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Long-term impact of infant immunization on hepatitis B prevalence: a
systematic review and meta-analysis
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Objective To conduct a systematic review and meta-analysis of the long-term impact of infant vaccination on the prevalence of hepatitis
B virus (HBV) infection at the population level.

Methods We searched online databases for articles reporting comparisons between population cohorts aged > 15 years who were exposed
or unexposed to infant HBV immunization programmes. We categorized programmes as universal or targeted to infants whose mothers
were positive for hepatitis B surface antigen (HBsAg). We included studies reporting prevalence of hepatitis B core antibody (HBcAb), HBsAg,
or both. We evaluated the quality of the study methods and estimated the relative reduction in the prevalence of infection.

Findings Of 26 studies that met the inclusion criteria, most were from China (20 studies). The prevalence of HBV infection in unvaccinated
and universally vaccinated cohorts ranged from 0.6% (116 of 20 305 people) to 16.3% (60/367) and from 0.3% (1/300) to 8.5% (73/857),
respectively. Comparing cohorts with universal vaccination to those without vaccination, relative prevalences were 0.24 (95% confidence
interval, Cl: 0.16-0.35) for HBsAg and 0.23 (95% Cl: 0.17-0.32) for HBcAb. For populations with targeted vaccination, relative prevalences
were 0.32 (95% Cl: 0.24-0.43) and 0.33 (95% Cl: 0.23-0.45), respectively.

Conclusion The residual burden of infection in cohorts offered vaccination suggests that longer-term evaluations of vaccination coverage,
timeliness and other aspects of programme quality are needed. As HBV-vaccinated infant cohorts reach adulthood, ongoing analysis of
prevalence in adolescents and young adults will ensure that elimination efforts are on track.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Infection with the hepatitis B virus (HBV) is a major global
cause of ill health that particularly affects low- and middle-
income countries. An estimated 257 million people have
chronic HBV infection, and 686000 deaths occur annually
due to long-term complications including liver cirrhosis and
hepatocellular carcinoma, a number that is projected to in-
crease."” Most chronic infection is acquired in infancy or early
childhood, primarily through mother-to-child transmission.**
Exposure later in life, through sexual intercourse or blood
contact, can also lead to chronic infection but more frequently
results in viral clearance and immunity.

Vaccines against HBV infection are highly effective. A
plasma-derived vaccine, first used in a national infant im-
munization programme in 1984,° was gradually replaced by
recombinant vaccines, which can be manufactured at greater
scale.® The global recommended schedule is a dose at birth,
ideally within 24 hours, followed by two to three doses at
monthly intervals.”

A few countries have reported declines in the prevalence
of HBV infection following the implementation of infant
vaccination programmes,*’ and declining incidence of liver
cancer in children and young adults.'”'* The World Health
Organization’s (WHO’s) Member States aspire to the goal of
global elimination of HBV infection and its consequences, with
the central strategy being infant vaccination programmes to
achieve direct and herd protection.”” WHO has set an elimi-

nation target of a 90% reduction in prevalence by 2030,'° and
specified two primary target indicators: cumulated incidence
of HBV infection in children aged 5 years; and deaths from
hepatocellular carcinoma, cirrhosis and chronic liver diseases
attributable to HBV infection.”

Although these two indicators effectively represent pro-
gramme goals, neither are straightforward to monitor in a
consistent way over time. Incidence in 5-year-olds is estimated
through surveys that require the collection of specimens from
arepresentative sample, which can be difficult to obtain in this
age group.’ Cause-specific mortality is difficult to measure
reliably, particularly in countries with constrained resources.
It could take decades for mortality data to fully reflect vaccine-
related improvements, due to the long latency of chronic HBV
infection in the causation of liver disease.

Prevalence of infection in the wider population is more
straightforward to measure and is an earlier and more specific
indicator of impact of immunization programmes than mea-
suring prevalence in 5-year-olds alone. Population prevalence
is also the core indicator recommended as the first priority
by WHO."” With infant vaccination now in place for several
decades in several countries, it is timely to consider how well
it is achieving reductions in HBV infection. This is particu-
larly important as vaccinated generations enter adulthood, a
period of higher risk of exposure through sexual activity,'®
and become the potential source of transmission to the next
generation. We therefore conducted a systematic review and
meta-analysis of studies assessing changes in the prevalence

?Kirby Institute, Level 6, Wallace Wurth Building, UNSW Sydney, Kensington, Sydney, 2052 Australia.

®School of Public Health and Community Medicine, UNSW Sydney, Sydney, Australia.

¢ Sydney School of Public Health, The University of Sydney, Sydney, Australia.

4 National Centre for Immunisation, Research and Surveillance, Sydney, Australia.

¢ Centre for the Evaluation of Vaccination, University of Antwerp, Antwerp, Belgium.
Correspondence to John Kaldor (email: jkaldor@kirby.unsw.edu.au).

(Submitted: 9 November 2017 — Revised version received: 28 March 2018 — Accepted: 18 April 2018 — Published online: 14 May 2018)

484

Bull World Health Organ 2018;96:484-497

doi: http://dx.doi.org/10.2471/BLT.17.205153



Kate Whitford et al.

of HBV markers in populations offered
universal or targeted infant immuniza-
tion at least 15 years before.

Methods

This review was registered and con-
ducted according to the Preferred Re-
porting Items for Systematic Reviews
and Meta-Analyses guidelines. Regis-
tration is available at: http://www.crd.
york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42017060309 (the check-
list is available from the corresponding
author).

Search strategy

We searched the online databases of
Embase®, MEDLINE®, Web of Science
and LILACS to January 2017. The search
terms used were: “hepatitis B> AND
(“vaccination” OR “mass vaccination”
OR “immunization” OR “immunization
programmes”) AND (“adolescent” OR
“adult”). The search was supplemented
with manual searches of reference lists
of articles for additional studies.

Inclusion criteria

We included any study addressing the
long-term impact of an infant hepatitis
B vaccine programme at a population
level if it satisfied the following criteria:
(i) HBV infection status, as defined by
hepatitis B core antibody (HBcAb) or
hepatitis B surface antigen (HBsAg) sta-
tus (or both), was assessed and reported
in the study population; (ii) the study
population, or a specified subgroup for
which data were reported separately, was
aged =15 years at the time when HBV
infection status was assessed; (iii) the
study population, or a specified sub-
group meeting criterion ii, included a
cohort not offered vaccination through
an infant programme (referred to here
as the unvaccinated cohort); and (iv) the
study population, or a specified sub-
group meeting criterion ii, included a
cohort offered vaccination through an
infant programme (referred to as the
vaccinated cohort).

We categorized infant vaccination
programmes as either universal, if
hepatitis B vaccine was reported as being
available to all newborns; or targeted, if
vaccine was available to infants born to
women screening positive for chronic
HBYV infection or to women at high risk
for some other reason. In some coun-
tries, catch-up vaccination programmes
were made available to children born

a few years before implementation of
universal infant vaccination. In these
settings, cohorts classified as targeted
may have been involved in both a tar-
geted vaccination programme and a
catch-up programme.

The primary outcomes of inter-
est were the serological prevalences of
(i) HBsAg, which defines chronic HBV
infection, and (ii) HBcAb, which defines
past, cleared HBV infection in people
who are negative for HBsAg.

Two authors independently re-
viewed the abstracts of the studies iden-
tified by the search strategy for studies
that met the inclusion criteria. Chinese
language articles were translated by a
third author to determine if they met
the inclusion criteria. The full texts of
articles that appeared to be relevant were
reviewed by the two authors indepen-
dently for inclusion. If the same cohort
of individuals appeared to have been
included in more than one publication,
we contacted the authors of the articles
to define overlap and avoid duplication.

Variables extracted

We extracted the following study vari-
ables for each eligible study, if avail-
able: study design, location (country
and region); study period; participants’
age and sex distribution; vaccine pro-
gramme coverage as reported in the
article, including coverage of timely
birth dose; number of participants in
unvaccinated and vaccinated cohorts;
and the number positive for HBsAg
and/or HBcAD by serology testing in
each cohort. We contacted the authors
of the articles if data were unavailable in
the original publication.

Quality assessment

In addition to data extraction, two au-
thors separately reviewed the quality of
each study using an adapted Cochrane
method."” We considered whether stud-
ies had addressed potential confounding
variables, used a repeatable sampling
frame and calculated a response rate.
We also judged whether there was po-
tential for bias through assessment of the
serological markers, selective reporting
of data or the representativeness of
populations surveyed."

Statistical analyses

We classified studies according to out-
come measures (prevalence of HBsAg,
HBCcAD or both) and whether they re-
ported on universal or targeted infant
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vaccination programmes. We calculated
the relative prevalence (RP) and cor-
responding 95% confidence intervals
(CI) as the ratio of the prevalence in
vaccinated and unvaccinated cohorts
within each study. Meta-analyses were
performed by pooling across studies
using the Mantel-Haenszel method. We
assessed statistical heterogeneity using
I, with a value of > 30% as the cut-oft.”
A fixed-effects model was used when
there was no significant heterogeneity
and a random-effects model otherwise.
Publication bias was evaluated visually
with a funnel plot. We also conducted
separate meta-analyses restricted to
studies in which the comparisons in-
volved subjects of the same age, and to
determine if effects differed by HBsAg
prevalence (< 10% versus =10%) in the
unvaccinated cohort or by geographical
location. All analyses were conducted
using RevMan version 5.3 (Review
Manager, The Cochrane Collaboration,
Copenhagen, Denmark).

Results

The electronic search yielded 5781
unique articles which we screened for
inclusion (Fig. 1). Of these, we assessed
114 full-text articles for eligibility
and excluded 88 that were ineligible
for various reasons. As three publica-
tions*'-* reported on the same subject
group in overlapping study periods,
only data from the most recent article
was included.”

Study characteristics

Of the 26 studies that met the in-
clusion criteria (Table 1)?"-*® most
were from Taiwan, China (14 arti-
Cles),ll,24726,28,29,31735,37,39,47 SlX from maln'
land China,***#444%% two each from the
Gambia®* and Italy,”** and one each
from Australia® and Fiji.* The number
of study participants aged 15 years or
older varied substantially, from 259* to
738195% (median: 3776). Eleven studies
included both targeted and universal
VaCCIIlatIOIl Cohorts,21,28,29,31,32,34,35,37739,47
four studies included a targeted vac-
cination cohort only,”?**" while 11
studies had only a universal vaccina-
tion cohort.?”?033364042-4648 Tp yirtually
all studies, unvaccinated cohorts were
born in years before the implementation
of the newborn vaccination programme
or had passed the qualifying age at the
time of implementation of catch-up
programmes (or both).
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Fig. 1. Flowchart of selection of studies for the meta-analysis of the long-term impact
of hepatitis B virus immunization programmes

8199 records identified through
database searching

2 additional records identified
through other sources

l

'

| 5782 records screened after duplicates removed

v

»> | 5668 records excluded

| 114 full-text articles assessed for eligibility

> | 88 full-text articles excluded:

v

| 26 studies included in qualitative synthesis and meta-analysis |

«no participants aged 15 years
orolder (n=48)

Twenty studies used a single cross-
sectional seroprevalence survey de-
Sign’23,25,26,28—31,33—42,44,43,47,48 four anOlVed two
or more cross-sectional seroprevalence
survey time points****>** and two were per-
protocol analyses of a cluster randomized
trial.*>* Participants included university
entrants,”*>?4** high-school students,**
women giving birth,’** blood donors,*
clinic attendees seeking a health check-
up,” hospital outpatients,” members of
population-based cohorts*>**7*1*1 and
participants in health screening.” Some
studies involved participants from more
thal’l one source'28,32,34,36,39,-’15,47

Study quality

Few studies reported on participation
rates for serological testing in the tar-
get populations. Those that did were
conducted in institutional settings
and participation rates were very high.
Two studies restricted recruitment to
those whose immunization history was
recorded.””* Potentially confounding
variables were reported in a minority of
studies, and were generally confined to
age, sex and region. The sampling meth-
od appeared to be repeatable in studies
based in institutions or on recruitment
of blood donors, but was not clear for the
other studies. There was no evidence of
bias in the strategies used for serological
testing or in the data selected for pre-
sentation in reports. Generalizability to
wider regional or national populations
was not addressed in any of the studies.

Prevalence of HBV markers

We analysed 21 studies reporting on HB-
sAg prevalence in populations exposed
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«no unvaccinated cohort (n = 17)
«study was a review (n =5)
«other reasons (n = 18)

to universal vaccination compared with
those given no vaccination (Fig. 2). The
prevalence in the universally vaccinated
cohorts ranged from 0.3% to 8.5%"
(median: 2.0%). The prevalence of HB-
sAg in the corresponding no vaccina-
tion cohorts were substantially higher,
ranging from 0.6%" to 16.3%’* (median:
9.8%). All except one study” reported a
decrease in HBsAg prevalence; the com-
bined RP in vaccinated populations was
0.24 (95% CI: 0.16-0.35; Fig. 2). Among
15 studies that reported on HBsAg in
a targeted vaccination cohort (Fig. 3),
prevalences ranged from 0.6%*' to
11.4%°' (median: 3.2%), compared with
a range of 3.5%" to 16.3%** (median:
10.9%) in the corresponding no vac-
cination cohorts, leading to a combined
RP of 0.32 (95% CI: 0.24-0.43; Fig. 3).
Highly significant statistical heteroge-
neity between studies was found in the
meta-analyses of HBsAg prevalence in
studies comparing both universal and
targeted vaccination with unvaccinated
cohorts (’=98%, P<0.001 and ’=89%,
P<0.001, respectively). We therefore
used random-effects models to estimate
combined RPs and CIs.

For the corresponding analyses of
HBcADb prevalence, there were 13 stud-
ies that reported data from a universal
vaccination cohort (Fig. 4), and nine
that reported on targeted vaccination
(Fig. 5). The prevalence of HBcAb
in the corresponding no vaccination
cohorts ranged from 1.2% to 72.1%"
(median: 20.3%) and from 1.2%* to
43.9%" (median: 22.0%), respectively.
In vaccinated cohorts, prevalences were
between 0.5%%° to 27.9%* (median:
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4.3%) for universal vaccination cohorts
and 0.3%°* to 11.3%°” (median: 7.4%) in
targeted vaccination cohorts. The sum-
mary RPs for HBcAb prevalence were
0.23 (95% CI: 0.17-0.32) for universal
and 0.33 (95% CI: 0.23-0.45) for tar-
geted vaccination. As with the HBsAg
analyses, we used random-effect models
for estimates and CI due to the highly
significant heterogeneity.

Funnel plots for each of the four
analyses were symmetrical around the
combined RPs (Fig. 6).

Coverage

A birth dose of vaccine, either within
24 hours or at birth, was included in
the vaccination schedule for all stud-
ies except one from Italy,” where
birth dose was only included in the
schedule for targeted vaccination. The
main parameter used for coverage was
administration of three doses of HBV
vaccine. There was limited information
on coverage for vaccinated cohorts. Five
studies used self-reporting, and found
coverage ranging from 55.9% (7 700 of
13 765 people) to over 98% (872/878
people).?>?#3%37% Two cohort studies
were able to verify the vaccination sta-
tus of the entire vaccinated group.”**
One study reported 76.1% (842/1107
people) coverage of the third vaccine
dose overall, but 34.5% (35/99 people)
for those older than 15 years in the
universal vaccination cohort and 19.0.%
(10/53 people) in the targeted vaccina-
tion cohort.”

Only one study reported on timeli-
ness of the birth dose, stating that 65
of 215 participants (30.2%) who had
received the full schedule received their
first dose within 24 hours.*

While some studies reported on
coverage at a national or regional level,
coverage was not always specified for
the age group included in the review
and numerators and denominators were
not stated. Overall coverage of universal
vaccination in Taiwan, China, as cited
by some studies, was generally high,
ranging from 86.9 to 98.0%.*+?%317333947
In Italy coverage was cited in the paper
to have been 63% in 1991 increasing
to 99% in some regions by 1996." In
mainland China, studies cited coverage
ranging from 30% in the earlier years
of the vaccination programme to 99.9%
in 2010.*>** In the Australian study,
coverage among residents of remote
indigenous communities was cited to
be 90%.*
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Fig. 2. Relative prevalence of hepatitis B surface antigen in the meta-analysis of the long-term impact of immunization programmes:
comparison of universal vaccination and unvaccinated cohorts

Universal vaccination Unvaccinated
Year of No. Total No. Total %
Study or subgroup study  positive no. positive no. weight RP (95% (I) RP (95% Cl)
DaVilla etal., 2007 2006 1 300 37 360 0.4 0.03(0.00-0.23) —— i
Nietal., 2007 2004 98 6531 124 1142 2.2 0.14(0.11-0.18) hond :
Suetal, 2007 2005 21 1234 44 506 0.7 0.20 (0.12— 033) Aanand
Van der Sande et al., 2007 2004 3 576 51 420 0.6 0.04 (0.01-0.14) e
Linetal., 2008 2005 3 96 1570 10021 0.3 020 (0. 07 0.61) ARG
Luetal, 2009 2007 38 3314 22 189 0.4 0.10(0.06-0.16) ARt
Sunetal,, 2009 2007 73 857 269 1737 19 0.55(0.43-0.70) haad
Chenetal, 2011 2009 986 51924 4649 39512 55.3 0.16(0.15-0.17) hd
Chuetal, 2011 2008 48 1745 60 367 1.0 0.17(0.12-0.24) Laad :
Linetal, 2011 2005 " 660 90 77 09 0.14(0.08-0.26) Aenand :
Shenetal, 2011 2005 27 487 308 2923 09 0.53(0.36-0.77) Laad]
Laietal, 2012 2007 2 99 10 107 0.1 0.22 (0.05-0.96) A c—
Liuetal, 2012 2010 9 1170 75 2130 0.6 0.22(0.11-0.43) AR
Nietal, 2012 2009 13 1105 31 378 0.5 0.14(0.08-0.27) Aanand
Yangetal, 2012 2010 310 8793 52649 728987 131 0.49 (0.44-0.54) -
Liaoetal, 2014 2009 12 226 2 166 03 0.42(0.21-0.83) AR
Peto etal,, 2014 2008 6 278 59 475 0.5 0.17 (0.08-0.40) e
Tsukakoshi et al., 2015 2009 7 124 12 370 0.1 1.74(0.70-4.32) e Tannd
Chenetal, 2016 2013 105 44 350 3880 39 0.26(0.21-0.33) e
Nietal, 2016 2014 10 1642 84 1203 1.0 0.09 (0.05-0.17) ——s :
Wang etal,, 2016° 2014 14 5113 116 20305 0.5 0.48(0.28-0.83) L enand
Wang etal,, 2016° 2014 2374 67683 985 25322 15 0.90 (0.84-0.97) o
Total NA NA 158378 NA 841271 100.0 0.24 (0.16-0.35) L L 4
Total events NA 41 NA 61516 NA NA NA olm 071 1 1|0 1(|)0
Heterogeneity: X = 1387.68, df = 21 (P < 0.001); = 98%
Test for overall effect: Z=55.41 (P < 0.001) Fa,vours Favo,urs
universal unvaccinated

“Repeat donor
*First-time donor

Cl: confidence interval; df: degrees of freedom; NA: not applicable; RP: relative prevalence.

¢ Repeat donor.
b First-time donor.

Notes: The figure shows the number of participants positive for the hepatitis B surface antigen and the total number of participants in the cohort being measured.

Totals may not equal the total number of participants in Table

Sub-group analyses

We also restricted analysis to the five
studies that compared HBsAg preva-
lence between universally vaccinated
and unvaccinated cohorts of the same
age (Fig. 7).21?77%32% The combined
RP was 0.12 (95% CI: 0.08-0.19) com-
pared with 0.30 (95% CI: 0.21-0.43)
in 16 studies based on comparisons of
cohorts at different ages.?%?%3133-10.44-48
Restricting analyses to those with
HBsAg prevalence under 10% in
the unvaccinated group yielded 10
studies, all of which assessed HBsAg
positivity in cohorts with universal
vaccination.”?%?¢-40434748 The combined
RP was 0.34 (95% CI: 0.23-0.52). In
comparison, RP was 0.17 (95% CI:
0.12-0.25) across the 11 studies with
HBsAg prevalence of at least 10% in
the unvaccinated cohort.”!?72%30-35:43.44
For targeted vaccination cohorts, the
RP based on seven studies with HBsAg
prevalence under 10% in the corre-
sponding unvaccinated cohorts was

490

0.42 (95% CI: 0.32-0.56).25:20:2937-39.47
It was 0.24 (95% CI: 0.16-0.36) in
eight studies for which prevalence was
above 10% in the unvaccinated cohor
ts-24,28,31,32,34,35,37,41

Restricting analyses to stud-
ies from Taiwan, China (11 stud-
ies),?128:29:31-35.37.3947 for universal vac-
cination cohorts, the combined RP
for protection was 0.17 (95% CI:
0.12-0.24), while for the 10 studies
from Other C0untrieSZ7,3l),36,38,4(),43—4(\,48
the reduction in risk was 0.36 (95% CI:
0.24-0.54). For targeted vaccination,
the RP was 0.33 (95% CI: 0-.25-0.44)
for studies from Taiwan, China (13
Studies)’21,24726,28,29,31,32,34,35,37,39,47 Wlth Only

two such studies from another area.’**!

Discussion

Our meta-analysis of the long-term
impact on infection of infant hepatitis B
vaccination programmes at the popula-
tion level focused on long-term impact
by restricting the time period to at least

1, as only age-eligible participants were included in our analysis.

15 years following vaccination. An earlier
review of impact did not report a com-
bined estimate and did not specifically
focus on long-term impact.”” We found
that adolescents and adults in birth co-
horts that were offered universal infant
vaccination had a 76% lower prevalence
of HBV infection and a similar reduc-
tion in risk (77%) of HBcAb prevalence
compared with cohorts for whom infant
vaccine programmes were unavailable.
The effect was similar for both higher
and lower levels of HBsAg prevalence in
the unvaccinated population. The impact
of targeted vaccination programmes was
slightly lower (68% and 67%, respective-
ly). As a result of overlap in the relevant
cohorts, it was not possible to distinguish
the effect of these programmes from the
impact of catch-up programmes. It was
also not possible to separate the direct
effect of targeted programmes from herd
effects of reduced horizontal transmis-
sion, both in vaccinated same-age peers
and slightly younger universally vac-
cinated cohorts.

Bull World Health Organ 201 8;96:484—497' doi: http://dx.doi.org/10.2471/BLT.17.205153
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Our findings are valuable for dem-
onstrating in a systematic way what
extent of reductions in prevalence could
be expected from infant HBV vaccina-
tion programmes. Most countries (184
countries in 2014)* have implemented

such programmes, but few have so far re-
ported on long-term impact. As cohorts
of adolescents and young adults are en-
tering a period of exposure risk through
sexual activity, and will become parents
of the next generation, it is appropriate

Systematic reviews I
Towards elimination of hepatitis B

to measure prevalence of infection in
this age group.'®

The similarity between the impact
on HBcAb and HBsAg suggests that the
vaccine’s mechanism of protection ap-
plies equally to preventing infection and

Fig. 3. Relative prevalence of hepatitis B surface antigen in the meta-analysis of the long-term impact of immunization programmes:
comparison of targeted vaccination and unvaccinated cohorts

Targeted Unvaccinated
Yearof  No. Total No. Total %
Study or subgroup study positive  no. positive  no.  weight  RP(95%(l) RP (95% 1)
Linetal, 2003 2001 79 1925 999 8269 85 0.34(0.27-0.42) =
Chang et al.,, 2007 2004 140 6388 89 1204 84 0.30(0.23-0.38) 2
Chen etal,, 2007 2003 51 1429 253 3146 8.2 0.44(0.33-0.60) hand
Nietal,, 2007 2004 81 3872 124 1142 83 0.19(0.15-0.25) L 2ad
Suetal,, 2007 2005 8 250 44 506 57 0.37(0.18-0.77) —e
Linetal, 2008 2005 24 210 1570 10021 78 0.73 (0.50-1.07) \agd
Luetal, 2009 2007 24 690 2 189 6.7 030 (0.17-0.52) Aonand
Chenetal,, 2011 2009 232 10148 4649 39512 88 19(0.17-0.22) -
Chuetal, 2011 2008 21 403 60 367 7.2 032 (0.20-0.51) oo
Linetal, 2011 2005 4 246 90 mn 4.4 14(0.05-0.38) — o
Laietal, 2012 2007 5 53 10 107 42 01(0.36-2.80) —t—
Liuetal, 2012 2010 52 2378 75 2130 79 062 (044 088) -
Nietal, 2012 2009 9 198 31 378 58 0.55(0.27-1.14) o et
Zhangetal, 2012 2009 4 0662 77 542 43 0.04 (0.02—- O 12) —
Nietal, 2016 2014 3 191 84 1203 3.7 0.22(0.07-0.70) ——e
Total NA NA 29043 NA 69 487 100.0 0.32(0.24-0.43) <80
Total events 737 NA 8177 NA NA NA 0wl o i 0 10
Heterogeneity: X =124.33, df=21(P < 0.001); ¥ = 98%
Test for overall effect: /=772 (P < 0.001) Favours Favo,urs
targeted unvaccinated

Cl: confidence interval; df: degrees of freedom; NA: not applicable; RP: relative prevalence.
Notes: The figure shows the number of participants positive for the hepatitis B surface antigen and the total number of participants in the cohort being measured.
Totals may not equal the total number of participants in Table 1, as only age-eligible participants were included in our analysis.

Fig. 4. Relative prevalence of hepatitis B core antibody in the meta-analysis of the long-term impact of inmunization programmes:
comparison of universal vaccination and unvaccinated cohorts

Universal vaccination Unvaccinated
Year of No. Total No. Total %
Study or subgroup study  positive no. positive ~ no.  weight  RP(95%(l) RP (95% (1)
DaVilla etal., 2007 2006 5 300 216 360 5.6 0 03 (0.01-0.07) ——
Niet al., 2007 2004 33 6531 14 1142 7.1 41(0.22-0.77) e
Suetal., 2007 2005 58 1234 134 506 89 18 (0.13-0.24) -
Van der Sande et al., 2007 2004 106 576 226 424 93 0 35(0.28-0.42) Laad
Sunetal.,, 2009 2007 239 857 1252 1737 9.5 0.39(0.35-0.43) L
Chuetal, 2011 2008 52 1745 138 367 89 0.08 (0.06-0.11) Aand
Laietal, 2012 2007 8 99 47 107 6.6 0.18(0.09-0.37) A
Nietal, 2012 2009 47 1105 57 378 86 0.28 (0.20-0.41) A
Boccalinietal,, 2013 2009 13 192 75 570 74 0.51(0.29-0.91) AR
Liaoetal, 2014 2009 5 226 8 166 45 0.46 (0.15-1.38) A
Tsukakoshi et al., 2015 2009 n 124 75 370 72 0.44 (0.24-0.80) AR
Chenetal, 2016 2013 167 44 653 3880 94 0.22(0.19-0.26) M
Nietal, 2016 2014 n 1642 47 1203 6.9 0.17(0.09-0.33) DI
Total NA NA 19052 NA 11210 100.0 0.23(0.17-0.32) e
Total events NA 755 NA 29482 NA NA NA 0?01 0?1 % 1|0 160
Heterogeneity: X*= 164.59, df =12 (P < 0.001); #=93% Favours Favours
Test for overall effect: 7= 8.91 (P < 0.001) . 8
universal unvaccinated

Cl: confidence interval; df: degrees of freedom; NA: not applicable; RP: relative prevalence.
Notes: The figure shows the number of participants positive for the hepatitis B surface antigen and the total number of participants in the cohort being measured.
Totals may not equal the total number of participants in Table 1, as only age-eligible participants were included in our analysis.
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stopping it from becoming established.
Nevertheless, there was still evidence of
acquisition of HBV infection in all of the
vaccine-eligible populations. The most
likely explanation for residual infection

is incomplete vaccine coverage or non-
timely vaccination.?®*74>4

Studies have shown that perinatal
HBYV transmission is higher in infants
who received the birth dose late or re-

Kate Whitford et al.

ceived fewer than the three scheduled
doses.”>** Global coverage of the full
HBV vaccination schedule is estimated
at 84%,’° while administration of the
birth dose remains low at an estimated

Fig. 5. Relative prevalence of hepatitis B core antibody in the meta-analysis of the long-term impact of immunization programmes:
comparison of targeted vaccination and unvaccinated cohorts

Targeted Unvaccinated
Year of No. Total No.  Total
Study or subgroup study  positive  no. positive  no. % weight  RP(95% () RP (95% Cl)
Chang et al.,, 2007 2004 425 6388 283 1204 179 0.28(0.25-0.32) -
Chen etal,, 2007 2003 145 1429 0645 3146 17.7 0.49(0.42-0.59) L
Nietal,, 2007 2004 12 3872 14 1142 9.2 0.25(0.12-0.55) ——s
Suetal, 2007 2005 20 250 134 506 138 0.30(0.19-0.47) R
van der Sande et al., 2007 2004 106 576 226 424 NA Not estimable
Chuetal, 2011 2008 27 403 138 367 147 0.18(0.12-0.26) L aad
Laietal, 2012 2007 6 53 47 107 9.0 0.26 (0.12-0.56) ——
Nietal, 2012 2009 21 198 57 378 134 0.70 (0.44-1.13) —ie
Nietal, 2016 2014 2 191 47 1203 4.2 0.27 (0.07-1.09) —
Total NA NA 12784 NA 8053 100.00 0.33(0.23-0.45) 00
T T I |
Total events NA 658 NA 1365 NA NA NA 0.01 0.1 1 10 100
Heterogeneity: X = 47.62, df =7 (P < 0.001); /=85%
Test for overall effect: 7= 6.7 (P < 0.001) Favours Favqurs
targeted unvaccinated

Cl: confidence interval; df: degrees of freedom; NA: not applicable; RP: relative prevalence
Notes: The figure shows the number of participants positive for the hepatitis B surface antigen and the total number of participants in the cohort being measured.

Totals may not equal the total number of participants in Table

1, as only age-eligible participants were included in our analysis.

Fig. 6. Funnel plot of publication bias in studies of the prevalence of hepatitis B virus markers in adults

HBsAg in universal versus no vaccination cohorts

HBsAg in targeted versus no vaccination cohorts

0 0 ;
.o
e
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3
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g / \ g L4 L4 °
=06 o /¢ \ =06 o
08+ P 08
1 - T T ‘ T 1 1 T : T T 1
0.0 0.1 1 10 100 0.0 0.1 1 10 100
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Hepatitis B core antibody: HBcAb; HBsAg: hepatitis B surface antigen; RP: relative prevalence; SE: standard error.
Notes: The relative prevalence is shown. Visual examination of the plot reveals symmetry of the individual studies to the combined prevalence ratio for the 22

studies.
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Fig. 7. Relative prevalence of hepatitis B surface antigen in the meta-analysis of the long-term impact of immunization programmes:
comparison of targeted vaccination and unvaccinated cohorts with participants in the same age group

Universal
vaccination Unvaccinated
Year of No. Total No. Total
Study or subgroup study  positive no. positive no. % weight RP (95% () RP (95% ()
Da Villa etal., 2007 2006 1 300 37 360 43 003(0.00-0.23) ——+—+
Van der Sande et al., 2007 2004 3 576 51 420 10.6 004(0.01-0.14) +—+——=
Luetal, 2009 2007 28 2124 22 189 259 0.11(0.07-0.19) aand
Chenetal, 2011 2009 986 51924 4649 39512 423 0.16 (0.15-0.17) -
Petoetal, 2014 2008 6 278 59 475 16.8 0.17(0.08—0.40) —
Total NA NA 55202 NA 40956 100.0 0.12(0.08-0.19) L 22 4
T T T T
Total Events NA 1024 NA 4818 NA NA NA 0.01 0.1 1 10 100
Heterogeneity: X =9.15, df =4 (P = 0.06); / = 56%
Test for overall effect: 7= 9.51 (P < 0.001) Fa.vours Favo.urs
universal unvaccinated

Cl: confidence interval; df: degrees of freedom; NA: not applicable; RP: relative prevalence.
Notes: The figure shows the number of participants positive for the hepatitis B surface antigen and the total number of participants in the cohort being measured.

Totals may not equal the total number of participants in Table

1, as only age-eligible participants were included in our analysis. For the study of Lu et al., 2009 we

included only 18-years-olds in this analysis. 15-year-olds were excluded as this group received universal vaccination.

39% in 2015.* The few studies in our
systematic review that reported on vac-
cine coverage recorded highly varying
rates. Most of the vaccinated cohorts
from the studies in Taiwan, China,
were born in the early years of the
infant vaccination programme when
coverage was lower. The only study re-
porting on administration of the birth
dose within 24 hours, from mainland
China, found coverage of 30.2%.** No
studies reported on the actual timing
of the birth dose. Lack of timeliness
of the birth dose and inadequate cov-
erage of the full schedule are likely
to have contributed to the residual
infection that we found in vaccinated
cohorts. Further monitoring of more
recent cohorts, including reporting of
timeliness of the birth dose, is needed
to determine the impact of improved
coverage on infection rates.

Vaccine failure, primary (no ini-
tial immune response) or secondary
(waning of immunity), may have been
another cause of infections in the vac-
cinated cohorts.” Poor immunological
response was demonstrated in reports of
both active and cleared HBV infection
detected among fully vaccinated peo-
ple.**” HBV prevalence in vaccinated
populations could also be attributed to
mutations in the HBV S-gene, which can
allow the virus to avoid being neutral-
ized by the vaccine-generated anitbod-
ies.”*® However, while they need to be
monitored, these mutants probably have
little significance at a public health level
and are unlikely to be a major cause of
prevalence in vaccinated cohorts.™

More than half of the studies in-
cluded in this meta-analysis were from
Taiwan, China, reflecting a strong, early
commitment to HBV prevention and re-
search in this formerly high-prevalence
area. The reduction in HBsAg preva-
lence was markedly higher for these
studies than those in other areas (83%
versus 64%). The early attainment of
high newborn coverage of hepatitis B
vaccine in Taiwan, China, over 95% by
2002," could explain this observation.

The studies we included had limita-
tions. Most were based on a single time-
point, and compared people who had
received vaccination with those who had
not, on the basis of their birth cohort.
As these two groups were inevitably of
different ages at the time of surveying,
it is not possible to remove any effect of
age from the comparison. However, it is
likely that most chronic infections were
acquired in infancy and early childhood,
and that prevalence would have been
relatively stable in adolescence and
adulthood, with at most a slight age-
related increase. On the other hand, the
estimated reduction in prevalence was
88% for the few studies that compared
cohorts of the same age, as opposed to
70% in the single time-point surveys.
This finding was surprising, as we might
expect that studies comparing younger
vaccinees to older unvaccinated cohorts
would generate a more favourable esti-
mate if there had been any increase of
prevalence with age. However, compari-
sons involving same-age cohorts may
have been affected by other, unknown
confounders.

Bull World Health Organ 201 8;96:484—497| doi: http://dx.doi.org/10.2471/BLT.17.205153

Limitations of the meta-analysis
included the considerable heterogeneity
in estimated effect sizes, and the statisti-
cally dominant role played by a small
number of studies that contributed large
numbers. Heterogeneity may have been
due to differences in study designs, pop-
ulations and immunization coverage,
and to the characteristics identified in
our assessment of study quality, such as
response rates. Nevertheless all studies
except one reported substantially lower
HBsAg prevalence in the vaccinated
cohort compared with the unvaccinated
group, and the one exception reported
low coverage in the vaccinated cohort.”

Another issue to consider in in-
terpreting the findings is the relatively
narrow geographical spread of studies.
Although many countries have had his-
torically high prevalence of hepatitis B,
particularly in the WHO Western Pacific
and African regions,” most of the pub-
lished studies that met our inclusion re-
quirements were from China. Few studies
from Africa met the inclusion criteria,
so we were unable to separately assess
impact in this region, where horizontal
transmission is believed to play a greater
role of transmission compared with Asian
countries where perinatal transmission
dominates.” Determining the impact of
vaccination in African countries would
be important, particularly the impact of
timely birth dose vaccination on reduc-
tions in prevalence in this setting.

With infant HBV vaccination pro-
grammes now widely in place, many
countries could now evaluate the lon-
ger term impact on the prevalence of
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infection. The ideal mechanism for this
evaluation is a time-series comparison
with observations at regular time-
points, from comparable populations.
In many countries, an efficient approach
is serological testing done routinely in
pregnant women or other populations,
such as new entrants to university, the
military or other institutions. All these
populations are likely to be accessible for
routine, repeatable monitoring. Asiden-
tified in our quality assessment, such
designs should incorporate repeatable
sampling frames, measure participa-
tion rates and adjust for potential con-
founding variables. While prevalence in
5-year-olds provides a more immediate
indicator of impact, large representative
samples in this age group cannot be eas-
ily accessed in many settings.

Our estimated reduction in preva-
lence is consistent with findings of mod-
elling studies which suggested that rou-
tine infant vaccination from birth with
global coverage of 90% could prevent
4.3 million new infections from 2015 to
2030,°" and could prevent 84% of HBV-
related deaths in the hypothetical birth
cohort from the year 2000.°** Our find-
ings strongly support the importance of
the WHO target of 90% coverage of the
hepatitis B vaccine in infancy,” as low
coverage is a potential contributor to
residual HBV prevalence. The evidence
presented here shows that elimination is
achievable, but still on the far horizon.
Analyses of available serological data
on HBV prevalence in adolescents and
young adults can provide information
on gaps in the pathway to elimination

Kate Whitford et al.

that can then be addressed through
programmatic measures. ll
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Résumé

Impact a long terme de la vaccination des nourrissons sur la prévalence de I'hépatite B: revue systématique et méta-analyse

Objectif Réaliser une revue systématique et une méta-analyse de
limpact along terme de la vaccination des nourrissons sur la prévalence
de l'infection par le virus de I'hépatite B au niveau de la population.
Méthodes Nous avons consulté des bases de données en ligne a la
recherche darticles établissant des comparaisons entre des cohortes
de populations dgées de 15 ans ou plus ayant bénéficié ou non de
programmes de vaccination contre le virus de I'hépatite B pour les
nourrissons. Nous avons divisé ces programmes en deux catégories: les
programmes universels et les programmes ciblés sur des nourrissons
dontles meres étaient positives pour 'antigene de surface de I'hépatite B
(HBsAg). Nous avons inclus des études indiquant la prévalence de Iétat
de I'anticorps nucléocapsidique de I'hépatite B (HBcAb), du HBsAg ou
des deux. Nous avons évalué la qualité des méthodes détude et estimé
la diminution relative de la prévalence de l'infection.

Résultats Sur les 26 études réunissant les criteres d'inclusion,
20 provenaient de Chine. La prévalence de linfection par le virus de
I'hépatite B variait de 0,6% (116 individus sur 20 305) a 16,3% (60/367)

chez les cohortes non vaccinées, et de 0,3% (1/300) a 8,5% (73/857)
chez les cohortes ayant bénéficié d'une vaccination universelle. La
comparaison des cohortes ayant bénéficié d'une vaccination universelle
avec les cohortes n‘ayant recu aucune vaccination a révélé une
prévalence relative de 0,24 (intervalle de confiance, IC, a 95%:0,16-0,35)
pour le HBsAg et de 0,23 (IC a 95%: 0,17-0,32) pour le HBcAb. Dans le
cas des populations ayant recu une vaccination ciblée, la prévalence
relative était de 0,32 (IC a 95%: 0,24-0,43) pour le HBsAg et de 0,33 (IC
a 95 9%: 0,23-0,45) pour le HBCAb.

Conclusion La charge résiduelle liée alinfection dans le cas de plusieurs
cohortes ayant bénéficié d'une vaccination laisse entendre que des
évaluations a long terme de la couverture vaccinale, du caractere
opportun et d'autres aspects de la qualité des programmes sont
nécessaires. A mesure que les cohortes de nourrissons vaccinés contre
le virus de I'népatite B atteignent 'age adulte, une analyse continue de
la prévalence chez les adolescents et les jeunes adultes permettra de
garantir que les efforts d'élimination sont sur la bonne voie.

Pestome

D,OHFOCPO‘-IHOG BJIMAHNE UMMYHU3aLUN MlajeHLeB Ha PAaCnpPoCTPaHEHHOCTb renaTtnTa B: cuctematnuecknin

0630p N MeTaaHanuns

Lenb MposecTn cucTtemaTuueckuin ob630p 1M mMeTaaHanms
LONTOCPOYHOTO BAMAHMA BakUMHAUWUKM MNafeHLEeB Ha
PacnpoCTPaHeHHOCTb BMPYcHOro renatuTa B (HBV) Ha ypoBHe
nonynaumn.

Metopapb! B oHnaiiH-6a3ax JaHHbIX aBTOPbI NPOBEN MOWCK CTaTen,
B KOTOPbIX COOOLIAETCA O COMOCTABNEHN MOMYNALMOHHBIX KOropT,
BK/OYatoLMx feTeln B Bo3pacTe >[15 net, Kotopble paHee Obinn
MMMYH3MPOBAHbI B PamMKax MPOrpaMm MMMyHM3aUM1 MnafeHUes
npote HBV nbo He nMmMyH13MPOBaHbl. ABTOPbI KNacCUbULMpoBanm
NPOrpamMMbl Kak yHIBEPCarbHble MO0 HanpaBneHHbIe Ha MafeHLEB,
y MaTepeit KOTopbIX Oblil OBHapPYKEH MONOKUTENbHBINA pe3ynbTaT
aHanM3a Ha NOBEPXHOCTHbIN aHTUreH BMpyca renatuta B (HBSAQ).
ABTOPbI TaKXe BKIIOUMAM UCCefoBaHWA, B KOTOPbIX COOOLLIaNnoch
O PaCNpPOCTPaHEHHOCTN MONOXNTENBHOIO Pe3ynbTaTa aHanmsa
Ha aHTUTena K KancuaHoMy aHTWreHy Bupyca renatuta B (HBcAb)
nnm ctatyca no HBsAg nnbo obomnx nokasatenei. beina nposefeHa
OlleHKa KayecTBa MeTO[OB MCCNeA0BaHUA 1 OTHOCUTENIbHOMO
CHWKEHWA PACNpOCTPaHEHHOCTN NHBEKLMN.

Pesynbratbl V13 26 nccnefoBaHuit, KOTOpble COOTBETCTBOBASY
KpUTepraM BKJIOUYEHMA, OONbWNHCTBO GbIO MPOBEAEHO B

Kntae (20 nccnepgosaHnin). PacnpocTpaHeHHocTb HBV B
HEeBaKUWHUPOBAHHDBIX 1 YHBEPCANIbHO BAKLIMHMPOBAHHbIX KOropTax
BapbvpoBana ot 0,6% (116 13 20 305 yenosek) Ao 16,3% (60/367) 1
ot 0,3% (1/300) go 8,5% (73/857) cootseTCTBEHHO. [1pU CpaBHeHWN
KOropT C YHMBEpPCanbHOWN BaKUMHaumen 1 6e3 BakyMHaLUMK
OTHOCKTENbHAA PACMPOCTPaHEHHOCTb cocTasuna 0,24 (95%-in [W:
0,16-0,35) ana HBsAg n 0,23 (95%-1 [W: 0,17-0,32) ana HBcAb. B
nonynaumax C LeneHanpaBneHHoM BakUMHaUVeNn OTHOCUTENbHaA
PacnpOCTpaHeHHOCTb cocTasuna 0,32 (95%-in AN: 0,24-0,43) u
0,33 (95%-» [W: 0,23-0,45) COOTBETCTBEHHO.

BbiBog OcTaToyHOe bpemsa MHGEKUMM B HECKOMbKIMX KOropTax,
KOTOpbIM Oblna NMpoBefeHa BakUMHALUWA, CBUAETENbCTBYET O TOM,
YTO HEeOOXOAMMBI JONTOCPOYHbIE OLIEHKM OXBaTa BaKLMHaLWeEN,
BPEMEHHOro OXBaTa M APYrX acreKToB KayecTBa Nporpammbl. Mo
Mepe B3pOC/eHNA BaKUMHNPOBaHHbIX OT HBV koropT mnaaeHueB
NOCTOAHHBIN aHanM3 pacnpoCcTpaHeHHOCTX 3aboneBaHnA cpean
MOAPOCTKOB M MOMOAbLIX MoAeln obecneynT ycnex ycunmin no
NIVKBMAALMM STOV MHGEKLNN.

Resumen

Impacto a largo plazo de la inmunizacion infantil en la prevalencia de la hepatitis B: una revision sistematica y un meta-

analisis

Objetivo Realizar una revision sistematica y un meta-andlisis del
impacto a largo plazo de la vacunacion infantil sobre la prevalencia de
la infeccién por el virus de la hepatitis B (VHB) a nivel de la poblacion.
Métodos Investigamos en bases de datos en Internet en busca de
articulos que informaran sobre comparaciones entre cohortes de
poblacion con edades de > 15 afios, que se vieron expuestas 0 no a
programas de inmunizacion infantil del VHB. Clasificamos los programas
como universales o dirigidos a menores de edad, cuyas madres dieron
positivo en el antigeno de superficie de la hepatitis B (HBsAQ). Incluimos
estudios que informan de la prevalencia del anticuerpo core de la
hepatitis B (HBcAb) o del estado de HBsAg o de ambos. Evaluamos la

calidad de los métodos de estudio y estimamos la reduccion relativa
en la prevalencia de la infeccion.

Resultados De los 26 estudios que cumplian con los criterios de
inclusion, la mayorfa procedian de China (20 estudios). La prevalencia
de la infeccién por VHB en cohortes sin vacunar y vacunadas de
forma universal variaba desde el 0,6% (116 de 20 305 personas) hasta
el 16,3% (60/367) y desde el 0,3% (1/300) hasta el 8,5% (73/857),
respectivamente. Al comparar las cohortes con vacunacion universal y
aquellas sin vacunacién, la prevalencia relativa fue del 0,24 (intervalo de
confianza del 95%, IC: 0,16-0,35) para HBsAg y 0,23 (95%1C: 0,17-0,32)
para HBcAb. En aquellas poblaciones con vacunacion dirigida, la
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prevalencia relativa fue del 0,32 (95% IC: 0,24-0,43) y del 0,33 (95% IC:
0,23-0,45), respectivamente.

Conclusion La carga residual de la infeccién que ofrece la vacunacion
en diversas cohortes, sugiere que son necesarias las evaluaciones a largo
plazo de la cobertura de vacunacion, del caracter oportuno y de otros

Kate Whitford et al.

aspectos sobre la calidad del programa. A medida que las cohortes
de nifos vacunados contra el VHB alcanzan la edad adulta, un andlisis
continuo de la prevalencia en adolescentes y en jovenes asegurara que
los esfuerzos para su eliminacion van por buen camino.
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