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Summary

Background

The 69th World Health Assembly approved the Global Health Sector Strategy to eliminate viral
hepatitis by 2030. Although no virological cure exists for hepatitis B virus (HBV) infection, existing
therapies to control viral replication and prophylaxis to minimise mother-to-child transmission make
elimination of HBV feasible. We aimed to estimate the national, regional, and global prevalence of
HBsAg in the general population and in the population aged 5 years in 2016, as well as coverage of
prophylaxis, diagnosis, and treatment.

Methods

In this modelling study, we used a Delphi process that included a literature review in PubMed and
Embase, followed by interviews with experts, to quantify the historical epidemiology of HBV
infection. We then used a dynamic HBV transmission and progression model to estimate the country-
level and regional-level prevalence of HBsAg in 2016 and the effect of prophylaxis and treatment on
disease burden.

Findings

We developed models for 120 countries, 78 of which were populated with data approved by experts.
Using these models, we estimated that the global prevalence of HBsAg in 2016 was 3·9% (95%
uncertainty interval [UI] 3·4–4·6), corresponding to 291 992 000 (251 513 000–341 114 000)
infections. Of these infections, around 29 million (10%) were diagnosed, and only 4·8 million (5%) of
94 million individuals eligible for treatment actually received antiviral therapy. Around 1·8 (1·6–2·2)
million infections were in children aged 5 years, with a prevalence of 1·4% (1·2–1·6). We estimated
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that 87% of infants had received the three-dose HBV vaccination in the first year of life, 46% had
received timely birth-dose vaccination, and 13% had received hepatitis B immunoglobulin along with
the full vaccination regimen. Less than 1% of mothers with a high viral load had received antiviral
therapy to reduce mother-to-child transmission.

Interpretation

Our estimate of HBV prevalence in 2016 differs from previous studies, potentially because we took
into account the effect of infant prophylaxis and early childhood vaccination, as well as changing
prevalence over time. Although some regions are well on their way to meeting prophylaxis and
prevalence targets, all regions must substantially scale-up access to diagnosis and treatment to meet
the global targets.

Funding

John C Martin Foundation.

Introduction

Discovery of HBsAg in 1965 led to development of an effective vaccine against hepatitis B virus (HBV),
which became available in 1981 and, given that untreated HBV can lead to fibrosis, cirrhosis, and
hepatocellular carcinoma, represented the world's first anticancer vaccine.    Although
introduction of the vaccine was widespread, its cost limited broad use in infants born in low-income
and middle-income countries. This coverage expanded widely after Gavi, the Vaccine Alliance began
to support HBV vaccination programmes in 2001. However, after the introduction of highly effective
curative therapies for hepatitis C virus (HCV) in 2013, HBV became somewhat overshadowed in public
health prioritisation, and its cure remains elusive. Accurate epidemiological assessments at the
national level are necessary to accurately establish the current disease burden and the effect of
existing interventions, and to provide insight into priority actions for the future.

In 2015, combating viral hepatitis by 2030 was included in the Sustainable Development Goals (3.3).
Then, in 2016, the World Health Assembly passed the Global Health Sector Strategy on Viral
Hepatitis, which aims to eliminate HBV and HCV by 2030.  The targets include 90% global coverage of
three-dose infant vaccination by 2020; timely birth-dose vaccination in 50% of infants by 2020, and in
90% by 2030; and prevalence in children aged 5 years of 1% by 2020, and 0·1% by 2030. Reduction of
incidence among infants is important because most HBV infections in infants become chronic, which
is the leading source of new chronic HBV infections. As well as the prevention targets, the 2030
targets include diagnosis of 90% of people infected with HBV and antiviral treatment of 80% of those
diagnosed and eligible for treatment. In addition to the global targets, specific WHO regions have set
their own objectives, which are often more aggressive than the World Health Assembly targets.

Previous reports       describing the country-level and regional prevalence of HBsAg have
primarily consisted of meta-analyses and literature reviews. The most recent studies have reported
global prevalence estimates of 248 million or 257 million individuals with HBV infection.   These
reports were limited by their calculation of averages using a combination of robust and non-
representative studies, studies done in different age groups, and studies done at different
timepoints. Additionally, data in children are scarce because most studies only include adults and
are not adjusted for the population by age and sex. Moreover, these estimates are historical and do
not consider the effect of vaccination and other efforts to prevent mother-to-child transmission.   

  

Research in context

Evidence before this study

After the 69th World Health Assembly approved the Global Health Sector Strategy to eliminate
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viral hepatitis by 2030, there was a renewed sense of urgency in combating HBV. The strategy
set diagnosis, treatment, and prophylaxis targets to reduce prevalence among children aged 5
years and liver-related deaths. Previous global reports of HBsAg prevalence follow traditional
systematic review and meta-analysis procedures, while including studies among blood
donors, which typically report a low prevalence. However, most of these studies exclude the
effect of vaccination. Other studies report the use of hepatitis B immunoglobulin and antiviral
treatment of pregnant women at the country level, but none has quantified the methods of
prophylaxes at a regional or global level. Additionally, any reports of cascade of care have
been at the local or national level.

Added value of this study

We combined a traditional meta-analysis, national expert interviews, and modelling to
estimate HBsAg prevalence, prophylaxis use, and proportion diagnosed and treated at the
national, regional, and global levels in 2016. We used a dynamic transmission and disease
burden model that took into account the effect of prophylaxis and treatment on HBsAg
prevalence. A Delphi process was used to strengthen the traditional systematic review process,
and involved consultation with 620 experts to obtain feedback on inputs and outputs for 78
national models. Another 42 models were developed on the basis of published data. Estimates
for the remaining 80 countries were extrapolated from these 120 countries, which alone
accounted for 93% of the world's population.

Implications of all the available evidence

The global prevalence reported here is higher than previous estimates because it excluded
studies done in blood donors and other non-representative populations. The diagnosis and
treatment data provide evidence of countries that have made progress. The data presented
here are a marker on the road to elimination of hepatitis B and can support the creation of
national strategies to meet the 2030 targets.

One previous study  used modelling to predict the future disease burden of HBV and propose
potential strategies to address this increasing public health problem. That study found that a target
of 90% reduction in new chronic infections and 65% reduction in mortality could be achieved by
scaling up coverage of infant vaccination (to 90% of infants), birth-dose vaccination (to 80% of
neonates), use of peripartum antivirals (to 80% of HBeAg-positive mothers), and population-wide
testing and treatment (to 80% of eligible people).

The aims of this study were to quantify the national, regional, and global HBsAg prevalence in the
general population and in the population aged 5 years; to estimate use of prophylaxis for mother-to-
child transmission; and to model the cascade of care (number of patients diagnosed, eligible for
treatment, and treated) in 2016.

Methods

Search strategy and selection criteria

In this modelling study, we included all countries with a total population of 1·0 million people or
more. We also included Fiji, Kiribati, and Belize because of our collaborations with the WHO Regional
Office for the Western Pacific and the Pan American Health Organization (PAHO). We obtained input
data for these countries through a literature review and a Delphi process, which used experts to fill
any data gaps and to confirm data when available. Full details of data collection, scoring of data
sources, Delphi process, and modelling are summarised in the appendix.

For the literature review, we searched PubMed and Embase between Jan 1, 1960, and March 1, 2016,
without language restrictions using the search terms “[Country Name] AND [(hepatitis b) or HBV]
AND [prevalence]” and “[Country Name] AND (‘prevalence’/exp OR prevalence) AND (‘hepatitis b’/exp
OR ‘hepatitis b’ OR ‘hbv’/exp OR ‘hbv’)”. Titles and abstracts were reviewed for relevance, and only
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studies that included HBsAg prevalence were included. We also included grey literature, ministry of
health reports, conference presentations, local journals, and personal communications with local
experts in the analysis. We excluded studies published before 1985 (with the exception of those done
in Mauritania and Senegal because studies done before 1985 were deemed the most representative
for these countries) and studies done solely in non-representative populations (eg, blood donors,
people who inject drugs, haemophiliacs, and specific ethnic groups).

Data collection and processing

We extracted data such as HBsAg prevalence, sex and age distributions of the infected study
population (if available), time period(s) of the estimate, population studied (general population,
pregnant women, students), setting of the study (urban, rural), scope of the study (single centre,
multicentre, city, multicity, region, national), type of analysis (surveillance, meta-analysis, review
article, modelling, other, unknown), and sample size from the studies. Data were then scored using a
multiobjective decision-analysis approach, resulting in a score of 1–3 for each study. For published
studies, the overall score was based on the weighting of the scores for generalisability, sample size,
and year of the study (appendix). Each study was scored independently by two epidemiologists. To
assess generalisability, clear classification guidelines were used (appendix). When the estimate was
based on expert opinion, the study received a score of 1 as a default, a score of 2 if it was based on
published or unpublished data, and a score of 3 if it was based on a well designed national study,
unpublished or ahead of print, or a large national database (appendix). The highest-scoring study
was chosen to provide the representative estimate for each country, with the exception of countries
in which lower scoring studies were recommended by local experts. Although studies in blood
donors were excluded from use as base estimates, they were used to provide estimates of the lower
bound of the uncertainty interval (UI).

Countries were divided into three categories: approved, estimated, and extrapolated. For approved
countries, we used a Delphi interview process with 620 national and regional experts to build
consensus regarding the inputs and key findings (appendix). These experts were identified through
our previous work on HCV,  and by referral and recommendations from leaders in the field. At a
minimum, we received feedback regarding the inputs for this category. In 53 of the 78 countries, at
least one face-to-face meeting was held to review both inputs and outputs with the experts. The
experts either approved the inputs, rejected them and provided a better source of data (sometimes
unpublished data), or recommended data from analogous countries with a similar health-care
system.

For estimated countries, inputs were based on published studies, which were reviewed and scored
by two epidemiologists and the primary investigator (HR). When age and sex distributions were
unavailable for a country, we estimated the distributions using those from another country with a
similar vaccination history by calibrating the prevalence to match that of the country with
unavailable age and sex data. For extrapolated countries, in which no prevalence data were
available, the weighted average of countries within the same region, as defined by the Global Burden
of Diseases (GBD), was used (appendix).

To estimate the population diagnosed with HBsAg, we reviewed (in order of priority) national
notification or registry data, peer-reviewed literature, and expert opinion. The number of individuals
treated annually was estimated with (in order of priority) national databases, audit sales data,
government reports, estimates from major treatment centres, and drug suppliers.

Country-level estimates from WHO and UNICEF  were used as a baseline for estimates of the
proportion of infants receiving the first dose of vaccination within the first 24 h of life (timely birth
dose) and those receiving a complete schedule of vaccination (at least three doses at age 1 year). In
countries with a consistently high historical coverage that reported a single year as 0% coverage, we
assumed that this result was a reflection of non-reporting and not a change in strategy. The PAHO did
a robust review of the vaccination schedule in the region, and this review supplemented the report
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from WHO and UNICEF.   Estimates of the proportion of infants born to HBsAg-positive mothers
who received both timely birth dose and hepatitis B immunoglobulin were based on country
interviews, national immunisation guidelines, and WHO reports, as described in the appendix. WHO
data were used for countries with missing interviews or national data.  However, a comparison of
the reported prophylaxis data in the WHO report with countries we interviewed indicated that use of
hepatitis B immunoglobulin was overestimated in the WHO report. For countries in which data were
only available from the WHO report, we assumed that if a country reported that all pregnant women
are screened for HBsAg and that all infants born to HBsAg-positive mothers receive hepatitis B
immunoglobulin then, in reality, only 50% of all infants born to HBsAg-positive mothers who receive
timely birth dose also receive hepatitis B immunoglobulin. If no national screening of pregnant
women was reported, but hepatitis B immunoglobulin was reported to be administered, then the
estimate decreased to 20%. These estimates were then adjusted on the basis of feedback from
experts or regional leads and, unless specified, we assumed that 96% of pregnant women are
screened in countries with robust health-care systems.  Estimates of antiviral treatment in mothers
with high viral loads, as a method to prevent perinatal transmission, were based mostly on expert
opinion (appendix). Prophylaxis coverage was not extrapolated to countries that did not report data.

Modelling

The PRoGReSs model is a compartmental, deterministic, dynamic Markov disease progression model
developed in Microsoft Excel to quantify the annual prevalence of HBsAg by disease stage, sex, and
age in each country. A full description of the model is provided in the appendix. The model was
populated with reported country-specific demographic data (population, mortality, births, and sex
ratios at birth), epidemiological data (HBsAg prevalence, age and sex distributions, and prevalence of
HBeAg in HBsAg-positive women of childbearing age), and data on intervention coverage (diagnosis,
antiviral treatment of general population, peripartum antiviral treatment of mothers, infant
vaccination, and catch-up vaccination; appendix).

Disease progression and mother-to-child transmission rates were determined as a function of viral
load to allow analysis across countries with different genotypes and were assumed to be constant
across countries. We established disease progression rates using data from the REVEAL study  and
the Stanford cohort (university and community clinics; Nguyen MH, unpublished) in the USA
(appendix). We developed a function (appendix) to estimate the risk of developing chronic HBV
infection using data from countries that reported HBsAg and core-antibody prevalence before
vaccination.  

Each country model was independently fitted to the reported prevalence of HBsAg by sex and age
group in a given year, and to the reported number of diagnosed cases of HBV infection in a given year
(appendix). We calculated the incidence of infections due to mother-to-child transmission using
reported data on births, prophylaxes coverage (timely birth dose, three-dose vaccination, hepatitis B
immunoglobulin, and peripartum antiviral treatment of mothers), and the forecasted HBsAg
prevalence in women of childbearing age (appendix). The incidence of horizontally acquired
infections was back-calculated with the force of infection (a function determining the rate of
infection with HBV among the susceptible population) and mortality, after accounting for clearance
of HBsAg in all years up to and including the year of reported HBsAg prevalence (appendix).

Disease stages considered in the model were HBsAg-positive, cirrhosis (compensated or
decompensated), hepatocellular carcinoma, and liver transplantation. The population in each
disease stage was further divided into low viral load (HBV DNA <20 000 IU/mL), high viral load (HBV
DNA ≥20 000 IU/mL), and treatment-responder subpopulations, with separate progression rates for
each (appendix). HBsAg-positive people with a high viral load, or compensated cirrhosis,
decompensated cirrhosis, or hepatocellular carcinoma independent of viral load, were considered
eligible for antiviral treatment, in line with WHO treatment guidelines.  Discontinuation of
treatment was incorporated in the model, but was only used in the models for Iran, Pakistan, and
Qatar after request by the expert panels.
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To validate the model, we chose countries that had prevalence estimates at two or more timepoints
(appendix). The model was calibrated to the first reported HBsAg prevalence by age, and the
forecasts were compared with the second reported HBsAg prevalence by age.

Statistical analysis

We calculated UIs and did sensitivity analyses using Crystal Ball release 11.1.2.3.500. β-PERT
distributions were used for all uncertain inputs.  We used Monte Carlo simulation to estimate 95%
UIs, with 1000 simulations run per country. We assumed that UIs for prevalence estimates in all
countries were independent. The UI for each country was calculated on the basis of range inputs for
prevalence, transmission rates, transition rates, and mortality rates (appendix). These country UIs
were used to calculate regional and global UIs. For these estimates, two sources of uncertainty were
considered: country-level uncertainty in prevalence and its effect on the regional and global
prevalence. The 2016 prevalence estimates and 95% UIs for each country were consolidated and
defined as assumption variables. We also did a sensitivity analysis to identify countries that
accounted for the greatest variation in the global prevalence because of their estimated prevalence
uncertainties.

Role of the funding source

The funder had no role in study design, data collection, data analysis, data interpretation, or
preparation of the manuscript. The corresponding author had full access to all the data in the study
and had final responsibility for the decision to submit for publication.

Results

We identified 42 691 studies in the literature review, of which 435 were used in this analysis.
Validation of all inputs and outputs with national experts is ongoing, but, as of publication, 78
countries had provided feedback.

The literature review provided prevalence estimates for 128 countries, with a mean global HBsAg
prevalence of 4·9%, or around 364 million infections after exclusion of estimates from studies done in
blood donors or other non-representative populations. Using 120 country-specific models,
representing 93% of the global population and 90% of all estimated HBsAg-positive infections, we
estimated that 291 992 000 (95% UI 251 513 000–341 114 000) individuals were HBsAg positive in
2016, corresponding to a global prevalence of 3·9% (95% UI 3·4–4·6; Table 1, Table 2). For eight
countries (Afghanistan, North Korea, Eritrea, Lithuania, Nepal, Palestine, Somalia, and Ukraine), data
were insufficient to establish age and sex distributions or HBsAg prevalence, or the identified studies
did not pass the quality threshold and no model was developed. Estimates of HBsAg prevalence were
not available for all countries, and the quality of the available studies varied across countries (figure
1). 2016 estimates of HBsAg prevalence in the general population and in children aged 5 years across
countries are shown in figure 1.

Table 1 
2016 estimates of HBsAg prevalence, treatment, and prophylaxis, by country

Only countries that were modelled are shown. HBIG=hepatitis B immunoglobulin.

Data are estimate (95% uncertainty interval).
Treatment eligible reflects the estimated number of HBsAg-positive individuals (diagnosed and
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undiagnosed) with a high viral load (≥20 000 IU/mL), with cirrhosis or hepatocellular carcinoma,
or who have undergone liver transplantation.

The denominator in this column is the estimated HBsAg-positive population.
Proportion of all infants.
Proportion of infants of HBsAg-positive mothers who received HBIG, first dose of hepatitis B

vaccination ≤24 h after birth, and two or more doses of vaccine in the first year of life.
Proportion of mothers with high viral loads who received antiviral therapy to reduce mother-to-

child transmission.

Table 2 
2016 estimates of HBsAg infection prevalence, treatment, and prophylaxis, by region

HBIG=hepatitis B immunoglobulin.

Data are estimate (95% uncertainty interval).
Treatment eligible reflects the estimated number of HBsAg-positive individuals (diagnosed and

undiagnosed) with a high viral load (≥20 000 IU/mL) or with cirrhosis, hepatocellular carcinoma,
or liver transplantation, independent of viral load.

The denominator in this column is the estimated HBsAg-positive population.
Proportion of all infants.
Proportion of infants of HBsAg-positive mothers who received HBIG, first dose of hepatitis B

vaccination ≤24 h after birth, and two or more doses of vaccine in the first year of life.
Proportion of mothers with a high viral load who received antiviral therapy to reduce mother-to-

child transmission.

View Large Image | View Hi-Res Image | Download PowerPoint Slide
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Figure 1
HBsAg prevalence estimates for 2016

(A) Data quality in countries with available data. 1=estimate was based on expert opinion.
2=estimate was based on published or unpublished data. 3=estimate based on a well designed
national study, unpublished or ahead of print, or a large national database. (B) Estimates for
countries with available data and a model (all ages). (C) Estimates for countries with data and a
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model, or for which data were extrapolated from countries in the same GBD region with available
data (all ages). (D) Estimates for countries with data and a model (children aged 5 years only). (E)
Estimates for countries with data and a model, or for which data were extrapolated from countries
in the same GBD region with available data (children aged 5 years only). GBD=Global Burden of
Diseases.

Although diagnostic testing for HBsAg has been available since the early 1970s, we estimated that
only about 29 million (10%) of 292 million HBsAg-positive individuals were diagnosed in 2016 (figure
2, Table 1, Table 2). Around 94 million individuals (around 32% of the infected population) were
eligible for treatment in 2016, of whom only 4·8 million received antiviral treatment (figure 2, Table 1,
Table 2). The estimate of treatment-eligible patients included individuals with a high viral load (>20 
000 IU/mL) and those with cirrhosis.

Figure 2
Global and regional hepatitis B virus cascade of care in 2016

AFRO=Regional Office for Africa. EMRO=Eastern Mediterranean Regional Office. EURO=Regional
Office for Europe. PAHO=Pan American Health Organization. SEARO=South-East Asia Regional
Office. WPRO=Western Pacific Regional Office.

View Large Image | View Hi-Res Image | Download PowerPoint Slide

Globally, after weighting by the number of births in each country, we estimated that 46% of infants
received timely birth-dose vaccination and that 87% of those younger than 1 year received the full
vaccination schedule (figure 3, Table 1, Table 2). After weighting by the estimated number of births to
HBsAg-positive women, we estimated that 13% of infants born to HBsAg-positive mothers received
hepatitis B immunoglobulin along with timely birth-dose and follow-up vaccination (figure 3, Table 1,
Table 2). After weighting by births to mothers with high viral loads, we estimated that less than 1% of
mothers with a high viral load received antiviral treatment in 2016 (figure 3, Table 1, Table 2). As a
result of historical and current interventions, the prevalence in children aged 5 years was estimated
to be 1·4% (95% UI 1·2–1·6), corresponding to 1·8 million (1·6–2·2) infections globally in 2016 (Table 1,
Table 2).

Figure 3
Global and regional perinatal prophylaxis coverage in 2016

The black horizontal lines indicate global averages. (A) Proportion of all infants who received three
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or more doses of HBV vaccine. (B) Proportion of all infants who received timely birth dose (within
24 h after birth). (C) Proportion of infants born to HBsAg-positive mothers who received hepatitis B
immunoglobulin, timely birth dose, and two or more doses of HBV vaccine. (D) Proportion of
mothers with a high viral load who received peripartum treatment with antivirals to prevent
mother-to-child transmission. AFRO=Regional Office for Africa. EMRO=Eastern Mediterranean
Regional Office. EURO=Regional Office for Europe. PAHO=Pan American Health Organization.
SEARO=South-East Asia Regional Office. WPRO=Western Pacific Regional Office. HBV=hepatitis B
virus.

View Large Image | View Hi-Res Image | Download PowerPoint Slide

Globally, 21 countries accounted for more than 80% of the total number of HBsAg-positive infections
in the general population (figure 4A, table 1), with China, India, Nigeria, Indonesia, and the
Philippines accounting for more than 57% of all HBsAg-positive infections. Only 16 countries
accounted for more than 80% of the estimated number of infections in children aged 5 years (figure
4B, table 1), with Nigeria, India, Indonesia, and the Democratic Republic of the Congo accounting for
almost 57% of all infections.

Figure 4
Countries accounting for 80% or more of the total HBsAg-positive infections in 2016

(A) General population. (B) Population aged 5 years.

View Large Image | View Hi-Res Image | Download PowerPoint Slide

Prevalence in children aged 5 years in 2016 was estimated to be highest in the WHO African Region,
which had the lowest timely birth-dose coverage of all the WHO regions globally (table 3). The lowest
prevalence among children aged 5 years (<0·1%) was in the PAHO region (table 3). PAHO generally
has a lower prevalence before vaccination than many other regions, and vaccination has been
implemented widely in the region for sufficient time that some mothers were vaccinated as infants or
children. Only the Western Pacific Region had reached the recommended threshold of 90% or higher
three-dose vaccination coverage in infants. However, China had a three-dose vaccination coverage in
infants of 99% and a large effect on the regional average (figure 3, table 1). The global average of 46%
of infants receiving a timely birth dose was also largely affected by the coverage in China, because
China represented 24% of all timely birth doses administered globally (table 1). This global average
was most affected by birth dose in high-income and upper-middle-income countries (coverage was
estimated to be only 3% in low-income countries; table 3).

Table 3 
2016 estimates of HBsAg infection prevalence, treatment, and prophylaxis, by WHO or World Bank
region
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HBIG=hepatitis B immunoglobulin. AFRO=Regional Office for Africa. EMRO=Eastern
Mediterranean Regional Office. EURO=Regional Office for Europe. PAHO=Pan American Health
Organization. SEARO=South-East Asia Regional Office. WPRO=Western Pacific Regional Office.

Data are estimate (95% uncertainty interval).
Treatment eligible reflects the estimated number of HBsAg-positive individuals (diagnosed and

undiagnosed) with a high viral load (≥20 000 IU/mL) or with cirrhosis, hepatocellular carcinoma,
or liver transplantation, independent of viral load.

The denominator in this column is the estimated HBsAg-positive population.
Proportion of all infants.
Proportion of infants of HBsAg-positive mothers who received HBIG, first dose of hepatitis B

vaccination ≤24 h after birth, and two or more doses of vaccine in the first year of life.
Proportion of mothers with a high viral load who received antiviral therapy to reduce mother-to-

child transmission.

Of the 120 modelled countries, 22 were estimated to have already reached the 2020 target of
diagnosing 30% of the infected population (table 1). Because of China, the 2020 treatment target of 5
million is achievable. China alone was estimated to treat at least 3·5 million HBsAg-positive
individuals, while the remaining countries combined were estimated to treat about 1·3 million
people with HBV infections, giving a total of 4·8 million people treated globally (table 1). In most
countries, a large increase in screening and treatment will be needed to meet the targets of 90%
diagnosed and 80% of those eligible treated by 2030, in part due to the current lack of national
screening programmes for people other than pregnant women.

We validated the model in three countries (China, Iran, and the USA) that reported HBsAg prevalence
by age at two timepoints (appendix). These validations showed that the model could accurately
predict the future prevalence of HBsAg by age and sex under different circumstances. The quality of
the forecast declined when HBeAg was used in place of viral load, showing that differentiation by
viral load provides more accurate estimates of future prevalence than does HBeAg alone.

The sensitivity analysis (figure 5A) showed which countries had the largest effect on the estimated
total number of HBsAg-positive individuals in 2016. Angola was the greatest source of uncertainty at
the general population level, followed by Zimbabwe, Nigeria, and Russia. Six of the ten countries
responsible for most of the uncertainty in the global estimate were African nations, probably due to
the absence of high-quality data in the region, leading to the extrapolation by GBD region. This effect
was also seen in the sensitivity analysis run for the total number of HBsAg-positive infections in the
population aged 5 years (figure 5B). Eight of the top ten sources of uncertainty were African nations,
probably due to the scarcity of data on children aged 5 years in Africa, along with the low use of
timely birth-dose vaccination or other prophylaxis for mother-to-child transmission. This finding
reiterates the need for high-quality serosurveys among the general population, particularly in sub-
Saharan Africa.
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Figure 5
Sensitivity analysis of global HBsAg-positive infection

The black line indicates the total. (A) Top ten countries causing uncertainty at the level of the
general population. (B) Top ten countries causing uncertainty at the level of the population aged 5
years.

View Large Image | View Hi-Res Image | Download PowerPoint Slide

Discussion

After excluding estimates from studies done in blood donors and other non-representative
populations, on the basis of the literature alone, we estimated that the global prevalence of HBsAg
was 4·9%, or roughly 364 million people. This estimate did not take into account the year of the
study, ageing of the infected population, the effects of prevention strategies, or mortality since the
study was published. This global prevalence decreased to around 292 million in our model when
these factors were taken into account. This finding shows both the progress that has been made in
controlling HBV infection globally and the importance of detailed modelling studies in addition to
more routine prevalence-based estimates. The difference between our global estimate and
previously published estimates       is largely due to the exclusion of older studies and studies
done in blood donors and the inclusion of mortality and prophylaxis in our analysis.

The total population living with HBsAg is indicative of the historical prevalence of HBV, whereas the
prevalence among children aged 5 years also reflects access to preventive strategies, particularly
infant vaccination. When taken together, these figures show the importance of robust prophylaxis
schedules. For example, China had the greatest number of HBsAg-positive people, but ranked tenth
in terms of HBsAg infections in children aged 5 years. Of the 16 countries with the greatest number of
infected children aged 5 years, China was the only country with timely birth-dose coverage of 90% or
higher. Ten of these countries have not yet introduced timely birth dose, and Pakistan has very
limited coverage of timely birth dose, which is only available in the private sector. In Pakistan and
elsewhere, the availability of birth dose as well as hepatitis B immunoglobulin is restricted to the
private sector or mothers must pay out of pocket to access these measures for their infants.

The largest strides towards the elimination of HBV disease globally have been in infant vaccination.
Of the modelled countries, 94 were estimated to have already met the 2020 target of 1% prevalence
among children aged 5 years, and 46 have already met the 2030 target of 0·1% prevalence. However,
many other countries have yet to meet these targets and have yet to introduce timely birth-dose
vaccination. The peripartum antiviral treatment of mothers is another option for prophylaxes
programmes and can go hand-in-hand with expansion or creation of screening programmes.
Peripartum treatment of mothers might be a more viable option than administration of hepatitis B
immunoglobulin because antivirals are more readily available and do not require refrigeration, and a
short course of oral antiviral therapy for HBV perinatal prophylaxis could be less costly than hepatitis
B immunoglobulin. Although the high prevalence among children aged 5 years in many of the African
countries that do not have timely birth-dose vaccination shows the importance of this intervention,
maintaining high coverage of the three-dose vaccination is also imperative for reducing the
prevalence and disease burden. Syria has maintained high coverage of three-dose and timely birth-
dose vaccination since early on in its HBV vaccination programme, which was initiated in 1992.
However, coverage of both began to decrease in 2011, causing the prevalence among children aged 5
years to increase by 2016. Political conflicts could stall the progress made towards HBV elimination
unless public health systems are supported.

The use of hepatitis B immunoglobulin, antiviral treatment, or both, will require that antenatal
screening for HBsAg be put in place. In 2016, PAHO Member States expanded their commitment to
the elimination of mother-to-child transmission of HIV and syphilis.  This triple elimination strategy
was also endorsed by WHO Western Pacific Regional Office and South-East Asia Regional Office in
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2017. These programmes will expand on existing programmes for HIV and syphilis to target other
diseases, including HBV infection, with hepatitis B immunoglobulin and antiviral treatment. This
focus on the complete elimination of mother-to-child transmission is an integral part of a
comprehensive elimination strategy.

This study has several limitations. First, although data were available for 90% of the estimated
number of infections globally, some of the countries for which data were extrapolated had large
populations and some regions only had a few countries with data. Second, because of the absence of
recent data, we used studies from before 1985 in Mauritania and Senegal. However, 97% of all
included studies were done after 1990 and 83% after 2000. Third, although these estimates are
currently the most accurate at the national level, they might obscure regional variations and do not
account for certain populations (eg, immigrants, indigenous peoples and nations, people who inject
drugs, and sex workers) that might have a higher prevalence than the general population. Fourth, we
did not examine differences between rural and urban areas, which could have different access to
prophylaxis. These limitations stress the need for national strategies or plans that target regions and
populations most affected by HBV.

Taking into account the effect of immigration and emigration was beyond the scope of this study, but
could have resulted in underestimation of the prevalence in countries with a substantial movement
of people into or out of the country. Additionally, the model did not take into account HBV co-
infections with HIV or hepatitis D virus (HDV), which cause faster disease progression than infections
with HBV alone. HDV has a large effect on morbidity and mortality, but the effect of HDV co-infection
on HBsAg prevalence should be within the uncertainty intervals of our estimates. Although we used
the highest-quality disease progression rates that were available at the time, the base estimates
might not have been representative of all populations. Moreover, the model did not take into account
the effect of clearance of HBsAg among chronic carriers. Rates of HBsAg clearance have been shown
to be low, and clearance is most likely to occur in older individuals with inactive infection.    
HBsAg clearance would only affect overall prevalence in long-term forecasts because incidence is
dependent on high viral load, and it has been shown that individuals who clear HBsAg can still go on
to develop hepatocellular carcinoma.  

Extrapolation of HBsAg prevalence in children aged 5 years might underestimate or overestimate the
actual prevalence in countries without data. Treatment and diagnosis estimates are probably
underestimates. We found that diagnosis and treatment estimates were often higher than what was
reflected in the available literature. In many countries, almost all individuals diagnosed with HIV are
treated with antivirals that are also active against HBV, and thus a large proportion of those co-
infected with HBV are under treatment.

Norway and the UK have recently added routine HBV vaccination to their immunisation schedules,
and these changes were not considered in the analysis.  Although antiviral treatment of mothers
remains low, it has been increasing, particularly in higher-income countries where screening of
pregnant women is a mainstay of their viral hepatitis programme. However, these countries tend to
have a low prevalence, and thus their effect on the global estimate is small.

We now have all of the tools necessary to eliminate hepatitis B in children. In spite of this, 1·8 million
children aged 5 years were infected with HBV in 2016, with a similar number of new infections
occurring annually. This analysis provides a marker on the road to elimination by quantifying the use
of prophylaxis and treatment at the national, regional, and global levels. This work can support
national strategies to eliminate HBV and decrease the number of new infections by 90% by 2030. We
have provided a situational analysis that shows how countries with a high HBV prevalence, such as
China, can reduce the number of new infections through proactive national programmes.

Correspondence to: Dr Homie Razavi, Center for Disease Analysis Foundation, Lafayette, CO
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