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Abstract

Background: The epidemiology of hepatitis B virus (HBV) in the general population in east Africa is not well
documented. In this meta-analysis, we examined 37 full published research articles to synthesise up-to-date data on
the prevalence and predictors of the HBV burden for the effective prevention and management of the virus in our
region.

Methods: We examined 37 full published research articles found using PubMed, Scopus, African Journal Online
(AJOL), and Google Scholar between May and October 2020. Dichotomous data on HBV prevalence and predictors
of infection were extracted from the individual studies. The HBV prevalence, test of proportion, relative risk, and I°
statistics for heterogeneity were calculated using MedCalc software version 19.1.3. Begg's tests was used to test for
publication bias. Sources of heterogeneity were analysed through sensitivity analysis, meta-regression, and sub-
group analysis at 95% Cl. P < 0.05 was considered significant for all analyses.

Results: The prevalence of HBV was generally high (6.025%), with publications from Kenya (8.54%), Uganda
(8.454%) and those from between 2011 and 2015 (8.759%) reporting the highest prevalence (P < 0.05). Blood
transfusion, scarification, promiscuity, HIV seropositivity, and being male were independent predictors significantly
associated with HBV infection (P < 0.05), with the male sex being the most strongly associated predictor of HBV
infection. Meta-regressions for the pooled HBV prevalence and sample size, as well as the year of publication,
lacked statistical significance (P> 0.05). Omitting the study with the largest sample size slightly increased pooled
HBV prevalence to 6.149%, suggesting that the studies are robust. Begg’s test showed no evidence of publication
bias for overall meta-analysis (p > 0.05).
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Conclusion: The burden of HBV is still high, with the male sex, blood transfusion, body scarification, and HIV
seropositivity being potential predictors of infection. Thus, it is important to scale up control and prevention

measures targeting persons at high risk.
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Background

Hepatitis B virus (HBV) is one of the key etiological
agents for liver diseases, including chronic hepatitis, liver
cirrhosis, and liver cancer [1]. It is the second common-
est human carcinogen after tobacco [2]. The virus is
highly contagious and is 50 to 100 times more infectious
than the human immunodeficiency virus (HIV). Its ex-
treme resilience allows it to survive for more than a
week on dry surfaces, complicating its epidemiology and
increasing the risk of horizontal intra-familial transmis-
sion [3]. According to the World Health Organization
(WHO), countries of Africa, Asia, and South America
have carrier rates as high as 8%, with sub-Saharan Africa
accounting for 20% of the global burden [4]. This im-
plies an unmet need in the control and management of
the pandemic in Africa. Furthermore, although a highly
effective HBV vaccine is available, immunisation among
adult populations in sub-Saharan African countries is
neither free nor universal [5-8].

In east Africa, data on the seroprevalence of HBV are
isolated and confined to only sub-group studies includ-
ing, but not limited to, studies of blood donors [9],
health care workers [10], pregnant women on antenatal
care [11, 12], as well as HIV-positive cohorts [13]. Stud-
ies that examine HBV prevalence at national and re-
gional revels are scant in the literature. This means that
the risk factors to HBV infection have not been compre-
hensively evaluated because specific groups may present
with unique predictors of infection. Therefore, under-
standing the epidemiology of HBV on a wide regional
scale would not only offer evidence-based data on HBV
prevalence but also provide an array of the putative risk
factors associated with HBV infection at a regional level.

The risk factors of HBV infection depend largely on
beliefs and cultural practices, both of which vary from
one community to another [14]. Several primary studies
elsewhere have highlighted the key risk factors associ-
ated with HBsAg seropositivity, including history of
blood transfusion, low level of education, surgery, sexu-
ally transmitted infections, abortions, higher mean par-
ity, engaging in early sexual activities, polygamy, being
male, having a rural birthplace, and engaging in sex with
multiple partners [15-19]. However, Lawal et al. [20] did
not observe a significant association between HBV infec-
tion and the sharing of a toothbrush, the sharing of nee-
dles, incision marks/tattoos, hepatitis B immunisation
status, history of blood transfusion, previous surgical

operations, sexual exposure/abuse, history of jaundice,
or genital circumcision. Thus, because of these incon-
sistent findings in the literature about which risk factors
are more significant for community infections with
HBV, our systematic review and meta-analysis aimed to
find the key putative predictors associated with the high
HBV prevalence in East Africa. This could significantly
contribute towards the achievement of the ambitious
sustainable development goal of eliminating hepatitis B
virus (HBV) infections by 2030 [21]. To the best of our
knowledge, this is the first study to give a detailed ana-
lysis of the status of HBV infection in our region. The
overall pooled prevalence in the region, the sub-group
pooled prevalence, and the associated risk factors could
be valuable for designing and implementing public
health measures to reduce the burden of HBV infection
in east Africa.

Materials and methods

Systematic review protocol registration, information
sources, and search strategies

Our study was designed to investigate the prevalence
and predictors of hepatitis B virus infection in east Af-
rica. We registered the protocol with the International
Prospective Register of Systematic Reviews (PROS-
PERO), University of York Centre for Reviews and Dis-
semination (https://www.crd.york.ac.uk/PROSPERO),
under the registration number CRD42021251974. The
findings of the review were reported based on the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) 2020 statement checklist [22]. We
searched the following electronic databases; PubMed,
Scopus, African Journals Online (AJOL), and Google
Scholar for studies published from 2005 to 2020 that in-
vestigated the prevalence and predictors of HBV infec-
tion in east Africa.

A thorough review of the titles, abstracts, and full pa-
pers was done by three reviewers (HMK, AW, and AK).
Any disagreement between the three was settled by con-
sensus during weekly evaluation meetings. A full-text
analysis of studies that qualified, including identification
of duplicated records, was conducted by HMK, AW, and
AK. Only the full-text articles were retained for data
extraction.

The population, exposure, comparison and outcome
(PECO) strategy was used throughout our search strat-
egy. Regarding the population, all studies conducted on
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Field searched Key words

HBV prevalence

“Hepatitis B prevalence”, “Hepatitis B prevalence in East Africa”, “Hepatitis B prevalence in Uganda’, “Hepatitis B prevalence in

Kenya”, "Hepatitis B prevalence in South Sudan”, “Hepatitis B prevalence in Rwanda’, “Hepatitis B prevalence in Tanzania’,

“Hepatitis B prevalence in Burundi”

Risk factors to HBV
infection

"o

surgery,

"o

Number of sexual partners,

HBV prevalence and “age”, “Gravidity”, “Marital status” “History of STIs", “History of STIs", “History of STIs", “Education level,”
“History of blood transfusion,” “History of scarification,” “Alcohol use,” "HIV sero-status,” “History of body piercing” “History of
Employment” “Gender”

the HBV infection status that used study subjects
within the east African region constituting the polit-
ical East African Community (EAC) member states
were searched for data extraction. Pertaining to the
exposure status, the number of persons exposed and
unexposed to HBV within the sample used in the
separate studies indicated the prevalence of HBV. Re-
garding comparison, the data on the predictors of in-
fection were searched for from the main body of the
research article and then compared among the ex-
posed and the unexposed to HBV. Finally, concerning
the outcome, the central outcome was HBV infection
in the population, while the supplementary outcomes
were the relative HBsAg seropositivity depending on

the diagnostic methods used for HBV detection
(ELISA, RDTs, EIA, and CMEA) and the predictors of
HBYV infection.

The search terms used are presented in Table 1. These
were used either in isolation or in combination using the
Boolean operators ‘OR’ and ‘AND’. The titles and ab-
stracts were searched for the keywords for HBV preva-
lence, while the full text of each article was searched for
the keywords related to the associated risk factors for
HBYV infection. The three authors (HMK, AW, and AK)
separately extracted the following data: first author, year
of publication, country, sampling technique, sample size,
hepatitis B surface antigen positivity (HBsAg+), HBsAg
detection methods, and quality score.

Records identified through data
base searching (PubMed=207,
Scopus=25, AJOL=15, Google
Scholar=293)

Identification

Records screened for tittle and
abstract (n=345)

Records removed for not being

Screening

Records screened for full-text
review (n=204)

relevant to East Africa (n=141)

Records excluded because they
investigated hepatitis A, C, D and, or

Number of articles that met the
inclusion criteria
(n=182)

Eligibility

E (n=122)

Finally, the following studies were
excluded from the meta-analysis
because of the pre-conditions
highlighted in each case;

3 had insufficient data,

Number of articles included in
the meta-analysis (n =37)

Fig. 1 Flow chart for study eligibility following PRISMA criterion; AJOL: African Journal Online, HBV: Hepatitis B Virus

4 had a sample size <100,

8 used purposive sampling,

1 did not reveal the sampling
method,

1 study detected HBV delta antibody,
28 were published before 2005.
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Table 2 Characteristics of the included studies in the systematic review and meta-analysis for the prevalence of hepatitis B virus in

East Africa

First author, Year Year Country Sampling technique Sample HBsAg+ Detection method Qs
Mutagoma et al,, 2017 [26] (1) 2017 Rwanda Entire 13,121 486 AAS 9
Hasegawa | et al, 2006 [27] (2) 2006 Tanzania voluntary 457 22 CLEIA 7
Twagirumugabe et al, 2017 [28] (3) 2017 Rwanda Entire 13,637 559 CMIA 8
Bwogi et al., 2009 [29] (4) 2009 Uganda Probability 5875 606 EIA 9
Kwizera R et al., 2018 [9] (5) 2018 Burundi Entire 8993 94 EIA 7
Matee et al, 2006 [30] (6) 2006 Tanzania Entire 1599 141 EIA 8
Mueller et al,, 2015 [31] (7) 2015 Tanzania Entire 598 42 EIA 8
Bayo P, et al, 2014 [32] (8) 2014 Uganda Probability 402 47 ELISA 8
Bongomin P et al, 2005 [33] (9) 2005 Uganda Entire 170 19 ELISA 8
Harania RS et al., 2008 [34] (10) 2008 Kenya Entire 378 23 ELISA 7
Iradukunda et al., 2020 [35] (11) 2020 Rwanda Random 374 24 ELISA 8
Kirbak et al, 2017 [36] (12) 2017 South Sudan Probability 280 31 ELISA 8
Makuza et al, 2019 [37] (13) 2019 Rwanda Probability 327,360 12,865 ELISA 9
Muriuki et al,, 2013 [38] (14) 2013 Kenya Probability 300 21 ELISA 7
Ngaira et al, 2016 [39] (15) 2016 Kenya Entire 287 11 ELISA 7
Pirillo et al, 2007 [40] (16) 2007 Uganda Entire 164 8 ELISA 7
Rachel et al,, 2018 [13] (17) 2018 Uganda Entire 8042 359 ELISA 8
Rusine et al, 2013 [41] (18) 2013 Rwanda Voluntary 402 21 ELISA 7
Telatela SP et al., 2007 [42] (19) 2007 Tanzania Entire 167 2 ELISA 7
Umutesi et al, 2017 [43] (20) 2017 Rwanda voluntary 117,258 5042 ELISA 7
Ziraba et al, 2010 [44] (21) 2010 Uganda Entire 370 30 ELISA 8
Rashid S et al,, 2014 [45] (22) 2014 Tanzania Consecutive 310 12 MEIA 7
Bartonjo, G et al, 2019 [46] (23) 2019 Kenya Probability 594 33 RDT 8
Geffert et al, 2020 [47] (24) 2020 Tanzania Entire 723 22 RDT 7
Hawkins C et al,, 2013 [48] (25) 2013 Tanzania Entire 17,539 1079 RDT 8
Kamenya et al, 2017 [49] (26) 2017 Tanzania Entire 300 7 RDT 8
Kapinga, D. R. 2017 [50] (27) 2017 Tanzania Random 600 31 RDT 8
Kateera F et al,, 2015 [10] (28) 2015 Rwanda Entire 371 1 RDT 8
Kayondo SP et al, 2019 [11] (29) 2019 Uganda Probability 340 10 RDT 8
Kilonzo SB et al., 2017 [51] (30) 2017 Tanzania Entire 743 49 RDT 7
Kerubo G et al, 2015 [52] (31) 2015 Kenya voluntary 268 56 RDT 7
Kerubo G et al, 2015 [52] (31) 2015 Kenya voluntary 1041 117 RDT 7
Mirambo MM et al,2016 [8] (32) 2016 Tanzania Entire 21 8 RDT 8
Ng'wamkai et al., 2019 [53] (33) 2019 Tanzania Entire 499 29 RDT 8
Ochola et al,, 2013 [6] (34) 2013 Uganda Probability 790 139 RDT 8
Shao R, et al,, 2018 [54] (35) 2018 Tanzania Entire 442 25 RDT 8
Chiesa et al,, 2020 [55] (36) 2020 Uganda Probability 950 75 RDT 8

EIA Enzyme Immunoassay, ELISA Enzyme Linked Immunosorbent Assay, RDT Rapid Diagnostic Test, CMIA Chemiluminescent Micro-particles Immunoassay, MEIA

Micro-particle Enzyme Immunoassay, CLEIA Chemiluminescent enzyme Immunoassay, QS Quality score, HBsAg Hepatitis B Surface Antigen

Eligibility criteria and study selection

Records were included in the systematic review and
meta-analysis if they were full-text case-control or co-
hort study designs testing for HBsAg, conducted in EAC
member states, and published in English in peer-

reviewed journals between January of 2005 and Octo-

ber 15th, 2020. Excluded were case reports; reviews;
abstracts of conferences; studies with insufficient or
inaccessible data; pre-prints; studies with a sample
size < 100; studies that never described their sampling
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Fig. 2 Contribution of eligible studies for inclusion in the meta-
analysis by country

technique or that used purposive sampling; studies
that investigated other types of viral hepatitis (A, C,
D, or E); studies in languages other than English; and
studies published before 2005 or after November
30th, 2020.

Quality assessment and data management

For quality assessment, the Newcastle-Ottawa Scale
(NOS) was used [23]. The three dimensions of selection,
comparability, and exposure were considered, as de-
scribed in the scale. For our meta-analysis, the selection
assessed the representativeness of the sample, the sample
size, the inclusion criteria, and the scope of the study.
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Comparability assessed the inclusion of HBV infection
risk factors and compared them among the study
groups. Assessment of inclusion of exposure in the pri-
mary studies was done by looking at the outcome of the
study, and a statistical tool used for the analysis (Supple-
mentary material, S12; Table A). According to the scale,
studies with scores of 9-8 were considered very high
quality; 7-6, high quality; and 5-4, moderate quality.
Those with scores <3 were considered unsatisfactory
and were rejected. The three reviewers (HMK, AW, and
AK) independently assessed the articles for their overall
methodological quality. Data from the articles or their
abstracts were entered into the spreadsheet daily by all
three authors (HMK, AW, and AK), who compared their
separate records on a weekly basis to remove the dupli-
cates. Each of the primary studies was evaluated by three
independent hepatitis B virus experts (HMK, AK, and
AW) throughout each phase of the review (screening,
eligibility, and inclusion in meta-analysis). From each
study, the following data were extracted: first author,
year of publication, country, sampling technique, sample
size, hepatitis B surface antigen positivity (HBsAg+), de-
tection method, quality score (QS), and the predictors of
HBYV infection.

Risk of bias in individual studies

For the selection bias, we reviewed the data collection
procedures in the primary studies (retrospective or pro-
spective), study design (cohort, cross-sectional, or case-
control), and recruitment strategy (from the community
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Fig. 3 Forest plot showing the HBV prevalence by country, publication period, sampling technique and HBsAg detection method; the blue
diamond indicates the pooled prevalence of HBV and the horizontal line shows the 95% confidence interval. The longer the lines, the greater is
the deviation from the pooled prevalence; ELISA: Enzyme Linked Immunosorbent Assay, RDT: Rapid Diagnostic Test, EIA: Enzyme Immunoassay
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95% CI for I2

97.131097.91

First author, Year N Proportion (%) 95% CI ‘Weight (%)

Rashid S et al., 2014 310 3.871 2.016 to 6.664 223
Ng’wamKai et al., 2019 499 5.812 3.926 to 8.240 2.63
Kilonzo SB et al., 2017 743 6.595 4.918 to 8.625 29
Matee et al., 2006 1599 8.818 7.473t0 10.316 328
Chiesa et al., 2020 950 7.895 6.260 to 9.796 3.05
Pirillo et al., 2007 164 4878 2.1291t09.385 1.65
Telatela SP et al., 2007 167 1.198 0.145 to 4.259 1.67
Harania RS et al., 2008 378 6.085 3.896 to 8.990 24
Rahel et al., 2018 8042 4.464 4.023 t0 4.938 3.61
Hawkins C et al., 2013 17539 6.152 5.801t0 6.518 3.66
Mirambo MM et al.,2016 211 3.791 1.651t0 7.334 1.88
Geffert et al., 2020 723 3.043 1917 t0 4.571 2.89
Mutagoma et al., 2017 13121 3.704 3.387t04.041 3.65
Twagirumugabe et al.,, 2017 13637 4.099 3.773 to 4.446 3.65
Mueller et al., 2015 598 7.023 5.108 t0 9.375 2.76
Kizera R et al., 2018 8993 1.045 0.845t0 1.278 3.62
Bongomin P et al., 2005 170 11.176 6.865 to 16.902 1.68
Ziraba et al., 2010 370 8.108 5.537t0 11.373 238
Ngaira et al., 2016 287 3.833 1.929t0 6.754 2.16
Kateera F et al,, 2015 371 2.965 1.489t05.243 2.39
Kamenya et al., 2017 300 2333 0.943 to 4.748 22
Shao R, et al., 2018 442 5.656 3.693 to 8.237 253
Bwogi et al., 2009 5875 10.315 9.548to 11.121 3.58
Muriuki et al., 2013 300 7 4.3851010.501 22
Bayo P, et al., 2014 402 11.692 8.718t0 15.243 245
Kirbak et al., 2017 280 11.071 7.648 to 15.346 2.14
Makuza et al., 2019 3E+05 3.93 3.864 t0 3.997 37
Ochola et al., 2013 790 17.595 15.001 to 20.433 2.94
Bartonjo, G et al., 2019 594 5.556 3.855t07.714 275
Kayondo SP et al., 2019 340 2.941 1419105342 231
Iradukunda et al., 2020 374 6.417 4.154 10 9.398 239
Kapinga, D. R. 2017. 600 5.167 3.537t07.254 2.76
Hasegawa I et al., 2006 457 4814 3.041t07.198 2.56
Rusine et al., 2013 402 5.224 3.262t0 7.875 245
Umutesi et al., 2017 1E+05 43 4.185t04.418 37
Kurubo G et al.,, 2015 268 20.896 16.188 to 26.260 2.1
Kurubo G et al., 2015 1041 11.239 9.384 to 13.316 3.09
Total (fixed effects) SE+05 4.153 4.100 to 4.208 100
Total (random effects) SE+05 6.025 5.414t0 6.667 100
Test for heterogeneity

Significance level P <0.0001
2 (inconsistency)  97.55%

Fig. 4 Pooled prevalence estimate of HBV in East-Africa by random effects model
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or from the hospital). For the information bias, we ex-
tracted information on methods used to determine HBV
serostatus (rapid diagnostic tests, ELISA, or other im-
mune assays). When more than one method was used to
detect HBV serostatus, data were extracted using the
best method used, as determined by the evaluator. All
studies that used purposive sampling techniques were
omitted to avoid biasing the results.

Publication bias and data synthesis

The publication bias was assessed using Begg’s test,
which uses Kendall’'s rank correlation coefficient be-
tween the meta-analysis effect size and the study weight
[24]. Funnel plots were drawn for checking the existence
of overall publication bias. The funnel plot asymmetry
between the effect size and the meta-analysis study
weight was determined by Begg’s test. In this test, P>
0.05 indicated no evidence of publication bias (not sig-
nificant). The test I? statistic was used to assess the het-
erogeneity among studies. Sources of heterogeneity were
analysed through sub-group analysis, sensitivity analysis,
and meta-regression. Pooled proportions, test of propor-
tions, relative risk (RR), and the corresponding 95% CI
were used to assess the burden of HBV in the region. As
a result of high heterogeneities (I*>73% and P het <
0.05), the random-effects model (REM) was used to pool
the HBV prevalence. However, heterogeneity was

reduced for some studies that evaluated the relative risk
of HBV infection, and in this case, the fixed-effects
model (FEM) was used [25]. All the calculations were
done using the Medcalc software version 19.1.3. The
analyses of HBV prevalence, infection risk factors, and
heterogeneity among studies were done at 95% CI, and a
p <0.05 was considered significant. Some representative
results were presented graphically using forest plots. The
prevalence of HBV in each study in the forest plot is in-
dicated by a blue square. The size of the square repre-
sents the weight contributed by each study in the meta-

T

T
®

0.1 ® % x

Log effect size

EERAL
x
x

0.01 x
15 2.0 25 3.0 35 4.0
Meta-analysis weight (%)

Fig. 5 Begg's correlation test for publication bias; correlation of log
effect size with meta-analysis weight for all the epidemiological
studies published between 2005 to 2020 included in

the meta-analysis
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Fig. 6 Bias assessment plot of studies reporting hepatitis B virus prevalence in East Africa from epidemiological studies published between 2005
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analysis. The pooled prevalence for both FEM and REM
is shown by the blue diamond.

Results

Study identification

This systematic review and meta-analysis used electronic
databases to find published studies on the prevalence
and predictors of HBV in east Africa. We found a total
of 550 published articles. From these, 345 duplicate re-
cords were removed, and 141 articles were excluded
after screening of the title and abstract because they
were not relevant to east Africa. After this, a total of 204
full-text papers were assessed for eligibility based on the
aforementioned inclusion and exclusion criteria. Out of
these, 122 records were excluded because they investi-
gated hepatitis A virus (HAV), hepatitis C virus (HCV),
hepatitis D virus (HDV), or hepatitis E virus (HEV); 3
were excluded because they had insufficient data; 4, be-
cause they had a sample size < 100; 8, because they used
purposive sampling; 1, because it did not describe its

sampling method; 1, because it detected HBV delta anti-
bodies; 28, because they were published before 2005;
and 1, because it was a pre-print. Thirty-seven studies
were included in the final quantitative meta-analysis
(Fig. 1). They had a total sample size of 525,955 (five
hundred twenty-five thousand nine hundred and fifty-
five), and included 22,156 (twenty-two thousand one
hundred and fifty-six) hepatitis B surface antigen positive
(HBsAg+) cases.

The characteristics of the studies included

The characteristics of the eligible studies included in our
meta-analysis are shown in Table 2. In brief, of the 37
eligible studies, the largest group was done in Tanzania
(13/37, 35.1%) with a total sample size of 24,188;
followed by Uganda (9/37, 24.3%) with a sample size of
17,103; Rwanda (7/37, 18.9%) with a sample size of
472,532; and Kenya (6/37, 16.2%) with a sample size of
2668; while Burundi and South Sudan had one eligible
study each, with sample sizes of 8933 and 280,

Table 3 Subgroup analysis of the HBV pooled prevalence estimation in East Africa from 2005 to 2020

Sub-groups Analysis of HBV prevalence Analysis of heterogeneity

Variable Category No Prevalence %(95%(Cl) P value 17% (95%Cl) P het Model
Kenya 6 8.54 (509 to 12.76) Ref 92.36 (86.11 to 95.79) < 0.0001 Random

Country Uganda 9 8.454 (5.76 to 11.73) 0.9637 97.28 (96.15 to 98.08) <0.0001 Random
Rwanda 7 4.06 (3.80 to 4.34) <0.00071* 85.39 (71.83 t0 92.42) <0.0001 Random
Tanzania 13 5.16 (424 t0 6.17) 0.0006* 80.65 (67.84 to 88.35) <0.0001 Random

Year of Publication 2011-2015 10 8.759 (6.09 to 11.85) Ref 95.65 (93.65 to 97.2) <0.0001 Random
2005-2010 8 6.95 (5.11 to 9.05) 0.1208 874 (77.34 10 92.98) <0.0001 Random
2016-2020 19 4.388 (3.901 to 4.903) <0.0001* 96.17 (95.04 to 97.04) <0.0001 Random

Sampling Technique Probability 11 7.799 (5.182 to 10.897) 9845 (97.99 to 98.80) < 0.0001 Random
Non-probability 26 5361 (4.567 to 6.215) <0.0001* 96.91 (96.21 to 96.49) < 0.0001 Random

Diagnostic Technique ELISA 14 5214 (4.71 to 5.74) Ref 90.48 (85.79 to 93.62) <0.0001 Random
ROT 15 6.638 (4.997 to 8.493) 0.0126* 94.18 (91.88 to 95.83) <0.0001 Random
EIA 4 6.127 (1.259 to 14.303) 0.2349 99.62 (99.50 to 99.72) <0.0001 Random
Others 4 3.924 (3.697 to 4.16) 0.0622 22.55 (0.00 to 90.00) 0.257 Fixed

ELISA Enzyme Linked Immunosorbent Assay, RDT Rapid Diagnostic Test, E/A Enzyme Immunoassay
*P value of sub group prevalence with respect to the group reference (where applicable) < 0.05 statistically significant
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Fig. 7 Number of studies with disaggregated data on risk factors associated with HBV infection

respectively (Figs. 2 and 3, Table 2). Of the 37 eligible
studies, Pirillo et al. [40] had the smallest sample size (of
164), while Makuza et al. [37] had the largest sample size
(327,360). Most studies (26/37, 70.3%) with a total sam-
ple size of 188,090 used non-probability sampling, while
studies that used probability sampling (11/37, 29.7%)
had a sample size of 337,865. Most of the eligible studies
used rapid diagnostic tests (RDTs) (15/37, 40.4%) and
enzyme-linked immunosorbent assay (ELISA) (14/37,
37.8%), with sample sizes of 25,411 and 455,954, respect-
ively. Isolated studies used enzyme immunoassay (EIA)
for detection of HBsAg (4/37, 10.8%), with a sample size
of 17,065. Other studies (4/37, 10.8%) used the Abbott
ARCHITECT system [26], chemiluminescent enzyme
immunoassay (CLEIA) [28], and the microparticle en-
zyme immunoassay (MEIA) [45, 56], with respective
sample sizes of 13,121; 21,337; and 587 (Table 2, Fig. 3).
Most of the eligible studies included in our meta-
analysis were published between 2016 and 2020 (19/37,
51.4%), with a sample size of 494,748, followed by those
published between 2011 and 2015 (10/37, 27.0%), with a
sample size of 22,021. The rest were published between
2005 and 2010 (8/37, 21.6%), with a sample size of 9180
(Table 2, Fig. 3).

Prevalence of hepatitis B in the east Africa region

The prevalence of hepatitis B in east African between
2005 and 2020 varied, widely ranging from 1.05% (95%
CI=0.845 to 1.278%) [54] to 20.896% (95% CI =16.188
to 26.260%) [52] (Fig. 4). The overall HBV pooled preva-
lence among the sample of 525,955 (five hundred
twenty-five thousand nine hundred and fifty-five) and
22,156 (twenty-two thousand one hundred and fifty-six)
cases was 6.025% (95% CI = 5.414 to 6.667%) with a het-
erogeneity (1%) of 97.55% (P > 0.0001) (Fig. 4). The Begg’s
test demonstrated no evidence of publication bias among

the analysis (p =0.8106) (Fig. 5), despite a mild funnel
plot asymmetry (Fig. 6).

Meta-analysis of subgroups

As shown in Table 3 and Fig. 3, we subdivided our
meta-analysis into groups, which included the country
where the study was conducted, the year of publication,
the sampling technique, and the HBsAg diagnostic tech-
nique. Burundi and South Sudan were left out from sub-
group analyses because each country had only one eli-
gible study. In all the sub-group analyses, the heterogen-
eity remained high (I* > 89%, p <0.0001), but was lower
for ‘other diagnostic tests’ besides ELISA, RDT, and EIA
(I = 22.55%, p = 0.257).

By country, Kenya had the highest prevalence of 8.54%
(95% CI=5.09 to 12.76%) from 6 studies closely
followed by Uganda with a pooled prevalence of 8.454%
(95%CI=5.76 to 11.73%) from 9 studies and then
Tanzania with a prevalence of 5.16% (95% CI =4.24 to
6.17%) from 13 studies. The lowest HBV prevalence was
registered in Rwanda, with 4.06% (95% CI=3.80 to
4.34%) among 7 studies (Supplementary materials S1-S4,
Figures A-D).

Regarding the year of publication, the lowest pooled
prevalence was 4.388% (95%CI = 3.901 to 4.903%) found
in 19 studies published between 2016 and 2020, closely
followed by a prevalence of 6.95% (95% CI=5.11 to
9.05%) from 8 studies published between 2005 and 2010.
The highest prevalence of 8.759% (95% CI=6.09 to
11.85%) was pooled from 10 published studies between
2011 and 2015 (Supplementary Materials S5-7, Figures
E-G).

Pertaining to the sampling technique, the pooled
prevalence among the 26 studies that used non-
probability methods was 5.361% (95%CI=4.567 to
6.215%), while the pooled prevalence for the 11
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Table 4 Analysis of the risk factors associated with HBV infection in East Africa

Analysis of HBV prevalence

Analysis of heterogeneity of studies

Risk factor Category Number Proportion%, (95%Cl) P value 12, 95%Cl P het Model
Age < 20years 9 4.796 (1.88 to 8.97) 80.6 (64.07 to 89.54) < 0.0001 Random
> 20 years 9 5.74 (3.52 to 846) 028 89.27 (81.9 to 93.65) < 0.0001 Random
Gravidity Primigravida 5 2.84 (137 t0 4.82) 81.6 (57.40 to 92.06) 0.0002 Random
Multigravida 5 3.84 (340 to 4.33) 0.0006* 32.98 (0.00 to 74.58 0.2015 Fixed
Marital status Married 17 5508 (3.35 to 8.17) 9891 (98.69 to 99.1) < 0.0001 Random
Not Married 17 8644 (5.21 to 12.85) <0.0001* 96.98 (96.13 to 97.6) < 0.0001 Random
History of STls Yes 5 7.33 (477 t0 10.67) 25.7 (0.00 to 70.27) 0.2015 Fixed
No 5 441 (2.79 to 6.39) 0.5858 6861 (19.22 to 87.8) 00126 Random
Education Level Primary & below 11 6.096 (4.42 to 8.02) 8349 (71.9 to 90.29) < 0.0001 Random
Secondary & above 11 5917 (4374 to 7.676) 0.6434 73.11 (50.84 to 85.3) 0.0001 Random
History of blood transfusion Yes 10 11.057 (5.84 to 17.68) 79.6 (63.2 to 88.72) < 0.0001 Random
No 10 4.915 (3492 to 6.567) <0.0001* 89.5 (82.74 to 93.56) <0.0001 Random
History of scarification Yes 4 8.102 (447 to 12.696) 89.7 (78.79 to 95.0) < 0.0001 Random
No 4 5.049 (3318 to 7.120) <0.0001* 844 (65.09 to 93.04) <0.0001 Fixed
Alcohol use Yes 4 7.37 (346to 12.6) 64.88 (0.00 to 88.09) 0.036 Random
No 4 348 (255 to 4.63) 04703 30.01 (0.00 to 74.53) 0.2322 Fixed
HIV sero-status Positive 6 12.131 (792 to 17.52) 12.15 (0.00 to 78.35) 03374 Fixed
Negative 6 5.863 (3.082 to 9461) 0.0030* 89.81 (80.5 to 94.67) < 0.0001 Random
History of body piecing Yes 3 3.813 (241 to 5.70) 59.57 (0.00 to 8848) 0.0843 Fixed
No 3 4.24 (2903 to 5.95) 09394 0.00 (0.00 to 92.27) 06478 Fixed
History of surgery Yes 7 132 (0.003 to 45.2) 99.50 (99.37 to 99.60) < 0.0001 Random
No 7 4.85 (143 t0 10.14) <0.0001* 97.32 (96.0 to 38.20 <0.0001 Random
No of sexual partners One 6 5.116 (3.124 to 7.566) 89.04 (78.8 to 94.34) < 0.0001 Random
More than one 6 9.53 (5.509 to 14.512) <0.0001* 87.36 (74.9 to 93.65) < 0.0001 Random
Employment Formal 9 7.70 (2.38 to 15.69) 9565 (93.51 to 97.1) <0.0001 Random
Non formal 9 1048 (2.72 to 22.5) 0333 98.6 (98.12 to 98.93) <0.0001 Random
Gender Male 13 8561 (6.66 to 10.675) 93.53 (90.6 to 95.54) <0.0001 Random
Female 13 6.986 (4.841 to 9.491) 0.0007* 96.63 (95.44 to 97.5) <0.0001 Random

STis Sexually Transmitted Infections
*P value of risk factor < 0.05 statistically significant

eligible studies that used probability methods was
7.799% (95%Cl=5.182 to 10.897%). Concerning
HBsAg detection method, the 14 studies that used
ELISA reported a prevalence rate of 5.214% (95%CI =
4.71 to 5.74%), the 15 studies that used RDT reported
a prevalence rate of 6.638% (95%CI =4.997 to 8.493%)
and the 4 studies that used EIA reported a pooled
prevalence of 6.127% (95%CI =1.259 to 14.303%). The
studies that used other diagnostic tests (MEIA,
CLEIA, and AAS) reported a pooled HBV prevalence
of 3.924% (95% CI=3.697 to 4.16%) (Supplementary
Materials S8—11, Figures H-K).

When we analysed the relative prevalence of HBV by
country, year of publication, sampling technique, and
method of HBsAg detection, Kenya and Uganda had
significantly higher HBV pooled prevalence than
Tanzania and Rwanda (P<0.05). Similarly, articles

published from 2011 to 2015 had a significantly
higher HBV prevalence than those published from
2005 to 2010 and from 2016 to 2020 (P <0.05). Fur-
ther still, studies that detected the HBsAg using RDT
reported significantly higher HBV prevalence than
those that used ELISA (Table 3).

Predictors of HBV infection in east Africa

Of all the records eligible for inclusion in our meta-
analysis, 9 had disaggregated data on age (<20 or =20
years); 5, on gravidity (primagravida or multigravida); 17,
on marital status (married or unmarried); 5, on history
of sexually transmitted infections (prior infection or no);
11, on education level (<primary or > secondary); 10, on
history of blood transfusion (prior transfusion or no); 4,
on history of scarification (body scarification or naive);
4, on alcohol use (yes or no); 6, on HIV serostatus
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Analysis

Risk factor Number Relative risk %(95%Cl) P value Heterogeneity (1%%) Model
Marriage 18 1.592 (0.535 to 4.732) 0.403 99.08 Random
Gravidity 5 0.856 (0448 to 1.634) 0.637 61.66 Random
History of blood transfusion 10 1.950 (1.114 to 3413) 0.019* 76.89 Random
Scarification 4 1.204 (1.154 to 1.257) <0.001* 6.39% Fixed
HIV sero-positivity 6 2227 (1.039 to 4.772) 0.039* 64.96% Random
History of surgery 7 247 (0.14 to 43.63) 0.537 99.22 Random
22 sexual partners 6 2.161 (1.085 to 4.305) 0.028* 86.36 Random
Male sex 12 1.312 (1.268 to 1.357) <0.001* 49.72 Fixed

*P value of risk factor < 0.05 statistically significant

(HIV+ or HIV-); 3, on history of body piercing (prior
body piercing or naive); 7, on history of surgery (under-
went surgery before or not); 6, on number of sexual
partners (1 or=2); 9, on employment (formal or infor-
mal); and 13, on sex (male or female) (Fig. 7).

Meta-analysis of the predictors of HBV infection in east
Africa

When we analysed the data that investigated the predic-
tors of HBsAg seropositivity by age, gravidity, marital
status, sexually transmitted infection, level of education,
blood transfusion, scarification, alcohol use, HIV serosta-
tus, body piercing, surgery, person who have sex with
multiple partners, and gender, the results were interest-
ing. The HBV prevalence was significantly associated
with multigravidity (3.84%; 95% CI=3.40 to 4.33%);
singleness 8.644% (95%CI =5.21 to 12.85%); blood trans-
fusion 11.057% (95%CI =5.84 to 17.68%); scarification
8.102% (95%CI=4.47 to 12.696%); HIV seropositivity

12.131% (95%CI=7.92 to 17.52%); surgery (13.2%; 95%
CI=0.003 to 45.2%); having sex with multiple partners
9.53% (95%CI=5.509 to 14.512%); and being male
8.561% (95%CI =6.66 to 10.675%) (P < 0.05). However,
we found no significant association between age, sexually
transmitted infections, education level, alcohol use, body
piercing, or employment with the risk of HBV infection
(P > 0.05). For most of the risk factor meta-analyses, het-
erogeneity remained high (12 > 80%, P} .o¢ < 0.0001), but it
was reduced for multigravidity, history of STIs, second-
ary level of education, routine alcohol use, HIV seroposi-
tivity, and body piercing (I><73%, Phee>0.0001)
(Table 4).

Relative risk meta-analysis for hepatitis B virus infection
in east Africa

To investigate the relative risk for HBV infection in east
Africa, we meta-analysed the data on the statistically sig-
nificant predictors of HBV infection, as presented in

First author, Year Relative risk 95% CI Weight (%)
Kapinga et al., 2017 [ — 3.553 1.603 t0 7.874 13.05
Rashid et al., 2017 - 0.102 0.00638 to 1.624 332
Bayo P et al., 2014 — —— 5.862 1.899 to 18.096 1031
Kayondo SP et al,, 2019 [— 0.994 0.140 10 7.034 56
Kateera et al,, 2014 = 1.852 026210 13.113 56
Shao et al., 2018 ~ —— 4142 2372107.231 15.07
Makuza et al, 2019 I~ u 2899 256610 3.275 1757
Kamenya et al, 2017 B * 1571 0.510 10 4.841 1032
Pido et al., 2009 —
1.413 0.200 10 9.976 5.61
Chiesa et al., 2020 — —a—
0.459 0.219 to0 0.960 13.55
Total (fixed effects) — * 2,506 223710 2.808 100
Total (random effects)  [— ’ 1.95 L1l4103.413 100
I vl v vl Lol Test for heterogeneity
0.001 0.01 0.1 1 10 Q 38,9430
Relative risk DF 9
Significance level P <0.0001
I? (inconsistency)  76.89%
95% CI for I? 57.44 t0 87.45
Fig. 8 History of blood transfusion on the risk of HBV infection when compared between those who have had blood transfusion and those who
have never transfused. The RR > 1 indicates increased risk or susceptibility to HBV infection whereas the RR < 1 indicates reduced risk to
HBV infection
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First author, Year

Relative risk 95% CI Weight (%)

\

Kapinga etal, 2017 [~ 2.76 1.191 to 6.398 0.26
Bayo P et al., 2014 - 1.02 0.427 to 2.439 0.24
Kateera etal 2014 [ 1.523 0.339 t0 6.840 0.08
Makuza ctal, 2019 [~ L 1.204 1.154 to 1.257 98.56
Chisastal, 200 [ — 106 0.672 to 1.672 087
Total (fxed effects) | ¢ 1.204 1.154 to 1.257 100
Total (random effects) | Q 1214 1.067 to 1.381 100

| ) ) ) L L Test for heterogeneity

0.1 1 v Q 42730 Significance level P =0.3703

Relative risk DF 4 I (inconsistency)  6.39%

Fig. 9 History of scarification on the risk of HBV infection when compared between those with the history of scarification and those who have
never scarified. The RR > 1 indicates increased risk or susceptibility to HBV infection whereas the RR < 1 indicates reduced risk to HBV infection

95% CI for I 0.00 to 81.67

Table 4. Based on this criterion, eight factors (marital sta-
tus, gravidity, blood transfusion, scarification, HIV sero-
positivity, surgery, having sex with multiple partners, and
gender) merited relative risk meta-analysis (Table 5). The
independent risk factors significantly associated with HBV
infection were blood transfusion (relative risk 1.950,
95%CI=1.114 to 3.413%, P=0.019); body scarification
(relative risk 1.204, 95%CI = 1.154 to 1.257%, P <0.001);
HIV seropositivity (relative risk 2.227, 95%CI =1.039 to
4.772%, P = 0.039); having sex with multiple partners (rela-
tive risk 2.161, 95%CI =1.085 to 4.305%, P = 0.028); and
being male (relative risk 1.312, 95%CI = 1.268 to 1.357%,
P <0.001) (Table 5, Figs. 8, 9, 10, 11, 12). For most of the
analyses, heterogeneity index (1) remained high (> 85%),
but it was lower for scarification (I =23.31%) and van-
ished for HIV seropositivity (*=0.00%) (Table 5). Con-
versely, marital status (relative risk 1.592, 95%CI = 0.535
to 4.732%, P = 0.403), magnitude of gravidity (relative risk
0.856, 95% CI = 0.448 to 1.634%, P =0.637), and surgery
(relative risk 2.47, 95% CI=0.14 to 43.63%, P=0.537)
were not significantly associated with the risk of HBV in-
fection (P > 0.05) (Table 5, Figs. 13, 14, 15).

Meta-regression
We performed meta-regression analysis on the two con-
tinuous variables of sample size and year of publication

to assess how they varied with the prevalence of HBV.
There was no statistical significance in either regression
(P>0.05) (Fig. 16), suggesting that the results are robust
and the overall HBV prevalence is not directly influ-
enced by sample size or year of publication.

Sensitivity analysis

For sensitivity analysis, we removed the study with the
largest sample size [37]. The overall HBsAg+ pooled
prevalence rate before omission was 6.025% (95% CI =
5.414 to 6.667%) with a heterogeneity (I*) of 97.55%, P >
0.0001. After the omission, the pooled prevalence rate
increased slightly to 6.149% (95%CI =5.297 to 7.06%),
with a heterogeneity (1) of 97.43%, P < 0.0001. Thus, the
calculated pooled prevalence was not affected by a single
study, suggesting that the results are robust (Fig. 17).
Furthermore, Begg’s correlation test for publication bias
after omitting the study did not show evidence of publi-
cation bias (P=0.9166) (Figs. 18), despite the mild right
skew of the data in the funnel plot (Fig. 19).

Discussion

In our meta-analysis, almost all the eligible studies were
cross-sectional and reflected the HBV prevalence at one
point in time, ranging from 1.05 to 20.896%, with a
pooled prevalence of 6.025%. In 37.8% of the studies

Fig. 10 HIV sero-status on the risk of HBV infection when compared between the HIV sero-positive and sero-negative. The RR > 1 indicates
increased risk or susceptibility to HBV infection whereas the RR < 1 indicates reduced risk to HBV infection
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