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Abstract

Background: Although Africa is a region of hyper endemicity to viral hepatitis B (HBV) and C (HCV) infections, there
is limited data on their related burden among pregnant women. The present systematic review and meta-analysis
aimed to determine the magnitude of these infections among pregnant women living in Africa and investigate its
association with gender-related human development indicators.

Main text: We searched PubMed, Embase, Web of Science, Africa Journal Online, and Global Index Medicus, with
no language restriction, to identify observational studies on HBV and HCV infections in pregnant women residing in
Africa published from January 1, 2000 until December 31, 2017. Eligible studies reported the prevalence of HBV
and/or HCV infection(s) (HBs antigen and HCV antibodies) and/or infectivity (HBe antigen or detectable HCV viral
load). Each study was independently reviewed for methodological quality. We used a random-effects model meta-
analysis to pool studies. In total, 145 studies (258 251 participants, 30 countries) were included, of which 120 (82.8%)
had a low, 24 (16.5%) a moderate, and one (0.7%) had a high risk of bias. The prevalence of HBV and HCV infections
was 6.8% (95% confidence interval [C/]: 6.1-7.6, 113 studies) and 3.4% (95% Cl: 2.6-4.2, 58 studies), respectively. The
prevalence of HBe antigen and HCV detectable viral load was 18.9% (95% CI: 14.4-23.9) and 62.3% (95% Cl: 51.6-72.
5) in HBV positive and HCV positive pregnant women, respectively. The multivariable meta-regression analysis
showed that the prevalence of HBV infection increased with decreasing gender development index, males’ level of
education and females’ expected years of schooling. Furthermore, this prevalence was higher in rural areas and in
western and central Africa. The prevalence of HCV infection increased with decreasing proportion of seats held by
women in parliament.

Conclusions: To address the burden of HBV and HCV infections, beyond well-known risk factors at the individual-level,
macro-level factors including gender-related human development indicators and dwelling in rural areas should be
considered. In Africa, HBV or HCV infected mothers seems to have high potential of transmission to their children.
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Multilingual abstracts

Please see Additional file 1 for translations of the ab-
stract into five official working languages of the United
Nations.

Background

The World Health Organization (WHO) has launched a
global programme against hepatitis in May 2016 which
aims to reduce by 90% the number of new cases of hepa-
titis, reduce by 65% the number of hepatitis related
deaths, and treat 80% of eligible people infected with
viral hepatitis by 2030 [1]. Actually, hepatitis B virus
(HBV) and hepatitis C virus (HCV) are among the most
common viral infections worldwide. Latest estimates
from the WHO reveal that around 325 million people
worldwide are living with chronic HBV or HCV infec-
tion, most of whom come from East Asia or
sub-Saharan Africa [2]. Both infections share similar
routes of transmission including contaminated blood
product exposure, sexual activity or perinatal
transmission.

As a matter of fact, pregnancy in women with chronic
HBV or HCV infection is associated with mother-to-
child transmission (MTCT); additionally, it has been
shown that these pregnancies may be associated with
an increased risk of maternal and foetal complications
[3, 4]. Therefore, investigating hepatitis B surface
antigen (HBsAg) and antibodies against hepatitis C
(HCVAD) seroprevalence during pregnancy, and oppos-
ing appropriate management are fundamental to pre-
vent MTCT. Moreover, these seroprevalence estimates
among pregnant women may constitute a reliable indi-
cator of the prevalence in the general population as
well as a determinant of vaccination interventions,
among other strategies [4—6].

Although Africa is a region of hyper endemicity to HBV
and HCV infections, there is limited data on the burden
of these viral infections among pregnant women and con-
sequential MTCT, at the continent level. Such data are
mandatory for healthcare planners and caregivers to
design and implement evidence-based interventions.
Accordingly, it is also important to understand how
gender differences can influence the epidemiology of
these viral infections in the continent, since there may
be a relationship between gender differences and health
[7]. Therefore, we present here, the systematic review
including a meta-analysis aiming to comprehensively
summarize existing knowledge on the prevalence and
magnitude of HBV and HCV infections among preg-
nant women living in Africa. Singularly and using a
global approach, we sought to identify gender-related
human development indicators likely associated with
the increased prevalence of HBV and HCV infections
all-round the continent.
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Main text

Methods

Search strategy and selection criteria

We searched PubMed, EMBASE, Web of Science, Africa
Journal Online, and Global Index Medicus to identify rele-
vant studies published on HBV and/or HCV among preg-
nant women living in Africa, published from January 1,
2000 to December 31, 2017, without any language
restriction. We limited the search to the last 18 years to
have contemporaneous data. The main search strategy for
Embase is presented in the Additional file 2: Table S1.
This search strategy was adapted to fit with other data-
bases. To supplement these database searches, references
of all relevant studies were also screened to identify add-
itional potential data sources. The last search in all elec-
tronic databases was conducted on January 1st, 2018.

We considered cross-sectional studies of pregnant
women living throughout the African continent, which
reported the prevalence of HBV infection (HBsAg) and/
or infectivity (HBe antigen [HBeAg]), and/or HCV infec-
tion markers (HCVAb and/or HCV detectable viral
load), or having enough data to compute these estimates.
We excluded case series (<20 participants), letters, re-
views, commentaries, editorials, and studies without pri-
mary data even after two unsuccessful requests addressed
to the corresponding author. For studies published in
more than one report (duplicates), we considered the
most comprehensive study that reported the largest sam-
ple size.

Two review authors (AMK and JJB) independently
screened the titles and abstracts of articles retrieved
from the literature search, and all full texts of potentially
eligible articles were obtained and further assessed for
final inclusion. Disagreements were resolved through
discussions between review authors (AMK and JJB) until
a consensus was reached, or arbitration by a third review
author (JRN).

Data extraction and management

Using a pretested data extraction form, four pairs of re-
view authors (AH, AMK, DNT, JJB, AJE, MSN, MAA,
and RL) independently extracted relevant information,
including first author, year of publication and period of
participants’ recruitment, country of recruitment, site,
area, setting, timing of data collection, study design,
sampling method, sample size, mean or median age, age
range, level of education, marital status, history of blood
transfusion, exposure to HBV and/or HCV infection(s),
proportion of participants with vaccination against HBV,
proportion with HIV infection, number of samples
tested for HCV and/or HBV, and number of participants
with HBsAg, HBeAg, HCVAb, and HCV detectable viral
load. Infection was defined as the presence of HBsAg or
HCVAD for HBV and HCYV, respectively. Infectivity was
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defined by the presence of both HBsAg and HBeAg for
HBV and both HCVADb and detectable viral load for
HCV. On the other hand, we reported the prevalence of
HBeAg and HCV detectable viral load respectively
among HBV and HCV positive pregnant women, to de-
termine the proportion of women who can transmit the
virus to their foetus [8]. The United Nations Statistics
Division (UNSD) of the African region and human devel-
opment indicators including human development index,
gender development index [9, 10], life expectancy at birth,
gross national income per capita, mean years of schooling,
proportion of population with at least some secondary
education, share of seats in parliament (% held by
women), and sex ratio female/male of unemployment rate,
were assigned to each study according to the country of
recruitment. In the case of multinational studies, the
median was reported. Disagreements were reconciled
through discussion and consensus between review au-
thors. When relevant data were not available, we directly
contacted the corresponding author of the study to re-
quest the information, at least on two different attempts.

We assessed the methodological quality of included
studies using an adapted version of the risk of bias tool
for prevalence studies, which was developed by Hoy and
colleagues [11]. Four pairs of review authors (AH, AMK,
DNT, JJB, AJE, MSN, MAA, and RL) independently
assessed study methodological quality, with disagree-
ments resolved by consensus or arbitration by a third
author (JRN). The total score ranged from 0 to 10 with
the overall score categorized as follows: 8—10: “low risk”,
5-7: “moderate risk”, and 0—4: “high risk” of bias.

Data synthesis and analysis

We analysed our data using the packages ‘meta’ of R
(version 3.5.1). We calculated unadjusted prevalence on
the basis of crude numerators and denominators pro-
vided by individual studies. To keep the effect of studies
with extremely small or extremely large prevalence esti-
mates on the overall estimate to a minimum, we stabi-
lized the variance of the study-specific prevalence using
the Freeman—Tukey double arc-sine transformation be-
fore pooling data with the random-effects meta-analysis
model [12]. Following the crude overall prevalence, we
conducted two sensitivity analyses to assess the robust-
ness of our findings including only studies with low risk
of bias and excluding studies which reported only
HIV-infected pregnant women. Heterogeneity across in-
cluded studies was assessed using the y* test, and quan-
tified using the H and P statistics [13]. When substantial
heterogeneity was detected (I > 50%) [14], we performed
subgroup and meta-regression analyses to investigate the
possible sources of heterogeneity. We conducted a mul-
tivariable meta-regression analysis by including study-
level factors that were significant (at P< 0.25) in the
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univariable model. For categorical variables, the global P
value was considered for inclusion in multivariable
models. We applied a manual backward selection pro-
cedure to identify factors independently associated with
the variation of overall prevalence and successively re-
moved from the model the less significantly associated
variables. We reported the explained heterogeneity (R?)
by variables included in models. A P value <0.05 was
considered statistically significant. For each of the study-
level characteristics, we compared different proportions
of potential subgroups across studies (UNSD regions
and areas). We used the symmetry of funnel plots and
carried-out the Egger test to assess presence of publica-
tion and selective reporting bias [15]. A P value <0.10
on the Egger test was indicative of publication bias. It
was decided a priori that if publication bias were present
it would not be adjusted for, since we believe that the
prevalence estimates of interest would likely be pub-
lished even if substantially different from previously
reported estimates. Inter-rater agreements between in-
vestigators for study inclusion and methodological qual-
ity assessment were assessed using Cohen’s k [16].

This systematic review is registered in the PROSPERO
International Prospective Register of systematic reviews,
registration number CRD42018085609.

Results

Review process

We initially identified 669 records; after elimination of du-
plicates, 562 records remained. We screened their titles
and abstracts, and excluded 376 irrelevant records. Agree-
ment between investigators on abstract selection was « =
0.73. We scrutinised full texts of the remaining 186 papers
for eligibility, of which 41 papers were excluded. Finally,
as presented in Fig. 1 and Additional file 2: Table S2, a
total of 145 full texts - including 87 for HBV, 33 for HCYV,
and 25 for both infections - were retained. The inter-rater
agreement between investigators was k=0.92 for study
final inclusion and varied from 0.52 to 0.97 for data ex-
traction (all P values < 0.05).

Characteristics of included studies

Table 1 summarizes characteristics of included studies.
Overall, 145 studies involving 208 251 participants
from 30 countries (Additional file 2: Table S3) were in-
cluded in this study. Most studies were from the west-
ern region of Africa (54.5%), were prospective (88.3%),
single-site (64.8%), conducted in antenatal care set-
tings (74.6%), and used consecutive sampling (78.6%).
Individual characteristics of included studies are pre-
sented in Additional file 2: Table S4. One hundred and
twenty studies (82.8%) had a low risk of bias, 24
(16.5%) had a moderate risk and one study (0.7%) had
a high risk of bias.
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669 records identified through database searches

107 duplicates excluded

v

562 records screened on the basis of title and/or abstract

A 4

A 4

376 records excluded

186 full-text articles assessed for eligibility

41 full-text articles excluded

No pregnant women, n= 12
Outside Africa, n=9

A4

"| « Lettertothe editor, n=5
No HBV or HCV data, n =4

145 studies included in qualitative synthesis

Duplicates, n =3
No prevalence data, n =3
Case report, n =1

Erratum, n =1
Occult HBV, n=1
Review, n =1

145 studies included in quantitative synthesis

Selected based on HCV, n =1

Fig. 1 Selection of studies. HBV: Hepatitis B virus; HCV: Hepatitis C virus

Prevalence of HBV and HCV infections and infectivity
Table 2 summarizes results of the meta-analysis. The
HBV and HCV infections’ prevalence varied widely
across countries, from 1.5% in Libya to 16.2% in Niger
and from 0.4% in Ethiopia to 7.4% in Benin, respectively
(Additional file 2: Figures S1 and S2). The overall
prevalence of HBV and HCV infections was respectively
6.8% (95% confidence interval [CI]: 6.1-7.6) (Fig. 2) and
3.4% (95% CI: 2.6-4.4) (Fig. 3), with substantial hetero-
geneity between studies. Low risk of bias and HIV-ex-
cluded sensitivity analyses were close to the main
overall analyses (Table 2). Funnel plots for HBV (Add-
itional file 2: Figure S3) and HCV (Additional file 2:
Figure S4) prevalence estimates suggested publication
bias confirmed by the Egger test (Table 2). Looking at
the proportion of potentially infective mothers, the
prevalence of HBe antigen and HCV detectable viral
load was 18.9% (95% CI: 14.4—23.9) and 62.3% (95% CI:
51.6-72.5) in already HBV positive and HCV positive
pregnant women, respectively.

Subgroups and meta-regression analyses

Table 2 presents subgroup analyses. The prevalence of
HBV infection was significantly higher in central (9.7%)
and western (8.3%) Africa compared to other regions
(eastern 5.5%, southern 3.8%, northern 2.8%) (P < 0.0001)
(Fig. 2). The prevalence of HBV infection was significantly
higher in rural areas (12.2%) compared to urban areas
(6.0%) (P< 0.0001) (Additional file 2: Figure S5). Re-
garding HCV infection, there was no difference be-
tween regions (P=0.269) (Fig. 2) or areas (P =0.695)
(Additional file 2: Figure S6).

The multivariable meta-regression analysis showed
that the prevalence of HBV infection significantly in-
creased with decreasing gender development index (R*
=6.8%), males’ level of education (R?=0.1%), and fe-
males’ expected years of schooling (R*=19.7%), and in-
creased with increasing gender inequality index (R*=
30.6%). Furthermore, this prevalence was higher in rural
settlements (R* = 24.8%), and in western and middle Af-
rica (R* = 13.8%). The final model explained 53.8% of the
total 88.9% residual heterogeneity (Additional file 2:
Table S5). The prevalence of HCV infection increased
only with decreasing proportion of seats held by women
in parliament. The final model explained 0.95% of the
total 96.5% residual heterogeneity (Additional file 2:
Table S6).

Discussion

This systematic review and meta-analysis of 145 studies
involving 208 251 pregnant women from 30 countries of
Africa found a relatively high prevalence of HBV (6.8%)
and HCV (3.4%) infections, with substantial heterogen-
eity between studies. There was an association between
high prevalence of HBV and HCV infections on one
hand, and low levels of some human development indi-
cators both from males and females on the other hand.
The prevalence of HBV infection was higher in central
and western Africa and in rural areas, unlike HCV infec-
tion with which there was no significant association. The
residual heterogeneity observed in the variation of HBV
prevalence was more explained by macro-level gender-
related human development indicators (53.8%) com-
pared to HCV prevalence (0.95%).
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Table 1 Characteristics of included studies
Characteristics Description
Participants’ characteristics
Mean or median age in year, range (n =95) 23-34.1
Age range in years (n=142) 10-55.0
% of vaccinated against HBV, range (n=21) 0.0-89
9% with secondary level of education or higher, range (n=47) 0.5-100
Marital status, %
- Single (n=15) 0.0-376
- Married (n=51) 2.7-100
- Divorced (n=31) 0.0-129
- Widow (n=27) 0.0-16.7
% in polygamous marriage (n = 16) 2.8-56.0
% of ever received blood transfusion, range (n = 58) 0.0-45.0
% living in rural, range (n=21) 0.0-100.0
9% with history of multiple sexual partners, range (n = 84) 0.0-54.0
9% with history of any surgery procedure, range (n = 39) 0.5-654
% with any dental procedure, range (n = 16) 3.1-80.8
% with the first pregnancy, range (n=51) 26-730
% with scarification, range (n=21) 9.0-89.2
% with tattoos, range (n = 28) 0.0-64.5
9% with excision, range (n = 14) 0.0-96.7
9% with history of abortion, range (n = 23) 0.0-63.0
% with history of traditional birth attendant, range (n=4) 8.0-50.0
Studies’ characteristics
Period of inclusion, range 1995-2017
Region, n (%)
- Western 79 (54.5)
- Eastern 25 (17.3)
- Northern 20 (13.8)
- Middle 14 (9.6)
- Southern 7 (4.8
Number of sites, n (%)
- Single 94 (64.8)
- Multisite 51 (35.2)
Timing, n (%)
- Prospective 128 (88.3)
- Retrospective 17 (11.7)
Setting, (%)
- Antenatal care 108 (74.6)
- Other hospital-based 26 (17.9)
- Antenatal care and other hospital-based 11 (7.6)
- Antenatal care and community-based 1(0.7)
- Community-based 1(0.7)

Sampling method, n (%)

- Consecutive

114 (78.6)
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Table 1 Characteristics of included studies (Continued)
Characteristics Description

- Random 20 (13.8)

- Systematic 11 (7.6)

Human development indicators, median (1st-3rd quartiles)
Gender development index (n = 143)
Human development index (n = 143)
- Females
- Males
Life expectancy at birth, years
- Females
- Males
Gross national income per capita, USD (n = 144)
- Females
- Males
Expected years of schooling, years
- Females
- Males
Mean years of schooling (n=14)
- Females
- Males

Population with at least some secondary education
(% ages 25 and older) (n=144)

- Females
- Males
Share of seats in parliament (% held by women)

Unemployment rate, female to male ratio

0.853 (0.847-0.884)

0482 (0474-0.531)
0.569 (0.535-0.577)

59.5 (53.4-65.5)
555 (52.7-62.7)

4132 (1624-4132)
6706 (2576-6706)

9.2 (92-109)
108 (10.5-11.7)

49 (40-5.7)
7.1 (6.2-74)

414 (164-41.4)
61.3 (30.5-76.2)
94 (5.8-27.1)
1.2 (1.2-1.5)

USD United States Dollar

Recent estimates reported in 2015 demonstrated that
the global prevalence of HBV infection in the general
population was 3.5%. With the heterogeneity in the dis-
tribution between regions, this prevalence was the high-
est in Western Pacific (6.2%) and African (6.1%) regions
[2]. The prevalence found in our study among pregnant
women - usually classified as a low risk group for HBV
infection - was close to that of the general population in
the continent and was in the range driven from a narra-
tive systematic review by Gasim and colleagues (2.4—
13%) [17]. This finding supports previous thoughts
indicating that viral hepatitis seroprevalence estimates
among pregnant women may be a true reflect of the
prevalence in the general population [4]. Contrariwise,
the prevalence of HCV infection found in this study was
higher compared to that in the general population (1,
95% uncertainty interval 0.7-1.6) and was in the range
of that reported by a recent narrative review among
pregnant women in Africa (1-16.5%) and close to the
finding of another review conducted in sub-Saharan Af-
rica (2.5, 95% CI: 1.5-4.3) [2, 5, 17]. Given infrequency

of intravenous drug use in Africa, exposure of pregnant
women to unsafe medical (surgery procedures like cae-
sarean and blood transfusion) and non-medical proce-
dures and behaviours (traditional birth attendance,
excision, history of abortion, tattoos, multiple sexual
partners) may explain the difference in HCV prevalence
between pregnant women and the general public [18].
Indeed, some practices known at elevated risk for HCV
infection such as unsafe excision reached 96.7% in some
studies included in this review.

The prevalence of HBV infection was higher in central
and western Africa, and in rural areas as well. Is expos-
ure to HBV through risky behaviours be higher in cen-
tral and western Africa than in the rest of the continent
or is this related to weak health systems? Western and
central Africa are also regions with the weakest HIV
infection control indicators [19]. Further studies are
needed to understand why these regions seem to have
higher HBV prevalence estimates than in the rest of the
continent. The highest prevalence in rural areas may be
explained by the low level of education in rural
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Table 2 Summary statistics of HBV and HCV infections prevalence among pregnant women in Africa
Prevalence, 95% Predictive N N H(95% C) F#(95% Cl) P P P
(95% Cli) interval studies participants heterogeneity egger difference
Hepatitis B
- Overall 6.8 (6.1-7.6) 0.9-175 113 104983 4.8 (46— 95.7 (95.2- < 0.0001 0.0007 -
5.1) 96.1)
- Low risk of bias 70(61-78)  09-179 94 7959 57 (54~ 969 (965- < 0.0001 0008 -
6.0) 97.2)
- HIV excluded 7.0 (6.2-7.9) 09-17.8 103 85432 55(53- 96.7 (964- < 0.0001 0.007 -
5.8) 97.1)
- Antigen HBe in HBV positive  19.0 (14.6—- 1.6-49.1 38 1891 24 (21— 824 (766~ < 0.0001 0.146 -
23.8) 2.7) 86.8)
By region
- Central 9.7 (62-139) 04-284 10 12458 58 (4.9- 97.0 (959- < 0.0001 0.088 < 0.0001
6.8) 97.8)
- Western 8.3 (7.1-9.5) 14-19.8 62 46520 45 (42— 95.1 (94.3- < 0.0001 0.026
4.9) 95.8)
- Eastern 55 (44-67) 14-119 24 24195 2.7 (2.2- 86.0 (80.1- < 0.0001 0.063
32) 90.2)
- Southern 3.8 (20-6.0) 0.0-136 7 7253 42 (3.2- 94.2 (90.5- < 0.0001 0334
54) 96.5)
- Northern 28 (20-37) 0.5-6.6 10 14557 30 (23— 889 (81.6- < 0.0001 0.877
38) 93.3)
By area
- Rural 122 (9.7-14.8) 4.2-23.1 12 9768 3.1 (25~ 894 (83.5- < 0.0001 0.722 < 0.0001
3.8) 93.2)
- Urban 6.0 (4.5-7.7) 0.5-164 25 16 833 40 (36— 939 (922- < 0.0001 0.0008
4.6) 95.3)
- Both 6.4 (5.6-7.2) 1.3-146 76 78382 43 (4.0- 945 (936~ < 0.0001 0.0004
4.6) 95.2)
Hepatitis C
- Overall 34 (2.6-44) 0.0-128 58 121224 7.1 (6.7- 98.0 (97.8- < 0.0001 0.0002 -
7.5) 98.2)
- Low risk of bias 32 (24-4.0) 00-11.0 49 111134 6.5 (6.0- 976 (973- < 0.0001 0.0003 -
6.9) 97.9)
- HIV excluded 35 (26-45) 00-133 54 115050 72 (6.8~ 98.1 (97.9- < 0.0001 0.0003 -
7.7) 98.3)
- Detectable HCV viral load in 623 (51.6— 6.5-100.0 19 1897 58 (5.2- 97.1 (96.3- < 0.0001 0742 -
HCV positive 72.5) 6.6) 97.7)
By regions
- Northern 4.6 (23-7.7) 0.0-229 15 77119 130 (120- 994 (99.3- < 0.0001 0012 0.269
14.1) 99.5)
- Western 33 (26-4.1) 06-7.8 30 18536 24 (20~ 82,6 (76.2— < 0.0001 0221
2.8) 87.3)
- Central 2.7 (1.7-4.1) 0.2-8.0 7 9367 28 (2.1- 87.7 (77.1- < 0.0001 0.190
39) 934)
- Eastern 2.1 (1.0-3.6) 0.0-89 6 16 202 33 (25- 90.8 (83.6—~ < 0.0001 0.734
44) 94.8)
- Southern NA NA 0 NA NA NA NA NA
By area
- Rural 50(15-102) 0.0-30.8 7 10813 9.0 (7.7- 98.8 (98.3- < 0.0001 0.801  0.695
10.5) 99.1)
- Urban 33 (20-49) 0.0-139 22 80909 83 (7.6- 985 (983- < 0.0001 0.004
9.0) 98.8)
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Table 2 Summary statistics of HBV and HCV infections prevalence among pregnant women in Africa (Continued)
Prevalence, 95% Predictive N N H(95% C) 7 (95% Cl) P P P
(95% Cli) interval studies participants heterogeneity egger difference
- Both 32 (24-4.1) 0.2-9.0 29 29502 3530~ 91.7 (89.2- < 0.0001 0.342
39) 93.6)

HBV Hepatitis B virus, HCV Hepatitis C virus, C/ Confidence interval, NA Not applicable

compared to urban zones; this low level of education
may lead to low awareness of the risks for HBV infection
[20, 21]. This may be also explained by higher propor-
tions of excision and traditional birth attendance in rural
areas. This finding underlines the need for specific inter-
ventions targeting rural areas in the continent. There
was an equal distribution of HCV infection throughout
regions and areas. Madhava and colleagues who worked
on the general population found that the prevalence of
HCV infection was higher in central Africa, and in blood
donor populations of sub-Saharan Africa [18]. This com-
parison between the two sets of results reinforces the
thought of the heterogeneity regarding the distribution
of HCV infection between pregnant women and the
general public. Accordingly, further studies are war-
ranted to elucidate this issue.

We found a high prevalence of HBeAg (18.9%) among
HBsAg positive women and a high prevalence of HCV
detectable viral load (62.3%) among HCV positive preg-
nant women. Using an empirical Bayesian hierarchical
model, Ott and colleagues found that the global HBeAg
prevalence varied between 20 and 50% at reproductive
ages in women and that this prevalence was between 16
and 43% in Africa [6], in line with our results. The
current evidence suggests that the MTCT of HCV is
proportional to the HCV viral load, although no trans-
mission of HCV by breastfeeding has been described yet
[18]. MTCT of HBV is reported to be responsible for
more than one third of chronic HBV infections, globally
[22]. Foetuses and neonates with mothers positive to
HBV or HCV remain at high risk of infection in Africa.
This risk increases in the presence of co-infection with
HIV, even more since as Africa has the highest HIV-in-
fection prevalence worldwide [23]. Therefore, imple-
menting strategies to reduce vertical transmission of
HBV and HCV infections, including third-trimester anti-
viral prophylaxis, immunoglobulins at birth, and HBV
birth-dose vaccination of new-borns are needed [23, 24].
Such strategies are urgently needed since only about
twenty of fifty-five countries in Africa have already im-
plemented or planned an implementation of HBV birth-
dose vaccination [25].

In this review, the prevalence of HBV infection in-
creased with decreasing gender development index, de-
creasing males’ level of education, decreasing females’
expected years of schooling, and increasing gender index
inequality. The gender development index is considered

as a distribution-sensitive measure that accounts for the
human development impact of existing gender gaps in
the three components (life expectancy, adult literacy and
education, and gross domestic income per capita) of the
human development index [10]. High level of income at
the country level (macro-level) can be associated with a
better health system, hence better health outcomes at
the individual level (micro-level) [26]. A high level of
education can promote better knowledge of the mode of
transmission and thus accurate preventive measures
against these infections. However, it should be noted
that we found an association with level of knowledge
both for women and men. Again, this highlights that
women are not the sole pivot of their own health, which
emphasizes their dependency to the level of education of
their male partner.

Therefore, we should think of a way to put women
alone and as pivot in decision-making for their health,
and how to have the contribution of men, without influ-
ence of men on women’s health. Women have better
life-expectancy than men, but a higher disadvantage
concerning morbidity. This is described as the female-
male health-survival paradox [7]. Beyond biological con-
siderations already well defined and recognized [2, 17],
we should also take into account the influence of gender
difference and development to address the burden of
these infections in the continent. This is supported by
the source of heterogeneity found for HCV prevalence.
By contrasts, the prevalence of HCV infection increased
only with decreasing proportion of seats held by women
in the parliament. All these results emphasize the im-
portance of the “women’s empowerment” concept in
order to become the sole decision-maker of their own
health and to ensure it.

The final model explained more than half of the het-
erogeneity of HBV prevalence while it explained less
than 1% for HCV prevalence. This finding highlights the
difference of the influence of gender-related human
development indicators on the prevalence of these infec-
tions. The prevalence of HBV seems more dependent on
grouping human development indicators than HCV.
Unfortunately, because of missing data on individual risk
factors in the various included studies, we were unable
to include them in the multivariable meta-regression
models. It is possible, and it remains to be investigated,
that HCV prevalence in pregnant women would depend
more on individual factors. Is this because HBV is
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Study Events  Total

Central Africa

Angola - Strand, 2003 6 60
Cameroon - Dionne-Odom, 2016 308 7069
Cameroon - Ducancelle, 2013 259 1267
Cameroon - Enow, 2016 49 408
Cameroon - Fomulu, 2013 74 959
Cameroon - Fouelitack, 2017 4 360
Cameroon - Frambo, 2014, 7176
Cameroon - Kiutwah, 2012 51 650
Cameroon - Noubiap, 2015 33 325
Gabon - Makuwa, 2007 109 1186
Subregion prevalence 12458

Heterogeneiy: 1= 97.3% (96.2%; 98%], © = 0,0100, £<0.0001

Eastern Africa

Ethiopia - Araya, 2017 18 328
Ethiopia - Metaferia, 2016 21 269
Ethiopia - Molla, 2015 17 384
Ethiopia - Ramos, 2011 10 165
Ethiopia - Tegegne, 2014 8 265
Ethiopia - Umare, 2016 2 318
Ethiopia - Yohanes, 2016 10 232
Ethiopia - Zenebe, 2014 12 318
Kenya - Ngaira, 2016 1287
Kenya - Okoth, 2008 205 2214

Madagascar - Randriamahazo, 2015 20 1050

Ethiopia - Desalegn, 2016 18 215 ——— 60 [33101] 08%

Events  95%Cl Weight

100 [38205] 06%
44 (39,49 10%
—— 04183228 10%
121 [91,156]  09%
77 (6198 1.0%
94 [66,129] 09%
97 [57:150] 08%
78 (59102 09%
102 (74,140]  09%
92 [76110] 10%
97 [62139] 89%

55 (3385 09%

78 [49,117) 09%
44 [26,70] 09%

Malawi - Andreott, 2014 27 309 — 87 [58,125 0.9%

Malawi - Chasela, 2014 103 2048 -

Malawi - Pirillo, 2015 27 309 —_— 87 (58,125 0.9%

Rwanda - Mutagoma, 2017 (2) 486 13121+ 37 (3440] 10%
South Sudan - Kirbak, 2017 3 280 —_— 14 (76153 09%
Tanzania - Koneru, 2015 9 22 —— 36 (1667 09%
Tanzania - Manyahi, 2017 20 249 —_— 80 [50,121] 09%
Tanzania - Mirambo, 2016 8 211 —— 38 (1773 08%
Tanzania - Rashid, 2014 2 30 —— 39 (20,67 09%
Uganda - Bayo, 2014 a7 397 _ 118 [88154] 09%
Uganda, Rwanda - Pirilo, 2007 0 26 —— 41 (20,73 09%
Zimbabwe - Mavenyengwa, 2010 w48 —— 33 (1856 09%
Subregion prevalence 24195 - 55 [44; 67] 21.3%

Hetorogeneiy: 1= 89.3%(85.4%; 82.2%). = 0.0029, P < 0.0001

Northern Africa

Algeria - Aidaou, 2008 75 30:2 -
Egypt - El-Karasky, 2014 3 200 ~

Egypt - Knamis, 2016 1360 —
Egypt - Zahran, 2010 2% 500 @ ——
Libya - El-Magrahe, 2010 23 1500 ~
Moracco - Shiti, 2016 20 1021
Sudan - Elsheikh, 2007 @ T8 ——
Tunisia - Hannachi, 2009 2 2308 -
Tunisia - Hannachi, 2010 105 2709
Tunisia - Hannachi, 2011 12 404 ——
Subregion prevalence 14557 =

Hetarogeneiy: 1 = 88.9% (81 6%; 93.3%]. © = 0.0014, P <0.0001

Southern Africa

South Africa - Andersson, 2012 2 202 ——— 59 [34:101] 08%
South Africa - Andersson, 2013 53 153 34 (26,45 10%
South Africa - Andersson, 2013 44 1546 28 (2138 10%
South Africa - Burnet, 2007 8 1420 - 60 (4873 10%
South Africa - Chotun, 2017 6 134 ——— 45 (17,95 08%
South Africa - Hoffmann, 2014 4 1891 - 07 [04;12] 10%
South Africa - Thumbiran, 2014 0 517 —— 58 (3982 09%

Subregion prevalence 7253 ——
Hetorogeneiy: 1= 94.3% 90.5%; 96 5%, = 0.0043, P <0.0001

Western Africa

38 [20; 60] 64%

Benin - De Paschale, 2014 44 28 _ 155 (115203 0.9%
Burkina Faso - Collenberg, 2006 8 a0 —_— 174 (139,207 09%
Burkina Faso - llboudo, 2010 7115 61 [25121] 07%
Burkina Faso - Ouermi, 2009 2 276 — 94 (62135 09%
Burkina Faso - Sangaré, 2009 35 360 e 97 (69,133 09%
Burkina Faso - Sangaré, 2011 103 1139 —_— 90 [74:108] 10%
Burkina Faso - Simpore, 2006 3 3 —_ 98 [69:135] 09%
Burkina Faso - Simpore, 2006 40 42 — 93 [67:125] 09%
Ghana - Apea-Kubi, 2006 39 204 —_— 133 [96,177] 09%
Ghana - Candotti, 2007 199 1368 —_ 145 (127:165)  1.0%
Ghana - Cho, 2012 13 1250 — 90 (75108 10%
Ghana - Ephraim, 2015 6 168 _— 95 [55150] 08%
Ghana - Luuse, 2016 5 208 —— 24 (08 55 08%
Ghana - Volker, 2017 29 174 167 (1152311 08%
Mali - MacLean, 2012 203 3659 - 80 (71,89 10%
Mali - Sidibe, 2001 129 829 —_ 156 (132,182 0.9%
Mauritania - Mansour, 2012 109 1020 —_ 107 [89:127) 1.0%
Niger - Mamadou, 2012 80 495 _ 162 (130197 0.9%
Nigeria - Aba, 2014 31 80 —— 39 [26:55 09%
Nigeria - Adabara, 2012 3200 —e— 65 [35109] 08%
Nigeria - Adegbesan, 2015 o150 73 [37,127) 08%
Nigeria - Ajugwo, 2017 16 200 —_ 80 [46,127) 08%
Nigeria - Alegbeleye, 2013 15 20 —— 60 [34;97) 09%
Nigeria - Aluor, 2016 30 30 —_— 100 [68139) 09%
Nigeria - Anaedobe, 2015 15 180 ——— 83 [47:134] 08%
Nigeria - Daniels, 2017 4100 ——— 40 (14,99 07%
Nigeria - Eke, 2011 40 480 —_ 83 [60,112] 0%
Nigeria - Ehabor, 2017 5 17 128 [74:203) 0%
Nigeria - Esan, 2014 44 649 — 68 (50,90 09%
Nigeria - Evelyn, 2009 57 465 _ 123 (94156 09%
Nigeria - Ezechi, 2014 01 2891 -~ 42 (3551 10%
Nigeria - Ezegbudo, 2004 104 1120 —_ 93 [77,114]  10%
Nigeria - lfeorah, 2017 5 22 ——— 55 (31;89] 09%
Nigeria - Kolawole, 2012 3200 _ 165 (116:224)  0.8%
Nigeria - Lennox, 2015 6 150 ——— 40 (15,85 08%
Nigeria - Mbaawuaga, 2008 3300 —_ 110 [77:151]  08%
Nigeria - Ndako, 2009 2 200 —_— 160 [112:218)  08%
Nigeria - Ndako, 2012 31 180 172 (120,235)  08%
Nigeria - Obi RK, 2006 69 a5 46 (36,58 10%
Nigeria - Obi SN, 2006 200 10032 + 29 (26,32 10%
Nigeria - Ogunlaja, 2015 0 27 _ 127 [87:176] 0%
Nigeria - Okeke, 2012 23 401 ——— 57 (3785 09%
Nigeria - Oladele, 2014 13 183 —— 71 (38,118 08%
Nigeria - Olaleye, 2013 3 T2 —_ 103 [81:127) 09%
Nigeria - Olokoba, 2011 19 231 — 82 (50,125 09%
Nigeria - Oluboyo, 2014 6 100 —— 60 [22,126] 07%
Nigeria - Onah, 2007 1 162 06 [00;34] 08%
Nigeria - Onakewhor, 2001 7 320 —— 22 (0945 09%
Nigeria - Onwere, 2012 2 810 — 27 (17 41] 09%
Nigeria - Onwuakor, 2014 2 350 —_ 74 [47,104] 09%
Nigeria - Opaleye, 2016 3 182 ——— 74 [39,119] 08%
Nigeria - Osazuwa, 2012 45 395 —_— 114 [84149) 09%
Nigeria - Oti, 2018 28 200 —_— 140 [95:196] 08%
Nigeria - Oyinloye, 2016 8 o 88 [39:166] 07%
Nigeria - Pennap, 2011 2 180 ——— 67 [35114] 08%
Nigeria - Rabiu, 2010 64 1052 — 61 (47:77) 10%
Nigeria - Ugbebor, 2011 720 5760 - 125 (117:134)  1.0%
Nigeria - Usanga, 2011 8 562 — 14 (0628 09%
Nigeria - Utoo, 2013 55 836 - 66 (5085 09%
Nigeria - Yakasai, 2012 24 303 _ 79 [51:116] 09%
Sierra Leone - Warie, 2005 19 302 —— 63 (38 97] 09%
Togo - Agbenu, 2008 12 50 [01;249] 03%
Subregion prevalence 46520 < 83 [7.4; 961 538%
Heterogeney: 1= 56.1% 94 3%; 95 8%, © = 00070, P <0.0001

Overall prevalence 104983 < 68 [6.0; 7.6] 100.0%
Prodicton interval (1170

[ —]

Heterogeneity: I = 95.8% [95.3%; 96.2%). ¥ = 0.0064, =0
Tostfo subgroup diferences: X = 61,65, df =4 (9<0.0001) s

Fig. 2 Meta-analysis prevalence of hepatitis B virus infection in
pregnant women in Africa. C: Confidence interval; df: Degree

of freedom
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transmitted both sexually and through the bloodstream
while HCV is more dependent on the bloodstream [27]?
Indeed, sexual behaviours in a group of individuals could
depend on the fact that it belongs to this group. This
would be consistent with holistic paradigm or macro-
sociological approach: society encompasses individuals,
and individual behaviour is seen only as a fragment of
collective behaviour [28].

Notwithstanding, findings of this study should be
interpreted with caution and in the context of its limita-
tions. Firstly, we found substantial heterogeneity in esti-
mating our prevalence estimates. Although we identified
some sources of heterogeneity, there may still be others
not investigated including participants’ characteristics of
included studies. However, we were unable to assess
these factors because they were not fully reported in
primary data. Indeed, individuals’ characteristics were re-
ported only between 3 and 66% in included studies. Sec-
ondly, countries and UNSD African regions were not
uniformly represented and were not homogeneous in
their grouping. This can limit the generalizability of find-
ings to the entire continent. Thirdly, we found publica-
tion bias in some main analyses, suggesting that studies
with low sample sizes could have altered the study find-
ings. This study is, to the best of our knowledge, among
the systematic review including meta-analysis of studies
on the prevalence of HBV and HCV infections among
pregnant women in Africa. Singularly, we investigated
the association between prevalence estimates of hepatitis
B and C virus infections and gender-related human
development indicators. Strengths also include a com-
prehensive search strategy and involvement of pairs of
independent investigators at all stages of the review
process. Almost 82.8% of studies were assessed as having
a low risk of bias in their methodological quality, sug-
gesting that we can be confident in the quality of the
findings. In addition, the sensitivity analysis including
only studies with low risk yielded a very close prevalence
to that estimated in the crude analysis. A multivariable
meta-regression analysis was conducted helping to con-
trol potential confounders of source of prevalence vari-
ation, even if there remained some residual unexplained
heterogeneity.

Conclusions

This research depicted a high prevalence of HBV and
HCV infections among pregnant women living in Africa
with unequal distribution between UNSD regions and
areas for HBV. HBV and HCV prevalence were 6.8 and
3.4%, respectively. The prevalence of HBV was higher in
Central and Western Africa and in rural areas whereas
there was no difference for HCV prevalence. Children
born from an HBV or HCV positive mother were at high
risk of getting infected since one out of five pregnant
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Study Events Total

Central Africa

Angola - Strand, 2003 2 60 ————

Cameroon - Enow, 2016 30 406 Po——
Cameroon - Fouelifack, 2017 6 360 —o—
Cameroon - Njouom, 2003 28 1494+
Cameroon - Njouom, 2005 89 5008 + :

DR of Congo - Laurenta, 2001 47 1092 —
Gabon - Ngong-Atome, 2008 20 947 —+—
Subregion prevalence 9367 <=

Heterogeneity: /2 = 87.7% [77.1%; 93.4%), 2 = 0.0017, P < 0.0001

Eastern Africa

Ethiopia — Molla, 2015 1 384 +—

Ethiopia - Zenebe, 2015 2 318 +— @

Malawi - Andreotti, 2014 9 309 ——

Malawi - Chasela, 2012 110 2041 P

Rwanda - Mutagoma, 2017 335 12903 *:

Uganda, Rwanda - Pirillo, 2007 5 247 ———
Subregion prevalence 16202 <=

Heterogeneity: /2 = 92.2% [85.8%; 95.7%], ©* = 0.0026, P < 0.0001 '

Northern Africa

Algeria — Aidaoui, 2008 19 3032 +

Egypt - AbdulQawi, 2010 105 1224 —_
Egypt - EI-Kamary, 2015 52 1250 —~—

Egypt - Elrazek, 2017 46 3000 + :

Egypt - Hashem, 2017 97 2514 =

Egypt - Jhaveri, 2015 98 2514 -

Egypt - Kassem, 2000 19 100 : _—
Egypt - Khamis, 2016 22 360 —_——
Egypt - Rezk, 2017 370 54872

Egypt - Saleh, 2008 25 2171 +

Egypt - Shebl, 2009 329 1863 ——
Egypt - Stoszek, 2006 408 2587 ——
Egypt - Zahran, 2010 40 500 P ——
Sudan - Elsheikh, 2007 6 728 +

Tunisia - Hannachi, 2011 2 404 +—

Subregion prevalence 77119 _—
Heterogeneity: /2 = 99.4% [99.3%; 99.5%), t2 = 0.0158, P=0

Western Africa

Benin - De Paschale, 2014 21 283 P
Burkina Faso - Collenberg, 2006 11 492 *—

Burkina Faso - Serme, 2005 17 200 0 ———o
Burkina Faso - Simpore, 2005 18 547 ——

Burkina Faso - Simpore, 2006 18 336 —_—
Burkina Faso - Simpore, 2006 26 429 ——
Burkina Faso - Zeba, 2011 13 607 —+—

Ghana - Apea-Kubi, 2006 15 204
Ghana - Ephraim, 2015 13 168 P
Ghana - Lassey, 2004 16 638 —+

Ghana - Volker, 2017 2 173 —+—

Nigeria — Adesina, 2016 26 1433 —+:

Nigeria — Daniels, 2017 1 100 +——

Nigeria — Duru, 2009 10 200 —'—
Nigeria - Esan, 2014 9 649 -+

Nigeria — Ezechi, 2014 37 2391 +

Nigeria - Hilda, 2016 1 138 +——

Nigeria — Mboto, 2010 2 506 +

Nigeria — Nwankwo, 2016 9 130 —
Nigeria — Ogunro, 2007 25 272 —_—
Nigeria — Okusanya, 2013 8 205 ——
Nigeria — Oluboyo, 2014 1 100 +——

Nigeria = Onakewhor, 2009 5 269 ———

Nigeria - Opaleye, 2016 5 182 ———

Nigeria - Osazuwa, 2012 12 395 ——

Nigeria - Oti, 2018 12 200 —
Nigeria — Owolabi, 2015 23 400 —_—
Nigeria — Ugbebor, 2011 206 5760 >

Nigeria - Utoo, 2011 24 836 —*—

Nigeria - Ya'Aba, 2009 5 203 ———
Subregion prevalence 18536 <&

Heterogeneity: 12 = 83.1% [76.8%; 87.7%], = 00022, P<0.0001

Overall prevalence 121224 <>

Prediction interval

Heterogeneity: /2 = 98.1% [97.8%; 98.3%], 7% = 0.0076, P=0 | T T L T !
Test for subgroup differences: X% = 3.93, df = 3 (p=02689) 0 5 10 15 20

Fig. 3 Meta-analysis prevalence of hepatitis C virus infection in pregnant women in Africa. C: confidence interval; df: Degree of freedom
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1.8
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0.6
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26
2.0
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0.6
8.6
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1.5
3.9
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[0.0; 1.4]
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8.0
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1.8%
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1.7%
1.7%
1.9%
1.9%
1.7%
10.5%

1.9%
1.8%
1.8%
1.9%
1.9%
1.9%
1.4%
1.7%
1.9%
1.9%
1.8%
1.9%
1.8%
1.8%
1.7%
27.0%

1.7%
1.8%
1.6%
1.8%
1.7%
1.7%
1.8%
1.7%
1.6%
1.8%
1.6%
1.8%
1.4%
1.6%
1.8%
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1.5%
1.8%
1.5%
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1.6%
1.4%
1.7%
1.6%
1.7%
1.6%
1.7%
1.9%
1.8%
1.6%
50.4%
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women and two out of three pregnant women can trans-
mit HBV and HCV to their child, respectively. The
prevalence of HBV infection significantly increased with
some gender-related human development indicators in-
cluding decreasing gender development index, decreas-
ing males’ level of education, decreasing females’
expected years of schooling, and increasing gender in-
equality index. The prevalence of HCV infection in-
creased with decreasing proportion of seats held by
women in parliament. Therefore, to address the burden
of these infections among pregnant women living in Af-
rica, one should not only take into account the risk
factors at the individual level already known but also
macro-level factors including gender-related human de-
velopment indicators and dwelling in rural areas.
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