Occult hepatitis B infection among blood donors from Yaoundé, Cameroon
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Background. In Cameroon, the prevention of hepatitis B virus (HBV) transmission by blood
transfusion is still only based on hepatitis B surface antigen (HBsAg) screening. However, occult
HBYV infection (OBI) characterised by the absence of detectable HBsAg and low level of viral DNA
remains a potential threat for blood safety. The prevalence of OBI was investigated in blood donors
from Yaoundé to provide evidence-based recommendations to improve HBV blood safety.

Material and methods. Blood donations from August 1%, 2016 to March 31, 2017 were routinely
screened for HBV, human immunodeficiency virus (HIV), and hepatitis C virus (HCV) infections
(Murex HBsAg Version 3, Murex HIV Ag/Ab Combination, and Murex HCV Ag/Ab Combination
[DiaSorin]). Additional HBV investigations were performed, including hepatitis B core antibody
([HBc] Monolisa Anti-HBc PLUS; BIO-RAD) and HBV DNA tested in minipools of two samples
using the quantitative Cobas Tagman HBV assay (Roche; LoQ: 6 IU/mL) and HBV DNA genotyping
by sequencing.

Results. Of 1,162 donations analysed, 91 (7.8%) were reactive for HBsAg. All of them were also
anti-HBc positive. Among the 1,071 HBsAg negative samples, 522 (48.7%) were reactive for anti-
HBec. Six (0.56% of all donations) samples fulfilled the consensus definition of OBI and showed low
HBYV DNA loads (all <6 IU/mL). Following nested polymerase chain reaction amplifications, HBV
DNA sequences were obtained for 4 of these samples (1 nearly whole genome [3123 nt], 2 Pre-S/S
regions [1,356 nt], and 1 S region [445 nt]). Phylogenetic analysis identified genotype E in all samples.

Discussion. Around 1 in 100 Cameroonian blood donors screened who resulted HBsAg negative
and anti-HBc positive carried occult HBV infection. HBsAg alone for screening prospective donors
is not sufficient to eliminate the risk of HBV transfusion transmission in Cameroon, and because
anti-HBc screening does not seem to be feasible without compromising blood supply, implementation

of HBV nucleic acid testing could be considered when possible.
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Introduction

Hepatitis B virus (HBV) is an enveloped DNA
virus belonging to the Hepadnaviridae family'. The
virus is responsible for the fact that chronic hepatitis B
represents a major global health problem with more than
240 million chronically infected persons worldwide,
particularly in low- and middle-income countries
(LMICs)?. HBV infection remains the most common
viral infection transmitted by blood transfusion®.
Over the past decades, the risk of HBV transfusion
transmission has been steadily reduced through the
recruitment of volunteer donors, the selection of donors
based on behavioural-risk assessment, the development

of increasingly more sensitive hepatitis B antigen
(HBsAg) assays, and, in some countries, the use of
hepatitis B core antibody (anti-HBc) screening and HBV
nucleic acid testing (NAT)!.

Occult HBV infection (OBI) is defined by detectable
low level of HBV DNA (<200 IU/mL) in liver or
serum with undetectable HBsAg and with/without anti-
HBc or anti-HBs, excluding the pre-seroconversion
window period (WP). The molecular basis of OBI
is the persistence of covalently closed circular DNA
(cccDNA) in the cell*. OBI has been reported among
healthy asymptomatic blood donors, patients with
chronic liver disease, and patients with hepatocellular
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carcinoma’. The prevalence of OBI tends to be higher
in regions with high HBV endemicity®.

In Cameroon, as in most developing countries,
screening for HBV among blood donors and patients
relies only on serological detection of HBsAg’. In
the absence of anti-HBc testing, blood transfusion
carries the risk of transmitting HBV infection from
donors with OBI®°. Besides the cost, that is not always
affordable by LMICs, HBV-DNA detection by NAT
has been proven to be a reliable preventive measure
against HBV transmission from donors with OBI*. In
Cameroon, the only data on OBI have been reported
in human immunodeficiency virus (HIV) positive
patients showing prevalence rates between 5.9 and
6.9%!"%!" Therefore, in order to provide evidence-based
recommendations to improve HBV blood safety, a study
was carried out to establish OBI prevalence in blood
donors from Yaoundé, Cameroon.

Materials and methods
Samples

A total of 1,162 blood donors were included
consecutively in the study at the Blood Bank of the
Yaoundé University Teaching Hospital (YUTH),
Cameroon. Two 1 mL aliquots of serum were obtained
from each donor sample. These were stored at —20°C,
and later transported under appropriate conditions to
the National Reference Centre (NRC) for Infectious
Risks in Blood Transfusion of the National Institute of
Blood Transfusion in Paris, France, where further HBV
investigations were performed. Prior to recruitment at
the Blood Bank of the YUTH, we received research
authorisation from the General Manager of the YUTH
and ethical clearance from the Regional Ethical
Committee in Yaoundé. Each participant was informed
about the study through an information leaflet and was
invited to sign a consent form. Furthermore, to collect
information on demographics, each blood donor was
asked to fill in a questionnaire as per routine practice.
Before the samples were transported for serological
and molecular biology testing in France, the research
authorisation of the French Ministry of Health was
obtained by the National Reference Center for Infectious
Risks in Blood Transfusion, Paris, France.

Blood donation testing

Donations were screened routinely for HBV, HIV
and hepatitis C virus (HCV) infections in the blood
bank of YUTH using the Murex® HBsAg Version
3, Murex® HIV Ag/Ab Combination, and Murex®
HCV Ag/Ab Combination (DiaSorin SpA, Saluggia,
Italy), respectively. Additional testing performed at
the National Institute of Blood Transfusion in Paris,
France, included anti-HBc (Monolisa™ Anti-HBc
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PLUS; Biorad, Marnes-la-Coquette, France) and HBV
DNA in minipools of two samples (MP-2) using the
quantitative Cobas® Tagman® HBV assay (Roche
Diagnostics; Meylan, France; 95% LOQ of 6 IU/mL).
When positive, minipools were resolved by testing each
individual sample in the pool with the same NAT assay.

Hepatitis B virus DNA analysis

The nearly whole genome (3,123 nt), and the Pre-
S/S (1,356 nt) and S (445 nt) regions of HBV were
amplified by nested PCR as previously described!?.
Amplified products were purified and directly sequenced
using the Sanger method (GATC Eurofins Biotech,
Constance, Germany). Multiple S sequence alignment
and phylogenetic analysis were performed as previously
described'. The Viral Epidemiology Signature pattern
Analysis programme'#was used to compare the deduced
amino acid sequences obtained in this study with 66 and
70 corresponding sequences obtained from genotype
E-infected HbsAg-positive blood donors collected in
France and Guinea, respectively!>16.

Statistical analysis

The Statistical Package of Social Sciences (IBM
SPSS® Statistics, Armonk, NY, USA) version 21 was used
in statistical analysis. Cross tabulation and ¥ test were
used to detect the significant differences between HBV
parameters (HBsAg, anti-hepatitis B virus core antibody
[HBcAb], HBV DNA) and the donor characteristics
(gender, age groups and donor type). p<0.05 was
considered statistically significant.

Results

Blood donors included in the study were 1,002
males (86.2%) and 160 females (13.7%) with a mean
age of 29.24 years (standard deviation [SD]=8.21). The
distribution of voluntary and family donors was 328
(28.2%) and 834 (71.8%), respectively.

Of these 1,162 donors, 91 (7.8%) tested HbsAg
positive. All HbsAg positive samples and 522 (48.7%)
out of 1,071 HbsAg negative samples were reactive for
HBcAD (Figure 1). Repeat testing to confirm HBcAb
reactivity was not possible due to limitations of sample
volume. There was no relationship between the presence
of HBsAg and demographic characteristics (age, gender
and donor type). In contrast, HBcAb reactivity was
significantly associated with age (p=0.0001) (Table I).

Hepatitis B virus DNA was tested in the 522
HBsAg /HBcAb* donors by using MP-2 NAT and 6
out of 255 (2.3%) mini-pools were found reactive.
Pool resolution identified 6 HBV DNA reactive
samples (one reactive in each initially reactive pool)
with individual HBV DNA load <6 IU/mL that were
classified as OBI. Five were males, aged 33-40 years
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Figure 1 - Flow chart of serological and molecular investigations of hepatitis B in blood donations collected at the
University Teaching Hospital Blood Service, Yaoundé, Cameroon.

Table I - Demographic and viral characteristics of 1,162 Cameroonian blood donors at the Yaoundé University
Teaching Hospital in 2017.

Characteristics HBsAg HBcAb HBV DNA

Tested Positive Tested Positive Tested Positive
N donors 1,162 91 (7.8%) 1,0712 522 (48.7%) 5220 6 (1.1%)
Gender
Male 1,002 (86.2%) 81 (8.1%) 921 (86.0%) 455 (49.4%) 455 (87.2%) 5(1.1%)
Female 160 (13.8%) 10 (6.3%) 150 (14%) 67 (44.7%) 67 (12.8%) 1(1.5%)
p-value NS NS NA4*?
Donor type
Benevolent 328 (28.2%) 25 (7.6%) 303 (28.3%) 133 (43.9%) 133 (25.5%) 0(-)
Family 834 (71.8%) 66 (7.9%) 768 (71.7%) 389 (50.7%) 389 (74.5%) 6 (1.5%)
p-value NS NS NA
Age groups (years)
18-20 98 (8.4%) 9 (9.2%) 89 (8.3%) 34 (38.2%) 34 (6.5%) 0(-)
21-30 662 (57.0%) 51(7.7%) 611 (57.1%) 275 (45.0%) 275 (52.7%) 1(0.4%)
31-40 274 (23.6%) 21 (7.7%) 253 (23.6%) 144 (56.9%) 144 (27.6%) 5(3.5%)
41-50 98 (8.4%) 10 (10.2%) 88 (8.2%) 48 (55.0%) 48 (9.2%) 0(-)
51-60 28 (2.4%) 0(-) 28 (2.6%) 21 (75.0%) 21 (4.0%) 0(-)
61-65 2 (0.2%) 0(-) 2 (0.2%) 0(-) 0(-) 0(-)
p-value NS 0.0001 NA

HBsAg: hepatitis B antigen; HBcAb: anti-hepatitis B virus core antibody; HBV DNA: hepatitis B virus deoxyriboinucleic acid; NS: not significant;
NA: not applicable. *Only HBsAg negative samples were tested; bOnly HBCcAD positive samples were tested.
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Figure 2 - Phylogenetic tree of Cameroonian occult hepatitis B virus (HBV) infection
(OBJI) strains based on partial S sequences (445 nt).
Phylogenetic analysis was performed with the neighbour-joining algorithm based
on Kimura two-parameter distance estimation method. Only bootstrap values
>75% are shown (1,000 replicates). Cameroonian sequences are identified by a
black dot and HBV reference sequences of genotypes/subgenotypes Al-4, B, C,
D, E, F, G, and H are identified by their GenBank accession numbers.

old, and one was a 30-year old female. Mean age of OBI
carriers (35 years) was higher than those of HBsAg positive
(28.5 years) and non-infected donors (28 years) (p=0.7)
but not significantly different compared to HBcAb positive
only donors (30.6 years). All were family donors and none
were infected with HCV or HIV. Nested PCR products and
the corresponding sequences were obtained for four OBI
samples (1 whole genome, 2 Pre-S/S, and 1 S) definitively
confirming OBI carriage. Phylogenetic analysis identified
genotype E in all OBI samples (Figure 2). OBI sequences
were compared to 66 and 70 sequences obtained from
HBYV genotype E-infected HBsAg-positive blood donors
collected in France and Guinea, respectively. No OBI-
specific mutation was observed within the S (4 strains) or
Core (1 strain). In the Pol region, sample CA0312 showed
two unusual amino acid substitutions (V518A and A731G)
within the catalytic area of the RT/polymerase.

Discussion
Overall, 52.7% (613 of 1,162) of blood donors in
Yaoundé¢, Cameroon, had serological markers of HBV

active or past infection. This study reports a very high
prevalence of HBsAg carriers (approximately 8%),
which confirms that hepatitis B infection is still a major
problem in the region. But this prevalence was lower
than the overall prevalence of 10.5% (95% CI: 8.7-
12.4) recently reported in a meta-analysis of 12 studies
conducted in Cameroonian blood donors between 2001
and 2016’. Difference may be related to the medical
selection procedure of blood donors at the YUTH Blood
Bank and the evolution of the methodologies used over
the 15-year period and/or to regional variations in HBV
seroprevalence’.

In the present study, the prevalence of occult HBV
carriage was 1.1% (6 of 522) in HbcAb positive donors
suggesting an estimated 0.52% (6 of 1,162) prevalence
in the total blood donor population of Yaoundé. After
elimination of 91 donors who tested HBsAg positive, the
potential infectivity of OBI" donations can be estimated
at 0.56% (6 of 1,071). These frequencies are significantly
lower than data collected in West and East Africa that
showed OBI prevalence of 4.6-17% in selected cohorts
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of HBsAg-negative donors and 1.5-1.7% in the general
blood donor populations'”'°. Nevertheless, OBI
prevalence also remained lower than that recently
reported in HIV co-infected Cameroonian patients
(5.9-6.9%)'%"1. The heterogeneity of data between
studies may be explained by differences in the
methods and the strategy used. In the present study,
HBYV DNA was tested in minipools of two samples in
a selected subset of the donor population. The dilution
introduced by pooling may affect the efficiency of
DNA testing, as suggested by the extremely low
viral DNA loads (<6 IU/mL) observed in all OBI
samples. Strong suppression of viral replication and
gene expression may have resulted from the host
immune responses. But it could also be due to viral
characteristics (e.g., genotype E)?° and/or to assay
performance?!.

In the present study, HBV DNA was not
investigated in HBcAb-negative donors and a possible
underestimation of the number of HBV DNA carriers
cannot be ruled out. Cameroonian OBI donors were
predominantly males with a mean age of 35 years,
and were infected with HBV genotype E (HBV)).
Genotype E is the most prevalent genotype in western
Africa throughout the crescent from Mauritania
to Namibia??. In Cameroon, HBV genotype A was
also prevalent in particular populations including
Pygmies, Bantus, and HIV-infected individuals®>?3.
However, the age distribution in Cameroonian OBI
donors was similar to that observed in South African
OBI donors infected with genotype Al (30-40
years)?!. Occurrence of OBI at a younger age does
not seem to be related to any particular African HBV
genotype but rather to the specificity of the natural
history of HBV infection in sub-Saharan Africa that
includes mainly horizontal but also vertical transmission
in early childhood?.

The analysis of the limited number of HBV sequences
available showed a very limited genetic variability in the
OBI strains, similar to that usually observed in non-OBI
genotype E strains!'>!3.

In particular, the S protein was similar to comparison
sequences from genotype E-infected HBsAg-positive
chronic carrier blood donors. The host immune pressure
did not seem to play a major role in the occurrence of
OBI in these HBV -infected donors. However, this
analysis is limited by the absence of anti-HBs antibody
testing. Many different mechanisms are potentially
associated with OBI?. It is tempting to hypothesize
that the presence of the unusual V518A and A731G
amino acid substitutions within the catalytic area of the
RT/polymerase may affect the efficiency of the viral
replication, leading to an OBI phenotype. However,
further functional analyses are needed to explore this.
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Nucleic acid testing for HBV DNA reduces the risk
of HBV transfusion-transmission by detecting OBI as
well as acute WP infections?'. According to the present
data, the implementation of HBV NAT at the Yaoundé
University Teaching Hospital Blood Bank may intercept
at least 52 HBV-infected donations per 10,000 donations.
However, the implementation of viral nucleic acid
testing is still challenging for low-income countries
like Cameroon due to its considerable cost, the limited
logistical resources available, and the few adequately
trained staff. HBcADb testing might be a potentially
affordable alternative for low-income countries, despite
the fact it cannot detect WP infections®. In addition,
the yield of HBcAb in negative HBsAg Cameroonian
donors was 48.7%. Despite the lack of confirmatory
testing in the present study, this was similar to the 35.1%
and 48.4% values reported previously in Ghanaian
donors under 20 years of age and older than 40 years,
respectively?’. In contrast, lower HBcAb reactivity rates
have been observed in Sudanese (33%) and Egyptian
(8%) donors'*2%?°_ Therefore, the introduction of HBcAb
screening in the Yaound¢ Blood Bank would cause a
significant shortage in the blood supply.

In summary, HBsAg screening alone is not
sufficient to eliminate the risk of HBV transfusion-
transmission in Cameroon. Anti-HBc screening
does not seem to be feasible without compromising
blood supply and implementation of HBV nucleic
acid testing might be considered. However, further
studies are needed for a more precise evaluation
of the prevalence of HBV DNA in the total blood
donor population, the cost-effectiveness, and the
specific feasibility issues before considering NAT
implementation in Cameroon.

Conclusions

In summary, this study provides clear evidence
of OBI infection in blood donors at the Yaoundé
University Teaching Hospital, Cameroon. HBV was
confirmed highly endemic in Cameroon. More than
50% of blood donors were anti-HBc positive. Around
1 in 100 Cameroonian blood donors screened who
tested HBsAg negative and anti-HBc positive carried
occult HBV infection. HBsAg alone for screening
prospective donors is not sufficient to eliminate the
risk of HBV transfusion-transmission in Cameroon,
and because anti-HBc screening does not seem to
be feasible without compromising blood supply,
implementation of HBV nucleic acid testing could
be considered when possible. Introducing HBV NAT
would certainly reduce transfusion transmitted cases,
but the overall impact in limiting HBV epidemic in
Cameroon is expected to be negligible in the absence
of effective vaccination and treatment campaigns.
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