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Abstract

Occult hepatitis B virus infection (OBI) is manifested by presence of HBV-DNA in the absence of detectable Hepatitis B surface
antigen (HBsAg) with or without anti-HBV antibodies. Hence it is a potential threat in blood transfusion medicine. This study
was carried out to determine the prevalence of OBI as well as evaluate the effectiveness of using Hepatitis B surface antigen
(HBsAg) marker alone in the diagnosis of HBV infection among HBsAg negative blood donors in Ilorin, Nigeria. A purposive
sampling, including samples from 206 already donated and prescreened blood units from HBsAg negative from apparently
healthy volunteer blood donors at the General Hospital Blood Transfusion Centre, Ilorin, Nigeria, were collected for further
laboratory analysis for this study. Five millilitres of blood was collected and plasma sample tested for the presence of HBsAg
using a commercially available ELISA kit. In addition, Polymerase Chain Reaction (PCR) was used for molecular detection of
HBV DNA in each of the samples. Data was analyzed using descriptive statistics, Chi square at p = 0.05. Of the 206 HBsAg
Micropoint® rapid kits pre-screened seronegative samples collected from the blood transfusion centre, 8 (3.9%) samples were
positive for the presence of HBsAg when retested using ELISA in the laboratory. Eighteen of the 206 samples (8.7%) were
HBV-DNA positive by a semi-nested PCR technique giving an OBI rate of 8.7%. Out of the 18 HBV-DNA positive samples,
17 (4.4%) were from males and only one (5.6%) was from a female donor. Analysis of the 18 HBV DNA positive samples using
genotype specific primers into genotype A and Non-A showed that 15 (83.3%) were HBV genotype A, while 2 (11.1%) were
genotypes other than A (Non-A), one (5.6%) sample had mixed genotypes (A & non-A). A prevalence of 8.7% OBI found in
this study indicates substantial risk of post transfusion HBV infection in the study area in Nigeria. Hence, the need to include
HBV DNA detection in the routine blood screening that is, using Nucleic Acid Testing (NAT) technique for transfusion safety
in the country.
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INTRODUCTION

Hepatitis B virus (HBV) is a potentially known lifethreatening infection of the liver. Globally, HBV is ranked
among the deadliest infectious diseases with increasing public
health consequences (WHO, 2015). For instance, liver
cirrhosis and hepatocellular carcinoma (HCC), a major cause
of high mortality in humans are complications arising from
infection with hepatitis B virus (HBV) (Lok., 2000). Like
other hepatitidies of viral origin, HBV manifests clinically and
in an asymptomatic fashion, but also with unusual serological
patterns (Ola et al., 2000, Odemuyiwa et al., 2001).
In Nigeria, detection of HBV infection is mostly performed
with the estimation of hepatitis B surface antigen (HBsAg)
serological marker alone (Ola et al., 2002, Ajayi et al., 2007).
Therefore, many screened seronegative subjects for HBsAg
which may have been said to be free of HBV infection and
patients transfused with such blood have been reported to have
developed post- transfusion hepatitis from HBV infection
(Czaja A., 1993, Behzad-Behbahani et al., 2006).
Occult hepatitis B virus infection (OBI) has been described as
the presence of HBV-DNA in the absence of detectable
HBsAg with or without anti-HBV antibodies. Nucleic Acid
Testing (NAT) for HBV-DNA detection has been used to
confirm the presence of HBV, a phenomenon which is now
increasingly recognized in several clinical settings worldwide
(Raimondo et al., 2008, Brechot et al., 2001). Mandatory NAT

for transfused blood units in many developed countries on a
large set of blood donors has further confirmed the
phenomenon of OBI (Panhotra et al., 2005, Prati et al., 2006).
This transfusion safety algorithm is yet to be incorporated into
many laboratories and blood safety measures in developing
countries including Nigeria.
Though previous studies in Nigeria and some other parts of
the world show that the prevalence of OBI in blood donors
ranges from 1% to 16% depending on the endemicity of HBV
infection as well as the geographic areas (Candotti et al., 2008,
Candotti et al., 2012, Huang et al., 2012), the point prevalence
and burden of OBI in Nigeria is unclear. A study with sample
size of 28 (n = 28) in Oyo showed zero prevalence of OBI in
healthy subjects while a prevalence of 5.4% was reported in
blood donors from Ile Ife, both in Nigeria (Ola et al., 2009,
Olotu et al., 2016). Albeit, other investigators reported
prevalence of 8.0% from south-eastern part of Nigeria (Nna et
al., 2014) while Opaleye et al., (2016) reported 17%
prevalence of OBI from blood donors in southwestern part of
the country using NAT but hitherto, there has been no report
among blood donors from the north central part of the country.
However, studies from other subject populations found OBI
prevalence of 62% in hepatocellular carcinoma (HCC)
patients, 64% in liver transplanted patients,
27% in
hemodialysis patients and up to 45% in hepatitis C virus
(HCV) and HIV infected patients respectively (Samal et al.,
2012, Raimando et al., 2007).
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This study was carried out to determine the rate of HBV-DNA
in blood donors in Ilorin, Nigeria using blood units that have
been prescreened and reported to be negative for HBsAg.

MATERIALS AND METHODS
Ethics Statement: Ethical clearance for this study was
obtained from the Health Ethical Research Committee, Kwara
State Ministry of Health, Ilorin, Kwara State, Nigeria with
reference number MOH/KS/EC/777/103.
Study Area: This study was carried out among volunteer
blood donors in Ilorin, Kwara State, Nigeria. Kwara State is
located in the northcentral region of Nigeria between
coordinates 8° 30' 0" North, 4° 33' 0" East. It has a land area
of about 36,825 km sq, the ninth largest state in Nigeria, with
a total population of 2.37 million people based on the Nigeria
2006 census and constitute about 1.69% of the Nation’s total
population (Census, 2006). The state borders Niger and Kebbi
States in the north, Republic of Benin to the west, Kogi State
to the east and Osun, Oyo and Ekiti States in the south (Nigeria
master web).
Sampling: A total of 206 samples from blood units donated at
the Ilorin General Hospital blood transfusion centre, Ilorin,
Kwara State, Nigeria (male/female: 196/10) were purposively
included in the present study. As a routine, the blood bank
screens for HBsAg using a commercially available rapid
screening test kit (Micropoint Diagnostics, USA). HBsAg
negative blood donors were prescreened for HIV status by
ELISA in addition, aliquot of each prescreened blood units
was collected and transferred into labelled sterile
anticoagulant free tubes and each tube was centrifuged at
3500rpm for 5 mins within 24hours of collection. The plasma
was separated from the whole blood and stored at -80°C until
analysed.
Serological analysis: The 206 samples collected were retested
for presence of HBsAg using commercially available ELISA
kit (WANTAI HBV Surface Antigen; Beijing Wantai
Biological Pharmacy Enterprise CO., Ltd; China) following
the manufacturer’s instructions.
Detection of HBV-DNA: DNA was extracted from each of
the 206 blood samples using the guanidium thiocyanate
extraction method (Manzin et al., 1991) and detection of
HBV-DNA was done by a routine diagnostic PCR in the the
department of virology, University of Ibadan HBV laboratory.
A semi- nested PCR was performed using a pair of primers
(Forward and Reverse) for the first round while the forward
primer was changed in the second round of PCR amplification.
The primers used are: SF 5’- GTGTCTTGGCCA
AAATTCGCAGT-3’ (sense),
MF -5’-TCGGATCCGGTA
TGTTGCCCGTTTGTCC-3’ (sense), and 979,5’CAAAAG
ACCCACAATTCTTTGACATACTTTCCAAT-3’ (antisense).

MF and 979 amplified a 562 bp DNA fragment from the first
round product. Thermal cycling parameters were: initial
denaturation at 95°C for 5 minutes, followed by 40 cycles of
30 seconds at 95°C denaturation, 60 seconds at 62°C annealing
temperature, 90 seconds at 72°C extension and 10 minutes at
72°C for the final extension of the reaction process. Thermal
cycling parameters for the initial denaturation, pre and final
extension of the second run remained unaltered but the
annealing condition; denaturation time as well as the number
of cycles was adjusted to 63°C for 20 seconds, 20 seconds and
30 cycles respectively. Furthermore, a positive control (HBV
plasmid DNA) and a negative control of the master mix were
integrated to each run to validate the PCR amplification
products.
Genotyping of Hepatitis B Virus: Genotyping of the HBV
DNA samples was carried out using specific primers PC1,
rvA, rvnonA and fw1865 for amplification of the preC/C
region. The primers used for genotyping (rvA and rvnonA)
were designed based on the 6-nucleotide insertion detected in
HBV/A. These 6-nucleotides were distinguished for the
designing of the primer rvA while the primer rvnonA is
specific for any HBV that is not genotype A and anneals to it
(Olinger et al., 2006). The reaction is a semi-nested one. The
nucleotide sequences of the primers are: PCI (5’GGAGACCACCGTGAACGC-3’),
rvA
(5’-TTCTTC
TTCTAGGGGACCTGCCTCAGTCC-3’) rvnonA (5’-TTCT
TCTTCTAGGGGACCTGCCTCATCGT-3’) and fw1865
(5’-CAAGCCTCCAAGCTGTGCCTTGGGTGGCCTT-3’).
A 25.0µl reaction containing 5.0µl of Jena PCR mix, 1.0 µl
each of primers PC1 as forward and rvA/rvnonA as reverse
primers, 12.0µl of PCR buffer and 6.0µl of the extracted DNA
as template were used for the PCR. The reaction led to
amplification of a larger fragment of the preC/C gene (768bp)
which was used as a template for the second round. The
forward primer PC1 was replaced with fw1865 and a 25.0 µl
reaction containing 5.0 µl PCR mix, 1.0 µl each of primers
fw1865 as forward and rvA/rvnonA reverse primers, 16.0µl of
PCR buffer and 2.0µl of the amplified DNA template for the
PCR and amplified on Applied Biosystem Veriti TM 9700
Thermal Cycler. Primers fw1865 and rvA/rvnonA amplified a
513bp DNA fragment from the first round product. The
thermal cycling parameters for the first and second run were
the same except for the annealing temperature of the second
run set at 70°C, other parameters remained the same with
initial denaturation at 95°C for 5 minutes, followed by 30
cycles of 60 seconds at 95°C denaturation, 60 seconds at 60°C
annealing temperature, 2 minutes at 72°C extension and 10
minutes at 72°C for the final extension of the reaction process.
The amplified products were separated in a 1.5% agarose gel
and visualized by staining with Cyber green. A positive
control (HBV plasmid DNA) and a negative control of the
master mix were included in each run to validate the PCR
reaction.

Statistical analysis:
PCR amplification was carried out in a 25µl reaction volume Data were entered into an Excel software and analysed using
containing 5µl PCR mix (Jena Bioscience; Germany), 2.0µl the Statistical Package for Social Sciences (SPSS) programme
each of primers SF and 979, 10.0µl of PCR grade water and version 21 (Chicago, IL, USA). Analyses were carried out
6.0µl of the extracted DNA as template for the synthesis. The using descriptive statistics for continuous variables while
amplified fragment of the Pol gene was then used as a template differences and relationships were determined using
for the second run at 4.0µl volume, 5.0 µl PCR mix, 2.0µl each Chi‑square test where applicable and a P < 0.05 was regarded
of primers MF and 979, and12.0µl of PCR buffer and set in a as significant.
Applied Biosystem Veriti TM 9700 Thermal Cycler. Primers
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RESULTS
Of the 206 HBsAg blood donor samples that were prescreened and said to be HBV free, 8 (3.9%) tested positive for
HBsAg when retested using another ELISA in the laboratory,
while 18 (8.7%) of the 206 samples were HBV-DNA positive
by a semi-nested PCR using HBV specific primer pairs (Table
1). Comparison of rates of detection of evidence of HBV
infection based on the methods used for detection showed a
statistically significant difference in the sensitivity of the assay
(P = 0.003).
Of the 18 positive HBV-DNA samples 17 (94.4%) were
males and one (5.6%) was a female donor. There was no
significant association between OBI and gender. Figure 1
shows the gel picture of PCR products with the expected band
size of 562 bp of fragment of the pol gene amplified.

Figure 3: Gel image of PCR product for the genotyping of HBV (pre
C/C gene of HBV / non A) (Band size = 513bp).
Lanes: 28 – 29 are positive samples for HBV genotype Non A, PC
is Positive Control, NC is
Negative Control and LAD is the
Ladder

Table 1:
HBV markers detection among volunteer blood donors by
gender in Ilorin, Nigeria.
Gender
Male

Female

≤ 25

10 (5.1)

0 (0.0)

>25

186 (94.9)

10
(100.0)

HBV test Result
Positive (%)

22 (11.2)

1 (10.0)

Negative (%)

174 (88.8)

9 (90.0)

χ2

P

0.464

0.601

0.014

0.905

1.053

0.305

0.021

0.885

Age (Years)

Figure 1:
Gel picture of PCR product showing amplification of fragment HBV
pol gene (Band size= 562bp).
Lanes: 70 – 72 are empty wells, 73 – 74 are samples positive for
HBV pol gene, PC is Positive Control, NC is Negative Control and
LAD is the Ladder.

ELISA test results
Positive (%)
7 (3.6)

1 (10.0)

Negative (%)

189 (96.4)

9 (90.0)

PCR test Result
Positive (%)
Negative (%)

17 (8.7)
179 (91.3)

1 (10.0)
9 (90.0)

Genotype Result
rvA
rv non A
rvA/non A

15 (83.3)
1 (5.6)
1 (5.6)

0 (0.0)
1 (5.6)
0 (0.0)

DISCUSSION
The emergence of mutants of HBV and the need for early
diagnosis of infection with the virus requires improvement of
currently available immunoassays (Erhabor et al., 2014). High
prevalence of OBI in high and low endemic areas worldwide
is a general burden particularly for tranfussion safety and
Genotyping of the OBI samples using genotype specific management of infected persons. The results obtained from
primers with detectable HBV DNA showed that 15 (83.3%) of this study showed that the rate of HBsAg in Nigeria is high
the 18 OBI positive samples were HBV genotype A, 2 (11.1%) which agrees with previous reports that the virus endemic in
were HBV genotypes other than A (Non-A), while one (5.6%) the country (Hodges et al., 1998). The sero-positivity of
sample had mixed HBV genotypes (A and non A).
HBsAg (87%) found in this study is in accordance with the
Figures 2 and 3 show the gel pictures of product of PCR findings in other studies in Nigeria and other sub-Saharan
amplification fragment of HBV DNA for the genotyping of African Countries. In a similar study Nna et al., (2014),
preC/C gene of HBV/A and HBV/non A respectively. The reported a prevalence of 11.5% among blood donors in southhighest rate of occurrence of the OBI was found among donors eastern Nigeria while Motayo et al. (2015) found 10% in parts
who were in the age group of 25-36 years.
of southwestern part of the country. Fashola et al. (2009)
reported 13.2% in Ibadan, southwestern Nigeria. In other
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Figure 2: Gel image of PCR product for the genotyping of HBV (pre
C/C gene of HBV/A) (Band size = 513bp).
Lanes: 1 – 5 are samples positive for HBV genotype A, PC is
Positive Control, NC is Negative Control and LAD is the Ladder.
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studies, Esumeh et al. (2003) reported 10.6% from the southsouth region of Nigeria and 9% by Erhabor et al. (2014) from
Sokoto, in northwestern Nigeria. On the other hand, Salihu
(2013) and Olokoba et al. (2009) reported 4.7% and 2.4% from
Lagos and Yola respectively.
the sub-Saharan Africa,
Nigeria has HBV infection rate that is similar to the situation
in some neighboring countries such as Ghana (5-10%),
Cameroon (8-20%), Benin (12%) and Chad (12%) (Dongdem
et al., 2009; Fomulu et al., 2013; WHO, 2006). South Africa
has a prevalence of about 10%, Tanzania, Burkina Faso, South
Sudan, and Eritrea have 8.3%, 13.4%, 6.25% and 10%
infection rate respectively (Muktar et al., 2005, Nagalo et al.,
2012, Abou et al., 2009, Fessehayle et al., 2011). The
disparities observed in the prevalence may be due to variation
in lifestyle, behavioral changes, level of awareness about HBV
as well as access to standard healthcare systems within the
country (Nwokediuko, 2011; Setia et al., 2013).
Global studies on OBI have shown varied rates, depending on
the population studied, demography, and sensitivity of assays
used (Chemin and Trepo. 2005; Hisham et al. 2010). Ola et al.
(2009) reported 7.2% amongst patients with viral hepatitis
while Opaleye et al. (2014) reported 11.2% among HIV
infected patients and recently a rate of 17% among blood
donors in Nigeria (Opaleye et al., 2015). The high prevalence
of OBI observed in this study further underscores the fact that
HBV is still endemic in Nigeria
Detection of HBV was higher when PCR was used
compared to the ELISA techniques (18% versus 5%). This
indicates that PCR technique is more sensitive than ELISA
especially for the detection of OBI (Mekuria et al., 2003;
Hairul Aini et al., 2008). Testing of blood donors for HBV
infection in most blood banks in Nigeria still utilizes only
rapid diagnostic kits, safety of which previous reports have
questioned especially when used as a sole assay for the
diagnosis of HBV for transfusion safety (Moore C., 2013;
Susmita et al., 2012). The results of this study has also shown
that rapid tests are inferior compared to ELISA and PCR
methods and this is consistent with previous report by Busch
(2004). There is therefore need to use a combination of HBsAg
rapid test along with ELISA and NAT for screening of donors
blood because the present situation with high possibility of
transfusion of infected blood have far-reaching consequences,
not only to the recipients but also their families, communities
and society at large (Iqbal et al., 2005). Although the presence
of HBsAg in the blood indicates acute or chronic infection,
patients with detectable HBSAg in their blood but
undetectable HBV DNA could be inactive HBV carriers
(Odaibo et al., 2013).
The majority of volunteer blood donors in this study were
young adult males; 196 (95.1%) out of 206 were less than 36
years. This pattern is in agreement with some previous reports
on the rate of HBV infection among volunteer donors in
Nigeria (Motayo et al., 2015 ; Musa et al., (2015). Several
reasons have been offered for this pattern which include
altruism, social influence and fear about giving blood among
women but not men (Healy, 2000; Ferguson et al., 2008). On
the other hand, the believe that blood donation is beneficial to
health has been reported to be twice as high a motivation for
donating blood among men compared to women (Glynn et al.,
2002). Furthermore, adverse reactions and advice to female
not to donate blood (during their menstrual period or
pregnancy) by Doctors has also been offered as a reason for
the poor attitude to donation. Untoward reactions, vasovagal
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reactions, perceived anxiety, nausea, arm pain, haematoma
and bruises coupled with dizziness, sweating, weakness and
fainting which may occur during or immediately after the
donation of whole blood have been reported to be more
frequent among females than their male counterparts
(Newman et al.,2003; Newman et al., 2006; Trouern-Trend et
al., 1999; Hinrichs et al., 2008; Nilsson et al., 2003).
Typing of the 18 samples that had detectable HBV DNA
indicate occurrence of, genotypes HBV/A, HBV/non-A and
HBV A/non-A at a rate of 83.3%, 11.1% and 5.6%
respectively. This funding contrasts previous reports
(Odemuyiwa et al., 2001; Mulders et al., 2004; Olinger, 2006;
Forbi et al., 2010; Opaleye et al., 2015) in Nigeria. that
showed that HBV subgenotype A2, A3 and the recombinants
of genotypes A and E were observed were frequently in West
Africa (Makuwa et al., 2006; Kurbanov et al., 2005).
Therefore, further studies are needed on large scale to
determine the circulating genotypes among volunteer blood
donors in Nigeria.
Primer specific typing or molecular sequencing can be
used to ascertain the specific HBV genotypes (B-J). Only one
of the samples which had detectable HBV DNA was a mixed
genotype HBV A/non A. Mixed genotypes are more
frequently encountered in patients with chronic hepatitis
compared to acute hepatitis which has been associated with
increased HBV replication (Toan et al., 2006). HBV genetic
variability has implications in the diagnosis, HBeAg
seroconversion rate, treatment, vaccination, vaccine escape
mutants, prognosis, occult infection (Guettouche and
Hnatyszyn, 2005; Sunbul, 2014). The findings from a study
conducted by Kew et al., (2005) indicate that the relative risk
of developing hepatocellular carcinoma in HBsAg-positive
individuals infected with HBV/A is 4.5 times when compared
with other genotypes.
In conclusion, careful implementation of HBsAg
screening as well as HBV NAT donor blood screening can
result in reduction of HBV residual risk and occult infection.
With endemicity of HBV in Nigeria and prevalence of OBI at
8.7% found in this study, it is imperative that screening
algorithms of blood donors or blood units for transfusion be
enhanced by pretesting for OBI using nucleic acid testing
(NAT) and/or anti HBc prior to transfusion to minimize the
HBV infection risk. The results of this study further justify the
need for use of highly sensitive assays for transfusion safety in
HBV endemic countries including Nigeria. It is therefore
proposed that use of rapid test kits should be validated with
ELISA assays in routine screening for HBV in transfusion
centres in the country. Also, samples of blood units should be
tested for OBI status using NATs such as nested PCR or real
time PCR and/or at least by anti-HBc screening prior to
transfusion thereby minimizing the risk of acquiring HBV
infection by transfused individuals.
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