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Aim: Diagnostic problems may be encountered in Hepatitis B virus (HBV) infections by sero-
logical tests and HBV DNA can be detectable in plasma and liver tissue while the HBsAg test is
negative. This situation can be defined as occult or isolated Anti-HBc infections. Occult HBV
infections may be divided into two categories by using hepatitis markers. One of them being
that all hepatitis markers are negative and the other situation is having Anti-HBc +/- and
Anti-HBs + patterns. These situations can be seen in isolated Anti-HBc cases.
Method: In this study, we aimed to detect the ratio of occult HBV infections by investigating
HBV DNA in four different groups. These groups are: (1) 20 isolated Anti-HBc positive indi-
viduals, (2) 23 individuals naturally immune to HBV infection, (3) 20 individuals with sero-
negative hepatitis markers and high ALT levels, and (4) 23 vaccinated individuals against
HBV. In order to detect HBV DNA the real-time PCR kit (QIAGEN, Artus HBV RG PCR Kit, Ger-
many) with high analytical sensitivity (63.8 IU/ml) was used.
Results: The reliability of the molecular methods was assessed by increasing the quantitation
standards of internal, external and also positive controls. No HBV DNA was detected in any of
the 86 individuals consisting of four study groups.
Conclusion: In conclusion, we did not detect occult HBV infection in our four study groups by
using a high sensitivity real-time (RT) PCR method, while occult HBV infections with various
frequencies were detected in other large, serial international studies in which highly sensitive
analytical molecular methods were used. Although we also used a high standard molecular kit
to detect occult HBV infections, we suggest that the reason for the absence of detection of occult
HBV infections may be due to the small number of cases included in this study. However, it was
assumed that the use of a nucleic acid amplification technology (NAT) with high analytical sen-
sitivity in blood banks to prevent HBV transmission by blood transfusion is controversial due to
both costs and diagnostic efficacy and for this reason we suggest that it will be useful to perform
large serial studies regarding occult HBV infections in the future.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Hepatitis B virus (HBV) is the major cause of acute and
chronical hepatitis and continues to be a serious public
health threat in the world [1].
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persistence of hepatitis B virus (HBV) in hepatitis B surface
antigen (HBsAg) negative individuals is termed as occult
HBV infection. Occult HBV infections may be divided into
two categories by using hepatitis markers. One is a group
which is negative for all hepatitis markers and the second
one possesses Anti-HBc +/- and Anti HBs + patterns. Occult
HBV infections were also reported in isolated Anti-HBc
(Anti-HBc is the only positive marker found) cases [2,3].

Individuals with occult HBV infections are usually diag-
nosed as healthy after negative HBsAg results found in
serology screens for organ transplantation and blood dona-
tions. Anti-HBc and HBV-DNA tests were not performed in
these situations leading to an increase in HBV infections. In
fact, the possible risk of HBV transmission was reported in
HBsAg negative blood and transplantation donors with the
transfusion of blood and blood products and organ trans-
plantation because of the possibility of having occult HBV
infection [4,5].

In this study, we aimed to detect the presence of occult
HBV infections by monitoring HBV DNA by a real time PCR
method in four different groups suitable to donate blood,
blood products, tissue and organs but having a potential
risk for HBV infection. These four groups included: (1)
isolated Anti-HBc positive individuals, (2) naturally im-
mune individuals to HBV infection, (3) individuals with
seronegative hepatitis markers and higher ALT levels, and
(4) vaccinated individuals to HBV (only Anti-HBs positive).
2. Material and method

2.1. Study centers and groups

This study was conducted as cross-sectional study be-
tween December 2010 and May 2011. Individuals who
were applied to the serology laboratories of Medical Micro-
biology Departments of Cerrahpasa Medical and Istanbul
Medical Faculties of Istanbul University with viral hepatitis
pre-diagnosis or with any other reasons (for example, sero-
conversion after vaccination, post-hepatitis follow-up and
blood donation) were included in this study. Routine hep-
atitis B indicators (HBsAg, Anti-HBs, HBeAg, Anti-HBe,
Anti-HBc, and Anti-HBc IgM) of these individuals were
investigated and the following groups of individuals were
included in this study. These groups were: (1) 20 isolated
Anti-HBc positive individuals, (2) 23 individuals naturally
immune to HBV infection, (3) 20 individuals with seroneg-
ative hepatitis markers and high ALT levels, and (4) 23
individuals vaccinated to HBV (only Anti-HBs positive).
All cases were approved by the ethics committee of Istan-
bul University.
2.2. Sample collection and methods

2.2.1. Sample collection
Ten milliliter samples of non-coagulated blood were

collected from each donor to test for serological patterns
of hepatitis. A second set of blood samples were collected
from the same individuals into 10 ml sterile tubes contain-
ing anticoagulant and ethylenediamine tetra-acetic acid
(EDTA) to obtain HBV-DNA. Alanine transaminase (ALT)
and Aspartate transaminase (AST) levels of all participants
were evaluated. Serum samples were obtained after centri-
fugation of blood at 3000 rpm. For the real-time PCR meth-
od, serum was similarly obtained from these blood
samples by centrifugation at 3000 rpm and stored at
�80 �C until the study.

2.2.2. Serological study methods
The following test kits were used for the hepatitis stud-

ies; Surase B-96 (TMB)-GBC, Taiwan for HBsAg test; Anti
corase B-96 General Biologicals, Taiwan for Anti-HBc (to-
tal) and Anti-HBc IgM tests; DiaPro, Diagnostic Bioprobes,
Milano, Italy for Anti-HBs; HBeAg/HBeAb DiaPro, Diagnos-
tic Bioprobes, Milano, Italy for HBeAg and Anti-HBe tests.
These tests were carried on microELISA instrument (Triti-
rus, Grifols, Italy) by mentioned commercial test kits.

2.2.3. Molecular study methods
2.2.3.1. DNA extraction. The HBV-DNA was extracted from
the serum samples using QIAamp DNA Mini Kit (QIAGEN,
Germany) according to the manufacturer’s procedure.

2.2.3.2. Quantitative real-time PCR. Extracted HBV DNA was
quantified by the real-time PCR method, using a Rotor-
Gene Q instrument (Artus, Germany) and HBV RG PCR re-
agent kit (Artus, Germany). According to the manufacturer,
the assay detection limit was 3.8 IU/mL (�26.6 copies/ml).
A 134 bp region of HBV genome was amplified in a total of
50 ll reaction mix containing the 30 ll HBV RG Master Mix
and 20 ll of sample DNA. The real-time PCR was per-
formed with negative and positive controls on the follow-
ing program conditions: initial denaturation at 95 �C for
10 min and 45 cycles of 95 �C for 15 s and 72 �C for 30 s.
One independent real-time PCR reaction was performed
for each sample. Quantification was performed using the
software on Rotor-Gene Q instrument.
3. Results

Of the total 86 individuals belonging to the four study
groups, 45 (52.3%) were female, 41 (48.1%) were male
and the age distribution was between 3 and 69; the mean
age was 43.07. In the HBV; Isolatad Anti-HBc group, 8
(40%) and 12 (60%) of the total 20 patients were female
and male, respectively and age distribution was 3–69 and
the mean age was 44.1. In naturally immune individuals
to HBV infection group; 11 (47.8%) and 12 (52.2%) of the
total 23 patients were female and male, respectively and
age distribution was 20–61 and the mean age was 42.2.
In group with seronegative hepatitis markers and higher
ALT levels; 11 (55%) and 9 (45%) of the total 20 patients
were female and male, respectively and age distribution
was 23–62 and the mean age was 45.1. In vaccinated indi-
viduals to HBV (only Anti-HBS positive) group; 15 (62.23%)
and 8 (34.8%) were female and male, respectively and the
age distribution was between 21 and 69; the mean age
was 40.9.

Real-time PCR kit (QIAGEN, Artus HBV RG PCR Kit, Ger-
many) with high analytical sensitivity (63,8 IU/ml) was
used. The reliability of the molecular methods was applied
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by increasing quantitation standards of internal and exter-
nal and also positive controls. No HBV DNA was detected in
any of the 86 individuals consisting of the four study
groups.
4. Discussion

Definition of occult HBV infections is established when
HBV-DNA is present in plasma and liver tissue as detected
by real time PCR methods with a high analytical sensitivity
(65 IU/ml or 30 copy/ml) and this poses a threat to human
health for the transmission of HBV infections. HBsAg posi-
tive individuals with occult HBV infections may appear
negative because of viral clearance by their immune sys-
tem or after HBV infection therapy [6]. Occult HBV infec-
tions are generally asymptomatic and cannot be detected
by routine serologic screening tests with the exception of
special molecular methods. The reasons for the increasing
clinical importance of occult HBV infections can be sum-
marized as a sign of a new acquired HBV infection with
symptoms appearing after blood and blood product trans-
fusion or solid organ transplantation, the increasing possi-
bility of cirrhosis and cancer development with a
decreasing interferon response in patients with chronic
hepatitis C infections and to be the cause of HBV infection
reactivation with other various factors in patients under
immunosuppressive therapy [3,4,7]. The number of studies
investigating the cases with a negative HBsAg but with
suspicion of an occult HBV infection has increased in re-
cent years. These suspected cases may contribute to the in-
crease of HBV prevalence and hepatitis incidences in
society. As a matter of fact, the detection of a negative
HBsAg in our four study groups; (a) isolated Anti-HBc
positive individuals, (b) individuals naturally immune to
HBV infection, (c) individuals with seronegative hepatitis
markers and high ALT levels, and (d) Individuals vaccinated
to HBV (only Anti-HBs positive) may be helpful to prevent
new HBV infections if we can detect occult HBV infections
in individuals of these groups. Because members of these
groups are safe blood donors, blood products donors and
organ donors..

Highly sensitive serologic tests are generally used in
blood banks to monitor HBV but the risk of HBV transmis-
sion is still present with a low possibility and, in fact, it is
nearly impossible to eliminate the risk of transmission
completely.

In some studies, it was reported that samples of HBsAg
negative blood by serologic screening still carried HBV
which was responsible for the post-transfusion HBV infec-
tions in 5–10% of the total HBV infections. The probability
of HBV transmission was reported as 1/63,000 due to
transfusion [4,8]. It was thought that the screening for both
HBsAg and Anti-HBc in blood and organ donors will most
likely prevent occult HBV transmission whether via blood
transfusion or organ transplantation. However, this situa-
tion may also cause donor loss in countries in which HBV
infections are endemic [9,10]. Altunay et al. [11] reported
that they detected 2748 (21.4%) Anti-HBc and 658 (2.4%)
isolated Anti-HBc positivity in 12858 HBsAg negative ser-
um samples from blood donors, respectively in the Istanbul
Red Crescent Blood Center between June 2007 and October
2008. Nine (0.007) were detected as positive while 12,849
(99.93%) were detected as negative according to the NAT
(Nucleic Acid Amplification Test) study. From these 9
NAT positive plasma samples, six (0.91%) were HBV-DNA
positive. According to their data, taking into account the
presence of higher HBV-DNA negativity (99.09%) in
isolated Anti-HBc cases they concluded that there was no
need to add the Anti-HBc test to routine serological screen-
ings even it was shown that there may be a risk of about 1
out of 2142 transfusion in the light of the additional cost of
the Anti-HBc test and possible donor loss.

Minuk et al. [12] reported 14 (18%) HBV-DNA positives
of the 80 HBsAg negative, Anti-HBc positive individuals out
of 487 individuals in Canada. Liang et al. [13] reported 30%
HBV-DNA positives of the 3% isolated Anti-HBc group out
of 1407 donors. Antar et al. [14] found 80 Anti-HBc posi-
tives out of 1026 HBsAg negative individuals and they also
detected five (6.25%) HBV-DNA positives in Egypt. On the
other hand Mohammed et al. [15] showed that there were
19 (12.4%) HBV-DNA positives of the 153 isolated Anti-HBc
cases. Although different HBV-DNA positivity ratios were
discovered in HBsAg negative and isolated Anti-HBc
positive individuals in the studies performed in Turkey
and other countries, similar results to our negative results
regarding HBV-DNA positivity in isolated Anti-HBc groups
were also reported in other international studies. However,
Zervou et al. [16] found no HBV-DNA positivity in a 282
HBsAg negative isolated Anti-HBc group from Greece in
2001 and Daugles et al. [17] also showed no HBV-DNA
positivity in 26,492 similar individuals. Although we did
not detect occult HBV in the isolated Anti-HBc group, we
suggest that this result may be a result of the scarce cases
or due to other unknown reasons.

We found that HBV-DNA was absent in individuals
naturally immune to HBV infection but the presence of
HBV-DNA in naturally immune individuals and recovered
HBV infected patients in other studies led to speculations
about the sera obtained from these individuals as to
whether it is contagious or not. As a matter of fact,
Mohammed et al. [15] reported 12 HBV-DNA positives
out of 260 HBsAg negative naturally immune individuals
by an in-house PCR method in India and stated that highly
sensitive analytical screening tests were needed to avoid
potential risks with blood transfusions in blood banks.
Similarly, in China, Ling-Na Shih et al. [18] demonstrated
from 68 HBsAg negative naturally immune individuals, 5
(7.3%) HBV-DNA positives. In another study performed by
Song et al. [19] in Korea, HBV-DNA was detected in 2 out
of 365 naturally immune individuals and a mutation in
the S gene was found in one of these two cases. In 2000 Ko-
cazeybek et al. [20] reported that no HBV-DNA was present
in 96 HBsAg negative naturally immune individuals from
Turkey and they concluded that these results were in
accordance with the classical literature suggesting that
HBV-DNA cannot be detected in the serum samples or
mononuclear cells obtained from individuals naturally
immune to HBV.

We think that our negative results with HBV-DNA in
individuals naturally immune to HBV may be related to a
mutation in the S gene and the reactivation of HBV
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infections with the lymphoid system being a reservoir for
HBV.

In individuals with seronegative hepatitis markers and
higher ALT levels (>40 IU/ml), we also did not find HBV-
DNA. Higher ALT levels and continuous viral replication
were also reported in some cases with seronegative hepa-
titis markers which were preferable for the transfusion of
blood and blood products and organ transplantation. These
seronegative individuals are generally accepted as not con-
tagious as the known transmission routes [3]. Song et al.
[19] reported one HBV-DNA positive case out of 203 cases
with seronegative hepatitis markers in Korea. In an occult
HBV infection study from North America, 33 (8.1%) HBV-
DNA positives were found out of 407 HBV seronegative
cases and S gene variants were detected in 17 of the 33
HBV-DNA positive cases [12]. Although we could not de-
tect any HBV-DNA positivity in the individuals with sero-
negative hepatitis markers and higher ALT levels, it was
reported that occult HBV infections can be found in these
individuals by utilizing highly sensitive molecular tech-
niques to obtain HBV-DNA as IU/ml or copy number in re-
cent years [21,22]. This situation may be related to a series
of mutations [frequently in a determinant, arginine (Arg)
was substituted with glycine (Gly) at the 145 position
and localizes to 124–147 aa] in amino acid segments
which determine a specificity in the major surface proteins
(Surface – S region) of HBV. This mutation may prevent the
neutralization of an Anti-HBs and lead to continuous repli-
cation of HBV. Classic diagnostic reactives could not detect
this region. In individuals with seronegative hepatitis
markers, high ALT levels may be caused from idiopathic
factors other than HBV infections.

In the vaccinated individuals to HBV (only Anti-HBs
positive), we could not observe HBV-DNA by RT-PCR meth-
od. Neutralizing Anti-HB antibodies are produced to the
common determinant in S region of all subtypes of HBV
after HBV infection or immunization and provide protec-
tion against the all subtypes of HBV. [22,23]. In cases
known as Anti-HBs escape mutant, HBV-DNA positivity
can be detected due to the unprotective antibodies formed
against to differentiated region developed by mutations
between 124 and 147 aa segment of the determinant.
Therefore, it was suggested that HBV-DNA can be detected
in Anti-HBs positive cases [24]. HBV replication with HBV-
DNA positivity was reported in infants who were applied
immunoprophylaxis, (Anti-HBs produced) and even no
mutant HBV occured to their mothers from the first studies
performed in Italy and Japan by vaccination. Arg substitu-
tion was found at 145 position in S protein from infants but
Gly was present at the same position in the protein
obtained from the mothers in Italian study. Threonine
(Thr) at 126 position was also found substituted with Arg
or isoleucine (Ile) in the infant S protein in a Japan study.
When these first 2 reports and other results of the studies
related with Anti-HBs escape mutants were evaluated to-
gether, it was suggested that unsufficient protection was
given by vaccines which were prepared with the classical
HBsAg sub-types (against a subtype which has the
common determinant) [23,25].

In conclusion, we did not detect occult HBV infection in
our four study groups by a high sensitivity real-time (RT)
PCR method, while occult HBV infections with various
frequencies were detected in other large, serial interna-
tional studies in which highly sensitive analytical molecu-
lar methods were used. Although we also used a high
standard molecular kit to detect occult HBV infections,
we suggest that the reason for the absence of detection
of occult HBV infections may be due to the small number
of cases included in this study. However, it was assumed
that the use of a nucleic acid amplification technology
(NAT) with high analytical sensitivity in blood banks to
prevent HBV transmission by blood transfusion is
controversial both regarding cost and diagnostic efficacy
and for this reason, we suggest that it will be useful to
perform large serial studies on occult HBV infections in
the future.
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