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ABSTRACT 
 

Background: Blood transfusions carry the risk of transmitting blood-borne infections. A precise 
estimate of the transfusion risk of viral infection will help to determine the effect of new and current 
safety measures in sub-Saharan Africa. This study proposes to estimate the residual risk of HBV in 
blood banks in African countries and to compare them to other countries in the South. 
Methods: The study followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis guidelines. PubMed, Medline, Google Scholar and Zotero were accessed. The eligibility 
criteria were based on published studies that had blood donors as participants, looking at the 
residual risk of HBV in developing countries and the technique was based on the search for HBsAg 
or Hepatitis B Core Antibodies or Nucleic Acid (DNA) testing. The Cochrane tool was used to 
assess the risk of bias. 
Results: Twelve articles comprising 71,207 allogeneic and hepatitis B surface antigen (HBsAg)-
negative blood donations were included in the meta-analysis. A total of 4912 HBsAg negative 
African donation including (51.0%) new donors and (49.0%) from regular donors. 80.8% of them 
were male and the median age was 28 years. Of 1225 HBV strains (47% and 53.4% incident 
cases) were frequencies in sub-Saharan Africa and in other Southern countries respectively. 
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Considering the twelve participating blood centres as a whole, the incidence rate of new infections 
was high (4905.1) in sub-Saharan Africa than (869.7) in other Southern countries per 100,000 
person-years. In contrast, the estimated residual risk in sub-Saharan Africa (5913 in 1 million 
donations) was five times higher than estimated in other Southern countries (1048.4 in 1 million 
donations). 
Conclusion: Blood donations with HBsAg undetectable by routine testing and low levels of HBV 
DNA are extremely common in sub-Saharan Africa, at a rate of 5913 per 1 million donations. Given 
that at least several of these samples could reflect contamination or a false negative result, 
elimination of infection by a test limited to HBsAg does not prevent transmission. 
 

 
Keywords: HBV; Blood transfusion; Residual risk; sub Saharan Africa. 
 
ABBREVIATIONS 
 
HBV-DNA: Hepatitis B viral DNA 
HBsAg : Hepatitis B Surface Antigen 
Anti-HBc  : Hepatitis B Core Antibodies 
PCR :Polymers Chain Reaction 
NAT : Nucleic Acid Testing 
OBI : Occult B Infection 

 
1. INTRODUCTION 
 
The most important risks to recipients in 
industrialized countries are mainly volume 
overload, bacterial contamination and errors in 
transfusion of the blood product. In contrast, 
sub-Saharan Africa has high post-transfusion 
infection rates and high residual viral infection 
risk resulting in high prevalences of blood-borne 
diseases [1,2,3,4]. Transfusion transmitted 
infections are still a major global public health 
concern confronting worldwide [5]. 

 
Over the past 20 years, there has been a 
significant increase in the safety of the blood 
supply in wealthy countries marked by deferral 
of donors from at-risk donors, continuous 
improvement in serological screening tests and 
HBV DNA testing by viral genomic screening in 
mini-pool [6,7,8]. The risk of HBV transmission 
by blood transfusion in the United States is 
currently extremely low among recipients [9]. 

 
In developing countries outside Africa, nucleic 
acid testing for HBV blood screening has not 
been nationally implemented in any developing 
countries. A partial screening has been 
implemented and reported in China, India and 
Brazil among others [10,11,12]. 

 
In low-income and middle-income countries, 
particularly countries in sub-Saharan Africa, 
Hepatitis B virus residual risk remains the single 
most transmitted infectious pathogenic disease 

passed on from blood donors to their recipients 
through transfusion. In Africa, the screening of 
blood donations for HBV was introduced in 
2002, before which time screening was 
performed in only a few African Blood bank. 
Under these conditions, it is anticipated that 
HBV safety for recipients of a blood transfusion 
might remain compromised even after routine 
blood testing for HBsAg. Approximately 12.5% 
of HBV infections are due to blood donation in 
SSA [13,4,14,15]. 
 

It is important to introduce epidemiologic 
observatories in developing countries where 
high levels of viral diversity are generally 
observed. 
 

This study proposes to estimate the residual 
risk of HBV in blood banks in African countries 
and to compare them to other countries in the 
South. 
 

2. METHODS 
 

2.1 Study Design 
 

Our study is a systematic review with a meta-
analysis of summary data from several studies 
available online. These studies focused on the 
residual risk of HBV in blood banks in sub-
Saharan African and other Southern countries. 
The data for this study were retrieved from full-
text or full-text articles and obtained by reading 
the articles that provided all the information 
necessary for this study. Relevant studies 
published from 1 January 2013 to 31 December 
2018 reporting information on the residual risk 
of HBV in African and other Southern countries' 
blood banks were searched. 
 

2.2 Research Strategy 
 

A systematic manual search of Medline, 
Pubmed and Google Scholar databases for 
studies on residual HBV risk in sub-Saharan 
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African and other Southern countries. The 
search strategy was based on the use of the 
following literature search equations: « HBV OR 
residual risk OR blood donors OR HBsAg 
seronegative OR positive NAT », « HBV OR risk 
of transmission OR blood donors OR positive 
anti-HBc» and « Residual risk OR HBV OR 
blood transfusion OR negative HBsAg OR 
positive HBsAg OR Africa » 
 

2.3 Selection Criteria 
 

The preferred reporting elements for systematic 
reviews and meta-analyses (PRISMA) from the 
2020 guidelines were used as a template for the 
report of this review [16]. Full-text articles 
including titles and abstracts were included in 
the review after independent analysis by two 
individuals from the research team. Any 
discrepancies in the analysis required a third 

opinion to discriminate. Of the two thousand 
and four studies that were retrieved from the 
databases, only twelve met the eligibility 
criteria, namely published studies with blood 
donors as participants, with a risk focus on 
residual HBV risk and with a methodology 
based on the detection of HBsAg, ant-HBc 
and/or nucleic acid (HBV DNA). On the other 
hand, for the non-inclusion criteria, one 
thousand nine hundred and ninety-two                
articles were excluded for multiple reasons, 
namely, studies with a small size of fewer than 
one hundred participants, studies with a 
duration of more than 10 years were excluded, 
studies that did not include all the keywords, 
studies with non-exploitable results and other 
reasons that did not allow us to associate these 
studies with our meta-analysis study                  
(Fig. 1). 

 
 

 
Fig. 1. Flow Diagram for the selection of studies 
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2.4 The Quality of the Studies Included 
 
The 9-point scoring system developed by 
Stanifer was used to assess the quality of the 
included studies. The scoring criteria also 
assessed sample size, sampling and 
representativeness of participants. For a study 
associated with a score of 1-3; 4-6; 7-9 was low, 
medium or high respectively. We only included 
moderate and high-quality studies. 

 
2.5 Data Abstraction 
 
Data extraction was done independently to 
maintain statistical comparability. Any 
discrepancies were referred to a third opinion to 
reach a consensus. All data from eligible 
studies were extracted. These data included the 
HBsAg status at first (HBsAg negative) and 
second donation (Hepatitis B Core Antibodies 
positive), the number of NAT or PCR positive 
donors at first donation. 
 
All socio-demographic data from these eligible 
studies were also extracted. All members of the 
research team checked the calculations and 
abstractions performed in this study. All studies 
with unpossessed or miscalculated data were 
excluded. 
 

2.6 Atypical Serological Profiles in 
Hepatitis B Virus Infection 

 
Hepatitis B surface antigen (HBsAg) is the main 
marker for the diagnosis of acute and chronic 
hepatitis B. Although HBsAg assays have been 
continuously improved, gaps remain in the 
detection of early and late acute infection and 
occult hepatitis B infection (OBI). During 
hepatitis B virus (HBV) infection, the 
observation of at least four antigen-antibody 
systems: HBsAg and anti-HBs; preS antigen 
and anti-preS antibodies; HBcAg and anti-HBc; 
and HBeAg and anti-HBe. The examination of 
these antigen-antibody systems allows the 
diagnosis of hepatitis B infection and the 
observation of the disease course. Although the 
serological results that allow both the diagnosis 
of HBV infection and the assessment of its 
clinical course are already well established, the 
dynamics of viral protein expression and 
antibody production may vary during the natural 
course of the infection. As a result, HBV 
infection is sometimes associated with the 
presence of unusual serological profiles, which 
may lead to doubts in the interpretation of 

results or the suspicion of an incorrect 
serological result. Hepatitis B virus (HBV) 
causes a variety of clinical manifestations, 
ranging from asymptomatic carriage to 
fulminant or chronic hepatitis. Serological tests 
are widely used in the diagnosis of HBV 
infections to detect viral markers. However, 
encountering atypical serological profiles in 
some patients leads to problems in interpreting 
results and managing patients. Antibodies to 
hepatitis B virus (HBV) core antigen                        
(anti-HBc) are thought to be the most reliable 
serological markers of HBV infection.                 
However, chronic HBV infection can be 
manifested by an atypical serological profile, 
such as anti-HBc antibody negativity with the 
presence of hepatitis B surface antigen 
(HBsAg). Anti-HBc antibody negativity                   
during HBV infection has been observed in a 
few different circumstances, such as                  
infections with HBV variants, in children born to 
hepatitis B envelope antigen-positive mothers 
and in immunocompromised patients 
[17,18,19,20,21]. 
 

2.7 Profile of Residual HBV Risk 
 
 HBV infection is a threat to the safety of the 
blood supply. While most infectious blood units 
are eliminated by screening for hepatitis B 
surface antigen (HBsAg), there is clear 
evidence that transmission through HBsAg 
negative components occurs, in part, during the 
negative window period, but mostly during the 
late stages of infection.  
 
In the case of our study, all those who were 
considered incident cases had a profile of 
HBsAg negative at first donation and Ac-anti-
HBc positive at second donation or HBsAg 
negative but NAT or PCR positive at first 
donation. Voluntary blood donors (new or 
regular donors) are a self-selected group of 
healthy individuals who have been screened for 
potential risk factors such as homosexuality, 
intravenous drug use and multiple sexual 
partners. 
 

Incident infections among HBV DNA-positive 
donors were defined as samples that were anti-
HBc-reactive and HBsAg-negative (HBV DNA-
positive/anti-HBc-reactive/HBsAg-negative) or 
HBsAg-negative (HBV DNA-positive/HBsAg-
negative). HBsAg positive samples from repeat 
donors with a previous negative donation (1st 
donation) were also included as incident            
cases. 
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2.8 Genetic Diversity of the Hepatitis B 
Virus  

  
The genetic diversity of incident infections in 
donor blood and plasma affects the safety of 
blood and diagnostic tests commonly used in 
blood banks. HBV screening and diagnosis of 
HBV-related liver disease in low- and middle-
income countries differ significantly from those 
in developed countries in terms of access to 
resources and expensive technologies requiring 
highly specialised personnel. These resource-
limited settings include mainly countries in 
Africa, Asia and Latin America where the 
prevalence of blood-borne viral infections is 
high. Detection of the incidence of hepatitis B 
virus infection is done by testing for anti-HBc 
antibodies or DNA for units of blood that are not 
reactive for hepatitis B surface antigen (HBsAg) 
or are not detected by routine testing. The first 
marker to appear in plasma is HBV DNA, 
followed by hepatitis B surface antigen (HBsAg) 
during acute HBV infection. After resolution of 
the infection or in the absence of HBsAg, anti-
HBc antibodies remain detectable in acute, 
chronic or old infections. Thus, occult hepatitis 
B virus infection (OBI) is defined as the 
persistence of hepatitis B virus (HBV) genomes 
(with detectable or undetectable HBV presence) 
in the liver of HBsAg-negative individuals. It 
represents the negative phase of the natural 
history of HBV infection in individuals with self-
limited acute hepatitis B or in HBsAg carriers or 
patients with chronic hepatitis B who lose 
HBsAg either naturally or after antiviral 
treatment and maintains a lifetime serum level 
of anti-HBc (with or without anti-HBs and/or 
anti-HBe). In rare cases, this may be a primary 
"occult" infection caused by tiny amounts of 
virus unable to induce a humoral immune 
response. The risk of false-negative results for 
hepatitis B surface antigen (HBsAg) can be 
partially reduced in some cases by introducing 
additional procedures such as anti-HBc 
antibody testing and nucleic acid (HBV DNA) 
testing. The effect of genetic variability, when 
HBsAg is the only marker sought in donor 
populations, represents a major challenge for 
blood banks and recipients of blood and blood 
products [22,13,23,24,25]. 
 

2.9 Statistical Analysis 
 

A meta-analysis was used to compile data on 
the residual risk of HBV in African and other 
Southern countries' blood banks. Study-specific 
estimates were pooled using the random-effects 

meta-analysis model to obtain an overall, 
synthetic estimate of the residual risk of HBV in 
blood banks in African and other developing 
countries. Inter-rater agreement for study 
inclusion and data extraction was assessed 
using Cohen's kappa (κ) coefficient. Residual 
risks (RRs) for each eligible study were 
determined using Schreiber's method (RR = 
Incidence Rate (IR) x Serum Window Duration 
(DSW) / 365) [26]. The duration of the window 
period was 44 days [27]. IRs for each study was 
calculated by dividing the number of incident 
cases during the study period by the total 
number of person-years (PY). Person-years are 
calculated by multiplying the study population 
by the study duration. Similarly, the percentages 
of male and female donors were calculated. The 
statistical threshold was defined as P ≤ .05. 
 

3. RESULTS 
 

Our search yielded 2004 citations. Twelve 
articles were included after applying exclusion 
criteria, including 10 cross-sectional studies, 1 
Case-control and 1 Cohort studies (Fig. 1). The 
participating blood organizations screened 71 
207 allogeneic donations. A total of 4912 
HBsAg negative African donation including 
(51.0%) new donors and (49.0%) from regular 
donors. 80.8% of them were male and the 
median age was 28 years (Table 1). Of 4912 
HBsAg-negative African donations, 571 were 
incident cases and available (Table 2). 
However, only 124 of these possible incident 
infections were HBV DNA positive, whereas 
1802 tested HBV DNA negative, indicating 
either false-negative HBsAg ELISA results or do 
not use sensitive tests. 
 

While in the other Southern countries region 
(Pakistan, Malaysia, Colombia, Laos, Indonesia, 
Saudi Arabia), of 66295 HBsAg-negative 
donations, 654 were incident cases (Table 2) 
and only 108 of these incident infectious were 
HBV DNA positive and 66 187 tested HBV DNA 
negative. 
 

Table 3 shows the estimated incidence rate of 
HBV infection in the donor population. Of 1225 
HBV strains (47% and 53.4% incident cases) 
were frequencies in sub-Saharan Africa and 
other Southern countries respectively.  
 

The incidence of new infections was 4905.1 in 
sub-Saharan Africa and 869.7 in other Southern 
countries per 100,000 person-years 
respectively.  
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Table 1. Socio-demographic data of African donors 
 

Socio-demographic characteristics N % Total 

Sex       
Female 941 19.2 4912 
Male 3971 80.8 
Median age (years)  28.0     
Status of donor      
New donors 2506 51.0 4912 
Regular donors 2406 49.0 

 
Table 2. Summary of data extracted from all included studies from African and other developing countries 

 
Authors/Years Origin Study design Study duration  Serological Test  Molecular Test 
      HBsAg 

negative(1st 
donation) 

Ab-HBc positive (2nd 
donation) 

PCR/NAT 
Negative 

PCR/NAT 
Positive 

Hudu et al. 2016 Malaysia Cross sectional 1 year (J- Dec 2016) 1000 NA 945 55 
Moiz et al. 2014 Pakistan Cross sectional 1 year (J- Dec 2012) 41259 NA 41252 7 
Jutavijittum et al. 
2014 

Laos Cross sectional 1 year (J-Dec 2006) 819  75 807 12 

Rios-Ocampo et 
al. 2014 

Colombia Cross sectional 1 year (J-Dec 2011) 14316  302 14310 6 

Mardian et al. 
2017 

indonesia Case-control 2 years (2013-2014) 456 17 445 11 

Alshayea et al. 
2016 

Saudi Arabia Cross-sectional 2 years (2011-2012) 8445 198 8428 17 

Diarra et al. 2017 Burkina faso Cross-sectional 4 year (2014- 2017) 219 NA 163 56 
Shambesh et al. 
2015 

Libya Cross sectional 1 year (J-Dec 2015) 979  38 978 1 

Olotu et al. 2016 Nigeria Cross sectional 1 years (J-Dec 2014) 502  354 483 19 
Kishk et al. 2015 Egypt Cross sectional 1 years (J-Dec 2015) 126  44 116 10 
Mahmoud et al. 
2013 

Sudan Cross sectional 2 years (2011-2012) 100 42 62 38 

Kabinda Maotela 
et al 2014 

DR Congo Cohort 3 years (2010-2012) 2986 37 NA NA 

NAT : Nucleic Acid Test ; Ab : Antibody ; HBsAg : HBsAntigen ; NA : Not Achieved 
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Table 3. Incidence rate and residual risk of HBV transmission by transfusion in African countries 
 

African countries Study duration PY Number of incidence 
case 

IR per 100 000 per person-
year 

RR per 1 million of 
donation 

Diarra et al. 2017  4 year (2014-2017) 876  56 6392.7   7706.3 
Shambesh et al. 2015 1 year (J-Dec 2015) 979  38 3881.5  4679.1  
Olotu et al. 2016 1 years (J-Dec 2014) 502  354 70517.9  85007.9  
Kishk et al. 2015 1 years (J-Dec 2015) 126  44 34920.6  42096.1  
Mahmoud et al. 2013 2 years (2011-2012) 200 42  21000   25315.1 
Kabinda Maotela et al 
2014 

3 years (2010-2012) 8958 37 413 497.9 

RR : Residual Risk ; IR : Incidence Rate ; PY : Person-Year 

 
Table 4. Incidence rate and Residual risk of HBV transmission by transfusion in other countries of South 

 
Other developing 
countries 

Study duration PY Number of incident 
cases 

IR per 100 000 per 
person-year 

RR per 1 million of donation 

Hudu et al. 2016  1 year (J- Dec 2016) 1000 55  5500   6630.1 
Mardian et al. 2017  2 years (2013-2014) 912   17 1864  2247.1  
Alshayea et al. 2016  2 years (2011-2012) 16890   198 1172.3  1413.2  
Jutavijittum et al. 2014 1 year (J-Dec 2006)  819  75 9157.5   11039.2 
Rios-Ocampo et al. 2014 1 year (J-Dec 2011) 14316   302 2109.5   2543 
Moiz et al. 2014 1 year (J- Dec 2012) 41259 7 16.9 20.5 

IR : Incidence Rate ; RR : Residual Risk PY : Person-Year
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The overall residual risk for HBV amounted to 
5913 per 1,000,000 donations in African 
countries and 1048.4 per 1,000,000 donations 
in other Southern countries (Table 4). 
 

4. DISCUSSION 
 

The purpose of this study was to assess the 
residual risk of HBV in African blood banks and 
to compare them to other countries in the South 
countries by a meta-analysis using published 
papers. In this systematic review, the estimated 
residual risk for HBV in sub-Saharan Africa 
(5913 per 1,000,000 donations) was 5 times 
higher than in other Southern countries (1048.4 
per 1,000,000 donations). This observation was 
also reported in other African countries 
[28,26,29]. These residual risk rates in our study 
were significantly higher than those reported in 
others developing countries [11,30]. The 
reasons for the relatively higher rate of residual 
risk of HBV in Africa blood-transfusion services 
as compared to others in the South might be the 
improvement in diagnostic technology might 
make current screening reagents to be more 
specific and reliable; the economic status of the 
country and the geographical differences in 
prevalence. 
 

Incidence rates per 100,000 PY were estimated 
at 4905.1 for African sub-Saharan. In contrast to 
the incidence rate was the highest compared to 
other countries in the South (869.7). This 
observation was also reported in a recent study 
[31]. This may be due to the long window 
period. In addition, serological HBsAg tests 
without confirmation tests have led to large 
proportions of false-negative results [32]. 
 

In our study majority of the donors (80.8%) were 
males which are similar to the study done by 
previous studies [33,34,35,36,37]. These may 
be due to fewer females donating blood; hence 
fewer females are screened compared to males. 
 

New donors are predominant (51%) were new 
donors which is similar to the study done by 
previous studies [38,39,40,41,42]. This may be 
due to motivation. There are also cultural beliefs 
surrounding blood donation that prevent donors 
from coming forward. There is also the 
recruitment of volunteer donors from the 
community is complex and costly and depends 
on regular education programmes, collection 
teams, vehicles and cold stores. 
 

Our meta-analysis study had several limitations, 
including the original articles that met the 

eligibility criteria. Most articles did not contain 
demographic information. Furthermore, in this 
meta-analysis, HBV infection was defined as 
positive for serum anti-HBc or HBV DNA. 
Studies using different HBsAg ELISA kits or 
HBV DNA quantification tests with different 
sensitivities could potentially affect the results of 
the analysis. 
 

5. CONCLUSION 
 

Through this meta-analysis, we have shown 
that the residual risk of HBV remains high in 
sub-Saharan Africa compared to other countries 
in the South. Blood donations with HBsAg 
undetectable by routine testing and low levels of 
HBV DNA are extremely common in sub-
Saharan Africa, the residual risk rate per 1 
million donations was estimated at 5913 for 
HBV. Given that at least several of these 
samples could reflect contamination or a false 
negative result, elimination of infection by a test 
limited to HBsAg does not prevent transmission. 
We believe that the implementation of additional 
procedures such as sensitive NAT and 
continued ant-HBc testing. 
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