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Abstract

Background Hepatitis B virus (HBV) epidemiology in Europe differs by region and population risk group, and data are
often incomplete. We estimated chronic HBV prevalence as measured by surface antigen (HBsAg) among general and
key population groups for each country in the European Union, European Economic Area and the United Kingdom
(EU/EEA/UK), including where data are currently unavailable.

Methods We combined data from a 2018 systematic review (updated in 2021), data gathered directly by the
European Centre for Disease Control (ECDC) from EU/EEA countries and the UK and further country-level data. We
included data on adults from the general population, pregnant women, first time blood donors (FTBD), men who
have sex with men (MSM), prisoners, people who inject drugs (PWID), and migrants from 2001 to 2021, with three
exceptions made for pre-2001 estimates. Finite Mixture Models (FMM) and Beta regression were used to predict
country and population group HBsAg prevalence. A separate multiplier method was used to estimate HBsAg
prevalence among the migrant populations within each country, due to biases in the data available.

Results There were 595 included studies from 31 countries (N=41,955,969 people): 66 were among the general
population (mean prevalence (13) 1.3% [range: 0.0-7.6%]), 52 among pregnant women (]?,:1.1% [0.1-5.3%]), 315
among FTBD (p—0.3% [0.0-6.2%]), 20 among MSM (p—1.7% [0.0-11.2%]), 34 among PWID (p—3.9% [0.0-16.9%)), 24
among prisoners (13229% [0.0-10.7%)]), and 84 among migrants (13:7.0% [0.2-37.3%)]). The FMM grouped countries
into 3 classes. We estimated HBsAg prevalence among the general population to be < 1% in 24/31 countries,
although it was higher in 7 Eastern/Southern European countries. HBsAg prevalence among each population group
was higher in most Eastern/Southern European than Western/Northern European countries, whilst prevalence among
PWID and prisoners was estimated at > 1% for most countries. Portugal had the highest estimated prevalence of
HBsAg among migrants (5.0%), with the other highest prevalences mostly seen in Southern Europe.
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Conclusions We estimated HBV prevalence for each population group within each EU/EAA country and the UK,
with general population HBV prevalence to be < 1% in most countries. Further evidence is required on the HBsAg
prevalence of high-risk populations for future evidence synthesis.

Keywords Hepatitis B, Prevalence, Risk groups, General population, Europe, Migrant

Introduction

Hepatitis B virus (HBV) is a bloodborne virus that is an
important global public health problem, with infections
mostly acquired through transmission at birth, injecting
drug use, sexual contact, or contaminated blood prod-
ucts and unsafe medical practices [1]. The World Health
Organization (WHO) estimating that in 2019, 296 mil-
lion people had chronic hepatitis B infection [1]. HBV
infection can result in liver cirrhosis and hepatocellular
carcinoma and is associated with considerable morbidity
and mortality, with an estimated 820,000 people glob-
ally dying from HBV-related conditions in 2019[1]. The
WHO has set global targets for the elimination of hepati-
tis defined as a 90% reduction in new cases of viral hepa-
titis and a 65% reduction in deaths from viral hepatitis by
2030, compared with rates in 2015[2]. Other WHO elimi-
nation targets are set around HBV vaccination coverage
and other prevention measures, diagnosis, and treat-
ment. Based on data collected by the European Centre
for Disease Prevention and Control (ECDC), many coun-
tries in the European Union (EU)/European Economic
Area (EEA) are not currently likely to meet these WHO
targets, particularly regarding HBV diagnosis rates [3].

In the EU/EEA and the United Kingdom (UK), the epi-
demiology of HBV varies between countries, with preva-
lence among the general population tending to be lower
in Western and Northern Europe, and higher in Southern
and Eastern Europe [4]. Across the EU/EEA, the preva-
lence and incidence of HBV is higher in groups such as
prisoners, men who have sex with men (MSM), and peo-
ple who inject drugs (PWID), than in the general popu-
lation [5, 6]. This variation may be partially explained by
differing risk factors, transmission routes, and control
strategies across countries. Additionally, migration from
high HBV prevalence countries both outside and inside
of Europe means that prevalence among migrant popu-
lations of some Northern European countries is higher
than the corresponding indigenous populations [7].

Due to the varied and dynamic epidemiology of HBV
across different countries and population groups in
Europe, there is a need for robust estimates of HBV prev-
alence to aid understanding and support interventions
to reduce viral hepatitis to meet the WHQO’s 2030 elimi-
nation targets [2]. However, data or modelled estimates
for each population group of interest are unavailable for
many countries [5, 6], particularly for the high-risk popu-
lations. In this study we aimed to use statistical model-
ling to estimate HBsAg prevalence among key population

groups for each country in the EU/EEA, as well as the
UK, including for countries where empirical data are cur-
rently unavailable.

Methods

This is a country-level ecological study using finite mix-
ture modelling (FMM) to estimate the prevalence of
HBsAg among key population groups for countries in
the EU/EEA. We collected published and unpublished
data on HBsAg prevalence for key population groups
for countries in the EU/EEA and the UK. Using a finite
mixture modelling (FMM) approach, we produced esti-
mates of HBsAg prevalence for 2019 for key population
groups for each country in the EU/EEA and the UK,
including those with no data available for a particular
population subgroup. A multiplier approach was used to
estimate HBsAg prevalence for migrants as the studies
available for migrants were deemed unrepresentative of
the migrant population in their respective countries, as
many of the studies estimated prevalence among specific
migrant groups such as those at detention centres.

Data sources

We included data from the general population and
known high-risk populations, encompassing prisoners,
PWID, MSM, and migrants [8]. Estimates of prevalence
among first time blood donors (FTBD) and pregnant
women were included and considered to represent a
low-risk population. Whilst the possible bias of estimates
among such populations was recognised, it was felt rel-
evant to include these estimates as sources due to their
widespread availability. The systematic review and meta-
analysis by Bivegete et al. gives further details on which
studies were included and their characteristics [11].

Our analysis combined study-level data from several
sources (615 studies/estimates in total):

a) A systematic review by the ECDC published in 2016
that had data on HBsAg prevalence for studies among all
the groups of interest except for PWID, between 2005
and 2015. The risk of bias was assessed for all these stud-
ies. The methods for this search and assessment of risk
of bias have been described previously [9]. This system-
atic review was updated in 2018 to cover studies pub-
lished 2016-2017, using the same search strategy [10].
The systematic review was further updated in 2021 using
the same search strategy to include papers published
between 2018 and 2021 and the risk of bias was assessed
as before [11].



Trickey et al. BMC Infectious Diseases (2023) 23:457

b) Data on prevalence among key population groups
gathered through ECDC EU/EEA country contacts. Con-
tacts were sent a summary table containing information
already collated from peer-reviewed studies published
between 2005 and 2021 and a short questionnaire asking
if additional estimates of prevalence were available and
what the key drivers for HBV infection were in the coun-
try. Out of 30 countries that were contacted, 21 countries
responded and shared these additional data sources that
were not found through the updated search. To enquire
about access to these data, please contact the corre-
sponding author or co-authors from the ECDC.

¢) Data on estimates of prevalence of HBV infection
among PWID from 2013 to 2019 were obtained from
the European Monitoring Centre for Drugs and Drug
Addiction (EMCDDA). These estimates are reported to
EMCDDA by contact points in EU Member States and
Norway. The data were based on observational studies or
from routine diagnostic tests offered in drug treatment
centres of low-threshold services [12].

For each study we extracted the following variables for
use in the statistical models: chronic HBV prevalence
estimate (as defined by HBsAg positivity), population
group of interest, median/mean age of the individuals
included in the study, and the last year of the data collec-
tion. For studies included from the systematic reviews we
also extracted the risk of bias scores. All additional data
from ECDC EU/EEA country contacts were assessed for
quality. Further details on determining the risk of bias
for each study are given in Bivegete et al [11]. In brief,
a previously developed quality assessment framework
was adapted [9]. The framework identified key sources
of bias in the different risk groups. A scoring system was
developed to assess risk of bias with higher scores sug-
gesting lower risk of bias. For the general population, a
score between 0 and 6 was used. For studies on pregnant
women, we used a score between 0 and 3, whilst this
was between 0 and 2 for MSM, and 0 and 6 for people
in prison. For estimates included outside the systematic
reviews including the data from EMCDDA on PWID and
any unpublished data obtained from the country contact
data gathering exercise, or for the data among FTBD,
the risk of bias was considered to be high as those from
the country contacts were mostly unpublished, whilst
FTBD are known to be unrepresentative of the general
population.

In the statistical model, study-level data were supple-
mented with the following country-level data to create
groups of countries for the model (described in the FMM
section below):

« Annual HBV (3-dose) vaccination coverage for 1-year
olds for the year 2000 onwards, available from the World
Health Organization [13]. Data were missing for some
years for some countries, so was categorised as ‘missing,
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‘<90%, =90%’ to avoid dropping observations from the
model due to missing data.

+ The percentage of the local population who are
migrants from high HBV endemicity countries (=2%
prevalence), taken from a 2016 ECDC report [14].

+ Gross domestic product (GDP) per capita in 2019,
taken from the World Bank, was included as a marker of
socioeconomic development of different countries [15].

+ Median age of the country’s population in 2020, taken
from the World Factbook [16].

« Latitude and longitude of the country’s midpoint, to
capture spatial correlation between countries (https://
developers.google.com/public-data/docs/canonical/
countries_csv).

Data processing

There were 19 studies with no data available on the
number of participants tested for HBV (but did report
prevalence). There were 28 studies that had an estimated
HBsAg prevalence of 0%; we assigned a very low preva-
lence of 0.0001% to these to enable the models to con-
verge. For two unpublished studies where the study year
was unknown, we set the year to 2019, to avoid them
being dropped from the modelling analyses; 2019 was
the year which we used our models to predict the HBsAg
prevalence for.

After reviewing the studies among migrant popula-
tions, the study team assessed these to overall be unrep-
resentative of the migrant populations of the studied
country, as they included a single group of migrants, or
included migrants in reception centres, or recruited from
healthcare clinics so were considered a biased sample.
These studies were removed from the principal model,
although were included in a sensitivity analysis. A sepa-
rate method for estimating the HBsAg prevalence among
the migrant populations of each country is described
below.

Finite mixture modelling
We used FMMs [17] to separate the countries into dis-
tinct classes or groups using the country-level variables
and then to predict, within each class, the HBsAg preva-
lence using Beta regression on the study-level variables,
which included population group of interest. Beta regres-
sion was chosen as we were modelling proportions. This
FMM approach allowed us to model unobserved hetero-
geneity in the data whilst classifying observations and
adjusting for clustering. Data for every population group
were entered together into the FMMs. This enabled esti-
mates to be produced for each population group of inter-
est in each country and the estimates for one population
group of interest to influence those of other groups.

Our FMMs incorporated two steps, the first where
the countries were split into separate classes using
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multivariable models including a spatial component, and
the second where estimates were produced for HBsAg
prevalence within each separate class, also using multi-
variable models. For the first stage, we varied the coun-
try-level variables (GDP, percentage of the population
born in foreign HBV endemic countries, latitude and
longitude, age [all continuous], and vaccination cover-
age category) in the regression models and the number
of classes specified (either 3 or 4) to separate the coun-
tries into groups. This stage produces distinct groups of
countries that are considered similar based on the vari-
ables included in the regression model. We also modified
the variables included in the second step of regression
models that estimated the HBsAg prevalence within each
of these classes of countries. These variables were the
study-level variables (year of last data collection, popula-
tion group (excluding migrants), and vaccination cover-
age category), as well as the latitude and longitude for the
centre of each country, and the percentage of the local
population who are migrants from high HBV endemic-
ity countries. Model selection was judged by the Akaike
Information Criterion (AIC)[18].

For the FMMs, the outcome, HBsAg prevalence, was
square-root transformed so that it was approximately
normally distributed to aid model convergence. The
square-root transformed estimates produced by the
FMMs were then untransformed (squared) to calculate
country-level HBsAg prevalence estimates. We had ini-
tially intended to include study-level data on median/
mean age, however, the data were unavailable for 83% of
studies, so we excluded this variable.

The FMMs did not explicitly account for country, so
all estimates from all countries in each class are used to
determine the coefficients for estimating the HBV preva-
lence within that class. Further details about model selec-
tion are given in the supplement. The chosen model was
used to predict the HBsAg prevalence for each popu-
lation subgroup in 2019 for each country using that
country’s characteristics for 2019. For each study, we pro-
duced a modelled estimate using the study characteristics
to compare model fit between the input studies and the
modelled output. We compared the general population
HBsAg prevalence estimates produced by the FMMs with
the corresponding general population estimates from
the Institute for Health Metrics and Evaluation (IHME)
[19], the Polaris observatory collaborators [20], and Sch-
weitzer et al [21].

Estimating HBsAg prevalence among migrant populations

As indicated above, we used a separate multiplier method
to estimate HBsAg prevalence among the migrant popu-
lations within each country (defined as those born out-
side of their current country of residence), as the studies
among migrant populations were deemed overall to be
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unrepresentative of the migrant populations of the stud-
ied country. Similar assumptions have been made by pre-
vious studies of HBV prevalence among migrants [22].
This multiplier method did not use data from the stud-
ies on migrant populations captured in the search. Infor-
mation on the percentage of the migrant population by
country of birth were retrieved from the European Sta-
tistical Office (Eurostat) in each country for 2019[23].
This information was missing for seven countries for
which the European Statistical System database was used
to retrieve the data of migrant populations by country
of birth [24]. Country of origin HBsAg prevalence were
extracted from a study of global prevalence conducted by
the Polaris observatory collaborators [20]. When preva-
lence estimates were not reported for some countries, the
2019 modelled estimates were extracted from the IHME
[19]. For each country, we multiplied the proportion of
the migrant population born in each foreign country
with the prevalence in their country of origin and then
summed the results to give the estimated prevalence of
the overall migrant population in each country.

Sensitivity analyses
We performed a sensitivity analysis where the studies on
migrant populations found in the search were included in
the FMM to produce estimates for comparison with the
multiplication method for migrants and the main analy-
sis results for other population groups. We intended to
use the same FMM produced by the process described
above for the main analysis. However, the model selected
for the main FMM analysis did not converge, so it was
re-run without the median age of the country’s popula-
tion in 2020 included as a variable to stratify the classes.
We had intended to perform a sensitivity analysis only
including the studies graded as having a low risk of bias,
however, there were too few data points (N=87), and the
models were unable to converge.

Analyses were carried out in Stata version 16.1 (Stata-
Corp, College Station, Texas 77,845 USA).

Results

Studies included

There were 432 studies/estimates included from the
2016 and 2018 ECDC reviews, and 41 estimates included
from the updated 2021 review. A total of 108 studies
were retrieved from ECDC country contacts. Studies
from country contacts included mostly FTBD [N=61],
grey literature and unpublished estimates [N=47]. There
were 34 EMCDDA estimates on HBV prevalence among
PWID included. Of the potential 615 studies identified
from the above sources combined, we excluded 6 stud-
ies with missing information on HBsAg prevalence, and
11 further studies from the original review that were only
among children aged<18 (studies that contained both
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children and adults were included). An additional three
duplicate studies were also excluded, leaving 595 studies.

Characteristics
Of the 595 studies that were included for 30 EU/EEA
countries and the UK, 66 studies were on the general
population, 52 on pregnant women, 315 on FTBD, 20 on
MSM, 34 on PWID, 24 on prisoners, and 84 on migrants
(Table 1). Only 11/31 countries had data on MSM, whilst
all countries except Liechtenstein had data on FTBD. 21
countries had studies on the general population, 15 on
pregnant women, 13 on migrants, 17 on PWID, and 16
among prisoners. The years of the studies ranged from
1987 to 2021. Italy had the most studies (57; 9.6% of
total), followed by France and the Netherlands (46; 7.7%
each), and Spain (40; 6.7%). Liechtenstein was the only
country that had no studies included. Of the 595 esti-
mates included, 156 (26%) were from 2015 or later.
Combining the studies where data were available on
number of participants tested, a total of 41,955,969 indi-
viduals were included: 2,464,468 (5.9%) as part of general
population studies; 3,339,690 (8.0%) pregnant women,
35,465,685 (84.5%) participants in studies among FTBD;
48,582 (0.1%) participants in studies among MSM;
11,785 (0.03%) in studies among PWID; 24,005 (0.06%)
in studies among prisoners; and 601,754 (1.4%) in studies
among migrants. The mean prevalence reported in the
studies in the general population was 1.26% (Range: 0.00-
7.55%), 1.07% (0.05-5.30%) among pregnant women,
0.26% (0.00-6.15%) among FTBD, 1.66% (0.00-16.92%)
among MSM, 3.90% (0.00-16.92%) among PWID, 2.92%
(0.00-10.66%) among prisoners, and 6.99% (0.15-37.25%)
among migrants. The prevalence in the included studies
ranged from 0 to 37.25%, with most of the studies with
the highest prevalence being amongst specific migrant
populations. The risk of bias by population group is
shown in supplementary Tables 1, with just 10% of stud-
ies considered to be low risk of bias.

Finite mixture modelling

Table 2; Fig. 1, and Fig. 2a-c presents the results for each
population group from the main FMM (that excluded the
studies on migrants), with the model coefficients given
in supplementary Tables 2 and 3. The chosen model
used GDP, percentage of the population born in foreign
high HBV endemicity countries, latitude, longitude, and
country-level age to separate countries into 3 classes.
This chosen model contained study year, population
group, vaccination coverage category, latitude, longitude,
and the percentage of the population that were migrants
from a high HBV endemicity country for the prevalence
estimation in each of these 3 classes. Countries in class 1
were Cyprus, Iceland, Ireland, Luxembourg, and Sweden,
whilst those in class 2 were mostly from Northern and
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Western Europe with high GDPs, and the countries in
class 3 were mostly from Eastern and Southern Europe.

Cyprus had a much higher estimated general popula-
tion HBV prevalence than other countries, 6.68% (5.76-
7.60%), with the second highest being Romania with
2.87% (2.74-3.01%). MSM, PWID, and prisoners tended
to have higher estimated prevalence than the other
groups, although the estimates for countries in class 1
were all <0.03%, with the exception of PWID in Cyprus.
For each population group, countries in class 3 tended to
have higher estimates than countries in the other classes
and prevalences were mostly estimated to be higher
among Eastern and Southern European countries com-
pared to Western and Northern European countries.
Prevalences among PWID and prisoners were >1% for
most countries.

Figure 3 and supplementary Fig. 1 show a comparison
of the predicted versus observed HBsAg prevalence at
the study-level, overall and split by class; the fitted values
were sub-optimal for FTBD in class 1. The median differ-
ence between the observed and predicted prevalence was
0.007% (interquartile range: -0.057%, 0.129%). The esti-
mates for FTBD generally had the lowest prevalence (all
<1%), followed by the general population and pregnant
women. 24/31 countries had general population preva-
lences<1%, with the exceptions occurring in Eastern/
Southern Europe.

Estimates for migrants

The estimated HBsAg prevalence among migrant popu-
lations in each country using the multiplication method
are shown in Table 2; Fig. 2d, with the highest estimated
prevalence being seen in Portugal (5.00%) and the low-
est in Liechtenstein (0.09%). The highest estimated HBV
prevalences among migrants were for countries in South-
ern Europe, although some Scandinavian countries also
had high estimated prevalences among migrants.

Comparisons with other general population estimates
Table 3 gives a comparison of the estimated HBsAg prev-
alence for 2019 among the general population using the
FMM, compared with estimates for the general popula-
tion taken from Schweitzer et al [21], the Polaris Obser-
vatory [20], and the Institute for Health Metrics and
Evaluation (IHME)[19], although estimates were only
available across all countries for our study. Overall IHME
estimated the highest prevalences for the most countries,
10/30, whilst our estimates were the lowest for 12/30
countries (excluding Liechtenstein where we were the
only study to produce estimates).

Sensitivity analysis
The results of the sensitivity analysis when including
the studies among migrants in the FMM are shown in
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Table 1 Number of studies and mean prevalence and range of HBsAg prevalence for each population group of interest, by country
(EU/EEA and the UK)
General Pregnant women Firsttime blood MSM PWID Prisoners Migrants
population donors

N studies: Mean HBsAg prevalence
(Range of HBsAg prevalence)

Austria 0: NA 0: NA 7:0.09% 0: NA 1:0.71% 0: NA 0: NA
(NA) (NA) (0.03-0.12) (NA) (0.71-0.71) (NA) (NA)
Belgium 2:0.72% (0.71-0.74)  0:NA 19:0.07% 1:2.30% 1:1.88% 1:1.10% 2:4.62%
(NA) (0.04-0.10) (2.30-2.30) (1.88-1.88) (1.10-1.10) (241-6.83)
Bulgaria 1:3.93% (3.93-3.93) 1:2.26% 5:3.98% 0: NA 2:7.26% 0: NA 0:NA
(2.26-2.26) (1.83-6.15) (NA) (5.88-8.64) (NA) (NA)
Croatia 2:1.53% (0.75-2.32)  0:NA 11:0.14% 2:2.00% 0: NA 1:1.28% 0:NA
(NA) (0.06-0.23) (0.56-3.45) (NA) (1.28-1.28) (NA)
Cyprus 0: NA 0: NA 4:0.24% 0: NA 2:9.00% 0: NA 0: NA
(NA) (NA) (0.08-0.44) (NA) (1.08-16.92) (NA) (NA)
Czechia 1:0.34% (0.34-0.34) 0:NA 11:0.05% 0: NA 0: NA 0: NA 0: NA
(NA) (0.04-0.07) (NA) (NA) (NA) (NA)
Denmark 1:0.24% (0.24-0.24)  2:0.26% 10: 0.03% 1:1.42% 0: NA 0: NA 1:6.52%
(0.26-0.26) (0.00-0.06) (1.42-1.42) (NA) (NA) (6.52-6.52)
Estonia 1:0.00%* 0: NA 9:0.15% 3:147% 2:6.88% 0: NA 0: NA
(0.00-0.00)* (NA) (0.07-0.28) (0.00-3.38) (5.71-8.04) (NA) (NA)
Finland 0: NA 1:0.21% 16:0.02% 0: NA 0: NA 1:0.52% 1:1.44%
(NA) (0.21-0.21) (0.00-0.04) (NA) (NA) (0.52-0.52) (1.44-1.44)
France 4:0.97% (0.26-2.16)  3:0.61% 26:0.07% 3:0.76% 0: NA 3:1.04% 7:546%
(0.18-0.84) (0.03-0.10) (0.24-1.37) (NA) (0.58-1.92) (1.93-8.39)
Germany 3:0.50% (0.30-0.66)  2:0.64% 11:0.12% 0: NA 5:0.90% 0: NA 8:7.42%
(0.48-0.80) (0.08-0.15) (NA) (0.40-1.40) (NA) (2.27-37.25)
Greece 4:3.95% (1.70-7.55)  6:2.79% 11:1.35% 0: NA 4:3.48% 1:8.26% 5:647%
(0.05-5.30) (0.45-3.04) (NA) (1.87-5.26) (8.26-8.26) (3.16-11.71)
Hungary 1:0.38% (0.38-0.38) 0:NA 11:0.09% 0: NA 2:221% 1:1.47% 0: NA
(NA) (0.00-0.34) (NA) (2.18-2.24) (1.47-147) (NA)
Iceland 1:0.17% (0.17-0.17)  0:NA 10: 0.03% 1:0.8% 0: NA 0: NA 0:NA
(NA) (0.00-0.08) (0.80-0.80) (NA) (NA) (NA)
Ireland 3:0.21% (0.07-0.45)  2:0.26% 14:0.02% 0: NA 0: NA 1:0.26% 0: NA
(0.21-0.30) (0.00-0.04) (NA) (NA) (0.26-0.26) (NA)
[taly 13:1.80% (0.55-5.80) 6:1.83% 11:0.21% 1:11.18% 0: NA 3:432% 23:10.18%
(0.47-5.13) (0.14-0.33) (11.18-11.18) (NA) (1.86-6.68) (249-22.73)
Latvia 0: NA 0: NA 3:0.39% 1:2.00% 2:2.00% 1:6.00% 0:NA
(NA) (NA) (0.38-043) (2.00-2.00) (0.37-3.63) (6.00-6.00) (NA)
Liechtenstein 0: NA 0: NA 0: NA 0: NA 0: NA 0: NA 0:NA
(NA) (NA) (NA) (NA) (NA) (NA) (NA)
Lithuania 0: NA 0: NA 7:0.59% 0: NA 2:7.70% 0: NA 0: NA
(NA) (NA) (0.31-0.85) (NA) (4.90-10.50) (NA) (NA)
Luxembourg 0: NA 0: NA 8:0.07% 0: NA 0: NA 1:6.96% 0: NA
(NA) (NA) (0.00-0.27) (NA) (NA) (6.96-6.96) (NA)
Malta 0:NA 0:NA 7:0.19% 0:NA 0:NA 0:NA 1:6.20%
(NA) (NA) (0.00-0.46) (NA) (NA) (NA) (6.20-6.20)
Netherlands 4:0.40% (0.22-0.70)  15:0.31% 15:0.04% 3:061% 0: NA 0: NA 9:2.99%
(0.25-0.38) (0.01-0.09) (0.48-0.83) (NA) (NA) (0.78-8.46)
Norway 0: NA 1:0.06% 11:0.03% 0: NA 1:0.75% 0: NA 2:091%
(NA) (0.06-0.06) (0.00-0.04) (NA) (0.75-0.75) (NA) (0.49-1.34)
Poland 4:0.99% (0.78-1.12)  1:0.87% 7:0.34% 0: NA 4:334% 1:3.46% 0:NA
(0.87-0.87) (0.17-0.50) (NA) (2.00-541) (3.46-3.46) (NA)
Portugal 2:0.90% (0.56-1.23)  0:NA 5:0.10% 0: NA 1:6.94% 1:0.66% 0: NA
(NA) (0.09-0.13) (NA) (6.94-6.94) (0.66-0.66) (NA)
Romania 2:5.01% (4.39-564) 1:5.08% 6:2.85% 0: NA 1:8.78% 1:10.66% 0: NA
(5.08-5.08) (1.84-4.29) (NA) (8.78-8.78) (10.66-10.66) (NA)
Slovakia 3:1.14% (0.10-2.73)  2:2.23% 11:0.10% 0: NA 2:0.85% 0: NA 0: NA

(212-2.34) (0.05-0.19) (NA) (0.00-1.69) (NA) (NA)
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Table 1 (continued)
General Pregnant women Firsttime blood MSM PWID Prisoners Migrants
population donors
N studies: Mean HBsAg prevalence
(Range of HBsAg prevalence)
Slovenia 0: NA 0: NA 17:0.07% 0: NA 0: NA 0: NA 0: NA
(NA) (NA) (0.03-0.11) (NA) (NA) (NA) (NA)
Spain 8:0.53% (0.00-0.88)  5:0.49% 10:0.15% 1:1.55% 1:7.87% 4:2.35% 11:11.91%
(0.13-0.85) (0.12-0.18) (1.55-1.55) (7.87-7.87) (2.10-2.60) (265-31.74)
Sweden 2:0.13% (0.06-0.20)  0:NA 12:0.04% 0:NA 1:2.09% 1:1.94% 1:1.59%
(NA) (0.02-0.06) (NA) (2.09-2.09) (1.94-1.94) (1.59-1.59)
UK 4:0.83% (0.06-1.71)  4:0.94% 10:0.03% 3:0.45% 0: NA 2:0.98% 13:2.96%
(0.29-142) (0.03-0.04) (0.00-1.04) (NA) (0.00-1.96) (0.15-8.73)
Total 66:1.26% 52:1.07% 315:0.26% 20: 1.66% 34:3.90% 24:2.92% 84:6.99%
(0.00-7.55) (0.05-5.30) (0.00-6.15) (0.00-11.18) (0.00-16.92) (0.00-10.66) (0.15-
37.25)

*0.00% can be interpreted as <0.01%

MSM, men who have sex with men; PWID, people who inject drugs

Supplementary Tables 4, 5 and 6; 22 (71%) of countries
were placed in the same class (supplementary Table 6).
Some large differences between the sensitivity analy-
sis and the baseline FMM results are seen for each key
population group of interest, with the estimates generally
being higher in the sensitivity analysis. In particular, the
estimated HBsAg prevalence among migrant populations
are much higher for many countries using this FMM
approach including migrant studies with 11 countries
having an estimated prevalence>10% based on the FMM
approach compared to 0 countries based on the multipli-
cation approach.

Discussion

In this study we use innovative approaches to synthe-
sise and estimate HBsAg prevalence in 2019 for EU/
EEA countries and the UK for the general population,
low-risk populations (pregnant women and FTBD)
and several high-risk groups (MSM, PWID, prison-
ers, and migrants), including in groups where estimates
were previously unavailable. Our study also highlights
the current data gaps, with 11/31 countries having data
on HBsAg prevalence among MSM, whilst 30 countries
had data on FTBD, 21 countries had studies on the gen-
eral population, 17 on PWID, and 16 among prisoners,
15 on pregnant women, and just 13 on migrants, whilst
only 156/595 of the included estimates contained data
from 2015 onwards. We estimated the HBsAg preva-
lence among the general population to be <1% in 24/31
countries, but it was higher in 7 Eastern and Southern
European countries. HBsAg prevalences for all popula-
tion groups are estimated to be higher in most Eastern
and Southern European countries than those in West-
ern and Northern Europe, whilst prevalences among
PWID and prisoners tend to be >1% for most countries.
The countries with the highest estimated prevalences of

HBsAg among migrants were mostly in Southern Europe,
although estimates were also high for some Scandinavian
countries.

Comparison with other literature

Other studies have estimated HBsAg prevalence for
multiple countries across the world or Europe for either
the general population or high-risk groups. The Polaris
Observatory estimated HBV prevalence using a system-
atic review combined with a compartmental infectious
disease modelling approach [20], whilst the IHME also
used a modelling approach to estimate HBV prevalence
[19], and Schweitzer et al [21] produced estimates using
a systematic review and meta-analysis for the WHO
Global Hepatitis Report 2017[25]. The estimates pro-
duced by these studies differed substantially from each
other, particularly for Eastern European countries. They
also produced general population estimates that tended
to be lower than our modelled estimates, potentially
because we synthesised information from other popula-
tion groups rather than solely using information from the
general population. Our estimates for Western European
countries were similar to those produced by the Polaris
Observatory. High-risk groups, particularly migrant pop-
ulations, can form a large percentage of a country’s HBV
burden, particularly in low prevalence countries [14] even
if the overall population burden is low. However, this will
have less influence on a country’s HBV burden when the
general population prevalence is high and/or the number
of migrants from high endemicity countries is low, such
as in many countries in Eastern Europe. Previous litera-
ture has found that countries in sub-Saharan Africa and
East Asia have much higher prevalences of HBV than
countries in Europe [21]. Falla et al’s systematic review
on the HBsAg prevalence among multiple high-risk
groups used similar data but did not synthesise estimates;
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Table 2 Predicted HBsAg prevalence (95% confidence intervals) in 2019 for each population group of interest for each country using
the main finite mixture model excluding the migrant studies, and using the multiplication method for the migrant population groups

Class Country General population  Pregnant FTBD MSM PWID Prisoners Mi-
women grants#

1 Cyprus 6.68% (5.76%, 7.60%) 6.71% (5.90%, 0.35% (0.319%, 0.01% (0.00%, 1.13% (1.06%, 0.01% (0.00%, 3.60%
7.53%) 0.39%) 0.01%) 1.20%) 0.02%)

1 Iceland 0.09% (0.05%, 0.12%)  0.09% (0.06%, 0.00% (0.00%,  0.00% (0.00%, 0.01% (0.01%, 0.00% (0.00%,  2.80%
0.11%) 0.00%) 0.00%) 0.01%) 0.00%)

1 Ireland 0.139%(0.10%, 0.17%) ~ 0.14% (0.11%, 0.00% (0.00%,  0.00% (0.00%, 0.02% (0.01%,  0.00% (0.00%,  1.82%
0.16%) 0.01%) 0.00%) 0.02%) 0.00%)

1 Luxembourg 0.25% (0.20%, 0.31%) 0.26% (0.22%, 0.01% (0.019%, 0.00% (0.00%, 0.03% (0.03%,  0.00% (0.00%, 1.86%
0.29%) 0.01%) 0.00%) 0.04%) 0.00%)

1 Sweden 0.15% (0.119%, 0.20%)  0.15% (0.12%, 0.01% (0.00%,  0.00% (0.00%, 0.02% (0.02%, 0.00% (0.00%,  3.50%
0.19%) 0.01%) 0.00%) 0.02%) 0.00%)

2 Belgium 0.339% (0.32%, 0.33%)  0.38% (0.38%, 0.05% (0.05%,  0.80% (0.79%, 1.59% (1.58%,  1.35% (1.34%,  2.80%
0.38%) 0.05%) 0.80%) 1.61%) 1.36%)

2 Czechia 0.39% (0.38%, 0.39%) 0.45% (0.44%, 0.06% (0.06%, 0.94% (0.93%, 1.86% (1.84%, 1.58% (1.56%, 2.93%
0.45%) 0.06%) 0.95%) 1.88%) 1.59%)

2 Denmark 0.25% (0.25%, 0.25%) 0.29% (0.29%, 0.04% (0.04%, 0.62% (0.61%, 1.25% (1.23%,  1.05% (1.04%, 2.89%
0.30%) 0.04%) 0.63%) 1.26%) 1.07%)

2 France 0.39% (0.39%, 0.39%)  0.45% (0.45%, 0.06% (0.06%,  0.95% (0.94%, 1.88% (1.86%, 1.59% (1.59%,  3.39%
0.46%) 0.06%) 0.95%) 1.90%) 1.60%)

2 Netherlands 0.249% (0.24%, 0.24%)  0.28% (0.28%, 0.03% (0.03%,  0.60% (0.59%, 1.219% (1.20%, 1.02%(1.01%,  2.96%
0.28%) 0.03%) 0.60%) 1.22%) 1.03%)

2 Norway 0.27% (0.27%, 0.28%) 0.32% (0.31%, 0.04% (0.04%, 0.68% (0.66%, 1.36% (1.34%, 1.15% (1.13%, 3.39%
0.33%) 0.04%) 0.69%) 1.38%) 1.17%)

2 Poland 042% (0.41%, 043%)  0.49% (0.48%, 0.06% (0.06%, 1.02% (1.01%, 2.02% (2.00%, 1.71% (1.69%,  1.92%
0.50%) 0.06%) 1.04%) 2.04%) 1.74%)

2 Slovakia 047% (0.46%, 048%)  0.54% (0.53%, 0.07% (0.07%, 1.13% (1.11%, 2.22% (2.19%, 1.88% (1.86%,  1.24%
0.55%) 0.07%) 1.15%) 2.24%) 1.91%)

2 Spain 0.51% (0.50%, 0.51%) 0.59% (0.58%, 0.07% (0.07%, 1.22% (1.21%, 2.38% (2.36%, 2.03% (2.02%, 1.96%
0.59%) 0.07%) 1.23%) 241%) 2.04%)

2 UK 0.19% (0.19%, 0.19%) 0.22% (0.22%, 0.03% (0.03%, 0.48% (0.48%, 0.97% (0.96%, 0.82% (0.81%, 3.29%
0.23%) 0.03%) 0.48%) 0.98%) 0.83%)

3 Austria 0.34% (0.32%, 0.35%)  0.37% (0.36%, 0.09% (0.09%, 1.59% (1.54%, 1.20% (1.18%,  1.18% (1.15%,  2.15%
0.39%) 0.10%) 1.65%) 1.22%) 1.22%)

3 Bulgaria 2.04% (1.92%, 2.16%)  2.24% (2.16%, 0.62% (0.60%, 7.91% (7.62%, 6.23% (6.12%, 6.16% (5.96%,  2.24%
2.33%) 0.64%) 8.21%) 6.34%) 6.36%)

3 Croatia 0.61% (0.59%, 0.63%) 0.68% (0.66%, 0.17% (0.17%, 2.77% (2.69%, 2.10% (2.07%, 2.08% (2.03%, 0.76%
0.70%) 0.18%) 2.84%) 2.13%) 2.12%)

3 Estonia 0.82% (0.78%, 0.86%)  0.90% (0.87%, 0.23% (0.23%, 3.58% (3.49%, 2.74% (2.69%, 2.71% (2.63%,  2.13%
0.94%) 0.24%) 3.68%) 2.79%) 2.79%)

3 Finland 0.169% (0.12%, 0.20%)  0.18% (0.14%, 0.04% (0.04%,  0.79% (0.66%, 0.58% (0.50%, 0.58% (0.48%,  3.73%
0.21%) 0.05%) 0.91%) 0.67%) 0.68%)

3 Germany 0.20% (0.19%, 0.21%) 0.22% (0.21%, 0.05% (0.05%, 0.98% (0.95%, 0.73% (0.72%,  0.72% (0.70%, 251%
0.23%) 0.06%) 1.02%) 0.74%) 0.74%)

3 Greece 2.26% (2.19%, 2.32%) 2.48% (2.43%, 0.69% (0.68%, 8.60% (8.41%, 6.80% (6.75%, 6.72% (6.61%, 4.11%
2.53%) 0.70%) 8.79%) 6.85%) 6.84%)

3 Hungary 1.38% (1.32%, 1.43%)  1.52% (1.48%, 041% (0.40%, 5.65% (5.51%, 4.39% (4.35%, 4.34% (4.26%,  2.97%
1.55%) 0.41%) 5.80%) 4.43%) 4.43%)

3 Italy 0.75% (0.73%, 0.78%) 0.83% (0.81%, 0.22% (0.21%, 3.33% (3.24%, 2.54% (2.51%, 2.51% (2.46%, 4.00%
0.85%) 0.22%) 3.42%) 2.57%) 2.56%)

3 Latvia 0.89% (0.84%, 0.93%) 0.98% (0.95%, 0.26% (0.25%, 3.85% (3.76%, 2.95% (2.91%, 2.92% (2.84%, 2.53%
1.01%) 0.26%) 3.95%) 3.00%) 3.00%)

3 Liechtenstein 0.05% (0.04%, 0.06%)  0.05% (0.04%, 0.01% (0.01%,  0.24% (0.20%, 0.18% (0.15%, 0.18% (0.15%,  0.09%
0.06%) 0.01%) 0.28%) 0.20%) 0.20%)

3 Lithuania 1.41% (1.33%, 1.49%)  1.55% (1.50%, 0.42% (0.40%, 5.76% (5.60%, 4.48% (4.42%, 4.43% (432%,  2.54%
1.60%) 0.43%) 5.93%) 4.54%) 4.54%)

3 Malta 1.45% (1.40%, 1.50%) 1.60% (1.56%, 0.43% (0.42%, 592% (5.74%, 4.61% (4.55%, 4.55% (4.46%, 2.40%

1.64%)

0.44%)

6.10%)

4.66%)

4.65%)
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Class Country General population  Pregnant FTBD MSM PWID Prisoners Mi-
women grants#

3 Portugal 0.57% (0.55%, 0.59%) 0.63% (0.61%, 0.16% (0.16%, 2.58% (2.49%, 1.96% (1.92%, 1.93% (1.89%, 5.00%
0.65%) 0.16%) 2.67%) 1.99%) 1.98%)

3 Romania 2.87% (2.74%, 3.01%) 3.15% (3.07%, 0.89% (0.87%, 10.5% (10.23%, 8.38% (8.30%, 8.29% (8.12%, 1.31%
3.23%) 0.92%) 10.77%) 8.45%) 8.46%)

3 Slovenia 040% (0.38%, 042%)  0.45% (0.43%, 0.11% (0.119%, 1.88% (1.82%, 1.42% (1.39%, 1.40% (1.36%,  1.05%
0.46%) 0.11%) 1.94%) 1.44%) 1.44%)

FTBD: First-time blood donors. MSM: Men who have sex with men. PWID: People who inject drugs

# Confidence intervals are not presented for migrants due to use of the separate multiplication method

Hepatitis B prevalence
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Fig. 1 Estimated HBsAg prevalence among the general population

multiple estimates presented per country make it diffi-
cult to compare with our results [6]. A systematic review
and meta-analysis of studies among PWID by Degen-
hardt et al. estimated HBsAg prevalences worldwide and
generally found lower prevalences than we estimated for
Eastern European countries, but higher prevalences in
Western European countries [26]. Dolan et al’s systematic
review estimated the HBsAg prevalences among prison-
ers globallyand found similar prevalences to our results
[27]. Ahmad et al. used different methods to estimate the
prevalence among migrant populations in each country
and tended to find higher prevalences than our estimates
for HBV prevalence among migrants [22].

Strengths and limitations

Strengths of this study include the innovative approach
and large sample size. We acknowledge several limita-
tions of our methodological approach. Model fitting was
challenging, leading to few of the considered models to
converge, which gave less options for model selection.
Information for the UK was not captured in the updated
search for 2018-2021, which may have created a bias, as
no recent studies would have been included. Our mul-
tiplication method for countering the unrepresentative
nature of the migrant studies may have had limitations,
such as not accounting for the healthy migrant effect.
However, for this process we did not have information
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Fig. 2 Estimated HBsAg prevalence among a) men who have sex with men; b) people who inject drugs; ¢) prisoners; and d) migrant populations

on the age breakdown of migrants, which could have
affected these estimates, as HBsAg prevalences are likely
higher in older population groups who have not benefited
from immunisation. There was no evidence from general
population surveys for 10/31 countries and 35/66 general
population surveys were from before 2010, whilst 5/20
and 9/24 studies among MSM and prisoners, respec-
tively, were from pre-2010, which may have resulted in
overestimates of prevalence, although we did account for
study year. Ideally these would be updated or recent data
available from screening of pregnant women by ethnic
group that could be used to supplement general popula-
tion surveys.

Conclusions

This study provides an innovative modelling approach
and a complete range of HBV prevalence estimates for
the general population and all high-risk key population
groups for all EU/EEA countries and the UK. There are
crucial gaps in the primary data in many countries, par-
ticularly for MSM, migrant populations, PWID, and pris-
oners, where robust and up-to-date studies on HBsAg

prevalence are required. Prevalence estimates for the
general population vary substantially between differ-
ent studies [19-21], underlining the paucity of HBsAg
prevalence estimates in this group. Our study is of value
to policy makers that need to plan interventions to
achieve the WHO’s 2030 goals for the elimination of viral
hepatitis [2]. The prevalence of HBV in Europe is likely
falling over time due to the effect of HBV birth vaccina-
tions, although this may be affected by migration from
countries where HBV is endemic [22]. HBV among non-
foreign-born populations is concentrated among key
population groups, in which resources for HBV surveil-
lance should be prioritised [6]. Our estimates provide
data to policy makers on the scale of the HBV epidemic
among the different populations and highlight which
groups should be targeted for prevention and control
interventions, including testing to identify individuals
with HBV who should be linked to care and treated with
antivirals where relevant.
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Table 3 Comparison of the general population HBsAg prevalence data; the estimates (95% confidence intervals) from this research,

and those of Schweitzer et al [21

estimate across the four studies, and italics indicates the lowest estimate

], Polaris [20], and the Institute of Health Metrics and Evaluation (IHME)[1

9]. Bold indicates the highest

Class Country General population Present study Schweitzer et al. Polaris IHME

data; mean (range)

HBsAg prevalence
Cyprus Unavailable 6.68% (5.76%, 7.60%) 2.69% (2.38-3.04) Unavailable 0.70% (0.67-0.72)
Iceland 0.17% (0.17%, 0.17%) 0.09% (0.05%, 0.12%) 0.14% (0.04-0.56) Unavailable 0.71% (0.58-0.84)
Ireland 0.21% (0.07%, 0.45%) 0.13% (0.10%, 0.17%) 0.03% (0.01-0.07) 0.1% (0.1-0.1) 0.69% (0.55-0.81)
Luxembourg Unavailable 0.25% (0.20%, 0.31%) Unavailable Unavailable 0.82% (0.68-0.96)
Sweden Unavailable 0.15% (0.11%, 0.20%) 0.59% (0.48-0.73) 0.2% (0.1-0.2) 0.58% (0.50-0.67)
Belgium 0.72% (0.71%, 0.74%) 0.33% (0.32%, 0.33%) 0.68% (0.47-0.99) 0.6% (0.5-0.7) 0.59% (O 54-0.65)
Czechia 0.34% (0.34%, 0.34%) 0.39% (0.38%, 0.39%) 1.24% (0.98-1.56) 04% (0.2-0.5) 0.71% (0.61-0.79)
Denmark 0.24% (0.24%, 0.24%) 0.25% (0.25%, 0.25%) 0.91% (0.87-0.95) 0.3% (0.2-0.3) 0.89% (O 74-1.05)
France 0.97% (0.26%, 2.16%) 0.39% (0.39%, 0.39%) 0.26% (0.25-0.27) 0.5% (0.4-0.7) 1.38% (1.30-1 .44)
Netherlands 0.40% (0.22%, 0.70%) 0.24% (0.24%, 0.24%) 0.40% (0.39-041) 0.3% (0.1-0.4) 0.94% (0.77-1.13)
Norway Unavailable 0.27% (0.27%, 0.28%) 0.01% (0.00-0.03) 0.3% (0.3-0.4) 0.56% (0.48-0.64)
Poland 0.99% (0.78%, 1.12%) 0.42% (0.41%, 0.43%) 0.42% (0.42-0.43) 0.9% (0.7-1.1)  0.44% (0.39-049)
Slovakia 1.14% (0.10%, 2.73%) 0.47% (0.46%, 0.48%) 1.74% (1.64-1.85) 1.6% (0.7-1.8) 0.81% (0.69-0.93)
Spain 0.53% (0.00%, 0.88%) 0.51% (0.50%, 0.51%) 0.34% (0.32-0.37) 0.6% (0.4-0.9) 0.82% (0.73-0.91)
United Kingdom 0.83% (0.06%, 1.71%) 0.19% (0.19%, 0.19%) 0.01% (0.01-0.01) 0.7% (0.5-0.9) 0.77% (0.67-0.88)

w W W W W W W W W W W W W W W WMo NN NN NN N NN 2= ==

Austria Unavailable
Bulgaria 3.93% (3.93%, 3.93%)
Croatia 1.53% (0.75%, 2.32%)
Estonia 0.00% (0.00%, 0.00%)
Finland Unavailable
Germany 0.50% (0.30%, 0.66%)
Greece 3.95% (1.70%, 7.55%)
Hungary 0.38% (0.38%, 0.38%)
[taly 1.80% (0.55%, 5.80%)
Latvia Unavailable
Liechtenstein Unavailable
Lithuania Unavailable
Malta Unavailable
Portugal 0.90% (0.56%, 1.23%)
Romania 5.01% (4.39%, 5.64%)
Slovenia Unavailable

0.34% (0.32%, 0.35%)
2.04% (1.92%, 2.16%)
0.619% (0.59%, 0.63%)
0.82% (0.78%, 0.86%)
0.16% (0.12%, 0.20%)
0.20% (0.19%, 0.21%)
2.26% (2.19%, 2.32%)
1.38% (1.32%, 1.43%)
0.75% (0.73%, 0.78%)
0.89% (0.84%, 0.93%)
0.05% (0.04%, 0.06%)
1.41% (1.33%, 1.49%)
1.45% (1.40%, 1.50%)
0.57% (0.55%, 0.59%)
2.87% (2.74%, 3.01%)
0.40% (0.38%, 0.42%)

1.23% (0.81-1.86)
3.92% (3.19-4.81)
1.11% (0.95-1.30)
Unavailable
Unavailable

0.70% (0.65-0.76)
0.97% (0.95-1.00)
0.53% (0.46-0.61)
2.52% (2.49-2.54)
Unavailable
Unavailable

1.70% (1.55-1.86)
Unavailable

1.02% (0.78-1.31)
5.61% (5.50-5.73)
0.28% (0.25-0.30)

Unavailable
3.2% (1.9-5.6)
0.6% (0.5-1.0)
0.5% (0.5-0.6)
0.2% (0.2-0.2)
0.3% (0.2-0.6)
1.8% (1.5-2.0)
0.4% (0.4-0.5)
0.6% (0.3-0.7)
Unavailable
Unavailable
Unavailable
Unavailable
1.2% (0.9-1.5)
3.4% (3.2-3.7)
1.0% (0.4-1.1)

0.82% (0.66-0.97)
2.59% (2.47-2.69)
1.17% (1.06-1.26)
0.53% (0.45-0.61)
0.96% (0.81-1.12)
0.39% (0.34-0.44)
1.95% (1.78-2.13)
0.68% (0.63-0.74)
1.00% (NA-NA)
0.54% (0.46-0.61)
Unavailable

0.55% (0.47-0.64)
0.65% (0.54-0.77)
0.91% (0.74-1.09)
1.05% (0.89-1.19)
0.92% (0.80-1.03)
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