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Summary
The risk of hepatitis B virus (HBV) transmission through blood and blood components is 
markedly reduced through serologic testing of each donation for the presence of HBV infection 
markers. Testing for hepatitis B virus surface antigen (HBsAg) is obligatory almost everywhere 
in the world. Several countries have also implemented testing for antibodies to hepatitis B core 
antigen (anti-HBc) and some perform HBV DNA tests, either in single donations or minipools 
of up to 96 donations. In countries with obligatory hepatitis B vaccination, the incidence of 
HBsAg-positive infections has been on the decline. Questions are therefore raised regarding 
the choice of optimal strategies for blood donor screening. 
In Poland, screening for hepatitis B virus surface antigen (HBsAg) to identify HBV infected 
donors was initiated in 1971. Pursuant to the guidelines of the Council of Europe, the analyti-
cal sensitivity of 0.13 IU/ml is required for a HBsAg screening test to detect a HBsAg-positive 
infection. In 2005, HBV-DNA testing was added to the panel of screening tests for further 
reduction of HBV transmission risk through blood and blood components. 
The study presents the analysis of the HBsAg and HBV-DNA screening tests used in Poland 
so far. The analysis is based on the author’s doctoral dissertation and the outcome may largely 
contribute to the process of determining the effectiveness of the methods used up to date and to 
development of an optimal panel of HBV screening tests for Polish blood donors. 
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Introduction

Hepatitis B virus (HBV), responsible for 
a wide spectrum of liver diseases ranging from 
acute to chronic, is one of the most significant 
clinical and epidemiological challenges worldwide 
[1]. HBV is transmitted through blood, semen and 
other body fluids of infected persons. Due to the 
high infectivity of HBV transmitted through blood, 
blood transfusion services worldwide are actively 

involved in controlling the risk of transfusion trans-
mitted HBV (TT-HBV). Blood from phases with 
detectable antigen HBs (HBsAg) and the highest 
viral load characteristic of symptomatic hepatitis 
B has been found the most infectious. However, 
TT-HBV may also occur through blood from phases 
with no detectable HBsAg — usually with lower 
viral load and asymptomatic course [2]. The first 
method of reducing the risk of TT-HBV is the 
qualification of the blood donor (based on medical 
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history and physical examination). As many as 2/3 
of infected people are asymptomatic or present 
non-specific symptoms, so despite donor qualifica-
tion procedures, HBV is still a serious risk factor 
for transfusion-related adverse reactions. In the 
recent years, development of pathogen inactiva-
tion methods has become increasingly significant. 
Unfortunately they are not fully effective and the 
accessibility is limited [3, 4]. 

To minimize the transfusion-related risk of 
HBV transmission various HBsAg, HBV DNA and 
anti-HBc screening tests are in use worldwide.  
HBsAg screening tests are capable of detecting 
acute and chronic infections though not in all pha-
ses and forms due to insufficient test sensitivity [5].  
The obligation to test individual donations for HB-
sAg is imposed by Directive 2002/98/EC defining 
the quality and safety standards for the collection, 
testing, preparation, storage and issue of human 
blood and blood components. The test is also 
recommended by the Council of Europe [6, 7].  
On the other hand, HBV DNA screening tests 
implemented in 2002 identify not only HBsAg-
-positive phases (with detectable HBsAg) but also 
HBsAg-negative phases (with undetectable HB-
sAg). Nucleid Acid Testing (NAT) for HBV is used 
by 40 countries worldwide and various strategies 
are employed ranging from single donation testing 
(IDT) to mini-pool tests of 96 donations (MP96) 
[8]. In several European countries as well as in the 
USA and Japan, each donation is also screened for 
anti-HBc — a marker of ongoing and past infection. 

Better quality and availability of tests as well 
as possibility of identifying various infection sta-
ges triggered discussions on the optimal choice 
of screening tests (markers and algorithms) for 
detection of the largest possible number of infec-
ted donors [9, 10] while availability of blood for 
transfusion is ensured i.e. by not deferring people 
whose blood does not transmit the virus. 

Before joining the discussion, we decided to 
first summarize and present the algorithms used 
so far for HBV-DNA testing in Polish Blood Trans-
fusion Centers (BTC). 

HBV infection markers  
— course of infection 

HBV infection is a dynamic process. The 
course of HBV infection and its markers depend 
on viral load and immune response (Fig. 1) [11].
In a couple of weeks following the eclipse phase 
the HBV markers appear in blood in the same 
sequence regardless of the course of infection 
(asymptomatic, acute or chronic) [12]. During the 

first weeks after exposure the virus replicates and 
intensive protein expression occurs (increment of 
hepatitis viral load in liver) as demonstrated by 
higher HBV-DNA and HBsAg levels in blood. The 
period of time between infection and reliable test 
detection is called the I window period (WP 1)  
[13, 14]. From the 6th week onwards, anti-HBc 
antibodies are detected: first IgM, then IgG. High 
IgM anti-HBc antibody concentration persists for 
2–6 months and is characteristic of acute infection 
[15]. Acute viral hepatitis may present with eleva-
ted level of aminotransferase (ALT), jaundice and 
flu-like symptoms [16]. 

If the acute-phase infection is self-limiting, 
HBsAg is no longer detectable in blood within 
6 months and clinical symptoms (including he-
patitis), if previously observable, now disappear 
while laboratory parameters (such as elevated 
ALT level) become normal. One of the last periods 
of self- limiting infection is the II Window Period 
(II WP) when HBsAg concentration decreases to 
undetectable values in the presence of anti-HBc 
IgM antibodies and low levels of HBV DNA. HBV 
DNA and HBeAg in blood are usually absent as 
well. Detectable are antibodies to virus antigens: 
anti-HBc with or without anti-HBe and anti-HBs 
[14]. Persistence of HBsAg with no HBV DNA may 
indicate self- limiting infection which was accom-
panied by integration of hepatitis virus S gene the 
pre-S/S fragment into the host genome [17, 18]. 
On the other hand, the prolonged presence of HBV 
DNA, at a level below 200 IU/ml, with undetectable 
HBsAg with or without anti-HBc and/or anti-HBs 
in blood is suggestive of incomplete control of the 
immune system over virus replication i.e. trans-
ition to Occult Hepatitis B Infection (OBI) [17, 19]. 

In case of non self-limiting infection, HBsAg 
and usually HBV DNA are detectable in blood for 
> 6 months and the infection is chronic. HBsAg 
and anti-HBc are detected for months/years while 
HBV DNA and HBeAg are present depending on the 
infection phase. Anti-HBe and anti-HBs antibodies 
are undetectable and the infection is periodically 
asymptomatic. Chronic as well as acute phase 
infection may pass into inactive HBsAg carrier 
state with undetectable HBV DNA or occult HBV 
infection [19, 20]. 

Blood donor screening for HBV infection 
markers 

HBsAg testing
The HBs antigen (HBsAg) is the first serolo-

gical marker of HBV infection which is detectable 
with immunological methods. With routine tests 
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Figure 1. Course of HBV infection — I WP, II WP and Occult HBV Infection (OBI) [14, 21]) 
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(0.05–0.5 IU/ml sensitivity) HBsAg can be detected 
in blood as of 4th week of infection (2–10 weeks) 
[15]. According to Korelitz, in acute self-limiting 
infection HBsAg is detected for an average of  
63 days. Decline of HBsAg concentration occurs, 
among others, as a result of the neutralizing effect 
of anti-HBs antibodies [14, 22]. The presence of 
HBs antigen in the acute and chronic infection 
phase positions it as the most important serological 

marker both diagnostically and clinically. Following 
the Council of Europe recommendations, screening 
tests should detect at least 0.13 IU of HBsAg/ml  
in blood [7]. The analytical sensitivity of the 
HBsAg test is verified on the basis of the test of 
international panels (International Standard, IS; 
Paul Ehlrich-Institut, PEI). Scheiblauer’s analysis 
of 70 HBsAg tests showed that only 23/51 EIA 
tests and 0/17 rapid tests had the sensitivity of  
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≤ 0.13 IU /mL in the PEI HBsAg Standard subtype 
ad trial. Moreover, the examination of a panel of 
the most common HBV genotypes (A–F) revealed 
different sensitivity of the tests for each genotype. 
As many as 6/23 tests detecting 0.13 IU HBsAg 
PEI/ml had lower sensitivity in relation to 2 or 
more tested genotypes. Scheiblauer also showed 
that the sensitivity of HBsAg tests may be different 
as regards HBV mutants. There are a number of 
recognized HBV genome mutations that induce 
amino acid changes, e.g. M133L, P105R, T131L, 
Q101H, S143L. These render HBsAg undetectable 
by tests of sensitivity ≤ 0.13 IU/ml or reduce the 
likelihood of detection as compared to standard 
phenotype [23]. In order to detect the highest po-
ssible number of HBV polymorphs, the selection of 
the screening test should therefore be preceded by 
an analysis of the test sensitivity against as many 
HBV polymorphs as possible. In 2017 and 2018, 
new enzyme immunoassay methods were descri-
bed with sensitivity of 0.0005–0.005 IU HBsAg/ml.  
The studies of Shinkai N. et al. and Deguchi M. et al.  
demonstrate the most recent HBsAg tests to be 
almost as effective for viremia detection as NAT 
tests. Their effectiveness in blood transfusion has 
not however been evaluated [24, 25]. 

anti-HBc
Antibodies to HBV core antigen (anti-HBc) 

are important diagnostic markers of HBV infection. 
During acute infection phase anti-HBc IgM and IgG 
of the same specificity appear 1–2 weeks after the 
presence of HBsAg. IgG antibodies which follow 
IgM are considered persistent infection markers. 
In the acute infection phase anti-HBc IgM persist 
for 2–6 months- most of the time at high concentra-
tion and then wear off [4]. Anti-HBc IgM may also 
appear in exacerbation stages of chronic infection 
but at concentrations lower than in in the acute in-
fection phase [4, 15]. In fulminant hepatitis B cases 
with enhanced immune response that eliminates 
hepatocytes with multiplied HBV, anti-HBc IgM 
may be the only detectable serological marker of 
infection. There are also reports of infections in 
which anti-HBc is not detected [26, 27].

In some countries, mostly with low endemicity 
of HBV, blood donors are screened for anti-HBc. 
The test is not common mostly due to low specifi-
city (estimated at 16–75%), as well as difficulties 
with interpretation of results for lack of confirma-
tion test. Failure to rule out false-reactive results 
obviously must lead to donor loss. The anti-HBc 
test is not used in countries with high and medium 
endemicity of HBV where the number of anti-HBc 

carriers with no HBsAg exceeds 5%. Deferral of 
donors with anti-HBc would lead there to reduction 
in the supply of blood and blood components [28]. 

DNA HBV — molecular marker 
HBV DNA is detectable in blood during most 

stages of infection when the virus replicates in the 
liver [21, 29, 30]. Due to high sensitivity molecular 
diagnostic tests (95% LOD below 200 IU DNA 
HBV/ml of plasma) based either on techniques of 
Transcription Mediated Amplification (TMA) or 
polymerase chain reaction (PCR), the HBV infec-
tion can be detected not only in HBsAg-positive 
phases but also in HBsAg-negative phases as WP 
and OBI when HBsAg is undetectable [31–34]. 
NAT testing also identifies HBV polymorphic forms 
undetectable in HBsAg testing due to antigen mu-
tant conformation caused by the so-called escape 
mutations [35]. Directive 2002/98/EC poses no ob-
ligation on EU countries to test HBV DNA in blood 
donors. However, such tests are recommended by 
the Council of Europe and implemented both in 
high- and low-endemic countries as they contribute 
to minimizing the transfusion-transmitted HBV 
(TT-HBV) risk by identifying cases of HBsAg-
-negative infection [6, 7, 36]. 

HBV DNA in blood during the early 
HBsAg-negative stages of infection 

The currently available HBV diagnostic tests 
based on NAT such as polymerase chain reaction 
(PCR) and transcription mediated amplification 
(TMA) enable identification of HBV infection 
even before HBsAg appears, i.e. in the I sero-
logical window [14]. The HBV median doubling 
time is about 2.6 days (2.2–15.2) and is relatively 
slow as compared to e.g. HIV or HCV. The slow 
rate of HBV multiplication implies relatively long 
time for the viral load to reach levels detectab-
le with diagnostic methods [2]. The probability 
of HBV DNA detection in the 1st WP depends 
therefore on the sensitivity of the test [29]. The 
NAT method (sensitivity of 3.4 IU/ml) allows for 
detection of the genetic material of HBV as early 
as 3 weeks before HBs antigen, provided the mi-
nimum sensitivity HBs antigen test is 0.13 IU/ml  
[37]. Detection HBsAg after approximately 4 weeks  
of viral multiplication, i.e. when HBV DNA con-
centration exceeds 3 × 102 IU/ml, marks the end 
of the serological window phase [38, 39].

In self-limiting acute infections, after about 
2 month presence of HBsAg in blood, the DNA 
concentration is reduced by half every 1.6 (0.9–6.3) 
days [13]. Reduction of viremia is associated with 
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HBe and HBs seroconversion as well as neutrali-
zation of HBsAg particles [15]. Effective limitation 
of infection involves a 10-day serological window II 
during which HBs antigen is undetectable at HBV 
DNA below 103 IU/ml and the presence of both 
class anti-HBc antibodies. Using a mathematical 
model, Vermeulen et al estimated that the genetic 
material of the virus should be detectable with NAT 
test (sensitivity of 3.4 IU/ml (95% LOD) during 8.7/ 
/of the 10 days of II WP [14]. 

HBV DNA in occult HBV infection 
Occult HBV infection (OBI) is a form of in-

fection characterized by HBV DNA replication in 
the liver with or without HBV DNA detected in 
peripheral blood of HBsAg-negative men with or 
without other serologic markers of previous viral 
exposure [40, 41]. HBV DNA blood levels in OBI 
fluctuate, resulting in alternating presence or ab-
sence of DNA-emia every several weeks/months/ 
/years [42–44]. In most identified occult infections, 
DNA-emia in blood did not exceed 200 IU/ml. Ana-
lysis of OBI serological markers revealed anti-HBc 
and/or anti-HBs antibodies in at least 80% of cases 
(the so-called seropositive OBI) and in 1–20% of 
cases the antibodies were undetectable (the so-
-called seronegative OBI) [40, 41]. In over 90% of 
seropositive OBI cases, anti-HBc antibodies were 
detected either with or without anti-HBs. In the 
remaining few percent of seropositive OBI cases, 
anti-HBs antibodies are detectable with no anti-
-HBc. These are the so-called cases of “OBI with 
only anti-HBs present” [34]. 

The risk of HBV transmission by 
transfusion and methods of minimizing 

the risk 

By 1970 approximately 6% of world population 
subjected to multiple transfusions of blood com-
ponents were found infected. The risk of TT-HBV 
infection was reduced to 0.6–2.22/million donations 
in low-endemic countries and up to 22.9–45.5/mil-
lion donations in high-endemic countries after im-
plementation of HBsAg screening and deferral for 
donor candidates and donors who reported hepatitis 
B in the pre-donation questionnaire and medical 
interview or whose behavior suggested higher 
infection risk [10]. With additional HBV DNA 
tests, the residual risk of TT-HBV is estimated to 
be several fold lower, within the range of 0.13–0.6/ 
/million donations in low-endemic countries and: 
more than 100/mln in high-endemic countries. 
The TT-HBV risk has been found dependent on 

the epidemiological situation among donors, the 
sensitivity of screening tests and the mathematical 
models used for risk estimation [10, 28]. The re-
cent OBI analyzes indicate that TT-HBV in Poland 
significantly exceeds 0.6/million donations and is 
one of the highest worldwide [10].

HBV screening of Polish blood donors; 
2005–2020 

In the years 2005–2020, the identification of 
HBV infections in Polish blood donors was based on 
HBsAg and HBV DNA screening tests performed 
in public blood establishments (Blood Transfusion 
Centers, BTC). The testing procedures followed 
the IHTM recommendations specified in sub-
sequent versions of the “Medical Standards for 
Collection, Preparation and Issue/Distribution of 
blood and blood components in organizational units 
of the public blood transfusion service” (published 
since 2006) as well as the Decree of the Minister 
of Health of June 9th 2017 as regards Requirements 
of good manufacturing practice referring to collection, 
testing, preparation, storage, issue and transport of 
blood and blood components for organizational units 
of the public blood transfusion service, as amended 
[45–48]. HBsAg was always tested in single dona-
tions, while HBV DNA either in single donations or 
equal volume plasma pools from “n” donor samples 
(n = 24 or 8 or 6 or 4). 

HBsAg screening tests 
In 2005–2008, HBs antigen screening was 

performed in single donations with enzyme im-
munoassays: Hepanostica Uniform II (BioMerioux, 
Lyon, France) or EIA System 3 (Ortho Clinical 
Diagnostics, Raritan, NJ, USA). Since 2007, these 
assays were successively replaced by the che-
miluminescent assays (CMIA) Architect HBsAg 
Qualitative or Quantitative (Abbott Diagnostics, 
Germany), and since 2010 also Vitros HBsAg ES 
(Ortho Clinical Diagnostics Inc., NJ, USA). Since 
2017, blood transfusion centers (BTC) switched 
to electrochemiluminescence method “ECLIA” 
Elecsys (Roche Diagnostics GmbH, Germany) 
and Monolisa HBsAg Ultra (Bio-Rad, France). 
Following recommendations, BTC purchased tests 
in tender procedures and used different tests in 
different time periods (Fig. 2). The analytical sens-
itivity of all tests allowed detection of at least 0.13 
IU HBsAg IS/ml. Scheiblauer performed studies on 
clinical sensitivity of HBsAg tests. The studies re-
vealed different sensitivity for the A–F genotypes. 
All tests however, with the exception of Ortho EIA 
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Figure 2. Methods of HBsAg screening used in Polish blood transfusion service (2005–2020)
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System 3, allowed detection of 0.13 IU HBsAg/ml 
(Fig. 3). The sensitivity of Ortho EIA System 3 test  
was lower in relation to genotype B of the ayw1 and 
adw2 serotypes and did not detect 0.13 IU HBsAg/ml  
of these polymorphic forms. It should be noted 
however that the Ortho test, like all the other 
tests used in Poland, detected infection in all 146 
positive samples of the genotype panel, including 
12 B/adw2 and 17 B/ayw1 and polymorphic forms 
with M133L (0.21 IU/ml), P105R (0.22 IU/ml), 
T131L (0.36 IU/ml), Q101H (72 IU/ml), S143L  
(> 8000 IU/ml) mutations [23].

In the same period, obligatory HBV DNA tests 
were performed in Polish blood transfusion service. 
Changes in the HBsAg screening methods used in 
2005–2020 are presented in Figure 2, and those for 
HBV DNA are shown in Figure 4. The implemented 
algorithms for HBV screening and confirmation 
rely both on serological and molecular methods.

A sample reactive in the screening test was 
labelled Initial Reactive (IR) and according to the 
applicable algorithm, the test was repeated twice 

on the same sample. If both results were negative, 
the IR donation was considered biological false 
reactive (BFR) and if no HBV DNA was detec-
ted, the donation could be issued for clinical use. 
A repeat reactive donation ( ≥ 2 reactive results/ 
/3 performed tests) could not be issued for clinical 
use and the confirmation procedure was launched 
(neutralization test and/or individual donation test 
for HBV DNA). A positive result of the confirma-
tion test indicated the presence of HBs antigen in 
the tested sample. 

HBV DNA screening tests 
HBV DNA testing was performed according to 

two alternative strategies: in individual donations 
(ID) or in plasma minipools (MP) of 24 (MP24),  
8 (MP8), 6 (MP6) or 4 (MP4) donations.

In the article, the sensitivity of NAT tests and 
the test formats (IDT/pool) used for HBV detection 
in donor plasma was represented as 95% limit of 
detection (95% LoD) taking into account the dilu-
tion with pooled donations.
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Figure 4. Methods of HBV DNA screening in Polish blood transfusion service (2005–2020)
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Single donation screening was performed 
with TMA tests while PCR and TMA tests were 
used for pool testing (Fig. 4). 24-donation MPs 
were tested with Ampliscreen HBV test, which 
detected only HBV DNA. The remaining tests were 
multiplex, i.e. they allowed simultaneous detection 
of 3 viruses (HBV, HCV and HIV). Recognition of 
the detected virus required additional discrimi-
natory testing (Table 1). Only 2/7 multiplex test 
(Taqscreen MPX2 and cobas MPX) were capable 
of identifying the detected virus. 

Tests and systems of testing were selected by 
BTC according to current tender procedures and 
following 2011 guidelines for detection of 24 IU 
HBV DNA/ml in donation [47–48].

In 2005–2020, the sensitivity of PCR-based 
tests increased from 4.4 to 1.4 IU/ml and sensitivity 
for donation tested in pools from 105,6–8,4 IU/ml.  
In 2007 the increase in the sensitivity of PCR 
based test was brought about by the shift from Am-
pliscreen HBV (95% LOD 4.4 IU/ml) to Taqscreen 
MPXv1 (3.8 IU/ml) as well as reduction of plasma 
pool from 24 to 6 donations. In the years that follo-
wed, sensitivity of PCR-based tests performed in 
the MP6 was brought about by higher sensitivity 
of the subsequent versions of the MPX test. The 
sensitivity of the TMA-based tests varied from 2.1 
to 10.4 IU/ml and sensitivity for donation tested 
in pools from 16,8–17,2 IU/m). The sensitivity for 
donation screened by TMA based tests was subject 
to smaller changes than the PCR based tests, be-
cause until 2011 the former were performed only 
in single donations. Since 2011, the recommended 
test format (according to guidelines) had to detect 
24 IU of HBV DNA in 1 ml of donation.

In the period 2005–2020, some BTC (Fig. 4) 
used tests produced by Gen-Probe Incorporated 
(San Diego, USA), based on TMA method (initially 
PROCLEIX ULTRIO Assay, and the subsequ-
ent versions: PROCLEIX ULTRIO PLUS Assay, 
PROCLEIX ULTRIO ELITE Assay). Others used 
only PCR based tests (Ampliscreen HBV) and real-
-time PCR (Taqscreen MPX v.1, Taqscreen MPX 
v.2, cobas MPX) by Roche Molecular Systems 
(South Branchburg, USA). Some BTC worked 
interchangeably with TMA and PCR based method.

In 2005–2006, HBV DNA donor screening 
was performed in single donations or 24 donation 
plasma pools. Since 2007, MP24 screening were 
successively replaced with single donation tests 
(sensitivity of 10.4 IU/ml — Ultrio test) or with  
6 donation plasma pools. The change of test (from 
Ampliscreen to Taqscreen MPXv1) and pool size 
(from MP24 to MP6) induced change in screening Ta
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sensitivity from 105.6 IU/ml to 22.8 IU/ml. Since 
2011, the Ultrio test has been gradually replaced 
with higher sensitivity (95% LOD = 2.1 IU/ml)  
Ultrio Plus. In the 2012–2014 period, donor sam-
ples from 4 BTC were tested in 8 donation pools 
using the Ultrio Plus test (sensitivity for donation 
16.8 IU/ml). Since 2014, the Ultrio Plus test ma-
nufacturer reported slightly lower sensitivity as 
compared to previous values (3.4 vs. 2.1 IU/ml).  
Since 2012, the Taqscreen MPXv1 test was re-
placed with the Taqscreen MPXv2 test, which 
increased sensitivity from 22.8 IU/ml to 13.8 IU/ml  
for single donation screened in MP6. Since 2018, 
the Taqscreen MPX2 test was replaced by the cobas 
MPX test (sensitivity for single donation screened  
in MP6 increased from 13.8 IU/ml to 8.4 IU/ml). 
Since 2014, the Ultrio Plus test was replaced with 
Ultrio Elite test (sensitivity 4.3 IU/ml). Since 2017, 
some regional BTC used the Ultrio Elite test in 
4 donation pools (sensitivity 17.2 IU/ml). Table 1  
and Figure 4 present changes in the sensitivity of 
HBV DNA detection in donor screening. Reactive 
NAT result for donations negative in HBsAg test 
obliges the BTC and the IHTM to launch procedu-
res to confirm or exclude infection in the reactive 
sample. The procedures are described later on in 
the text. 

Procedures launched in BTC and  
in IHTM for reactive result of HBV DNA 
screening in HBsAg negative donations

In the case of reactive NAT result in plasma 
pool or individual donation, appropriate confirma-
tion algorithms were followed. Each NAT reactive 
result in individual donation at the BTC (confir-
mation stage I) had to be confirmed at the IHTM 
(confirmation stage II) on plasma sample forwarded 
by the BTC. Over the period under analysis the 
algorithm implemented at BTC had undergone 
changes and was closely related to the screening 
methods (Fig. 5 and 6, Table 1).

Confirmation I stage in BTC
In the case of a reactive result with Am-

pliscreen HBV test performed in MP24, it was 
necessary to test 6 donation subpools and then 
individual donations in order to identify the HBV 
infected donor/donation. Plasma from HBV DNA 
reactive donations was sent to IHTM (a/on Fig. 5). 

When minipools of 6 donation (MP6) were 
found reactive with multiplex PCR-based tests it 
was necessary to identify the positive donation 
(s) (b/and b’/on Fig. 5) with Taqscreen MPXv1, 

Taqscreen MPX2 and cobas MPX tests. All MPX 
tests were multiplex, but only the Taqscreen MPX2 
and cobas MPX tests recognized the identified 
virus. Plasma from HBV DNA reactive donations 
was sent to IHTM (b/on Fig. 5). The Taqscreen 
MPXv1 test did not identify the detected virus and 
a differential test for multiplex reactive donation 
had to be performed at IHTM (b/in Fig. 5). 

In the case of TMA based tests, when a mul-
tiplex reactive result was obtained: 

 — With the Ultrio HCV, HBV, HIV test in a single 
donation (IDT) in the years 2005–2007 it was 
necessary to perform DNA HBV, RNA HIV and 
RNA HCV differentiating tests against viruses 
detected in the Ultrio test to identify the de-
tected virus. The dHBV differential assay was 
used to identify HBV. All Ultrio reactive plasma 
samples were sent to IHTM for HBV confirma-
tory stage II except those with RNA HCV and/ 
/or RNA HIV positive and DNA HBV negative 
in differentiating tests (a/Fig. 6). Such procedure 
was used because Ultrio test was more sensitive 
that dHBV test and HBV viremia can be very 
low, even below detection limit of dHBV test.

 — In the years 2008–2011, for Ultrio HCV/HBV/ 
/HIV tests performed in individual donations 
(Ultrio Plus since 2011, Ultrio Elite since 2014), 
5 tests had to be performed on the same sample: 
2 replications of the multiplex test and 3 single 
differentiating test for each of the tested viruses 
dHBV, dHCV, dHIV. Plasma with min. 2 Ultrio 
reactive and/or min. 1 Ultrio and dHBV reactive 
results was sent to the IHTM (b/ Figure 6). 

 — In 2011–2020, for ULTRIO Plus/Elite HCV/ 
/HBV/HIV test performed in 8 or 4 donation 
pools, all donations in the reactive pool had to 
be tested individually with the Ultrio Plus/Eli-
te HCV/HBV/HIV test, and then the reactive 
donation should be tested with a differential 
test. Plasma from donation dHBV reactive 
result was sent to IHTM (c/Fig. 6).

Confirmation II stage in IHTM
Verification (confirmation tests) at IHTM were 

performed on biological material from a previously 
unopened sample or from plasma bag (Tab. 1; Figs 5  
and 6). The tests were performed on donations 
found reactive in BTC with:
a) IDT in tests

 — Ultrio (a/ Figure 6) regardless of the differen-
tiation test result;

 — Ultrio Plus or Elite, but only for repeat reactive 
result in mutiplex (screening) test and/or the 
differentiating test (b/Fig. 6);
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Figure 5. Procedure for reactive result in HBV DNA screening — PCR; *sensitivity according to instruction

Figure 6. Procedure for reactive result in HBV DNA screening — TMA
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b) mini-pool tests with 
 — Ampliscreen MP24 (a/Fig. 5);
 — Taqscreen MPXv1 (b/Fig. 5), Taqscreen 

MPXv2 and cobas MPX (b’/Fig. 5) MP6;
 — Ultrio Plus MP8 (c/Fig. 6), Ultrio Elite MP4.

Verification tests performed at IHTM to iden-
tify HBV infection included HBV DNA assays with 
sensitivity < 5 IU/ml (Ampliscreen HBV, Ultrio 
Plus, Ultrio Elite and GFE Blut, Germany) as well 
as anti-HBc total, anti-HBc IgM and anti-HBs se-
rological markers (Architect, Abbott Diagnostics, 
Germany). The presence of individual markers in 
a donation found reactive in BTC allowed to de-
termine the phase of donor infection (I, II WP or 
OBI) and to forward the notification to the donor 
together with referral to primary care physician.

Present and Future of HBV screening  
in blood donors 

Serologic HBsAg tests have been performed 
since the 1970s. In 2016, 44/46 European countries 
and 176/180 countries worldwide reported HBsAg 
screening to WHO [1].

Since 1999, HBV nucleic acid testing (NAT) 
has gradually been added to the panel of tests in 
routine use [1, 49]. In 2016, HBV DNA testing 
was performed in the countries of: Europe (n 
= 22), North and South America (n = 4), Africa  
(n = 2), the Middle East (n = 5), the Western 
Pacific (n = 7) and South-East Asia (n = 2). In 
Poland as worldwide molecular screening tests 
are PCR and TMA-based and performed either 
in individual donations (IDT) or mini-pools (MP) 
[49]. Since 2017, the NAT screening tests recom-
mended by the European Commission must be 
capable of detecting at least 100 IU of HBV DNA/ml  
per donation regardless of the adopted strategy [7].  
Each country selects its own testing approach/ 
/strategy (IDT or MP) as well as the mini-pool size 
(MP4–MP96); the choice depends upon epidemio-
logical and economic analyses and the decisions 
are incorporated into national recommendations 
for the country’s blood transfusion service [50, 51]. 

Countries with a history of HBV epidemics 
and obligatory neonatal hepatitis B vaccination 
record a steady decline of HBsAg-positive infec-
tion rate. No such reports are available for occult 
hepatitis B infections [52–55]. Outcome of HBV 
DNA screening demonstrates that higher sens-
itivity tests ensure more effective yield rate for 
OBI and WP infections [53, 56, 57]. On the other 
hand, anti-HBc tests are capable of detecting both 
HBsAg-positive as well as occult anti-HBc-positive 

infections. Due to very low viral load and level-
-fluctuations OBI are more difficult to detect with 
HBV DNA tests [9, 58]. In view of the above, there 
are ongoing disputes regarding the selection of an 
optimal screening panel for blood donors. In the 
USA, parallel testing of HBV DNA in MP-16 (sens-
itivity of 68.8 IU/ml) and anti-HBc was found more 
effective than HBV DNA in MP-16 and HBsAg [9]. 
In the Republic of South Africa, the ID-NAT test 
alone was found more effective for reduction of 
the HBV transmission risk than MP (6–16) NAT 
in combination with HBsAg and anti-HBc tests in 
all donations, particularly with regard to regular 
donors. Similar yield was determined for first-time 
donors. The South African analyses presented at 
the 2019 Conference of International Plasma Fra-
ctionation Association (IPFA) demonstrate that the 
effectiveness of screening panels/strategies corre-
lates mainly with test sensitivity while the impact 
of regional epidemics and incidence rate is merely 
marginal [Vermeulen M, IPFA, 2019]. The above 
suggests a variety of optimal testing strategies 
and no one, single universal approach. A separate 
strategy for Poland should therefore be developed. 

In order to determine an optimal panel for 
HBV testing in Polish blood donors it is essential 
to perform analyses of the detection frequency for 
HBsAg and HBV DNA with the strategies used so 
far as well as risk calculation with each approach 
and test, including anti-HBc which has not as yet 
been used for donor screening. This is planned as 
the focal point of our next study. 
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