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Background: During the COVID-19 pandemic, the number of hepatitis B virus (HBV) vaccinations among
men who have sex with men (MSM) has been considerably lower than before the pandemic. Moreover,
less frequent HBV testing and a reduction in numbers of sex partners have been reported. We assessed
the impact of these COVID-19-related changes on HBV transmission among MSM in the Netherlands.
Methods: We estimated the changes in sexual activity, HBV testing, and HBV vaccination among MSM
during the pandemic from Dutch data. We used a deterministic compartmental model and investigated
scenarios with small or large declines in sexual activity, testing, and vaccination for the current phase of
the pandemic (without available data). We examined the increase in HBV vaccinations needed to prevent
further increase in HBV incidence.
Results: With a decrease in numbers of sex partners of 15–25% during the first lockdown and 5% during
the second lockdown, we found a decline of 6.6% in HBV incidence in 2020, despite a >70% reduction in
HBV testing and vaccination during the first lockdown. With numbers of sex partners rebounding close to
pre-pandemic level in 2021, and a reduction of 15% in testing and 30% in vaccination in 2021, we found an
increase of 1.4% in incidence in 2021 and 3.1% in 2026. With these changes, an increase of �60% in HBV
vaccinations in 2022 would be needed to bring the HBV incidence in 2023 back to the level that it would
have had if the COVID-19-related changes had not occurred.
Conclusions: Despite reductions in sexual activity during the COVID-19 pandemic, the decrease in HBV
vaccinations may result in a small increase in HBV incidence after 2021, which may persist for years.
It is important to restore the vaccination level and limit further increase in HBV transmission among
MSM.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

In 2002, the National Hepatitis B Vaccination Programme for
Risk Groups was initiated in the Netherlands providing vaccination
against hepatitis B virus (HBV) for population subgroups at
increased risk of acquiring HBV [1–3]. Men who have sex with
men (MSM) and sex workers are currently included in the pro-
gramme. Since 2011, there is also a national programme for HBV
vaccination among all newborn babies. However, the programme

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2022.06.075&domain=pdf
https://doi.org/10.1016/j.vaccine.2022.06.075
mailto:maria.xiridou@rivm.nl
mailto:pcg.adam@gmail.com
mailto:annemarie.meiberg@rivm.nl
mailto:maartje.visser@rivm.nl
mailto:amatser@ggd.amsterdam.nl
mailto:j.dewit@uu.nl
mailto:eline.op.de.coul@rivm.nl
mailto:eline.op.de.coul@rivm.nl
https://doi.org/10.1016/j.vaccine.2022.06.075
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine


Table 1
Model parameters.a

Parameter Value Source

Progression rate active CHB to inactive,
per year

h23 0.1 [21,22]

Progression rate inactive to active CHB,
per year

h32 0.02 [21–23]

Progression rate active CHB to
compensated cirrhosis, per year

h24 0.05 [21]

Progression rate compensated to
decompensated cirrhosis, per year

h45 0.02 [24,25]

Progression from active CHB to HCC, per
year

u2 0.003 [21]

Progression from inactive to HCC, per
year

u3 0.0002 [21]

Progression from compensated cirrhosis
to HCC, per year

u4 0.02 [21,26]

Progression from decompensated
cirrhosis to HCC, per year

u5 0.04 [26]

Death rate from compensated cirrhosis,
per year

l4 0.033 [24,27]

Death rate from decompensated
cirrhosis, per year

l5 0.25 [24,28]

Death rate from HCC, per year l6 0.35 [29,30]
Probability acute infection progresses to

chronic
r 0.07 [31]

Transition rate out of acute infection, per
year

h1 4 [32]

HBV clearance rate from chronic
infection, per year

h2z; h3z 0.01 [33,34]

HBV clearance rate from compensated
cirrhosis, per year

h4z 0.02 [33,34]

% new HBV infections notified during
acute phase

f s 10–30% [35,36]

Progression rate treated (T) to HCC (W8),
per year

uT 0.0002 [37–40]

HBV-related death rate for those treated,
per year

lT 0.001 [37–40]

Treatment rate active CHB, compensated
cirrhosis, per year

s s ¼ sc � ss

% of diagnosed under treatment, until
2011

sc 50–70% Assumption

% of diagnosed under treatment, from
2012 onwards

sc 70–90% [41]

% Virally suppressed among treated,
until 2011

ss 60–80% [37,42,43]

% Virally suppressed among treated,
from 2012 onwards

ss 91–99% [37,42,43]

Rate of entry into and exit out of
population, per year

l 0.02 *

Number of MSM N 144,521–
263,309

[44]

Probability HBV transmission per act CAI
if infected in state i ¼ 1;2; � � � ;6; T

bi bi ¼ f i � b

Probability HBV transmission per act CAI
if infected has inactive chronic HBV

b 0.001–
0.01

Assumption

Relative transmissibility acute HBV,
compared to inactive chronic HBV

f 1 15–35 [45]

Relative transmissibility active CHB,
compared to inactive chronic HBV

f 2 10–20 [46]

Relative transmissibility compensated
cirrhosis, compared to inactive
chronic HBV

f 4 10–20 [46]

Transmissibility decompensated
cirrhosis, HCC

NA NA **

Relative transmissibility if virally
suppressed, compared to inactive
chronic HBV

f T 0.05–0.15 [38–40,43]

% Reduction probability to acquire HBV
due to HBV-related antiretrovirals for
HIV

wc 85–95% [47,48]

% Reduction in probability to acquire
HBV infection among those receiving
PrEP

wp 88–92% [49]

Assortative mixing in steady or casual
partnerships, respectively

eS , eC 70%, 50% Assumption

Factor increasing CAI frequency before 1–30% Assumption

M. Xiridou, P. Adam, A. Meiberg et al. Vaccine 40 (2022) 4889–4896
for risk groups continues, since it targets sexually active individu-
als, who are not yet protected via the vaccination of newborn
babies. Major efforts among national and regional public health
organisations have resulted in a steadily increasing number of
HBV vaccinations among MSM over the years [4]. The COVID-19
pandemic, however, has disrupted this increasing trend and the
number of HBV vaccinations administered via the programme
since March 2020 has been considerably lower than before [2,3].
This reduction is a result of a combination of factors, including
lockdowns and other restrictive measures that, for example, made
on site outreach impossible, the disruptions in healthcare services,
and the reluctance of some individuals to visit healthcare facilities.
For similar reasons, there has also been a decline in HBV testing
[5,6] that, combined with reduced HBV vaccination, could con-
tribute to increased HBV transmission. On the other hand, MSM
have reported lower levels of sexual activity during the pandemic
[7–9] and that could decrease HBV transmission. In this study, we
considered changes in the numbers of steady and casual partners
during the pandemic as the principal indicator of COVID-19-
related changes in sexual activity and investigated how these
changes combined with modifications in HBV testing and HBV vac-
cination could affect HBV transmission among MSM, using a math-
ematical model.

2. Methods

2.1. Transmission model

We used a deterministic compartmental model that we devel-
oped earlier to investigate the impact of risk-group HBV vaccina-
tion of MSM [10]. Briefly, the model accounts for HBV
transmission among MSM through condomless anal intercourse
with steady or casual partners (Supplement Fig. S1) [10]. Parame-
ters relating to sexual activity before the pandemic were estimated
based on data from the Amsterdam Cohort Study on HIV among
MSM in Amsterdam (Supplement Table S1) [11]. Uninfected
MSM in the Netherlands can receive HBV vaccination free of charge
from 2003 onwards, and with three vaccine doses they are immune
for life [12]. The HBV vaccination rate among MSM was estimated
by fitting the model to data on the number of MSM who received
their third dose of HBV vaccination in each year (data from the
National HBV Vaccination Programme for Risk Groups [1]; see,
Supplement Table S2 and Fig. S2). HBV testing rates were derived
from the National Database of Sexual Health Centres [13]. Model
parameters are shown in Table 1.

The model was fitted to data on the number of diagnoses of
acute HBV infection among MSM in 2003–19. Using Latin Hyper-
cube Sampling, 5000 combinations of values of uncertain model
parameters were sampled and the model calculations were
repeated with each of these until 2019, with the levels of sexual
activity, testing, and vaccination as of 2019 (before the pandemic).
We selected parameter combinations that resulted in number of
diagnoses of acute HBV in the range determined by the data (Sup-
plement Fig. S2). For validation, other model results were com-
pared with data (Supplement Figs. S2–S3, Table S3).

2.2. COVID-19 pandemic in the Netherlands

We distinguished five COVID-19-related periods, according to
the severity of the pandemic and the stringency of COVID-19 mea-
sures [14,15]:

� First lockdown (mid-March until mid-May 2020), with strin-
gent COVID-19 measures.
2002 compared to 2002 and
thereafter
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a Parameters with a range were included in the Latin Hypercube Sampling.
* Assuming sexual activity for MSM 15–64 years old.
** Assuming that individuals with decompensated cirrhosis or HCC do not engage

in sexual practices that could lead to transmission, due to the severity of this phase.
Abbreviations: HBV, hepatitis B virus; MSM, men who have sex with men; CHB,
chronic hepatitis B; HCC, hepatocellular carcinoma; PrEP, pre-exposure prophy-
laxis; CAI, condomless anal intercourse.
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� First relaxation (mid-May until mid-October 2020), with less
stringent measures.

� Second lockdown (mid-October 2020 until mid-April 2021),
with strict measures.

� Second relaxation (mid-April until September 2021), with mild
COVID-19 measures that were progressively relaxed.

� Third lockdown (October 2021 until March 2022), starting with
mild measures that progressively became more strict, with an
‘‘evening lockdown” in November, and a stricter lockdown in
December. At the moment of writing (in the middle of this per-
iod), there was a strict lockdown in the Netherlands and it was
unknown when that would end.

We accounted for COVID-19-related changes in sexual activity,
HBV testing, and HBV vaccination during these five periods (see
details below and in Table 2) and assumed no changes after March
2022. We present results for the two years of the pandemic (2020–
2021) and the five years thereafter (2022–2026).
2.3. COVID-19-related changes in sexual activity

COVID-19-related changes in sexual activity during the first
lockdown and the first relaxation period (Table 2) were estimated
using data from the first round of the COVID-19, Sex, and Intimacy
Survey among MSM [7,8]. Preliminary results from the second
round of this survey indicate that the reduction in sexual activity
during the second lockdown was smaller than during the first lock-
down, and the level of sexual activity in the second relaxation per-
iod was quite similar to the period before the pandemic [8].
Therefore, in these analyses, we examined two levels of reduction
in the number of sex partners during the second lockdown and the
second relaxation period: one smaller and one much smaller than
the respective reductions in the first lockdown and the first relax-
ation period. We refer to these two levels as the large and small
reductions in sex partners in the second phase of the pandemic
(Table 2).
Table 2
Percentage change* in model parameters due to the COVID-19 pandemic and the related

1st lockdown 1st relaxation
Mid Mar–Mid May 2020 Mid May–Mid Oct 2

HBV testinga �75% �25%
HBV vaccinationb �70% �20%
Casual partners, low activityc �15% �15%
Casual partners, moderate activityc �25% �5%
Casual partners, high activityc �25% 0
Formation main partnerships �15% 0

* Percentage change in each parameter calculated compared to its value in 2019 (be
parameter before (b) and during (d) the pandemic. Values shown in bold were estimate

a Changes in hepatitis B virus (HBV) testing were based on data from the National Dat
[2,6,15]. The reduction in the 2nd relaxation period was based on the reduction in May

b Changes in the number of HBV vaccinations were based on data from the National
c Changes in sexual activity during the 1st lockdown and the 1st relaxation period were

For the changes from October 2020 onwards, two scenarios are shown, assuming a sma
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2.4. COVID-19-related changes in HBV testing

The change in HBV testing during the first two lockdowns and
the subsequent relaxation periods was estimated based on data
until June 2021 from the National Database of Sexual Health Cen-
tres in the Netherlands [2,15]. For the period from October 2021 to
March 2022, we had no data, and we assumed two levels of reduc-
tion in HBV testing: a large reduction of 15% (equal to that in the
second relaxation period) and a small reduction of 5% (assuming
a trend of returning to the pre-pandemic level continued after
the second relaxation period).

2.5. COVID-19-related changes in HBV vaccination

The change in HBV vaccinations during the first and second
lockdown and the subsequent relaxation periods was estimated
from data from the National HBV Vaccination Programme for Risk
Groups until September 2021 [1]. For the period of the third lock-
down, we assumed two levels of reduction in HBV vaccination: a
large reduction of 30% (equal to that in the second relaxation per-
iod); and a small reduction of 5% (assuming a trend of returning to
the pre-pandemic level).

2.6. Model scenarios

Model calculations were first carried out for the period until
2026 without COVID-19-related changes in sexual activity (num-
ber of sex partners), HBV testing, and HBV vaccination, estimating
how the situation in the Netherlands would have been if the
COVID-19 pandemic and related changes had not occurred. This
is the reference scenario ‘‘without COVID-19”. Then, we examined
scenarios with changes in individual parameters: two scenarios
with changes only in sexual activity (a small or a large reduction
in numbers of sex partners after the first relaxation period), two
scenarios with changes only in HBV testing (5% or 15% reduction
in testing from October 2021 to March 2022), and two scenarios
with changes only in HBV vaccinations (5% or 30% reduction in vac-
cinations from October 2021 to March 2022). Subsequently, we
examined the eight combinations of changes in numbers of sex
partners, HBV testing, and HBV vaccination. As the reduction in
HBV vaccination in September 2021 was still quite high, we exam-
ined two additional scenarios in which the 5% or 30% reduction in
HBV vaccinations was extended until June 2022 (assuming no
changes in number of sex partners or HBV testing from April
2022 onwards). Lastly, we assessed the change in uptake of HBV
vaccination needed to prevent an increase in HBV incidence by
examining scenarios with different levels of change in HBV
measures.

2nd lockdown 2nd relaxation 3rd lockdown
020 Mid Oct 2020–Mid Apr 2021 Mid Apr–Sep 2021 Oct 2021–Mar 2022

�30% �15% �15%, �5%
�35% �30% �30%, �5%
�10%, �5% �10%, �5% �10%, �5%
�15%, �5% �5%, 0 �10%, �5%
�15%, �5% 0 �5%, 0
�10%, �5% 0 �5%, 0

fore the COVID-19 pandemic), as 100*(d-b)/b, where b and d are the values of the
d from data; values not in bold were assumed, as no data were available.
abase of Sexual Health Centres in the Netherlands from January 2020 to June 2021
and June 2021; the reduction in the 3rd lockdown was assumed.
Hepatitis B Vaccination Programme for Risk Groups [1,10] until September 2021.
based on data from the first round of the ‘‘COVID-19, Sex, and Intimacy Survey” [7].
ller reduction than that until first relaxation period [8,9].
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vaccinations from January until December 2022 (30% decrease; no
change; 40%, 50%, 60%, or 70% increase).

2.7. Presentation of results

We report the percentage change in HBV incidence among MSM
due to COVID-19-related changes compared to the reference sce-
nario without COVID-19. This was calculated as
100 � C t; hð Þ � C t;að Þ½ �=C t;að Þ, where C t; hð Þ is the incidence in year
t for scenario h and C t;að Þ is the incidence in t for the scenario
without COVID-19.

3. Results

3.1. Reference scenario without COVID-19-related changes

Without any changes related to the COVID-19 pandemic, the
incidence of new HBV infections was calculated at 27.1 (IQR,
24.8–29.8) per 100,000 MSM in 2019, which would have declined
to 18.9 (IQR, 17.3–21.6) per 100,000 MSM in 2026 (Supplement
Fig. S4).

3.2. Impact of reduced sexual activity

A reduction in the number of sex partners, without changes in
HBV testing or vaccination, resulted in a considerable decline in
Fig. 1. Percentage change in HBV incidence among MSM with individual COVID-19-re
The following changes are shown: a small (5%) or a large (15%) decline in HBV testing (da
vaccination (red and pink box plots, respectively); a small or a large decline in the num
respectively). HBV, hepatitis B virus; MSM, men who have sex with men.
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HBV incidence in 2020 (Fig. 1). Depending on whether the reduc-
tion in the number of sex partners after the first relaxation period
was small or large, the decline in incidence in 2020 was 7.9% (IQR,
7.4–8.4%) or 17.7% (IQR, 16.9–18.4%), respectively. The decline was
smaller in 2021: 2.1% (IQR, 1.9–2.4%) or 9.8% (IQR, 9.1–10.5%),
respectively. The decline in incidence becamemuch smaller in sub-
sequent years and it was less than 0.2% in 2026.

3.3. Impact of reduced HBV testing

Fig. 1 shows the change in HBV incidence among MSM with a
small (5%) or a large (15%) reduction in HBV testing, with the levels
of sexual activity and vaccination as before the pandemic. Reduced
HBV testing resulted in a small increase in HBV incidence of 0.5%
(IQR, 0.4–0.5%) in 2020, 1.2% (IQR, 1.0–1.4%) in 2021, and approx-
imately the same increase in 2022. The increase was smaller after
2022, decreasing to 0.2% (IQR, 0.1–0.3%) in 2026.

3.4. Impact of reduced HBV vaccination

With a reduction in HBV vaccination and no changes in sexual
activity or HBV testing, we found an increase of 1.0% (IQR, 0.9–
1.1%) in HBV incidence among MSM in 2020 (Fig. 1). The increase
grew in the subsequent years, reaching 2.5% (IQR, 2.3–2.8%) or
3.1% (IQR, 2.8–3.5%) in 2022, with a small (5%) or a large (30%)
reduction in HBV vaccinations at the end of 2021, respectively.
lated changes either in sexual activity, or in HBV testing, or in HBV vaccination.
rk and light blue box plots, respectively); a small (5%) or a large (30%) decline in HBV
ber of sex partners after the first relaxation period (dark and light green box plots,
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An increase of approximately 2% in HBV incidence remained five
years after the level of HBV vaccination was back at the pre-
COVID-19 level.
3.5. Impact of combined COVID-19-related changes

Fig. 2 shows the impact of combinations of COVID-19-related
changes on the incidence of HBV infections. We found that a small
decline in the number of sex partners after the first relaxation per-
iod, combined with reduced HBV testing and HBV vaccination,
resulted in a decline of 6.6% (IQR, 6.1–7.1%) in HBV incidence in
2020. A large decline in number of sex partners, combined with
reduced testing and vaccination, resulted in a 16.5% (IQR, 15.7–
17.3%) decline in incidence. As the impact of reduced sexual activ-
ity diminished after 2021 (Fig. 1), the combined impact of reduced
sexual activity and reduced testing and vaccination also dimin-
ished after 2021, and resulted in a small increase of 2–3% in HBV
incidence in 2022 (Fig. 2). The increase in incidence remained five
years after the levels of sexual activity, testing, and vaccination
were back at their pre-COVID-19 levels (Fig. 2). A longer interval
with reduced HBV vaccination resulted in a higher increase in
HBV incidence in the subsequent years (Figs. 3 and 4). For instance,
with a 30% reduction in HBV vaccinations until March (Figs. 2 and
3), June (Fig. 3), or December 2022 (Fig. 4), the increase in
Fig. 2. Percentage change in HBV incidence among MSM with combinations of CO
Scenarios with (a) small decrease or (b) large decrease in number of sex partners (see T
decrease in HBV testing; light grey box plots: scenarios with 15% decrease in HBV testing
indicated in the legend. Percentage change was calculated for each scenario of changes
virus; MSM, men who have sex with men.
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incidence in 2023 was 3.6% (IQR, 3.2–4.0%), 4.0% (IQR, 3.5–4.4%),
and 4.7% (IQR, 4.2–5.2%), respectively.
3.6. Number of HBV vaccinations needed to prevent increase in HBV
incidence

Bringing the HBV vaccination rate back to its pre-pandemic
level of 1728 (IQR, 1600–1828) HBV vaccinations per 100,000
MSM per year from January 2022 onwards, could limit the increase
in HBV incidence in 2023 to 3.2% (IQR, 2.9–3.5%) (Fig. 4). An
increase of at least 60% in HBV vaccinations, compared to the num-
ber of vaccinations in the reference scenario without COVID-19,
may be needed in 2022 to decrease HBV incidence to the level that
it would have had if the COVID-19-related changes had not
occurred (Fig. 4). Such an expansion of the vaccination programme
would result in more than 2700 HBV vaccinations per 100,000
MSM in 2022.
4. Discussion

In this study we found that the reduction in sexual activity due
to the COVID-19 pandemic could offset disruptions in HBV testing
and HBV vaccination, leading to a decline in HBV incidence in 2020
and possibly also in 2021. However, the long-lasting reduction in
VID-19-related changes in sexual activity, HBV testing, and HBV vaccination.
able 2 for the levels of decrease). Black and dark grey box plots: scenarios with 5%
in the last period of the pandemic. Decrease in HBV vaccinations was 5% or 30%, as
compared to the scenario without any COVID-19-related changes. HBV, hepatitis B



Fig. 3. Impact of a prolonged reduction in HBV vaccination (due to COVID-19) on HBV incidence among MSM. Scenarios with a 5% decrease in HBV testing and a small
decrease in number of sex partners until March 2022 (see Table 2 for the levels of decrease). Black box plots: scenarios with 5% or 30% decrease in HBV vaccination from
October 2021 to March 2022; grey box plots: scenarios with 5% or 30% decrease in HBV vaccination from October 2021 to June 2022. Percentage change was calculated for
each scenario of changes compared to the scenario without any COVID-19 related changes. HBV, hepatitis B virus; MSM, men who have sex with men.

Fig. 4. Number of HBV vaccinations administered in 2022 and the corresponding change in HBV incidence among MSM the following year. The horizontal axis shows
the % change in number of HBV vaccinations until 31 December 2022, compared to the reference scenario (shown first on the horizontal axis) without any COVID-19-related
changes. The total number of HBV vaccinations administered in 2022 is shown with black lines (solid line: median; dotted lines: interquartile range) and their values on the
right vertical axis. The % change in HBV incidence in 2023, compared to the reference scenario is shown with grey lines (solid line: median; dotted lines: interquartile range)
and their values on the left vertical axis. Results are shown for the scenario with small decrease in number of sex partners and 5% decrease in HBV testing until March 2022
(Table 2). HBV, hepatitis B virus; MSM, men who have sex with men.
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HBV vaccination that was documented from the beginning of the
pandemic until September 2021, combined with a rebound in sex-
ual activity during 2021, could lead to an increase in HBV incidence
from 2022 onwards. The level of HBV incidence may remain
slightly higher than what it would have been without COVID-19-
related changes, for at least five years after levels of sexual activity,
HBV testing, and HBV vaccination have returned to pre-pandemic
levels. Expanding the HBV vaccination programme for MSM, such
that at least 60% more vaccinations would be administered in
2022, could avert an increase in HBV incidence in MSM in the fol-
lowing years.

The heterogeneity and fluctuations in model outcomes empha-
size the importance of monitoring the magnitude and timing of
changes in sexual activity during the pandemic. In the short term,
4894
HBV incidence can be very sensitive to abrupt changes in sexual
activity, but it returns similarly fast to the pre-pandemic level
when levels of sexual activity return to those before the pandemic.
This is strikingly different from the impact of variations in numbers
of HBV vaccinations, which have a more persistent effect. We
found that future HBV incidence is more sensitive to disruptions
in the vaccination programme than to changes in sexual activity
or testing rates. Although the increase may be small, it can be sus-
tained for years after the end of the pandemic.

The long-lasting effect of reducedHBV vaccination highlights the
importanceofHBVvaccination in limiting transmissionamongMSM
and theneed to reachunvaccinatedMSM. To this end, socialmarket-
ing campaigns were conducted during the pandemic, internet field-
work was intensified when physical outreach was not possible, and
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vaccination locationswere re-organized tobe ‘‘COVID-19 safe”.Nev-
ertheless, people’s health priorities may have changed during the
pandemic, since the risk for COVID-19 infection and the importance
of COVID-19 testing and vaccination have emerged. Debates on the
benefits and risks of vaccination, prompted by COVID-19 vaccina-
tion, may have influenced views about HBV vaccination. Logistics
for the HBV vaccination programme are also affected by the pan-
demic, as the same public health authorities are responsible for both
COVID-19 and HBV vaccination programmes. Since booster COVID-
19vaccinationsmaybe repeatedly offered for some time, it is imper-
ative to identify solutions to restore the level of HBV vaccination
among MSM, as our results show that longer periods with reduced
HBV vaccination result in higher increase in HBV incidence in the
subsequent years. This may require exploring options to offer HBV
vaccination to those presenting for COVID-19 vaccination and
vice-versa. Restoring adequate HBV vaccination levels among
MSM will necessitate addressing a complex range of individual,
social, and health system barriers.

Our findings have important implications also for sex workers,
who are likewise at increased risk of HBV transmission [4].
Reduced HBV testing and HBV vaccination among sex workers
have been documented during the pandemic [2]. On the other
hand, some sex workers were working during COVID-19 restric-
tions illegally, since they did not receive government support in
the periods that they were not allowed to work due to the restric-
tions [16]. Therefore, there may have been a small increase in HBV
incidence also among sex workers, emphasizing the importance of
HBV vaccination.

Our study is the first modelling study to assess the impact of
changes related to the COVID-19 pandemic on HBV incidence
among MSM. A major strength of our approach is that we based
parameters regarding changes in sexual activity on the COVID-
19, Sex, and Intimacy Survey that was specifically undertaken to
provide data and understanding on COVID-19-related changes in
sexual activity and sexual risk behaviours among MSM in the
Netherlands. Furthermore, in the model, we used data on levels
of HBV testing and HBV vaccination obtained from national data-
bases. This enabled us to include variation in the magnitude of
the changes throughout the pandemic.

An important limitation of the study is that the COVID-19 pan-
demic and related responses continue to evolve. At the time of
writing, further COVID-19 restrictive measures were introduced
in the Netherlands due to the spread of the Omicron variant of
the coronavirus, and the health sector was increasingly engaged
in responding to the rising numbers of COVID-19 infections and
the roll-out of the third (booster) dose of COVID-19 vaccination.
The reduction in HBV vaccinations could be exacerbated (increased
and/or prolonged) in 2022, in which case, our results may underes-
timate the increase in HBV incidence from 2022 onwards. Also, it is
uncertain how current and evolving measures will affect sexual
activity and it is unknown whether and when levels of sexual
activity, HBV testing, and HBV vaccination will return to pre-
pandemic levels. Furthermore, we did not account for heterogene-
ity in COVID-19 related changes according to age or medical indi-
cators of high risk of COVID-19 complications. Moreover, it should
be stressed that the increase in HBV incidence, as calculated from
the model, was quite small in relative and absolute terms. For
instance, we found a 2–3% increase in 2026, that corresponds to
one or two more new infections with the COVID-19-related
changes compared to the scenario without the COVID-19-related
changes. The pandemic has possibly affected many more aspects
than the ones considered in our analyses and the magnitude of
the COVID-19-related changes is difficult to assess accurately. Pro-
jecting the impact of such uncertain changes five years ahead
encompasses further uncertainty. Finally, since we used a
deterministic rather than a stochastic model, our study does not
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take into consideration how the variation in results due to stochas-
ticity could influence the impact of changes in testing, vaccination,
and sexual activity.

Findings of our study are aligned with earlier modelling studies
that assessed the impact of COVID-19-related changes in sexual
activity and STI testing on the transmission of HIV, chlamydia,
and gonorrhoea [15,17–20]. These studies showed that a long-
lasting reduction in sexual activity could offset the disruption in
STI services, and result in a drop in HIV/STI incidence, while a pro-
longed disruption of STI services could result in increased STI
transmission when sexual activity rebounds to pre-pandemic
levels [15,17,19].

5. Conclusions

With the COVID-19 pandemic still evolving, it is important to
ensure that HBV testing and vaccination programmes continue as
much as possible, irrespective of COVID-19 waves, variations in
restrictive measures, and additional COVID-19 vaccination rounds.
A long-lasting interruption of HBV vaccination in combination with
a rebound of sexual activity to pre-pandemic levels can result in a
small increase in HBV incidence among MSM, which may take
years to return to pre-COVID-19 levels. To prevent a further
increase in HBV incidence from 2023 onwards, the number of
MSM receiving HBV vaccination in 2022 should be considerably
increased, compared to pre-pandemic numbers. This calls for com-
prehensively and effectively addressing barriers to HBV vaccina-
tion during and after the COVID-19 pandemic and implementing
innovative ways to provide HBV vaccination to unvaccinated MSM.
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