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Summary

BACKGROUND AND AIMS: Chronic hepatitis B infection
(defined as sustained detection of hepatitis B virus [HBV]
surface antigen [HBsAg] protein in serum) is a leading
cause of cirrhosis, hepatocellular carcinoma and liver-re-
lated deaths. A situation analysis carried out by the Swiss
Federal Office of Public Health estimated the HBsAg
prevalence in Switzerland to be 0.53% (95% ClI:
0.32-0.89%) in 2015 (~44,000 cases). A lower prevalence
of chronic HBV in the younger generation and the adop-
tion of universal coverage in the first year of life are ex-
pected to decrease the burden of HBV; however, a num-
ber of people in key populations (including migrants)
remain undiagnosed and untreated, and infected individu-
als remain at risk of progressing to cirrhosis, hepatocellu-
lar carcinoma and death. Our primary objective was to ex-
amine the current and estimate the future disease burden
of HBV in Switzerland and the impact of migration. The
secondary objective was to estimate the impact of chang-
ing future treatment numbers.

METHODS: A modelling study was performed using an
existing, validated model (PRoGReSs Model) applied to
the Swiss context. Model inputs were selected through a
literature search and expert consensus. Population data
from the Federal Statistical Office were used alongside
prevalence data from the Polaris Observatory to estimate
the number of HBV infections among people born abroad.
The PRoGReSs Model was populated with and calibrated
to the available data and what-if scenarios were devel-
oped to explore the impact of intervention on the future
burden of disease. A Monte Carlo simulation was used to
estimate 95% uncertainty intervals (95% Uls).

RESULTS: In 2020, there were an estimated 50,100 (95%
Ul: 47,500-55,000) HBsAg+ cases among people born
abroad. Among people born in Switzerland, there were
approximately 62,700 (Ul: 58,900-68,400) total HBV in-
fections (0.72% [UI: 0.68-0.79%] prevalence). Prevalence
among infants and children under the age of 5 were both
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<0.1%. By 2030, prevalence of HBV is expected to de-
crease, although morbidity and mortality will increase. In-
creasing diagnosis (90%) and treatment (80% of those el-
igible) to meet the global health sector strategy on viral
hepatitis programme targets could prevent 120 cases of
hepatocellular carcinoma and 120 liver-related deaths.

CONCLUSIONS: Thanks to the historical vaccination pro-
grammes and the continued rollout of universal 3-dose
coverage in the first year of life, Switzerland is expected to
exceed the global health sector strategy targets for the re-
duction of incidence. While overall prevalence is decreas-
ing, the current diagnosis and treatment levels remain be-
low global health sector strategy targets.

Introduction

Globally, the hepatitis B virus (HBV) chronically infects
approximately 292 million individuals and is a leading
cause of cirrhosis, hepatocellular carcinoma and liver-re-
lated deaths [1]. Chronic infection is defined as the per-
sistence of hepatitis B surface antigen (HBsAg) in serum
for at least 6 months after the acute infection. A situation
analysis carried out by the Swiss Federal Office of Public
Health estimated the HBsAg prevalence in Switzerland to
be 0.53% (95% CI 0.32-0.89%) in 2015 (~44,000 cases)
[2, 3]. Although reported cases of acute HBV have de-
clined in the country, more than 80% of reported chronic
cases in 2015 were of foreign origin, which suggests that
migrants are a key population for efforts to eliminate HBV
[4]. The first Swiss Hepatitis Strategy (SHS) was devel-
oped in 2014 as a living document process paper, with the
goal of eliminating viral hepatitis by 2030 [5]. The targets
outlined in the SHS were chosen to eliminate the burden of
HBY, including an 80% reduction in chronic infections by
2030 [5]. Similarly, in 2016, the World Health Assembly
approved the first global health sector strategy on viral he-
patitis, including targets to reduce the burden of HBV by
2030 (95% reduction in incidence; 65% reduction in mor-
tality) through increased diagnosis (90% diagnosed) and
increased treatment (80% of eligible patients treated) [6].
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This strategy was expanded in 2022 to include absolute tar-
gets for the annual number of new HBV infections (2 per
100,000) and deaths from HBV (4 per 100,000) by 2030
[71.

Switzerland has been providing routine vaccination to ado-
lescents since 1998 and in 2019 officially recommended
that infants receive the hexavalent vaccine in the first year
of life [2, 8]. Studies have shown a lower prevalence of
chronic HBV in the younger generation and the adoption
of universal coverage in the first year of life will certainly
continue to decrease the burden in this group [2, 3]. How-
ever, a number of people in key populations (including
migrants) remain undiagnosed and untreated, and infected
individuals remain at risk of progressing to cirrhosis, he-
patocellular carcinoma and death [4]. Current therapies are
not curative and, while they have been shown to slow the
progression of fibrosis, some treated individuals will still
develop hepatocellular carcinoma [9-12]. The primary ob-
jective of this study was to examine the current and esti-
mate the future disease burden of HBV in Switzerland and
to examine the impact of migration. The secondary objec-
tive was to estimate the impacts of changing future treat-
ment numbers.

Materials and methods

A modelling study was performed using an existing, vali-
dated model (PRoGReSs Model [1]) applied to the Swiss
context. The model is described briefly below and in more
detail in Appendix Section 1. Model inputs were selected
through a literature search and expert consensus as de-
scribed briefly below and in more detail in Appendix Sec-
tion 2. First, a non-systematic literature review was con-
ducted using PubMed and government databases to gather
publicly available epidemiological data from published
and grey literature. Then two virtual meetings were held
with a panel of local clinical and research experts to build
consensus on the most accurate input data for the
PRoGReSs Model. These experts also provided additional
studies and data, which are described in more detail
throughout the methodology. The present study analysed
previously collected published or unpublished aggregate
data so ethical approval was not required. No identifiable
information was accessed over the course of the study. As
this analysis was conducted on previously collected data, a
study protocol was not prepared.

Structure of the HBV transmission and disease burden
model (PRoGReSs Model)

Historic Swiss-specific background population, mortality
and epidemiological HBV data was used to populate a ful-
ly dynamic transmission and Markov disease burden mod-
el. This model tracked the distribution of HBsAg across
sex, age (1-year age cohorts), year (from 1950-2050), dis-
ease stage (acute, chronic, cirrhosis, decompensated cir-
rhosis, hepatocellular carcinoma and death) and viral load
(categorical). The PRoGReSs model has been previously
described in detail [1]. Age- and sex-specific progression
rates, including for spontaneous clearance and acute liver
failure, were used to advance individuals through the dis-
ease stages over time. Horizontal and vertical transmission
of disease were estimated considering historical and cur-
rent prophylactic measures including adolescent immuni-
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sation efforts. Swiss-specific historical data inputs (de-
scribed in the next section) included HBsAg prevalence by
age, portion of the infected population with a viral load
greater or equal to 20,000 IU/ml, prophylaxis coverage
rates by year, annual number of liver transplants, treat-
ment and diagnosis (table 1). After the last year of avail-
able data, the number of liver transplants, annual newly
diagnosed and prophylaxis coverage were assumed to re-
main constant. The total number of patients on treatment
was assumed to change at the same rate as past treatment.
The number of total diagnosed patients was calculated in
the model annually considering newly diagnosed and mor-
tality. Prevalence was calculated annually in the model
considering incidence and mortality. To estimate the cur-
rent burden of HBV in Switzerland, the PRoGReSs Model
accounted for the impact of treatment and prevention on
the transmission and disease burden over time. The
PRoGReSs Model was developed in Microsoft Excel (Mi-
crosoft Corporation, Redmond, WA, United States) and
thus there are no code, software libraries, frameworks or
packages used in this publication.

Input parameters

Swiss-specific background data from the United Nation’s
Department of Economic and Social Affairs, Population
Division was used for population and mortality by sex and
1-year age cohort for every year from 1900-2030 [13].
HBsAg prevalence and prevalence by age and sex were
calculated considering country of birth using population
data from the Swiss Federal Statistical Office and HBsAg
prevalence data from the Polaris Observatory (based on
previously published work) [1, 14]. This methodology is
described in detail in the next section.

Since 1998, individuals aged 11-15 years have been rou-
tinely vaccinated for HBV, with 71% coverage achieved
in 2014-2016 by recent estimates [15]. Data regarding the
HBYV vaccination coverage of 2-year-olds has been avail-
able since 2005 (55% of 2-year-olds received at least two
doses of vaccine as of the 2014—16 survey); and, in 2019,
it was recommended that all children receive hexavalent
vaccination in the first year of life [15, 8]. Studies have
consistently shown high rates of screening for HBV among
pregnant women, with concomitant high levels of adminis-
tration of a timely birth dose and hepatitis B immunoglob-
ulin to infants born to HBsAg+ mothers [16, 17]. Based on
expert feedback, it was estimated that these levels of cov-
erage remained high and that by 2016, 95% of infants born
to HBsAg+ mothers had received full vaccination cover-
age.

The annual number of chronically infected individuals di-
agnosed was available for 1988-2019. On the basis of his-
torical data, ageing of diagnosed individuals and mortality
among them, it was estimated that 31,300 individuals were
diagnosed with HBV in 2015 and were still alive (table 1)
[18]. After 2015, the annual number of individuals newly
diagnosed with HBV in Switzerland was obtained from the
Federal Office of Public Health, and included in the mod-
el [19]. In 2019, there were 1100 individuals newly diag-
nosed with HBV in Switzerland (table 1) [19].

Switzerland generally follows the European Association
for the Study of Liver (EASL) Clinical Practice Guidelines
[20]. These specify that all individuals with a viral load
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>2000 IU/ml, an alanine transaminase (ALT) level >Upper
Limit of Normal (ULN, 40 U/L) and/or at least moderate
necroinflammation or fibrosis on histology should be treat-
ed [20]. Furthermore, all patients with detectable HBV
DNA and cirrhosis should be treated, irrespective of ALT
levels. Additionally, all individuals with a viral load
>20,000 IU/ml and an ALT >2 x ULN should also be treat-
ed regardless of the fibrosis stage as may be individuals
with an HBsAg+ HBYV infection aged over 30 with a viral
load >2 million IU/ml [20]. Under these criteria, an esti-
mated 21% of the HBV-infected population (n = 13,400 in
2019) would be eligible for treatment, which is in line with
expert consensus from the country. From 2013 to 2015,
the annual number of individuals on treatment increased
from 2000 to 2200 [2]. By 2019, it was estimated that there
were 3050 individuals on treatment (23% of an estimated
13,300 eligible [diagnosed or undiagnosed] patients) (table
1); treatment was assumed to have increased linearly be-
tween 2015 and 2019.

Annual liver transplantation data was available for
2003-2019 from SwissTransplant (table 1) [21]. Based on
the liver transplant waiting list data, it was assumed that
10% of all transplants were due to HBV (table 1) [2].

Estimating HBsAg prevalence by country of birth

Swiss Federal Statistical Office population counts were re-
trieved by age, sex and country of birth (199 countries) for
the resident population (permanent residents and nonper-
manent residents) in the year 2020 [14]. Next, modelled
HBsAg prevalence (%) in 2020 was retrieved by age, sex
and country (166 countries) from the Polaris Observatory

based on previously published work [1]. For countries in
which models were not available, population data was pro-
portionally allocated to countries with models within the
Global Burden of Disease region. To estimate prevalence
among foreign-born people, prevalence (%) was multiplied
by population (#), by age, sex and country of birth. Finally,
HBYV infections among foreign-born people were summed
across countries by age and sex. The number of infections
in the Swiss population was estimated based on Federal
Office of Public Health notification data from 2015 which
indicate that ~80% of infections were among people born
abroad [4].

Scenario development and assessment

After populating and calibrating the PRoGReSs model
with the Swiss-specific input data mentioned above, sce-
narios were developed to examine the future impact of dif-
ferent treatment rates, compared to the current treatment
paradigm. Changes to scenarios were modelled to begin in
2022, with the impact measured annually up to 2030. Sce-
nario inputs are described briefly below with annual inputs
shown in table 2.

The base case: The first scenario was designed to measure
the future impact on disease burden of maintaining current
levels of screening and treatment initiation. In the absence
of better information, the estimated annual number of new-
ly diagnosed patients (n = 1100) in 2019 was assumed to
remain constant in the future. Historically the total number
of patients on treatment has increased by 7% annually; this
was assumed to remain constant in the future thus increas-
ing the total treated by 7% per year.

Table 1:

Model inputs.

Category Item Year Value Source

Disease Burden Model Parameters HBsAg+ prevalence rate 2020 0.72% (0.32-0.89%) [14, 1-3]
HBsAg+ prevalence — age and sex distribution 2020 - [14, 1, 18]
Viral load 220,000 1U/ml 2017 19% Expert Input
Total diagnosed 2015 31,300 [18], Expert input
Newly diagnosed 2019 1097 [19]
Total treated 2019 3050 [2], Expert input

Historical treatment 2013-2018 |- [2], Expert input
Annual liver transplants 2019 168 [21]

Liver transplants due to HBV 2015 10% [2]

Timely birth dose coverage (All births) 2019 0% [25, 8, 15]

HepB 3-dose coverage (All births) 2019 69% [25, 8, 15]
Timely birth dose coverage (Infants born to HBsAg+ mothers) 2019 99% [17], Expert Input
HepB 3-dose coverage (Infants born to HBsAg+ mothers) 2019 95% [17], Expert Input
HBIG coverage (Infants born to HBsAg+ mothers) 2019 100% [17], Expert Input

HBsAg+: hepatitis B surface antigen-positive; IU/ml: international units per millilitre; HBV: hepatitis B virus; HepB 3: hepatitis B 3-dose vaccination; HBIG: hepatitis B immune

globulin.

Table 2:

Annual number diagnosed and total number of patients on treatment, by scenario, 2021-2028.

Year of input

Scenario input Scenario 2021 2022 2023 2024-2025 2026-2027 22028
Annual newly diagnosed Base 1100 1100 1100 1100 1100 1100

Stop Tx 1100 - - - - -

Tx all = Curr Guide 1100 1100 1100 1500 2500 2500
Total on treatment Base 3500 3700 4000 4300 4900 5600

Stop Tx 3500 - - - - -

Tx all = Curr Guide 3500 4000 5000 6000 7000 9900

Stop Tx: Stop treatment; Tx all — Curr Guide: treat all patients as per current guidelines.
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Stop Tx: This scenario examined the impact of stopping all
treatment (including patients previously initiated on treat-
ment) starting in 2022.

Tx All — Curr Guide: This scenario examined the impact of
maintaining the current guidelines but scaling up diagno-
sis to identify 90% of all HBV infections, and scaling up
treatment to reach 80% of diagnosed and eligible. Diagno-
sis and treatment increase stepwise to a maximum of 2500
and 9900, respectively, by 2028.

In all scenarios it was assumed that treatment eligibility
was between the ages of 15 and 85 and that the efficacy
of treatment in achieving sustained viral suppression was
90%. Given the already high vaccination coverage, the cur-
rent scenarios did not examine the impact of expanding
the prevention efforts, assuming a continuation of the 2019
rates into the future.

Uncertainty analysis

The uncertainty interval (UI) around prevalence in 2020
was calculated via a sensitivity analysis using Crystal Ball
release 11.1.2.3.500. Ranges around prevalence were de-
fined for each country of origin using B-PERT distributions
[22]. A Monte Carlo simulation estimated 95% Uls, with
1000 simulations. The Uls for other outcomes were calcu-
lated using low and high range inputs for prevalence, trans-
mission rates, transition rates and mortality rates [1, 23].

Results

HBsAg prevalence by country of birth

In 2020, there were an estimated 50,100 (95% UI:
47,500-55,000) HBsAg+ cases among people born abroad
(prevalence of 1.94% [UI: 1.84-2.13%] using a population
of 2.6 million people born abroad) or approximately
62,700 (UI: 59,400-68,700) total cases (80% foreign-born,
20% Swiss-born) (prevalence of 0.72% [UI: 0.68-0.79%]

using the Swiss population of 8.7 million people). More
than 50% of cases born abroad were from Western Europe,
Central Europe or North Africa/Middle East. The distri-
bution of cases by country of birth is shown in figure 1,
with Turkey, Portugal, Eritrea and the Philippines account-
ing for more than 2000 cases each (collectively these four
countries accounted for approximately 20% of cases born
abroad).

The disease burden

The calculated Swiss prevalence (0.72% [0.68—0.79%])
was higher than, but within the range of, previous es-
timates from the Swiss Federal Office of Public Health
situation analysis (0.53% [95% CI: 0.32-0.89%]) [3]. In
2020, this corresponded to 62,700 (UI: 58,900—68,400)
HBsAg+ cases (figure 2). Due to the impact of mortality
and the effects of prophylactic measures, this figure is ex-
pected to decrease to 56,900 (UI: 53,000-62,900) or 0.62%
(0.58-0.68%) by 2030 (figure 3). Among the total infect-
ed population, we estimated that 61% of cases were be-
tween the ages of 35 and 59 (figure 4). In 2020, there were
an estimated 48 (UI: 42-58) incident cases of decompen-
sated cirrhosis, 173 (UI: 162-211) incident cases of he-
patocellular carcinoma and 198 (UI: 178-241) liver-relat-
ed deaths. HBsAg+ prevalence was estimated to be <0.1%
among both infants and 5-year-olds in 2020. Applying the
EASL treatment guidelines to the Swiss infected popula-
tion, the model estimates that 21.0% (n = 13,400) of all in-
fected individuals would be eligible for treatment.

The base case: If the current treatment and diagnostic lev-
els were continued in the future, the incidence of decom-
pensated cirrhosis would decrease by 8% (from 48 [42-58]
in 2020 to 43 [37-54] in 2030), while hepatocellular carci-
noma and liver-related deaths would increase, respective-
ly, by 21% (from 173 [162-211] in 2020 to 209 [187-289]
in 2030) and 22% (from 198 [178-241] in 2020 to 238

Figure 1: Map of foreign-born HBV cases by country of birth (excl. Switzerland) + Swiss Residents, 2020.
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[216-311] in 2030) as the infected population advances in
disease state and age between 2020 and 2030.

Stop Tx: If all treatments were stopped in 2022, there
would be an estimated 38% increase in the incidence of
decompensated cirrhosis (from 48 [42—58] in 2020 to 66
[58-78] in 2030), a 35% increase in the incidence of hepa-
tocellular carcinoma (from 173 [162-211] in 2020 to 234
[216-266] in 2030) and a 37% increase in liver-related
deaths (from 198 [178-241] in 2020 to 271 [242-314] in
2030) by 2030. Compared to the Base Case, this scenario
would result in an additional 110 cases of decompensated

cirrhosis, 120 cases of hepatocellular carcinoma and an ad-
ditional 140 lives lost.

Tx All — Curr Guide: By increasing diagnosis and linkage
to care so that 80% of individuals eligible for treatment re-
ceive treatment, there would be an estimated 65% reduc-
tion in the incidence of decompensated cirrhosis (from 48
[42-58] in 2020 to 17 [11-26] in 2030), a 4% increase
in the incidence of hepatocellular carcinoma (from 173
[162-211] in 2020 to 180 [131-353] in 2030) and a 3% in-
crease in liver-related deaths (from 198 [178-241] in 2020
to 203 [163-349] in 2030] by 2030. Compared to the Base
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Figure 2: HBV Cascade of Care in Switzerland, 2020. Tx: treatment; Dx:

diagnosis.
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Figure 3: HBV morbidity and mortality in Switzerland, 2020-2030. HCC:
Curr Guide: “Treat all patients as per current guidelines” scenario.
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Case, this scenario would prevent 100 cases of decompen-
sated cirrhosis, 120 cases of hepatocellular carcinoma and
save 120 lives.

Uncertainty analysis

Given that the 95% CI in the Swiss situation analysis
(by the Federal Office of Public Health) provided a wider
range than was identified in our immigration analysis, a
second scenario was developed where we populated the
PRoGReSs model with a base prevalence of 0.72% and a
range of 0.32% to 0.89%. The outcomes from this scenario
are included in Appendix Section 3.

Discussion

Our analysis used a bottom-up approach to estimate the
prevalence of HBV in Switzerland, combining census data
by age and country of birth with country-level HBV preva-
lence estimates by age. This resulted in a baseline preva-
lence estimate that was higher than the Swiss Federal Of-
fice of Public Health situation analysis (0.72% vs 0.53%),
but within the range of the situation analysis confidence in-
terval (0.32% to 0.89%). The reason for the baseline dis-
crepancy is unknown, but it could indicate that our calcula-
tions overestimated the true prevalence or that the situation
analysis underestimated the true prevalence. Alternatively,
both estimates could be correct for their respective years,
although this would suggest that the number of HBV in-
fections in Switzerland has grown by 18,000 people in the
past five years. While this is possible, it is unlikely giv-
en that global vaccination campaigns have contributed to a
declining incidence of HBV.

Thanks to historical vaccination programmes in Switzer-
land (including adolescent catch-up and infant vaccination
campaigns) as well as the continued rollout of universal
3-dose coverage in the first year of life, the incidence of
HBYV in the country has been declining and an increasing
proportion of the population is no longer susceptible to in-
fection. Unfortunately, there is a sizeable population that

Swiss Med Wkly. 2023;153:40086

was infected prior to these campaigns, which remains at
risk of HBV-related morbidity and mortality. As a result,
the number of incident cases of decompensated cirrhosis,
hepatocellular carcinoma and liver-related deaths are ex-
pected to increase up to 2030 if no changes are made to the
current levels of treatment. The worst-case scenario, which
stopped all treatment in 2022, projected a further increase
in the cumulative numbers of these indicators. Meanwhile,
a scenario to increase diagnosis rates and link all eligible
patients to treatment projected that 100 cases of decompen-
sated cirrhosis, 120 cases of hepatocellular carcinoma and
120 liver-related deaths could be prevented.

We nevertheless acknowledge some limitations of the cur-
rent study. This study took a population-based approach at
the national level without explicitly examining subpopula-
tions that may have higher or lower burdens of hepatitis
B. A national approach may also overlook heterogeneity in
access to prophylaxis or treatment occurring at the canton
level. While the model considers the impact of past migra-
tion into Switzerland, the future impact of immigration on
the future burden of HBV has not been estimated. As it is
known that immigrants are a major source of “new” cas-
es in Switzerland, this omission could lead to a more opti-
mistic forecast. The model does not currently consider the
impact of hepatitis delta virus (HDV) coinfection. HDV
causes faster fibrosis progression and markedly increas-
es hepatocellular carcinoma risk [24]. It requires different
treatment than the nucleotide analogues that are used for
HBYV mono-infected patients. Based on unpublished data,
it is estimated that approximately 7.2% of HBsAg-posi-
tive Swiss patients are also anti-HDV-positive with 70%
of those being HDV RNA-positive. Thus, the base mod-
el does not consider the additional morbidity and mortali-
ty due to HDV, nor the additional treatment requirements.
Although studies have provided evidence that long-term
treatment of the currently available therapies can result in
the regression of fibrosis, the model assumes that disease
progression stops when an individual responds successful-
ly to treatment [10]. This assumption has exceptions with-
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in the model to as the transition probabilities of individuals
progressing to hepatocellular carcinoma which are reduced
but not eliminated by treatment [9-12]. This could result in
underestimating the impact of treatment. The current mod-
el and scenarios do not consider any possible advances in
treatment which may or may not be available by 2030. Un-
certainty in input parameters may also affect model out-
comes. Wherever possible, the ranges around input para-
meters have been used to develop the 95% uncertainty
intervals; however, there may be other unforeseen sources
of uncertainty that have not been captured here.

Based on the current assumptions and outputs of this mod-
el, Switzerland is expected to exceed the global health sec-
tor strategy targets for the reduction of incidence. Unfor-
tunately, Switzerland is not on track to achieve the other
targets, including diagnosing 90% of the population and
treating 80% of the eligible population. Greatly increasing
the linkage to care under the current guidelines is projected
to have large impacts on the future HBV-related morbidity
and mortality.
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