
37.1 [22.0;55.1] 13/
22

94.3 [79.5;99.0]
33/2

60.0 [42.2;75.7] 21/
14

94.3 [79.5;99.0]
33/2

88.6 [72.3;96.3] 31/4

Asia 82 93.9 [85.7;97.7] 77/
5

76.8 [66.9;85.1] 63/
19

18.3 [10.9;28.7] 15/
67

95.1
[87.3;98.42] 78/
4

52.4 [41.2;63.5] 43/
39

90.2 [81.2;95.4]
74/8

92.7 [84.2;97.0] 76/6

Europe 20 100 [100;100] 20/0 90.0 [67.0;98.3] 18/
2

20.0 [1.8;33.1] 4/16 75.0 [50.6;90.4]
15/5

55.0 [32.1;76.2] 11/
9

75.0 [50.6:90.4]
15/5

90.0 [66.9;98.6] 18/2

Middle
East

40 97.5 [85.3;99.9] 39/
1

87.5 [72.4;95.3] 35/
5

2.5 [00.1;14.7] 1/39 92.5 [78.5;98.0]
37/3

70.0 [53.3;82.9] 28/
12

97.5 [85.3;99.9]
39/1

97.5 [85.3;99.9] 39/1

P-value 0.47 0.09 0.001 0.05 0.32 0.04 0.42

Number of blood samples stratified by year of sampling

2005�2010 65 95.4 [86.2;98.8]

62/3
81.5 [69.6;89.7] 53/
12

23.1 [13.9;35.5] 15/
50

95.4 [86.2;98.8]
62/3

63.1 [50.6;74.5] 41/
24

89.2 [78.5;95.2]
58/7

95.4 [86.2;98.8] 62/3

2011�2016 112 97.3 [91.8;99.3]
109/3

79.5 [70.6;68.3] 89/
23

16.1 [10.1;24.5] 18/
94

90.2 [82.7;94.8]
101/11

55.4 [45.7;64.7] 62/
50

92.0 [84.9;96.0]
103/9

91.1 [83.8;95.4] 102/
10

P-value 0.67 0.89 0.34 0.34 0.40 0.73 0.38

BV: Hepatitis B virus. CMV: Cytomegalovirus. HSV: Herpes simplex virus. Morbillivirus: Measles morbillivirus. CI 95%: Confidence interval 95%. All p-values derive from chi-
quare or Fisher’s exact tests, whenever appropriate.
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annual basis from patients enrolled in DANHEP. The first available
blood sample from a patient after inclusion into DANHEP was used.
All patients included in DANHEP give oral and written consent to
the use of their blood samples for research purposes. Further, per
Danish law, patients are allowed to contact The Tissue Application
Registry and withdraw their consent. Before analyzing blood
samples in this study, The Tissue Application Registry was
contacted to make sure none of the eligible women had withdrawn
their consent.

Analysis for the presence of antibodies

Blood samples were tested for viral-specific IgG antibodies: (I)
CMV, HSV1, HSV2, and rubella virus antibodies were analyzed
using a COBAS 6000 analyzer robot (Roche Diagnostics, Indian-
apolis (IN) USA). (II) VZV, Parvovirus B19, and morbillivirus
antibodies were analyzed using a LIAISON XL analyzer robot
(DiaSorin, Saluggia (VC), Italy). Analyses were carried out
according to the manufacturer's instructions. Any generated
biological waste was disposed of following standard guidelines.
For information on the threshold for antibody concentrations, see
Appendix 1.

Statistics

Seroprevalence estimates were calculated with a 95% confi-
dence interval (CI). The mean age with standard deviation (SD) was
calculated. Women were stratified into four regional groups
according to their country of origin (See appendix 2), three age
groups (15�25, 26�35 and 36�45 years), and year of blood sample
collection to test for differences in the distribution of IgG
seroprevalence by applying the Chi-square or Fisher’s exact test,
whenever appropriate. Statistical tests performed in R version
3.2.3, were two-sided, and a p-value of < 0.05 was considered
statistically significant.

Ethics

The study protocol was approved by the Regional Ethics
Committee (H-18017145) and The Data Protection Agency (j.nr:
VD-2018.389).

Results

237 women with CHB eligible for inclusion were identified. Of
those, 194 had available blood samples (82%). 14 women were born
in Denmark, one had an unknown country of origin, and two were
from South America, all of whom were subsequently excluded due
to the small sample size. In total, 177 women (91%) were included
in this study. 20% of the women were from Africa, 46% Asia, 11%
Europe, and 23% from the Middle East, and the mean age was 33
years (SD 6.8).

Table 1 lists the seroprevalence estimates overall and stratified
by age, region of origin, and year of blood sample collection. The
distribution of seroprevalence differed according to age group with
regards to HSV2 (p = <0.05) and between regions of origin with
regards to morbillivirus (p = 0.05), rubella virus (p = <0.05) and
HSV2 (p = <0.05). There was a noteworthy difference in the HSV2
seroprevalence estimates between women from Africa (37.1% CI
95% 22.0;55.1) and women from the Middle East (2.5% CI 95%
00.1;14.7). The seroprevalence of morbillivirus, rubella virus, and
HSV1 was around 90–95% from most regions, however, there was
one region with a lower seroprevalence of around 75% (i.e., in
women with an origin from Europe and Asia, respectively). Though
it should be noted that the evidence is weaker regarding the
seroprevalence of HSV1 compared to the seroprevalence of
morbillivirus and rubella virus. Otherwise, there were no apparent
differences in the seroprevalence estimates of CMV, parvovirus
B19, and VZV between age groups, regions of origin, and sample
year. Figure 1 illustrates the prevalence of antibodies against the
viruses stratified by region of origin alongside the official estimates
of specific viral antibodies' seroprevalence in the Danish popula-
tion.

Discussion

In this study, we found that women with CHB, with origins in
Africa, Asia, Europe, and the Middle East, had comparable
prevalence estimates of IgG antibodies against CMV, HSV1,
parvovirus B19, and VZV and estimates similar to the general
Danish population.

There is some evidence that points towards a difference in the
seroprevalence estimates of antibodies against HSV2 stratified by
age group, with seemingly increasing seroprevalence with
Figure 1. Prevalence of viral IgG antibodies for 177 chronically HBV infected women of reproductive age (15-45 years) with origin outside Denmark, stratified by region,
compared to the Danish population's official estimates.
Abbreviations: CMV: Cytomegalovirus; HSV: Herpes simplex virus; Morbillivirus: measles morbillivirus; Parvovirus: Parvovirus B19; Rubella: rubella virus; Varizella:
Varizella-Zoster virus.
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ncreasing age. The seroprevalence estimates also differed as to the
egion of origin with regards to HSV1&2, morbilli- and rubella virus
ntibody seroprevalence. The evidence is good regarding women
riginating in Europe; they appear to have a lower morbilli- and
ubella virus seroprevalence, whereas women from the Middle
ast had a remarkably low HSV2 seroprevalence. The evidence is
eaker when it comes to HSV1; it seems that women originating

rom Asia have a lower seroprevalence than women originating
rom other regions. In general, one should keep the broad
onfidence interval in mind when interpreting the results.
owever, due to the increased difficulty in demonstrating smaller
ifferences among groups, when the sample size (like in this study)
s relatively small, one should still be made aware of these
ifferences.

ytomegalovirus

Congenital CMV is diagnosed by detecting CMV antibodies or a
ositive DNA test no later than 21 days after birth. Postnatal
nfection does not have the same risk of adverse outcomes as
ongenital CMV (Thang vestergaard et al., 2020). CMV is one of the
ost common congenital infections and can cause hearing

mpairment in the fetus (Thang vestergaard et al., 2020; Fowler
nd Boppana 2018). We found the overall seroprevalence of
ntibodies against CMV among included women to be 96.6% [CI
5% 92.4;98.6] (Figure 1), which is higher than the 80% reported in
he Danish adult population (Statens Serum Institut 2019a). This
ifference in seroprevalence remained when stratifying by age,
egion of origin, or year of blood sampling. A 2017 study from
orway also showed a seroprevalence of antibodies against CMV
mong pregnant women to be lower (54%) than what is found in
ur study population of mainly immigrant background (Barlinn
t al. 2018). A 2014 metanalysis investigating the prevalence of
ongenital CMV infection found that the maternal prevalence of
ntibodies against CMV in Africa and Asia ranged from 90% to 100%,
n line with our observations (Lanzieri et al. 2014). If infected
uring pregnancy, a seronegative woman has a higher risk of
ransmitting CMV to her fetus than a seropositive woman.
owever, the risk of re-acquiring a CMV infection during
regnancy is greater in IgG seropositive women, possibly because
f environmental or behavioral differences, leading to an overall
igher risk of fetal transmission in CMV seropositive women
Thang vestergaard et al., 2020; Vries et al. 2013). This may be
xplained by a reactivation of the latent maternal CMV virus or,
ore likely, it is due to reinfection with a new strain of the virus

Fowler and Boppana 2018). Whether the higher CMV antibody
eroprevalence in women with CHB in this study is associated with

 higher risk of congenital CMV than the Danish background
opulation is currently unknown but could be a subject for future
tudies.

erpes simplex virus 1&2

Neonatal HSV infection usually presents itself in one of three
orms; “skin, eye, mouth” disease (SEM), a disease in the central
ervous system, or disseminated illness, though an overlap may
xist (Kimberlin 2004a). After a primary HSV infection, the virus
an stay latently in neurons for future reactivation. Reactivation
an cause vesicles but can be asymptomatic as well (Stankiewicz
arita et al. 2017). A pregnant woman with an active HSV infection

around the date of birth has been shown to reduce the risk of
neonatal HSV (Brown et al. 2003).

Women included in our study had an overall seroprevalence
of antibodies against HSV1 of 84.2% [77.8;89.1], which is
comparable to the seroprevalence reported in the general
Danish population (70–90%) (Agner et al. 2020) and did not
differ among regions of birth. In contrast, women in our study
had an overall seroprevalence of antibodies against HSV2 of
18.6% [CI 95% 13.4;25.3], which is lower than what is seen in
the general Danish population of 33% (Agner et al. 2020). As
shown in Figure 1, however, this difference was mainly due to
the low seroprevalence of antibodies against HSV2 in women
from Asia and the Middle East in particular, whereas women
from Africa showed a higher prevalence of antibodies against
HSV2. A study from England demonstrated similar results, with
a high prevalence of antibodies against HSV2 among women
from Africa and a lower seroprevalence of antibodies against
HSV2 among women from Asia (Ades et al. 1989). Consequent-
ly, women from Asia and the Middle East living in Denmark
with CHB may be at a higher risk based on their immune status
of acquiring primary HSV2 infection during pregnancy than the
general Danish population. Further research is needed to
answer this question.

The seroprevalence of HSV2 antibodies also varied among
women according to age groups with the appearance of increasing
seroprevalence with increasing age. This would not be a surprising
trend given that HSV2 is considered to be mainly a sexually
transmissible disease and not a disease of early childhood
(Jaishankar and Shukla 2016).

Measles morbillivirus and rubella virus

Infection with morbillivirus during pregnancy can lead to
spontaneous abortion or preterm birth (White et al. 2012).
Rubella infection during early pregnancy has a 90% risk of in-
utero infection of the fetus, according to the WHO (WHO 2019).
This can lead to spontaneous abortions or Congenital Rubella
Syndrome (CRS) (WHO, 2019). CRS has a broad clinical spectrum,
including cataracts, heart defects, hearing impairments, and
mental retardation (Reef et al. 2000). The distribution of
seroprevalence estimates differed with regards to the region of
origin in this study population, where it appeared that women
with origins in Europe, was the only subgroup with a lower
prevalence of antibodies against both morbillivirus and rubella
virus of around 75% compared to estimates around 90% for other
regions, including the Danish population. Women included in this
study registered with origin in Europe were mainly from Eastern
Europe, where the prevalence of antibodies against morbillivirus
and rubella virus or the coverage of the MMR vaccine have varied
but been below 95% for many countries (European CDC 2019). The
lower seroprevalence found in this study among women with
origins in Europe may be due to random variation due to the small
sample size (20 women). However, one should consider the
possibility of low vaccination coverage in this CHB population or
lower rates of previous infections, which has been described for at
least some European states (European CDC 2019). Women with
unknown immune status could be offered the MMR vaccine as
part of routine care of CHB patients prior to pregnancy if possible;
however, very few cases have been reported of measles and
rubella in Denmark in recent years (European CDC EC, 2017; WHO
uring birth (primary or reactivated) has a risk of passing the
nfection to her newborn child. Antiviral treatment, like Acyclovir,
as shown a good effect on both the one-year survival rate and the
omplexity of the disease in infants (Kimberlin 2004b). Delivery by
esarean section in women with an active genital HSV infection
27
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Parvovirus B19

Approximately 30–50% of fetuses become infected in-utero
when a woman contracts parvovirus B19 during pregnancy, but
only 1–2% of fetuses have adverse outcomes (Ornoy and Ergaz
2017). Adverse outcomes in the fetus include anemia or
hydrops fetalis, but fetal death is seen on rare occasions
(Sundhedsstyrelsen 2019). Intrauterine blood transfusion
increases the survival rate in fetuses with hydrops fetalis
(Ornoy and Ergaz 2017)). In our study, included women had a
seroprevalence of antibodies against parvovirus B19 of 58.2%
[CI 95% 50.5;65.5], which is slightly lower than the prevalence
of 66% found in the general Danish population (Sundheds-
styrelsen 2019). Women from Africa, Europe, and the Middle
East showed a Parvovirus B19 antibody seroprevalence
comparable to that of the Danish population, whereas there
is weak evidence that women born in Asia had a lower
seroprevalence (52.4% CI 95% 41.2;63.5). Studies from India and
Japan have likewise shown results demonstrating that only
about half of the participants in the study from India and half
of the women of childbearing age in the study from Japan, were
seropositive for antibodies against parvovirus B19 (Abraham
et al. 2002; Ihara et al. 2013). There is currently no specific
treatment or vaccines against parvovirus B19, but if exposed
during pregnancy, a woman is referred to specialized care
(Danish Society of Obstetrics and Gynecology 2008). Conse-
quently, based on this study's findings, there is no need to
differentiate these recommendations based on the region of
origin among women with CHB.

Varicella-zoster virus

Varicella-Zoster infection in pregnant women during the first
20 weeks of gestation confers a 1–2% risk of passing the infection to
the fetus, which can lead to Congenital Varicella Syndrome (CVS).
CVS is usually characterized by cicatricial scars (73%), neurological
defects (62%), eye disease (52%), limb hypoplasia (46%), and
abnormalities in the genitourinary or gastrointestinal tracts (12–
19%) (Tan and Koren 2006). Approximately 50% of infants of
mothers who are infected with varicella within seven days of
delivery may be infected as well, with a 20–30% risk of developing
neonatal varicella. The mortality among newborns with neonatal
varicella is up to 30% (De Paschale and Clerici 2016). Primary
infection with VZV in the third trimester of pregnancy increases
the risk of varicella pneumonia in the mother (Tan and Koren
2006).

In this study, we found a seroprevalence of antibodies
against VZV among all women of 92.7% [CI 95% 87.5;95.9],
which is slightly lower than the prevalence of 98% reported in
the Danish population (Statens Serum Institut 2019b). In
particular, women from Africa and Asia seem to have a lower
prevalence of antibodies against VZV (88.6% and 92.7%,
respectively) than women from Denmark. VZV is known to
be less virulent in tropical countries, and studies from Africa
and Asia support this theory by reporting low seroprevalence
of antibodies against VZV in these populations (Lee 1998;
Lokeshwar et al. 2000; Lolekha et al. 2001; Tan and Koren
2006; Völker et al. 2017; WHO, 2020a). These studies report a
lower seroprevalence against VZV antibodies than what is seen
in the women born in Africa and Asia in this study. Still, one

attention given to women from sub-/tropical areas (Danish
Society of Obstetrics and Gynecology 2018). Based on this
study's findings, special attention to women from sub-/tropical
areas should be further underscored.

Strengths and limitations

First, we have investigated the seroprevalence of IgG anti-
bodies against a broad spectrum of viruses that can cause harm to
the mother and/or child during pregnancy. Focusing on several
viruses presents valuable information for the counseling of
women with chronic hepatitis B, with origins outside Denmark,
and of childbearing age regarding their risk of acquiring an
infection during pregnancy. Second, we have included women
from areas of the world that largely represent immigrants'
nationalities in Europe (UN Department of Economic and Social
Affairs 2013), making our results more likely to be applicable in
many countries.

A major limitation of this study is the small sample size,
increasing the risk of type 2 errors. Secondly, our cohort consisted
of women with CHB from a single center, which is a selected
cohort and not necessarily representative of all women immi-
grating to Denmark regarding their seroprevalence. However, our
seroprevalence estimates are similar to previously reported
estimates among women without CHB. Also, important limita-
tions are that the duration of residency in Denmark of the women
included in this study, and their vaccination status, are not known
to us. This leaves open the possibility that a woman could have
been adopted or immigrated to Denmark in early childhood and
thus exposed to the same viruses as the general Danish
population. Consequently, the seroprevalence among women
with CHB newly arrived in Denmark may differ from the results
presented in this study.

Lastly, the lack of a proper control group is a major limitation. A
matched control group of women 15–45 years old, born in
Denmark, would have been ideal.

Conclusion and implication of findings

In conclusion, this cohort of chronically CHB infected
women of childbearing age, originating in Africa, Asia, Europe,
and the Middle East, had similar seroprevalence estimates of
IgG antibodies against CMV, HSV1, parvovirus B19, and VZV
and estimates roughly similar to estimates from the general
Danish population. The seroprevalence differed according to
age groups with regards to HSV2 and region of origin with
regards to HSV2, morbilli- and rubella virus with a particularly
notable difference in the prevalence of antibodies against
HSV2 among women born in Africa and the Middle East and
lower morbilli- and rubella seroprevalence among women
from Europe. However, most detected differences in seroprev-
alence were so small that they would have had no
clinical significance regarding guidelines and counseling of
immigrant women before conception or during pregnancy.
Also, the small sample size, unfortunately, prohibits us from
making any firm conclusions. Accordingly, the current guide-
lines regarding counseling and when to test for viral infections
in pregnancy seem to be applicable to women with CHB living
in Denmark.
should bear in mind that women included in this study may
have been living in Denmark for many years and have likely
been exposed to an environment with a higher prevalence of
VZV infections. The Danish recommendations are to determine
the history of previous VZV infection or immunization early in
pregnancy and counsel the woman appropriately, with special
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