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Hepatitis B virus (HBV) infection is prevalent in Gabon and poses a potential risk of transmission by
blood transfusion. However, few studies have examined epidemiological data regarding HBV infection
of Gabonese blood donors. This article reports on research conducted to estimate the seroprevalence
of HBV and associated risk factors in the urban population of Gabon. A cross-sectional and analytic
study survey of blood donors attending at the Gabonese National Blood Transfusion Center, was
carried out between June and August 2020. The ELISA technique (Evolis®, BioRad) and the
chemiluminescence technique (Cobas® e601, Roche) had been used for the detection of hepatitis B
surface antigens in the plasma of donors. Repeatedly reactive hepatitis B surface antigen levels among
first-time and repeat donors were used to assess prevalence and risk factors using multivariable
logistic regression. Results revealed that a total of 3665 donations were collected at the Gabonese
National Blood Transfusion Center, of which 100 were confirmed HBV positive. The seroprevalence of
HBsAg among total blood donors was 5.5% (95% confidence interval [CI] = 4.4 - 6.7) indicating a
moderate burden. In our multivariate analysis controlling for age, HBSAg positivity was associated with
first-time donor status (aOR = 6.5) and residence outside of Libreville (aOR = 1). The prevalence of
HBsAg among Gabonese blood donors is at a moderate-level endemicity among first-time donors,
indicating the need to further limit the burden. In this Gabonese context, status of first-time blood donor
and living in rural settings are primary risk factors of HBV-infection, and henceforth considered as
exclusionary criteria for blood donation in Gabon.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a serious global public 2016; Atipo-lbara et al., 2015). Estimates of hepatitis B
health problem. It is estimated that there are around 400 antiginaemia seroprevalence of 5-20% have been
million chronic carriers of the hepatitis B virus (HBV) and reported (Te and Jensen, 2010), making sub-Saharan
more than one million deaths per year worldwide (WHO, Africa a hyper-endemic region. The lifetime and mortality
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risks from hepatitis B infection in this region are
estimated to be around 25% (Matthews et al., 2014). In
countries in sub-Saharan Africa, hepatitis B virus
seroprevalence levels ranging from 8 to 15% have been
reported in blood donors (Tagny et al., 2010).

Gabon, a middle-income country of approximately 2
million inhabitants, with approximately 241,080 individuals
with hepatitis B (Makuwa et al., 2009; Bivigou-Mboumba
et al., 2016; Schweitzer et al., 2015), is among the
countries of 'High endemicity with marked heterogeneity
of HBsAg seropositivity among population subgroups.

In Gabon, some studies have reported the prevalence
of HBsAg in first time blood donors, with estimated rates
ranging from 5.63 to 7.28% (Kounegnigan Rerambiah et
al.,, 2014; Eko Mba et al., 2018). However, there is little
literature on assessment of the prevalence of HBSAg
among blood donors in the Estuary region, Libreville in
Gabon.

Determinants and markers of hepatitis B virus disease
outcome pose challenges in understanding the routes of
transmission of infection and characterizing actively
infected individuals. While transfusion of infected blood
and unsterile needles played a role (Jayaraman et al.,
2010; Eke et al., 2015), host factors (exposure to alcohol,
traditional medicine, sex, age, presence of co-infections)
and environmental factors do not support transmission
via a singular mode (Ragheb et al., 2012; Hoffmann et
al., 2012). An earlier study in Gabon suggested that
certain demographic and behavioural factors were
potentially relevant modes of HBV transmission (Groc et
al., 2019). These data mainly concern the general
population with low socio-economic status and high risk
groups. However, blood donors including those mono-
infected with HBV were not taken into account. We thus
sought to assess the seroprevalence and risk factors
associated with HBV infection among blood donors in
Gabon.

MATERIALS AND METHODS
Ethics statement

The study protocol was reviewed and approved by the National
Ethics Committee for Research (Authorization n°
0088/2019/PR/SG/CNER) and the National Blood Transfusion
Center (Authorization n° 527 /MS/SG/CNTS/DG) of the city of
Libreville, Gabon. After obtaining verbal informed consent, their
answers to 12 questions were recorded.

Study design, setting and population

This cross-sectional and analytic study was carried out on data from
blood donors recorded by the blood bank in the Gabon Estuary
area, from June 2020 to August 2020 (Figure 1). The Gabonese

National Blood Transfusion Center is the largest specialized
institution for the collection and supply of blood in the Gabon
Estuary. Currently, the amount of blood collected by the Blood
Center is approximately 22, 200 units each year. There are two
collection methods in this transfusion center, in particular a
collection on a fixed site and on a mobile site from which a mobile
vehicle ensures the collection.

Study design and settings

A total of 3665 blood donors were recruited by random sampling in
multistage clusters. between June and August, 2020. One
collection methos (fixed site) was randomly selected for the study.
From June to August 2020, all blood donors who presented
themselves at this fixed collection site were enrolled in the
prevalence estimation study. The data, including post-donation
testing, were used to estimate the seroprevalence of HBV among
blood donation.

Sample size determination and sampling techniques

The sample size for sero-prevalence of HBV infection among blood
donors was determined by considering the seroprevalence of
HBsAg (5,63%) among blood donors from the study conducted at
the Gabonese National Blood Transfusion Center (Kouegnigan
Rerambiah et al., 2014). All blood donors who donated the blood at
the Gabonese National Blood Transfusion Center were selected
consecutively until the required sample size was obtained.

The risk factors associated with hepatitis B in the blood donor
population have been assessed using case-cohort data according
to Jagannathan et al. (2010). Eligible cases were defined as all
people who donated blood between June and August 2020 and
were repeatedly reactive for HBsAg. HBsAg seropositive donors
were contacted by telephone and notified of their HBsAg status.
These individuals were asked to come to the blood bank for test
result disclosure counselling and follow-up, and if they presented,
were asked to participate in the study. Donors who gave informed
consent to participate in the study were asked to complete a self-
administered questionnaire on potential demographic and
behavioral risk factors.

A comparison group of donors whose HBsAg status was
unknown was sampled at fixed blood donation site organized at the
Gabonese National Blood Transfusion Center.

We aimed for a ratio of three comparison subjects for each
positive HBsAg in order to maximize statistical power. Data from the
comparison donor group were collected with an anonymous, self-
administered questionnaire at the time of blood donation at the
fixed site, so the questionnaire data could not be linked to the
HBsAg test data performed. later in the Viral Serology Department
of the Blood Bank.

Laboratory methods

Vacuum samples were used for approximately 5 ml x 2 of blood
from each donor, then transferred to the Viral Serology Department
and centrifuged at 1500 rpm for 3 min to obtain plasma. All the
plasmas were separated into an aliquot and stored in a-20°C
freezer until further testing. Plasma samples were tested for four
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Figure 1. Gabon: Towns and villages.

infectious markers including HCV, HIV, syphilis and HBsAg in
accordance with blood bank operational policy using an alternative
strategy of enzyme immunoassay and/or chemiluminescence. Due
to cost and availability, neutralization of HBsAg, hepatitis B (anti-
HBc) and HBV DNA testing were not performed during the study
period. Although confirmatory testing could not be performed, the
specificity of the alternative EIA strategy is expected to be greater
than the 95-99% specificity of a single HBsAg EIA test (Scheiblauer
etal., 2010).

Statistical analysis and definition of variables

The burden of HBsAg was defined as low (<2%), moderate (2-8%),
and high (>8%). Statistical analyses were performed using Epi-Data
3.1 and SPSS software version 22.0. The overall prevalence of
HBsAg among blood donors was calculated with a 95%CI. The
study population was described by tabulating univariate frequencies
of demographic variables. Pearson chi-square tests were performed
for each of the demographic and behavioral characteristics to
assess significant differences between HBsAg® and HBsAgQ~

donors. Fisher's exact chi-square tests were used when cell sizes
were less than five. We first analyzed the major risk factor variables
using the case-cohort adjustment of Miettinen and found that the
estimated relative risk approximated the odds ratio derived from a
traditional case-control analysis, with the odds ratio being the more
conservative estimate. Thereafter, we used logistic regression
models to examine univariate and multivariate associations
between HBsAg status as the dependent variable and demographic
and behavioral risk factors as independent variables. All
demographic and behavioral risk factors with p values less than 0.1
in univariate logistic regression models were included in the “first”
logistic regression model. Variables not significant in the
multivariate model (p>.1) were removed to produce the most
parsimonious model, as indicated by using the likelihood ratio test.
All behavioral risk factor variables in this model (blood exposure)
were tested for interaction with age, but the addition of these
interaction terms did not improve the model fit, and so they were
omitted from the final model. The results of the univariate and
multivariate logistic models were expressed as odd ratios (OR) or
adjusted odds ratios (aOR) with 95% confidence intervals (CI).
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Table 1. Distribution of blood donors by age stratified by sex, at the Gabonese National Blood
Transfusion Center, 2020.

Age group (years) Male [No. (%)] Female [No. (%)] Total [No. (%)]

<20 43(74.1) 15 (25.9) 58 (3.6)
20-29 295 (55.7) 235 (44.3) 530 (32.9)
30-39 385 (77.6) 111 (22.4) 496 (30.8)

240 304 (58) 222 (42.4) 524 (32.5)
Total 1048 (65) 562 (35) 1610 (100)

Table 2. Prevalence of hepatitis B in donor blood stratified by age group and sex.

Age group (years) Male [No. (%)] Female [No. (%)]

<20 0/43 (0) 0/15 (0)

20-29 35/295 (11.9) 8/235 (3.4)

30-39 29/385 (7.5) 3/111(2.7)
>40 11/304 (3.6) 2/222 (0.9)

Table 3. Prevalence of hepatitis B in blood donors by demographic characteristics.

Variable Total donors Overall positive HBsAg Prevalence 95% CI
Age group (years)

<20 58 0 0 0-0
20-29 530 43 8.1 5.9-10.8
30-39 496 32 6.5 4.5-9
=40 526 13 25 1.3-4.2
Sex

Male 1048 75 7.2 5.7-8.9
Female 562 13 2.3 1.2-3.9
Total 1610 88 5.5 4.4-6.7

Cl: 95% Confidence Interval ; HBsAQ: Hepatitis B antigen surface.

RESULTS

From June to August 2020, a total of 3665 donations
were collected on fixed site. Out of 3665 blood donors,
1610 (43.9%) were first-time blood donors that were
screened at the Gabonese National Blood Transfusion
Center. The age distribution of blood donors is shown in
Table 1. The proportions of male and female donors were
65 and 35% respectively. The majority (32.9%) of donors
were between 20 and 29 years old, while the younger
group (<20 years) comprised the smallest blood donor
population (3.6%).

Prevalence of HBV among first time blood donors

In Gabon, the overall prevalence of hepatitis B surface

antigen among the total number of first-time donations in
Gabonese National Blood Transfusion Center during this
study period was 5.5% (95% confidence interval [CI] =
4.4 - 6.7) or 88 reactive ELISA tests out of 1610 first time
blood donors (Table 3). The highest prevalence was
recorded among the 20-29 years age group (8.1%) (95%
confidence interval [CI] = 5.9-10.8), higher than that of 30
years and over age group, and the least prevalence of
0% was observed among younger groups (<20 years)
donors. Seventy-five (7.2%) (95% confidence interval [CI]
= 5.7-8.9) males were tested HBsSAg positive as
compared to thirteen (2.3%) (95% confidence interval [CI]
= 1.2-3, 9) females. The prevalence was highest among
males in all the age groups (Table 2) with the risk of
being HBsAg positive found to be 3-fold higher in males
than in females (Table 3).



Table 4. Demographic characteristics of the study population according to HBsAg status.

Maulot-Bangola et al.

Demographic characteristics

HBsAg negative [No. (%)]

HBsAg positive p-value [No. (%)]

All participants 212
Age (years)

20-29 97 (45.7)
30-39 83(39.2)
40-49 32(15.1)
Education

Graduates 111 (52.4)
Less diploma 101 (47.6)
Residence

Libreville 169 (79.7)
Akanda 7(4.1)
Owendo 20 (9.4)
Ntoum 16 (7.5)
Civil status

Single 110 (51.9)
Live together 86 (40.6)
Married 16 (7.5)
Donor status

First time 72 (34)
Repeated 140 (66)
Donor type

Voluntary 4(1.9)
Replacement 208 (98.1)

71

0.0001°

35 (49.3)
22 (31)

14 (19.7)

0.074°
28 (40)
43 (60)

0.0001%
58 (84.3)
4 (5.6)
4 (4.3)
5(7.1)

0.057%

39 (55)

32 (45)
0 (0)

0.0001%
63 (88.7)
8 (11.3)

0.0001°
23 (32.4)
48 (67.6)

HBsAg : Hepatitis B antigen surface. Bold was used for significant (P < 0.05) results. *Pearson ¥ test. used. PFisher's exact test

used.

Risk factors of HBV infection

From 100 blood donors who tested repeatedly reactive
for HBsAg between June and August 2020, 29 declined
to participate in the study and 71 (71% of all HBsAg
positives) consented to participate in the study. A total of
212 comparison donors of unknown HBsAg status were
recruited during the same time period from among 284
randomly selected donors at blood drives approached at
the same locations from which the HBsAg positives were
drawn. The case-cohort study included 71 cases and 212
comparison subjects. Demographic characteristics are
presented in Table 4.

90.4% of the participants were replacement donors,
72.4% resided in Libreville and 43.1% were between 20
and 29 years old against 47.3% for all donors. There
were differences according to HBsAg status (Case and

control group) on several socio-demographic and blood
donation characteristics, including age, place of
residence, voluntary donor versus replacement donors
and first-time donor status versus repeat donors. Data on
behavioral risk factors according to HBsAg status, with
unadjusted ORs, showed that HBsAg positive cases had
significantly higher uncorrected odds of having contact
with blood exposure (OR= 2.98) (Table 5).

In the final multivariate model (Table 6), adjusting for
age, first time donor status (aOR=6.5) and residence
outside of Librevile (aOR= 1) were significantly
associated with HBsAg status. Other behavioral risk
factors associated with HBsAg in the univariate analysis
were no longer significant after controlling for other
covariates and were excluded from the final model.
Interactions between age and behavioral risk factors
were not significant and therefore were not included in
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Table 5. Behavioral risk factors according to HBsAg status.

Risk factor HBsAg negative (N=212) HBsAg positive (N=71) OR 95% CI
Blood exposure

Ever 1(0.5) 1(1.4) 2.980.18-48.4
Traditional treatment

Yes 34 (16) 1(1.4) 0.08 0.01-0.65
Scarification / tattoo

Ever 56 (26.4) 2(2.9) 0.1 0.02-0.44
Consumes alcohol

Yes 123 (58) 3(4.3) 0.07 0.02-0.24
Dental care

Ever 42 (19.8) 2(2.8) 0.14 0.03-0.6
Multipartner sex

Ever 55 (25.9) 3(4.2) 0.16 0.05-0.54

Number (%) admitting risk behaviour, with unadjusted OR and 95% CI.

Table 6. Results of the final logistic regression model.

Explanatory variable Adjusted odds ratios 95% ClI
Age (20-29 vs 30-49) 3.2 0.0-7.8
First time donor (vs repeat) 6.5 3.0-74.0
Residence (outside vs Libreville) 1 0.0-3.0

AOR: Adjusted Odds Ratio; Cl: 95% Confidence Interval.

the final multivariate model.

DISCUSSION

This study documented a prevalence of 5.5% of HBsAg-
positive among overall blood donor tested by two rounds
of screening with different enzyme-linked immunosorbent
assays in post-donation, between June and August 2020.

This was higher than in Marocco in previous studies
(1.34%) (Adouani et al., 2013) and in other developing
countries such as Burundi (2.5%), Egypt (1.4%), Rwanda
(4.1%), Burundi (2.5%), Iran (0.15%) and Botswana
(1.02%) (Tagny et al., 2010; Wasfi and Sadek, 2011,
Twagirumugabe et al., 2017; Farshadpour et al., 2016;
Choga et al.,, 2019) and some blood bank from
industrialized countries like China (0.87%); France
(0.65%) and the United States (0.76%) (Song et al.,
2014; Meffre et al., 2010; Dodd et al., 2016).

The high rate among blood donors, which represents a
large part of the population, objectively reflects the
prevalence of HBV in Sub-Saharan Africa (Te and
Jensen, 2010). More attention should be paid to blood
safety to promote the need for strict donor selection

criteria.

Several plausible demographic and behavioural risk
factors were found to be associated with HBsAg status
among blood donors in Gabon. First-time donor status is
previously recognised as risk factors for HBV infection. In
addition, association with place of residence is a novel
finding for Gabon and may have relevance for blood
safety and public health.

It was amazing to find that donors living outside
Libreville had more than 1 time the odds of being HBsAg"
than donors from Libreville while adjusting for other
factors. The researchers are also aware of recognised
high-prevalence areas for HBV in the Libreville region,
although a higher frequency of percutaneous exposure
could be more common in rural areas. Further
investigation of Geography-specific lifestyle issues is
needed to understand what might explain this increased
risk for HBV.

Although not significant in the logistic regression model,
having contact with blood exposure were significant in the
univariate analysis. This parenteral risk factors is
biologically plausible and have been found to be
associated with HBsAg status in previous studies
(Jayaraman et al., 2010; Eke et al., 2015). It is also



conceivable that previous reports may have been due to
confounding, as we did not detect an association
between these variables and HBV after controlling for
likely confounders such as age and gender by exclusion
and multivariate analysis. Donor deferral based on risk
behaviour assessment is a routine part of blood donor
screening in the Europe and United States; yet in Gabon,
donor screening procedures are not uniform across blood
centers. Few centers in Gabon use individual risk
behaviour questionnaires.

Local blood bank personnel realise the need for an
individual donor screening questionnaire. However,
behavioural risk factors for HBV infection and other TTls
in blood donors in Gabon are not well studied.

Volunteer blood donors, especially young volunteer
donors representative of demographics currently being
recruited to replace family replacement donors in Gabon,
are a healthy group of people from low-risk populations
(WHO, 2008). They were screened for potential risk
factors such as gay men, drug use, and a history of
diabetes. These high-risk behaviors were not associated
with HBV infection in this study because subjects were
excluded from donation. However, this does not mean
that these risk factors are not potential factors for
infection with HBV. Some blood donors may conceal
exposure to high risk factors on the medical history
guestionnaire. For a complete and accurate investigation,
further study is warranted.

Our study had some limitations. Of note, the analysis
with HBsAg does not cover occult hepatitis B infection,
suggesting an underestimate of the real burden. The
sample size was limited and the completeness of the self-
reported risk factor questionnaire was not always
effective. The study period was semingly short, which
restricted time-dependent variation analysis.

Conclusion

Our findings suggest that the prevalence of overt HBV
infection is at a moderate-level endemicity among blood
donors. Overall, first time blood donation and living in
peripheral areas are driven factors of HBV serpositivity.
These provide useful information in the development of
individual pre-donation questionnaires to defer those at
risk from donating blood. However, our study also
highlights the need to continue throrough epidemiological
surveillance for blood safety in Gabon.
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Maulot-Bangola et al. 11

Saharan African; TTI, Transfusion Transmitted Infections.

CONFLICTS OF INTERESTS

The authors have not declared any conflict of interests.

ACKNOWLEDGEMENT

Content is the sole responsibility of the authors and the
National Blood Transfusion Center.

REFERENCES

Adouani B, Alami R, Laouina A, Benahadi A, Boulahdid S, Mokhtari A,
Soulaymani A, Abouyoub A, Benajiba M (2013). Hepatitis B in
Moroccan blood donors : A decade trend of the HBsAg prevalence in
a resources limited country: Hepatitis B in Moroccan blood donors.
Transfusion Medicine 23(6):432-437.
https://doi.org/10.1111/tme.12054

Atipo-Ibara Bl, Itoua-Ngaporo AN, Dzia-Lepfoundzou A, Ahoui-Apendi
C, Deby-Gassaye C, Bossali F, Ngami Rody S, Ennaji M, Boumba A,
Ibara JR. (2015). Virus de I'hépatite B au Congo (Brazzaville):
Séroprévalence et diversité génétique chez les donneurs de sang en
zones  hyper  endémiques.  Journal  Africain  d’Hépato-
Gastroentérologie 9(3):127-131. https://doi.org/10.1007/s12157-015-
0607-7

Bivigou-Mboumba B, Francois-Souquieére S, Deleplancque L, Sica J,
Mouinga-Ondémé A, Amougou-Atsama M, Chaix ML, Njouom R,
Rouet F (2016). Broad Range of Hepatitis B Virus (HBV) Patterns,
Dual Circulation of Quasi-Subgenotype A3 and HBV/E and
Heterogeneous HBV Mutations in HIV-Positive Patients in Gabon.
PLOS ONE 11(1):e0143869.
https://doi.org/10.1371/journal.pone.0143869

Choga WT, Anderson M, Zumbika E, Moyo S, Mbangiwa T, Phinius BB,
Melamu P, Kayembe MK, Kasvosve |, Sebunya TK, Blackard JT,
Essex M, Musonda RM, Gaseitsiwe S (2019). Molecular
characterization of hepatitis B virus in blood donors in Botswana.
Virus Genes 55(1):33-42. https://doi.org/10.1007/s11262-018-1610-z

Dodd RY, Notari EP, Nelson D, Foster GA, Krysztof DE, Kaidarova Z,
Milan-Benson L, Kessler DA, Shaz BH, Vahidnia F, Custer B,
Stramer SL, for the NHLBI Retrovirus Epidemiology Donor Study
(REDS)-Il  (2016). Development of a multisystem surveillance
database for transfusion-transmitted infections among blood donors
in the United States. Transfusion 56(11):2781-2789.
https://doi.org/10.1111/trf.13759

Eke CB, Ogbodo SO, Ukoha OM, Ibekwe RC, Asinobi IN, Ikuna AN, Ibe
BC (2015). Seroprevalence and Risk Factors of Hepatitis B Virus
Infection among Adolescents in Enugu, Nigeria. Journal of Tropical
Pediatrics, fmv035.https://doi.org/10.1093/tropej/fmv035

Eko Mba JM, Bisseye C, Ntsame Ndong JM, Mombo LE, Bengone C,
Mouelet Migolet G, M’batchi B, Kosiorek HE, Butterfield RJ, Roberts
LR, Borad MJ, Nagalo BM (2018). Prevalent hepatitis B surface
antigen among first-time blood donors in Gabon. PLoS ONE
13(4):e0194285. https://doi.org/10.1371/journal.pone.0194285

Farshadpour F, Taherkhani R, Tajbakhsh S, Gholizadeh Tangestani M,
Hajiani G, Sharifi N, Taherkhani S, Nejadbolkheyr A (2016).
Prevalence and Trends of Transfusion-Transmissible Viral Infections
among Blood Donors in South of Iran : An Eleven-Year Retrospective
Study. PLoS ONE
11(6):e0157615.https://doi.org/10.1371/journal.pone.0157615

Groc S, Abbate JL, Le Gal F, Gerber A, Tuaillon E, Albert JL, Nkoghé
D, Leroy EM, Roche B, Becquart P (2019). High prevalence and
diversity of hepatitis B and hepatitis delta virus in Gabon. Journal of
Viral Hepatitis 26(1):170-182. https://doi.org/10.1111/jvh.12991

Hoffmann CJ, Dayal D, Cheyip M, Mcintyre JA, Gray GE, Conway S,
Martinson NA (2012). Prevalence and associations with hepatitis B



12 Int. J. Med. Med. Sci.

and hepatitis C infection among HIV-infected adults in South Africa. |
International Journal of STD and AIDS 23(10):e10-el3.
https://doi.org/10.1258/ijsa.2009.009340

Jagannathan L, Chaturvedi M, Mudaliar S, Kamaladoss T, Rice M,
Murphy EL (2010). Risk factors for chronic hepatitis B virus infection
among blood donors in Bangalore, India. Transfusion Medicine
20(6):414-420. https://doi.org/10.1111/j.1365-3148.2010.01032.x

Jayaraman S, Chalabi Z, Perel P, Guerriero C, Roberts | (2010). The
risk of transfusion-transmitted infections in sub-Saharan Africa.
Transfusion 50(2):433-442. https://doi.org/10.1111/j.1537-
2995.2009.002402.x

Kounegnigan Rerambiah L, Essola Rerambiah L (2014). The risk of
transfusion-transmitted viral infections at the Gabonese National
Blood Transfusion Centre. Blood Transfusion.
https://doi.org/10.2450/2013.0144-13

Makuwa M, Mintsa-Ndong A, Souquiere S, Nkoghe D, Leroy EM,
Kazanji M (2009). Prevalence and Molecular Diversity of Hepatitis B
Virus and Hepatitis Delta Virus in Urban and Rural Populations in
Northern Gabon in Central Africa. Journal of Clinical Microbiology,
47(7):2265-2268. https://doi.org/10.1128/JCM.02012-08

Matthews PC, Geretti AM, Goulder PJR, Klenerman P (2014).
Epidemiology and impact of HIV coinfection with Hepatitis B and
Hepatitis C viruses in Sub-Saharan Africa. Journal of Clinical Virology
61(1):20-33. https://doi.org/10.1016/j.jcv.2014.05.018

Meffre C, Le Strat Y, Delarocque-Astagneau E, Dubois F, Antona D,
Lemasson JM, Warszawski J, Steinmetz J, Coste D, Meyer JF,
Leiser S, Giordanella JP, Gueguen R, Desenclos JC (2010).
Prevalence of hepatitis B and hepatitis C virus infections in France in
2004 : Social factors are important predictors after adjusting for
known risk factors: Prevalence of Hepatitis B and C in France.
Journal of Medical Virology 82(4):546-555.
https://doi.org/10.1002/jmv.21734

Ragheb M, Elkady A, Tanaka Y, Murakami S, Attia FM, Hassan AA,
Hassan MF, Shedid MM, Abdel Reheem HB, Khan A, Mizokami M
(2012). Multiple intra-familial transmission patterns of hepatitis B virus
genotype D in north-eastern Egypt. Journal of Medical Virology
84(4):587-595. https://doi.org/10.1002/jmv.23234

Scheiblauer H, EI-Nageh M, Diaz S, Nick S, Zeichhardt H, Grunert HP,
Prince A (2010). Performance evaluation of 70 hepatitis B virus
(HBV) surface antigen (HBsAg) assays from around the world by a
geographically diverse panel with an array of HBV genotypes and
HBsAg subtypes. Vox Sanguinis 98(3p2):403-414.
https://doi.org/10.1111/j.1423-0410.2009.01272.x

Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ (2015).
Estimations of worldwide prevalence of chronic hepatitis B virus
infection : A systematic review of data published between 1965 and
2013. The Lancet 386(10003):1546-1555.
https://doi.org/10.1016/S0140-6736(15)61412-X

Song Y, Bian Y, Petzold M, Ung COL (2014). Prevalence and Trend of
Major Transfusion-Transmissible Infections among Blood Donors in
Western China, 2005 through 2010. PLoS ONE 9(4):e94528.
https://doi.org/10.1371/journal.pone.0094528

Tagny CT, Owusu-Ofori S, Mbanya D, Deneys V (2010). The blood
donor in sub-Saharan Africa: A review. Transfusion
Medicine20(1):1-10. https://doi.org/10.1111/j.1365-
3148.2009.00958.x

Te HS, Jensen DM (2010). Epidemiology of Hepatitis B and C Viruses :
A Global Overview. Clinics in Liver Disease 14(1):1-21.
https://doi.org/10.1016/j.cld.2009.11.009

Twagirumugabe T, Swaibu G, Walker TD, Lindh M, Gahutu JB,
Bergstrom T, Norder H (2017). Hepatitis B virus strains from
Rwandan blood donors are genetically similar and form one clade
within subgenotype Al. BMC Infectious Diseases 17(1):32.
https://doi.org/10.1186/s12879-016-2149-z

Wasfi OAS, Sadek NA (2011). Prevalence of hepatitis B surface antigen
and hepatitis C virus antibodies among blood donors in Alexandria,
Egypt. EMHJ - Eastern Mediterranean Health Journal 17(3):238-242,
2011 https://apps.who.int/iris’handle/10665/118109

World Health Organization (WHO) (2016). Global health sector strategy
on viral hepatitis 2016-2021. Towards ending viral hepatitis. World
Health  Organization.  https://www.who.int/hepatitis/strategy2016-
2021/ghss-hep/en/

World Health Organization (WHO) (2008). Universal access to safe
blood transfusion. Available:
http://www.who.int/bloodsafety/universalbts/en/


https://doi.org/10.1128/JCM.02012-08

