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Abstract

Chronic hepatitis B (HBV) remains a significant public health problem in Ghana and past
reviews conducted could not calculate a nationwide prevalence of the disease due to lack of
primary research for some regions of the country. We therefore conducted this study to
summarize and update the available information on HBV infection burden (prevalence) in
Ghana from 2015-2019.We systematically searched PubMed, Embase, ScienceDirect, and
Google Scholar to retrieve primary studies published in peer-reviewed journals from Novem-
ber 2015 to September 2019, assessing the prevalence of HBV among the Ghanaian popu-
lace. The review included 21 studies across all ten old regions of Ghana with a total sample
population of 29 061. The HBV prevalence was estimated for subpopulations as follows:
8.36% in the adult population, 14.30% in the adolescent population, and 0.55% in children
under five years (pre-school). Among adults, HBV infection prevalence was the highest in
the special occupation group (14.40%) and the lowest prevalence rate of 7.17% was
recorded among blood donors. Prevalence was lower in the north than in the southern part
of the country. The Ashanti region had the most studies at 6/21 (29%), while no study was
identified for the Upper West region. Across the country, the highest HBV infection preva-
lence rates were recorded in the age group of 20—-40 years. The burden of hepatitis B is
enormous and remains an important public health issue in Ghana. Addressing the issue will
require an integrated public health strategy and rethinking of the implementation gaps in the
current HBV infection control program. This will help propel the country towards eliminating
the disease by 2030.

Introduction

Hepatitis B virus (HBV) infection can lead to severe disease and death, affecting people world-
wide. About 2 billion people worldwide are estimated to have been exposed to HBV, with
almost one quarter of them having a chronic infection [1, 2]. Every year, more than half a mil-
lion HBV-related deaths are recorded all over the world [1, 3]. Reports have often shown dis-
parities in the levels of endemicity of HBV across the world, with Sub-Saharan Africa (SSA)
and East Asia among the high-endemic areas where about 5% and 10% of the adult populace,
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respectively, is chronically infected [3-8]. In Europe and America, about 1% of the population
is chronically infected. The risk of being infected with HBV in one’s lifetime in most countries
in Africa and Asia, including parts of the Middle East, is estimated to be more than 60% [5, 9,
10]. Under-reporting of HBV in Africa makes it difficult to accurately estimate the disease bur-
den, but some estimates suggest that 70-90% of adults showed some evidence of HBV infec-
tion and the HBsAg positivity rate is placed at 6-20% [1, 2, 9].

Individuals with chronic HBV infection have an increased risk of liver disease and hepato-
cellular carcinoma (HCC). It is estimated that 10 to 33% of all individuals who develop a per-
sistent infection will end up with chronic hepatitis, and among them, 20 to 50% are likely to
develop liver cirrhosis [11]. HCC is a dangerous cancer with few treatment options that is
often a challenge in many third world settings such as Africa [1, 12]. SSA is shown to have one
of the highest HBV-related liver cancer rates worldwide [13]. HBV-related liver cancer is more
prominent among males than females in the African region [5, 13, 14]. It is also important to
mention that the mean age for developing HCC in Africa and other developing regions is
younger than what is seen in developed regions such as North America and Western Europe.
Therefore, productive years are lost to HCC as a result of HBV infection in SSA [9, 15, 16].

HBV is a disease of public health importance in Ghana and needs the utmost attention.
Ghana is located in SSA, a region noted for high (>8.00%) prevalence of chronic HBV infec-
tion compared with the rest of the world [1, 9]. Some recent reviews have estimated and
reported the prevalence of HBV in Ghana [17-19]. For instance, a worldwide estimation of
HBYV prevalence by Schweitzer et al. in 2013 revealed a 12.92% [2] prevalence of chronic HBV
infection in Ghana derived from 12 studies. Ofori-Asenso and Agyeman reported a 12.3%
prevalence derived from 30 studies published before 2015 [20]. Neither review covered original
studies from all regions in Ghana.

Some other studies have also revealed a varying prevalence rate of HBV in Ghana, from 10
to 15% [2, 20]. A search of the literature revealed that no review specifically summarized data
on HBV prevalence in Ghana, as Ofori-Asenso and Agyeman reported a limitation that origi-
nal research was unavailable for four regions and hence based their reported prevalence on six
of the ten regions. This reveals that even though there has been a significant effort to estimate
the burden of HBV in Ghana, gaps remain in the available evidence. In 2015, the World Health
Organization (WHO) set a target to eliminate hepatitis B by the year 2030 [3]. To explore and
address any gaps in the available evidence and track the HBV prevalence in Ghana following
this declaration [3], we conducted a systematic review to compile updated information on the
prevalence of HBV in Ghana from November 2015 -September 2019.

Methods
Search strategies

The current systematic review was reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) [21]. We searched published literature from
PUBMED, EMBASE, Google Scholar, and ScienceDirect. The search was conducted using the
following keywords: hepatitis B, hepatitis B surface antigen, hepatitis B virus, hepatitis B e anti-
gen, hepatitis B core antigen chronic hepatitis B, HBV, HepB, HBsAg, HBeAg, prevalence,
Ghana, and Ghanaian (S1 File.). The search terms were used separately and in combination
using the Boolean operators “AND” or “OR” as appropriate. The search ranged from Novem-
ber 1st, 2015 to September 30th, 2019. No language limitations were set during the literature
search; however, the search was limited to research on humans.
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Inclusion criteria

The inclusion criteria were as follows: (i) studies exclusively done for populations in Ghana;
(ii) articles published in peer-reviewed journals; (iii) cross-sectional studies reporting the prev-
alence of HBV; (iv) study participants from any subpopulation except studies among patients
with HBV; and (v) studies focusing on prevalence using the presence of hepatitis B surface
antigen (HBsAg) as a biomarker for diagnosis. We used no language restriction. However, we
excluded studies that reported other forms of hepatitis than hepatitis B, book chapters, and
case reports.

Data extraction

Two investigators (JA and HW) independently screened the studies according to the titles and
abstracts. If the articles met the eligibility criteria, we further read the full text to screen the
study. Any discrepancies between investigators were planned to be resolved by a third investi-
gator (YC). However, no such situation arose.

Using a predesigned data extraction form, JA and HW independently extracted the follow-
ing data from each study: study characteristics, including the name of the primary author, pub-
lication year, study design, sample size, methods of testing HBV, and prevalence of HBV. Any
discrepancies were resolved by referring to the original publications.

Methodological quality assessment

The Newcastle-Ottawa scale (NOS) for cross-sectional studies quality assessment tool was
adopted and used to assess the quality of each study [22]. The tool has three major sections.
The first section, graded out of five stars, focuses on the sample selection of each study. The
second section deals with the comparability of the study, and the last section deals with the
outcomes and statistical analysis of each original study. A total NOS score ranges from 0 to 10.
Study scores of 9-10 points were considered very good, 7-8 points as good, 5-6 points as satis-
factory and <5 as unsatisfactory (S2 File) [22]. Two authors (JA and HW) independently
assessed the quality of each original study using the tool. Disagreements between the two
authors were resolved through discussion.

Data analysis

HBYV infections were measured with prevalence and 95% confidence interval (CI). The review
considered the regional distribution of studies based on the ten old regions and combined the
six recently established regions to their mother regions. Thus, Greater Accra, Upper West,
Upper East, Ashanti, Eastern, and Central regions stood alone. However, in this study the
Northern region consists of Northeast, Savannah, and Northern regions; Brong-Ahafo consists
of Bono, Bono East, and Ahafo regions; and the Western region consists of Western and West-
ern North regions.

Meta-analysis with a random effect model was used to pool the prevalence from different
homogeneous studies. Heterogeneity was tested using the Q test with p<0.1 considered as sta-
tistical heterogeneity. The degree of heterogeneity was measured with I?. Subgroup analysis
was done if the presence of substantial heterogeneity was observed (I>> 50%). Due to the het-
erogeneity among the included studies, meta-analyses were conducted separately according to
different populations (pre-school children, adolescents, and adults). A similar rule was applied
to the adult population, among whom meta-analyses were conducted according to subpopula-
tions with different characteristics (e.g. blood donors, patients with HIV). A fixed effect cumu-
lative analysis was conducted beginning with the largest sample size and adding subsequent
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studies in the same order while estimating the relative weight to explore the possible impact of
bias from smaller studies on the overall effect size. The point at which any additional study did
not show any significant shift on the effect size was considered the cut-off point and the con-
clusion was then made. Statistical significance was always set at p < 0.05 except for in the het-
erogeneity tests. Subgroup analyses (e.g. northern and southern Ghana, urban and rural) were
done within each subpopulation when statistical heterogeneity was found. All the meta-analyses
were performed with Comprehensive Meta-analysis Software for Academics (standard v. 3).

Ethical approval

The study did not require ethical approval as it used data retrieved from published studies that
are already in the public domain.

Results
Results of study identification and retrieval

Fig 1 records the process and detailed results of the literature search and selection. A total of
150 articles were retrieved from the databases and additional sources in the literature search.
Thirty-eight articles were retained for full-text review after the removal of duplicates and ineli-
gible studies based on the titles and abstracts. Of the 38 studies, 21 articles met the inclusion
criteria for the systematic review and 19 were finally added to the meta-analysis.

Basic characteristics of included studies

The studies (Table 1) included in the review had total sample sizes of 29 061 and 28 724 respec-
tively for the systematic review and meta-analysis, respectively, across the country. The largest
number of studies (6/21, 29%) was conducted in the Ashanti region while no study was identi-
fied in the Upper West region. Table 1 shows the details of all studies included in the review,
covering nine out of the ten old regions. The majority of the retained studies were conducted
for the adult population (18/21, 86%) and urban settings (13/21, 62%). No study was con-
ducted in a male-only population, but 6/21 (29%) were conducted in a female-only population
(pregnant women), 4/21 (19%) among patients with HIV, and 3/21 studies (19%) in the blood
donor population. Regarding the methodological quality of the included studies, 14%, 76%,
and 10% of studies were judged as very good, good, and satisfactory quality, respectively, based
on the NOS score, while no study was assessed as unsatisfactory.

Overall prevalence of hepatitis B infection

The reported prevalence among the 21 studies in the systematic review ranged from 0.05% to
54.20% (Table 1). The prevalence among the 19 studies included for the meta-analysis ranged
from 0.05% to 16.70% (Table 1). Generally, there was diversity in participants’ ages; however,
about 85.71% of the included studies were conducted in adult populations (>20 years). Two
studies were conducted in children less than five years. The most prevalent age group ranged
from 20 to 40 years, as specified in ten studies [17, 19, 26, 29, 34-36, 38, 40, 41]. There was no
overall pooled national HBV prevalence for the included studies in the meta-analysis because
of the vast differences among study participants.

Prevalence among pre-school children

Two studies (528 participants in total) reported HBV infection prevalence among pre-school
children, at 0.05% and 1.90%. The pooled prevalence was 0.55% (95% CI: 0.02-14.23%) (S1
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Identification

Records identified through
database searching (149)

Additional studies retrieved from
reference list (1)

Screening

Eligibility

Inclusion

Total records retrieved (150)

Record after duplication
removed (85)

Number of duplicates removed (n=65)

Full-text articles assessed
for eligibility (38)

Articles removed based on tittles and
abstract (n=47)

AV

Studies included in
systematic review21

Full articles removed (n=17):
4 duplicated articles

7 did not test for HBsAg

1 case report

1 cohort study

1 among HBV patients

4 only abstract

Studies included in
meta-analysis 19

!

Articles remove from meta-analysis
(n=2)

Pre-school children’s

subpopulation (2)

Adults’ subpopulation
(17)

Fig 1. Flow chart of study search and retrieval process (adopted PRISMA: 2009).
https://doi.org/10.1371/journal.pone.0234348.9001

Appendix). There was moderate heterogeneity (I> = 60.84%, p = 0.110) between these two

studies.

Prevalence among adolescents

Only one study was conducted in an adolescent population, with 182 participants from a
senior high school in a rural setting. The HBV prevalence was 14.30% (95% CI: 9.20-19.37%)

(Table 1).

Prevalence among adults

Seventeen studies were considered for the meta-analysis in the adult population with a total
sample size of 28 196. The HBV prevalence ranged from 2.45% in the Northern region to
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Table 1. Summary of the descriptive characteristics of articles included in the study.

Authors’ details Study region | Study population Age group (mean/range) | Site Sample size |Test HBsAg+(%) |Quality assessment
Pre-school children

Dassah, 2015 [23] Upper East Vaccinated children | 3.1 yrs Rural | 104 ELISA 1.90 Good
Apiung, 2017 [24] Greater Accra | Vaccinated children | 1.3 yrs Urban | 424 ELISA 0.05 Satisfactory
Adolescents

Dzidzinyo, 2016 [25] Volta School children 17.4 yrs Rural | 182 ELISA 14.30 Good
Adults

Adoba, 2015 [26] Ashanti Barbers 28.2 yrs Urban | 200 RDT 14.50 Good
Ephraim, 2015 [27] Ashanti Pregnant women 27.0 yrs Rural | 168 RDT 9.50 Good
Ampah, 2016 [28] Ashanti Community members | 25.3 yrs Rural | 1323 RDT 8.10 Very good
Adjei, 2016 [29] Greater Accra | Long-distance drivers | 40.6 yrs Urban | 106 ELISA 14.20 Satisfactory
Archampong, 2016 [30] | Greater Accra | Patients with HIV 41.0 yrs Urban | 3108 ELISA 8.30 Good
Kye-Duodo, 2016 [17] | Eastern Patients with HIV 40.0 yrs Mixed | 320 ELISA 8.80 Good
Luuse, 2016 [31] Volta Pregnant women 27.7 yrs Urban | 208 RDT 2.40 Good
Lokpo, 2017 [32] Eastern Blood donors 20-50 yrs Urban | 11 436 RDT 7.20 Very good
Lokpo, 2017 [33] Volta Blood donors 18-58 yrs Urban | 4180 RDT 6.90 Very good
Volker, 2017 [19] Western Pregnant women 26.3 yrs Rural | 174 RDT 16.70 Good

Osei, 2017 [34] Volta Blood donors 20.0-40.0 yrs Mixed | 576 RDT 7.50 Good
Helegbe, 2018 [35] Northern Pregnant women 28.5 yrs Urban | 3127 RDT 4.20 Good
Owusu, 2018[36] Ashanti Patients with jaundice | 35.0 yrs Urban | 155 PCR &RDT | 54.20 Good
Anabire, 2019(37] Northern Pregnant women 27.8 yrs Urban | 2071 RDT 7.70 Good
Boateng, 2019 [38] Ashanti Patients with HIV 40.9 yrs Urban | 400 RDT 12.50 Good

De Mendoza, 2019 [39] | Ashanti Outpatients 26.0 yrs Urban | 305 RDT 8.50 Good
Frempong, 2019 [40] Brong-Ahafo | Pregnant women 28.9 yrs Mixed | 100 ELISA 10.00 Good
Pappoe, 2019 [41] Central Patients with HIV 41.0 yrs Urban | 394 RDT 6.60 Good

ELISA, enzyme-linked immunoassay; HIV, human immunodeficiency virus; PCR, polymerase chain reaction; RDT, rapid diagnostic test.

https://doi.org/10.1371/journal.pone.0234348.t001

16.70% in the Western region. The pooled prevalence was 8.36% (CI: 7.30-9.60%) (Fig 2) with
a high level of heterogeneity (I* = 86.52%, p<0.001). Subgroup analyses were conducted, and
HBYV prevalence was reported according to different subgroups among adult populations. In

the subgroup analysis (Table 2), two subgroups (geographic zone and sample size) showed sta-
tistically significant differences between groups (p<0.020).

Prevalence of hepatitis B in the general population (community members
and outpatients)

Two studies [28, 39] were conducted in the general population (community members and out-
patients) with a total sample size of 1628 participants. The hepatitis B prevalences were 8.10%
and 8.50%, with a pooled prevalence of 8.18% (CI: 6.94-9.61%) (S2 Appendix). There was no
evidence of heterogeneity (I* = 0%, p = 0.818).

Prevalence of hepatitis B among blood donors

A total of three studies [32-34] reported HBV prevalence among blood donors with a total
sample size of 16 192 participants. The hepatitis B prevalence ranged from 6.94% to 7.50%
with a pooled prevalence of 7.17% (CL: 6.78-7.57) (S3 Appendix). There was no evidence of

heterogeneity (12 = 0%, p =0.784).
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Random effects model

Study name Statistics for each study Event rate and 95% Cl1

Event Lower Upper
rate limit limit Z-Value p-Value

2017 0.0723 0.0677 0.0772 -70.6758 0.0000 ]

2017 0.0694 0.0621 0.0775 -42.6525 0.0000 |

2018 0.0420 0.0355 0.0496 -35.0771 0.0000 |
Archampong 2016 0.0830 0.0738 0.0932 -36.9475 0.0000 [

2019 0.0770 0.0663 0.0893 -30.1340 0.0000 ]

2016 0.0810 0.0675 0.0970 -24.1034 0.0000 ]

2017 0.0750 0.0561 0.0995 -15.8813 0.0000 =

2019 0.1250 0.0960 0.1612 -12.8710 0.0000 -

2019  0.0660 0.0453 0.0952 -13.0590 0.0000 . o
Kye-Duodo 2016 0.0880 0.0615 0.1244 -11.8499 0.0000 -
De Mendoza 2019  0.0850 0.0585 0.1220 -11.5735 0.0000 -

2016 0.0240 0.0100 0.0564 -8.1790 0.0000 -—

2015 0.1450 0.1027 0.2009 -8.8354 0.0000 —i—

2017 0.1670 0.1186 0.2299 -7.9065 0.0000 ——

2015 0.0950 0.0590 0.1495 -8.5665 0.0000 —-

2016 0.1420 0.0875 0.2221 -6.4642 0.0000 ———
Frempong 2019 0.1000 0.0547 0.1760 -6.5917 0.0000 ———

0.0836 0.0728 0.0958 -31.2739 0.0000 *
-0.25 -0.13 0.00 0.13 0.25

Test of Heterogeneity:[12=86.52% , p<0.001]
Fig 2. Forest plot of hepatitis B infection prevalence rate in the adult population in Ghana from 2015 to 2019.
https://doi.org/10.1371/journal.pone.0234348.9g002

Prevalence of hepatitis B among patients with HIV

The meta-analysis was based on four studies [17, 30, 38, 41] conducted among HIV-positive
clients. The total sample size was 4222 participants. The HBV prevalence ranged from 6.60%
in the Central region to 12.50% in the Ashanti region. The pooled prevalence was 8.92% (CI:
7.03-11.25, p<0.001) (54 Appendix). There was moderate heterogeneity among the included
studies (I* = 69.91%, p = 0.019). As a result, a further subgroup analysis (S5 Appendix) was
performed to explore the source of heterogeneity. Statistical variations among the included
studies were explained by the type of test used in the diagnosis of HBV (ELISA or RDT)
among the study participants. There was, however, no statistical difference between the two
subgroups (p = 0.732).

Prevalence of hepatitis B infection among pregnant women

Six studies [19, 27, 31, 35, 37, 40] were conducted among pregnant women with a total sample
size of 5848 participants. The prevalence ranged from 2.4% to 16.7% with a pooled prevalence
0f 7.44% (CI; 4.71-11.55) and p<0.001 (S6 Appendix). The results showed very high heteroge-
neity (I* = 92.69%, p<0.001). Further subgroup analysis (S7 Appendix) revealed that the year
of the study contributed to the heterogeneity of the results. Two studies were conducted in
2019 with a total sample size of 2171. The pooled prevalence was 7.82% (CI: 6.78-9.03). There
was, however, no evidence of heterogeneity among these studies (I* = 0, p = 0.404).
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Table 2. Analysis of the change in hepatitis B prevalence in different subgroups in the adult population in Ghana (2015-2019).

Subgroups No. of studies (no. of participants) Pooled prevalence (%) (95% CI) 12 (%) P-value (subgroup differences)
HIV status 0.616
HIV+ 4 (4222) 8.91 (6.71-11.73) 69.91
HIV- 13 (23 974) 8.19 (6.95-9.64) 87.75
Residency 0.273
Rural 3 (1665) 10.65 (7.63-14.68) 84.76
Urban 11 (25 532) 7.84 (6.62-9.27) 89.35
Mixed 3(996) 8.47 (5.89-12.04) 0.00
Pregnancy status 0.309
Pregnant 6 (5848) 8.78 (7.42-10.36) 75.91
Not pregnant 11 (22 348) 7.49 (5.78-9.65) 92.70
Test type 0.303
ELISA 4 (3634) 9.68 (7.08-13.11) 36.70
RDT 13 (24 562) 8.06 (6.85-9.45) 88.65
Sample size 0.005**
Large (>1000) 6 (27 045) 6.94 (5.80-8.29) 89.84
Small (<1000) 11 (1151) 9.88 (8.31-11.71) 74.34
Blood donor status 0.294
Donor 3(16192) 7.20 (5.19-9.92) 0.00
Not donor 14 (12 004) 8.75 (7.38-10.35) 88.52
Zones 0.018**
Northern 2 (5198) 5.72 (4.03-8.05) 96.44
Southern 15 (22 998) 8.93 (7.73-10.30) 79.65

HIV, human immunodeficiency virus; RDT, rapid diagnostic test; ELISA, enzyme-linked immunoassay; CI, confidence interval.

""P-value of subgroup differences <0.020.

https://doi.org/10.1371/journal.pone.0234348.t1002

Prevalence of hepatitis B among special occupational populations (barbers
and long-distance drivers)

Two studies [26, 29] with a total sample size of 306 participants were conducted among special
occupation populations. The prevalences were 14.20% (barbers) and 14.50% (drivers), with a
pooled prevalence of 14.40% (CIL: 10.89-18.79) (S8 Appendix). There was no evidence of het-
erogeneity (I> = 0%, p = 0.943).

Prevalence of hepatitis B among patients with jaundice

One study [36] was conducted among a symptomatically jaundiced population with 155 par-
ticipants from an urban setting in the Ashanti region. This region is the most populous in
Ghana. The study was hospital-based and reported an extremely high HBV prevalence of
54.20% among the study population. Participants who tested positive with PCR, RDT, or both
were considered positive for hepatitis B infection.

Cumulative meta-analysis

Bias from smaller studies was explored with cumulative analysis, the results from which indi-
cated that smaller studies did not impact HBV prevalence. Results based on precision (large
sample size) showed that 8/17 studies with a relative weight of 91.34% estimated a pooled effect
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Fixed effects model

Study name Cumulative statistics Cumulative event rate (95% CI)

Lower Upper Relative

Point limit limit Z-Value p-Value weight
Lokpo 2017 0.0723 0.0677 0.0772 -70.6758  0.0000 [ ] 40.53
Lokpo 2017 0.0715 0.0676 0.0757 -82.5465 0.0000 ] 54.79
Helegbe 2018 0.0676 0.0641 0.0713 -89.4911 0.0000 || 61.44
Archampong 2016 0.0700 0.0667 0.0735 -96.7682  0.0000 | | 73.94
Anabire 2019 0.0706 0.0674 0.0740 -101.3446  0.0000 || 81.71
Ampah 2016 0.0712 0.0681 0.0745 -104.1618 0.0000 [ ] 86.92
Osei 2017 0.0713 0.0682 0.0745 -105.3649  0.0000 [ ] 89.03
Boateng 2019 0.0724 0.0693 0.0756 -106.0707  0.0000 | | 91.34
Pappoe 2019 0.0723 0.0692 0.0755 -106.8704  0.0000 [ | 92.62
Kye-Duodo 2016 0.0725 0.0694 0.0757 -107.5200 0.0000 | | 93.98
De Mendoza 2019  0.0726 0.0696 0.0758 -108.1378  0.0000 [ ] 95.23
Luuse 2016 0.0724 0.0694 0.0756 -108.4167 0.0000 || 95.49
Adoba 2015 0.0731 0.0701 0.0763 -108.7084  0.0000 || 96.80
Volker 2017 0.0739 0.0709 0.0771 -108.9001  0.0000 [ | 98.08
Ephraim 2015 0.0741 0.0710 0.0773 -109.2317  0.0000 || 98.84
Adjei 2016 0.0744 0.0714 0.0776 -109.3918  0.0000 [ ] 99.52
Frempong 2019 0.0745 0.0715 0.0777 -109.5860  0.0000 [ ] 100.00
0.0745 0.0715 0.0777 -109.5860  0.0000 (]

-0.25 -0.13 0.00 0.13 0.25

Test of Heterogeneity:[12=86.52 %, p=0.001]
Fig 3. Cumulative forest plot for the included studies (fixed effects model) in the adult-only population.
https://doi.org/10.1371/journal.pone.0234348.9003

of 7. 24% with a 95% CI (6.93 to 7.56%) included the pooled prevalence of 7.45% for the total
of 17 studies in the meta-analysis (Fig 3).

Discussion

This study was conducted with the aim of summarizing the updated national prevalence of
HBYV in Ghana from 2015 to 2019. However, there was no study identified for the Upper West
region and thus, the prevalence of HBV from the remaining regions was summarized accord-
ing to different populations due to the heterogeneity of participants included. A national sur-
vey that covers all regions in the country to estimate the actual burden of the disease in Ghana
is needed.

The pooled HBV prevalence was very low (0.55%) among pre-school children. These were
children who have been vaccinated against HBV with the pentavalent vaccine. Although there
was moderate heterogeneity, the variation in age between studies partly explains this. As the
mean age increases from 1.3 years to 3.1 years, the antibodies developed through immuniza-
tion tend to decrease [23, 24] in individuals and thus older children are at a higher risk of
infection. This revelation emphasizes the importance of vaccination and good immunization
coverage among Ghanaian children [42].

It was noted that Ghana started a national expanded program for hepatitis immunization in
2002 [42], which should have reduced the prevalence of HBV infections, especially among ado-
lescents. However, an alarming prevalence of about 14.30% was identified among adolescents
in this study. There were not sufficient studies to explore this; however, adolescence is charac-
terized by youthful exuberance, sexual exploitation, body modifications (tattooing, piercing,
etc.), and risky sexual behaviors, which are all risk factors for HBV transmission [43]. Further-
more, in Ghana, adolescents do not discuss sex openly with their parents; they resort to friends
who are as well inexperienced with sexually related matters and may end up in engaged in
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risky behaviors. This suggests the need for further research to fully explore the cause of the
high HBV prevalence in this population, regardless of the national immunization program.

In the adult population, overall HBV prevalence was found to be 8.36% in Ghana based on
HBsAg seropositivity. This emphasizes that HBV remains a major public health concern in the
country. In contrast, the current prevalence is significantly lower than the prevalence of
12.30% reported by earlier studies [2, 20, 44, 45]. However, a similar prevalence rate of 8.50%
was reported quite recently in an epidemiological study in 2012 [46]. The results of this review
are lower than the >8.80% reported in other parts of West Africa [47-49] and the prevalence
for the African region at large [2]. For instance, a meta-analysis reported that the pooled preva-
lence of HBV in the Nigerian population is 13.6% [50]. A high prevalence was reported among
different subgroups as well: 14.0% for blood donors, 14.1% for pregnant women attending ante-
natal clinics, 11.5% for children, and 14.0% for adults [50]. Nonetheless, the results from our
study confirm the categorization of Ghana as a high HBV-endemic country (>8.00%) which
exceeds the reported global prevalence rate of 3.61% [1, 3, 7]. Comparing to other parts of the
world, the HBV prevalence rate has been estimated to be <5.10% in Iraq and 4.00% in Singa-
pore [2]. The Middle East, Europe, and North America all reported a rate lower than 2.00% [2].
This comparison, therefore, indicates the enormous burden of HBV infection in Ghana.

In the blood donor population, HBV prevalence was 7.17%. Transfusion safety of blood
and blood products in Ghana should be a major concern as about one in every ten blood
donors is infected with HBV. Our result was lower than the 7.70% and 9.70% reported in Bur-
kina Faso [51] and Sierra Leone, respectively [8]. However, a much lower risk of HBV infec-
tion through blood transfusion (1.4 in 100 000) was reported in Korea [52]. Our results
showed that rapid diagnostic test (RDT) kits were used in all the studies among blood donors.
Furthermore, RDTs are the most commonly used kits in developing countries because of their
ease of use and lower cost. Meanwhile, Mutocheluh and colleagues examined five brands of
these kits on the Ghanaian market, finding a sensitivity lower than 60% and raising serious
concerns for their use in blood donation centers to exclude HBV [53]. The present study
emphasizes the need for robust screening techniques and uncompromising adherence to the
transfusion policy in Ghana which advocates for the need to screen for transfusion-transmissi-
ble diseases such as HIV, HBV/HCV, and syphilis.

Among pregnant women, HBV prevalence remains high (7.44%), as reported in other parts
of the sub-region [54] and thus, mother to child transmission remains a major route of HBV
infection in Ghana [55]. Comprehensive preconception screening, education, and early initia-
tion of treatment for infected couples can complement the already existing policy on preven-
tion of mother to child transmission in reducing infection risk to the child and also benefit the
expectant mothers. Ghana as a country should also consider vaccinating all tested-negative
pregnant women as part of the already existing free maternal care service program.

Additionally, this study revealed a very high HBV prevalence of 14.40% among barbers and
long-distance drivers. A previous study revealed poor knowledge about HBV transmission
among barbers in an urban area in Ghana [56] and thus emphasizes the need for education on
HBV transmission in this population.

HBV prevalence among patients with HIV was determined to be 8.92%, although this rate
is lower than the 13.60% reported in a previous systematic review by Agyeman and Ofori-
Asenso in 2016 [18]. This prevalence is higher than the WHO’s category for high-endemic
areas. Moreso, this result suggests a high double disease burden for the affected clients and
may lead to dire consequences of liver disease in the already immune-compromised persons.
Although HBV testing is now considered among patients with HIV, there exists a gap in giving
complete care to this population [42]. Patients who test negative for HBV are not protected by
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way of vaccination and this remains a missed opportunity in reducing the prevalence in the
general population.

The WHO’s target to eliminate HBV by the year 2030 seems unachievable in Ghana if the
trends in the healthcare system are not realigned towards universal care in the face of this high
prevalence. Several factors are implicated in the observed high HBV prevalence in Ghana.
There still exists an information gap and a lack of understanding among the Ghanaian popu-
lace of the transmission dynamics of HBV. Some studies conducted among pregnant women
in the Kintampo and Upper West regions reported low awareness and knowledge about HBV
transmission [57, 58]. Mkandawire and colleagues pointed out that, in the Upper West region,
the populace is even confused about the difference between HBV infection and other diseases
like malaria and yellow fever [59].

The most efficient and cost-effective way of controlling HBV is by vaccination [3, 60]. Inter-
estingly, the high cost of the vaccine has led to many miss opportunities in various service
points in the health system. For instance, negative individuals miss out on vaccination at blood
donor centers, antenatal care services, and antiretroviral therapy clinics simply because they
cannot afford it. These individuals later become positive and increase the overall disease bur-
den. Furthermore, the cost of the monovalent HBV vaccine given to infants born to reactive
mothers is borne by parents; this is another financial barrier that may put the child at risk of
infection. A subsidy to the cost of these vaccines would dramatically reduce infection rates.

Strengths and limitations

This current review provides the most updated disease burden figures regarding HBV preva-
lence in Ghana. As 90.00% of the included studies’ methodologies were robust, this result for
HBYV prevalence can be said to reflect the current situation in Ghana. This study provides the
prevalence among children under five years of age which was not identified by previous sys-
tematic reviews [2, 20] and thus reaffirms the importance of childhood immunization
programs.

There are several limitations to this review. Although we comprehensively searched the lit-
erature, an overall national prevalence of HBV could not be determined because we were not
able to identify any related publications for the Upper West region. The prevalence determined
in this study was therefore based on subpopulations and hence cannot be said to fully represent
the general Ghanaian population. Furthermore, most of the studies (13/21, 62%) were con-
ducted in urban settings and in adult populations (18/21, 86%). Hence, the prevalence is more
representative of the adult, urban population. The aforementioned information also revealed
the research priorities for future studies: HBV prevalence among children and adolescents, in
populations from the Upper West region of Ghana, and in rural areas. Due to the limited num-
ber of studies included in each meta-analysis, we were not able to explore the potential of pub-
lication bias [41]. However, a cumulative bias analysis showed that eight (n = 23 094) large
included studies contributed about 91.21% of the total prevalence rate and hence the preva-
lence was not impacted by smaller studies.

Conclusions

This systematic review and meta-analysis indicated that the prevalence of HBV infection
between 2015 and 2019 in Ghana was 0.55%, 14.30%, and 8.36% among pre-school children,
adolescents, and adults, respectively. There was a significantly low prevalence among pre-
school children and a decline in the adult population in Ghana. There however still remains a
high prevalence among adolescents. The burden of chronic HBV infection is also unevenly dis-
tributed among the various subpopulations in the adult group and remains high per the
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WHO?’s level of categorization. That notwithstanding, HBV eradication is possible by vaccina-
tion. To address these challenges of HBV infection among Ghanaians, there is an urgent need
for an integrated approach in the health care system continuum. The government and its part-
ner agencies, therefore, need to explore the possibility of a free HBV vaccination policy with
the goal of eliminating this disease burden.

Supporting information

S1 File. Detailed database search strategies used to retrieve articles.
(PDF)

S2 File. Newcastle-Ottawa Scale adapted for cross-sectional studies.
(PDF)

S1 Appendix. Forest plot of HBV prevalence among pre-school children in Ghana.
(PDF)

S2 Appendix. Forest plot of HBV prevalence among the general population (community
members and outpatients) in Ghana.
(PDF)

$3 Appendix. Forest plot of HBV prevalence among blood donors in Ghana.
(PDF)

S4 Appendix. Forest plot of HBV prevalence among patients with HIV in Ghana.
(PDF)

S5 Appendix. Forest plot of subgroup analysis of hepatitis B prevalence among patients
with HIV and by test type.
(PDF)

S$6 Appendix. Forest plot of HBV prevalence among pregnant women in Ghana.
(PDF)

S7 Appendix. Forest plot of hepatitis B prevalence subgroup analysis among pregnant
women by study publication year.
(PDF)

S8 Appendix. Forest plot of HBV prevalence among special occupation populations (bar-
bers and long-distance drivers) in Ghana.
(PDF)

S1 Checklist. PRISMA checKlist.
(PDF)

S1 Dataset. Minimal dataset.
(XLSX)

Acknowledgments

We wish to thank the staff of the epidemiology and health statistics department for their tech-
nical support. We would like to thank Editage (www.editage.cn) for English language editing.

PLOS ONE | https://doi.org/10.1371/journal.pone.0234348 June 12, 2020 12/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234348.s012
http://www.editage.cn/
https://doi.org/10.1371/journal.pone.0234348

PLOS ONE

Prevalence of hepatitis B in Ghana

Author Contributions

Conceptualization: Julius Abesig, Yancong Chen, Huan Wang, Faustin Mwekele Sompo,

Irene X. Y. Wu.

Data curation: Julius Abesig.

Formal analysis: Julius Abesig, Irene X. Y. Wu.

Funding acquisition: Irene X. Y. Wu.

Methodology: Julius Abesig.

Writing - original draft: Julius Abesig, Irene X. Y. Wu.

Writing - review & editing: Julius Abesig, Huan Wang, Irene X. Y. Wu.

References

10.

11.

12.

13.

14.

15.

Global Hepatitis Report 2017. Geneva: World Health Organization; 2017.

Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. Estimations of worldwide prevalence of chronic
hepatitis B virus infection: a systematic review of data published between 1965 and 2013. Lancet. 2015;
386: 1546-55. https://doi.org/10.1016/S0140-6736(15)61412-X PMID: 26231459

Guidelines for the prevention, care and treatment of persons with chronic hepatitis B infection. Geneva:
World Health Organization; 2015.

Hoffmann JC, Thio LC. Clinical implications of HIV and hepatitis B co-infection in Asia and Africa. Lancet
Infect Dis. 2007; 7: 402—409. https://doi.org/10.1016/S1473-3099(07)70135-4 PMID: 17521593

Zidan A, Scheuerlein H, Schiile S, Settmacher U, Rauchfuss F. Epidemiological pattern of hepatitis B
and hepatitis C as etiological agents for hepatocellular carcinoma in Iran and worldwide. Hepat Mon.
2012; 12(10 HCC): e6894. https://doi.org/10.5812/hepatmon.6894 PMID: 23233864

Shimakawa Y. Establishment of chronic hepatitis B infection as a risk factor for persistent viral replica-
tion, liver fibrosis and hepatocellular carcinoma in The Gambia, West Africa. PhD Thesis, London
School of Hygiene & Tropical Medicine. 2015.

Spearman WC, Afihene M, Ally R, Apica B, Awuku Y, Cunha L, et al. Hepatitis B in sub-Saharan Africa:
strategies to achieve the 2030 elimination targets. Lancet Gastroenterol Hepatol. 2017; 2: 900—909.
https://doi.org/10.1016/S2468-1253(17)30295-9 PMID: 29132759

Yambasu EE, Reid A, Owiti P, Manzi M, Murray MJS, Edwin AK. Hidden dangers-prevalence of blood
borne pathogens, hepatitis B, C, HIV and syphilis, among blood donors in Sierra Leone in 2016: oppor-
tunities for improvement: a retrospective, cross-sectional study. Pan Afr Med J. 2018; 30: 44. https://
doi.org/10.11604/pam|.2018.30.44.14663 PMID: 30167071

Ott JJ, Stevens GA, Groeger J, Wiersma, ST. Global epidemiology of hepatitis B virus infection: new
estimates of age-specific HBsAg seroprevalence and endemicity. Vaccine. 2012; 30: 2212-2219.
https://doi.org/10.1016/j.vaccine.2011.12.116 PMID: 22273662

Barth ER, Huijgen Q, Taljaard J, Hoepelman Al. Hepatitis B/C and HIV in sub-Saharan Africa: an asso-
ciation between highly prevalent infectious diseases. A systematic review and meta-analysis. Int J Infect
Dis. 2010; 14: e1024—e1031. https://doi.org/10.1016/j.ijid.2010.06.013 PMID: 20870439

Vento S, Dzudzor B, Cainelli F, Tachi K. Liver cirrhosis in sub-Saharan Africa: neglected, yet important.
Lancet Glob Health. 2018; 6: €1060—e1061. https://doi.org/10.1016/S2214-109X(18)30344-9 PMID:
30219314

Puri P. Tackling the Hepatitis B disease burden in India. J Clin Exp Hepatol. 2014; 4: 312-319. https://
doi.org/10.1016/j.jceh.2014.12.004 PMID: 25755578

Sayiner M, Golabi P, Younossi ZM. Disease burden of hepatocellular carcinoma: a global perspective.
Dig Dis Sci. 2019; 64: 910-917. https://doi.org/10.1007/s10620-019-05537-2 PMID: 30835028

Li X, Zheng Y, Liau A, Cai B, Ye D, Huang F, et al. Hepatitis B virus infections and risk factors among
the general population in Anhui Province, China: an epidemiological study. BMC Public Health. 2012;
12: 272. https://doi.org/10.1186/1471-2458-12-272 PMID: 22475135

de Paoli J, Wortmann AC, Klein MG, Pereira VR, Cirolini AM, de Godoy BA, et al. HBV epidemiology
and genetic diversity in an area of high prevalence of hepatitis B in southern Brazil. Braz J Infect Dis.
2018; 22: 294-304. https://doi.org/10.1016/j.bjid.2018.06.006 PMID: 30092176

PLOS ONE | https://doi.org/10.1371/journal.pone.0234348 June 12, 2020 13/16


https://doi.org/10.1016/S0140-6736(15)61412-X
http://www.ncbi.nlm.nih.gov/pubmed/26231459
https://doi.org/10.1016/S1473-3099(07)70135-4
http://www.ncbi.nlm.nih.gov/pubmed/17521593
https://doi.org/10.5812/hepatmon.6894
http://www.ncbi.nlm.nih.gov/pubmed/23233864
https://doi.org/10.1016/S2468-1253(17)30295-9
http://www.ncbi.nlm.nih.gov/pubmed/29132759
https://doi.org/10.11604/pamj.2018.30.44.14663
https://doi.org/10.11604/pamj.2018.30.44.14663
http://www.ncbi.nlm.nih.gov/pubmed/30167071
https://doi.org/10.1016/j.vaccine.2011.12.116
http://www.ncbi.nlm.nih.gov/pubmed/22273662
https://doi.org/10.1016/j.ijid.2010.06.013
http://www.ncbi.nlm.nih.gov/pubmed/20870439
https://doi.org/10.1016/S2214-109X(18)30344-9
http://www.ncbi.nlm.nih.gov/pubmed/30219314
https://doi.org/10.1016/j.jceh.2014.12.004
https://doi.org/10.1016/j.jceh.2014.12.004
http://www.ncbi.nlm.nih.gov/pubmed/25755578
https://doi.org/10.1007/s10620-019-05537-2
http://www.ncbi.nlm.nih.gov/pubmed/30835028
https://doi.org/10.1186/1471-2458-12-272
http://www.ncbi.nlm.nih.gov/pubmed/22475135
https://doi.org/10.1016/j.bjid.2018.06.006
http://www.ncbi.nlm.nih.gov/pubmed/30092176
https://doi.org/10.1371/journal.pone.0234348

PLOS ONE

Prevalence of hepatitis B in Ghana

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Dongdem AZ, Dzodzomenyo M, HarryAsmah R, Nyarko KM, Nortey P, Agyei A, et al. Hepatitis B virus
genotypes among chronic hepatitis B patients reporting at Korle-Bu teaching hospital, Accra, Ghana.
Pan Afr Med J. 2016; 25 Suppl 1: 5. https://doi.org/10.11604/pamj.supp.2016.25.1.6170 PMID:
28210373

Kye-Duodu G, Nortey P, Malm K, Nyarko KM, Sackey SO, Ofori S, et al. Prevalence of hepatitis B virus
co-infection among HIV-seropositive persons attending antiretroviral clinics in the Eastern Region of
Ghana. Pan Afr Med J. 2016; 25 Suppl 1: 7. https://doi.org/10.11604/pamj.supp.2016.25.1.6172 PMID:
28210375

Agyeman AA, Ofori-Asenso R. Prevalence of HIV and hepatitis B coinfection in Ghana: a systematic
review and meta-analysis. AIDS Res Ther. 2016; 13: 23. https://doi.org/10.1186/s12981-016-0107-x
PMID: 27190544

Volker F, Cooper P, Bader O, Uy A, Zimmermann O, Lugert R, et al. Prevalence of pregnancy-relevant
infections in a rural setting of Ghana. BMC Pregnancy Childbirth. 2017; 17: 172. https://doi.org/10.
1186/s12884-017-1351-3 PMID: 28583150

Ofori-Asenso R, Agyeman AA. Hepatitis B in Ghana: a systematic review & meta-analysis of prevalence
studies (1995-2015). BMC Infect Dis. 2016; 16: 130. https://doi.org/10.1186/s12879-016-1467-5
PMID: 26987556

Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred Reporting Items for System-
atic Review and Meta-Analyses: the PRISMA statement. PLOS Med. 2009; 6: 1000097 . https://doi.
org/10.1371/journal.pmed.1000097 PMID: 19621072

Herzog R, AIvarez-Pasquin MA, Diaz C, Del Barrio JL, Estrada JM, Gil A. Are healthcare workers’ inten-
tions to vaccinate related to their knowledge, beliefs and attitudes? A systematic review. BMC Public
Health. 2013; 13: 154. https://doi.org/10.1186/1471-2458-13-154 PMID: 23421987

Dassah S, Sakyi SA, Frempong MT, Luuse AT, Ephraim RK, Anto EO, et al. Seroconversion of hepatitis
B vaccine in young children in the Kassena Nankana district of Ghana: a cross-sectional study. PLOS
One. 2015; 10: e0145209. https://doi.org/10.1371/journal.pone.0145209 PMID: 26716979

Apiung T, Ndanu TA, Mingle JA, Sagoe KW. Hepatitis B virus surface antigen and antibody markers in
children at a major paediatric hospital after the pentavalent DTP-HBV-Hib vaccination. Ghana Med J.
2017; 51: 13-9. https://doi.org/10.4314/gmj.v51i1.3 PMID: 28959067

Dzidzinyo KKAA. Factors associated with hepatitis-B infection among Krachi senior high school stu-
dents in the Krachi West district of the Volta region. MPH Thesis. University of Ghana. 2017. Available
from: http://ugspace.ug.edu.gh/handle/123456789/23778

Adoba P, Boadu SK, Agbodzakey H, Somuah D, Ephraim RK, Odame EA. High prevalence of hepatitis
B and poor knowledge on hepatitis B and C viral infections among barbers: a cross-sectional study of
the Obuasi municipality, Ghana. BMC Public Health. 2015; 15: 1041. https://doi.org/10.1186/s12889-
015-2389-7 PMID: 26456626

Ephraim RKD, Nsiah P, Osakunor DNM, Adoba P, Sakyi SA, Anto EO. Seroprevalence of hepatitis B
and C viral infections among type 2 diabetics: a cross-sectional study in the Cape Coast Metropolis.
Ann Med Health Sci Res. 2014; 4: 719-722. https://doi.org/10.4103/2141-9248.141529 PMID:
25328781

Ampah KA, Pinho-Nascimento CA, Kerber S, Asare P, De-Graft D, Adu-Nti F, et al. Limited genetic
diversity of hepatitis B virus in the general population of the Offin River Valley in Ghana. PLOS One.
2016; 11: e0156864. https://doi.org/10.1371/journal.pone.0156864 PMID: 27271290

Adjei AA, Atta PB, Krampa F, Lartey M, Abdul Rahman M, Agyeman S, et al. Human immunodeficiency
virus, hepatitis B virus and syphilis infections among long-distance truck drivers in, a port city in Ghana.
Afr J Infect Dis. 2016; 10(1):10-6. https://doi.org/10.21010/ajid.v10i1.2

Archampong TN, Lartey M, Sagoe KW, Obo-Akwa A, Kenu E, Gillani FS, et al. Proportion and factors
associated with Hepatitis B viremia in antiretroviral treatment naive and experienced HIV co-infected
Ghanaian patients. BMC Infect Dis. 2016; 16: 14. https://doi.org/10.1186/s12879-016-1342-4 PMID:
26759172

Luuse A, Dassah S, Lokpo S, Ameke L, Noagbe M, Adatara P, et al. Sero-prevalence of hepatitis B sur-
face antigen amongst pregnant women attending an antenatal Clinic, Volta Region, Ghana. J Public
Health Africa. 2016; 7: 584.

Lokpo SY, Dakorah MP, Norgbe GK, Osei-Yeboah J, Adzakpah G, Sarsah |, et al. The burden and
trend of blood-borne pathogens among asymptomatic adult population in Akwatia: a retrospective study
at the St. Dominic Hospital, Ghana. J Trop Med. 2017; 2017: 3452513. https://doi.org/10.1155/2017/
3452513 PMID: 29181037

Lokpo SY, Osei-Yeboah J, Norgbe GK, Owiafe PK, Ayroe F, Ussher FA, et al. Viral hepatitis endemicity
and trends among an asymptomatic adult population in Ho: a 5-year retrospective study at the Ho

PLOS ONE | https://doi.org/10.1371/journal.pone.0234348 June 12, 2020 14/16


https://doi.org/10.11604/pamj.supp.2016.25.1.6170
http://www.ncbi.nlm.nih.gov/pubmed/28210373
https://doi.org/10.11604/pamj.supp.2016.25.1.6172
http://www.ncbi.nlm.nih.gov/pubmed/28210375
https://doi.org/10.1186/s12981-016-0107-x
http://www.ncbi.nlm.nih.gov/pubmed/27190544
https://doi.org/10.1186/s12884-017-1351-3
https://doi.org/10.1186/s12884-017-1351-3
http://www.ncbi.nlm.nih.gov/pubmed/28583150
https://doi.org/10.1186/s12879-016-1467-5
http://www.ncbi.nlm.nih.gov/pubmed/26987556
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://doi.org/10.1186/1471-2458-13-154
http://www.ncbi.nlm.nih.gov/pubmed/23421987
https://doi.org/10.1371/journal.pone.0145209
http://www.ncbi.nlm.nih.gov/pubmed/26716979
https://doi.org/10.4314/gmj.v51i1.3
http://www.ncbi.nlm.nih.gov/pubmed/28959067
http://ugspace.ug.edu.gh/handle/123456789/23778
https://doi.org/10.1186/s12889-015-2389-7
https://doi.org/10.1186/s12889-015-2389-7
http://www.ncbi.nlm.nih.gov/pubmed/26456626
https://doi.org/10.4103/2141-9248.141529
http://www.ncbi.nlm.nih.gov/pubmed/25328781
https://doi.org/10.1371/journal.pone.0156864
http://www.ncbi.nlm.nih.gov/pubmed/27271290
https://doi.org/10.21010/ajid.v10i1.2
https://doi.org/10.1186/s12879-016-1342-4
http://www.ncbi.nlm.nih.gov/pubmed/26759172
https://doi.org/10.1155/2017/3452513
https://doi.org/10.1155/2017/3452513
http://www.ncbi.nlm.nih.gov/pubmed/29181037
https://doi.org/10.1371/journal.pone.0234348

PLOS ONE

Prevalence of hepatitis B in Ghana

34.

35.

36.

37.

38.

39.

40.

M,

42,
43.

44,

45.

46.

47.

48.

49.

50.

51.

Municipal Hospital, Ghana. Hepat Res Treat. 2017; 2017: 6174743. https://doi.org/10.1155/2017/
6174743 PMID: 29234524

Osei EL, Lokpo SY, Agboli E. E. Sero-prevalence of hepatitis B infection among blood donors in a sec-
ondary care hospital, Ghana (2014): a retrospective analysis. BMC Res Notes. 2017; 10: 391. https:/
doi.org/10.1186/s13104-017-2733-3 PMID: 28797275

Helegbe GK, Aryee PA, Mohammed BS, Wemakor A, Kolbila D, Abubakari AW, et al. Seroprevalence
of malaria and hepatitis B coinfection among pregnant women in Tamale Metropolis of Ghana: a cross-
sectional study. Can J Infect Dis Med Microbiol. 2018; 2018: 5610981. https://doi.org/10.1155/2018/
5610981 PMID: 30344800

Owusu M, Bonney JK, Annan AA, Mawuli G, Okyere K, Mutocheluh M, et al. Aetiology of viral hepatitis
among jaundiced patients presenting to a tertiary hospital in Ghana. PLOS One. 2018; 13: €0203699.
https://doi.org/10.1371/journal.pone.0203699 PMID: 30208084

Anabire NG, Aryee PA, Abdul-Karim A, Abdulai IB, Quaye O, Awandare GA, et al. Prevalence of
malaria and hepatitis B among pregnant women in Northern Ghana: comparing RDTs with PCR. PLOS
One. 2019; 14: e0210365. https://doi.org/10.1371/journal.pone.0210365 PMID: 30726218

Boateng R, Mutocheluh M, Dompreh A, Obiri-Yeboah D, OdameAnto E, Owusu M, et al. Sero-preva-
lence of Hepatitis B and C viral co-infections among HIV-1 infected ART-naive individuals in Kumasi,
Ghana. PLOS One. 2019; 14: e0215377. https://doi.org/10.1371/journal.pone.0215377 PMID:
31002687

de Mendoza C, Bautista JM, Perez-Benavente S, Kwawu R, Fobil J, Soriano V, et al. Screening for ret-
roviruses and hepatitis viruses using dried blood spots reveals a high prevalence of occult hepatitis B in
Ghana. Ther Adv Infect Dis. 2019; 6: 1-8. https://doi.org/10.1177/2049936119851464 PMID:
31205689

Frempong MT, Ntiamoah P, Annani-Akollor ME, Owiredu W, Addai-Mensah O, Owiredu EW, et al. Hep-
atitis B and C infections in HIV-1 and non-HIV infected pregnant women in the Brong-Ahafo Region,
Ghana. PLOS One. 2019; 14: €0219922. https://doi.org/10.1371/journal.pone.0219922 PMID:
31323077

Pappoe F, Hagan CK, Obiri-Yeboah D, Nsiah P. Sero-prevalence of hepatitis B and C viral infections in
Ghanaian HIV positive cohort: a consideration for their health care. BMC Infect Dis. 2019; 19: 380.
https://doi.org/10.1186/s12879-019-4027-y PMID: 31053100

Ghana Health Service 2016 Annual Report. Accra: Ghana Health Service; 2017.

Yang S, Wang D, Zhang Y, Yu C, Ren J, Xu K, et al. Transmission of hepatitis B and C virus infection
through body piercing: a systematic review and meta-analysis. Medicine (Baltimore). 2015; 94: €1893.
https://doi.org/10.1097/MD.0000000000001893 PMID: 26632685

Mutocheluh M, Owusu M, Kwofie TB, Akadigo T, Appau E, Narkwa PW. Risk factors associated with
hepatitis B exposure and the reliability of five rapid kits commonly used for screening blood donors in
Ghana. BMC Res Notes. 2014; 7: 873. https://doi.org/10.1186/1756-0500-7-873 PMID: 25475050

Nkrumah B, Owusu M, Frempong HO, Averu P. Hepatitis B and C viral infections among blood donors
from rural Ghana. Ghana Med J. 2011; 45: 97—100. PMID: 22282575

Amidu NA, Obirikorang C, Feglo P, Majeed SF, Timmy-Donkoh E, Afful D. Sero-prevalence of hepatitis
B surface (HBsAg) antigen in three densely populated communities in Kumasi, Ghana. J Med Biomed
Sci. 2012; 1: 59-65.

Diarra B, Yonli AT, Ouattara AK, Zohoncon TM, Traore L, Nadembega C, et al. World hepatitis day in
Burkina Faso, 2017: seroprevalence and vaccination against hepatitis B virus to achieve the 2030 elimi-
nation goal. Virol J. 2018; 15: 121. https://doi.org/10.1186/s12985-018-1032-5 PMID: 30081915

Nejo Y, Faneye AO, Olusola B, Bakarey S, Olayinka A, Motayo B, et al. Hepatitis B virus infection
among sexually active individuals in Nigeria: a cross-sectional study. Pan Afr Med J. 2018; 30: 155.
https://doi.org/10.11604/pam;j.2018.30.155.14886 PMID: 30455784

Adesina OA, Akinyemi JO, Ogunbosi BO, Michael OS, Awolude OA, Adewole IF. Seroprevalence and
factors associated with hepatitis C coinfection among HIV-positive pregnant women at the University
College Hospital, Ibadan, Nigeria. Trop J ObstetGynaecol. 2016; 33: 153—-158. https://doi.org/10.4103/
0189-5117.192216

Musa BM, Bussell S, Borodo MM, Samaila AA, Femi OL. Prevalence of hepatitis B virus infection in
Nigeria, 2000—2013: A systematic review and meta-analysis. Niger J Clin Pract. 2015; 18: 163—172.
https://doi.org/10.4103/1119-3077.151035 PMID: 25665986

Yooda AP, Sawadogo S, Soubeiga ST, Obiri-Yeboah D, Nebie K, Ouattara AK, et al. Residual risk of
HIV, HCV, and HBV transmission by blood transfusion between 2015 and 2017 at the Regional Blood
Transfusion Center of Ouagadougou, Burkina Faso. J Blood Med. 2019; 10: 53-58. https://doi.org/10.
2147/JBM.S189079 PMID: 30774493

PLOS ONE | https://doi.org/10.1371/journal.pone.0234348 June 12, 2020 15/16


https://doi.org/10.1155/2017/6174743
https://doi.org/10.1155/2017/6174743
http://www.ncbi.nlm.nih.gov/pubmed/29234524
https://doi.org/10.1186/s13104-017-2733-3
https://doi.org/10.1186/s13104-017-2733-3
http://www.ncbi.nlm.nih.gov/pubmed/28797275
https://doi.org/10.1155/2018/5610981
https://doi.org/10.1155/2018/5610981
http://www.ncbi.nlm.nih.gov/pubmed/30344800
https://doi.org/10.1371/journal.pone.0203699
http://www.ncbi.nlm.nih.gov/pubmed/30208084
https://doi.org/10.1371/journal.pone.0210365
http://www.ncbi.nlm.nih.gov/pubmed/30726218
https://doi.org/10.1371/journal.pone.0215377
http://www.ncbi.nlm.nih.gov/pubmed/31002687
https://doi.org/10.1177/2049936119851464
http://www.ncbi.nlm.nih.gov/pubmed/31205689
https://doi.org/10.1371/journal.pone.0219922
http://www.ncbi.nlm.nih.gov/pubmed/31323077
https://doi.org/10.1186/s12879-019-4027-y
http://www.ncbi.nlm.nih.gov/pubmed/31053100
https://doi.org/10.1097/MD.0000000000001893
http://www.ncbi.nlm.nih.gov/pubmed/26632685
https://doi.org/10.1186/1756-0500-7-873
http://www.ncbi.nlm.nih.gov/pubmed/25475050
http://www.ncbi.nlm.nih.gov/pubmed/22282575
https://doi.org/10.1186/s12985-018-1032-5
http://www.ncbi.nlm.nih.gov/pubmed/30081915
https://doi.org/10.11604/pamj.2018.30.155.14886
http://www.ncbi.nlm.nih.gov/pubmed/30455784
https://doi.org/10.4103/0189-5117.192216
https://doi.org/10.4103/0189-5117.192216
https://doi.org/10.4103/1119-3077.151035
http://www.ncbi.nlm.nih.gov/pubmed/25665986
https://doi.org/10.2147/JBM.S189079
https://doi.org/10.2147/JBM.S189079
http://www.ncbi.nlm.nih.gov/pubmed/30774493
https://doi.org/10.1371/journal.pone.0234348

PLOS ONE

Prevalence of hepatitis B in Ghana

52.

53.

54.

55.

56.

57.

58.

59.

60.

Kim MJ, Park Q, Min HK, Kim HO. Residual risk of transfusion-transmitted infection with human immu-
nodeficiency virus, hepatitis C virus, and hepatitis B virus in Korea from 2000 through 2010. BMC Infect
Dis. 2012; 12: 160. https://doi.org/10.1186/1471-2334-12-160 PMID: 22817275

Mutocheluh M, Owusu M, Kwofie TB, Akadigo T, Appau E, Narkwa PW. Risk factors associated with
hepatitis B exposure and the reliability of five rapid kits commonly used for screening blood donors in
Ghana. BMC Res Notes. 2014; 7: 873. https://doi.org/10.1186/1756-0500-7-873 PMID: 25475050

Yakasai IA, Ayyuba R, Abubakar IS, Ibrahim SA. Sero-prevalence of hepatitis B virus infection and its
risk factors among pregnant women attending antenatal clinic at Aminu Kano Teaching Hospital, Kano,
Nigeria. J Basic Clin Reprod Sci. 2012; 1: 49-55.

Martinson FEA, Weigle KA, Royce RA, Weber DJ, Suchindran CM, Lemon SM. Risk factors for horizon-
tal transmission of hepatitis B virus in a rural district in Ghana. Am J Epidemiol. 1998; 147: 478—487.
https://doi.org/10.1093/oxfordjournals.aje.a009474 PMID: 9525535

Mutocheluh M, Kwarteng K. Knowledge and occupational hazards of barbers in the transmission of hep-
atitis B and C was low in Kumasi, Ghana. Pan Afr Med J. 2015; 20: 260. https://doi.org/10.11604/pamj.
2015.20.260.4138 PMID: 26161183

Abdulai MA, Baiden F, Adjei G, Owusu-Agyei S. Low level of Hepatitis B knowledge and awareness
among pregnant women in the Kintampo North Municipality: implications for effective disease control.
Ghana Med J. 2016; 50: 157—162. PMID: 27752190

Dun-Dery F, Adokiya MN, Walana W, Yirkyio E, Ziem JB. Assessing the knowledge of expectant moth-
ers on mother-to-child transmission of viral hepatitis B in Upper West region of Ghana. BMC Infect Dis.
2017; 17: 416. https://doi.org/10.1186/s12879-017-2490-x PMID: 28606057

Mkandawire P, Richmond C, Dixon J, Luginaah IN, Tobias J. Hepatitis B in Ghana’s upper west region:
A hidden epidemic in need of national policy attention. Health Place. 2013; 23: 89-96. https://doi.org/
10.1016/j.healthplace.2013.06.001 PMID: 23811012

Obiri-Yeboah D, Awuku YA, Adjei G, Cudjoe O, Benjamin AH, Obboh E, et al. Post Hepatitis B vaccina-
tion sero-conversion among health care workers in the Cape Coast Metropolis of Ghana. PLOS One.
2019; 14: e0219148.https://doi.org/10.1371/journal.pone.0219148 PMID: 31251790

PLOS ONE | https://doi.org/10.1371/journal.pone.0234348 June 12, 2020 16/16


https://doi.org/10.1186/1471-2334-12-160
http://www.ncbi.nlm.nih.gov/pubmed/22817275
https://doi.org/10.1186/1756-0500-7-873
http://www.ncbi.nlm.nih.gov/pubmed/25475050
https://doi.org/10.1093/oxfordjournals.aje.a009474
http://www.ncbi.nlm.nih.gov/pubmed/9525535
https://doi.org/10.11604/pamj.2015.20.260.4138
https://doi.org/10.11604/pamj.2015.20.260.4138
http://www.ncbi.nlm.nih.gov/pubmed/26161183
http://www.ncbi.nlm.nih.gov/pubmed/27752190
https://doi.org/10.1186/s12879-017-2490-x
http://www.ncbi.nlm.nih.gov/pubmed/28606057
https://doi.org/10.1016/j.healthplace.2013.06.001
https://doi.org/10.1016/j.healthplace.2013.06.001
http://www.ncbi.nlm.nih.gov/pubmed/23811012
https://doi.org/10.1371/journal.pone.0219148
http://www.ncbi.nlm.nih.gov/pubmed/31251790
https://doi.org/10.1371/journal.pone.0234348

