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Background: The World Health Organization aims to
eliminate hepatitis B virus (HBV) by 2030 through
reducing incidence and mortality. Accurate prevalence
estimates are crucial to guide policies and moni-
tor progress towards HBV elimination. However, HBV
prevalence can be overestimated when relying solely
on hepatitis B surface antigen (HBsAg) because of
unconfirmed or false-positive results. Robust screen-
ing algorithms to improve diagnostic accuracy and
minimise false positives are required. Aim: We con-
ducted a nationwide, population-based serosurvey to
estimate HBV prevalence in Belgium by using HBsAg
alone or combined with hepatitis B core antibody
(anti-HBc) positivity as infection criterion. Methods:
We analysed HBsAg and anti-HBc in a total of 4,955
left-over serum samples from severe acute respiratory
syndrome coronavirus 2 sero-epidemiology studies in
2020. Samples were stratified per region, 10-year age
band and sex. A confirmatory anti-HBc neutralisation
assay was performed in discordant samples. Results:
We detected HBsAg in 0.75% (37/4,955) of samples,
of which 62.2% (23/37) were anti-HBc-negative and
showed no specific anti-HBc signal in the neutrali-
sation assay. None of the samples from<s-year-olds
(n=87) were double-positive. Weighted analysis esti-
mated HBsAg seroprevalence at 0.74% (95% confi-
dence interval (Cl): 0.50-1.04). However, considering
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double HBsAg and anti-HBc positivity, an HBV preva-
lence of 0.25% (95% Cl: 0.13-0.42) was retained. The
HBsAg/anti-HBc prevalence in<33-year-olds was lower
than in older adults (0.079% vs 0.36%; p=0.015), con-
sistent with Belgium’s vaccination policy. Conclusion:
This serosurvey reinforces the importance of con-
firmatory anti-HBc testing in HBsAg-positive samples,
particularly in low-endemic countries. Incorporating
anti-HBc testing improves the correctness of preva-
lence estimates.

Introduction

With ca 254 million people chronically infected and 1.2
million new infections annually, hepatitis B virus (HBV)
remains an important global health concern [1]. Chronic
HBV infection increases the risk of cirrhosis, hepatic
decompensation, and hepatocellular carcinoma, which
may eventually lead to liver-related mortality [2,3]. In
2022, the World Health Organization (WHO) estimated
1.1 million HBV-related deaths, marking an important
increase compared with 2019. As such, viral hepatitis
ranked, together with tuberculosis, as the second lead-
ing cause of death among communicable diseases that
year [1].

There is a large regional variation of the burden of HBV

infection, shaped by a complex interplay of cultural,
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KEY PUBLIC HEALTH MESSAGE

What did you want to address in this study and why?

We examined how many people in Belgium are infected with hepatitis B virus (HBV), as the last study dates
from more than 20 years ago. We wanted to understand whether Belgium is on track to eliminate hepatitis
B, as set forth by the World Health Organization. We looked at different ways of testing, because some
tests might give a false-positive result. By using different infection criteria, we can estimate the number of
infected people most accurately.

What have we learnt from this study?

We tested almost 5,000 samples from across Belgium, using two tests. We found that by using the
combination of the two tests, a more accurate and reliable result is obtained than when relying on a single
test only. We found that the number of people infected with HBV in Belgium is very low (0.25%), and that
the childhood HBV vaccination implemented in Belgium in 1999 is effective to decrease the number of
infections.

What are the implications of your findings for public health?

Using just one test can overestimate the number of HBV infections. With a combination of two tests, we get
a more accurate and reliable result and both tests should be used in future studies. The results show that
Belgium is a country where hepatitis B is rare. They help guide public health policies, track how well the HBV
vaccination programme works, and give an idea how well Belgium is doing in controlling and eliminating

the disease.

Y

socioeconomic and healthcare-related factors. High-
endemic regions, such as the African and Western
Pacific WHO Regions, bear a substantially higher bur-
den due to high rates of mother-to-child transmis-
sion, a larger pool of chronic carriers, and limited and/
or relatively late access to HBV vaccines in a context
of under-resourced healthcare systems. In contrast,
low-endemic regions, characterised by an HBV preva-
lence < 2% in the general population, such as Western
Europe and North America, have achieved substan-
tial reductions in HBV prevalence through widespread
immunisation programmes and effective public health
interventions [4,5].

However, global migration and population movements
are reshaping HBV epidemiology in these low-endemic
regions. It is reported that migrants and refugees,
often originating from high-endemic regions, have
higher HBV infection rates compared with the native
population [6-9]. In 2016, it has been estimated that
migrants from outside the European Union (EU) account
for ca 25% of chronic hepatitis B cases in the EU [10].
These shifts highlight the value of targeted screening
approaches and public health interventions. Ensuring
equitable access to screening, vaccination, treatment
and healthcare is essential not only for improving
health outcomes in these vulnerable groups, who are
often under-served by health systems and face social
exclusion, stigma, discrimination and socioeconomic
constraints, as well as language and health-literacy
challenges [11], but also for reducing HBV transmission
and the overall disease burden.

The WHO has set an ambitious target to eliminate viral
hepatitis as a public health problem by 2030. This
global initiative strives to reduce the HBV incidence by
95% and the HBV-related mortality by 65%, compared
with the 2015 baseline. To achieve this, the WHO has
proposed several absolute impact targets, focusing on
systematic screening, prevention of mother-to-child
transmission, universal vaccination and treatment
optimisation [12]. For instance, specifically for the WHO
European Region, the target is to achieve a hepatitis
B surface antigen (HBsAg) seroprevalenceof <0.1% in
vaccinated cohorts, diagnosing and treating, respec-
tively, at least 90% and 80% of people living with
HBV, having at least 95% vaccination coverage of the
third dose of childhood HBV vaccination, and screen-
ing>»95% of pregnant women for HBsAg [13,14].

A comprehensive understanding of the HBV preva-
lence, supported by accurate region-specific epide-
miological data, is essential for designing effective
public health policies, prioritising resources, monitor-
ing the progress towards the WHO elimination goals,
and informing other indicators of HBV elimination, such
as the cascade of care. Population-based serosurveys
offer valuable insight into the overall HBV burden in
the population and provide an essential framework for
monitoring elimination efforts.

Serosurveys typically rely on the detection of HBsAg
as a marker for HBV infection [4,5]. While commercial
automated assays are widely used in clinical practice,
they are designed to be oversensitive, resulting in an
increased risk for false-positive results [15]. Particularly
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TABLE 1

Regional, age and sex distribution of the sample
population, hepatitis B virus serosurvey, Belgium, 2020
(n=4,955)

Sample population n %
Region @

Brussels 443 8.9
Flanders 2,257 45.5
Wallonia 2,254 45.5
Age group (years)

<10 291 5.9
10-19 1,026 20.7
20-29 574 11.6
30-39 578 11.7
40-49 580 11.7
50-59 580 11.7
60-69 587 11.8
70-79 305 6.2
80-89 238 4.8
290 196 4.0
Sex

Male 2,380 48.0
Female 2,575 52.0

2 0ne sample had missing information about the postal code.

in low-endemic countries, HBsAg false positivity
remains a challenge in HBV prevalence estimation, as a
few false positives may substantially inflate HBV prev-
alence estimates. False-positive HBsAg results have
been reported to occur more frequently in younger
individuals, females and in samples with low HBsAg
levels [16]. It is, therefore, recommended to perform a
confirmatory neutralisation assay in low-positive cases
[17]. However, the widespread implementation of these
confirmatory assays is hampered by limited availabil-
ity and increased costs. Moreover, this approach would
consume a considerable amount of serum which is not
always feasible in studies using archived residual sam-
ples. This highlights the importance of robust screen-
ing algorithms determining when additional testing is
required to improve diagnostic accuracy and minimise
the risk for false-positive results.

In this study, we examine the impact of using HBsAg
positivity alone compared with combined anti-HBc
and HBsAg positivity for estimating HBV prevalence
in a low-endemic country. In addition, we provide
an updated national estimate of HBV prevalence for
Belgium.

Methods

Study design

In this prospective cross-sectional nationwide serosur-
vey, we analysed left-over serum samples of collection
periods 4 (8—13 June 2020), 5 (29 June—4 July 2020)
and 6 (7—12 September 2020) of the study described
by Herzog et al. [18]. Briefly, that study established a
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serum bank covering all Belgian regions by collecting
residual sera from 10 high-throughput private routine
clinical laboratories. The number of samples was allo-
cated per age group (10-year age bands), per region
(Brussels, Flanders and Wallonia) and per collection
period, and was stratified by sex within each age group.
All samples originated from ambulatory patients visit-
ing their primary care physician for any reason. To avoid
disproportionate selection, samples from hospitals
and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) triage centres were excluded. Therefore,
the sample population is considered representative of
the general Belgian population, as sampling did not
involve hospitals, hepatology departments or infec-
tious disease clinics, where individuals with HBV
infection would be expected to be overrepresented. In
the current study we analysed the samples from col-
lection periods outside Belgian SARS-CoV-2 lockdown
periods, thereby assuming to be periods with normal
health-seeking behaviour.

We performed the analytical tests in two phases. The
initial phase included exclusively samples originating
from adults, in line with the objective to estimate the
HBV prevalence in the adult population. In a second
phase, we assessed the HBV prevalence in children
and adolescents (<18 years-old). However, given the
anticipated low prevalence of HBV in children and ado-
lescents, analysis of all available samples was deemed
necessary, resulting in an intentional oversampling of
the 10-19-year-old age group. We assessed the HBV
seroprevalence in children<g years-old separately, as
this is a key WHO impact target for HBV elimination.
All samples were anonymised and had minimal demo-
graphical data available: sample date, age, sex and
postal code of the place of residence.

Analytical tests

We analysed HBsAg and hepatitis B core antibodies
(anti-HBc) on automated analysers (Abbott Alinity I). A
signal-to-cutoff (5/CO)=1.0 for anti-HBc and HBsAg was
considered positive. We retested all HBsAg-positive
results for the adult population (218 years-old) in
duplicate. For the<18-year-olds, there was insufficient
volume to retest the HBsAg-positive samples in dupli-
cate. For HBsAg-positive anti-HBc-negative samples,
a non-commercial anti-HBc neutralisation assay was
performed by the German National Reference Centre
for Hepatitis B Viruses and Hepatitis D Viruses (Justus
Liebig University, Giessen, Germany) to exclude false
negativity as described by Huzly et al. [19].

Statistical analyses

We used the Mann—-Whitney U test to compare differ-
ences in HBsAg S/CO values. We weighted the sam-
ples to represent the Belgian population structure of
2020. We computed the weights by comparing sample
and population frequencies by sex, age (10-year age
bands) and province. We trimmed the weights to a
maximum value of 3 to reduce the influence of samples
in under-represented strata. One sample had missing
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TABLE 2

Hepatitis B virus markers in the sample population,
Belgium, 2020 (n=4,955)

Sample population

HBsAg Anti-HBc
il %
+ + 14 0.28
+ - 23 0.46
+ 169 3.41
4,749 95.84

Anti-HBc, hepatitis B core antibodies; HBsAg, hepatitis B surface
antigen.

information about the postal code and could therefore
not be weighted. This sample was omitted from the
weighted analyses. We used the Rao—Scott scaled chi-
squared distribution, a survey-adjusted modification
of the Pearson chi-squared test that accounts for dif-
ferences between observed and expected frequencies
and is preferred in survey analysis because it corrects
for survey features such as weighting to provide valid
statistical inferences [20]. All analyses were done with
the statistical software R (version 4.4.1, R Foundation,
Vienna, Austria) [21]. The R package ‘survey’ (version
4.4) was used for weighting and weighted analyses.

Results

We analysed a total of 4,955 serum samples. A detailed
overview of the regional, age and sex distribution
is shown in Table 1. In Supplementary Figure S1 we
additionally append the sample population compared
with the 2020 Belgian population distribution.

HBsAg and anti-HBc results in the sample
population

We detected HBsAg in 37 of the 4,955 samples (0.75%).
Of these 37, 14 were anti-HBc-positive and 23 were anti-
HBc-negative (Table 2). The HBsAg-positive anti-HBc-
negative samples had significantly lower HBsAg S/CO
ratios in comparison with the double-positive samples
(median = 2.00 (IQR =3.26) S/CO vs median = 4,737
(IQR = 3,274) S/CO; p<o0.001) (Figure 1). To confirm true
anti-HBc negativity in these 23 samples, we performed
an additional independent non-commercial anti-HBc
neutralisation assay. In this assay, no specific anti-HBc
signal was detected in any of the samples. Furthermore,
169 of the 4,955 (3.41%) samples were HBsAg-negative
anti-HBc-positive with the commercial assays (Table 2).

Age and sex distribution of HBsAg and anti-
HBc-positive samples

We observed HBsAg-positive samples in all age groups
except the 80-89-year-olds. However, none of the
samples in the age groups 0—-9, 20-29, 30-39 and»90
years were positive for both HBsAg and anti-HBc
(Figure 2). Eleven of the 14 double-positive samples
were observed in the age groups 40-79 years, with the
highest number in the age group 60-69 years (Figure
2). Notably, three of the double-positive samples were
observed in the age group 10—-19 years, with respective

FIGURE 1

Signal-to-cutoff values of double-positive and HBsAg-
positive anti-HBc-negative samples in the sample
population, Belgium, 2020 (n=4,955)
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Anti-HBc: hepatitis B core antibodies; HBsAg: hepatitis B surface
antigen; S/CO: signal-to-cutoff.

ages of 16 (male), 17 (male), and 19 years (female).
Males represented the majority of the HBsAg anti-HBc
double-positive population (10/14). However, there
was no statistically significant difference between
sexes (p=0.14).

A total of 87 (1.8%) samples originated from children
aged 5 years or younger. Of these, two samples (2.3%),
obtained from a 1-year-old and a 5-year-old, were
HBsAg-positive, with respective S/CO values of 1.0 and
1.01 (Figure 3). Importantly, both samples were anti-
HBc-negative in the immunoassay and had no specific
anti-HBc signal in the neutralisation assay.

Belgian hepatitis B virus prevalence estimates
Weighted analysis estimated an HBsAg seroprevalence
of 0.74% (95% confidence interval (Cl): 0.50-1.04) in
Belgium in 2020. Importantly, when considering HBsAg
and anti-HBc double positivity as criterion for HBV
infection, an estimated national HBV seroprevalence of
0.25% (95% Cl: 0.13-0.42) was retained (Table 3). In
addition, we estimated that 3.59% (95% Cl: 3.01—4.25)
of the Belgian population in 2020 had previous expo-
sure to HBV, as evidenced by an HBsAg-negative anti-
HBc-positive serology (Table 3).
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FIGURE 2

HBsAg-positive and double HBsAg anti-HBc-positive samples across age groups, Belgium, 2020 (n=4,955)
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Seroprevalence-based evaluation of the Belgian
hepatitis B virus vaccination policy

The estimated HBsAg prevalence did not differ sig-
nificantly betweens<33-year-olds — i.e. those bornin
or after1987 and subject to the universal vaccination
policy if born in Belgium - and the older age group
(0.64%; 95% Cl: 0.33-1.09 VS 0.80%; 95% Cl: 0.48—
1.24; p=0.54). In contrast, when applying the double
HBsAg and anti-HBc positivity criterion, the HBV preva-
lence was significantly lower in the vaccinated cohort
(0.079%; 95% Cl: 0.019-0.21) compared with the
not universally vaccinated population aged>33 years
(0.36%; 95% Cl: 0.17-0.64; p=o0.015). Similarly, the
weighted estimate of past HBV exposure, indicated by
an HBsAg-negative anti-HBc-positive serology, was sig-
nificantly lower in the vaccinated cohort than in the not
universally vaccinated cohort (0.68%; 95% Cl: 0.37—
1.13 VS 5.49%; 95% Cl: 4.56-6.53; p<0.001).

Discussion

This nationwide population-based serosurvey demon-
strates the importance of combhined HBsAg anti-HBc
testing for the precise estimation of HBV seropreva-
lence by systematically analysing these markers in
residual sera collected in three time periods in 2020. In
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addition, we here provided an updated weighted HBV
seroprevalence for Belgium.

HBsAg was detected in 37 of the 4,955 samples (0.75%).
Notably, almost two thirds (23/37) of the HBsAg-
positive samples had an anti-HBc S/CO<1.0, indicat-
ing non-reactivity. Early acute HBV infections can
transiently manifest with a HBsAg-positive anti-HBc-
negative serology, before genuine anti-HBc serocon-
version. In rare cases, severely immunocompromised
patients can fail to produce anti-HBc altogether, as
has been described for haematological malignancies,
other oncologic conditions and solid organ transplant
recipients [22-24]. More frequently, transient low-
level HBsAg seropositivity has been observed follow-
ing recent HBV vaccination, particularly within 14 days
[25], and up to 4 weeks in haemodialysis patients [26].
In addition, false-positive HBsAg results are often
observed in automated commercial analysers, owing
to their very high sensitivity, which can be caused
e.g. by non-specific binding, cross-reactivity, the pres-
ence of heterophilic antibodies or human anti-animal
antibodies, or sample contamination or degradation
[16,27]. Nonetheless, these scenarios often yield low
HBsAg S/CO values, typically>1 and<2o0, as illustrated

5
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FIGURE 3

Signal-to-cutoff values of double-negative and HBsAg-
positive anti-HBc-negative samples in < 5-year-olds,
Belgium, 2020 (n=287)
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We observed HBsAg-negative anti-HBc-positive samples in all age
groups except for the youngest age group (<10 years-old) (Figure
4). The majority of these samples were from the older age
groups, gradually increasing with increasing age. There was no
statistically significant difference between sexes (p=0.85).

by Rysgaard et al. [25]. In our serosurvey, the major-
ity (21/23) of the discordant HBsAg-positive anti-
HBc-negative samples fell within this grey zone. The
discordant samples which were above the grey zone
had respective HBsAg S/CO values of 64.4 and 65.5,
which remains remarkably lower than HBsAg levels of
chronic HBV patients which typically exceed1,000 S/
CO. Although S/CO ratios provide useful insight in the
differences between discordant and double-positive
samples, an optimal cut-off has yet to be established.
As thresholds are likely to be assay- or laboratory-spe-
cific and beyond the scope of this study, raw S/CO val-
ues should be interpreted with caution in combination
with anti-HBc results.

It is highly unlikely that the discordant samples were
obtained from haemodialysis or severely immunocom-
promised patients, as they originated from ambulatory
primary care patients. In addition, vaccine-induced
HBsAg positivity seems unlikely given that universal
infant vaccination has been part of the Belgian vaccina-
tion policy since 1999 and we saw discordant samples
in nearly all age categories, except for 80-89-year-
olds. As there was insufficient sample volume left to
perform a commercial confirmatory HBsAg assay or
HBV DNA PCR, we opted to test the discordant sam-
ples in an anti-HBc neutralisation assay. Consistently,
none of the HBsAg-positive anti-HBc-negative discord-
ant samples showed a specific anti-HBc signal in the
confirmatory neutralisation assay. Overall, this indi-
cates that the HBsAg-positive results in the discordant

anti-HBc-negative samples probably represent false
positives.

In this serosurvey, we collected a total of 87 (1.8%)
samples from children 5 years or younger. Among
these, two samples (2.3%), originating from a 1- and a
5-year-old, tested positive for HBsAg, with S/CO values
of 1.0 and 1.01 respectively. In addition, both samples
were anti-HBc-negative and had no specific anti-HBc
signal in the neutralisation assays. Given that both
S/CO values are close to the cutoff, these discordant
results probably represent false positives or vaccine
carryover for the sample of the 1-year-old, as the final
infant HBV vaccine dose is given at 15 months of age.
As such, although based on a small number of sam-
ples, this subgroup analysis suggests that Belgium is
on track to achieve the WHO impact target of HBV prev-
alence<0.1% in<5-year-olds.

Of note, three individuals aged 16, 17 and 19 years
tested positive for both HBsAg and anti-HBc, despite
their theoretical eligibility for infant vaccination in
Belgium. A possible explanation is that these younger
individuals were not born in Belgium. According to the
Belgian Statistics Bureau (STATBEL), as of 1 January
2021, 2.04 million people (17.7% of the total popula-
tion) living in Belgium were born outside the country,
with a substantial number from high-endemic regions
like Africa (25.9%) and Asia (16.6%) [28]. Our previ-
ous research demonstrated a high HBsAg prevalence
of 6.8% and 3.4% (95% Cl: 2.17-5.05), respectively in
outreach screenings in Asian communities and civic
integration programmes [29,30]. In addition, higher
HBsAg prevalence has been reported in foreign-born
blood donors [31]. These observations are consist-
ent with findings from the Netherlands and Germany,
where first-generation migrants respectively accounted
for 81% and 58% of HBV infections [9,32]. Based on
population registries and the respective postal codes
of the three double HBsAg- and anti-HBc-positive
individuals, their likelihood of being born outside of
Belgium is 6.6%, 13.6% and 47.7%. Nonetheless, it is
also possible that these individuals were vaccinated
but failed to develop a protective immune response,
leaving them susceptible to HBV infection. In this sce-
nario, their infection would not necessarily be attribut-
able to being born outside Belgium.

This serosurvey demonstrates how alternative crite-
ria for HBV infection result in significantly different
prevalence estimates. Using HBsAg positivity alone,
the weighted HBV seroprevalence estimate for Belgium
was 0.74% (95% Cl: 0.50—1.04), whereas an HBV sero-
prevalence of 0.25% (95% Cl: 0.13—0.42) was retained
when we applied HBsAg anti-HBc double positivity as
criterion. The implication of applying the correct crite-
rion is particularly relevant for low-endemic countries
like Belgium, as a few false-positive HBsAg results
substantially inflate the prevalence estimates.

www.eurosurveillance.org
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FIGURE 4

HBsAg-negative anti-HBc-positive samples across age groups in 2020, Belgium 2020 (n =169)
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Anti-HBc: hepatitis B core antibodies; HBsAg: hepatitis B surface antigen.

The annotations indicate the number of respective samples. The age group 10-19 years was oversampled.

In addition, the results using HBsAg positivity alone
would imply that the HBV prevalence in Belgium has
remained unchanged since 2003 (HBsAg+: 0.66%; 95%
Cl: 0.51-0.84) [33] and 1997 (HBsAg+: 0.7%; 95% Cl:
0.5-1.0) [34], despite the introduction of a universal
vaccination policy in 1999 targeting all infants and
performing a catch-up vaccination of the 12-year-olds.
As such, all persons born in Belgiumin or after1987
were subject to this universal vaccination policy.
Furthermore, HBsAg positivity would suggest that the
weighted prevalence in the age cohort subject to the
universal vaccination policy (<33 years-old) would not
significantly differ from the prevalence in the older age
cohort, despite consistent high HBV vaccine cover-
age rates 0of296.8% since 2012 and290% since 2007
[35]. In contrast, the impact of the vaccination policy
is evident when applying the double HBsAg anti-HBc
positivity criterion, yielding significantly lower HBV
prevalence estimates in thes<33-year-olds compared
with the»>33-year-olds (0.079% vs 0.36%, p=0.015,
respectively). The smaller number of past HBV infec-
tions in the younger age cohorts further supports the
impact of Belgium’s vaccination policy.

www.eurosurveillance.org

In January 2025 the Belgian National Reference Centre
for viral hepatitis (Sciensano) published a report on
the epidemiological surveillance of HBV, based on
reimbursed HBV-specific tests and voluntary reports
from microbiology laboratories. In 2022, the number
of individuals who received reimbursement for an HBV
DNA test for the first time per person screened for
HBsAg was 0.33% in Belgium, which could serve as
a proxy for HBV prevalence, since testing is generally
limited to HBsAg-positive individuals [36]. In addition,
they describe that the majority (72%) of HBV diagno-
ses were in the age cohort which was not subject to
the vaccination policy. While that report has several
limitations (reliance on administrative data, inclusion
of hospital laboratories that may overrepresent HBV
patients, incomplete subsequent HBV DNA testing in
HBsAg positives), the 0.33% proxy of HBV prevalence
for 2022 broadly aligns with the prevalence estimate
of our study.

Using the double positivity criterion, our weighted HBV
prevalence estimate of 0.25% for the Belgian popula-
tion in 2020 is lower than the Polaris Observatory 2022
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TABLE 3

Weighted hepatitis B virus prevalence estimates for the
Belgian population, Belgium, 2020 (n=4,954)

Belgian population

% 95% Cl
HBsAg+ 0.74 0.50-1.04
HBsAg+/ anti-HBc+ 0.25 0.13-0.42
HBsAg- / anti-HBc+ 3.59 3.01-4.25

Anti-HBc: hepatitis B core antibodies; Cl: confidence interval;
HBsAg: hepatitis B surface antigen.

One sample with missing information about the postal code is
omitted from the weighted analyses.

modelled estimate of 0.5% (95% uncertainty interval
(UD: 0.4-0.6) [37]. With our updated estimate, the
HBV prevalence is comparable with those of neigh-
bouring countries Germany (0.47%; 95% Cl: 0.47—
0.48%), France (0.30%: 95% Cl: 0.13-0.70%), and
the Netherlands (0.25%; 95% Cl: 0.25-0.25%) (based
on the most recent (2024) surveillance report of the
European Centre for Disease Prevention and Control)
[38-40]. The similarity can be explained by the fact
that France and Germany implemented universal infant
vaccination in 1995, around the same time as Belgium.
The Netherlands introduced universal vaccination only
in 2011, yet no clear prevalence differences are seen.
Moreover, these countries have a similar migration pat-
tern. The HBV prevalence in Belgium is notably lower
than the 2019 estimates for the WHO European region
(HBsAg+: 1.1%; 95% Ul: 1.0-1.2) and other countries
with a high socio-demographic index (HBsAg+: 1.5%;
95% Ul: 1.4-1.6) [5]. In addition, these results imply
that Belgium has reached a very low HBV endemicity
(¢0.5%), comparable to northern European countries

[14].

The findings of this study are strengthened by the
large sample population, systematic testing strategy
and prospective cross-sectional design. However, sev-
eral limitations should be acknowledged. The lack of
detailed socio-demographic data such as migration
background, ethnicity and vaccination history pre-
cludes in-depth investigation of risk factors for HBV
infection and the identification and quantification of
vulnerable subpopulations. Retesting HBsAg-positive
samples with an alternative commercial assay from a
different manufacturer could be a useful confirmatory
strategy, particularly in clinical practice where repeat
testing and follow-up samples are feasible. However,
as most commercial HBsAg assays rely on similar ana-
lytical principles and target comparable epitopes they
could reproduce the same false-positive reactivity,
especially in the presence of interfering substances.
We therefore prioritised anti-HBc neutralisation as a
confirmatory approach within the constraints of limited
residual sample volume available for a HBsAg neutrali-
sation assay or HBV DNA PCR.

Although this study included weighting for national
estimates, we cannot exclude potential underrepre-
sentation of certain high-risk groups such as men
who have sex with men, people who inject drugs,
incarcerated people, sex workers or undocumented
migrants. While their exact proportion in the popula-
tion is uncertain, substantial deviations in HBV preva-
lence within these groups could influence the national
estimate, highlighting the need for targeted sampling
in future serosurveys to better capture these popula-
tions. In addition, the prevalence estimates were not
formally adjusted for the diagnostic uncertainty of the
HBsAg and anti-HBc assays. Moreover, although we
specifically analysed samples from periods without
SARS-CoV-2 lockdown restrictions, it remains possi-
ble that certain groups had an altered health-seeking
behaviour.

Conclusion

This nationwide population-based serosurvey high-
lights the critical importance of additional anti-HBc
testing in HBsAg-positive samples to ensure correct and
accurate estimation of HBV prevalences. Our results
demonstrate how discordant serologies can substan-
tially inflate and overestimate HBV prevalence, particu-
larly in low-endemic settings, and obscure the impact
of vaccination programmes. Therefore, we advocate to
include HBsAg anti-HBc double positivity instead of
HBsAg positivity alone as criterion for HBV infection
in large population-based serosurveys, irrespective of
the HBsAg S/CO level. This improves estimate reliability
and correctness and helps distinguish likely false-posi-
tive HBsAg results from true infections, as anti-HBc is
rarely negative in genuine HBV infection. This strategy
relies on widely available, low-cost serological assays
with limited sample volume requirements, thereby
bypassing the need for expensive HBsAg neutralisa-
tion assays that require a large sample volume and are
not widely available or impractical for large-scale sero-
surveys. Finally, we provide an updated national HBV
prevalence estimate for Belgium to support country-
level validation of hepatitis B control under the WHO
European Region Action plan, and to inform and moni-
tor other indicators for HBV elimination.

Data availability

The data that support the findings of this study are available
from the corresponding author, TV, upon reasonable request.

Authors’ contributions

Thomas Vanwolleghem: Conceptualization, Funding acquisi-
tion, Methodology, Resources, Supervision, Writing — origi-
nal draft. Arno Furquim d’Almeida: Conceptualization, Data
curation, Formal analysis, Methodology, Project administra-
tion, Writing — original draft, Data interpretation. Erwin Ho:
Conceptualization, Methodology, Project administration,
Writing — review & editing, Performance of analytical assays.
Christian Schiittler: Writing — review & editing, Performance
of analytical assays. Philippe Beutels: Conceptualization,
Methodology, Writing — review & editing. Niel Hens:
Conceptualization, Methodology, Writing — review & editing,

www.eurosurveillance.org

M) Check for updates



Data interpretation. Sandra Dudareva: Writing — review &
editing, Data interpretation. Pierre Van: Conceptualization,
Methodology, Resources, Writing — review & editing, Data in-
terpretation. Heidi Theeten: Conceptualization, Methodology,
Writing — review & editing, Data interpretation.

Conflict of interest

TV has received grants from Gilead Sciences and Fujirebio,
served as a consultant for Janssen Pharmaceuticals, Gilead
Sciences, AbbVie, and has served as a sponsored lecturer
for Gilead Sciences and AbbVie. All other authors have noth-
ing to disclose in relation to this research.

Funding statement

Gilead BeLux Fellowship 2020; FWO senior clinical investi-
gator (18B2821N to TV); Antwerp University Fund, which is
a community of donors who contribute to research and edu-
cation with their personal commitment through a donation,
gift, bequest or through academic chairs. The funders had
no role in study design, data collection, data analysis, data
interpretation, writing or submission of the report.

Ethical statement

Ethical committee approval for this study and the re-use of
the samples was obtained from the University of Antwerp
— Antwerp University Hospital Ethical Committee (reference
21/02/021 and 6712). The original SARS-CoV-2 study was ap-
proved by the Ethical Committee of the University of Antwerp
— Antwerp University Hospital (reference 20/13/158).

Use of artificial intelligence tools

None declared.

References

1. World Health Organisation (WHO). Global hepatitis report
2024: action for access in low- and middle-income countries.
Geneva: WHO; 2024. Available from: https://iris.who.int/
handle/10665/376461

2. Furquim d’Almeida A, Ho E, Van Hees S, Vanwolleghem
T. Clinical management of chronic hepatitis B: A concise
overview. United European Gastroenterol ). 2022;10(1):115-23.
PMID: 34846093

3. Cornberg M, Sandmann L, Jaroszewicz J, Kennedy P, Lampertico
P, Lemoine M, et al. EASL Clinical Practice Guidelines on
the management of hepatitis B virus infection. | Hepatol.
2025;83(2):502-83. https://doi.org/10.1016/j.jhep.2025.03.018
PMID: 40348683

4. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott ).
Estimations of worldwide prevalence of chronic hepatitis B
virus infection: a systematic review of data published between
1965 and 2013. Lancet. 2015;386(10003):1546-55. https://doi.
0rg/10.1016/50140-6736(15)61412-X PMID: 26231459

5. Sheena BS, Hiebert L, Han H, Ippolito H, Abbasi-Kangevari
M, Abbasi-Kangevari Z, et al. Global, regional, and national
burden of hepatitis B, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. Lancet Gastroenterol
Hepatol. 2022;7(9):796-829. https://doi.org/10.1016/52468-
1253(22)00124-8 PMID: 35738290

6. Coppola N, Alessio L, Gualdieri L, Pisaturo M, Sagnelli C,
Caprio N, et al. Hepatitis B virus, hepatitis C virus and human
immunodeficiency virus infection in undocumented migrants
and refugees in southern Italy, January 2012 to June 2013. Euro
Surveill. 2015;20(35):30009. https://doi.org/10.2807/1560-
7917.ES.2015.20.35.30009 PMID: 26530499

7. Hahné SJ, Veldhuijzen IK, Wiessing L, Lim T-A, Salminen
M, Laar M. Infection with hepatitis B and C virus in Europe:

a systematic review of prevalence and cost-effectiveness
of screening. BMC Infect Dis. 2013;13(1):181. https://doi.
0rg/10.1186/1471-2334-13-181 PMID: 23597411

www.eurosurveillance.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

21.

22.

23.

24.

25.

26.

Zuure F, Bil J, Visser M, Snijder M, Boyd A, Blom P, et al.
Hepatitis B and C screening needs among different ethnic
groups: A population-based study in Amsterdam, the
Netherlands. JHEP Rep Innov Hepatol. 2019;1(2):71-80. https://
doi.org/10.1016/j.jhepr.2019.04.003 PMID: 32039354

Koopsen J, van Steenbergen JE, Richardus JH, Prins M, Op de
Coul ELM, Croes EA, et al. Chronic hepatitis B and C infections
in the Netherlands: estimated prevalence in risk groups and
the general population. Epidemiol Infect. 2019;147:e147.
https://doi.org/10.1017/50950268819000359 PMID: 30869044

European Centre for Disease Prevention and Control (ECDC).
Epidemiological assessment of hepatitis B and C among
migrants in the EU/EEA. Stockholm: ECDC; 2016. Available
from: https://www.ecdc.europa.eu/en/publications-data/
epidemiological-assessment-hepatitis-b-and-c-among-
migrants-eueea

Martyn E, Eisen S, Longley N, Harris P, Surey J, Norman J, et

al. The forgotten people: Hepatitis B virus (HBV) infection as a
priority for the inclusion health agenda. elLife. 2023;12:e81070.

World Health Organisation (WHO). Guidance for country
validation of viral hepatitis elimination and path to elimination:
technical report. Geneva: WHO; 2023. Available from: https://
iris.who.int/handle/10665/373186

World Health Organisation Regional Office for Europe (WHO/
Europe). Regional action plans for ending AIDS and the
epidemics of viral hepatitis and sexually transmitted infections
2022-2030. Copenhagen: WHO/Europe; 2023. Available from:
https://iris.who.int/handle/10665/369243

World Health Organisation Regional Office for Europe (WHO/
Europe). Action plan for the health sector response to

viral hepatitis in the WHO European Region. Copenhagen:
WHO/Europe; 2017. Available from: https://iris.who.int/
handle/10665/344154

Wang Q, Klenerman P, Semmo N. Significance of anti-HBc alone
serological status in clinical practice. Lancet Gastroenterol
Hepatol. 2017;2(2):123-34. https://doi.org/10.1016/52468-
1253(16)30076-0 PMID: 28403982

Yonezawa H, Tanaka S, Tanaka M, Kobayashi R, Takahashi

S. Efficient implementation of hepatitis B surface antigen
confirmatory neutralization tests. | Infect Chemother.
2024;30(1):29-33. https://doi.org/10.1016/].jiac.2023.09.007
PMID: 37690522

Lee MY, Kang SY, Lee WI, Kim MH. Need for confirmatory
neutralization tests for hepatitis B surface antigen tests

in populations with intermediate prevalence. Lab Med.
2021;52(5):485-92. https://doi.org/10.1093/labmed/Imaboo6é
PMID: 33629106

Herzog SA, De Bie J, Abrams S, Wouters |, Ekinci E, Patteet L,
et al. Seroprevalence of IgG antibodies against SARS-CoV-2 - a
serial prospective cross-sectional nationwide study of residual
samples, Belgium, March to October 2020. Euro Surveill.
2022;27(9):2100419. https://doi.org/10.2807/1560-7917.
ES.2022.27.9.2100419 PMID: 35241216

. Huzly D, Nassal M, Vorreiter ], Falcone V, Neumann-Haefelin

D, Gerlich WH, et al. Simple confirmatory assay for anti-
HBc reactivity. J Clin Virol. 2011;51(4):283-4. https://doi.
0rg/10.1016/j.jcv.2011.05.009 PMID: 21632284

. Rao JNK, Scott AJ. On Chi-squared tests for multiway

contingency tables with cell proportions estimated from survey
data. Ann Stat. 1984;12(1):46-60. https://doi.org/10.1214/
205/1176346391

R Core Team. R: A language and environment for statistical
computing. Vienna: R Foundation for Statistical Computing.
2024. Available from: https://www.R-project.org

Avettand-Fenoel V, Thabut D, Katlama C, Poynard T, Thibault
V. Immune suppression as the etiology of failure to detect
anti-HBc antibodies in patients with chronic hepatitis B virus
infection. J Clin Microbiol. 2006;44(6):2250-3. https://doi.
org/10.1128/)CM.00234-06 PMID: 16757632

Holtkamp C, Fiedler M, Dittmer U, Anastasiou OE. The course of
Anti-HBc antibodies over time in immunocompromised hosts.
Vaccines (Basel). 2022;10(2):137. https://doi.org/10.3390/
vaccines10020137 PMID: 35214596

Anastasiou OE, Widera M, Verheyen J, Korth ], Gerken G,
Helfritz FA, et al. Clinical course and core variability in HBV
infected patients without detectable anti-HBc antibodies. ) Clin
Virol. 2017;93:46-52. https://doi.org/10.1016/].jcv.2017.06.001
PMID: 28622640

Rysgaard CD, Morris CS, Drees D, Bebber T, Davis SR, Kulhavy
J, et al. Positive hepatitis B surface antigen tests due to

recent vaccination: a persistent problem. BMC Clin Pathol.
2012;12(1):15. https://doi.org/10.1186/1472-6890-12-15 PMID:
23006828

Ly D, Yee HF Jr, Brezina M, Martin P, Gitnick G, Saab S.
Hepatitis B surface antigenemia in chronic hemodialysis
patients: effect of hepatitis B immunization. Am |

9

M) Check for updates



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Gastroenterol. 2002;97(1):138-41. https://doi.org/10.1111/ This article is copyright of the authors or their affiliated in-

j.1572-0241.2002.05437.x PMID: 11808938 stitutions, 2026.

Tate J, Ward G. Interferences in immunoassay. Clin Biochem
Rev. 2004;25(2):105-20. PMID: 18458713

Statistics Belgium (STATBEL). Migration census 2021. Brussels:
STATBEL. [Accessed: 1 July 2025]. Available from: https://
statbel.fgov.be/en/themes/census/population/migration

Ho E, Vanderlinden A, Govaerts L, De Fooz B, Van Damme P,
Michielsen P, et al. Opportunistic screening using point-of-care
testing leads to successful linkage to care of HBV-infected
migrant populations in a low endemic country. J Virus Erad.
2024;10(1):100369. https://doi.org/10.1016/]j.jve.2024.100369
PMID: 38596321

Ho E, Michielsen P, Van Damme P, leven M, Veldhuijzen

I, Vanwolleghem T. Point-of-care tests for hepatitis B are
associated with a higher linkage to care and lower cost
compared to venepuncture sampling during outreach
screenings in an asian migrant population. Ann Glob Health.
2020;86(1):81. https://doi.org/10.5334/aogh.2848 PMID:
32742939

De Brier N, Koc OM, De Buck E, Muylaert A, Nevens F,
Vanbrabant M, et al. Hepatitis B virus prevalence in first-

time blood donors in Flanders, Belgium: Impact of universal
vaccination and migration. Transfusion. 2021;61(7):2125-36.
https://doi.org/10.1111/trf.16431 PMID: 33955570

Kremer-Flach K, Zimmermann R, An der Heiden M, Dudareva

S. Estimated number of people infected with hepatitis B and C
virus in Germany in 2013: a baseline prevalence estimate using
the workbook method. Front Public Health. 2025;13:1471256.
https://doi.org/10.3389/fpubh.2025.1471256 PMID: 40260160

Quoilin S, Hutse V, Vandenberghe H, Claeys F, Verhaegen

E, De Cock L, et al. A population-based prevalence study of
hepatitis A, B and C virus using oral fluid in Flanders, Belgium.
Eur J Epidemiol. 2007;22(3):195-202. https://doi.org/10.1007/
$10654-007-9105-6 PMID: 17356926

Beutels M, Van Damme P, Aelvoet W, Desmyter J, Dondeyne

F, Goilav C, et al. Prevalence of hepatitis A, B and Cin the
Flemish population. Eur ) Epidemiol. 1997;13(3):275-80.
https://doi.org/10.1023/A:1007393405966 PMID: 9258525

Grammens T, Cornelissen L. Vaccinatiegraad. [Vaccination
rate]. Brussels: Sciensano; 2021. Dutch.

Mortgat L, Serrien B, Van Deynse H, Deblonde |, Van
Beckhoven D. Epidemiologische surveillance van hepatitis B en
Cin Belgié. Toestand op 31 december 2023. [Epidemiological
surveillance of hepatitis B and C in Belgium. Status on 31
December 2023]. Brussels: Sciensano; 2025. Dutch. Available
from: https://www.sciensano.be/sites/default/files/report_
viral_hepatitis_2024_nl_final_version_corrected.pdf

Razavi-Shearer D, Gamkrelidze |, Pan C, Jia ], Berg T, Gray R,
et al. Global prevalence, cascade of care, and prophylaxis
coverage of hepatitis B in 2022: a modelling study. Lancet
Gastroenterol Hepatol. 2023;8(10):879-907. https://doi.
0rg/10.1016/52468-1253(23)00197-8 PMID: 37517414

Bivegete S, McNaughton AL, Trickey A, Thornton Z,
Scanlan B, Lim AG, et al. Estimates of hepatitis B virus
prevalence among general population and key risk groups
in EU/EEA/UK countries: a systematic review. Euro Surveill.
2023;28(30):2200738. https://doi.org/10.2807/1560-7917.
ES.2023.28.30.2200738 PMID: 37498533

Brouard C, Saboni L, Gautier A, Chevaliez S, Rahib D, Richard
JB, et al. HCV and HBV prevalence based on home blood self-
sampling and screening history in the general population in
2016: contribution to the new French screening strategy. BMC
Infect Dis. 2019;19(1):896. https://doi.org/10.1186/512879-
019-4493-2 PMID: 31660879

European Centre for Disease Prevention and Control (ECDC).
Prevention of hepatitis B and C in the EU/EEA, 2024.
Stockholm: ECDC; 2024. https://www.ecdc.europa.eu/en/
publications-data/prevention-hepatitis-b-and-c-eueea-2024

License, supplementary material and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate
if changes were made.

Any supplementary material referenced in the article can be
found in the online version.

10

www.eurosurveillance.org

M) Check for updates



