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The World Health Organization—designated Western Pa-
cific Region (WPR) and African Region (AFR) have the
highest number of chronic hepatitis B virus (HBV) infec-
tions worldwide. The COVID-19 pandemic has disrupted
childhood immunization, threatening progress toward
elimination of hepatitis B by 2030. We used a published
mathematical model to estimate the number of expected
and excess HBV infections and related deaths after 10%
and 20% decreases in hepatitis B birth dose or third-dose
hepatitis B vaccination coverage of children born in 2020
compared with prepandemic 2019 levels. Decreased
vaccination coverage resulted in additional chronic HBV
infections that were 36,342-395,594 in the WPR and
9,793-502,047 in the AFR; excess HBV-related deaths
were 7,150-80,302 in the WPR and 1,177—-67,727 in the
AFR. These findings support the urgent need to sustain
immunization services, implement catch-up vaccina-
tions, and mitigate disruptions in hepatitis B vaccinations
in future birth cohorts.

hronic hepatitis B virus (HBV) infection is the
leading cause of liver cancer and a major public
health problem in the World Health Organization
(WHO)-designated Western Pacific Region (WPR)
and African Region (AFR). In 2019, of the estimated
296 million persons living with chronic HBV infection
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worldwide, #116 million (39%) resided in the WPR
and ~82 million (28%) resided in the AFR (1). Of the
estimated 1.5 million new HBV infections that oc-
curred globally, 140,000 (9%) new infections occurred
in the WPR and 990,000 (66 %) new infections occurred
in the AFR (1).

In 2016, all WHO member states endorsed the
global target for elimination of viral hepatitis as a
public health threat by 2030; specific aims included
reducing the prevalence of hepatitis B surface anti-
gen (HBsAg), a marker of chronic HBV infection, to
<0.1% among children 5 years of age and achieving
>90% coverage with a hepatitis B vaccine birth dose
(HepB-BD) and 3 additional infant doses (HepB3) (2).
Interim targets to achieve viral hepatitis elimination
by 2020 included HBsAg prevalence of <1% among
children and coverage levels of >50% for HepB-BD
and >90% for HepB3 among infants (2).

In both the WPR and AFR, all countries provide
3 doses of HBV vaccine; however, only 35 (95%) of 37
countries in the WPR and 13 (28%) of 47 countries in
the AFR provide universal HepB-BD to all newborns.
In addition, 2 countries in the WPR (Japan, New Zea-
land) and 1 country in the AFR (Mauritius) provide
HepB-BD selectively to babies born to mothers who
are HBsAg-positive. The WPR has made substantial
progress in controlling HBV infection through suc-
cessful HBV immunization programs for children. As
of 2020, a total of 21 (57%) of 37 countries and areas in
the WPR achieved HBsAg prevalence in <1% of chil-
dren according to serosurvey evidence (3). The WPR
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target of >95% vaccination coverage was achieved by
19 (51%) WPR countries or areas for HepB-BD and 20
(54%) countries for HepB3, and the global target of
>90% coverage was achieved by 23 (62%) countries
for HepB-BD and 34 (92%) countries for HepB3 (4-6).
However, progress toward hepatitis B control has
been much slower in the AFR, where only 14 (30%) of
the 47 countries have HepB-BD in their immunization
schedule. Of those 14, only 5 (11%) countries reached
the regional and global 2020 target of >50% HepB-BD
coverage (5), and 19 (40%) of 47 countries achieved
>90% HepB3 coverage (6). Nationally representative
serosurvey data are lacking among children in most
countries in Africa. However, modeled estimates re-
ported that 25 (53%) countries achieved the regional
target of <2% HBsAg prevalence and 13 (28%) coun-
tries achieved the global target of <1% HBsAg preva-
lence among children by 2020 (7).

The COVID-19 pandemic has strained public
health capacity and disrupted the delivery and up-
take of childhood vaccines, thereby threatening the
control and elimination of major vaccine-preventable
diseases. Of 61 countries worldwide that responded
to a June 2020 immunization pulse poll, 45 (74%)
countries reported a drop in vaccination demand,
and the AFR reported the highest proportion of
countries (89%) with decreased demand; in addi-
tion, 52 (85%) of responding countries reported a
drop in coverage in May 2020 compared with Janu-
ary-February 2020 (8). Furthermore, vaccine ship-
ments and supplies were affected early during the
COVID-19 pandemic because of disruption in air
transportation and closure of airports (9). Asaresult of
COVID-19-related disruption of immunization ser-
vices, 80 million children <1 year of age worldwide
were at risk for vaccine-preventable diseases (10).
In the WPR, preliminary data reported for the first
quarter of 2020 showed a 10%-50% decrease in the
number of children who completed 3 doses of HBV
vaccine, and the average reduction in coverage was
~20% (11). In the AFR, preliminary coverage data
showed a drop in HepB3 coverage in 37 (79%) coun-
tries, and 10 countries reported a decrease in cover-
age >10% during the first half of 2020 compared with
the same period in 2019 (12).

The COVID-19 pandemic and its negative effect
on immunization and other essential health servic-
es poses a threat to progress toward decreasing the
burden of hepatitis B among children and achieving
HBV elimination by 2030. We estimated the addi-
tional numbers of chronic HBV infections and HBV-
related deaths in the WPR and AFR, the regions most
affected by HBV, that resulted from decreased HBV
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vaccination coverage during 2020 because of the CO-
VID-19 pandemic.

Materials and Methods

Data Sources

We used a published mathematical model (13) to es-
timate the effects of decreased hepatitis B vaccination
on HBV-related illness and death among children born
in 2020. The model is a static model that estimates the
number of HBV infections and deaths from mother-
to-child transmission during the perinatal period (<1
year of age) and horizontal transmission during early
(1-5years of age) and late (>5 years of age) childhood.
The model included the number of surviving infants,
vaccination coverage with HepB-BD and complete
HepB3 series, prevalence of HBsAg and HBV e anti-
gen among women of reproductive age, and hepatitis
B core antigen antibody prevalence among children 5
years of age and adults 30 years of age. The frequency
of HBV seromarkers was compiled from published
systematic reviews, population-based HIV impact as-
sessments that included hepatitis B seroprevalence in
AFR countries, and HBV profiles for WPR countries,
which included nationwide and large-scale subna-
tional serosurveys for the region. When data were
not available from these sources, published estimates
were used (Appendix Table 1, https://wwwnc.cdc.
gov/EID/article/28/13/21-2300-Appl.pdf). The ef-
ficacy of complete hepatitis B vaccination (HepB-BD
and HepB3) was estimated to be 95% (14). For coun-
tries that did not provide HepB-BD but provided
HepB3 vaccines as part of combination vaccines dur-
ing childhood, we considered infants who received
HepB3 vaccines to be unprotected against vertical
transmission. However, because of the receipt of the
3 primary vaccines, we considered these infants to be
protected against horizontal transmission with 95%
vaccine efficacy (14).

We obtained population and death rate data from
World Population Prospects, 2019 revision, pub-
lished by the United Nations Population Division
(15). We compiled HBV vaccination coverage data
from the 2019 WHO/UNICEF estimates of national
immunization coverage (WUENIC) (16). WUENIC
estimates were based on official or administrative
survey coverage data and included contextual infor-
mation, such as status of vaccine stock and changes
in vaccination schedule. When WUENIC estimates
were unavailable, we used official or administrative
vaccination coverage reported in the WHO-UNI-
CEF Joint Reporting Form. Administrative vaccina-
tion coverage data are derived from the country’s
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immunization registry system and may be inaccu-
rate because of underestimates or overestimates;
thus, national authorities can provide their official
vaccination coverage estimates, which are based on
administrative data, surveys, and reports. If WUEN-
IC estimates were unavailable for HepB3, we used
official estimates, and, if those were unavailable, we
used administrative coverage estimates. If WUENIC
estimates were unavailable for HepB-BD, we used
data sources in this order of preference: official cov-
erage estimates of birth doses administered within
24 h after birth; administrative coverage of birth
doses given within 24 h after birth; official coverage
of total birth doses, which included birth doses pro-
vided <24 h or >24 h after birth; and administrative
coverage of total birth doses. When the reported cov-
erage was >100%, the coverage was capped at 100%.
For countries that had not introduced HepB-BD or
countries that provided selective HepB-BD vaccines,
coverage was not reported to WHO and we could
not compute the effects of changes in HepB-BD cov-
erage in those countries.

Data Analysis

We estimated the total number of expected chronic
HBYV infections and deaths during the lifetime of
children born in 2020 by first assuming HepB-BD
and HepB3 coverage levels were identical to those in
2019, before the COVID-19 pandemic. We included
deaths from HBV-related liver cirrhosis, hepatocel-
lular carcinoma, and fulminant hepatitis in the analy-

COVID-19 and HBV in Western Pacific and Africa

sis. A 20% reduction in vaccination coverage was re-
ported in WPR countries in the first quarter of 2020
compared with 2019 (11), and a >10% decline in vac-
cination coverage was observed in the AFR during
the first 6 months of 2020 compared with 2019 (12).
Therefore, we estimated the number of chronic HBV
infections and deaths in children born in 2020 when
HepB-BD or HepB3 was decreased by 10% and 20%
in 2020 compared with 2019.

For the AFR, we analyzed the number of chron-
ic HBV infections and related deaths according to
HepB-BD introduction status in countries from 3 op-
erational geographic areas: Central Africa (10 coun-
tries), East/southern Africa (20 countries), and West
Africa (17 countries). We calculated numbers of ex-
cess chronic HBV infections and related deaths on the
basis of the estimated 10% or 20% decline in HepB-BD
and HepB3 coverage in 2020 compared with 2019.

Results

We used the model to estimate the number of chronic
HBV infections and HBV-related deaths during the
lifetime of children born in 2020 who received differ-
ent HBV vaccination coverage (Table). If 2019 hepati-
tis B vaccination coverages were maintained in 2020,
the model estimated 332,179 chronic HBV infections
in the WPR and 1,564,688 chronic HBV infections in
the AFR during the lifetime of children born in 2020.
If either HepB-BD or HepB3 coverage dropped by
10% or 20% in 2020 compared with 2019, the total es-
timated numbers of chronic HBV infection in these

Table. Estimated numbers of chronic hepatitis B virus infections and related deaths after decreased hepatitis B vaccine birth dose and
third dose vaccination coverage caused by COVID-19 in World Health Organization Western Pacific and African Regions, 2020*

Hepatitis B birth dose Hepatitis B third-doset

Variables

Baseline, 2019  Decrease, 10%

Decrease, 20% Decrease, 10% Decrease, 20%

Western Pacific Region

Hepatitis B birth dose coverage 84% 76% 67% NA NA
Hepatitis B third-dose coverage 94% NA NA 85% 75%
Chronic infections 332,179 368,521 404,863 529,976 727,773
HBV-related deaths
Hepatocellular carcinoma 29,779 33,392 37,004 49,394 69,009
Liver cirrhosis 31,002 34,538 38,075 50,589 70,175
Fulminant hepatitis 1,442 1,442 1,442 2,390 3,339
Total 62,222 69,372 76,521 102,373 142,524
African Region
Hepatitis B birth dose coverage 17% 15% 14% NA NA
Hepatitis B third-dose coverage 73% NA NA 66% 58%
Chronic infections 1,564,688 1,574,481 1,584,273 1,815,712 2,066,735
HBV-related deaths
Hepatocellular carcinoma 81,267 81,805 82,342 94,405 107,543
Liver cirrhosis 112,011 112,651 113,290 130,895 149,779
Fulminant hepatitis 7,891 7,891 7,891 9,733 11,575
Total 201,170 202,347 203,524 235,033 268,897

*We assumed that in the absence of the COVID-19 pandemic, 2019 hepatitis B vaccination coverage levels would have been maintained in 2020;
hepatitis B vaccination coverages for 2020 were estimated from 2019 baseline coverage levels, and baseline coverage levels were from World Health
Organization/UNICEF estimates of national immunization coverage or derived from official or administrative estimates from specific countries. HBV,

hepatitis B virus; NA, not applicable.

THepatitis B third-dose coverage was a combination of a hepatitis B birth dose and 2 additional doses of hepatitis B vaccine in 14 countries in the
Western Pacific Region. Other countries provided up to 3 additional hepatitis B doses in a pentavalent vaccine.
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Figure 1. Numbers of additional chronic hepatitis B cases after decreased coverage for hepatitis B vaccine caused by COVID-19 in
World Health Organization (WHO) Western Pacific Region (WPR) and African Region (AFR), 2020. We used a mathematical model

to estimate the effect of decreased hepatitis B vaccination coverage on hepatitis B virus (HBV) infections among children born in 2020
compared with 2019. A) Total number of chronic HBV infections determined from 2019 data (baseline) and estimates of excess chronic
HBYV infections from the model after 10% or 20% decrease in HepB-BD or HepB3 vaccination coverage in the World Health Organization
WHO Western Pacific Region. All countries and areas in the WPR have introduced HepB-BD, including 2 countries that provide HepB-
BD only to infants born to hepatitis B surface antigen—positive mothers. B) Total number of chronic HBV infections (baseline) and
estimates of excess chronic HBV infections after 10% or 20% decrease in HepB-BD or HepB3 vaccination coverage in the WHO AFR.
Comparisons were made between countries with and without HepB-BD. Fourteen countries in the AFR have introduced HepB-BD,
including 1 country that provides HepB BD-only to infants born to hepatitis B surface antigen—positive mothers. HepB-BD coverage data
were only available for countries that provided universal birth doses. HepB-BD, birth dose; HepB3, third-dose hepatitis B.

children would be 368,521-727,773 in the WPR and
1,574,481-2,066,735 in the AFR (Table). The number
of additional chronic HBV infections ranged from
36,342 (11%) to 395,594 (119%) in the WPR (Figure 1,
panel A) and 9,793 (1%) to 502,047(32%) in the AFR
(Figure 1, panel B). In AFR countries that introduced
HepB-BD, a 10% decrease in HepB3 coverage from
baseline resulted in 70,225 (13%) additional chronic
HBYV infections, whereas a 10% decrease in HepB-BD
coverage resulted in an estimated 9,792 (2%) excess
chronic HBV infections (Figure 1, panel B). In AFR
countries that did not provide HepB-BD, a 10% de-
crease in HepB3 coverage caused 180,798 (18%) ex-
cess chronic HBV infections.

If 2019 levels of HBV vaccination coverage were
maintained in 2020, the model estimated that HBV
infections produced 62,222 HBV-related deaths in
the WPR and ~201,170 HBV-related deaths in the
AFR (Table). If either HepB-BD or HepB3 decreased
by 10% or 20% in 2020, the total number of HBV-
related deaths would be 69,372-142,524 in the WPR
and 202,347-268,897 in the AFR (Table) during the
lifetime of children born in 2020. The increases in
HBV-related deaths were from 7,150 (11%) to 80,302
(129%) in the WPR (Figure 2, panel A) and 1,177 (1%)
to 67,727 (34%) in the AFR (Figure, panel B) compared
with baseline values. In AFR countries that provided
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HepB-BD, a 10% decrease in HepB3 coverage result-
ed in 9,499 (14%) additional deaths, whereas a 10%
decrease in HepB-BD coverage caused 1,177 (2%) ex-
cess deaths (Figure 2, panel B). In AFR countries that
did not provide HepB-BD, a 10% decrease in HepB3
coverage produced 24,365 (18%) excess HBV-related
deaths.

We estimated total lifetime numbers of chronic
HBV infections and deaths among children born in
2020 by country for each region (Appendix Tables 2,
3). If 2019 hepatitis B vaccination coverage levels were
maintained in the WPR in 2020, the highest estimated
numbers of chronic HBV infections would have oc-
curred in China (123,186), the Philippines (122,717),
Vietnam (40,359), and Papua New Guinea (20, 888)
and accounted for 307,150 (92%) of all 332,179 expect-
ed chronic infections in this region (Appendix Table
2). A 10% decrease in HepB3 coverage produced a
155% increase in chronic HBV infections in Brunei
Darussalam, 131% increase in Fiji, and 131% increase
in China. A 20% decrease in HepB3 coverage pro-
duced a 310% increase in chronic HBV infections in
Brunei Darussalam, 265% increase in Fiji, and 256%
increase in China. A 10% decrease in HepB-BD cover-
age resulted in an 80% increase in chronic HBV infec-
tions in Tonga, 32% increase in Mongolia, and 27%
increase in Fiji; a 20% decrease in HepB-BD coverage
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caused al59% increase in infections in Tonga, 64%
increase in Mongolia, and 54% increase in Fiji (Ap-
pendix Table 2).

If 2019 HBV vaccination coverage levels were
maintained in the AFR in 2020, countries in West
Africa accounted for the highest number of chronic
HBYV infections (675,017), followed by East/south-
ern Africa (463,185) and Central Africa (426,486)
(Appendix Table 3). A 10% decrease in HepB3 cov-
erage produced a 25% increase in chronic infections
in countries in East/southern Africa, 14% increase
in West Africa, and 9% increase in Central Africa.
We estimated that the highest number of expected
chronic HBV infections were in Nigeria (384,442),
the Democratic Republic of the Congo (227,219), and
Ethiopia (150,025) (Appendix Table 3). A 10% de-
crease in HepB3 coverage produced a 100% increase
in chronic HBV infections in Rwanda, 93% increase
in Cabo Verde, 75% increase in Sao Tome and Prin-
cipe, and 63% increase in Algeria. A 20% decrease in
HepB3 coverage caused a 199% increase in chronic
HBYV infections in Rwanda, 186% increase in Cabo
Verde, 149% increase in Sao Tome and Principe, and
125% increase in Algeria. Among AFR countries that
provided HepB-BD vaccination, a 10% decrease in
HepB-BD coverage resulted in a 21% increase in
excess chronic HBV infections in Cabo Verde, an

A 160,000
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18% increase in Sao Tome and Principe, 11% in-
crease in Senegal, and 10% increase in Botswana. A
20% decrease in HepB-BD coverage produced a 43%
increase in excess chronic HBV infections in Cabo
Verde, 36% increase in Sao Tome and Principe, 21%
increase in Senegal, and 36% increase in Botswana
(Appendix Table 3). Estimated increases in HBV-
related deaths after decreased HepB3 or HepB-BD
coverage showed patterns similar to those of chronic
HBYV infections in countries from the WPR and AFR
(Appendix Tables 2, 3).

Discussion

The COVID-19 pandemic has led to substantial
disruptions in routine immunization services and
subsequent reductions in vaccination coverage in
the WPR and AFR. Using a mathematical model
(13), we estimated that a 20% decrease in HepB3
vaccination coverage because of COVID-19 would
produce >500,000 excess chronic HBV infections
and >67,000 additional HBV-related deaths in
the AFR and >395,000 excess chronic infections
and >80,000 additional HBV-related deaths in
the WPR during the lifetimes of children born in
2020. A 10% decrease in HepB3 vaccinations also
would produce substantial increases in chronic
HBV infections and HBV-related deaths in both

@ Excess
140,0001 [ Baseli . B Excess, with HepB-BD
aseline 300,000 B Excess, no HepB-BD
120,000+ O Baseline, with HepB-BD
%) 250,0001 @ Baseline, no HepB-BD I
< 100,000+
@ £200000{ — M i
< 80,0001 8
g’ 1 A
S 60,000- S 1500000 L 1L 1 L1 L] L]
p— 2 100,000
20,000 50,000+
0
No HepB-BD, HepB-BD, HepB3, HepB3, No  HepB-BD, HepB-BD, HepB3, HepB3,
change 10% 20% 10% 20% change 10% 20% 10% 20%

decrease decrease decrease decrease

Vaccination status

decrease decrease decrease decrease
Vaccination status

Figure 2. Numbers of additional hepatitis B virus (HBV)-related deaths after decreased coverage for hepatitis B vaccine caused

by COVID-19 in World Health Organization (WHO) Western Pacific Region (WPR) and African Region (AFR), 2020. We used a
mathematical model to estimate the effect of decreased hepatitis B vaccination coverage on HBV-related deaths among children born in
2020 compared with 2019. A) Total number of HBV-related deaths determined from 2019 data (baseline) and estimates of excess deaths
after 10% or 20% decrease in birth dose (HepB-BD) or third-dose hepatitis B (HepB3) vaccination coverage in the WHO WPR. All

countries and areas in the WPR have introduced HepB-BD, including

2 countries that provide HepB-BD only to infants born to hepatitis

B surface antigen—positive mothers. B) Total number of HBV-related deaths (baseline) and estimates of excess deaths after 10% or 20%
decrease in HepB-BD or HepB3 vaccination coverage in the WHO AFR. Comparisons were made between countries with and without
HepB-BD. Fourteen countries in the AFR have introduced HepB-BD, including 1 country that provides HepB BD-only to infants born to
hepatitis B surface antigen—positive mothers. HepB-BD coverage data were only available for countries providing universal birth doses.

HepB-BD, birth dose; HepB3, third-dose hepatitis B.
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the AFR and WPR. A 10% decrease in HepB-BD
vaccination coverage in the WPR would produce an
estimated 11% increase in chronic HBV infections
or HBV-related deaths compared with a 1% in-
crease in chronic infections or HBV-related deaths
in the AFR. This difference is likely because the
AFR had a low baseline HepB-BD coverage of only
15% compared with 84% HepB-BD coverage in the
WPR in 2019 (17). However, the increase in chronic
HBYV infections after a 10% decrease in HepB3 cov-
erage was 1.4 times lower in AFR countries that
introduced HepB-BD vaccinations compared with
countries without HepB-BD, which indicates the
value of HepB-BD vaccination in lowering HBV in-
fection rates. As recently reported, wider introduc-
tion of HepB-BD in the AFR will enhance progress
toward HBV elimination and prevent further infec-
tions and deaths (18).

The effects of COVID-19-related disruptions to
immunization services may not be limited to children
born in 2020. After the initial COVID-19 wave dur-
ing January-February 2020, both the WPR and AFR
experienced subsequent waves during July-Decem-
ber 2020 (19). Because of emerging new SARS-CoV-2
variants, spikes in COVID-19 cases are expected to
continue (9). A pulse survey on continuity of essential
health services was conducted in 2021 and, among
countries responding to the survey, 24% of countries
in the WPR and 48% in the AFR reported ongoing dis-
ruptions in immunization services (20).

Childhood immunization is recognized as
a core health service that should continue dur-
ing the COVID-19 pandemic in conjunction with
COVID-19 prevention and control measures for
caregivers and health workers (21). Administering
the HepB-BD vaccine within 24 hours of birth pre-
vents 70%-95% of perinatal transmission from HBV-
infected mothers (22). In the WPR, >90% of births are
hospital-based, and neonates are more likely to re-
ceive HepB-BD vaccination when born in hospitals
(23). However, the pulse survey indicated that 20%
of WPR countries had disruptions in facility-based
births, and 43% of countries reported disruptions
in antenatal but not postnatal care (20). Therefore,
hospitals in the WPR should include HepB-BD vac-
cinations in their COVID-19 prevention and control
planning and protocols to ensure newborns continue
to receive HepB-BD within 24 hours after birth dur-
ing the COVID-19 pandemic. Disruptions in facility-
based births were reported in 31% of AFR countries;
43% reported disruptions in antenatal care, and
32% reported disruptions in postnatal care (20). In
AFR countries that provide HepB-BD, vaccination
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services should be maintained and disruptions in re-
productive and maternal care should be addressed.
In addition, more AFR countries need to consider
introducing HepB-BD in routine newborn immuni-
zations to minimize the number of new chronic HBV
infections and related deaths (18).

When routine immunization services are ad-
versely affected and doses are missed, a catch-up
vaccination strategy is essential to complete at least
3 doses of the HBV vaccine. If HepB-BD is missed
within the first 24 hours after birth, infants should be
given the first dose of HBV vaccine promptly upon
first contact with the health system, although effec-
tiveness in preventing mother-to-child transmission
might be reduced (24). WHO has developed guidance
for national immunization programs to assist in es-
tablishing or refining catch-up vaccination strategies
and designing catch-up vaccination schedules (25).
HBYV catch-up vaccinations can be provided through
fixed, outreach, mobile, or routine school-based im-
munization services (25). Periodic campaign-style
intensification of routine immunization should be
considered for catchup vaccinations or sustainment
of routine immunization (21,26). Communication
and community engagement strategies that regularly
educate communities on the availability of immu-
nization services, need to vaccinate even if late, and
COVID-19 safety measures at vaccination sites are
critical for reestablishing vaccine demand and uptake
(21,25). Where immunization services have been re-
stored, countries will need to plan for potential future
COVID-19 spikes and recurrent disruptions of timely
vaccination schedules (21).

The first limitation of our study is that estimates
of decreased vaccination coverage in each region
were based on preliminary data at an early stage of
the COVID-19 pandemic. As countries adapt immu-
nization practices and complete data become avail-
able, our estimations may not reflect actual effects of
COVID-19 on HBV vaccination coverage. However,
our findings show that immunization is critical for
continued progress toward the elimination of HBV.
Second, coverage data from 2019 was used to esti-
mate the excess death and chronic HBV infection in
2020. In some countries, coverage might have fluctu-
ated before 2019, and an average coverage for the
past several years could be used as an alternative
baseline estimate. Third, we considered the decrease
in birth dose and third dose coverage to be indepen-
dent. In some countries, particularly in the WPR,
HepB-BD was considered the first dose of the HBV
vaccine series, and a decrease in HepB-BD would
also affect third dose coverage. In other countries,

Vol. 28, No. 13, Supplement to December 2022



particularly in the AFR, a pentavalent vaccine for the
3 additional doses was available and HepB-BD was
not counted in the coverage of the third dose. There-
fore, an analysis of different vaccine combinations
may yield different results. Last, HBV seropreva-
lence data were not available from all countries, and
we used data from countries with similar epidemiol-
ogy when available.

The predicted consequences of COVID-19-related
reduction in HBV vaccination indicate an urgent need
to maintain immunization services, implement catch-
up vaccinations, and mitigate disruptions in vaccina-
tion services for future births, especially in countries
with a high prevalence of hepatitis B. The effects of
COVID-19-related disruptions to immunization ser-
vices are likely not limited to children born during
2020. It will be crucial for hospitals to include HepB-
BD in their prevention and control protocols during
the COVID-19 pandemic to ensure infants receive
HepB-BD within 24 hours of birth. A catch-up vaccina-
tion strategy for completion of at least 3 HBV vaccine
doses will be essential for children who missed their
vaccinations. Countries must reduce the continued
strain of COVID-19 on routine immunization services
and effects on coverage that might threaten progress
toward achieving hepatitis B elimination by 2030.
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he Petri dish is named after the German inventor and bac-

teriologist Julius Richard Petri (1852-1921). In 1887, as an
assistant to fellow German physician and pioneering microbi-
ologist Robert Koch (1843-1910), Petri published a paper titled
“A minor modification of the plating technique of Koch.” This
seemingly modest improvement (a slightly larger glass lid),
Petri explained, reduced contamination from airborne germs
in comparison with Koch’s bell jar.
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Coverage for Hepatitis B Virus Caused by

COVID-19 in World Health Organization
Western Pacific and African Regions, 2020

Appendix

Appendix Table 1. Prevalence of hepatitis B virus seromarkers used in the mathematical model to determine effects of decreased
immunization coverage for hepatitis B virus caused by COVID-19 in World Health Organization Western Pacific and African
Regions, 2020*

HBsAg prevalence HBeAg prevalence Anti-HBcAg
among women of among women of Anti-HBcAg prevalence at
childbearing age childbearing age  prevalenceat5y >30y of age
Country name (%) (%) of age (%) (%) References
Africa Region
Algeria 1.6 15 25 77.5 (1,2)
Angola 11.5 15 25 77.5 (2)
Benin 15.5 1.4 25 77.5 (2,3)
Botswana 11.84 15 25 77.5 (2)
Burkina Faso 8.1 21.2 25 77.5 (2,3)
Burundi 11.84 15 25 77.5 (2
Cabo Verde 11.5 15 25 77.5 (2)
Cameroon 6 121 25 77.5 (2-4)
Central African Republic 11.84 15 25 77.5 (2)
Chad 11.5 15 25 77.5 (2)
Comoros 11.5 15 25 77.5 (2)
Congo 11.84 15 25 77.5 (2)
Cote d’lvoire 8 14.5 25 77.5 (2,3)
The Democratic Republic of the 11.84 15 25 77.5 (2)
Congo
Equatorial Guinea 11.5 15 25 77.5 (2)
Eritrea 11.84 15 25 775 (2)
Eswatini 11.84 15 25 77.5 (2
Ethiopia 3.6 125 25 77.5 (2,3,5)
Gabon 9.2 10.1 25 775 (2,3)
Gambia 11.5 15 25 77.5 (2
Ghana 12 15 25 77.5 (2,3)
Guinea 11.5 15 25 77.5 (2)
Guinea-Bissau 11.5 15 25 77.5 (2)
Kenya 9.3 8.8 25 77.5 (2,3)
Lesotho 11.84 15 25 77.5 (2)
Liberia 11.5 15 25 77.5 (2
Madagascar 1.9 5 25 77.5 (2,3)
Malawi 11.84 15 25 775 (2)
Mali 11.8 15 25 77.5 (2,3)
Mauritania 10.7 15 25 775 (2,3)
Mauritius 11.5 15 25 77.5 (2)
Mozambique 11.84 15 25 77.5 (2)
Namibia 11.84 15 25 77.5 (2
Niger 16.2 15 25 775 (2,3)
Nigeria 6.1 28.5 25 77.5 (2,3,6)
Rwanda 1.3 15 25 77.5 (2,7)
Sao Tome and Principe 11.84 15 25 77.5 (2)
Senegal 11.5 15 25 77.5 (2)
Seychelles 115 15 25 775 (2)
Sierra Leone 9.8 9.3 25 77.5 (2,8)
South Africa 3.9 171 25 77.5 (2,3)
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HBsAg prevalence HBeAg prevalence Anti-HBcAg
among women of  among women of Anti-HBcAg prevalence at
childbearing age  childbearing age  prevalenceat5y >30y of age
Country name (%) (%) of age (%) (%) References
South Sudan 11.5 15 25 77.5 (2)
Togo 11.5 15 25 77.5 (2)
Uganda 3 14.9 25 77.5 (2,3,9)
United Republic of Tanzania 3.7) 12 25 77.5 (2,3,10)
Zambia 4.1 15 25 77.5 (2,11)
Zimbabwe 14.2 3.3 25 775 (2,3)
Western Pacific Region
American Samoa 2.55 15 26 49 (2,12,13)
Australia 1.28 29 0.6 11.9 (14,15,16)
Palau 13 40 48 58 (17)
Brunei Darussalam 1.1 20 25 77.5 (2,18)
Cambodia 4.39 30 25 77.5 (2,19)
China 5.44 30 32 55 (20,21)
Cook Islands 1.1 15 0.64 5.5 (2)
Fiji 6.6 30 25 775 (2,22)
French Polynesia 1.1 15 0.64 5.5 (2)
Guam 1.1 15 0.64 5.5 (2)
Hong Kong SAR, China 3.4 30 25 77.5 (2,23)
Japan 0.23 15 0.64 5.5 (2,24)
Kiribati 9.2 30 25 77.5 (2,25)
Republic of Korea 2.34 30 25 77.5 (2,26)
Lao People’s Democratic Republic 3.53 30 25 77.5 (2,27)
Malaysia 4 20 25 77.5 (2,28)
Macao SAR, China 3.4 30 25 77.5 (2,23)
Federated States of Micronesia 6.8 15 10 56.8 (2,29)
Mongolia 9.7 30 25 77.5 (2,30)
Marshall Islands 9.5 30 25 77.5 (2,29)
New Caledonia 3.3 30 25 77.5 (2,31)
New Zealand 1.1 15 0.64 5.5 (2)
Niue 1.1 15 0.64 55 (2)
Mariana Islands 1.1 15 0.64 5.5 (2)
Nauru 1.1 15 0.64 5.5 (2)
Philippines 18.1 20 25 775 (2,32)
Papua New Guinea 12.81 30 25 77.5 (2,33)
Singapore 3.7 20 25 77.5 (2,34)
Samoa 11.83 30 25 77.5 (2)
Solomon Islands 13.8 36.7 25 77.5 (2,35)
Tokelau 1.1 15 0.64 5.5 (2
Tonga 18.6 47.5 25 77.5 (2,22)
Tuvalu 11.83 30 25 77.5 (2)
Vanuatu 7 30 25 775 (2,36)
Viet Nam 12.6 421 25 775 (2,37)
Wallis and Futuna 11.83 30 25 77.5 (2)

*HBcAg, hepatitis B ¢ antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen

Page 2 of 10



Appendix Table 2. Number of chronic hepatitis B infections and-related deaths by country in 2019 compared with model estimates for children born in 2020 after decreased HBV
immunization coverage caused by COVID-19 in the World Health Organization Western Pacific Region*

Baseline 10% decrease in HepB- BD 20% decrease in HepB-BD 10% decrease in HepB3 20% decrease in HepB3
HBV-

Countries and related Excess Excess Excess
areas Infections deaths infections deaths infections Excess deaths Excess infections Excess deaths Excess Infections Excess deaths
American Samoa 34 5 1(2%) 0 (0%) 1(4%) 0 (0%) 9 (27%) 1(27%) 18 (54%) 3 (54%)
Australiat 1,440 344 - - - - 209 (14%) 54 (16%) 417 (29%) 107 (31%)
Brunei Darussalam 39 7 1 (4%) 0 (0%) 3 (8%) 1(7%) 61 (155%) 11 (155%) 121 (310%) 22 (310%)
Cambodia 5,277 924 396 (8%) 66 (7%) 792 (15%) 133 (14%) 3,122 (59%) 551 (60%) 6,244 (118%) 1,101 (119%)
China 123,186 25,077 24,422 (20%) 4,887 (19%) 48,844 (40%) 9,773 (39%) 157,468 (128%) 32,185 (128%) 314,935 (256%) 64,371 (257%)
Cook Islands 0 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Fiji 129 20 34 (27%) 5 (26%) 69 (54%) 10 (51%) 169 (131%) 27 (133%) 338 (263%) 54 (265%)
French Polynesia 2 0 1(41%) 0 (0%) 2 (81%) 0 (0%) 2 (77%) 0 (0%) 3 (153%) 1 (158%)
Guam 2 0 1 (23%) 0 (0%) 1 (46%) 0 (0%) 1(37%) 0 (0%) 2 (74%) 0 (0%)
Hong Kong, China 897 224 76 (9%) 18 (8%) 152 (17%) 37 (17%) 754 (84%) 189 (84%) 1,508 (168%) 378 (169%)
Japani 666 144 - - - - 399 (60%) 90 (62%) 798 (120%) 180 (125%)
Kiribati 37 7 8 (22%) 1(21%) 16 (44%) 3 (42%) 27 (72%) 5 (72%) 53 (144%) 10 (145%)
Lao People’s 6,560 1,122 90 (1%) 15 (1%) 179 (3%) 29 (3%) 1,048 (16%) 180 (16%) 2,095 (32%) 361 (32%)
Democratic
Republic
Macao SAR, China 52 13 7 (13%) 2 (12%) 13 (25%) 3 (25%) 65 (124%) 16 (124%) 130 (248%) 32 (249%)
Malaysia 4,576 846 466 (10%) 83 (10%) 931 (20%) 165 (20%) 5,026 (110%) 932 (110%) 10,053 (220%) 1,864 (220%)
Mariana Islands 1 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(51%) 0 (0%)
Marshall Islands 31 5 4 (12%) 1(11%) 7 (23%) 1(22%) 10 (32%) 2 (32%) 20 (64%) 3 (65%)
Micronesia 39 5 2 (6%) 0 (0%) 5(12%) 1(11%) 11 (28%) 2 (29%) 22 (56%) 3 (57%)
(Federated States
of)
Mongolia 630 107 200 (32%) 33 (31%) 401 (64%) 65 (61%) 650 (103%) 112 (104%) 1,299 (206%) 223 (209%)
Nauru 0 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
New Caledonia 44 9 4 (8%) 1(8%) 7 (16%) 1 (15%) 34 (78%) 7 (79%) 69 (157%) 15 (157%)
New Zealandt 109 22 - - - - 21 (20%) 5(21%) 43 (39%) 9 (41%)
Niue 0 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Palau 3 0 1 (38%) 0 (0%) 2 (76%) 0 (0%) 3 (102%) 0 (0%) 5 (205%) 1 (205%)
Papua New Guinea 20,888 3,147 212 (1%) 31 (1%) 425 (2%) 61 (2%) 701 (3%) 108 (3%) 1,402 (7%) 216 (7%)
Philippines 122,717 20,260 4,310 (4%) 687 (3%) 8,620 (7%) 1,374 (7%) 12,121 (10%) 2,045 (10%) 24,241 (20%) 4,091 (20%)
Republic of Korea 2,892 696 224 (8%) 52 (8%) 448 (15%) 105 (15%) 3,466 (120%) 837 (120%) 6,933 (240%) 1,675 (241%)
Samoa 264 49 11 (4%) 2 (4%) 21 (8%) 4 (8%) 24 (9%) 5 (9%) 49 (18%) 9 (19%)
Singapore 513 114 37 (7%) 8 (7%) 75 (15%) 16 (14%) 471 (92%) 105 (92%) 942 (184%) 210 (184%)
Solomon Islands 592 115 65 (11%) 12 (11%) 130 (22%) 25 (22%) 170 (29%) 34 (30%) 341 (58%) 68 (59%)
Tokelau 0 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Tonga 23 5 19 (80%) 4 (78%) 37 (159%) 7 (155%) 18 (79%) 4 (81%) 37 (157%) 7 (161%)
Tuvalu 4 1 1 (24%) 0 (0%) 2 (47%) 0 (0%) 2 (57%) 0 (0%) 5 (115%) 1(116%)
Vanuatu 165 28 14 (9%) 2 (8%) 29 (17%) 5(17%) 73 (44%) 13 (45%) 146 (89%) 25 (90%)
Viet Nam 40,359 8,921 5,730 (14%) 1,238 (14%) 11,460 (28%) 2,476 (28%) 11,662 (29%) 2,630 (29%) 23,323 (58%) 5,260 (59%)
Wallis and Futuna 9 2 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (22%) 0 (0%) 4 (44%) 1 (45%)
Grand total, WPR 332,179 62,222 36,342 (11%) 7,149 (11%) 72,684 (22%) 14,299 (23%) 197,797 (60%) 40,151 (65%) 395,595 (119%) 80,301 (129%)

*Values are numbers for 2019 baseline data or number (%) of infections or deaths for children born in 2020 that were in excess of 2019 values. HBV, hepatitis B virus; HepB-BD, hepatitis B birth dose
vaccination; HepB3, third-dose hepatitis B vaccination.
tAustralia provides HepB-BD to all newborn infants but did not report HepB-BD coverage for 2019 to the World Health Organization.
}Japan and New Zealand provide HepB-BD only to infants born to mothers who are positive for hepatitis B surface antigen; therefore, HepB-BD coverage in 2020 was not calculated for these countries.
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Appendix Table 3. Number of chronic hepatitis B infections and-related deaths by country in 2019 compared with model estimates for children born in 2020 after decreased HBV
immunization coverage caused by COVID-19 in the World Health Organization African Region*

Baseline 10% decrease in HepB-BD  20% decrease in HepB-BD 10% decrease in HepB3 20% decrease in HepB3

HBV-

related Excess Excess Excess Excess Excess Excess
Countries and areas Infections deaths infections deaths infections deaths infections Excess deaths infections Excess deaths
Central Africa
Angola 72,045 9,228 1,579 (2%) 190 (2%) 3,157 (4%) 379 (4%) 6,051 (8%) 785 (9%) 12,102 (17%) 1,570 (17%)
Burundit 14,985 1,873 - - - - 3,684 (25%) 486 (26%) 7,368 (49%) 972 (52%)
Cameroont 40,685 4,812 - - - - 5,519 (14%) 665 (14%) 11,039 (27%) 1,330 (28%)
Chadt 45,628 5,067 - - - - 2,831 (6%) 325 (6%) 5,662 (12%) 650 (13%)
Equatorial Guinea 2,617 316 40 (2%) 4 (1%) 79 (3%) 9 (3%) 207 (8%) 25 (8%) 414 (16%) 51 (16%)
Gabont 3,159 424 - - - - 434 (14%) 59 (14%) 867 (27%) 119 (28%)
Sao Tome and 78 12 14 (18%) 2 (17%) 28 (36%) 4 (34%) 58 (75%) 9 (76%) 117 (149%) 18 (151%)
Principe
Central African 11,907 1,222 - - - - 665 (6%) 70 (6%) 1,330 (11%) 141 (12%)
Republict
Democratic Republic 227,219 30,169 - - - - 17,493 (8%) 2,391 (8%) 34,986 (15%) 4,783 (16%)
of the Congot
Republic of the 8,163 1,067 - - - - 1,250 (15%) 169 (16%) 2,501 (31%) 338 (32%)
Congot
Total 426,486 54,189 1,632 (0%) 196 (0%) 3,264 (1%) 392 (1%) 38,193 (9%) 4,986 (9%) 76,386 (18%) 9,971 (18%)
East and southern Africa
Botswana 890 135 89 (10%) 13 (10%) 178 (20%) 26 (19%) 477 (54%) 74 (55%) 953 (107%) 148 (110%)
Eritreat 3,330 451 - - - - 892 (27%) 126 (28%) 1,783 (54%) 252 (56%)
Eswatinit 1,066 119 - - - - 236 (22%) 28 (23%) 473 (44%) 55 (47%)
Ethiopiat 150,025 21,683 - - - - 23,240 (15%) 3,391 (16%) 46,479 (31%) 6,783 (31%)
Kenyat 39,233 5,151 - - - - 12,816 (33%) 1,742 (34%) 25,632 (65%) 3,483 (68%)
Lesothot 2,112 203 - - - - 420 (20%) 43 (21%) 839 (40%) 85 (42%)
Madagascart 24,719 3,240 - - - - 6,810 (28%) 898 (28%) 13,620 (55%) 1,795 (55%)
Malawit 20,369 2,664 - - - - 5,441 (27%) 747 (28%) 10,882 (53%) 1,494 (56%)
Mauritiust 384 64 - - - - 114 (30%) 20 (31%) 229 (60%) 40 (62%)
Mozambiquet 43,150 5,223 - - - - 8,900 (21%) 1,127 (22%) 17,800 (41%) 2,254 (43%)
Namibia 1,523 197 123 (8%) 15 (8%) 246 (16%) 30 (15%) 550 (36%) 72 (37%) 1,100 (72%) 145 (73%)
Rwandat 3,799 575 - - - - 3,781 (100%) 580 (101%) 7,561 (199%) 1,161 (202%)
Seychellest 44 7 - - - - 14 (32%) 2 (34%) 29 (65%) 5 (67%)
South Africat 41,050 5,357 - - - - 8,596 (21%) 1,138 (21%) 17,193 (42%) 2,277 (43%)
South Sudant 27,061 3,252 - - - - 1,632 (6%) 202 (6%) 3,263 (12%) 403 (12%)
Ugandat 28,670 3,766 - - - - 14,564 (51%) 1,956 (52%) 29,127 (102%) 3,913 (104%)
United Republic of 46,481 6,283 - - - - 18,036 (39%) 2,485 (40%) 36,073 (78%) 4,970 (79%)
Tanzaniat
Zambiat 15,601 2,071 - - - - 5,363 (34%) 727 (35%) 10,725 (69%) 1,455 (70%)
Zimbabwet 12,758 1,319 - - - - 3,557 (28%) 384 (29%) 7,114 (56%) 768 (58%)
Comorost 920 124 - - - - 215 (23%) 30 (24%) 431 (47%) 60 (49%)
Total 463,185 61,884 212 (0%) 28 (0%) 424 (0%) 56 (0%) 115,654 (25%) 15,772 (25%) 231,307 (50%) 31,545 (51%)
West Africa
Algeria 14,083 2,652 391 (3%) 70 (3%) 781 (6%) 141 (5%) 8,827 (63%) 1,664 (63%) 17,655 (125%) 3,327 (125%)
Benin 21,516 2,782 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2,778 (13%) 375 (13%) 5,556 (26%) 750 (27%)
Burkina Fasot 24,212 3,273 - - - - 6,215 (26%) 879 (27%) 12,430 (51%) 1,758 (54%)
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Baseline 10% decrease in HepB-BD  20% decrease in HepB-BD 10% decrease in HepB3 20% decrease in HepB3
HBV-
related Excess Excess Excess Excess Excess Excess

Countries and areas Infections deaths infections deaths infections deaths infections Excess deaths infections Excess deaths
Cabo Verde 99 16 21 (21%) 3 (20%) 42 (43%) 7 (41%) 93 (93%) 15 (94%) 185 (186%) 31 (188%)
Céte d'lvoire 29,963 3,353 116 (0%) 12 (0%) 233 (1%) 25 (1%) 6,915 (23%) 802 (24%) 13,830 (46%) 1,604 (48%)
Gambia 2,711 344 66 (2%) 8 (2%) 132 (5%) 16 (5%) 706 (26%) 93 (27%) 1,412 (52%) 186 (54%)
Ghanat 26,983 3,458 - - - - 7,686 (28%) 1,041 (30%) 15,372 (57%) 2,082 (60%)
Guineat 33,928 4,380 - - - - 1,919 (6%) 254 (6%) 3,838 (11%) 507 (12%)
Guinea-Bissaut 2,681 303 - - - - 489 (18%) 58 (19%) 978 (36%) 116 (38%)
Liberiat 8,044 1,102 - - - - 1,065 (13%) 151 (14%) 2,130 (26%) 301 (27%)
Malit 37,884 4,715 - - - - 5,403 (14%) 702 (15%) 10,806 (29%) 1,403 (30%)
Mauritania§ 6,338 884 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1,090 (17%) 157 (18%) 2,179 (34%) 315 (36%)
Nigeria 384,442 47,258 6,402 (2%) 725 (2%) 12,804 (3%) 1,450 (3%) 37,659 (10%) 4,704 (10%) 75,318 (20%) 9,408 (20%)
Senegal 9,051 1,328 952 (11%) 134 (10%) 1,905 (21%) 268 (20%) 4,700 (52%) 703 (53%) 9,400 (104%) 1,406 (106%)
Sierra Leonet 5,968 591 - - - - 2,123 (36%) 223 (38%) 4,245 (71%) 446 (76%)
Togot 10,810 1,336 - - - - 1,971 (18%) 255 (19%) 3,942 (36%) 509 (38%)
Nigert 56,304 7,321 - - - - 7,539 (13%) 1,031 (14%) 15,078 (27%) 2,062 (28%)
Total 675,017 85,096 7,949 (1%) 953 (1%) 15,897 (2%) 1,906 (2%) 97,177 (14%) 13,106 (15%) 194,354 (29%) 26,211 (31%)
Grand Total, African 1,564,688 201,170 9,792 (1%) 1,177 (1%) 19,585 (1%) 2,355 (1%) 251,023 (16%) 33,864 (17%) 502,047 (32%) 67,727 (34%)

Region

*Values are numbers for 2019 baseline data or number (%) of infections or deaths for children born in 2020 that were in excess of 2019 values. HBV, hepatitis B virus; HepB-BD, hepatitis B birth dose

vaccination; HepB3, third-dose hepatitis B vaccination.

1These countries do not provide HepB-BD; therefore, coverage was not applicable.
FMauritius provides HepB-BD only to infants born to mothers who are positive for hepatitis B surface antigen; therefore, HepB-BD coverage in 2020 was not calculated for these countries.
§Mauritania provides HepB-BD to all newborn infants; however, no coverage was reported for HepB-BD vaccinations within the first 24 h after birth in 2019.
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