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Introduction and Objectives: Occult HBV infection (OBI) is a specific form of hepatitis B virus (HBV) infection
and has the possibility of developing into hepatocellular carcinoma (HCC) in adults. This study aimed to esti-
mate the global prevalence of occult HBV infection in children and adolescents.

Materials and Methods: We systematically searched PubMed, Embase, Web of Science, and Cochrane data-
bases for relevant studies on the prevalence of OBI in children and adolescents. Meta-analysis was performed

Iéey Wlor;lis" tis B using STATA 16 software.
P;;:afeneczams Results: Fifty studies were included. The overall prevalence of OBI in children and adolescents was 7.5%
Children (95% CI: 0.050—-0.103). In different risk populations, OBI prevalence was remarkably high in the HIV-

infected population (24.2%, 95% CI: 0.000—0.788). The OBI prevalence was 0.8% (95% CI:0.000—0.029) in
the healthy population, 3.8% (95% CI:0.012—0.074) in the general population, and 6.4% (95% CI: 0.021
—0.124) in children born to HBsAg-positive mothers. Based on different serological profiles, the preva-
lence of OBI in HBsAg-negative and anti-HBc-positive patients was 6.6% (95% CI: 0.016—0.136), 3.0%
(95% CI: 0.009-0.059) in HBsAg-negative and anti-HBc-negative patients, 4.6% (95% CI: 0.015—-0.088) in
HBsAg-negative and anti-HBs-positive patients, and 3.7% (95% CI: 0.001-0.102) in HBsAg-negative and
anti-HBs-negative patients.
Conclusions: Despite HBV vaccination and hepatitis Bimmunoglobulin (HBIG), OBI is common in children and
adolescents in high-risk groups.
© 2023 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Hepatitis B virus (HBV) is an enveloped DNA hepadnavirus that is
responsible for hepatitis, liver cirrhosis, and even hepatocellular car-
cinoma (HCC) [1-2]. Despite expanded immunization and antiviral
treatment, HBV infection is still a remarkable global health issue.
According to the World Health Organization (WHO), approximately
296 million people had chronic HBV infection, and approximately
6 million children under five years old were infected with HBV
worldwide in 2019 [3].

Occult HBV infection (OBI) is a specific form of HBV infection and
is defined as the presence of HBV DNA in the liver or serum of indi-
viduals who test negative for HBsAg using currently available assays

Abbreviations: OBI, Occult HBV infection; HBV, Hepatitis B virus; HCC, Hepatocellular
carcinoma; Cl, Confidence interval; WHO, World Health Organization; MTCT, Mother-
to-child transmission; HAART, Highly active antiretroviral therapy
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[4]. Many studies have demonstrated that mutations or deletions in
the pre-S/S region of HBV may alter viral antigenicity and phenotype,
which can lead to false-negative results of HBsAg [5—8]. OBI is classi-
fied into seropositive OBI (anti-HBc and/or anti-HBs positive) and
seronegative OBI (anti-HBc and anti-HBs negative) based on the anti-
HBc serostatus [4]. OBI has the pro-oncogenic properties of HBV and
it has the possibility of developing into HCC in adults [9—11].

The incidence of OBI varies with the prevalence of HBV, and indi-
viduals from HBV hyper-endemic regions are more susceptible to
occult HBV infection [12]. The majority of cases of HBV-infected chil-
dren occur in the perinatal or early childhood period. In addition,
HBV vaccination is not completely effective, and children born to
mothers with OBI or HBV infection are likely to have occult HBV
infections [13].

Some studies have reported the global prevalence of OBI in adults.
However, no systematic review for OBI in children and adolescents
has been conducted. Therefore, this meta-analysis aims to estimate
the global prevalence of OBI in children and adolescents.
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2. Materials and methods
2.1. Search strategy and study selection

For this meta-analysis, we systematically searched four databases
(PubMed, Cochrane, Embase, and Web of Science) to collect relevant
studies about the prevalence of OBI in children and adolescents pub-
lished up to February 03, 2023.

We used the following terms to search for studies: “occult hepati-
tis B virus infection” and its synonyms, “children” and its synonyms
(the full search strategy is available in the Supplementary Informa-
tion).

All included studies were required to meet the following criteria:
1) defined OBI as the presence of HBV DNA in serum and/or liver tis-
sue without detectable HBsAg, 2) assessed the prevalence of OBI, 3)
sample size > 10, 4) included HBsAg-negative children and adoles-
cents (age < 18 years old), 5) written in English, and 6) could be
retrieved in full-text. The exclusion criteria were as follows: 1) not
pediatric population, 2) HBV-DNA was not tested, 3) data were dupli-
cated or/and cannot be extracted, 4) case reports, editorial letters,
conference abstracts, and reviews, and 5) studies were retracted.

Two independent reviewers (WJY and XHM) selected potentially
eligible studies based on the inclusion and exclusion criteria by
screening the title and abstract. The full texts of studies deemed eligi-
ble were reviewed thoroughly. Any discrepancies in study selection
were resolved through discussion.

2.2. Data extraction

Two reviewers used an Excel form to record the following infor-
mation from eligible studies: first author, year of publication, study
type, study region, sample size, and participant characteristics (num-
ber of OBI patients, number of anti-HBc-positive patients, and popu-
lation group).

2.3. Quality assessment

Two reviewers (WJY and XHM) independently assessed the qual-
ity of the eligible studies using the method described in a previous
study [14]. This assessment method includes 7 items divided into
three dimensions: sample size, laboratory methods, and external
validity. Any disagreements were resolved by a third reviewer (H]Y).

2.4. Statistical analysis

The pooled prevalence of OBI was calculated with a 95% confi-
dence interval (CI). Heterogeneity of studies was assessed by the
Cochrane Q test and quantified by F? values. A P value of the Q
test < 0.1 orfand P > 75% was identified as high heterogeneity [15].
A random-effect model was applied for statistical analysis. Subgroup
analysis was performed to determine the source of heterogeneity.
Otherwise, a fixed-effect model was performed. Publication bias was
assessed by a funnel plot and Egger’s test. If the funnel plot is asym-
metric and the P value of Egger’s test is less than 0.05, publication
bias may exist. Statistical analysis was conducted by STATA version
16.0 software (Stata Corporation, College Station, TX, USA).

2.5. Ethical statements

This systematic review and meta-analysis was conducted follow-
ing the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) reporting guidelines. The protocol was not regis-
tered.
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3. Results

A total of 1275 studies were obtained from the initial search of
four online databases: 421 from PubMed, 441 from Embase, 366 from
Web of Science, and 47 from the Cochrane Library. A total of 456
studies were removed because of duplication, 514 studies were
excluded after screening the titles and abstracts, and 302 studies
were retrieved to read the full-text for further evaluation. Ultimately,
50 studies that met the inclusion criteria were included in this sys-
tematic review and meta-analysis. The details of the study selection
process are shown in Fig. 1.

3.1. Characteristics of the included studies
The main characteristics of the 50 included studies are described

in Table 1 [13,16—64]. Overall, a total of 12977 HBsAg-negative par-
ticipants from 50 studies were included, including 743 OBI patients.

Records identified through
databases searching
(n=1275)

PubMed 421
Embase 441

Web of science 366

The Cochrane Library 47

456 duplicate records removed

A 4

819 records screened by
abstract or title for relevant

514 records excluded

A\ 4

302 records assessed for
eligibility

252 records excluded:

Further duplicates
Participants aged 218 years
Unable to extract data
HBV-DNA hasn’t been tested
Unable to get the full text
Not mention the age

Not written in English
Number of participants <10
. Record was retracted

10. Letters,reviews,meeting
abstracts or editorial comments

0 QoI KR B O

v

Studies included
(n =50)

Fig. 1. Flow-chart of study selection.



Table 1

Characteristic of the studies used in the systematic review and meta-analysis.

First author Publication Type ofstudy  Location Group Occult HBV Sample Anti-HBc+ Serological criteria OBI prevalence (total OBI /
year infection  size to test for OBI number tested for HBV DNA)

H. Elrashidy [16] 2014 Cohort Egypt Healthy/diabetes population 0 170 0 HBsAg-/Anti-HBc- 0.0%
A. Youssef [17] 2013 Cross-sectional Egypt Acute hepatitis 7 24 0 HBsAg- 29.2%
C. M. Jaramillo [18] 2017 Cross-sectional Colombia General population 2 24 24 HBsAg-/Anti-HBc+ 8.3%
G. Gachara [19] 2017 Cross-sectional Cameroon HIV infected population 4 34 NR HBsAg- 11.8%
H.Y.Hsu [20] 2017 Cross-sectional Taiwan General population 3 683 0 HBsAg-/Anti-HBc- 0.4%
Z.X.Chen [21] 2017 Cohort China Born to HBsAg-positive mothers 3 185 NR HBsAg- 1.6%
E. Seremba [22] 2017 Cross-sectional Uganda Born to HIV or HBV infected /healthy mother 0 20 NR HBsAg- 0.0%
M. W. Lai [23] 2016 Cross-sectional Taiwan Full vaccinated population 36 675 0 HBsAg-/Anti-HBc- 5.3%
L. L. A. Rodriguez Lay [24] 2017 Cross-sectional Cuba Born to HBsAg-positive mothers 1 30 3 HBsAg- 3.3%
E. Amponsah-Dacosta [25] 2015 Cohort South Africa Non-HIV/HIV infected population with exposure to HBV 35 53 NR HBsAg- 66.0%
Q. Q. Yao [26] 2013 Cohort China Born to HBI/Non-HBI mother 2 92 3 HBsAg- 2.2%
Z.N.A. Said [27] 2009 Case-control Egypt Population with haematological disorders and malignancies 21 55 NR HBsAg- 38.2%
A. Ghaziasadi [28] 2020 Cross-sectional Iran General population 91 660 0 HBsAg-/Anti-HBc- 12.8%
N. S. Mohamed [29] 2020 Case-control Egypt Frequently Blood Transfused population 27 45 NR HBsAg- 60%
M. Dapena [30] 2013 Cross-sectional Spain HIV-infected population 0 251 NR HBsAg- 0
S. Shahmoradi [31] 2012 Cross-sectional Iran born to HBsAg-positive mothers 21 75 9 HBsAg- 28%
M. H. El-Saye [32] 2021 Cohort Egypt Polytransfused Children with hematologic malignancy 26 58 8 HBsAg- 44.8%
L. S. Elefsiniotis [33] 2011 Cross-sectional ~Greece,Russia, Born to chronic HBV infected mother 0 44 32 HBsAg- 0

Bulgaria,

Romania,

and Serbia
S. Barfi [34] 2019 Cohort Iran ASD/healthy popolation 1 254 7 HBsAg- 0.4%
S.Zhou [35] 2017 Cross-sectional China born to HBsAg positive mothers 28 74 NR HBsAg- 37.8%
L. M. Villar [36] 2014 Cross-sectional Brazil General population 9 29 29 HBsAg-/Anti-HBc+ 31.0%
X. Lin [37] 2016 Cross-sectional China General population 0 34 34 HBsAg-/Anti-HBc+ 0
X.Qi[38] 2023 Cross-sectional China General population 103 1679 NR HBsAg- 6.1%
M. R. Aghasadeghi [39] 2020 Cross-sectional Iran General population 742 3 HBsAg- 0
0. Shaker [40] 2012 Cohort Egypt Transfused population with thalassemia 26 80 NR HBsAg- 32.5%
A. Srivastava [41] 2015 Cross-sectional India Population with chronic liver disease 4 45 40 HBsAg-/anti-HBc+ 8.9%

Jor anti-HBs+
W. L. Hung [42] 2019 Cohort Taiwan Healthy/Non A to E hepatitis/ CHC population 22 422 90 HBsAg- 5.2%
G. Beykaso [43] 2022 Cross-sectional  Ethiopia General population 1 12 12 HBsAg-/Anti-HBc+ 8.3%
G.Y. Minuk [44] 2005 Cross-sectional Canada General population 6 119 NR HBsAg- 5.0%
H. X. Su [45] 2013 Cross-sectional China Born to HBsAg positive mother 9 183 63 HBsAg- 4.92%
H. Foaud [46] 2015 Cohort Egypt born to HBsAg-positive mothers 1 63 0 HBsAg- 1.6%
S.C.Mu [47] 2009 Cross-sectional Taiwan HBV vaccinated children 5 46 3 HBsAg- 10.9%
K.Yokoyama [48] 2017 Cross-sectional Japan born to HBsAg-positive mothers 2 158 NR HBsAg- 0
H.Y. Hsu [49] 2021 Clinical trial Taiwan born to HBsAg-positive mothers 8 220 NR HBsAg- 3.6%
A.Q.Hu[50] 2021 Cohort China Born to HBI/Non-HBI mother 3 328 NR HBsAg- 0.9%
H.Su[51] 2017 Cross-sectional China General population 15 1192 NR HBsAg- 1.3%
S.R. Zhuge [52] 2020 Cohort China born to HBsAg-positive parents 46 327 25 HBsAg- 14.1%
L. Yong [53] 2014 Cross-sectional China born to HBsAg-positive mothers 0 207 8 HBsAg- 0
S.]. Chen [54] 2012 Cross-sectional China Healthy population 9 1146 141 HBsAg- 0.8%
A. Marjani [55] 2022 Cross-sectional Iran/Afghanistan Working population 0 368 2 HBsAg- 0
T. Utsumi [56] 2010 Cross-sectional Indonesia General population 5 89 NR HBsAg-/anti-HBs+ and/or anti- 5.6%
HBc+
H. E. Raouf [57] 2015 Cohort Egypt HCV positive/negative cancer population 16 100 NR HBsAg- 16%
A. Eilard [58] 2019 Cross-sectional Sweden born to HBsAg-positive mothers 3 44 NR HBsAg- 6.8%
N. Weis [59] 2017 Cross -sectional Denmark born to CHB mothers 0 125 19 HBsAg- 0
A.Walz [13] 2009 Cross-sectional Germany born to Anti-HBc mothers 5 103 NR HBsAg- 4.9%
C.Chakvetadze [60] 2011 Cohort Mayotte, France born to HBsAg-positive mothers 2 99 NR HBsAg- 2.0%
C.Pande [61] 2013 Clinical trial India born to HBsAg-positive mothers 89 204 NR HBsAg- 43.6%
A Y. Li[62] 2020 Cohort China born to HBsAg and HBeAg 20 169 NR HBsAg-/Anti-HBs+ 11.8%
positive mothers

C.J. Hoffmann [63] 2014 Cohort South Africa born to CHB/Non-CHB mothers living with HIV 3 13 NR HBsAg- 23.1%
H.Y.Hsu [64] 2015 Cross-sectional Taiwan General population 23 1125 515 HBsAg- 2.0%
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study events total ES (95% Cl) Weight
H. Elrashidy, 2014 0 170 > | 0.000 (0.000, 0.021)  2.13
A. Youssef, 2013 7 24 1 0.292 (0.126,0.511)  1.63
C. M. Jaramillo, 2017 2 24 —— 0.083 (0.010,0.270)  1.63
G. Gachara, 2017 4 34 —_—— 0.118 (0.033,0.275)  1.77
H. Y. Hsu, 2017 3 683 * ! 0.004 (0.001,0.013) 2.22
Z. X. Chen, 2017 3 185 > ! 0.016 (0.003, 0.047) 2.14
E. Seremba, 2017 0 20 —— 0.000 (0.000, 0.168)  1.55
M. W. Lai, 2016 36 675 -« 0.053 (0.038, 0.073)  2.22
L. L. A. Rodriguez Lay, 2017 1 30 —0:— 0.033 (0.001,0.172)  1.72
E. Amponsah-Dacosta, 2015 35 53 . ——— 0.660 (0.517, 0.785) 1.92
Q. Q. Yao, 2013 2 92 -o—l 0.022 (0.003, 0.076)  2.04
Z.N. A. Said, 2009 21 55 . —— e 0.382 (0.254, 0.523)  1.93
A. Ghaziasadi, 2020 91 660 | e 0.138 (0.112,0.167) 222
N. S. Mohamed, 2020 27 45 | . 0.600 (0.443,0.743)  1.87
S. Shahmoradi, 2012 21 75 | s 0.280 (0.182, 0.396)  2.00
M. H. El-Sayed, 2021 26 58 | —_— 0.448 (0.317,0.585)  1.94
M. Dapena, 2013 0 251 L | 0.000 (0.000, 0.015)  2.17
1. S. Elefsiniotis, 2011 0 44 — 0.000 (0.000, 0.080)  1.86
S. Zhou, 2017 28 74 1 —————— 0.378 (0.268, 0.499)  2.00
L. M. Villar, 2014 9 29 1 - 0.310 (0.153, 0.508)  1.71
S. Barfi, 2019 1 254 L | 0.004 (0.000, 0.022)  2.17
X. Lin, 2016 0 34 G 0.000 (0.000, 0.103)  1.77
X. Qi, 2023 103 1679 L d 0.061 (0.050, 0.074)  2.24
M. R. Aghasadeghi, 2020 0 742 * 1 0.000 (0.000, 0.005)  2.22
O. Shaker, 2012 26 80 1 —_—— 0.325 (0.224, 0.439)  2.02
A. Srivastava, 2015 4 45 —_—— 0.089 (0.025,0.212) 1.87
W. L. Hung, 2019 22 422 B 0.052 (0.033,0.078)  2.20
G. Beykaso, 2022 1 12 < 0.083 (0.002, 0.385)  1.29
G. Y. Minuk, 2005 6 119 —— 0.050 (0.019, 0.107)  2.09
H. X. Su, 2013 9 183 —— 0.049 (0.023,0.091)  2.14
H. Foaud, 2015 1 63 — 0.016 (0.000, 0.085)  1.96
S. C. Mu, 2009 5 46 —_—— 0.109 (0.036, 0.236)  1.87
K.Yokoyama, 2017 2 158 ~— 0.013 (0.002, 0.045) 2.13
H. Y. Hsu, 2021 8 220 -0—: 0.036 (0.016,0.070)  2.16
A. Q. Hu, 2021 3 328 &> | 0.009 (0.002, 0.026) 2.19
H. Su, 2017 15 1192 * 0.013(0.007,0.021)  2.23
S. R. Zhuge, 2020 46 327 | —— 0.141 (0.105,0.183)  2.19
L. Yong, 2014 0 207 <> | 0.000 (0.000, 0.018)  2.15
A. Marjani, 2022 0 368 * \ 0.000 (0.000, 0.010)  2.20
T. Utsumi, 2010 5 89 —r— 0.056 (0.018,0.126)  2.04
H. E. Raouf, 2015 16 100 | —— 0.160 (0.094, 0.247)  2.06
S. J. Chen, 2012 9 1146 I 0.008 (0.004, 0.015)  2.23
A. Eilard, 2019 3 44 —————— 0.068 (0.014,0.187) 1.86
N. Weis, 2017 0 125 *~ 0.000 (0.000, 0.029)  2.09
A. Walz, 2009 5 103 —p——r 0.049 (0.016,0.110)  2.06
C.Chakvetadze, 2011 2 99 s 0.020 (0.002, 0.071)  2.06
C. Pande, 2013 89 204 1 —_—— 0.436 (0.367, 0.507) 2.15
A. Y. Li, 2020 20 169 —tp— 0.118 (0.074,0.177)  2.13
C. J. Hoffmann, 2014 3 13 - L S 0.231 (0.050, 0.538)  1.33
H. Y. Hsu, 2015 23 1125 ¢ ! 0.020 (0.013,0.031)  2.23
Overall (12 = 96.389%, p = 0.000) <> 0.075 (0.050, 0.103)  100.00
|
1
| | | | | | 1 | |
-1 0 1 2 3 4 5 6 7 8

Fig. 2. Overall prevalence of OBI.

The majority of included studies (31/50) were cross-sectional studies,
15 were cohort studies, 2 were clinical trials, and 2 were case-control
studies. Of the 50 studies included, 27 studies were conducted in
Asia, 14 in Africa, 5 in Europe, 2 in South America, and 2 in North
America.

According to the risk of acquiring HBV infection, participants
enrolled in the included studies were divided into four populations,
including the healthy population in 4 studies, the general population
in 12 studies, the population born to HBsAg-positive mothers in 19
studies, and the HIV-infected population in 3 studies.

3.2. Quality assessment

The details of the methodological quality assessment are illus-
trated in Supplement Table 1. 14 studies were considered at low risk

of bias, 20 studies were considered at moderate risk of bias, and 16
studies were considered at high risk of bias.

3.3. Overall OBI prevalence in children

A random-effect model was performed to estimate the overall
prevalence of occult HBV infection in children and adolescents
because it has significantly high heterogeneity (I = 96.389%, p < .1).

The overall pooled OBI prevalence in children and adolescents
was 7.5% (95% CI: 0.050—0.103) (Fig. 2). Based on different serological
criteria, the overall prevalence of OBI was as follows: 7.9% (95% CI:
0.050—0.114) for HBsAg-negative, 3.2% (95% CI: 0.000—0.108) for
HBsAg-negative and anti-HBc-negative, 8.9% (95% CI: 0.006—0.232)
for HBsAg-negative and anti-HBc-positive, and 7.3% (95% CI: 0.039
—0.114) for HBsAg-negative and other criteria.
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%

study events total ES (95% Cl) Weight
Healthy I
H. Elrashidy, 2014 0 107 >~ 0.000 (0.000, 0.034)  2.76
S. Barfi, 2019 0 147 4~ I 0.000 (0.000,0.025)  2.84
W. L. Hung, 2019 16 391 %= 0.041 (0.024, 0.066)  2.97
S. J. Chen, 2012 9 1146 * | 0.008 (0.004,0.015)  3.03
Subtotal ("2 = 85.502%, p = 0.000) [+ | 0.008 (0.000, 0.029)  11.60
HIV infected :
G. Gachara, 2017 4 34 — 0.118 (0.033,0.275)  2.29
E.Amponsah-Dacosta, 2015 11 12 1 ~§= 0.917 (0.615, 0.998) 1.59
M. Dapena, 2013 0 251 ¢ 0.000 (0.000, 0.015)  2.92
Subtotal (12 =.%,p=") — — 0.242 (0.000, 0.788)  6.81

1
Born to HBsAg positive mother 1
Z.X. Chen, 2017 3 185 > 0.016 (0.003, 0.047)  2.88
L. L. A. Rodriguez Lay, 2017 1 30 —— 0.033 (0.001,0.172)  2.22
Q. Q. Yao, 2013 0 33 — 0.000 (0.000, 0.106)  2.28
S. Shahmoradi, 2012 21 75 1 —_—————— 0.280 (0.182, 0.396) 2.65
1. S. Elefsiniotis, 2011 0 44 — 0.000 (0.000, 0.080)  2.43
S. Zhou, 2017 28 74 1 — e 0.378 (0.268, 0.499)  2.65
H. X. Su, 2013 9 183 - 0.049 (0.023, 0.091) 2.88
H. Foaud, 2015 1 63 — 0.016 (0.000, 0.085)  2.59
K.Yokoyama, 2017 2 158 ! 0.013 (0.002, 0.045)  2.85
H. Y. Hsu, 2021 8 220 - 0.036 (0.016, 0.070)  2.91
A. Q. Hu, 2021 3 53 ———e 0.057 (0.012,0.157)  2.52
S. R. Zhuge, 2020 24 172 L 0.140 (0.091, 0.200)  2.87
L. Yong, 2014 0 207 L ' 0.000 (0.000, 0.018)  2.90
A. Eilard, 2019 3 44 — e 0.068 (0.014,0.187)  2.43
N. Weis, 2017 0 125 ' 0.000 (0.000, 0.029)  2.80
C.Chakvetadze, 2011 2 99 -0+ 0.020 (0.002, 0.071)  2.74
C. Pande, 2013 89 204 | —_—— 0.436 (0.367,0.507)  2.90
A. Y. Li, 2020 20 169 \ —— 0.118 (0.074,0.177)  2.86
C. J. Hoffmann, 2014 2 10 < 0.200 (0.025, 0.556)  1.46
Subtotal (12 = 95.251%, p = 0.000) 0.064 (0.021,0.124)  49.81
General :
C. M. Jaramillo, 2017 2 24 —r‘_ 0.083 (0.010, 0.270) 2.08
H. Y. Hsu, 2017 3 683 ® 0.004 (0.001,0.013)  3.01
A. Ghaziasadi, 2020 91 660 1 -$— 0.138 (0.112,0.167)  3.01
L. M. Villar, 2014 g 29 1 e e 0.310 (0.153, 0.508) 2.20
X. Lin, 2016 0 34 > 0.000 (0.000,0.103)  2.29
X. Qi, 2023 103 1679 ¢ 0.061 (0.050, 0.074)  3.04
M. R. Aghasadeghi, 2020 0 742 ® 0.000 (0.000, 0.005)  3.01
G. Beykaso, 2022 1 12 —- 0.083 (0.002, 0.385)  1.59
G. Y. Minuk, 2005 6 119 —— 0.050 (0.019, 0.107)  2.79
H. Su, 2017 15 1192 L 0.013(0.007, 0.021)  3.03
T. Utsumi, 2010 5 89 —— 0.056 (0.018,0.126)  2.71
H. Y. Hsu, 2015 23 1125 & 0.020 (0.013,0.031)  3.03
Subtotal ("2 = 96.384%, p = 0.000) <> 0.038 (0.012,0.074)  31.78

I
Heterogeneity between groups: p = 0.021 I
Overall ("2 = 95.841%, p = 0.000); |° 0.051 (0.029, 0.077)  100.00

1

| | | I | | | | | I
-1 0 il 2 3 4 5 .6 7 8

Fig. 3. OBI prevalence in different populations.

3.4. OBI prevalence in different populations

There was a significant variation in different populations. The
prevalence of OBI in the healthy population was estimated to be 0.8%
(95% C1:0.000—0.029), with a total of 1791 participants from 4 preva-
lence datasets. The prevalence of OBI in the general population was
estimated to be 3.8% (95% CI:0.012—0.074), with a total of 6388 par-
ticipants from 12 prevalence datasets. The prevalence of OBI in the
population with HIV infection was 24.2% (95% CI: 0.000-0.788), with
a total of 297 participants from 3 prevalence datasets. The prevalence
of OBI in children born to HBsAg-positive mothers was 6.4% (95% Cl:
0.021-0.124), with a total of 2148 participants from 19 prevalence
datasets (Fig. 3).

OBI prevalence varied with different methods of passive-active
immunoprophylaxis. For the population born to HBsAg-positive

mothers, the prevalence of OBI was 3.0% (95% CI: 0.000—0.124) in
children vaccinated with 3 doses of vaccine and HBIG, followed by
7.2% (95% CI: 0.000—0.309) in children vaccinated with 4 doses of
vaccine and HBIG, 7.7% (95% Cl: 0.000—0.476) in children vaccinated
with 4 doses of vaccine, and 50% (95% CI: 0.313—0.687) in children
vaccinated with 2 doses of vaccine and HBIG (Fig. 4).

3.5. OBI prevalence in different serological profiles of HBV infection

The prevalence of OBI varied with HBV serological status. The
prevalence of OBI in HBsAg-negative and anti-HBc-positive partici-
pants was 6.6% (95% CI: 0.016—0.136), with a total of 1075 partici-
pants from 18 prevalence datasets. The prevalence of OBI in HBsAg-
negative and anti-HBc-negative participants was 3.0% (95% CI: 0.009
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%

Study Events  Total ES (95% Cl) Weight
4 doses vaccines :
L. L. A. Rodriguez Lay, 2017 0 30 — 0.000 (0.000, 0.116) 5.88
A. Eilard, 2019 0 35 *—: 0.000 (0.000, 0.100) 5.98
C. Pande, 2013 44 104 ! —_—— 0.423 (0.327, 0.524) 6.40
Subtotal (I1"2=.%,p=.) <J¥ 0.077 (0.000, 0.476)  18.27

I
3 doses vaccines+HBIG 1
S. Shahmoradi, 2012 21 75 : —_—— 0.280 (0.182, 0.396) 6.31
S. Zhou, 2017 13 44 ! —_— 0.295 (0.168, 0.452) 6.10
H. Foaud, 2015 0 1 ¢ : 0.000 (0.000, 0.975) 1.84
K.Yokoyama, 2017 2 158 > : 0.013 (0.002, 0.045) 6.48
H. Y. Hsu, 2021 8 220 - 0.036 (0.016, 0.070) 6.53
L. Yong, 2014 0 207 > : 0.000 (0.000, 0.018)  6.52
A. Y. Li, 2020 20 167 | 0.120 (0.075, 0.179) 6.49
Q. Q. Yao, 2013 0 33 *—;— 0.000 (0.000,0.106)  5.95
Subtotal ("2 = 93.510%, p = 0.000) CP 0.030 (0.000, 0.124)  46.22

1
4 doses vaccines+HBIG :
I. S. Elefsiniotis, 2011 0 44 ot 0.000 (0.000, 0.080) 6.10
H. Foaud, 2015 1 62 -0—: 0.016 (0.000, 0.087) 6.25
A. Eilard, 2019 1 8 : - 0.125 (0.003, 0.527)  4.54
C.Chakvetadze, 2011 1 83 > 0.012(0.000, 0.065)  6.34
C. Pande, 2013 45 100 : —— 0.450 (0.350, 0.553)  6.39
Subtotal (12 = 95.955%, p = 0.000) <>— 0.072 (0.000, 0.309)  29.63

|
2 doses vaccines+HBIG !
S. Zhou, 2017 15 30 : <4- 0.500 (0.313, 0.687) 5.88

1

|
Heterogeneity between groups: p = 0.000 :
Overall (12 = 95.301%, p = 0.000); <> 0.070 (0.009, 0.163)  100.00

1

1

I I I I I I | I I
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Fig. 4. OBI prevalence in different methods of immunoprophylaxis.

—0.059), with a total of 5775 participants from 21 prevalence data-
sets (Fig. 5).

For anti-HBs in serum, > 10 mIU/ml was considered positive.
Thus, the prevalence of OBI in HBsAg-negative and anti-HBs-positive
participants was 4.6% (95% CI: 0.015—0.088), with a total of 2281 par-
ticipants from 14 prevalence datasets. The prevalence of OBI in
HBsAg-negative and anti-HBs-negative participants was 3.7% (95%
CI: 0.001-0.102), with a total of 1342 participants from 13 preva-
lence datasets (Fig. 6).

3.6. Publication bias

Publication bias was assessed using Egger’s test and a visual
inspection of the funnel plot. The shape of the funnel plot is not sym-
metrical, indicating a potential bias (Fig. 7). The results of Egger’s test
(p value = 0.002) confirm the existence of publication bias.

4. Discussion

This is the first meta-analysis to estimate the global preva-
lence of OBI in children and adolescents. The prevalence of OBI
varies in different populations. In this study, we found that the
prevalence of OBI was 0.8% in the healthy population and 3.8% in

the general population. The prevalence of OBI in children born to
HBsAg-positive mothers was almost twice that in the general
population. OBI prevalence was remarkably higher in the HIV-
infected population than in the population born to HBsAg-posi-
tive mothers.

Mother-to-child transmission (MTCT) of HBV is a key route of
transmission. WHO recommends that children born to HBsAg-posi-
tive mothers should receive HBIG and at least 3 doses of hepatitis B
vaccine to prevent MTCT [65]. However, there is still a residual risk of
HBV infection in children born to HBsAg-positive mothers despite
neonatal passive-active immunoprophylaxis. In our study, we found
that the usage of HBIG and 3 doses of hepatitis B vaccine was the
most effective method to prevent children born to HBsAg-positive
mothers from occult HBV infection. We need studies of large samples
to confirm this result. In addition, maternal HBeAg status and HBV
DNA load had positive correlations with the MTCT incidence of HBV
[66]. However, Li et al [67] found that maternal age, HBsAg titer,
HBeAg status, HBV DNA viral load, alanine aminotransferase level,
child’s sex, feeding pattern, HBIG dosage, birth weight, and anti-HBs
level had no significant association with OBI incidence in 7-month-
old infants. These controversies need further research to resolve. In
addition, some studies have indicated that OBI in children born to
HBsAg-positive mothers may be transient or become overt after
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%

Study Events Total ES (95% Cl) Weight
anti-HBc - :
Heba Elrashidy,2014 0 170 > 0.000 (0.000, 0.021) 3.23
A. Youssef,2013 7 24 1 0.292 (0.126, 0.511) 2.35
H. Y. Hsu, 2017 3 683 L | 0.004 (0.001,0.013) 3.38
M. W. Lai, 2016 36 675 L 0.053 (0.038, 0.073) 3.38
L. L. A. Rodriguez Lay, 2017 1 27 — 0.037 (0.001,0.190) 2.44
Q. Q. Yao, 2013 2 89 - 0.022 (0.003, 0.079) 3.05
A.Ghaziasad , 2020 91 660 l - 0.138 (0.112,0.167) 3.38
S. Shahmoradi, 2012 16 66 1 . ] 0.242 (0.145,0.364) 2.94
S. Zhou, 2017 2 14 T 4 0.143 (0.018, 0.428) 1.93
S. Barfi, 2019 1 247 ) 0.004 (0.000, 0.022) 3.29
A. Srivastava, 2015 0 5 *— 0.000 (0.000, 0.522) 1.13
H. X. Su, 2013 8 120 —— 0.067 (0.029, 0.127) 3.14
H. Foaud, 2015 1 63 — 0.016 (0.000, 0.085) 2.92
S. C. Mu, 2009 5 43 e ] 0.116 (0.039, 0.251) 2.73
S. R. Zhuge, 2020 40 302 : —— 0.132 (0.096, 0.176)  3.32
L. Yong, 2014 0 199 > | 0.000 (0.000, 0.018) 3.25
A. Marjani, 2022 0 366 * | 0.000 (0.000, 0.010) 3.34
S. J. Chen, 2012 0 1005 L N 0.000 (0.000, 0.004) 3.40
N. Weis 2017 0 106 L ] 0.000 (0.000, 0.034) 3.11
H. Y. Hsu, 2015 4 610 L | 0.007 (0.002,0.017) 3.38
W. L. Hung 8 301 L ol 0.027 (0.012,0.052) 3.31
Subtotal (A2 = 95.519%, p = 0.000) <? 0.030 (0.009, 0.059)  62.41
anti-HBc + :
C. M. Jaramillo,2017 2 24 l_‘_ 0.083 (0.010,0.270) 2.35
L. L. A. Rodriguez Lay, 2017 0 3 L o T 0.000 (0.000, 0.708) 0.81
Q. Q. Yao, 2013 0 3 o— 0.000 (0.000, 0.708) 0.81
S. Shahmoradi, 2012 5 9 1 —- 0.556 (0.212,0.863) 1.57
S. Zhou, 2017 26 60 1 e ] 0.433 (0.306, 0.568) 2.90
L. M. Villar, 2014 9 29 ! - 0.310 (0.153, 0.508) 2.49
S. Barfi, 2019 0 7 — 0.000 (0.000, 0.410)  1.37
X. Lin, 2016 0 34 O-I— 0.000 (0.000, 0.103) 2.59
A. Srivastava, 2015 4 40 — 0.100 (0.028, 0.237) 2.69
H. X. Su, 2013 1 63 >— 0.016 (0.000, 0.085) 2.92
S. C. Mu, 2009 0 3 *— 0.000 (0.000, 0.708) 0.81
S. R. Zhuge, 2020 6 25 1 4— 0.240 (0.094, 0.451) 2.38
L. Yong, 2014 0 8 & 0.000 (0.000, 0.369) 1.48
A. Marjani, 2022 0 2 G 0.000 (0.000, 0.842) 0.62
S. J. Chen, 2012 9 141 —— 0.064 (0.030,0.118) 3.18
N. Weis 2017 0 19 0—'— 0.000 (0.000,0.176) 2.18
H. Y. Hsu, 2015 19 515 L 2 0.037 (0.022, 0.057) 3.37
W. L. Hung 8 90 I+_ 0.089 (0.039, 0.168) 3.06
Subtotal (A2 = 83.672%, p = 0.000) < 0.066 (0.016, 0.136)  37.59

1
Heterogeneity between groups: p = 0.024 1
Overall (12 = 93.675%, p = 0.000); <> 0.036 (0.013, 0.064)  100.00

1

1
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Fig. 5. OBI prevalence in different serological profiles of HBV infection.

several years [24,35,58]. Therefore, long-term follow-up is needed in
children born to HBsAg-positive mothers.

Considering the overlap of transmission routes, HBV infection is
common in people living with HIV. A meta-analysis study [68] indi-
cated that the global OBI prevalence in HIV-infected patients was
16.26%. Kajogoo et al [69] reported that the prevalence of OBI was
12.4% among HIV-infected individuals in Africa. Xie et al [70] reported
that 9% of patients living with HIV in Asia had occult HBV infection.
While we found that the prevalence of OBI was 24.2% in the HIV-
infected population in our study. The following reasons may be
responsible for this: 1) HIV-infected children have inadequate
expression of cytokines related to the immune response and inade-
quate production of anti-HBs, which may lead to HBV infection [71].
2) HIV-infected patients have immune dysfunction, which may lead
to HBV reactivation [72]. 3) HBV-resistance mutations may occur
when HIV-infected patients receive lamivudine-based therapies [73].
4) Low CD4 count is related to OBI incidence in HIV-infected patients

[74]. However, one study had the opposite result, in which the occur-
rence of OBI was not concerned with CD4 count [75]. Therefore,
detection of HBV DNA should be a routine examination in the HIV-
infected population. Highly active antiretroviral therapy (HAART)
with 2 anti-HBV nucleos(t)ide analogs is recommended for HIV-
infected patients with OBI [76].

Anti-HBc is considered a sign when people have been exposed to
HBV, and it can be detected before the appearance of HBsAg [77]. In
this study, we found that the prevalence of OBI in the HBsAg-negative
and anti-HBc-positive participants was significantly higher than that
in the HBsAg-negative and anti-HBc-negative participants. This result
was in line with two meta-analysis studies that reported 20.1% vs. 8%
and 51% vs. 19%, respectively [14,78]. Thus, the detection of anti-HBc
is recommended for screening OBI in underdeveloped regions. For
anti-HBs, the prevalence of OBI in HBsAg-negative and anti-HBs-posi-
tive subjects was similar to that in HBsAg-negative and anti-HBs-neg-
ative subjects. However, among children born to HBsAg-positive



J. Wu, J. He and H. Xu

Annals of Hepatology 29 (2024) 101158

study events total ES (95% Cl) Weight
Anti—HBs <10 IU/L '
Heba Elrashidy,2014 0 87 i 0.000 (0.000, 0.042) 4.07
M. W. Lai, 2016 i) 238 - 0.046 (0.023, 0.081) 4.37
L. L. A. Rodriguez Lay, 2017 0 12 -— 0.000 (0.000, 0.265) 2.48
A.Ghaziasad , 2020 68 312 : —— 0.218 (0.173,0.268) 4.42
M. H. El-Sayed, 2021 13 33 1 % 0.394 (0.229, 0.579) 3.47
S. Zhou, 2017 1 4 n 4 0.250 (0.006, 0.806) 1.37
S. Barfi, 2019 0 126 >~ : 0.000 (0.000, 0.029) 4.21
H. X. Su, 2013 3 39 —_— 0.077 (0.016, 0.209) 3.60
H. Foaud, 2015 0 13 0:— 0.000 (0.000, 0.247) 2.56
S. C. Mu, 2009 2 23 —_——— 0.087 (0.011,0.280) 3.15
L. Yong, 2014 0 43 0-—{— 0.000 (0.000, 0.082) 3.67
N. Weis, 2017 0 23 r— 0.000 (0.000, 0.148) 3.15
H. Y. Hsu, 2015 4 389 ' 0.010 (0.003, 0.026) 4.44
Subtotal (142 = 93.020%, p = 0.000) <> 0.037 (0.001,0.102) 44.98

1
Anti—HBs >=10 IU/L i
Heba Elrashidy,2014 0 83 > 0.000 (0.000, 0.043) 4.05
M. W. Lai, 2016 25 437 - 0.057 (0.037,0.083) 4.46
L. L. A. Rodriguez Lay, 2017 0 18 — 0.000 (0.000, 0.185) 2.91
A.Ghaziasad , 2020 23 257 : —_— 0.089 (0.058, 0.131) 4.38
M. H. El-Sayed, 2021 13 25 1 + 0.520 (0.313,0.722) 3.23
I. 8. Elefsiniotis, 2011 0 44 *~—— 0.000 (0.000, 0.080) 3.69
S. Zhou, 2017 27 70 : —_— 0.386 (0.272,0.510) 3.97
S. Barfi, 2019 1 128 *—l 0.008 (0.000, 0.043) 4.22
H. X. Su, 2013 6 144 - 0.042 (0.015,0.088) 4.25
H. Foaud, 2015 1 50 -r— 0.020 (0.001,0.106) 3.78
S. C. Mu, 2009 3 23 : -+ 0.130 (0.028, 0.336) 3.15
L. Yong, 2014 0 164 *~ 0.000 (0.000, 0.022) 4.29
N. Weis 2017 0 102 0—' 0.000 (0.000, 0.036) 4.14
H. Y. Hsu, 2015 19 736 * 0.026 (0.016, 0.040) 4.50
Subtotal (2 =92.072%, p = 0.000) Q 0.046 (0.015, 0.088) 55.02
Heterogeneity between groups: p = 0.949 :
Overall ("2 =92.333%, p = 0.000); <> 0.041 (0.016, 0.074) 100.00

:
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Fig. 6. OBI prevalence in different serological profiles of HBV infection.

mothers, the OBI prevalence in infants with low anti-HBs (< 100 mIU/
mL) was higher than that in infants with high anti-HBs (> 100 mIU/
mL) [62] . Therefore, a high-risk population may need a booster vac-
cine and/or a higher dosage of vaccine.

Our study had some limitations. First, we used a homemade
assessment tool to evaluate the quality of articles, and the major-
ity of included studies were considered at moderate risk. Second,
there was significant heterogeneity that we could not explain,
although we performed subgroup analyses. Third, we cannot eval-
uate the prevalence of OBI in the HCV-infected population and
transfused population, because there were not enough studies.
Fourth, the studies included children born to HBsAg-positive
mothers were from different countries with different methods of
HBV prophylaxis at birth. Last, the sensitivity and specificity of
the HBsAg assay was improved gradually, and the methods of
HBV DNA detection were different in the included studies. No
gold standards can be followed to estimate OBI prevalence
between the studied periods now.

Despite the above limitations, the main strength of our study was
that the prevalence of OBI in children born to HBsAg-positive moth-
ers was first estimated. We also accounted the prevalence of OBI
according to the anti-HBc/anti-HBs serostatus.

se(ES)

Funnel plot with pseudo 95% confidence limits

AN
&
PER
/ o\
/ \
4 ‘ [ ] A .
/ ° \
/ .‘ o N
° RS a
Ne o
o o \\ °
° ° \
° o N\
° ° N
° \
\
N
\
\
° \
°
T T
0 5
ES

Fig. 7. Funnel plot.



J. Wu, J. He and H. Xu
5. Conclusions

This review first summarized the global prevalence of OBI in chil-
dren and adolescents. With the popularity of the HBV vaccine and
HBIG, children still have the chance to be infected with occult HBV.
OBI prevalence varies with different populations. In high-risk groups,
OBI prevalence is remarkably high. We should pay more attention to
OBl in children and adolescents.
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