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Abstract

Background: In spite of available, and sensitive screening
assay for detection of hepatitis B virus surface antigen
(HBsAQ), occasional cases of post-transfusion hepatitis B vi-
rus infection are still observed. The aim of the present study
was to assess the prevalence of positive anti hepatitis B core
(anti-HBc) and presence of HBV-DNA in serum sample of
healthy blood donors negative for both HBsAg and anti-HCV
antibody. We evaluated whether anti-HBc could be adopted as
ascreening assay for blood donation.

Material and Methods: Two thousands sera negative for both
HBsAg and anti-HCV collected from heathy blood donors
tested for presence of anti-HBc antibody. All sera positive for
anti-HBc antibody were then investigated for determination of
anti-HBc and anti-HBs titers, HbeAg and anti-HBe antibody
by enzyme immunoassay (EIA). Every sample that tested
negative for HBsAg but positive for anti-HBc aone or in
combination with other serological markers was also exam-
ined for the presence of HBV-DNA by polymerase chain reac-
tion (PCR).

Results: Out of 2000 HBsAg negative blood samples, 131
samples (6.55%) were positive for anti-HBc. HBV-DNA was
detected in 16 of 131(12.2%) anti-HBc positive specimens.
The liver function test results were all in normal range except
in 4 (25%) of 16 HBV-DNA positive subjects.

Conclusion: Anti-HBc antibody should be tested routinely on
blood donor volunteers, and if the sera become positive re-
gardless of anti-HBs titer, the blood should be discarded. Fur-
ther testing for HBV-DNA is appropriate to follow up the
blood donor patient for HBV infection.
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Introduction

he safety of blood products is one of the major problems
. facing transfusion medicine. Transmission of hepatitis B
virus (HBV) infection through donated blood is more
common than hepatitis C virus (HCV) infection (1: 60,000 vs. 1:
103,000)." In spite of available sensitive screening assay for
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detection of HBV surface antigen (HBsAQ),
occasional cases of post-transfusion hepatitis
B virus infection (PTHBV) are still observed. 2

There are three possible explanations of
false-negative results in commercial assays.
Blood donors infected with HBsAg mutants
and those circulating low-level of viral protein
may escape detection by screening assay and
therefore, may affect the safety of blood sup-
pIy.3 Another explanation is that virus variants
yield sequences that are not recognized by the
antibodies employed in the assays.4 There are
variants in other parts of the genome that down
regulate the production of HBsAg.®

Occasionally, a super-infection with hepati-
tis C virus may even induce clearance of hepa-
titis B. This could be due to the dominant role
of HCV in eliciting an immune response.’
Antibody to hepatitis B core (HBc) antigen is a
marker of acute, chronic, or resolved HBYV infec-
tion and remains detectable for life. They may
present in the absence of both HBsAg and anti-
HBs antibodies, during the convalescent period
following acute hepatitis B, before the appear-
ance of anti-HBs antibodies, or in patients who
resolved infection but lost detectable anti-HBs
antibodies.” Hence, anti-HBc may be detected
in anyone who is infected with HBV.’

Polymerase chain reaction (PCR) assay
has demonstrated that some HBsAg negative
individuals and those positives for anti-HBc
continue HBV replication. ®°These findings
suggest that recovery from acute hepatitis B
virus may not result in complete virus elimina-
tion, but rather the immune system keeps the
virus at very low level. It has been reported
that there is a direct correlation between anti-
HBc titer and detection of HBV-DNA in serum
samples of HBsAg negative individual. '* Thus,
it is suggesting that HBV-PCR would be posi-
tive in patients with higher titer of anti-HBc
than others would.

Although screening all donations for anti-
HBc is not mandatory world wide, in some
western countries, such as United States,
screening is obligatory.”' However, detection of
HBV-DNA by PCR has the same significance
as detection of HBsAg and indicates current
HBV infection. All blood donations in Iran are
collected from healthy donors. All donations
issued for transfusion is being tested for HBsAg
as a marker of transmissible HBV. These
measures have resulted in low rates of trans-
mission by transfusion but have not eliminated
all infectious donations from the blood supply.

In spite of the availability of an effective
vaccine, HBV infection continues to be an im-
portant problem in Iran and about 8-10 thou-
sand deaths occur each year due to this se-
quelea. In Iran, the rate of hepatitis B carriers

(HBsAg positive) varies from 0 to 3.9% with an
average of 1.7%, and all are asymptomatic.'"
Amini and his colleague performed a study on
4930 healthy blood donors in Iran, and found that
5.1% were only positive for anti-HBc¢ without hav-
ing any detectable HBsAg, however, they did not
determine the presence of HBV-DNA."

The present study, therefore, assessed the
prevalence of anti-HBc positivity and the pres-
ence of HBV-DNA in serum samples of healthy
blood donors negative for both HBsAg and
anti-HCV antibody. Furthermore, we investi-
gated the relationship between detection of
HBV-DNA and anti- HBc titer. Finally, since
anti-HBc detection is not mandatory in Iran we
evaluated whether anti-HBc could be adopted
as a screening assay for blood donation.

Materials and Methods

After initial tests, 2000 serum samples nega-
tive for Treponemal infection, HBsAg, anti-
HCV and anti HIV I, Il antibodies were col-
lected from the same number of healthy blood
donor volunteers, who referred to blood trans-
fusion center, Shiraz, Iran during December
2001 to December 2002. Of them 1820 were
male with mean age 42+14 yrs (range 17-66
yrs) and 180 female with mean age 46+11yrs
(range 23-66 yrs). Before transfusion, donors
were interviewed and medically examined and
those with high-risk behaviors, such as intra-
venous abusers, had medical problems, and
those received HBV vaccination were excluded
from the study population. The specimens
were stored at —20°C until use. The local ethics
committee granted ethical approval for the
study and a written consent was obtained from
all participants.

Serological assays

All serological tests were performed as in-
structed by the manufacturers. HBsAg, anti-
HBs, anti-HBc-1gG antibody, HBeAg and anti-
HBe antibody were measured using standard
commercially available one step enzyme im-
munoassay technique (MonoLISA, Bio-RAD,
France). Anti-HCV (third generation assay)
was measured by enzyme immunoassay (EIA)
according to the manufactures instruction (In-
nogenetics, Belgium). The presence or ab-
sence of anti-HBc antibodies were determined
by using MonoLISA anti-HBc test, and compar-
ing for each sample the recorded absorbance
with that of calculated cut-off values. Samples
with an optical density (OD) less than the cut-
off values were considered as negative. How-
ever, the results below the cut-off value of less
than 10% OD were retested in duplicate accord-
ing to the manufacture instruction. Samples with
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OD higher than, or equal to, the cut-off value
were also considered as positive and retested in
duplicate before the final interpretation.

The third generation of MonoLISA anti-HBs
was used for the detection or quantitative de-
termination of antibody to hepatitis B surface
antigen. A mixture of HBsAg of the “ad” sub-
type and “ay” subtype of human origin has
been used for anti-HBs antibody detection.
Assays of undiluted samples showed an OD
below or equal the cut-off value was consid-
ered to be negative. The HBs antibody con-
centration was determined from the standard
curve for samples showing an OD within the
range of the cut-off value and 150 mlU/ml
standard (undiluted or at 1: 10 dilution). In the
case of diluted samples, their concentrations
were calculated by multiplying the obtained
results by the dilution factor. Each sample that
tested negative for HBsAg but positive for anti-
HBc alone or in combination with other sero-
logical markers was also examined for the
presence of HBV- PCR assay.

Preparation of DNA samples from the sera

We strictly followed the guidelines elaborated
by Kowk and Higushi to prevent any contami-
nation.”” PCR was used for positive anti-HBc
samples to detect HBV-DNA. 50 pyl of serum
was diluted 1: 5 with 250 pyl NaOH (50 mM) for
DNA denaturation and RNA inactivation. Sam-
ples were heated for 20 min at 95°C for protein
denaturation and then 40 pl of tris buffer (I mM,
pH=7.3) was added and finally centrifuge for 5
min at 14000 g. Supernatants were then re-
moved, transferred into a new tube, mixed with
40 pl of phenol—chloroform (1:1), and then cen-
trifuged for 7 min at 14000 g. Ten pl sodium
acetate (3M) and 300 pl absolute ethanol was
added to each tube and incubated at-70°C for
40-60 min. Then the tubes were centrifuged at
14000 g for another 10 min. Supernatant was
removed and 50-100 pl tris-EDTA buffer (pH =
7.8) added to the pellets.

PCR amplification

PCR amplification was performed using a pub-
lished oligonucleotide primer set,’® selected
from a highly conserved HBV surface gene.
Five pl of sample was added to 45 pl of reac-
tion mixture (2.5 unit Taq polymerase, 22.5
picomol/ul of each primer, 200 um of each de-
oxynucleotid triphosphate, 5 pl of reaction
buffer [50 mM KCI, 10 mM tris—HCI, pH = 8.3]
and 1.5 mM MgCl,). Samples were denatured
for 5 min at 94°C and then subjected to 40 cy-
cles of 1 min at 58°C, 1 min at 72°C and 1 min
at 94°C in an Eppendorf thermal cycler (Master
cycler 5330).
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Detection of PCR product

Ten pl of reaction product was electrophoresed
in a 1.5% agarose gel made in Tris—acetated—
EDTA (TAE) buffer (pH=8.0-8.5) and visual-
ized by UV illumination after ethidium bromide
(10pg/ml) staining. Positive and negative con-
trols were also treated as samples.

Biochemical tests

Aspartate amino transferase (AST), alanin amino
transferase (ALT), total protein, albumin and total
bilirubin were performed for all the PCR positive
samples biochemical factors including.

Results

Serological results

The "cut-off" points for detection of anti-HBc
antibody in serum samples between positive
and negative was ODysq20 (nm) 0.62. 131 out
of 2000 (6.55%) HBsAg negative blood sam-
ples were positive (ODg4sge20 (NM)>0.62) for
anti-HBc antibody. 110 male (84%) and 21
female (16.6%) had positive sera.

Molecular findings

Ten fold serial dilution of HBV-DNA was used
in PCR reaction to determine the limits of sen-
sitivity of this assay. The sensitivity of PCR
assay was equal to about 80 copies (+, ++ as
shown in Table 1) of HBV genome in PCR mix-
ture. HBV-DNA was detected in 16 out of
131anti-HBc positive specimens (12.2%). All
PCR positive samples were obtained from
male blood donors. Furthermore, after electro-
phoresis and ethidium bromide staining, there
was an association between the titration of
anti-HBc antibody and the intensity of ex-
pected PCR product band, HBV-DNA was not
detected in about 87.8% of anti-HBc positive
individuals. Anti-HBs antibody (>10 mlU/ml)
was detected in serum samples obtained from
6 out 16 individuals (37.5%) who had positive
HBV-DNA and anti-HBc antibody.

Other HBV markers

The laboratory data of 16 individuals with posi-
tive PCR results are displayed in Table 1.
HBeAg, anti-HBe and liver function tests (LFT)
including AST, ALT, bilirubin, albumin, globulin
and alkaline phosphatase, were performed for
HBV-PCR positive samples. Only two out of 16
(12.5%) of the sera were positive for anti-HBe
antibody. However, the LFT results were all in
normal range except in four subject (25%) in
whom the level of AST was more than normal
(>33 IU/l). The mean amounts of ALT and AST
in HBV-PCR positive subjects were 14 1U/l and
23.7 U/l respectively. Because anti-HBc posi-
tive blood donors had normal ALT levels, a
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Table 1: Laboratory results of 16 male blood donors
with positive anti-HBc and HBV-DNA.

# Age (Yr)  Anti-HBc*  Anti-HBs** HBV'
21 18 1.48 0.64/45 ++
60 44 1.53 0.32/20 ++
24 29 0.86 0.25/14 +

25 38 0.94 0.63/42 +

30 61 0.95 0.81/63 +

26 53 0.84 0.92/70 +

31 40 1.49 0.05/<10 ++
87 50 1.57 0.12/<10 ++
77 57 1.63 0.09/<10 ++
127 48 0.76 0.08/<10 +
100 35 0.65 0.16/<10 +
103 27 0.73 0.05/<10 +

99 65 0.66 0.18/<10 +
129 48 0.64 0.20/<10 +

89 18 0.84 0.08/<10 +
131 58 0.71 0.16/<10 +

*= anti-HBc optical density (OD) cut-off value: 0.62 [OD
450620 (NM)];

**= Anti-HBs OD cut-off: value 0.20 [OD 450620 (nm)/mIU/ml]
1= the density of ethidium bromide staining of HBV-PCR-
products is compared with products obtained from di-
luted plasmid. For more detail see text.

liver biopsy for the investigation of HBV-DNA
was considered unethical.

Discussion

At present, HBsAg detection is the only diag-
nostic screening test for HBV infection in blood
transfusion centers in Iran. The prevalence of
anti-HBc positivity and presence of HBV-DNA in
sera of healthy blood donors negative for both
HBsAg and anti-HCV antibody was investi-
gated. Since anti-HBcAg detection is not man-
datory in Iran, we molecularly and serologically
evaluated if anti-HBc could be adopted as a
screening assay for blood donation. To address
these issues, we examined 2000 HBsAg nega-
tive sera obtained from healthy blood donors
and found that 6.55% of them were positive for
anti-HBcAg, which was lower than 16.4% that
reported by Bernvil et al." Different explana-
tions have been suggested for the reason of the
scarcity of HBsAg in anti-HBc positive individ-
ual." They had not mentioned what percentage
of the donated blood also was positive for anti-
HCV antibody."”

Most studies on occult HBV infection have
reported higher rates of HBV-DNA detection in
liver or peripheral mononuclear cells as com-
pared with those of serum or plasma.'® In our
study population the overall prevalence of oc-
cult HBV infection (DNA in serum) in healthy
blood donors was 12.2%, among anti-HBc
positive individuals. It is interestingly to note
that there was an association between anti-
HBc titration and the intensity of expected PCR
product. Nevertheless, no association was
found between the presence of anti-HBc and
positivity of HBV-DNA.

The frequency of PTHBV is apparently due
to the fact that HBsAg is 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.” HBV is not highly endemic in Iran and it
may be practical to introduce anti-HBc screen-
ing in blood banks. Since we did not test anti-
HBc negative samples for the presence of
HBV-DNA, we do not know whether the re-
moval of anti-HBc positive units would lead to
elimination of PTHBV.

According to the hypothesis offered by Bre-
chot et al,"® we divided our blood donor popu-
lation to two specific groups of HBsAg positive
and HBsAg negative. Seronegative individuals
were also divided into two sub-groups (i) anti-
HBc positive and (ii) anti-HBc negative indi-
viduals. The sub-group (i) which consisted of
6.55% of blood donor population was further
divided into two groups: with ani-HBs antibody
(37.5%) and without anti- HBs (62.5%) indi-
viduals respectively. it has been reported that
HBV-DNA is found in HBsAg negative, anti-
HBc positive and anti-HBs positive donors.?*?'

In this study the highest rate of DNA detec-
tion was detected in individuals who were posi-
tive for anti-HBc but negative for anti-HBs anti-
body (62.5%). Whereas, the rest of them
(37.5%) were positive for both anti-HBc and
anti-HBs. These individuals may have recov-
ered from previous infection but may have per-
sistent low level of HBV. Symptomatic hepatitis
B has almost never been observed in immu-
nized persons who develop anti-HBs more
than 10 IU/ml. Some vaccine recipients may
develop anti-HBc, which is indicative of HBV
infection; but they usually do so in the absence
of disease."" The protective anti-HBs are di-
rected against the "a" determinant of HBsAg.
In some cases, the antibodies are directed
against one of the determinants other than "a"
determinant and are unable to neutralize the
circulating virion. These cases should there-
fore be regarded as chronic infection.? It
should be noted however that in Iran 58% of
HBV infections are pre core mutants.?®

Detection of HBV-DNA in sera of individuals
with both anti-HBc and anti-HBs positive may
be due to chronic and persistent HBV infection.
The exclusion of anti-HBc positive donors is
impractical in countries where HBV infection is
prevalent and greater than 20% of the popula-
tions are anti-HBc positive.24 However, in our
study only 6.5% of blood donor populations
was found to be positive for anti-HBc. Although
HBV-DNA testing is too difficult and unreliable
to perform it would be preferred to perform on
anti-HBc positive donors serum samples re-
gardless of aminotransferase levels. No HBV-
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DNA was detected in 115 out of 131 (87.7%)
patients with anti HBc positive. In organ trans-
plant, anti-HBc test can be used as an indica-
tor for HBV infection. In case of positive re-
sults, sera should be subjected to PCR in or-
der to detection of HBV DNA.

In conclusion, 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, latent HBV infection present
in most instances is associated with very low
levels of HBV rather than HBV mutants. The
prevalence of latent HBV infection is appar-
ently more common among seropositive indi-
viduals (anti-HBc positive with or without anti-
HBsAg). Thus anti-HBc antibody must be tested
routinely on blood donor volunteers, and in case
of positive sera, regardless of anti-HBs titer, the
blood should be tested for the presence of
HBV-DNA. In case of positive HBV-DNA the
donated blood must be discarded and the blood
donor volunteer examined for HBV infection.
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