Hepatology

Baishideng Publishing Group Inc



# World Journal of
Hepatology

Contents Monthly Volume 13 Number 9 September 27, 2021

969

OPINION REVIEW
Coronavirus disease 2019 and non-alcoholic fatty liver disease

Bellanti F, Vendemiale G

979

1003

1019

REVIEW
Epigenetic mechanisms of liver tumor resistance to immunotherapy

Sanceau J, Gougelet A

Advances in the management of cholangiocarcinoma

Zori AG, Yang D, Draganov PV, Cabrera R

Herbal and dietary supplement induced liver injury: Highlights from the recent literature

Woo SM, Davis WD, Aggarwal S, Clinton JW, Kiparizoska S, Lewis JH

1042

1058

1069

1079

1098

1107

1122

1132

MINIREVIEWS
Challenges in the discontinuation of chronic hepatitis B antiviral agents

Kaewdech A, Sripongpun P

Liver Kidney Crosstalk: Hepatorenal Syndrome

Nassar M, Nso N, Medina L, Ghernautan V, Novikov A, El-Ijla A, Soliman KM, Kim Y, Alfishawy M, Rizzo V, Daoud A

Hepatitis C virus treatment failure: Clinical utility for testing resistance-associated substitutions

Ridruejo E, Pereson MJ, Flichman DM, Di Lello FA

Indeterminate liver lesions on gadoxetic acid-enhanced magnetic resonance imaging of the liver: Case-
based radiologic-pathologic review

Noreikaite J, Albasha D, Chidambaram V, Arora A, Katti A

Liver transplantation for benign liver tumors

Ostojic A, Mrzljak A, Mikulic D

Hepatocellular carcinoma in nonalcoholic fatty liver disease: A growing challenge

Mattos AZ, Debes JD, Dhanasekaran R, Benhammou JN, Arrese M, Patricio ALV, Zilio AC, Mattos AA

Addressing hepatic metastases in ovarian cancer: Recent advances in treatment algorithms and the need
for a multidisciplinary approach

Adamopoulou K, Gkamprana AM, Patsouras K, Halkia E

Atezolizumab and bevacizumab as first line therapy in advanced hepatocellular carcinoma: Practical
considerations in routine clinical practice

Jain A, Chitturi S, Peters G, Yip D

Jaishideng®

WJH | https://www.wjgnet.com I September 27,2021 | Volume13 | Issue9



World Journal of Hepatology

Contents

Monthly Volume 13 Number 9 September 27, 2021

1143

Drug-induced liver injury and COVID-19: A review for clinical practice

Ortiz GX, Lenhart G, Becker MW, Schwambach KH, Tovo CV, Blatt CR

JBaishideng®

1154  Probiotics in hepatology: An update
Maslennikov R, Ivashkin V, Efremova I, Poluektova E, Shirokova E
ORIGINAL ARTICLE
Clinical and Translational Research

1167  Development of a risk score to guide targeted hepatitis C testing among human immunodeficiency virus
patients in Cambodia
De Weggheleire A, Buyze J, An S, Thai S, van Griensven J, Francque S, Lynen L
Retrospective Study

1181  Elevated liver enzymes portends a higher rate of complication and death in SARS-CoV-2
Currier EE, Dabaja M, Jafri SM
META-ANALYSIS

1190  Global prevalence of hepatitis B virus serological markers among healthcare workers: A systematic review
and meta-analysis
Mahamat G, Kenmoe S, Akazong EW, Ebogo-Belobo JT, Mbaga DS, Bowo-Ngandji A, Foe-Essomba JR, Amougou-Atsama
M, Monamele CG, Mbongue Mikangue CA, Kame-Ngasse GI, Magoudjou-Pekam JN, Zemnou-Tepap C, Meta-Djomsi D,
Maidadi-Foudi M, Touangnou-Chamda SA, Daha-Tchoffo AG, Selly-Ngaloumo AA, Nayang-Mundo RA, Yéngué JF, Taya-
Fokou JB, Fokou LKM, Kenfack-Momo R, Tchami Ngongang D, Atembeh Noura E, Tazokong HR, Demeni Emoh CP,
Kengne-Ndé C, Bigna JJ, Boyomo O, Njouom R

WJH | https://www.wjgnet.com I September 27,2021 | Volume13 | Issue9



World Journal of Hepatology

Contents

Monthly Volume 13 Number 9 September 27, 2021

ABOUT COVER

Editorial Board Member of World Journal of Hepatology, Marcello Maida, MD, Doctor, Gastroenterology and
Endoscopy Unit, S.Elia - Raimondi Hospital, Caltanissetta, Caltanissetta 93100, Italy. marcello.maida@hotmail.it

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World | Hepatol) is to provide scholars and readers from
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), Scopus, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal
Database (CST]), and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites the 2020
Journal Citation Indicator (JCI) for WJH as 0.61. The WJH’s CiteScore for 2020 is 5.6 and Scopus CiteScore rank
2020: Hepatology is 24/62.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: X# Guo; Production Department Director: Xiang I.i; Editorial Office Director: Xiang Li.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Hepatology https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5182 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 31, 2009 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Nikolaos Pyrsopoulos, Ke-Qin Hu, Koo Jeong Kang https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/1948-5182/editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
September 27, 2021 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJH | https://www.wjgnet.com 111 September 27,2021 | Volume13 | Issue9


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5182/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

#

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4254 /wijh.v13.19.1190

World Journal of
Hepatology

World | Hepatol 2021 September 27; 13(9): 1190-1202

ISSN 1948-5182 (online)

META-ANALYVSIS

Global prevalence of hepatitis B virus serological markers among
healthcare workers: A systematic review and meta-analysis

Gadji Mahamat, Sebastien Kenmoe, Etheline W Akazong, Jean Thierry Ebogo-Belobo, Donatien Serge
Mbaga, Arnol Bowo-Ngandji, Joseph Rodrigue Foe-Essomba, Marie Amougou-Atsama, Chavely Gwladys
Monamele, Chris Andre Mbongue Mikangue, Ginette Irma Kame-Ngasse, Jeannette Nina Magoudjou-Pekam,
Cromwel Zemnou-Tepap, Dowbiss Meta-Djomsi, Martin Maidadi-Foudi, Sabine Aimee Touangnou-Chamda,
Audrey Gaelle Daha-Tchoffo, Abdel Aziz Selly-Ngaloumo, Rachel Audrey Nayang-Mundo, Jacqueline Félicité
Yéngué, Jean Bosco Taya-Fokou, Lorraine K M Fokou, Raoul Kenfack-Momo, Dimitri Tchami Ngongang,
Efietngab Atembeh Noura, Hervé Raoul Tazokong, Cynthia Paola Demeni Emoh, Cyprien Kengne-Ndé, Jean
Joel Bigna, Onana Boyomo, Richard Njouom

ORCID number: Gadji Mahamat
0000-0002-5671-2299; Sebastien
Kenmoe 0000-0002-5536-080X;
Etheline W Akazong 0000-0001-5389-
2768; Jean Thierry Ebogo-Belobo
0000-0002-4057-889X; Donatien
Serge Mbaga 0000-0002-9496-0445;
Arnol Bowo-Ngandji 0000-0003-
4463-1018; Joseph Rodrigue Foe-
Essomba 0000-0002-7612-6844;
Marie Amougou-Atsama 0000-0001-
6662-9045; Chavely Gwladys
Monamele 0000-0002-2637-2078;
Chris Andre Mbongue Mikangue
0000-0001-9131-6438; Ginette Irma
Kame-Ngasse 0000-0003-1410-5156;
Jeannette Nina Magoudjou-Pekam
0000-0003-0176-6174; Cromwel
Zemnou-Tepap 0000-0001-8405-
373X; Dowbiss Meta-Djomsi 0000-
0002-8763-9522; Martin Maidadi-
Foudi 0000-0002-6679-1111; Sabine
Aimee Touangnou-Chamda 0000-
0002-8899-1229; Audrey Gaelle
Daha-Tchoffo 0000-0003-4193-4451;
Abdel Aziz Selly-Ngaloumo 0000-
0002-1248-0166; Rachel Audrey
Nayang-Mundo 0000-0002-0479-
3840; Jacqueline Félicité Yéngué
0000-0003-0846-9367; Jean Bosco
Taya-Fokou 0000-0003-1383-885X;
Lorraine K M Fokou 0000-0002-6263-
2017; Raoul Kenfack-Momo 0000-

Jaishideng®

WJH | https://www.wjgnet.com

Gadji Mahamat, Donatien Serge Mbaga, Arnol Bowo-Ngandji, Chris Andre Mbongue Mikangue,
Sabine Aimee Touangnou-Chamda, Jean Bosco Taya-Fokou, Dimitri Tchami Ngongang, Hervé
Raoul Tazokong, Cynthia Paola Demeni Emoh, Onana Boyomo, Department of Microbiology,
The University of Yaounde I, Yaoundé 00237, Cameroon

Sebastien Kenmoe, Chavely Gwladys Monamele, Richard Njouom, Virology Department, Centre
Pasteur of Cameroon, Yaoundé 00237, Cameroon

Etheline W Akazong, Department of Biochemistry, University of Dschang, Dschang 00237,
Cameroon

Jean Thierry Ebogo-Belobo, Ginette Irma Kame-Ngasse, Efietngab Atembeh Noura, Medical
Research Centre, Institute of Medical Research and Medicinal Plants Studies, Yaoundé 00237,
Cameroon

Joseph Rodrigue Foe-Essomba, Department of Mycobacteriology, Centre Pasteur of Cameroon,
Yaoundé 00237, Cameroon

Marie Amougou-Atsama, Dowbiss Meta-Djomsi, Martin Maidadi-Foudi, Centre de Recherche sur
les Maladies Emergentes et Re-Emergentes, Institut de Recherches Médicales et d'Etudes des
Plantes Médicinales, Yaoundé 00237, Cameroon

Jeannette Nina Magoudjou-Pekam, Cromwel Zemnou-Tepap, Abdel Aziz Selly-Ngaloumo, Lorraine
K M Fokou, Raoul Kenfack-Momo, Department of Biochemistry, The University of Yaounde I,
Yaoundé 00237, Cameroon

Audrey Gaelle Daha-Tchoffo, Department of Medical Biochemistry, The University of Yaounde
I, Yaoundé 00237, Cameroon

Rachel Audrey Nayang-Mundo, Department of Microbiology, Protestant University of Central
Africa, Yaoundé 00237, Cameroon

Jacqueline Félicité Yéngué, Department of Animals Biology and Physiology, The University of
1190

September 27,2021 | Volume13 | Issue9 |


https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v13.i9.1190
http://orcid.org/0000-0002-5671-2299
http://orcid.org/0000-0002-5671-2299
http://orcid.org/0000-0002-5536-080X
http://orcid.org/0000-0002-5536-080X
http://orcid.org/0000-0001-5389-2768
http://orcid.org/0000-0001-5389-2768
http://orcid.org/0000-0002-4057-889X
http://orcid.org/0000-0002-4057-889X
http://orcid.org/0000-0002-9496-0445
http://orcid.org/0000-0002-9496-0445
http://orcid.org/0000-0003-4463-1018
http://orcid.org/0000-0003-4463-1018
http://orcid.org/0000-0003-4463-1018
http://orcid.org/0000-0002-7612-6844
http://orcid.org/0000-0002-7612-6844
http://orcid.org/0000-0001-6662-9045
http://orcid.org/0000-0001-6662-9045
http://orcid.org/0000-0001-6662-9045
http://orcid.org/0000-0002-2637-2078
http://orcid.org/0000-0002-2637-2078
http://orcid.org/0000-0001-9131-6438
http://orcid.org/0000-0001-9131-6438
http://orcid.org/0000-0003-1410-5156
http://orcid.org/0000-0003-1410-5156
http://orcid.org/0000-0003-0176-6174
http://orcid.org/0000-0003-0176-6174
http://orcid.org/0000-0001-8405-373X
http://orcid.org/0000-0001-8405-373X
http://orcid.org/0000-0002-8763-9522
http://orcid.org/0000-0002-8763-9522
http://orcid.org/0000-0002-8763-9522
http://orcid.org/0000-0002-6679-1111
http://orcid.org/0000-0002-6679-1111
http://orcid.org/0000-0002-8899-1229
http://orcid.org/0000-0002-8899-1229
http://orcid.org/0000-0002-8899-1229
http://orcid.org/0000-0003-4193-4451
http://orcid.org/0000-0003-4193-4451
http://orcid.org/0000-0002-1248-0166
http://orcid.org/0000-0002-1248-0166
http://orcid.org/0000-0002-1248-0166
http://orcid.org/0000-0002-0479-3840
http://orcid.org/0000-0002-0479-3840
http://orcid.org/0000-0003-0846-9367
http://orcid.org/0000-0003-0846-9367
http://orcid.org/0000-0003-1383-885X
http://orcid.org/0000-0003-1383-885X
http://orcid.org/0000-0002-6263-2017
http://orcid.org/0000-0002-6263-2017
http://orcid.org/0000-0003-2827-628X

0003-2827-628X; Dimitri Tchami
Ngongang 0000-0001-8134-6086;
Efietngab Atembeh Noura 0000-0001-
6702-3221; Hervé Raoul Tazokong
0000-0003-4332-6791; Cynthia Paola
Demeni Emoh 0000-0002-0731-3179;
Cyprien Kengne-Ndé 0000-0002-
8338-2221; Jean Joel Bigna 0000-
0001-8018-6279; Onana Boyomo
0000-0003-4702-7916; Richard
Njouom 0000-0003-3112-6370.

Author contributions: Mahamat G,
Kenmoe S and Njouom R were
responsible for conception and
design of the study as well as
project administration; Mahamat
G, Kenmoe S, Akazong EW,
Ebogo-Belobo JT, Mbaga DS,
Bowo-Ngandji A, Foe-Essomba JR,
Amougou-Atsama M, Monamele
CG, Mbongue Mikangue CA,
Kame-Ngasse GI, Magoudjou-
Pekam JN, Zemnou-Tepap C,
Meta-Djomsi D, Maidadi-Foudi M,
Touangnou-Chamda SA, Daha-
Tchoffo AG, Selly-Ngaloumo AA,
Nayang-Mundo RA, Yéngué JF,
Taya-Fokou ]B, Fokou LKM,
Kenfack-Momo R, Tchami
Ngongang D, Atembeh Noura E,
Tazokong HR and Demeni Emoh
CP were responsible for the data
curation and interpretation of
results; Kengne-Ndé C and
Kenmoe S were responsible for
statistical analysis; Mahamat G,
Kenmoe S, Bigna JJ, Boyomo O and
Njouom R were responsible for the
project supervision; Mahamat G
and Kenmoe S wrote the original
draft; All authors critically
reviewed the first draft and
approved the final version of the
paper for submission, and have
read and approve the final

manuscript.

Supported by AREF/EDCTP, No.
VARIAFRICA-TMA2019PF-2705.

Conflict-of-interest statement: The
authors deny any conflict of
interest.

PRISMA 2009 Checklist statement:
The authors have read the PRISMA
2009 Checklist, and the manuscript
was prepared and revised
according to the PRISMA 2009
Checklist.

Open-Access: This article is an

Jaishideng®

WJH | https://www.wjgnet.com

Mahamat G et al. HBV serological markers in HCWs

Yaounde I, Yaoundé 00237, Cameroon

Cyprien Kengne-Ndé, Evaluation and Research Unit, National AIDS Control Committee,
Yaoundé 00237, Cameroon

Jean Joel Bigna, Department of Epidemiology and Public Health, Centre Pasteur of Cameroon,
Yaoundé 00237, Cameroon

Corresponding author: Richard Njouom, PhD, Associate Professor, Virology Department,
Centre Pasteur of Cameroon, 451, Rue 2005, Yaoundé 2, Yaoundé 00237, Cameroon.
njouom(@pasteur-yaounde.org

Abstract

BACKGROUND

The hepatitis B virus (HBV) infection is a global public health concern that affects
about 2 billion people and causes 1 million people deaths yearly. HBV is a blood-
borne disease and healthcare workers (HCWs) are a high-risk group because of
occupational hazard to patients’” blood. Different regions of the world show a
highly variable proportion of HCWs infected and/or immunized against HBV.
Global data on serologic markers of HBV infection and immunization in HCWs
are very important to improve strategies for HBV control.

AIM
To determine the worldwide prevalence of HBV serological markers among
HCWs.

METHODS

In this systematic review and meta-analyses, we searched PubMed and Excerpta
Medica Database (Embase) to identify studies published between 1970 and 2019
on the prevalence of HBV serological markers in HCWs worldwide. We also
manually searched for references of relevant articles. Four independent invest-
igators selected studies and included those on the prevalence of each of the HBV
serological markers including hepatitis B surface antigen (HBsAg), hepatitis e
antigen (HBeAg), immunoglobulin M anti-HBc, and anti-HBs. Methodological
quality of eligible studies was assessed and random-effect model meta-analysis
resulted in the pooled prevalence of HBV serological markers HBV infection in
HCWs. Heterogeneity (I?) was assessed using the y? test on Cochran’s Q statistic
and H parameters. Heterogeneity” sources were explored through subgroup and
metaregression analyses. This study is registered with PROSPERO, number
CRD42019137144.

RESULTS

We reviewed 14059 references, out of which 227 studies corresponding to 448
prevalence data among HCWs (224936 HCWs recruited from 1964 to 2019 in 71
countries) were included in this meta-analysis. The pooled seroprevalences of
current HBsAg, current HBeAg, and acute HBV infection among HCWs were
2.3% [95% confidence interval (CI): 1.9-2.7], 0.2% (95%ClI: 0.0-1.7), and 5.3%
(95%CI: 1.4-11.2), respectively. The pooled seroprevalences of total immunity
against HBV and immunity acquired by natural HBV infection in HCWs were
56.6% (95%Cl: 48.7-63.4) and 9.2% (95%CIl: 6.8-11.8), respectively. HBV infection
was more prevalent in HCWs in low-income countries, particularly in Africa. The
highest immunization rates against HBV in HCWs were recorded in urban areas
and in high-income countries including Europe, the Eastern Mediterranean and
the Western Pacific.

CONCLUSION

New strategies are needed to improve awareness, training, screening, vaccination,
post-exposure management and treatment of HBV infection in HCWs, and partic-
ularly in low-income regions.

Key Words: Healthcare workers; Hepatitis B virus; Seroprevalence; Hepatitis B surface
antigen; Hepatitis e antigen
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Core Tip: This study showed that healthcare workers (HCWs) are at an intermediate
level (2%-8%) of hepatitis B virus (HBV) infection worldwide. The study also shows
that globally, about half of HCWs are immune to HBV. Resource-limited areas with
the lowest HBV immunization levels also have the highest HBV infection levels. To
achieve the goal of HBV eradication by 2030, new strategies are needed to improve
awareness, training, screening, vaccination, post-exposure management and treatment
of HBV-infected HCWs, and especially in low-income regions.

Citation: Mahamat G, Kenmoe S, Akazong EW, Ebogo-Belobo JT, Mbaga DS, Bowo-Ngandji
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INTRODUCTION

Hepatitis B virus (HBV) is one of the main causes of liver disease. HBV infection
remains asymptomatic in most infected people but also causes acute or chronic
infections which can progress to liver failure, fulminant hepatitis, cirrhosis, hepato-
cellular carcinoma, and death[1-3]. Globally, hepatitis B is a major public health
concern, with approximately a third of the world's population infected, including
about 360 million chronic infections and 1 million deaths per year[4]. The HBV
infection prevalence varies widely across World Health Organization (WHO) regions,
with the African and Western Pacific regions bearing the highest burden (6.1% and
6.2% in the general population, respectively)[5,6].

HBYV is transmitted parenterally through the blood and other body fluids of infected
people. Several HBV transmission pathways have been identified, such as
transmissions from mother to child, through unprotected sexual intercourse, during
blood transfusions, via organ transplants, or through splashes and wounds caused by
cuts and pricks of contaminated objects[7]. HBV, being a blood-borne pathogen,
represents a significant occupational risk among healthcare workers (HCWs). The
frequencies of infection in HCWs are up to 4-times greater than in individuals who do
not work in hospitals[8-10]. Among the 35 million HCWs working globally, approx-
imately 3 million each year have occupational exposure to HBV infection, leading to
up to 66 thousand HBV infections (261 deaths)[9,11]. The chain of transmission of HBV
is thus maintained from patients to HCWs and vice versa as well as to HCW relatives
[12]. Vaccination against HBV is recommended in most countries for newborns and
high-risk individuals, such as HCWs. Vaccination policies targeting HCWs vary
widely according to geographic regions, including the absence of a policy, systematic
vaccination, confirmation of vaccine protection, and adherence to maintenance of
immunity[10,13-16].

According to high heterogeneity across regions regarding HBV routes of
transmission, risk factors of infection, interventions for prevention and immunization
among HCWs as well as clinical practice, the global epidemiology of HBV infection in
HCWs need to be described. Understanding the seroprevalence, immunization rate,
and risk factors for HBV infection in HCWs can provide useful information for
decision-making and context-specific interventions to curtail the burden of disease of
HBYV infection. Therefore, the objective of this systematic review with meta-analysis
was to determine the seroprevalence and factors associated with HBV infection and
rate of HBV immunization in HCWs.
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MATERIALS AND METHODS

Registration

This review was reported following the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines (Supplementary Table 1)[17]. The
protocol for this review was registered in the International Prospective Register of
Systematic Reviews (PROSPERO, No. CRD42019137144).

Eligibility criteria

This review included cross-sectional, case-control and cohort (baseline data) studies.
Studies in English or French, without geographic restriction, were selected. We
included studies using any assay for detecting serological markers of hepatitis B
infection. This review considered the following different markers of HBV infection:
anti-HBs > 10 IU/mL (total immunity against HBV); anti-HBs (+) and anti-HBc (+)
(immunity due to natural infection); hepatitis B surface antigen (HBsAg) (+) and
immunoglobulin (Ig) M anti-HBc (+) (acute hepatitis B infection); HBsAg (+) (current
HBYV infection); and hepatitis e antigen (HBeAg) (+) (current HBV infectivity)[18].
Studies for which the abstract or full text were not available, duplicates, comments,
case reports, case series, and studies with less than 10 participants were excluded.

Data sources and search strategy

A search was conducted for articles published from 1970 to 2020 at PubMed and
Excerpta Medica Database (Embase). The search terms were related to hepatitis B and
HCWs (Supplementary Table 2). To supplement the bibliographic database searches
and identify potential additional data sources, we scrutinized the reference list of all
relevant articles.

Study selection and data extraction processes

Duplicates identified from the complete list of studies were removed. Titles and
abstracts of articles retrieved from electronic literature search were independently
screened by four investigators (Mahamat G, Kenmoe S, Ebogo-Belobo JT, and
Amougou-Atsama M), and the full texts of those potentially eligible were obtained
and further assessed for final inclusion. Data from the included studies was extracted
using a Google form by 18 of the study’s authors and verified by Kenmoe S. The
extracted data were the name of the first author, year of publication, study design,
country, country income level, sampling method, timing of data collection, study
period, study participant age, male percentage, recruitment setting, HCW category,
HBV detection assay, HBV detected markers (HBsAg, HBeAg, anti-HBs, and anti-HBc
IgM and IgG), type of sample used for HBV detection, sample size, and number of
HBV-positive for each marker. Disagreements observed during study selection and
data extraction were resolved by discussion and consensus.

Quality assessment

The tool developed by Hoy and collaborators[19] for cross-sectional studies was used
to assess the methodological quality of the included studies (Supplementary Table 3).
Discussion and consensus were used to resolve disagreements.

Statistical analysis

The review included HCWs grouped according to WHO guidelines[20]. This classi-
fication includes the following as major categories: Health professionals; health
associate professionals; personal care workers in health services; health management
and support personnel; and other health service providers not classified elsewhere.
Prevalence of pooled data was conducted using a random-effects meta-analysis with a
Freeman-Tukey double arcsine transformation[21,22]. The I? (> 50%), H (> 1)
parameters and the Q test P value (< 0.05) were used to indicate significant hetero-
geneity[21,23]. Subgroup and meta-regression analyses were used to determine
sources of heterogeneity. Egger’s test (P value < 0.1) and asymmetry of funnel plot
were used to indicate publication bias and sensitivity analyses were performed on
studies with low risk of bias and cross-sectional studies[24]. R version 3.6.2. statistical
software was used to conduct all meta-analyses[25,26].
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RESULTS

Study selection

The database search yielded a total of 14059 articles (Figure 1). After removing
duplicates, 11575 articles were excluded due to irrelevant titles and abstracts. Of the
1190 articles fully screened 963 were excluded for multiple reasons (Supple-
mentary Table 4). A total of 227 articles met the eligibility criteria. These 227 articles
included corresponded to 448 seroprevalence data among HCWs (Supplementary Text

1).

Study characteristics

Most of the prevalence data were at moderate risk of bias (n = 279 prevalence data)
(Supplementary Tables 6 and 7). Most of the participants were health professionals.
Most prevalence data were reported in high (n = 176) and lower-middle (n = 125)
income countries. Most of the prevalence data were from cross-sectional studies (n =
439) with non-probabilistic sampling methods (386), with prospective data collection
and analysis (420), and in urban setting (212). The most widely used detection assay
was direct ELISA (n = 126) for the detection of HBsAg (n = 292). Almost all the
prevalence data reported serological markers of hepatitis in serum (1 = 435).

Global seroprevalence of current HBV (HBsAg) infection among HCWs

The seroprevalence of current hepatitis B infection (HBsAg) was assessed in 275
seroprevalence data conducted in 62 countries (Figure 2 and Supplementary Figure 1).
The overall seroprevalence of current hepatitis B infections (HBsAg) among HCWs
was 2.3% [95% confidence interval (CI): 2.0-2.7].

Global seroprevalence of current HBV (HBeAg) infectivity among HCWs
The seroprevalence of current hepatitis B infectivity (HBeAg) positivity was assessed
in three seroprevalence data conducted in three countries (Figure 2 and Supple-

mentary Figure 2). The overall seroprevalence of current hepatitis B infections
(HBeAg) among HCWs (HCWs) was 0.2% (95%ClI: 0.0-1.7).

Global seroprevalence of acute HBV (IgM anti-HBs + HBsAg) infection among HCWs
The seroprevalence of acute VHB (IgM anti-HBs + HBsAg) infection was assessed in 12
seroprevalence data conducted in seven countries (Figure2 and Supplemen-
tary Figure 3). The overall seroprevalence of acute hepatitis B infection in HCWs was
5.3% (95%CI: 1.4-11.2).

Global seroprevalence of total immunity (anti-HBs > 10 Ul/mL) against HBV infection
among HCWs

The seroprevalence of hepatitis B immunity (due to natural infection or vaccination)
was assessed in 84 seroprevalence data conducted in 29 countries (Figure 2 and

Supplementary Figure 4). The overall seroprevalence of total immunity against HBV
among HCWs was 56.6% (95%Cl: 48.7-63.4).

Global seroprevalence of immunity due to natural HBV infection (anti-HBS + anti-
HBc) among HCWs

The seroprevalence of immunity against hepatitis B acquired through natural infection
was assessed in 41 studies (57 seroprevalence data) conducted in 22 countries (Figure 2
and Supplementary Figure 5). The overall seroprevalence of immunity to hepatitis B
acquired through natural infection among HCWs was 9.2% (95%ClI: 6.8-11.8).

Heterogeneity and publication bias

The estimate of these seroprevalence data was associated with substantial hetero-
geneity current HBV infection (I* = 94.1%; 95%CI: 93.6-94.5), current HBV infectivity (I
= 92.3%; 95%CI: 80.7-96.9), HBV acute infection (I* = 97.9%; 95%CI: 96.9-98.5), total
HBV immunity (I = 99.5%; 95%CI: 99.5-99.6), and HBV immunity due to natural
infection (I” = 96.9%; 95%CI: 96.4-97.3). Egger's test was significant (P < 0.001) for the
seroprevalence of current HBV infection (HBsAg) among HCWs, suggesting the
presence of publication bias (Table 1). Egger's tests were not significant for the
seroprevalence in HCWs of current HBV infection due to HBeAg positivity (P = 0.577),
acute HBV infection (P = 0.256), total immunity against hepatitis B (P = 0.509), and
immunity due to natural infection (P = 0.853), suggesting the absence of publication
bias. Funnel plots confirmed the results of publication bias obtained by Egger's test
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Table 1 Summary of meta-analysis results for global seroprevalence of hepatitis B virus serological markers in healthcare workers

Prevalence %  95% Prediction Studies, Participants, 'H 2JZ P value P value
(95%Cl) interval n n (95%Cl)  (95%CI) (heterogeneity) (Egger test)
Current HBV
infection (HBsAg)
Overall 2.4 (2-2.8) 0-11 275 153326 41 (4-43) 941(93.6- <0.001 <0.001
94.5)
Cross-sectional 2.4 (2-2.9) 0-11.1 271 150516 41(4-43) 942(93.7- <0.001 <0.001
94.6)
Low risk of bias 1.8 (1.4-2.3) 0-8.2 107 40212 3(28-3.2) 888 (87- <0.001 <0.001
90.3)
Current HBV
infection (HBeAg)
Overall 0.3 (0-1.7) 0-70.6 3 4408 3.6 (2.3- 92.3 (80.7- < 0.001 0.577
5.7) 96.9)
Cross-sectional 0.3 (0-1.7) 0-70.6 3 4408 3.6 (2.3- 92.3 (80.7- < 0.001 0.577
5.7) 96.9)
Low risk of bias 0 (0-0.1) NA-NA 1 3513 NA (NA- NA(NA- 1 NA
NA) NA)
HBV acute infection
Overall 54 (1.4-11.3) 0-37 12 3665 6.1 (5.3- 97.3 (96.4- <0.001 0.256
7.1) 98)
Cross-sectional 54 (14-11.3) 0-37 12 3665 6.1 (5.3- 973 (96.4- <0.001 0.256
7.1) 98)
Low risk of bias 1.9 (0-8.7) 0-48.1 5 1639 6.5 (5.1- 97.6 (96.2- < 0.001 0.824
8.2) 98.5)
Immunity against
HBV
Overall 56.6 (49.3-63.7) 2.8-100 84 37622 14 (13.5- 99.5 (99.5- < 0.001 0.763
14.4) 99.5)
Cross-sectional 56.3 (48.8-63.7) 2.4-100 80 36311 14.2 (13.8-  99.5(99.5- <0.001 0.811
14.7) 99.5)
Low risk of bias 65.9 (56.1-75.1) 10.3-100 35 22401 14.7 (14.1- 995 (99.5- <0.001 0.974
15.4) 99.6)
Immunity due to
natural HBV infection
Overall 9.2 (6.9-11.8) 0-34.5 57 23002 6.3 (5.9- 974 (97.1- <0.001 0.853
6.7) 97.8)
Cross-sectional 9.2 (6.9-11.9) 0-34.6 56 22867 6.3 (5.9- 97.5(97.1- <0.001 0.851
6.7) 97.8)
Low risk of bias 7 (4-10.8) 0-30.3 20 10408 6.4 (5.7- 97.6 (97- <0.001 0.463
7.1) 98)

H is a measure of the extent of heterogeneity, a value of H =1 indicates homogeneity of effects and a value of H > 1 indicates a potential heterogeneity of
effects.

22 describes the proportion of total variation in study estimates that is due to heterogeneity, a value > 50% indicates presence of heterogeneity.
HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis e antigen; CI: Confidence interval; NA: Not available.

(Supplementary Figures 6-10).

Subgroup analyses and metaregression

Subgroup analysis of current HBV infection in HCWSs showed that seroprevalence was
higher in cross-sectional studies, low-income countries, WHO Africa region, health
management and support personnel, and personal care workers in health services
(Figure 3 and Supplementary Table 8). Subgroup analysis of acute HBV infection in
HCWs showed that seroprevalence was higher in non-probabilistic studies,
prospective studies, upper-middle-income countries, the WHO South-East Asia
region, urban areas and health associate professionals. Subgroup analysis of total
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immunity against HBV in HCWs showed that seroprevalence was higher in
retrospective studies, the European, Eastern Mediterranean, and Western Pacific WHO
regions, urban areas, and among personal care workers in health services and health
associate professionals. Subgroup analysis of immunity against HBV due to natural
infection in HCWs showed that the seroprevalence was higher in non-probabilistic
studies, retrospective studies, urban areas, and health management and support
personnel.

The univariate metaregression allowed the selection of the relevant covariates
(Supplementary Table 9). Only the WHO region variable significantly explained the
variance observed in estimating the prevalence of current HBV infection and
immunity due to natural infection. The variables sampling approach and the HCWs
classification significantly explained the variance observed for the estimation of the
prevalence of acute HBV infection. No covariates explained the variance observed in
the estimate of the prevalence of total immunity to HBV.

DISCUSSION

Our findings showed that the pooled prevalence rates of HBV serological markers
among HCWs with current (HBsAg and HBeAg) and acute HBV infections were 2.3%,
0.2% and 5.3, respectively. Our findings also showed that the pooled prevalence rates
of total immunity against HBV and immunity due to natural HBV infection were
56.5% and 9.2%, respectively. HBV serological markers varied considerably among
categories of HCWs. In the subgroup analysis, the pooled seroprevalence of HBV in
HCWs with current infection was highest in low-income countries and particularly in
Africa. The pooled seroprevalence of HBV in HCWs with acute infection was higher in
upper-middle-income countries, in the South-East Asia and in urban areas. The pooled
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Figure 2 Global seroprevalence of hepatitis B virus serological markers among healthcare workers. Cl: Confidence interval; HBV: Hepatitis B
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seroprevalence of total immunity against HBV was higher in the Europe, Eastern
Mediterranean, Western Pacific, and urban areas. The pooled seroprevalence of
immunity against HBV due to natural infection was higher in urban areas.

A previous meta-analysis reported a pooled seroprevalence of current HBV
infection (HBsAg) in HCWs of 2.3% in Eastern Mediterranean and Middle Eastern
Countries (EMRO) and in the European Union/European Economic regions[27,28].
Our estimated HBV infection seroprevalence, however, presented a strong disparity
according to geographic and socioeconomic regions in favor of African regions, South-
East Asia and urban areas. These differences may be linked to several factors,
including socio-demographic, ethnic, cultural factors, risk factors for transmission,
protective factors (heterogeneous vaccination policies, levels of education, availability
of preventive measures, and the practice of barrier measures against occupational
exposure to blood)[29]. HBV vaccination policies are applied with strong temporal,
socio-cultural and economic disparities around the world. Low-resource countries for
example are prone to imperfect vaccine policies, including partial coverage of eligible
individuals and without any catch-up strategy for adults including HCWSs[10,13-16].
This aspect could well explain the high seroprevalence of HBV infections observed in
low-income setting in the present review. It is also conceivable that the various
detection tests used to search for the serological HBV markers in the present review
could be associated with the significant heterogeneity observed. The various occupa-
tional categories considered in this review could also be at the origin of the great
variability in the observed seroprevalence rates. It has in fact been shown that inexper-
ienced people at the start of training, such as medical students and nurses, were more
at risk of occupational contraction of HBV[30]. Nurses who are closer to patients and
who are responsible for collecting blood from patients are also at high risk of
contracting HBV[31,32]. It should also be noted that dentists and surgeons present a
very worrying risk of occupational contamination by HBV, due to their use of sharp
objects and procedures that generate aerosols[33,34]. The age and number of years of
service (> 5 years) of the health workers have also been associated with a greater risk
of contracting HBV infections[35,36]. The number of HCWs per patient as well as the
number of hematogenous exposure by HCWs is very variable across the world and
could also account for this great heterogeneity observed in the estimates of this review
[37]. In resource-limited countries, unlike developed countries, high infection rates are
linked to high immunization coverage and the application of the post-exposure
prophylaxis policy[38]. The varying dates in countries of immunization policies can
also pay dividends. Due to the lack of time restriction in the inclusion criteria for this
review, it is highly likely that some participants benefited from universal childhood
immunization policies, suggesting different vaccine coverage and hence variable
infection rates. In addition, vaccination coverage rates among HCWs vary widely
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between countries, ranging from 18% in Africa to 77% in Australia[38]. In this review
over half of HCWs had full immunity to HBV and this immunity was highest in urban
areas and developed countries, including those in Europe, the Western Pacific, and the
Eastern Mediterranean. Recently, a review showed that only a quarter of African
HCWs had received the three doses of vaccines recommended for HBV immunization
[39]. It is also noted that among this quarter of vaccinated HCWs in Africa, there is still
a significant proportion of non-responders who remain at occupational risk of
contracting HBV, as reported by other authors[40,41].

Some limitations should be noted for this review. One of the major difficulties of
this review was the high variability of the professional categories of HCWs and the
difficulty of having an easily applicable definition to group them together in a
coherent way. Secondly, we did not consider the contribution of other major risk
factors for HBV transmission in assessing the risk of HBV transmission in these HCWs,
including sexual behavior or a history of parenteral injections. Also, the prevalence of
current HBV infection in this study did not discriminate those with chronic infection
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(HBsAg = 6 mo) from those with acute infection. Despite these limitations, one of the
strengths of this review lies in the representativeness of all regions of the world. An
added value in this review is the concomitant consideration of several serological
markers of HBV infection and immunity.

In order to hope to achieve the 2030 goal of eliminating HBV infections, decision-
makers should implement training, vaccination and care policies for HCWs who
represent a high-risk group of occupational HBV infections. These programs should
ideally be subsidized or free to ensure universal access to these measures. Vaccination
coverage rates remain low in some regions (Turkey) where the vaccine is free for
HCWs[30]. Continuous training of HCWs on the importance of vaccination against
HBYV, the appropriate use of personal protective equipment, barrier measures against
occupational exposure to blood and associated diseases, as well as on proper disposal
of sharp objects would be of great benefit in reducing occupational exposure. Training
on barrier measures for occupational percutaneous injuries should incorporate safety
behaviors, such as the use of puncture-resistant trash cans. In countries with limited
resources that bear the heaviest burden of HBV infections, expanded routine
immunization programs at birth should also include catch-up vaccinations for high-
risk people, such as HCWs. For medical students, to implement systematic vaccination
of all HCWs at the start of the professional training or before commencement of duty
and verify effective immunization before starting could be more cost effective. For
HCWs already in service, an initial phase would be the search for unvaccinated
HCWs. For a rational integration of the vaccination program in HCWs, anonymized
pre-vaccination anti-HBc screening tests should be carried out beforehand to avoid
unnecessary vaccinations. The anti-HBc test should be followed by the HBsAg
screening in anti-HBc-positive HCWs. Costly conventional enzyme-linked
immunosorbent assay (ELISA) techniques are often unavailable in resource-limited
areas, although they bear the heaviest burden of HBV infections[42]. Low cost and
easy to use alternative assays with comparable performance to conventional ELISA
assays should be made available to resource-limited areas[42-44]. The HCWs eligible
to receive the three doses should be those susceptible to HBV infection, negative for
the anti-HBc marker. Checks for anti-HBs levels should follow 2 mo to 3 mo after
complete vaccination to ensure that the protective titer is achieved (anti-HBs > 10
IU/mL). HCWs not responding to full vaccination should receive additional doses of
vaccine. Booster doses could be given periodically (like 10 years if anti-HBs titer is
below 10 IU/mL). HBsAg-positive HCWs would benefit from expert guidance for
their orientation, rational and appropriate treatment to avoid wastage. Positive HBsAg
tests should not disqualify HCWs from their daily practice, although urgent measures
should be taken to control their viral load to minimize their risk of transmitting HBV
to their patients and to those around them.

CONCLUSION

This systematic review highlights an important burden of HBV infections among
HCWs around the world. It also reveals that around half of HCWs are protected
against HBV infections worldwide. This protection is mainly attributed to vaccination
compared to immunization due to natural infection. The burden of HBV infection is
mainly borne by resource-limited countries, particularly Africa, which in parallel also
reveals the lowest levels of immunization against HBV.

ARTICLE HIGHLIGHTS

Research background

Hepatitis B infection is a deadly disease that affects and kills more than 1 million
people a year. During their work, healthcare workers (HCWs) are exposed to certain
direct or indirect risk factors that could lead to hepatitis B virus (HBV) infection.
Existing data have shown that HBV infection, depending on markers, is widespread
and heterogeneously distributed worldwide among HCWs. Therefore, there is a need
to quantify the global proportion of HBV serological markers among HCWs.

Research motivation
HCWs are one of the most vulnerable groups to HBV infection during their routine
work, which exposes them to a variety of accidents, e.g., needle stick injuries, exposure
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to blood and fluids of HBV-infected patients, etc. However, these groups are under-
diagnosed in many parts of the world, especially in low-income countries. It remains
to be seen how the burden of each marker of hepatitis B infection is distributed
worldwide in order to guide future research. We therefore sought to quantify the
burden of several serological markers of HBV infection in HCWs. This will enable the
development of new strategies to better manage HBV infection in HCWs.

Research objectives

In this review, we aimed to quantify the pooled prevalence rates of serological markers
of HBV infection among HCWs. We were able to report these prevalence data among
HCWs based on world regions, country income levels, and categories of HCWs.
Quantifying these prevalence rates in each region of the world is crucial to improving
and/or implementing new strategies for managing HBV infection, as well as guiding
future research that will contribute to the elimination of HBV by 2030 and the
achievement of Sustainable Development Goal 3.3 related to well-being and good
health, specifically ending the AIDS epidemic, tuberculosis, malaria and neglected
tropical diseases and combating hepatitis, water-borne and other communicable
diseases.

Research methods

To synthesize data from the existing literature on the prevalence of HBV serological
markers in HCWs, we followed the Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guideline. We registered the study in Prospero and the
search strategy was applied in PubMed and Embase to retrieve observational studies,
including cross-sectional, cohort (baseline data) and case-control studies. These studies
were selected for eligibility on the Rayyan platform by four investigators (Mahamat G,
Kenmoe S, Ebogo-Belobo JT and Amougou-Atsama M) and data extraction was
performed by 18 extractors using a Google form questionnaire. The quality of the
included studies was assessed by the tool of Hoy et al. A random-effects meta-analysis
model was used to pool the prevalence of each serological marker in HCWs. Meta-
regression and subgroup analyses were used to determine the source of heterogeneity.
The statistical software R version 3.6.2. was used to perform all meta-analyses.

Research results

In all, we reported prevalence rates of current infection [hepatitis B surface antigen
(HBsAg) and hepatitis e antigen], acute infection (anti-HBs immunoglobulin M +
HBsAg), full immunity (anti-HBs > 10 IU/mL), and acquired immunity by natural
infection (anti-HBS + anti-HBc) among HCWs of 2.3% and 0.2%, 5.3%, 56.6%, and
9.2%, respectively. Low-income countries, particularly African countries, bear the
greatest burden of current infection and have low immunization rates. High-income
countries and urban areas are more protected from HBV infection. These results
suggest that attention should increasingly be focused on low-income countries and in
particular African countries where future research should be directed.

Research conclusions

There is a need to improve awareness, training, screening, vaccination, post-test
management and treatment of HBV infection worldwide in order to achieve the World
Health Organization goal of eliminating hepatitis B infection by 2030.

Research perspectives

Future research should be directed towards low-income countries, including African
countries, where the highest burden of current infection with low vaccination coverage
among HCWs has been reported.
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