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Abstract

Background: A major risk during blood transfusion is the transmission of infectious agents such as Hepatitis B virus (HBV). Screen-
ing for anti-HBc antibodies has long been used to test HBV infection and thus, blood safety. However, the development of advanced
tools enabling HBV-DNA detection rendered the diagnostic benefit of anti-HBc test uncertain.
Objectives: In this study, we aimed to evaluate the relationship between HBV-DNA, anti-HBs, and anti-HBc loads.
Methods: Sera of 7200 blood donors were first screened for HBs antigen (HBsAg) and anti-HBc antibody. Samples that were found
to be HBsAg-negative but anti-HBc-positive were further tested for anti-HBs and HBV-DNA.
Results: Of the 7200 tested samples, 7143 (99.2%) were HBsAg-negative, while the remaining 57 (0.8%) samples were HBsAg-positive.
Among the HBsAg-negative samples, 490 (6.8%) were anti-HBc-positive. Of the anti-HBc positive samples, 397 (81%) were anti-HBs-
positive, while the remaining 93 (19%) samples were anti-HBs-negative. Interestingly, all of the anti-HBc positive samples, which
also were positive for anti-HBs, exhibited negative HBV-DNA results. On the other hand, the anti-HBc positive samples, which were
negative for anti-HBs, showed both negative and positive HBV-DNA results.
Conclusions: Blood samples which are positive for both anti-HBc and anti-HBs are characterized by negative HBV load.
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1. Background

Hepatitis B virus (HBV) infection is a serious global pub-
lic health issue and the 10th leading cause of mortality,
worldwide, with more than 1 million annual deaths (1, 2).
Infection with HBV can be diagnosed either after develop-
ing hepatitis-related symptoms or following routine blood
testing. During the acute phase of infection, IgM antibod-
ies against the Hepatitis B core antigen (HBcAg) predom-
inate. As infection evolves, IgM anti-HBc declines in titer,
while IgG anti-HBc can persist for many years (3, 4). Accord-
ingly, anti-HBc is considered as a major serological marker
for HBV infection (5). Positivity for both anti-HBc and HB-
sAg (Hepatitis B surface antigen) indicates ongoing infec-
tion (6), while antibody response against HBsAg (anti-HBs)
appears only during the late phase of infection (6). Screen-
ing for serum HBsAg is widely used as a major test for HBV
infection. Although HBsAg disappearance was long consid-
ered as an indication of HBV clearance and infection elim-
ination, nowadays, it is well established that HBsAg might
not be detected in the serum of even infected patients (7).
This can be explained by either infection chronicity where

HBsAg levels are maintained below the detection limit or
relative HBsAg synthesis downregulation (8, 9). Notewor-
thy, some HBsAg-negative but anti-HBc-positive individu-
als, as in the case of OBI (occult hepatitis B infection), are
characterized by continuous HBV replication (10, 11), indi-
cating that the absence of HBsAg in blood of putatively
healthy individuals could not serve as a marker for the ab-
sence of circulating HBV. Moreover, as anti-HBc can per-
sist for many years, even after total recovery of the patient,
anti-HBc screening test, being implemented in some coun-
tries such as Lebanon, in order to decrease the risk of post-
blood transfusion HBV infection, might give false positive
results regarding the actual state of the individual and
thus, leading to high discard rate of blood units.

2. Objectives

Aiming at identifying an easy and reliable strategy that
would enable the specification of blood safety, we eval-
uated, in this study, the prevalence of HBV-DNA in cor-
relation with the presence of anti-HBc and anti-HBs in
Lebanese blood donors. Our results identified the absence
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of HBV-DNA in all donors which are simultaneously posi-
tive for anti-HBc and anti-HBs antibodies. Our data indi-
cate that screening anti-HBc positive samples for anti-HBs
is highly beneficial for determining blood safety and avoid-
ing loss of precious blood samples during blood transfu-
sion.

3. Methods

In order to ensure the blood supply as safe as possi-
ble, all donors were screened to meet certain eligibility cri-
teria where the donor must be at least 17 years old, with
a pulse of 50 - 100 beats per minute (no abnormalities),
body temperature of ≤ 37.5ºC (orally), body weight of > 50
Kg, hemoglobin level of ≥ 12.5 g/dL, hematocrit of ≥ 38%,
and blood Pressure of: ≤ 180 mm Hg systolic and ≤ 100
mmHg diastolic. Moreover, infectious disease screening
tests for HBsAg, anti-HBc, anti-HCV (Hepatitis C virus), HIV-
1 (Human immunodeficiency virus-1), and HIV-2 antibod-
ies as well as Venereal Disease Research Laboratory (VDRL)
serological test for syphilis were carried out for each donor.
The donors were also screened for disease risk factors us-
ing a health history questionnaire where they were asked
specific questions regarding lifestyle, health, medical, and
travel history.

During the time frame of this study (2015), 7200 blood
samples from voluntary anti-HCV- and anti-HIV-negative
blood donors in three different Lebanese governorates
(Mount Lebanon, South, and Beirut) were evaluated for
HBsAg. The number of patients participating from each
of the mentioned governorates was 1320, 3400, and 2480,
respectively. HBsAg-positive donors were excluded and
HBsAg-negative donors were considered for inclusion in
this study. Samples that were found to be anti-HBc positive
were further tested for anti-HBc IgM, anti-HBs, and HBV-
DNA.

3.1. Serology

A 10-ml blood sample was taken from each donor dur-
ing the donation visit, centrifuged, aliquoted, and stored
frozen at -70°C before being shipped to the Laboratory of
Cancer Biology and Molecular Immunology, Faculty of Sci-
ences I, Lebanese University, to be tested for HBV-DNA load.

Screening for HBsAg, anti-HBc, anti-HBc IgM, and anti-
HBs was performed at Raee Hospital by using bioMerieux
VIDAS® system ELFA (Enzyme Linked Fluorescent Assay)
technology, with no carryover risks. Serum anti-HBs titer
> 10 IU/L was considered positive. Relative sensitivity with
VIDAS anti-HBc (Total II ref 30314) is 99.56% (95% confi-
dence interval: 97.46% - 99.9%). Relative specificity of VI-
DAS HBsAg (Ultra ref 30315) is 100.00% as clinical sensitivity

(95% confidence interval: 96.38 % - 100.00%). The diagnos-
tic specificity of VIDAS anti-HBs (Total II ref 30318) is 99.0%
(95% confidence interval: 98.1% - 99.5%).

The diagnostic sensitivity of VIDAS anti-HBs (Total II ref
30318) is 99.0% (95% confidence interval: 98.2% - 99.5%) and
the measurement range (cut-off) is 3-500 mlU/ml. Relative
sensitivity for VIDAS HBc IgM (ref 30439) is 100% (95% confi-
dence interval: 97.98% - 100%) and the measurement range
is 0-200PEIU/ml. Relative specificity for VIDAS HBc IgM II
on a clinical population is 95.50% (95% confidence interval:
92.51% - 97.33%).

3.2. HBV-DNA Detection

Viral DNA extraction from plasma samples was per-
formed using the Exiprep Dx viral DNA/RNA kit (# K-4471
from Bioneer - South Korea) on the Exiprep 16 Dx fully au-
tomated extractor of Bioneer. Then, the 5ul eluted DNA
was added to the lyophilized HBV PCR mix and internal
control (ref. Accu Power HBV quantitative PCR kit #HBV-
1111 from Bioneer; Republic of Korea; Limit of Detection:
9.55 IU/ml (with 95% probability); Limit of Quantifica-
tion: 50 IU/ml), and were then run on the Exicycler 96
real-time PCR machine of Bioneer along with 5 different
standards. Calibration curve was plotted by cycler soft-
ware and concentrations of unknown samples were deter-
mined. Three DNase/RNase free water negative controls,
one non-template control, and five standard positive con-
trols [SPC1, SPC2, SPC3, SPC4, and SPC5 (i.e. standards in-
cluded in the kit) with the concentrations of 103, 104, 105,
106, and 107 copies/reaction, respectively) were added per
run. Strict precautions were followed to avoid possible
contamination. Only the data that were reproducible and
showed no false positive results in the negative controls
were used.

4. Results

A total of 7200 blood samples were collected from vol-
unteer donors. 33%, 45%, and 22% of the donors were in the
age range of 20 - 29, 30 - 39, and 40 - 49 years, respectively
(Figure 1). 98% of the donors were male, 2% were female,
95% were first-time donors, and 5% were regular donors.
The samples were screened for HBsAg and anti-HBc (Figure
2). In total, 99.2% (7143/7200) were HBsAg-negative, while
the remaining 0.8% (57/7200) samples were HBsAg-positive
(Figure 2). In the second step, the HBsAg-negative samples
were screened for the presence of anti-HBc. The anti-HBc
positivity rate was 6.8% (490/7143) (Figure 2). It is notewor-
thy that all the anti-HBc positive samples were negative for
anti-HBc IgM (Table 1), and thus suspected to have OBIs. The
anti-HBc positive samples were then screened for anti-HBs
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positivity/negativity as well as for the presence/absence of
HBV-DNA. Among the tested samples, 81% (397/490) were
positive for anti-HBs and they were all negative for HBV-
DNA (Figure 2 and Table 1). On the other hand, the remain-
ing 19% (93/490) were negative for anti-HBs, whereas HBV-
DNA appeared to be positive in 2.85% (14/93) of this popula-
tion (viral load range: 100 to 300 IU/ml) (Figure 2 and Table
1). In general, these observations demonstrate a direct cor-
relation between the absence of HBV-DNA and the simulta-
neous presence of anti-HBc and anti-HBs antibodies.

Percentage of Blood Donors per Age, %

Pe
rc

en
ta

ge
, %

Age Range
20-29 30-39 40-49

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%
0%

33%

45%

22%

Figure 1. Distribution of Blood Donors by Age

7200 Blood donations

Routine screening for HBsAg, anti-HBc, anti-
HCV, anti-HIV and VDRL

7143 HBsAg negative

490 Anti-HBc positive

397 Anti-HBs positive

Real time PCR

HBV-DNA negative in 
all samples

93 Anti-HBs negative

Real time PCR

HBV-DNA positive in 14 
samples

57 HBsAg positive

Figure 2. Flow Chart of the Laboratory Process During This Study

5. Discussion

Ensuring blood safety is a global issue since blood
transfusion serves as a vital therapy for managing different
medical and surgical conditions where a huge number of

Table 1. Prevalence of Anti-HBs, Anti-HBc IgM, and HBV-DNA Among 490 (HBsAg-
Negative, Anti-HBc-Positive) Blood Donorsa

Prevalence

Anti- HBs

397 (81) positive

93 (19) negative

Anti- HBc IgM

397 (81) negative

93 (19) negative

HBV-DNA

397 (81) negative

14 (2.85) positive

aValue are expressed as N. (%).

lives can be rescued following blood administration. De-
spite that, blood transfusion might represent a major risk
factor for the transmission of different infectious agents
among which is the hepatitis B virus (HBV). Following HBV
infection, antibody responses to different HBV proteins, in-
cluding anti-HBc and anti-HBs, are detected in human sera
(12). Following clearance of transient HBV infection, anti-
HBc level remains high for longer periods than other HBV
markers, thus serving as a universal indicator for HBV in-
fection (13). The “anti-HBc” serological status could be at-
tributed to different parameters among which are: (a) pas-
sive transfer of anti-HBc; (b) a recent HBV infection during
which HBsAg has disappeared, while anti-HBs levels are yet
undetectable; or (c) chronic HBV infection during which
HBsAg is undetectable due to very low viraemia, a clinical
phase recognized as occult HBV infection (14-17). Although
many countries implement an anti-HBc test before blood
transfusion, in an attempt to decrease the risk of HBV trans-
mission, recent studies (18-20) clearly demonstrated an ab-
sence of correlation between anti-HBc positivity and pres-
ence of HBV-DNA, indicating that anti-HBc screening is not
a recommended method to identify HBV infection. For in-
stance, a donor showing positivity for anti-HBc may be a
naïve-HBV carrier i.e. a person with a past history of HBV in-
fection or a carrier of non-detectable levels of HBsAg (14, 17,
21-24). The false positive indications obtained in anti-HBc
test can lead to discard of large quantities of blood units
as well as losing precious blood samples especially those
issued from donors exhibiting rare blood types. More re-
cently, triplex nucleic acid tests (NATs) have been imple-
mented in many countries, including the United States
and China, during blood screening for infectious agents
such as HBV, HCV, and HIV. A major benefit of HBV NAT is
the detection of OBI. Moreover, it has been shown that NAT
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and serological analysis are complementary during detec-
tion of HBV in first-time donors, while NAT is more bene-
ficial in the case of repeat donors (25). Alternatively, this
method is challenged by the different sensitivities of the
existing commercial NAT assay systems (26-28). Nowadays,
different approaches can be conceived to reduce the risk of
transfusion-transmitted HBV. These vary depending on dif-
ferent parameters including: the socioeconomic situation
in a certain country, the prevalence of HBV, and the avail-
ability of certain technical services. Hence, different algo-
rithms can be followed, such as a sole serological screen-
ing for HBsAg, a test for both HBsAg and anti-HBc, NAT ap-
proach, or a combination of serology and NAT. The aim of
the present work was to describe a new strategy that en-
sures blood safety and resolves the problem of false posi-
tive results obtained during anti-HBc screen method. Dur-
ing this study, the observed HBsAg-positivity rate (0.8%)
was comparable to that identified previously in Lebanese
population (0.98% in 1998; 0.75% in 1999; 0.78% in 2000;
0.77% in 2001; 0.66% in 2002, and 0.6% in 2003) (21). The
major output of this study was that HBsAg-negative but
anti-HBc-positive blood samples, identified among 7200
tested samples, were classified into 2 categories. The first
category included anti-HBc positive samples that were pos-
itive for anti-HBs. All Samples belonging to this category
were negative for HBV-DNA. The second category was com-
posed of anti-HBc positive samples that were negative for
anti-HBs. Some of those samples were positive for HBV-DNA
whilst others were negative. Interestingly, our observa-
tions indicated the association of the absence of HBV-DNA
with the simultaneous presence of both anti-HBc and anti-
HBs. Of great importance, our data indicates that a double
anti-HBc and anti-HBs test would be beneficial to ensure
blood safety and avoid loss of blood units. For instance, in-
stead of directly discarding a blood sample showing pos-
itivity for anti-HBc, an additional screen for anti-HBs posi-
tivity will lead to keeping this sample. Hence, our proposed
diagnosis strategy will be highly beneficial at both medical
and socioeconomic levels.
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