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Summary

Background Combating viral hepatitis is part of the UN Sustainable Development Goals (SDGs), and WHO has put
forth hepatitis B elimination targets in its Global Health Sector Strategy on Viral Hepatitis (WHO-GHSS) and Interim
Guidance for Country Validation of Viral Hepatitis Elimination (WHO Interim Guidance). We estimated the global,
regional, and national prevalence of hepatitis B virus (HBV), as well as mortality and disability-adjusted life-years
(DALYs) due to HBYV, as part of the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2019. This
included estimates for 1994 WHO member states, for which we compared our estimates to WHO elimination targets.

Methods The primary data sources were population-based serosurveys, claims and hospital discharges, cancer
registries, vital registration systems, and published case series. We estimated chronic HBV infection and the burden
of HBV-related diseases, defined as an aggregate of cirrhosis due to hepatitis B, liver cancer due to hepatitis B, and
acute hepatitis B. We used DisMod-MR 2.1, a Bayesian mixed-effects meta-regression tool, to estimate the prevalence
of chronic HBV infection, cirrhosis, and aetiological proportions of cirrhosis. We used mortality-to-incidence ratios
modelled with spatiotemporal Gaussian process regression to estimate the incidence of liver cancer. We used the
Cause of Death Ensemble modelling (CODEm) model, a tool that selects models and covariates on the basis of out-of-
sample performance, to estimate mortality due to cirrhosis, liver cancer, and acute hepatitis B.

Findings In 2019, the estimated global, all-age prevalence of chronic HBV infection was 4-1% (95% uncertainty
interval [UI] 3-7 to 4-5), corresponding to 316 million (284 to 351) infected people. There was a 31-3% (29-0 to 33-9)
decline in all-age prevalence between 1990 and 2019, with a more marked decline of 76-8% (76-2 to 77-5) in
prevalence in children younger than 5 years. HBV-related diseases resulted in 555 000 global deaths (487 000 to 630 000)
in 2019. The number of HBV-related deaths increased between 1990 and 2019 (by 5-9% [-5-6 to 19-2]) and between
2015 and 2019 (by 2-9% [-5-9 to 11-3]). By contrast, all-age and age-standardised death rates due to HBV-related
diseases decreased during these periods. We compared estimates for 2019 in 194 WHO locations to WHO-GHSS
2020 targets, and found that four countries achieved a 10% reduction in deaths, 15 countries achieved a 30% reduction
in new cases, and 147 countries achieved a 1% prevalence in children younger than 5 years. As of 2019, 68 of
194 countries had already achieved the 2030 target proposed in WHO Interim Guidance of an all-age HBV-related
death rate of four per 100 000.

Interpretation The prevalence of chronic HBV infection declined over time, particularly in children younger than
5 years, since the introduction of hepatitis B vaccination. HBV-related death rates also decreased, but HBV-related
death counts increased as a result of population growth, ageing, and cohort effects. By 2019, many countries had met
the interim seroprevalence target for children younger than 5 years, but few countries had met the WHO-GHSS
interim targets for deaths and new cases. Progress according to all indicators must be accelerated to meet 2030 targets,
and there are marked disparities in burden and progress across the world. HBV interventions, such as vaccination,
testing, and treatment, must be strategically supported and scaled up to achieve elimination.

Funding Bill & Melinda Gates Foundation.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction

Hepatitis B is a major global public health concern.*?
Hepatitis B virus (HBV) damages the liver through acute
and chronic infection, with the majority of the burden
coming from long-term consequences of chronic
infection, principally cirrhosis and hepatocellular
carcinoma.** Approximately 80-90% of infants infected

in the first year of life and 30-50% of children infected in
the first 5 years of life will develop chronic infection, in
comparison with only 5% of adults infected later in life.¢
One in four people with chronic HBV infection are at
risk of premature death from cirrhosis or liver cancer’
There have been several initiatives to control and
eliminate hepatitis in recent years. In 2015, the UN called
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Research in context

Evidence before this study

Comprehensive and timely estimation of hepatitis B prevalence
and mortality is crucial to assess disease patterns, develop
policies and programmes, and evaluate progress towards
elimination of hepatitis. Several research groups have produced
estimates on various measures of hepatitis B. In 2018, the
Center for Disease Analysis Foundation produced estimates on
prevalence and mortality for 120 locations by use of a
compartmental model. In 2015, Schweitzer and colleagues
generated the first large-scale systematic review of HBsAg
studies and modelled broad time-period and all-age HBsAg
estimates for 161 countries. In 2017, WHO reported prevalence
estimates produced in collaboration with the London School of
Hygiene and Tropical Medicine, and mortality estimates based
on data from GLOBOCAN and a meta-analysis by the
International Agency for Research on Cancer for WHO member
states.

Added value of this study

The Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) 2019 provides comparable, detailed, and internally
consistent estimates of hepatitis B virus (HBV) prevalence and
HBV-related deaths and disability-adjusted life-years (DALYs)
for 204 locations and territories, 21 age groups, and by Socio-
demographic Index, for 29 years, within a framework that
allows direct comparison with 368 other diseases and injuries.
Our statistical modelling approach allowed us to generate
estimates for all quantities of interest even when there are no
or sparse data by incorporating a range of predictive covariates
and spatiotemporal techniques. Although estimates in areas
without data have high uncertainty, comprehensive estimation
of all measures of interest can guide stakeholders on research
priorities, inform health agendas, and monitor health progress.
GBD 2019 used methods for redistributing vaguely

on all nations to “combat hepatitis” in target 3.3 of the UN
Sustainable Development Goals (SDGs).* In 2016, the
World Health Assembly adopted the WHO Global Health
Sector Strategy on Viral Hepatitis (WHO-GHSS) goal to
eliminate viral hepatitis as a public health threat.” The
WHO-GHSS suggested impact targets of a 30% reduction
in new hepatitis B cases and a 10% reduction in HBV-
related deaths by 2020, and a 95% reduction in new cases
and a 65% reduction in deaths by 2030 compared to the
baseline year of 2015. The WHO-GHSS also suggested
modelled proxies for incidence goals of a HBsAg
prevalence in children younger than 5 years of less
than 1-0% by 2020 and less than 0-1% by 2030. In their
later Interim Guidance for Country Validation of Viral
Hepatitis Elimination (WHO Interim Guidance), WHO
put forth an absolute mortality rate target of less than or
equal to four deaths per 100000 people per year.”

Tools and technologies, such as vaccines, testing, and
antiviral therapies, already exist to prevent the
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characterised codes in vital registration data (so-called “garbage
codes”) to liver cancer, cirrhosis, and acute hepatitis. In
particular, we redistributed the International Classification of
Diseases, 10th revision (ICD-10) code C22.9, assigning only a
proportion of these deaths to primary liver cancer. Furthermore,
our compartmental framework synthesises data for multiple
non-fatal and fatal measures and we account for
heterogeneous data sources. We used detailed estimates for
location and time to evaluate progress towards the WHO Global
Health Sector Strategy on Viral Hepatitis (WHO-GHSS) 2020
elimination targets and the proposed targets from the WHO
Interim Guidance for Country Validation of Viral Hepatitis
Elimination. We also evaluated what progress is required over
the next decade to achieve the WHO-GHSS 2030 elimination
targets.

Implications of all the available evidence

Chronic HBV prevalence has declined globally since the
introduction of hepatitis B vaccination, and HBV-related death
rates have also fallen in the past three decades. HBV-related
death counts, however, are increasing in many countries due to
population growth and ageing. We conclude that HBV infection
continues to be a major cause of premature mortality, despite
impressive progress in prevention of chronic infection and
reduction in death rates. This suggests that hepatitis B
vaccination and other strategies to prevent chronic HBV
infection have been effective and must be sustained globally,
with more targeted action where there are disparities in access
to preventive services. To meet the WHO-GHSS mortality
targets for 2030, however, efforts to diagnose and treat
existing prevalent cases must also be stepped up, particularly in
locations where population growth, ageing, and historically
high rates of HBV infection present extra barriers to reducing
mortality.

transmission of HBV and HBV-related disease
progression.™” In 1992, WHO recommended countries
include hepatitis B three-dose primary series (HepB3) in
national immunisation schedules. Coverage of HepB3
vaccination increased through the 1990s and 2000s with
the declining cost of the vaccine, and support from Gavi,
the Vaccine Alliance increased the feasibility of routine
vaccination of infants in  resource-constrained
countries.”™ Mother-to-child transmission, which is
responsible for many infections in children, can be
reduced through newborn vaccination and administration
of hepatitis B immunoglobulin within the first 24 h after
birth and administration of antivirals to pregnant women
when appropriate.*” In 2009, WHO recommended all
countries introduce universal hepatitis B birth dose
vaccination into their schedules,” but more than
50 countries to date have not yet introduced a birth dose
policy.® WHO recommends the use of oral antivirals,
such as tenofovir, to suppress HBV infection and slow
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See Online for appendix

For the GBD protocol see http://
www.healthdata.org/gbd/about/
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protocol

disease progression. Improvements in blood safety,”
injection safety,”®” and infection control®” have aided in
hepatitis elimination efforts and strengthened health
systems broadly. One simulation study found that new
cases of hepatitis B have already been avoided since
vaccination efforts have increased, but mortality due to
liver disease is expected to rise under the current pace of
testing and treatment interventions.”

Research groups including the Center for Disease
Analysis Foundation,” London School of Hygiene and
Tropical Medicine,” WHO," and Schweitzer and
colleagues* have published estimates of various
HBV-related measures with different levels of
geographical, temporal, and age granularity. The Global
Burden of Diseases, Injuries, and Risk Factors Study
(GBD), however, produces the most granular,
comprehensive, and comparable estimates of the
burden of hepatitis B, producing estimates for 21 age
groups, in 204 countries and territories (including
194 WHO member states), for every year from 1990
to 2019.” Thus, GBD offers a unique tool to evaluate
current epidemiology, trends over time, inequality in
burden, and progress towards elimination goals across
locations. Here, we provide a detailed account of
estimates for the hepatitis B disease burden from
GBD 2019, and the methods used to produce them, to
improve our understanding of disease burden over time
and across locations for priority-setting and health
service planning and delivery, and to increase the
accessibility of findings for hepatology stakeholders.
Our approach of generating estimates for all locations
and demographics catalyses strategic global, regional,
and national planning and policy action. This GBD
analysis improves upon the estimates from previous
rounds of GBD with additional data sources and
enhanced methods for adjusting non-standard data
sources, redistributing deaths attributed to vaguely
characterised liver pathologies, estimating mortality of
acute infections, and incorporating the impact of infant
vaccination programmes on the prevalence of chronic
infection.

This manuscript was produced as part of the GBD
Collaborator Network and in accordance with the GBD
Protocol.

Methods

Overview

GBD provides a systematic, comparable method of
quantifying morbidity and mortality for 369 diseases by
age, sex, year, and geographical location.” As part of
GBD 2019, we estimated the non-fatal and fatal health
loss due to hepatitis B resulting from three diseases:
cirrhosis due to hepatitis B, liver cancer due to hepatitis B,
and acute hepatitis B. This Article refers to the aggregate
of these diseases as HBV-related diseases. We did not
account for health loss due to extra-hepatic manifestations
of HBV infection. All estimates computed in GBD were

carried out 1000 times at the draw level to account for
uncertainty from input data, data adjustments, and
model selection. The bounds of the 95% uncertainty
intervals (Uls) were taken as the 25th and 975th of the
1000 ordered draws.” Detailed descriptions of the overall
GBD methodology have been published previously,” and
the complete protocol can be accessed online. Websites
cited in this Article were last accessed on Jan 9, 2022,
unless otherwise stated. Summaries of previously
published methods and additional details specific to
HBV-related disease estimation can be found in the
appendix (sections 1-13). All demographic inputs to the
analyses below were estimated in GBD and have been
separately reported.®

HBsAg seroprevalence in chronic HBV infection

The input data to the GBD chronic hepatitis B estimation
model were HBsAg seroprevalence data from population-
based surveys. In GBD 2019, we expanded the number of
studies included in our model from the systematic review
published by Schweitzer and colleagues,” building on
the systematic review that was done as part of GBD 2013.!
The details of the GBD 2013 systematic review and
inclusion and exclusion criteria for studies from all
sources are described in the appendix (section 3.2).

In GBD 2019, unlike previous rounds, we generated a
data subset of only unvaccinated population samples to
generate an initial counterfactual model of HBsAg
seroprevalence in the absence of vaccination. In brief, we
excluded seroprevalence measurements made on samples
in which participants were born after the location-specific
year of vaccine introduction (appendix section 3.3). We
then processed this subset of seroprevalence data using a
meta-regression tool developed for GBD, meta-regression
Bayesian, regularised, trimmed (MR-BRT),*? to split non-
sex-specific datapoints into sex-specific points. Bias
adjustment factors were estimated and applied to data
collected from non-reference study populations (pregnant
women and blood donors) based on an analysis of pairs of
data (matched by age, sex, location, and year) from general
and alternative populations, also done in MR-BRT
(appendix section 3.5). We used an age pattern estimated
in DisMod to split datapoints reported for broad age
ranges.

We estimated the age-sex-year-location-specific counter-
factual HBsAg seroprevalence using DisMod-MR 2.1,%* a
Bayesian mixed-effects meta-regression tool. DisMod-MR
uses a steady-state compartmental model to generate
internally consistent estimates of prevalence, incidence,
cause-specific mortality, and remission, estimated at
5-year intervals and subsequently interpolated to produce
annual estimates. DisMod uses a geographical cascade in
which the estimated fit at one level of the location
hierarchy is used as the Bayesian prior to fit a model at
the next level in conjunction with data specific to that
geographical level.** Additional details are provided in
the appendix (section 3.6).
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After generating counterfactual estimates of what
HBsAg seroprevalence would be in the absence of
vaccination, these estimates were multiplied by HepB3
vaccine coverage estimates® and 95% vaccine efficacy***
to estimate cases averted by vaccination. These were
subtracted from the counterfactual seroprevalence
estimates from DisMod to estimate true seroprevalence in
which the effects of vaccination have been accounted for
(appendix section 3.7).

Cirrhosis

We separately estimated the incidence, prevalence, and
mortality of cirrhosis, regardless of aetiology, and the
proportions of cases of cirrhosis due to five aetiologies:
hepatitis B, hepatitis C, alcohol, non-alcoholic fatty liver
disease (NAFLD), and other causes (eg, cryptogenic
cirrhosis and haemochromatosis). Details of the data
sources and modelling approach for aetiological
proportions are provided in the appendix (sections 4.2,
4.6, and 4.10). Estimated proportions were applied to
cirrhosis estimates at the draw level to estimate aetiology-
specific prevalence, incidence, and mortality.

We estimated the incidence and prevalence of total
cirrhosis (decompensated and compensated combined)
in a compartmental DisMod-MR 2.1 model”* with inputs
for prevalence, cause-specific mortality rate, excess
mortality rate, and zero remission (appendix section 4.8).
Prevalence inputs came from hospital and claims data,
processed with previously described methodologies
(appendix section 4.7).” Cause-specific mortality rate
inputs were generated with the Cause of Death Ensemble
model (CODEm), as described below.” Excess mortality
rate (EMR) inputs were modelled by age, sex, and the
Healthcare Access and Quality (HAQ) Index by use of
MR-BRT (appendix section 4.5).%%

We estimated the incidence and prevalence of
decompensated cirrhosis in another compartmental
DisMod-MR 2.1 model (appendix section 4.9).”? The
prevalence and incidence of compensated cirrhosis
were estimated by subtracting the prevalence and
incidence of decompensated cirrhosis from the
respective estimates of total cirrhosis at the draw level
(appendix section 4.11).

Vital registration and verbal autopsy data from the
cause of death (CoD) database were used to estimate
mortality from cirrhosis. Processing of the CoD data has
been described in detail elsewhere.”* In brief, mortality
data were mapped from their own cause of death
classification systems (most often the International
Classification of Diseases 9th revision [ICD-9] or ICD-10)
to GBD causes of death (mapping shown in
appendix section 5.2). They were processed to account
for differences in age and sex reporting, coding
discrepancies, and misclassifications. Deaths assigned to
invalid causes of death (so-called “garbage codes”) were
redistributed to GBD-defined causes. The cause-specific
mortality for cirrhosis due to any aetiology was estimated

www.thelancet.com/gastrohep Vol 7 September 2022

with the CODEm tool, an automated tool that chooses an
ensemble of models and predictive covariates that best fit
with the observed data (appendix section 5.3).%*

We estimated the proportion of cases of cirrhosis
attributable to the five aetiologies outlined above using
data from published case series (appendix section 4.2).
The proportion of cases due to each aetiology was
estimated in single-parameter DisMod models
(appendix section 4.10). The proportion estimates were
used to split estimates of prevalence and incidence for
decompensated and compensated cirrhosis, and
mortality due to cirrhosis, to derive aetiology-specific
estimates (ie, cirrhosis due to hepatitis B).

Liver cancer

We separately estimated mortality due to primary liver
cancer as well as the prevalence and incidence of primary
liver cancer using mortality-to-incidence ratios (MIRs),
irrespective of aetiology, and the proportions of cases of
liver cancer due to the same five aetiologies as for
cirrhosis.

Cancer mortality sources included vital registration,
verbal autopsy, and cancer registry data (appendix
section 6.2). Mortality and incidence cancer registry data
were matched by cancer type, location, age, year, and sex
to calculate MIRs. MIRs were modelled with
spatiotemporal Gaussian process regression (ST-GPR),
which has been previously described.” The cancer registry
incidence data were multiplied by the estimated MIRs to
generate interim mortality estimates, which were then
combined with vital registration and verbal autopsy data
to estimate mortality due to primary liver cancer using
CODEm (appendix section 6.3). Details of processing
vital registration and verbal autopsy data have been
previously published.”* In GBD 2019, we redistributed
deaths due to “malignant neoplasm of liver, not specified
as primary or secondary” (ICD-10 code C22.9)
proportionately to both primary liver cancer and other
primary cancers that metastasise to the liver.

For non-fatal burden estimation, the MIRs modelled
above were multiplied by mortality estimates produced
with CODEm to generate incidence estimates of liver
cancer. Survival data were used to estimate prevalence
from incidence (appendix section 72).

Proportions of cases of liver cancer due to hepatitis B,
hepatitis C, alcohol, NAFLD, and other causes were
estimated via a similar strategy to that used for
aetiological proportions of cases of cirrhosis described
above (appendix sections 6.2, 6.4, and 7.3-75). Estimates
of liver cancer prevalence, incidence, and mortality were
multiplied by proportion estimates to produce aetiology-
specific estimates (ie, liver cancer due to hepatitis B).

Acute hepatitis B

We converted the incidence of chronic HBV infection
into the incidence of acute hepatitis B infection by
dividing the incidence of chronic infection by age-specific
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estimates of the probability of a new infection becoming
chronic (appendix section 8.2).” We generated estimates
of acute hepatitis B prevalence from acute hepatitis B
incidence by multiplying by an assumed 6-week duration.

Mortality due to acute hepatitis was modelled with vital
registration and verbal autopsy data (appendix section 9.2).
Cause-specific mortality was estimated with CODEm, as
described above. Deaths from acute hepatitis were
modelled by encompassing all hepatitis virus types (A, B,
C,and E) ina parent CODEm model (appendix section 9.3).
We then produced separate CODEm models in which
data were limited to each specific virus. Virus-specific
deaths due to acute hepatitis were rescaled to fit within
the parent model (appendix section 9.4).

Disability-adjusted life-years

We estimated years of life lost (YLLs) by multiplying
estimates of deaths due to HBV infection by the reference
life expectancy at each age group. Years lived with disability
(YLDs) for HBV-related diseases were estimated by
multiplying the prevalence of each non-fatal sequela of
these diseases by corresponding disability weights.** A
list of non-fatal sequelae and their disability weights is
provided in the appendix (sections 3.8, 4.13, 76, and 8.3).
Disability-adjusted life-years (DALYs) were generated by
summing YLDs and YLLs.

Socio-demographic Index

Socio-demographic Index (SDI) is a summary measure
that quantifies where countries fall on the development
spectrum. SDI is a composite of lag-distributed income
per capita, average educational attainment for individuals
aged 15 years and older, and total fertility rate for women
younger than 25 years of age. Additional details about
SDI methodology have been described elsewhere.”

Additional analyses

We evaluated progress towards WHO-GHSS 2020 interim
targets and proxies’ and the WHO Interim Guidance
mortality targets for 2030.° For each target—a
10% reduction in mortality and 30% reduction in new
cases from 2015, less than 1% prevalence of HBsAg in
infants and children younger than 5 years, and an all-age
mortality rate less than or equal to four deaths per
100000 people per year—we calculated the probability of
attainment in 2019 based on the percentage of draws
meeting the target. A high certainty of goal achievement
was defined as 95% of draws at or better than the target
value (appendix section 11.1).

We assessed the percentage change over time to
highlight changes in estimates since 1990, the earliest
year for which GBD produces estimates, and since 2015,
the baseline year of the WHO-GHSS targets. We
examined death counts and death rates, both by
aggregating all age groups and by age standardising, to
illustrate how perspectives on progress over time can
differ according to the metric assessed.

We calculated the annualised rate of change to
determine the extent of the change since setting the
baseline goals in 2015, and the progress needed to
achieve the WHO-GHSS 2030 targets for viral hepatitis,
both as originally described’ and on the basis of more
recent WHO Interim Guidance.” The annualised rate of
change was calculated as the difference in the natural log
of the values at the start and end of the time period of
interest divided by the number of years in the interval.
For the two relative targets, we determined what the
target values would be in 2030 if there was a
65% reduction in deaths and a 95% reduction in new
cases since 2015, as defined by the WHO-GHSS 2030
goals. We then calculated the annualised rate of change
between 2015 and 2019, and between 2019 and 2030, to
ascertain what the annualised rates of change have been
and what they need to be to meet the proposed goals
(appendix section 11.2).

As an analysis of GBD 2019, this study is compliant
with the Guidelines for Accurate and Transparent Health
Estimates Reporting (GATHER) recommendations
(appendix section 14).*

Role of the funding source

Funding was obtained from the Bill & Melinda Gates
Foundation. The funder of this study had no role in study
design, data collection, data analysis, data interpretation,
or the writing of the report.

Results

HBsAg seroprevalence

Globally in 2019, an estimated 316 million (95% UI
284-351) people had chronic HBV infection. The global
all-age chronic HBV prevalence was 4-1% (3-7—4-5)
in 2019 (table), a 31-3% (29-0-33-9) decrease from 1990
and a 6-8% (5-5-8-3) decline from 2015 (appendix
table S2). Counterfactual estimation suggests the global
HBsAg prevalence in 2019 would have been 5-2%
(4-6-5-8) in the absence of the HepB3 vaccine; this
would correspond to a total of 402 million (357—449) cases
of HBV infection, suggesting that 85 million (51-118)
cases were averted. The chronic HBV all-age prevalence
decreased across all WHO regions from 1990 to 2019 and
from 2015 to 2019. The highest prevalence in 2019 was in
the Western Pacific region (7-1% [6-3-7-9]), followed by
the African region (6-5% [5-8-7-3]). The lowest
prevalence in 2019 was 1-1% (1-0-1-2), in the European
region (table). Country-level variation in all-age chronic
HBV prevalence in 2019 is shown in figure 1A.

In 2019, the global HBsAg prevalence among infants
and children younger than 5 years was 1-0% (95% Ul
0-8 to 1-2; table). This was a reduction of 76-8%
(76-2t077-5) from 1990 and 5-2% (136 to 16 - 7) from 2015
(appendix table S2). In the absence of HepB3, in 2019 the
global HBsAg prevalence in children younger than 5 years
would have been 3-9% (3-2 to 4-7). Similar to all-age
chronic HBV prevalence, all regions experienced
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All-age HBsAg prevalence in 2019
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HBsAg prevalence in children younger
than 5years in 2019
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All-age death rate per 100000 for
HBV-related diseases in 2019
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Figure 1: Geographical distribution of the prevalence and death rate of hepatitis B in 2019
(A) All-age HBsAg prevalence in 2019. (B) HBsAg prevalence in children younger than 5 years in 2019. (C) All-age death rate per 100 000 for HBV-related diseases in
2019. HBV=hepatitis B virus.
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Figure 2: Global age-specific HBsAg prevalence (A), HBV-related death rate per 100 000 (B), and HBV-related DALY rate per 100 000 (C), in 1990, 2015, and 2019

HBV=hepatitis B virus. DALY=disability-adjusted life-year.

reductions in under-5 prevalence both since 1990 and
since 2015. Notably, the largest regional percentage change
between 1990 and 2019 was seen in the Western Pacific
region (-93-6% [-94-0 to —93-3]), declining from the
highest under-5 prevalence at the beginning of that period.
The highest under-5 HBsAg prevalence in 2019 was in the
African region (2-7% [2-2 to 3-2]), while the lowest was in
the region of the Americas (0-08% [0-06 to 0-11]; table).
Country-level variation in HBsAg prevalence in children
younger than 5 years in 2019 is shown in figure 1B.

HBV-related mortality
Globally, HBV-related diseases resulted in an estimated
555000 deaths (95% UI 487000 to 630000) in 2019,

accounting for 48-8% (446 to 52-7) of all hepatitis-related
deaths (appendix figure S1). Hepatitis B was the leading
aetiology responsible for deaths from liver cancer (39-5%
[35-2 to 44-4]) and the third largest contributor to deaths
from cirrhosis (22-5% [19-3 to 26-0]). HBV-related
cirrhosis was responsible for 331000 (279000 to 392000)
global deaths, liver cancer was responsible for 192000
(162000 to 224000) global deaths, and acute hepatitis was
responsible for 32500 (23900 to 44700) global deaths.
The absolute number of HBV-related deaths in 2019
increased by 5-9% (=56 to 19-2) from 1990 and by 2-9%
(-5-9 to 11-3) from 2015 (appendix table S3). The WHO
South-East Asia and Western Pacific regions accounted
for 67-5% (63-9to71-1) of HBV-related deaths worldwide.
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Notably, 70% of DALYs attributed to HBV were
concentrated in ten countries: China, India, Indonesia,
Nigeria, Pakistan, Egypt, Thailand, South Korea,
Bangladesh, and Myanmar (appendix figure S2).

In 2019, HBV-related diseases resulted in 7-2 (95% Ul
6-3 to 8-1) deaths per 100000 people worldwide (table), a
decline of 26-8% (17-6 to 34-7) since 1990 and 1-4%
(-9-9 to 6-6) since 2015 (appendix table S3).
Geographically, HBV-related death rates varied widely
across regions, with the highest all-age death rates in the
Western Pacific region (10-7 [9-0 to 12-4] per 100000),
and South-East Asia region (8-4[7-1to 10- 0] per 100 000),
and the lowest death rate in the Region of the Americas
(1-8[1-6to 2-1] per 100000; table). There was widespread
heterogeneity across countries, with the highest all-age
death rate in Mongolia (29-1[20-3 to 39-9] per 100000),
and the lowest death rate in Colombia (0-7 [0-5 to 1-0]
per 100000; table, figure 1C). Although the highest death
rate in 2019 was in the Western Pacific region, this
region also had the largest percentage change in death
rates between 1990 and 2019 (-37-5% [-48-8 to —22-8];
appendix table S3).

Distribution of prevalence, death rates, and DALY rates
by age

Age-specific HBsAg prevalence and HBV-related death
rates and DALY rates generally declined over time
(figure 2). Decreases were seen for many age groups
from 2015 to 2019, but more substantial decreases were
seen for most age groups from 1990 to 2015. The most
notable reductions in HBsAg prevalence were seen in
the youngest age groups, particularly people younger
than 39 years. Improvements in age-specific death rates
and DALY rates were most marked in the middle age
groups (35-69 years).

Burden by SDI

The all-age HBV-related death rate remained highest in
the middle SDI quintile and lowest in the high SDI
quintile between 1990 and 2019 (figure 3). In this
period, the largest percentage decline in death rates
was seen in the high-middle-income quintile,
decreasing by 38-7% (95% UI 28-0-47-5). Although
death rates decreased in all SDI quintiles since 1990,
decreases were only seen in the low SDI and low-
middle SDI quintiles between 2015 and 2019. All SDI
quintiles showed a decrease in all-age and under-5
prevalence since 1990 and 2015. In 2019, under-5
prevalence was highest in the low SDI quintile. The
high-middle SDI quintile saw the largest percentage
change in under-5 prevalence since 1990, decreasing by
93-7% (93-3-94-0).

Percentage change in HBV-related mortality by WHO
region

We examined the percentage change by WHO region for
death counts, all-age death rates, and age-standardised
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Figure 3: HBV-related death rates for all ages (A), HBsAg prevalence for all ages (B), and HBsAg prevalence in

children younger than 5 years (C) by SDI quintile, 1990-2019

The vertical dashed line indicates the WHO-GHSS baseline year of 2015. The shading represents 95% uncertainty
intervals. HBV=hepatitis B virus. SDI=Socio-demographic Index. WHO-GHSS=WHO Global Health Sector Strategy

on Viral Hepatitis.

deathrates due to HBV-related diseases from 1990 to 2019,
to evaluate longer term changes, and from 2015 to 2019,
to assess progress since the adoption of the WHO-GHSS
goals in 2015 (figure 4). Since 1990, absolute death
counts due to HBV increased in all regions except for
the Western Pacific region. Since 2015, the European
and South-East Asia regions were the only regions with
decreased death counts, although neither achieved the
WHO-GHSS goal of a 10% reduction over the time
period. All-age death rates decreased in all regions since
1990 (ranging from a 0-9% decrease in the South-East
Asia region to a 37-5% decrease in the Western Pacific
region) and half of regions since 2015 (ranging from a
0-6% decrease in the Eastern Mediterranean region to a
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Figure 4: Changes in mortality by WHO region over time

Percentage change in HBV-related death counts, all ages from 1990 to 2019 (A) and from 2015 to 2019 (B). The dashed line indicates the WHO-GHSS 2020 target of
a10% reduction in death counts. Error bars depict 95% uncertainty intervals. WHO-GHSS=WHO Global Health Sector Strategy on Viral Hepatitis.

7-8% decrease in the African region). Age-standardised
HBV-related death rates, however, decreased across all
regions in both time periods of interest.

Monitoring progress towards goals

Of the 194 WHO locations for which GBD generates
estimates, only four countries reached or exceeded the
WHO-GHSS 2020 interim impact target of a
10% reduction in deaths between 2015 and 2019 with
high certainty (defined as a 95% probability of goal
attainment; figure 5; appendix table S4). No countries in
the Western Pacific, South-East Asia, or Eastern
Mediterranean regions achieved the interim impact
target of a 10% reduction in deaths. 15 countries met or
surpassed the WHO-GHSS 2020 interim impact target
of a 30% reduction in new cases between 2015 and 2019
(appendix table S4). 147 countries met or exceeded the
interim proxy target of less than 1% prevalence in infants

and children younger than 5 years by 2020 (appendix
table S4). All countries in the region of the Americas and
the European region achieved this proxy target with high
certainty. The African region had the lowest percentage
of countries meeting this proxy target (15 [32%] of 47).
Although many countries had not met the interim
targets, some had already met targets for 2030 with high
certainty. In 2019, 59 of 194 locations met or exceeded the
proxy target of no more than 0-1% HBsAg seroprevalence
in infants and children younger than 5 years, and 68 of
194 locations had already achieved an all-age mortality
rate of less than or equal to four deaths per 100 000 people
per year (figure 5; appendix table SS5). No countries met
the impact targets of a 65% reduction in deaths and a
95% reduction in new cases (data not shown). To achieve
the originally described WHO-GHSS impact target of a
65% reduction in deaths by 2030,° the annualised rate of
change in mortality would need to be -10-7% (95% UI
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Figure 5: Proportion of countries by WHO region that met or exceeded WHO-GHSS and WHO Interim Guidance provisional targets

(A) WHO-GHSS 2020 target of 10% reduction in deaths due to viral hepatitis from 2015 to 2020. (B) WHO-GHSS 2020 target of 30% reduction in new cases of viral
hepatitis from 2015 to 2020. (C) Proxy target of less than 1% prevalence of viral hepatitis in infants and children younger than 5 years by 2020. (D) WHO Interim
Guidance provisional mortality target of less than or equal to four deaths per 100 000. (E) WHO-GHSS proxy target of less than or equal to 0-1% prevalence in infants
and children younger than 5 years by 2030. The numbers inside the bars represent the number of countries by WHO region that met or did not meet the specific

targets. WHO-GHSS=WHO Global Health Sector Strategy on Viral Hepatitis.

-11-4 to —9-9). To achieve the impact target of a 95%
reduction in new cases by 2030, the annualised rate of
change in seroprevalence would need to be —20-3%
(-20-5 to —20-2). To achieve the absolute mortality rate
target of less than four deaths per 100000 globally by
2030, as put forth in the WHO Interim Guidance,” the
global annualised rate of change in mortality would have
to be =5-3% (—6-5 to —4-1). In comparison, between 2015
and 2019, the annualised rate of change in mortality was
—-0-35% (—2-6 to 1-6) and the annualised rate of change
in seroprevalence was —4-1% (—4-6 to —=3-6).

Discussion

Progress towards HBV elimination goals has been made,
but hepatitis B remains a substantial public health
problem. In 2019, the global prevalence of chronic HBV
infection was 4-1%, representing 316 million people
living with HBV. The all-age prevalence of chronic HBV
infection has decreased across regions since the adoption
of the SDGs in 2015 and the WHO-GHSS targets in 2016.
Even more marked declines in prevalence, however, were
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seen between 1990 and 2019. 1990 is the first estimation
year of GBD and just before the World Health Assembly
recommended global infant vaccination against
hepatitis B in 1992.* This highlights the fact that progress
can be made before formalisation of shared global goals,
perhaps due to regional and local leadership, such as
Taiwan (province of China) implementing the first
universal hepatitis B vaccine programme in 1984, or the
adoption of the first regional seroprevalence goal (for
children) in the Western Pacific region in 2005.*
Unsurprisingly, declines in prevalence in children and
infants were even more pronounced than in all ages
during the same period. Prevalence in infants and
children younger than 5 vyears declined by 77%
between 1990 and 2019, to 1-0% globally. As of 2019,
147 countries had met or exceeded the WHO-GHSS
2020 interim proxy target of HBsAg prevalence less than
or equal to 1% in children younger than 5 years, and
59 countries had already met or exceeded the 2030 proxy
target of an HBsAg prevalence less than or equal to 0-1%
in children younger than 5 years. The declines in HBV
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prevalence notably correspond with the scale-up of
newborn and infant vaccination worldwide.** Globally,
coverage of the three-dose series of HBV infant
vaccination (HepB3) increased from 29% to 81%
between 2000 and 2019.” This scale-up is reflected in
substantial declines in HBV prevalence in adolescents
and young adults (aged 10-24 years) since 1990 as well.
Nonetheless, disparities in HBsAg prevalence in this age
group persisted, particularly in the African region,
where 2-7% of infants and children younger than 5 years
were HBsAg positive; additional progress is therefore
still needed. Global coverage of the hepatitis B birth
dose, in contrast to HepB3, is only 43%."* There is still
much regional and national variation in vaccine
coverage.” The Coalition for Global Hepatitis
Elimination, US CDC, WHO, and other partners are
assisting with the introduction and scale-up of hepatitis B
vaccination of newborns in countries across Africa
where chronic HBV prevalence is high and less than
10% of newborn babies receive timely hepatitis B
vaccination.”

Hepatitis B vaccination remains a cost-effective,
population-wide intervention to achieve elimination,*®
prevent HBV transmission and occurrence of new cases
of chronic HBV infection, and ultimately contribute to
long-term reductions in mortality.” It has previously
been observed, however, that reliance on hepatitis B
vaccination alone to decrease HBV-related mortality will
require several decades, since progression from chronic
hepatitis B infection to cirrhosis or liver cancer is slow.”*'
This observation is consistent with our findings that
reductions in the prevalence of chronic HBV infection
outpace improvements in mortality. Since both 1990 and
2015, we found that absolute HBV-related deaths
increased globally and across most regions. Indeed, only
four countries met or surpassed the WHO-GHSS interim
target of reducing HBV-related deaths by 10% by 2020. By
contrast, declines were seen in all-age (crude) and age-
standardised death rates. Comparing rates over time and
location accounts for differences in population size, and
comparing rates that have been age standardised with
the GBD reference population removes confounding by
population age structure. The decreases in mortality
rates suggest that improvements in HBV-specific
interventions and health systems overall have occurred,
but continued rising death counts show that these
improvements have been insufficient to overcome
population growth and ageing. The decision to quantify
hepatitis B elimination targets in terms of death counts,
rather than death rates, means that a country’s ability to
meet elimination targets will depend heavily on its
demographic trends. Furthermore, framing the target as
a percentage reduction from a country-specific baseline
might inappropriately equate small absolute
improvements in low-burden countries with large
absolute improvements in high-burden countries. Some
of these potential limitations of the early WHO-GHSS

2016 targets were addressed when WHO issued its
Interim Guidance for Country Validation of Viral
Hepatitis Elimination,” and provisionally expanded
elimination targets to include achievement of an absolute
all-age mortality rate of less than or equal to four deaths
per 100000 people per year. The fact that 68 countries
already met this target as of 2019 re-emphasises the fact
that the burden is uneven. This new target can help draw
attention to countries most in need of support for
elimination efforts, and flag which countries are likely to
succeed if they undertake focused data collection for
verifying elimination.

The findings of this study make it clear, however, that
improvements must be accelerated to achieve either of
the aforementioned HBV-related mortality targets: from
relatively stable mortality between 2015 and 2019, to a
downward annualised rate of change of 5-10% between
2020 and 2030. Countries can select the global
elimination targets or individualised goals considered
practical for their local epidemiological circumstances,
factoring in health-systems capacity and population
structures. Accelerating the pace of progress towards the
selected goals for improvements in HBV-related mortality
requires interventions that slow or prevent progression
to serious sequelae for the approximately 316 million
individuals who already have chronic HBV infection
globally. Key interventions include improving access to
existing  diagnostics and suppressive antiviral
medications,” increased testing integrated into existing
health systems, public health interventions to reduce
alcohol exposure, access to medical and surgical
treatment of cirrhosis and liver cancer, and development
and deployment of functional cures for HBV infection.

For those already with chronic HBV infection, existing
treatments are associated with a decreased risk of
hepatocellular carcinoma, cirrhosis, and all-cause
mortality,”” but the proportion of people with chronic
HBYV infection being treated for HBV has yet to reach a
scale to have an appreciable impact on trends in HBV-
related mortality. Access to diagnostic and therapeutic
services is scarce, particularly in resource-constrained
settings. In 2016, only 10% of people with chronic HBV
infection were diagnosed, and only 5% of those eligible
for therapy had received antiviral treatment, well short of
the WHO-GHSS 2030 target of 80% coverage of
treatment for all those who are eligible.”** In 2021, WHO
estimated that only 30-4 million (24-3-38) people with
chronic HBV infection were diagnosed and only
6-6 million (5-3-8-3) had received treatment.” These
services must be scaled up to achieve the full benefit of
existing technology. Furthermore, although life-
prolonging treatment does exist and is cost-effective in
many settings,”* there is no functional cure; patients
must remain on suppressive therapies in the long term,
which poses financial and sustainability barriers in some
contexts.” Coordinated partnerships, such as the
International Coalition to Eliminate Hepatitis B Virus
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(ICE-HBV), facilitate global efforts towards the
development of new HBV therapies and cures.”

Prevention and treatment initiatives make elimination
feasible but require improved investment in the
continuum of viral hepatitis services and broad health-
systems strengthening." The geographical disparities in
the burden of hepatitis B shown in this study highlight
the importance of distributing and scaling up
interventions in ways that are equitable and appropriate
to the local context. Fortunately, many HBV-focused
interventions can be integrated into existing services
and, in turn, contribute to more widespread population
health benefits. Integrated testing for HIV, syphilis, and
HBV in antenatal care clinics, as recommended by the
WHO Triple Elimination Initiative, can leverage existing
infrastructure to eliminate mother-to-child transmission
of multiple infectious diseases.” The adoption of the
hepatitis B birth dose vaccine can also be implemented
within existing maternal and child health programmes.
Uptake of the birth dose vaccination increases the
likelihood that children will complete the infant
vaccination series for protection against multiple
diseases.® Initiatives to strengthen blood transfusion and
injection safety in health-care systems substantially
reduce the risk of transmission of HBV and other
bloodborne pathogens.®

This study advances our understanding of the burden
of hepatitis B in several important ways. In comparison
with previous GBD publications,**** we included more
data on HBsAg prevalence, strengthened methods
accounting for vaccination efforts, and improved garbage
code redistribution methods for liver cancer, cirrhosis,
and acute hepatitis. In comparison with estimates
produced by the Center for Disease Analysis Foundation,
WHO, and Schweitzer and colleagues,* the estimates in
GBD 2019 are embedded in a comprehensive framework
encompassing 369 diseases and injuries, which allows
policy makers to make informed decisions about how to
prioritise HBV prevention, screening, and treatment
within the context of the full burden of disease in a
population. Schweitzer and colleagues* and WHO"*
have large datasets informing estimation of HBsAg
prevalence. The Center for Disease Analysis Foundation”
also uses a compartmental framework to generate
estimates, including parameters on progression from
HBsAg to downstream health states and horizontal and
vertical transmission. Despite differences in data sources
and methodologies, our HBsAg prevalence estimates are
similar to those from other research groups,* providing
useful confirmation of estimates for stakeholders and
policy makers (appendix table S6).

We estimated lower numbers of HBV-related deaths
globally (555000 [95% UI 487000-630000]) than the
Centers for Disease Analysis Foundation (865000) and
WHO (820000 [450 000-950 000]).** Mortality estimates
from WHO incorporate liver cancer mortality estimates
from the Global Cancer Observatory (GLOBOCAN) and
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fractions of liver cancer attributable to HBV estimated
by the International Agency for Research on Cancer
(IARC). Thus, at least a proportion of the discrepancy
between GBD and WHO estimates is due to our
strategy of redistributing “malignant neoplasm of liver,
not specified as primary or secondary” codes
(ICD-10 C22.9) proportionately to both primary liver
cancer and other primary cancers that metastasise to
the liver, as C22.9 is mapped directly to liver cancer in
GLOBOCAN data. An additional difference between
WHO and GBD HBV-related mortality estimates is the
proportion of the estimated liver cancer deaths assigned
to HBV; WHO uses attributable fractions from IARC,
whereas GBD estimates its own aetiological
proportions. IARC’s attributable fractions differ from
GBD’s aetiological proportions in both input data
sources and approach. Whereas in GBD methodology,
all liver cancer cases must be assigned to a single
aetiology and aetiological proportions must sum to one,
IARC attributable fractions recognise that multiple
hepatic insults might interact, attributable fractions are
based on the counterfactual removal of a single insult
from a population, and the sum of attributable fractions
for all aetiologies can exceed one.®¥ This leads to
unsurprising numerical differences in results. For
example, in their published meta-analysis, for 2012,
IARC estimated an attributable fraction for liver cancer
due to HBV of 56% (95% CI 52-60) globally and 76%
(95% CI 68-83) for China,* whereas for the same year,
GBD 2019 estimates for liver cancer were 40% globally
and 65% for China. Similar differences in approach and
numerical results are appreciated in IARC’s preliminary
results for estimation of the attributable fraction of
cirthosis.®* Our modelling strategy differs more
substantially from that of the Center for Disease
Analysis Foundation, so differences in results merit
further investigation. Differences in point estimates of
HBV-related deaths belie some degree of similarity, as
uncertainty intervals for these estimates overlap.
Discrepancies in some estimates, and the substantial
uncertainty in all, should promote discourse about data
inputs and methodological considerations, give rise to
improved estimates, and guide future data collection to
better understand disease burden.

We acknowledge several limitations of this study. First,
there is data sparsity in several of the models, particularly
the cirrhosis and liver cancer aetiological proportion
models. For the years and locations for which data are
not available, our estimates depend on predictive
covariates, regional levels, and consistent temporal
trends to generate estimates. We need to enhance data-
seeking efforts, support data sharing with other
modelling institutions, and promote primary data
collection when possible. For example, a collaborative
study between the European Centre for Disease Control
and the European Association for the Study of the Liver
piloted a WHO-developed protocol to support countries

Forthe GBD 2019 estimates for
China see https://vizhub.
healthdata.org/ghd-compare/#

For more on the Centers For

Disease Analysis Foundation
dataset see https://cdafound.
org/polaris-regions-compare/
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in collecting aetiological proportion data for cirrhosis
and liver cancer at sentinel sites.” Extending such efforts
to additional sites can improve estimation of burden,
particularly in low-income countries that are estimated to
have a high burden with minimal or no data sources,
such as Guinea, Guinea-Bissau, and Chad.

Second, there are additional covariates that could be
used to refine estimates of HBsAg seroprevalence,
aetiological proportions of cirrhosis and liver cancer, or
mortality due to HBV-related diseases (acute hepatitis,
cirrhosis, and liver cancer) where primary data for these
quantities are sparse. Our suite of covariates is extensive
but does not include coverage of suppressive antiviral
therapy or prevalence of hepatitis delta virus (HDV)
infection among those infected with HBV. These
two factors are known to slow™ and accelerate”
progression from chronic infection to advanced liver
disease and death. A systematic review and meta-analysis
by Stockdale and colleagues™ reported the prevalence of
HDV in general HBsAg seroprevalent populations
ranging from less than 1% to almost 37%, and accounting
for this variation in prevalence of co-infection might
improve predictions of mortality for some locations.
Furthermore, Stockdale and colleagues™ provisional
estimates of the population attributable fraction of
cirthosis (approximately 18%) and hepatocellular
carcinoma (approximately 20%) in individuals with
chronic HBV infection suggest that almost 98000 HBV-
related deaths in 2019 might have been attributable to
HDV infection. A formal estimate of the HDV-
attributable burden, alongside other risk factors for
progression (such as alcohol or other viral co-infections)
would provide further insight into opportunities for
intervention.

Third, our modelling strategy relied on a post-hoc
adjustment to incorporate vaccination trends more
effectively because of limitations in DisMod-MR 2.1.
DisMod fits steady-state compartmental models at 2-year
to S-year intervals, and results are later interpolated.
HBsAg seroprevalence, however, has changed rapidly
over time with the introduction of highly effective
interventions. DisMod’s serial, steady-state modelling
approach does not faithfully follow data with such rapid
temporal changes and strong cohort effects. The new
approach of modelling a counterfactual seroprevalence
and correcting for vaccination produces estimates that are
more compatible with contemporary data, but this comes
at the expense of not leveraging data from more recent
sero-surveys. Additionally, the vaccination coverage used
in the post-hoc adjustment is the hepatitis B three-dose
primary series (with assumed 95% efficacy). This
adjustment is applied only to the proportion of the
population fully vaccinated in infancy, and therefore does
not reflect any indirect benefit to unvaccinated individuals
in the same cohort (via herd immunity), protective effects
of partial vaccination, or vaccination of adults; these
limitations might lead to over-estimation. Indeed, a

previous study by Wiesen and colleagues” estimated
HBsAg seroprevalence in children by use of a natural
history model that also did not account for these effects,
and found their estimates exceeded measurements from
serosurveys done in vaccinated cohorts in Kiribati and
Papua New Guinea.”” The GBD adjustment also does not
explicitly take into account birth-dose coverage, the most
important intervention in preventing mother-to-child
transmission.””* Future rounds of GBD should use
methods that account for these effects and explicitly
incorporate data from vaccinated cohorts.

Fourth, the aetiological proportions for cirrhosis and
liver cancer from case-series are used to divide both
prevalence and mortality parent estimates. This implicitly
assumes the rate of progression from compensated
cirrhosis to decompensated cirrhosis to death is similar
across all aetiologies of cirrhosis. The limited longitudinal
studies available to date suggest this is not true, but it is
unclear how large an impact differences in rates of
progression across aetiologies would have on
estimation.”””

In conclusion, this study identifies progress and
barriers to achievement of the WHO-GHSS elimination
goals and the SDG target for viral hepatitis. The
prevalence of chronic HBV infection has declined in
much of the world over the past several decades, as have
mortality rates due to HBV-related diseases, but targeted
reductions in death counts have yet to be achieved, due to
population growth and ageing. There is an unequal
distribution of the burden of HBV-related diseases due to
differences in transmission modes and access to
vaccination, screening, and treatment. Interventions
along the hepatitis service continuum must be
implemented to decrease hepatitis burden. With less
than 10 years to go until the deadline for the elimination
goals, efforts must be intensified to ensure the
elimination goals for hepatitis B are achieved.
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