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Abstract- Diagnosis of hepatitis B is routinely based on of serological assay of hepatitis B surface
antigen (HBsAg). Occult hepatitis B virus (HBV) infection is generally defined as the detection of HBV
-DNA in the serum or tissues of subjects who have negative test for HBsAg. Transmission of HBV
infection has been documented from HBsAg negative, anti-HBc positive blood and organ donors. The
aim of this study was to determine the rate of occult HBV infection among HBsAg negative and anti-
HBc positive blood donors of Rafsanjan blood transfusion center. Sera from 270 healthy blood donors
who were negative for both HBsAg and anti-HCV, were tested for anti-HBc antibodies by use of
ELISA technique. The samples that were negative for HBsAg but positive for anti-HBc markers also
examined for the presence of HBV-DNA by polymerase chain reaction (PCR). Out of 270 HBsAg
negative blood samples, 14 samples (5.18%) were positive for anti-HBc antibodies. HBV-DNA was
detected in 4/14 (28.57%) of HBsAg negative and anti-HBc positive samples. Moreover, anti-HBs
antibody was detected in 2/4 (50%) of HBV-DNA positive samples. These results indicated that HBV-
DNA found in the majority of HBsAg negative and anti-HBc-positive donors. In addition, the present

study recommend the incorporation of routine anti-HBc screening of blood as a surrogate marker of

occult HBV infection to prevent some transfusion-transmitted HBV infections.
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INTRODUCTION

The risk of transfusion-transmitted HBV
infection has been reduced by screening all blood
donations for HBV surface antigen (HBsAg) since
1970. Although this serologic method reduces
transfusion-transmitted HBYV  infections, some
HBsAg-negative blood samples can still induce post
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transfusional hepatitis in recipients (1).

The frequency of post transfusional HBV
infection is apparently due to the fact that HBsAg is
in circulating at very low and undetectable level for
screening assays, nonetheless, anti-HBc antibody
screening tests are able to eliminate some of these
donor units (2). Occult hepatitis B infection is
defined as the presence of HBV-DNA without
detectable HBsAg with or without anti-HBc or anti-
HBs, outside the pre-seroconversion window period
(3,4). In most cases, occult HBV infection is related
to low level HBV infection with sub-detectable
levels of HBsAg and not infection with HBV
variants that cannot express S proteins or produce S
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proteins with aberrant epitopes wich are not detected
by conventional serological assays (5). An important
observation in subjects with occult HBV infection is
the low HBV-DNA levels in the serum and in the
liver cells (5,6). The frequency of detection of HBV-
DNA is higher in liver tissue than in serum. Because
of the low amounts of HBV-DNA, sensitive
polymerase  chain  reaction (PCR) assays,
increasingly used (7). Accordingly, many reports on
positive findings for HBV-DNA in the liver and
blood of HBsAg-negative individuals that were
positive for anti-HBc have been published. Blum et
al described, the presence of HBV-DNA in a patient
with HBsAg-negative chronic hepatitis who was
positive for anti-HBc (8). Michalak et al
demonstrated the long-term persistence of HBV-
DNA in serum and peripheral blood mononuclear
cells of patients up to 70 months after complete
clinical, biochemical, and serologic recovery from
acute viral hepatitis (9). Rehermann et al showed
that traces of HBV were often detectable in the
blood for many years after clinical recovery from
acute hepatitis (10). Furthermore, reactivation of
apparently cured HBV infection has been described
in patients under of chemotherapy or
immunomodulating therapy after renal and bone
marrow transplantation, and in some of these cases a
reverse seroconversion from anti-HBs to HBsAg has
been observed (11,12). These findings suggest that
recovery from acute hepatitis B virus may not result
to complete virus elimination, but rather the immune
system keeps the virus at very low level.

Occult HBV infection has also been reported in
populations without symptomatic liver disease, such
as blood donors, individuals with normal liver tests
or general populations (13,14). It has been shown
that blood donations from HBV carriers with of
HBsAg-negative but anti-HBc-positive can cause
post transfusion hepatitis B (15). PCR assay has
demonstrated that some HBsAg-negative individuals
and those positives for anti-HBc continue HBV
replication (16). Thus, Mosley et al suggested that
anti-HBc screening of blood donations might
prevent HBV transmission from HBsAg-negative
blood donors and the donors that are positive for
anti-HBs should be considered noninfectious for
HBYV (17). The feasibility of routine PCR screening
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of blood donations in a blood bank setting has been
shown by Roth et al (18).

In Iran, Amini et al. performed a study on 4930
healthy blood donors and found that 5.1% were only
positive for anti-HBc without having any detectable
HBsAg, however, they did not determine the
presence of HBV-DNA (19). In our previous study
on 545 Iranian blood donors from Isfahan city, it had
been found that 8% of individuals were positive for
anti-HBc antibody only, and from these group
11.62% were also positive for HBV-DNA (20). The
aim of the present study was to assess the rate of
anti-HBc antibody among blood donors of Rafsanjan
city and to determine the frequency of HBV-DNA in
HBsAg negative and anti-HBc positive samples. We
evaluated to determining whether routine anti-HBc
screening of blood donations could prevent some
transfusion-transmitted HBY infections.

MATERIALS AND METHODS

Subjects

Between December 2004 to December 2005,
blood samples were collected from 270 healthy
volunteers (age range 17-59 years) referred to Blood
Transfusion Center of Rafsanjan. Of them 230 were
male and 40 were female. All samples were negative
for Treponemal infection, HBsAg, anti-HCV, anti-
HTLV-1 and anti-HIV  antibodies. = Before
transfusion, donors were interviewed and medically
examined and those with high-risk behaviors, such
as intravenous abusers, had medical problems, and
those received HBV vaccination were excluded from
the study population. All participants were basically
health, with no acute or chronic illnesses. Indeed
each individual with history of chronic or acute
disease and use of any drug were excluded from the
study. The plasma samples from each participant
were obtained and stored at -70 °C until use. Every
sample that was HBsAg-negative but anti-HBc-
positive was further investigated for the presence of
HBV-DNA by use of PCR technique.

Detection of HBV markers

HBs antigen, anti-HBs and anti-HBc IgG
antibodies were detected by enzyme-linked
immunosorbent assay (ELISA) Using commercial



kits (Radim, Italy). All serological tests were
performed as instructed by the manufacturers. Anti-
HBs antibody was measured by using standard
samples with known concentrations of anti-HBs
antibody expressed as IU/L, provided by the
manufacturer.

The presence or absence of anti-HBc antibodies
were determined by using the recorded absorbance
and comparison with the calculated cut-off values.
Samples with an optical density (OD) less than the
cut-off values were considered as negative. Samples
with OD higher than, or equal to, the cut-off value
were also considered as positive and retested in
duplicate before the final interpretation. All samples
that were negative for HBsAg but positive for anti-
HBc also examined for the presence of HBV-DNA
by PCR assay. Detection of anti-HBs antibody also
performed on all anti-HBc¢ positive samples.

DNA extraction from plasma samples

DNA extraction performed according to the
guidelines elaborated by Kowk and Higushi (21).
DNA was extracted from HBsAg negative and anti-
HBc positive samples and then PCR was used for
detection of HBV-DNA. DNA was purified from
100 ul of plasma samples. Briefly, each serum
sample was incubated at 72 °C for 10 minutes and
then cooled at 4°C for 5 minutes in 100 pl proteinase
K (200 pg/ml). 100 ul of phenol-chloroform (1:1)
mixed and centrifuged for 10 minutes at 12000 g.
The upper phase transferred to a new tube and 1/10
volume of sodium acetate (3M) and 3 volume of
96% ethanol was added and put on ice for 30
minutes. Then the tubes were centrifuged at 12000 g
for another 15 minutes. Supernatant was removed
and 500 pl of 70% ethanol added to the pellets. Then
the tubes were centrifuged at 12000 g for another 5
minutes. Supernatant was removed and the pellet
dried for 5 minutes at 65 °C. Finally, 30 pl
autoclaved and deionized water added and stored at -
20°C.

PCR amplification
PCR amplification was performed by use of a
primer set selected from a highly conserved HBV

surface gene (20,21). The sequence of forward
primer was 5-TAT GTT TCC CTC CTG CTG CT -3
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and the sequence of reverse primer was 5-CCC CCA
ACT CCC AA T TCT A T-3. These primers amplify
a 354 bp of the HBV genome. Five pul of extracted
DNA sample was added to 25 pl of reaction mixture
containing 5 units Taq polymerase, 0.01% gelatin,
0.6 uM of each primer, 200 pM of each
deoxynucleotid triphosphate, 5 ul of reaction buffer
(50 mM KC1, 10 mM tris-HCI, pH = 8.3) and 1.5
mM MgCl,. PCR amplification was done using
Touch method (20) including one cycle of 93°C for
60 sec, 60°C for 20 sec and 72°C for 40 sec. Then
followed by 35 cycles of 20 sec at 93 °C, 20 sec at
61°C and 40 sec at 72°C in an Eppendorf thermal
cycler (Master cycler 5330). HBV genome provided
by Sinagen company was used as positive control.

Detection of PCR product

For analyses of the PCR amplification 10 pl of
the amplified samples was electrophoresed on a 2%
agarose gel made in Tris acetated EDTA buffer
(pH=8.0-8.5) and visualized by UV illumination
after ethidium bromide (10 pg/ml) staining. Positive
and negative controls were also treated as samples.

RESULTS

Serological results of HBV

A total of 270 blood donors were included in study.
The serological results of HBV markers in blood
donors summarized in Table 1. All participants were
negative for HBsAg. 14/270 (5.18%) of blood
donors were negative for HBsAg and positive for
anti-HBc. Anti-HBs antibody was detected in 6/14
(42.85%) of HBsAg negative and anti-HBc positive
samples with serum levels of 85, 1100, 530, 950, 40
and 18 IU/L.

Molecular findings

Detection of HBV-DNA performed on all
samples that were negative for HBsAg and positive
for anti-HBc antibody by use of PCR technique.
HBV-DNA was detected in 4 out of 14 anti-HBc
positive specimens (28.57%). Anti-HBs antibody
was detected in serum samples obtained from 2 out 4
individuals (50%) who had HBV -DNA positive test
with levels of 40 and 1100 IU/L (Table 1).
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Table 1. The rates of serological HBV markers and HBV-DNA in blood donors

Total No. of HBsAg HBsAg HBsAg- HBV-DVA Anti-HBs Anti-HBs

blood donors positive negative rate anti-HBc" rate positive rate  positive rate* positive
rate rate**

270 0/270 270/270 14/270 4/14 6/14 2/4
0% 100% 5.18% 28.57% 42.85% 50%

* represent the rate of anti-HBs antibody in HBsAg- anti-HBc¢" samples
** represent the rate of anti-HBs antibody in HBV-DNA positive samples.

DISCUSSION

At present, HBsAg detection is the only
diagnostic screening test for HBV infection in blood
transfusion centers in Iran. We examined 270
HBsAg negative sera obtained from healthy blood
donors and found that 5.18% of them were positive
for anti-HBc, which is slightly lower than those
found in Iranian population from Shiraz (22) and
Isfahan (20). In transfusion, anti-HBc screening has
been used initially as a surrogate marker for non-A,
non-B hepatitis. Since the implementation of anti-
HCV screening, this usage of the test is no longer
relevant but its potential to prevent occult HBV
transmission has re-evaluated (23).

The prevalence of anti-HBc only in Europe and
North America is overall quite low. A prevalence of
0.07% in the UK and 1.5% in Germany was reported
(24, 25) In areas of higher HBV infection prevalence
about 20%-70% of subjects are positive for anti-HBc
antibody (26). The prevalence of anti-HBc in our
blood donor population was relatively low. This
finding may have been due to the blood donor
selection prior to blood collection and to regional
differences in the prevalence of HBV infection. It
should be noted that all of our samples were negative
for anti-HIV, anti-HCV and anti-HTLV antibodies.
In our study the overall prevalence of occult HBV
infection (DNA in serum) in healthy blood donors
was 28.57% among HBsAg negative and anti-HBc
positive individuals. Regarding to the rate of
samples containing HBV-DNA from blood donors,
different results have been obtained in some studies.
These differences in the occult HBV prevalence may
be attributed to race and ethnicity, geographical area
and the HBV subtypes. The frequency of HBV-DNA
detected in HBsAg negative samples also varies
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considerably according to the prevalence of the
infection. In Northern countries where the
prevalence of chronic infection is less than 1%, no
more than 5% of HBsAg-/anti-HBc+ blood donor
samples contain HBV-DNA (25,27).

Moreover, The prevalence of HBV-DNA in only
anti-HBc positive blood donors has been reported to
be 0% in brazil (28), 0.3% in china (29), 1.1 % in
Japan (30), 3.2% in Saudi Arabia (31) and 12.7% in
Ghana (32).

In high prevalence areas, HBV-DNA detected by
hybridisation or PCR is found in 4-24% of the
population in India, Taiwan, Japan, and Sardinia
(14). In West Africa, approximately 5% of total
HBV-DNA carriers are HBsAg negative (32). The
presence of anti-HBc without anti-HBs is usually
called anti-HBc only. The main interpretations of
anti-HBc only seropositivity is that after many years
of HBV chronic carriage with non-productive
infection, the level of HBsAg in the circulation
becomes too low to be detected. Therefore, it might
be worth considering the merits of anti-HBc
screening for identification of occult HBV by testing
deferred donations for HBV-DNA. However,
detection of HBV-DNA in sera of individuals anti-
HBc positive may be due to chronic and persistent
HBYV infection (33).

Some information is available regarding the
infectivity of anti-HBc-only blood products or
organs. The infectivity of blood donations containing
anti-HBc as the only marker of HBV infection has
been known for several decades and indicated that
no more than 4% of recipients of anti-HBc-only
blood developed HBV infection post-transfusion (1)
However, Mosley reported 17% infectivity of anti-
HBc-only blood products (17), although, the
immune status of the recipients was not indicated.



To determine the rate of HBV transmissions via anti-
HBc-positive and HBsAg-negative blood donations,
retrospective studies on regular blood donors and
their respective recipients are necessary. However,
anti-HBc screening has the potential of excluding the
vast majority of occult HBV infection. The exclusion
of anti-HBc positive donors is impractical in
countries where HBV infection is prevalent and
greater than 20% of the populations are anti-HBc
positive (34). HBV is not highly endemic in Iran and
it may be practical to introduce anti-HBc screening
in blood banks (22). This means that routine anti-
HBc screening of blood donations would lead to a
low loss of blood donors.

It has been also reported that blood components
containing anti-HBc with anti-HBs, do not appear to
transmit HBV and there is clearly an inverse
correlation between anti-HBs level and infectivity
(17). In our study HBsAg negative and anti-HBc
positive individuals was further divided into two
groups: with anti-HBs antibody (50%) and without
anti-HBs (50%) individuals. It has been reported that
HBV-DNA is found in HBsAg negative, anti-HBc
positive and anti-HBs positive donors (22). In this
study 2/4 of DNA detection was found in subjects
who were positive for anti-HBc but negative for anti-
HBs antibody. However, the rest of them (2/4) were
positive for both anti-HBc and anti-HBs. It seems
that anti-HBc antibody should be tested routinely on
blood donor volunteers and if the sera become
positive regardless of anti-HBs titer, the blood
should be discarding. Further testing for HBV-DNA
is appropriate to follow up the blood donor patient
for HBV infection.

In conclusion, the results of present study show
that 5.18% of blood donors were positive for anti-
HBc antibodies. HBV-DNA found in the majority of
HBsAg-negative, anti-HBc-positive donors. Routine
anti-HBc screening of blood donations could
probably prevent some transfusion-transmitted HBV
infections.
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