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Safer Blood Supply for Transfusion:
Which Algorithm Should Be Used to
Determine Occult Hepatitis B Infection in Blood Donors?
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SUMMARY
Background: Transfusion-transmitted hepatitis B virus continues to be a problem despite its significantly reduced
prevalence. In this study, in addition to screening for the presence of HBsAg in donors’ blood, anti-HBc and antiHBs markers were investigated using the chemiluminescence immunoassay (CLIA) method, and real-time PCR
was used to detect HBV DNA.
Methods: The study’s material involved serum samples of 4,073 blood donors. HBsAg, anti-HBs, anti-HBc tests
were undertaken using the CLIA method, and HBV DNA’s presence was investigated using the real-time PCR
method.
Results: HBsAg and anti-HBc tests were negative in 3,331 (81.78%) and positive in 37 (0.90%). For the remaining
705 (17.30%), HBsAg was negative and anti-HBc was positive. According to the results of the anti-HBs test for
these samples, HBsAg negativity and anti-HBc and anti-HBs positivity were found in 619 samples (15.19%), while
86 samples (2.11%) were negative for HBsAg and anti-HBs but positive for anti-HBc (isolated anti-HBc positivity). ID-HBV DNA real-time PCR tests were performed on 86 samples. None of the samples was positive for HBV
DNA.
Conclusions: Recommended tests for screening occult HBV infection include anti-HBc, anti-HBs, and/or HBV
DNA. Anti-HBc screening may result in loss of donors and blood products, particularly in countries with moderate endemicity of HBV, such as Turkey.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a serious global
public health problem that affects more than two billion
people worldwide despite the availability of vaccination
and antiviral treatment [1]. Over the last few years, the
risk of transfusion-transmitted HBV (TT-HBV) has
been steadily reduced by voluntary blood donors, donor
selection based on risk-behavior assessment, and the development of increasingly more sensitive and specific
HBsAg screening tests [2,1]. Although anti-HBc
screening and recent introduction of HBV nucleic acid
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nent rejection of a donor due to false positive results.
Another limitation is that anti-HBc screening is unable
to identify window period infections [7,1].
The ID-HBV DNA test has a 95 - 99.9% detection limit
(2 - 4 IU/mL). This high sensitivity results in significant
shortening (by approximately 15 days) of the window
period of the HBV infection, which cannot be detected
with the HBsAg test. HBV NAT revealed many cases
of HBsAg-negative OBI among anti-HBc- and/or antiHBs-positive blood donors. In the majority of donors
with OBI, the viral load is < 50 IU/mL [8].
The HBV screening strategy should be based on local
epidemiological data, HBV transmission risk estimates,
and the financial resources of a country [9].
The aim of this study is to generate data for HBV
screening strategies that can be implemented in our
country.

testing (NAT) have increased blood and patient safety
measures in some endemic countries, the desired zero
risk target has not yet been achieved [3]. The risk of
TT-HBV, absence of detectable HBsAg, and extremely
low HBV DNA levels are associated with the pre-seroconversion window period and occult HBV infection
(OBI) [4]. TT-HBV has a residual risk that varies according to HBV epidemiology, donor populations, and
screening strategies. The residual risk estimate calculated for HBV ranges from 1 to 1.4 per million in low-endemic countries and from 16 to 100 in high-endemic
countries, depending on the mathematical models used
[1,5]. The risk of TT-HBV is primarily associated with
blood donation testing negative for HBsAg and/or HBV
DNA and the blood being collected in the early or late
phase of infection [6]. The success or failure in preventing potentially infectious donations relies on the screening strategy and the performance of the serological and
molecular methods used. Despite all the measures taken
today, TT-HBV is still reported, albeit rarely. All these
measures and increases in cost have led to serious debates concerning how to reduce the cost of HBV screening. In particular, accumulating data suggests that
screening for HBV NAT and anti-HBc cannot be performed without compromising the supply of donated
blood in high-endemic regions [7].
HBsAg is the first serological marker that emerges during an HBV infection and is used to screen HBV in
blood donors. HBsAg screening generally requires optimal analytical sensitivity to limit the ‘window period’,
defined as the time between infection and detection of
the viral antigen, and to increase the ability to detect the
smallest amount of HBsAg in the asymptomatic late
phase of chronic infection. The sensitivity and specificity of the HBsAg test are under constant improvement.
Recently, chronic HBV infection accompanied by antigen levels below the detection threshold of HBsAg tests
has been increasingly reported in donors and called OBI
[1,2,6].
Anti-HBc antibodies usually appear 6 to 12 weeks after
the onset of infection. They are the most sensitive and
life-time serological markers of exposure to HBV. In
cases where anti-HBs are reduced to undetectable levels
or in OBI where HBsAg detection is not possible, antiHBc antibodies may be a single marker. Even in lowendemic countries, anti-HBc screening is still limited.
The specificity of the anti-HBc test is not optimal, with
false reactivity rates being reported as 16 - 75% according to tests and screening algorithms. Due to the absence of recombinant/peptide antigen-based validation
tests, secondary testing with an alternative EIA is required to distinguish true and false positives and validate limit-reactive results that may be associated with
low avidity or low-titer antibodies. Additional tests,
such as anti-HBs, anti-HBe and/or HBeAg are considered to provide validating values for anti-HBc. Although these complex validation algorithms introduce
economic and organizational constraints on blood services, they are useful in terms of preventing the perma-

MATERIALS AND METHODS
The material of the study consisted of serum samples
collected from blood donors at the Ankara Training and
Research Hospital, Nilgün Sönmez Acar Blood Center
for microbiological screening tests. The study had a
prospective design. In the first stage of the study,
HBsAg and anti-HBc tests were simultaneously performed with CLIA; then, in the second stage, the antiHBs test was performed on the HBsAg-negative and anti-HBc-positive samples. Commercial kits (Ortho-Clinical Diagnostics, Vitros) were used to test HBsAg (sensitivity < 0.10 IU/mL, specificity 99.98%), anti-HBc
(sensitivity < 1 U/mL, specificity 99.6%), and anti-HBs
(sensitivity 10 mIU/mL, specificity 100%) according to
the manufacturer's recommendations.
In samples that were negative for HBsAg and anti-HBs
but positive for anti-HBc, the tests were repeated twice
using the same kit to investigate whether anti-HBc positivity was recurring reactive. HBsAg negativity was analyzed again using the following two test kits capable of
detecting HBV escape mutants; HBsAg ES (sensitivity
< 0.10 IU/mL, specificity 99.88%, Ortho-Clinical Diagnostics, Vitros) and HBsAg (sensitivity ≤ 0.050 IU/mL,
specificity 99.96%, Radim, Italy) according to the manufacturer’s recommendations. In these samples, commercial test kits (Ortho-Clinical Diagnostics, Vitros)
were used to perform tests related to the other markers
of HBV infection; anti-HBcIgM (sensitivity 98.2%,
specificity 100%), HBeAg (sensitivity < 0.35 U/mL,
specificity 99.88%), and anti-HBe (sensitivity < 0.25 U/
mL, specificity 100%). The presence of HBV DNA was
investigated for each individual donor (individual donation, ID) using the real-time PCR method and kit (Abbott Real Time HBV, ABD) (sensitivity 10 IU/mL,
specificity 100%) according to the manufacturer’s recommendations. Co-administration of HBsAg, antiHBc, and HBV NAT in endemic countries with low
HBV prevalence allows the detection of both the early
phase of acute infection and occult infection, thereby in-
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For the 619 of the 705 anti-HBc-positive samples
(87.80%), the amount of anti-HBs was found to be
≥ 10 mIU/mL. Among these samples, the amount of anti-HBs was ≥ 100 mIU/mL in 437 samples (10.73%)
and < 100 mIU/mL in 182 samples (4.46%) (Figure 1).
HBsAg presence, anti-HBc recurrent reactivity, antiHBcIgM, HBeAg and anti-HBe secondary tests and IDHBV DNA were examined again in 86 samples with
isolated anti-HBc positivity using two different test kits.
None of the samples was found positive for HBsAg,
anti-HBcIgM, HBeAg or HBV DNA, but Anti-HBe
positivity was detected in eight samples in which the
amount of anti-HBs ranged from 0.1 to 9.3 mIU/mL
(Figure 2).

creasing blood and patient safety. It is recommended
that ID-NAT should be preferred, rather than MP-NAT
since the former was found to be more effective in detecting both the window-period and occult HBV infections and further reducing the residual risk compared to
the MP-NAT. However, there is still an ongoing debate
around the world on how to reduce the costs of HBV
blood screening without compromising blood safety.
It is stated that in moderate- and high-endemic countries, the anti-HBc test cannot be applied without reducing blood availability and therefore, if there are enough
resources, the HBsAg test combined with NAT can be
undertaken. The cost limitation of NAT affects decisions about the screening strategy. Such decisions may
also vary from one country to another depending on the
sensitivity of the serologic tests and NAT analyses used,
as well as HBV epidemiology. Furthermore, there is a
known residual risk when HBsAg and anti-HBc serology are used in combination with ID-NAT. For all these
reasons, it is recommended that each country decide on
the HBV screening strategy based on local epidemiological data, transmission-risk estimates, cost-effectiveness-based cost analyses, and financial resources.
As a result of our study, anti-HBc screening may result
in donor and product loss for countries, such as Turkey,
that are moderately endemic. Undertaking an additional
anti-HBs test, which is recommended for anti-HBc-positive samples, would further increase the cost of microbiological screening tests. In addition, the implementation of these tests may also affect decisions concerning
the acceptance or rejection of donors on a local level.
Other indicators of HBV infection, namely antiHBcIgM, HBeAg, and anti-HBe, should only be used to
identify infectious conditions in blood donors whose
HBsAg positivity has already been confirmed.
Routine applicability of ID-HBV DNA screening in
Turkey seems to be very difficult due to the challenges
of inapplicability, high cost, requirement of experienced
personnel, and lack of infrastructure. To prevent transfusion-transmitted HBV and identify blood donors with
OBI, it is necessary to establish screening strategies
based on more epidemiological data, transmission-risk
estimates, cost efficiency analyses, and financial resources.

DISCUSSION
Hepatitis B continues to be a transfusion-transmitted viral infection with a residual risk varying according to
HBV epidemiology, donor populations, and screening
strategies [1,2,8]. HBV genotypes, sub-genotypes, and
HBV chronic carrier state and prevalence have different
geographical distributions changing from one area to
another. The seroprevalence of HBsAg is more than 8%
in endemic areas, such as sub-Saharan Africa, South
East Asia, China, and the Amazon region, lower (2 to
4.99%) in the Mediterranean region, Eastern Europe,
Middle East, and the North West countries of South
America, and less than 2% in Western and Northern Europe, North America, South America, India, and parts of
Australia [1]. Turkey has moderate endemicity in terms
of the prevalence of HBV infections, and there are significant differences between different regions in the
country, with the seroprevalence ranging from 2 to 7%
as reported in previous studies [10,11]. In a meta-analysis of studies conducted in Turkey between 1999 and
2009, the prevalence of HBsAg was determined as
4.57% [11]. Among anti-HBc carriers, the frequency of
those with anti-HBs varies according to HBV epidemiology and vaccination coverage. Studies in Europe, Japan, and North America reported that approximately
90% of anti-HBc-reactive blood donors were positive
for anti-HBs, and of these donors, 63 - 70% had an antibody level greater than 100 IU/mL [1,2]. In contrast, in
many countries with higher HBV endemicity, anti-HBs
were only detected in 24.5% of anti-HBc-reactive donors [12,13]. In studies conducted with blood donors in
Turkey, anti-HBc positivity varies from region to region, ranging from 26.3 to 44.7% [14]. However, in recent years, studies have shown a decrease in these rates.
For example, 10% anti-HBc positivity and 1.3% isolated anti-HBc positivity were reported in a study by
Yilmaz et al., 21.1% anti-HBc positivity was found by
Köten et al., and 18% anti-HBc positivity determined in
research by Bal et al. [9,14,15]. In the current study, anti-HBc positivity was found to be 17.30% and isolated
anti-HBc positivity was 2.11%. Of the anti-HBc positive samples, 12.20% were negative and 87.80% were

RESULTS
In this study, HBsAg and anti-HBc tests were performed on 4,073 samples, of which 3,331 (81.78%) were
found to be negative for HBsAg and anti-HBc, 37
(0.90%) were positive for HBsAg and anti-HBc, and the
remaining 705 (17.30%) were negative for HBsAg but
positive for anti-HBc. When the anti-HBs test was undertaken for 705 samples, 619 (15.19%) were HBsAgnegative and anti-HBc and anti-HBc-positive, whereas
86 samples (2.11%) had HBsAg and anti-HBs negativity and anti-HBc positivity (isolated anti-HBc positivity)
(Table 1).
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Table 1. Results of serologic screening tests.
Number of donors

%

HBsAg (-) anti-HBc (-)

3,331

81.78

HBsAg (+) anti-HBc (+)

37

0.90

HBsAg (-) anti-HBs (+) anti-HBc (+)

619

15.19

HBsAg (-) anti-HBs (-) anti-HBc (+) isolated anti-HBc positivity

86

2.11

Total number of donors

4,073

100

Figure 1. The algorithm used in HBsAg screening and the results obtained.

positive for anti-HBs. Among the positive samples, the
level of anti-HBs was detected as ≥ 100 mIU/mL in
70.60% and < 100 mIU/mL 29.40%. Bal et al. reported
anti-HBs positivity in 85% of the 1,679 anti-HBc-positive samples [14]. Several investigations have indicated
that utmost care should be taken when comparing the
seroprevalence between studies due to the differences in
screening algorithms and methodology [1,2]. In moderate- and high-endemic regions, where the prevalence of
anti-HBc in blood donors varies between 8% and 50%,
anti-HBc screening is usually not cost-efficient and
causes serious donor loss, resulting in problems in supplying blood for transfusions, whereas in moderate- or
low-endemic countries, this screening test is considered
to be sustainable [16,17]. In order to limit the potential
donor loss associated with approximately 5% of anti-

HBc prevalence, Japan has implemented a complex
screening algorithm to determine the amount of antiHBs in anti-HBc-positive donors and prevent donor loss
[18,19]. Thus, Japan uses donations with an anti-HBs
level of ≥ 200 mIU/mL while some countries use antiHBc-positive donations with ≥ 100 mIU/mL anti-HBs.
The anti-HBc test has the potential to further increase
blood safety, but may also jeopardize the availability of
blood in countries with moderate to high HBV prevalence [20,21].
HBV NAT application is limited in low- or middle-income countries due to the high cost of efficient, fully
automated commercial systems and reagents [22,23]. In
high-income countries with generally low prevalence of
HBV, the benefit of NAT in reducing clinical risk is affordable and cost efficient [23,19]. In many countries,
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Figure 2. The algorithm used for the confirmation of isolated anti-HBc and the results obtained.

attempts have been made to test viral genomes in minipool (MP) plasma pools of various sizes (usually 6 - 8)
to reduce the cost of NAT. The dilution factor resulting
from pooling reduces HBV NAT sensitivity and its ability to detect low levels of HBV DNA observed in the
majority of OBI donors [24,25]. The positive HBV
DNA yield obtained from MP-NAT is lower than expected, and therefore many researchers have emphasized that anti-HBc should be incorporated into screening
strategies to detect low-level HBV DNA-positive donors by employing HBV MP-NAT [23,19]. However,
even ID-NAT has been reported as not being sufficiently sensitive to detect potentially infectious blood products with extremely low levels of HBV DNA [20,19].
Recently, increasing evidence for HBV transmission by
ID-NAT-negative, anti-HBc-reactive donors of HBsAg,
and HBV has been demonstrated with the most sensitive methods available [10,16]. In a study conducted in
Japan using ID-NAT and anti-HBc for screening blood
donations for HBV, TT-HBV infection was reported in
4 - 13 cases/year. The researchers found that ID-NAT
prevented 75 - 85% of TT-HBV cases caused by the
window period and OBI donations, 1.94% of donations
with low anti-HBc and anti-HBs titers were viremic,
and anti-HBc titers and the frequency of viremia were
not correlated. As a result of that study, the Japanese
Red Cross chose maximum blood safety by not using
any blood units with low anti-HBc and anti-HBs titers,
which constituted 1.3% of total donations [18].
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In a study undertaken in China [4], it was stated that the
anti-HBc test was applied in a few countries with low
prevalence of HBV. HBsAg was not detected, but it
could be used as a marker for HBV carriers in cases
where post-transfusion could reduce the risk of HBV infection. However, the authors also suggested that it
would not be practical to reject anti-HBc-positive donors in areas with an anti-HBc prevalence of > 2 - 5%.
It was also emphasized that the blood donation gap resulting from the rejection of anti-HBc positive donors
was too large to provide an adequate blood supply, and
therefore many countries with moderate to high HBV
endemicity, such as Italy, Greece, Spain and various
countries in Asia, choose not to test donors for antiHBc. It was also reported that when anti-HBc screening
is not undertaken, the risk of TT-HBV is caused by
HBV DNA or undetectable HBsAg in blood, as well as
OBI carriers with or without anti-HBc and anti-HBs antibodies. Therefore, HBV DNA screening has become
the main complementary option to the HBsAg test in
these areas, including China. In the same study, it was
noted that Shenzhen blood donors in South China had
higher exposure to HBV, 47.5% of blood donors were
HBsAg-negative/anti-HBc-positive, and 2.86% of antiHBc-positive donors had OBI, suggesting that a higher
NAT sensitivity should be adopted and anti-HBc could
be an alternative screening parameter. The authors explained that including the anti-HBc test in screening
strategies would lead to the rejection of many donor
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nors from blood donation. Based on international scientific studies and our actual evaluation; it would be of
benefit to regulate Turkish HBV screening in blood donors according to the related EU protocols.

units, but would, at the same time, eliminate HBV-infected donations, and both strategies, with their potential consequences, would reduce OBI-associated TTHBV infections, especially in the immune-deprived patient populations in resource-poor environments. It was
concluded that models based on clinical and experimental evidence demonstrated a further 3 - 14% risk associated with OBI donations by testing non-reactive
HBsAg and ID-NAT; thus, in addition to having the potential to increase blood safety, the anti-HBc test might
also jeopardize the availability of blood in countries
with a moderate/high HBV prevalence, but it was still
possible to improve the screening of donors in Chinese
blood banks through the collection of more data.
In studies investigating the presence of HBV DNA in
anti-HBc-positive blood donors in Turkey, very low
rates ranging from 0 to 0.45% have been reported. Researchers suggested that the anti-HBc test could be integrated into screening strategies depending on the antiHBc prevalence, but this application could lead to donor
loss. The MP-NAT application had more false positives
and lower sensitivity, and ID-NAT procedures were
very costly; thus, more research was required before
these techniques could be incorporated into routine applications [8]. In the current study, ID-HBV NAT positivity was not detected in 86 samples with isolated antiHBc positivity.
In Turkey, the legal obligation for HBV screening in
blood donors is to test for the presence of HBsAg using
EIA or CLIA. The Guide to the Preparation, Use and
Quality Assurance of Blood Components published
2016 in Turkey states that the anti-HBc test can be applied as a "supportive" test in the presence of repetitive
reactivity of the HBsAg screening test, demonstrating
that the blood donor has previously been introduced to
HBV, and if the test finding indicates reactivity, then
the donor should be permanently rejected with the suspicion of past or ongoing HBV infection. However, currently, there is no legal regulation or algorithm specific
to the determination of OBI. To date, in this area, only a
limited number of studies have been undertaken with a
limited number of samples. More extensive research,
epidemiological data, risk-cost analyses, and decisions
involving a wide range of stakeholders are required to
introduce efficient legal regulations in Turkey.
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