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Abstract: Hepatitis B virus (HBV) screening among blood donors in Iran is focused on the
presence of hepatitis B surface antigen (HBsAg). The absence of HBsAg in the healthy blood
donors may not be sufficient to ensure lack of circulating HBV. However, nucleic acid testing (NAT)
has been introduced in most developed countries for the screening of infectious agents in pooled
plasma and individual donation. Understanding the relationship between HBsAg and HBV
deoxyribonucleic acid (DNA) concentrations in HBV infected blood donor is an important in
assessing the roles that HBsAg assays and HBV NAT will play in the future of blood screening. The
aim of this study was to show the results about screening for HBV in blood donors and to remark
the relationship between HBV DNA and HBsAg.

HBsAg testing for 58400 healthy volunteer donors was conducted using HBsAg Enzyme
Immunoassay kit (Monolisa, Bio-RAD, France) during Sep2004 to Feb 2005. All specimens
repeatedly reactivate for HBsAg were tested and confirmed by a neutralization assay (HBsAg
confirmatory assay Monolisa, Bio-RAD, France). Samples from HBsAg positive donations were
tested using semi-nested PCR to detect HBV DNA. A total of 350 (0.6%) of 58400 blood donors were
HBsAg positive. HBV DNA was detected among 90 of 350(25.7%) of the HBsAg positive blood
donors. HBV DNA was not found among 260(74.2%) of the positive HBsAg donors.HBV DNA levels
in HBsAg positive blood donations can be extremely low. About 74.2 percent of donations would
remain undetected by single donor NAT. These results indicate that HBsAg positive units from
donors in the chronic stage of infection or late infection may contain very low or intermittently

detectable DNA levels that single sample NAT would miss.
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Introduction

epatitis B is a major global public
Hhealth problem. According to World
Health Organization (WHO) statistics,

2 billion people have been infected with the HBV
worldwide, 350 million currently have chronic
infections, and 4 million new acute clinical cases
occur annually (1,2). One million carriers die each
year from chronic active hepatitis, cirrhosis, or
primary liver cancer. HBV is transmitted by
exposure to infected blood or body fluids with
most infectious agents occurring through sexual
contact with infected persons, intravenous drug
abuse, transfusion of unscreened infectious blood
or blood products, or perinatally. Improvements in
serologic screening assays along with increasingly
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stringent donor selection and the use of the
hepatitis B vaccine have vastly reduced the risk of
HBYV transmission from transfused blood or blood
products. However, in spite of these measures,
there remains a residual risk of transmitting HBV
through transfusion of infected blood or blood
components. With the successful implementation
of pooled-sample NAT for human
immunodeficiency virus (HIV) and hepatitis C
virus (HCV) in many developed countries (3.4),
there is understandable interest in the potential
benefit of HBV NAT in donor screening.

Understanding the relationship between HBsAg
and HBV DNA concentrations in HBV infected
blood donors is important in assessing the roles
that HBsAg assays and HBV NAT will play in the
future of blood screening(5). Comparisons of
serum HBsAg levels and sensitivity of the HBsAg
assay with HBV NAT detection limits have
focused primarily on evaluation of hepatitis B
seroconversion series during the early window
period of acute infection (5). The linear
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relationship between HBsAg assay values and
HBV DNA levels exists only during early
seroconversion (6). The relationship between
HBsAg and HBV DNA level is clearly not
correlated during late infection or during chronic
infection (6). Thus, the utility of associating a viral
load value with an HBsAg concentration is limited,
since it is not representative of the relationship
between HBV DNA and HBsAg in the wvast
majority of HBV-positive sample that are tested in
blood screening or in the diagnostic setting (7,8).
Each country will need to develop its blood
screening strategy based on HBV endemicity;
yields of infectious units detected by different
serologic/NAT screening methods, and cost
effectiveness of test methods in ensuring blood
safety. The key questions regarding NAT for HBV
include: 1) can NAT replace HBsAg screening of
blood donors? 2) Can NAT replace anti-HBc
testing of blood donors? The purpose of this study
was to show the results about screening for HBV
in blood donors and to remark the relationship
between HBV DNA and HBsAg.

Materials and Methods

Serum specimens. Whole blood samples were
collected randomly from 58400 healthy volunteer
blood donors, who were referred to blood
transfusion center, Tehran, Iran during September
2004 to February2005. Donors were interviewed
and medically examined before blood donation.
Those with high-risk behaviour including
intravenous drugs abusers or with any medical
problems were excluded from the study
population.

At the time of the blood donation, routine HBsAg
testing was conducted by Enzyme Immunoassay
kit (Monolisa, Bio-RAD, France). All specimens in
this study were repeatedly reactive by HBsAg
Enzyme Immunoassay kit and confirmed by the
confirmatory assay (Monolisa, Bio-RAD, France).
Other screening test such as anti human
immunodeficiency virus (HIV), anti hepatitis C
virus (HCV), serologic tests for syphilis (STS)
followed by routine blood banking procedures
were carried out for each individual donor. Then,
samples from HBsAg positive donations were
tested using semi-nested PCR to detect HBV DNA.
DNA extraction. HBV DNA was extracted from
100 ul of serum by the proteinase K-sodium
dodecyle sulfate lysis and phenol-chloroform
extraction methods as described previously (9, 10).

Serum was mixed with 300 pl of Tris
hydrochloride buffer (13.3 mM, pH 8) containing
6.7mM EDTA, 0.67 % (wt/vol) SDS, and
proteinase K (133ug/ml) and incubated at 70 °C for
3h. The suspension was sequentially extracted with
phenol and then with chloroform. The DNA was
precipitated with 0.3 M sodium acetate and then
with absolute ethanol, washed with 70 % ecthanol,
vacuum dried, and then dissolved in a final volume
of 30 pl of sterile, and nuclease-free water.

PCR amplification. Extracted DNA was amplified
by semi-nested PCR with outer primers (sense
primer, 5° YCCTGTGGTGGCTCCAGTTC 3’;
atisense primer, 5
AAGCCANACARTGGGGGAAAGC 37) (11),
followed by second -round PCR with primers
specific for the pre-S1/pre-S2 region of HBV
(sense  primer, SGTCTAGACTCGTGGTGG
ACTTCTCTC’3 ; antisense primer,
5"AAGCCANACA RTGGGGGAAAGC 3’) (11).
The assay was performed according to the standard
PCR assay (11). Five microlitre of DNA extract or
the first-round PCR product was added to 45 ul of
reaction mixture containing 0.3 pL of 5 U/uL Taq
DNA polymerase, 1 pl of 10Pico mol/ul of each
primer, 200p m of each deoxynucleotid
triphosphate, 5 pl of reaction buffer (50 mM KCl,
10 mM Tris - HCL, pH = 8.3) and 1.5 mM MgCI2.
Samples were denatured for 5 min at 94°C and then
subjected to 40 cycles of 1 min at 94°C, 1 min at
58°C and 1 min at 72°C in a thermal cycler
(Techne, England).

Detection of PCR product. Ten pl of reaction
product was electrophoresed in a 2% agarose gel
made in Tris-acetated-EDTA (TAE) buffer, pH=8-
8.5 and visualized by UV illumination after
ethidium bromide (10 pg/ml) staining. Positive and
negative controls were also treated as samples.
Determination of the sensitivity of PCR.
Sensitivity of the standard PCR assay were
evaluated using serial dilutions of the international
reference standard, Europe genotypes A, C, D, E.
Conventional gel electrophoresis and ethidium
bromide staining were then used to analyze the
PCR amplification products from these templates.
Statistical analysis: The SPSS software version
11.5, chi-square test was used to analyze the data.

Results
A total of 350 (0.6%) of 58400 blood donors were

HBsAg positive. Thus, 58050 of blood donors
were negative for HBsAg.
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HBV DNA was determined by a qualititative HBV
DNA PCR assay.

The assay performed according to the standard
PCR assay. The limit of detection of genotypes A,
C, D, and E was 3000 HBV DNA copies per ml.

A total of 350 of the HBsAg positive blood donors
were tested for HBV DNA. HBV DNA was
detected among 90 of 350 (25.7%) HBsAg
positive specimens. In 90 (25.7%) of the HBsAg
positive blood donor HBV DNA was repeatedly
detected, and 260 (74.2%) of the HBsAg positive
blood donors HBV DNA was not found. The
HBV DNA in 90 specimens was amplified by S
gene specific primers. The PCR products were
visualized on a 2% agarose gel stained with
ethidium bromide. Table 1 shows finding from
this study that included data on detection of
HBV DNA in confirmed HBsAg-positive
donors. The PCR products with 475 base pair
length obtained with both set of primers is
shown in figure.l. An association was not seen
between the OD HBsAg positive and the
intensity of expected PCR product band, after
electrophoresis and ethidium bromide staining.

Table1. Prevalence of HBV DNA in HBsAg positive
blood donors.

HBsAg positive HBV DNA Positive HBV DNA
Negative

no (%) no (%)
350 90 (25.7%) 260 (74.2%)

16 1514 13 12 11 10 9 8 7 6 5 4 3 2 1

Fig.1. Agarose gel electrophoresis of semi-nested
PCR products of HBV S gene DNA in HBsAg
positive blood donors. Lane1 DNA size Marker
(100 bp ladder Fermentas). Lane 14 negative
control sample using Viral Quality Control (VQC)
panel negative serum (BBL). Lanes 15, 16 PCR
products with 475 base pair length generated
using S gene specific primers of hepatitis B virus
using VQC panel serum (BBL) (positive control).
Lanes 2-13 PCR products of HBsAg positive blood
donors using S gene specific primers.
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Discussion

Previous investigations have shown a significant
positive  correlation between HBV  DNA
concentrations and HBsAg levels during the viral
ramp-up phase of acute infection when HBsAg and
HBV DNA levels rapidly increase in a linear and
proportionate fashion (12, 13). The ramp-up phase
is a period during which DNA could be quantified
and viral load was seen to increase progressively
over time as opposed to the before ramp-up phase
where low level HBV DNA is intermittently
detected only higher sensitivity qualitative PCR or
other NAT assays (13). The after ramp-up phase is
the period after HBsAg becomes reactive and viral
load progression is either showed or stopped. In
addition, Biswas et al (2003) showed that detection
rates and window period differences varied
between HBsAg and NAT assays during the ramp-
up phase of seroconversion (12). Seroconversion
donors are not the only source of risk for post
transfusion hepatitis but recent reports indicate that
HBV may be present in donations from chronic
HBV carries who have undetectable HBsAg but
are positive for anti hepatitis B core antigen (HBc)
(14,15). Kuhn’s et al examined whether NAT can
replace HBsAg screening of blood donors. In their
studies, samples from 200 HBsAg and anti-HBc
positive donations were tested using 3 PCR assays.
They found a poor correlation between HBsAg
titer and serum HBV DNA levels. In Kuhn’s et al
(2004) report, only 64% of the samples had
detectable HBV DNA wusing a commercially
available PCR assay with detection limit of 400
copies/ml, 30% had detectable HBV DNA by an
assay with detection limit of 65 copies/ml, 3% had
detectable HBV DNA by an assay with detection
limit of 1.3 copies/ml, while 3% had undetectable
HBYV DNA even with the most sensitive assays (5).
In a Japanese study, of 59 low-level HBsAg-
positive donor samples with complete PCR results,
25 had DNA concentrations <100 copies/ml (12).
These donors were followed for more than a year
and classified as having chronic HBV infection.
Interestingly, most of these infectious agents were
not detectable by PCR with surface antigen gene
primers but required core region primers and a 1
ml sample input volume. Two other HBsAg
positive donors from that same study, also
classified as chronic carriers, were PCR negative
even with a 1 ml sample input volume(12).

In two studies performed in United State, 3%
(6/200) to 6% (6/99) of HBsAg-positive donors
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had HBV DNA level < or =100 copies/ml and
another 3-6% were HBV NAT negative using
highly sensitive NAT assay with 95% detection
limits of 6-60 HBV DNA copies/ml (16).

Like other results, in this present study HBY DNA
was not found in 260 (74.2%) of the HBsAg
positive blood donors. (The limit of detection 3000
HBV DNA copies per ml). These results show that
some HBsAg-positive blood donors in the chronic
stage of infection have very low or intermittently
detectable HBV DNA levels and would not be
identified by single sample NAT methods.
Prevention of transfusion transmitted HBV has
historically relied on serologic screening of blood and
plasma donations for HBsAg. In addition to screening
of blood donations for HBsAg, some countries also
screen for anti-HBc to detect anti-HBc reactive chronic
carries with low-level viremia that lack detectable
HBsAg. NAT for HBV DNA was introduced in a few
blood centers in Europe, as well as throughout Japan, to
identify HBV infected units during the early phase of
acute infection before HBsAg or anti -HBc is
detectable, and in chronic carriers with undetectable
levels of HBsAg (particularly in cases where anti- HBc
testing is not performed).

In Iran that blood donors do not routinely screen
for anti- HBc, HBsAg testing is the only means of
detection from chronically infected individuals
with low/intermittently detectable DNA, since
even single-donor NAT would not identify these
potentially infectious blood units.

However, the results show that HBV DNA is not
detectable in a subset of HBsAg positive
donations, raising concern about the safety impact
of replacing HBsAg with HBV NAT, particularly
in the absence of anti HBc screening.

In conclusions, this study shows that HBV DNA
level during the chronic stages of HBV infection is
low and that serologic screening rather NAT
screening, may be more effective for the detection
of chronic carriers.
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