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Hepatitis B virus (HBV) is an important cause of 
post-transfusion hepatitis. For many years differ-
ent strategies have been implemented to reduce 
the number of transfusion-transmitted infections 
from blood donations. Selection of donors and 
testing of blood products play a major role in the 
prevention of blood-borne infections. Current 
regulations for preventing HBV transmission 
stipulate testing for hepatitis B surface antigen 
(HBsAg) and antibodies specific to hepatitis B 
core antigen (anti-HBc) in many countries, such 
as in Germany. However, during the early phase 
of infection an antibody response is not yet appar-
ent and insufficient antigen might be present to 
allow detection, resulting in a diagnostic window 
of approximately 50 days during which virus is 
present but is essentially invisible to current testing 
procedures [1].

For other blood-borne infections like HCV 
and HIV the mandatory tests also include nucleic 
acid techniques (NATs). The use of NATs has 
been proposed to reduce the current risk of 
HBV transfusion infection (one in 250,000 in 
Germany) [2,3], but is also subject to restriction 
due to a diagnostic window, and even when 
using a combination of HBsAg, anti-HBc and 
NATs, the residual risk of HBV transmission 
(one in 880,000) remains clearly higher than 
those of HIV (one in 4,640,000) or HCV (one 
in 2,730,000) [1,4,5]. 

HBV assays for screening of 
blood donations

Historically, HBsAg was the first mandatory HBV 
test in transfusion medicine. Testing for HBsAg 
alone is limited by the fact that HBsAg mutants 
might not be detected by some assays and, more 
importantly, low-level HBsAg replication in 
chronic infections might be missed owing to the 
detection limit of the assays. Adding anti‑HBc 

to the test panel enables the detection of  most of 
these samples, leaving the initial window period 
as the major risk of HBV transmission. One of the 
major drawbacks of anti-HBc inclusion is this lack 
of a confirmation test.

A repeat donor with a first-time-positive 
anti‑HBc assay is suspected of HBV infection 
with possibly infectious donations during a win-
dow period prior to seroconversion, triggering a 
look-back procedure. This includes contacting 
of all recipients of blood products donated dur-
ing a defined period prior to seroconversion. All 
recipients have to be tested for HBV infection, 
resulting in a significant psychological stress and 
high costs. 

Although in the case of a true seroconversion 
this approach is important to find recipients at 
risk, the majority of seroconversions are not a 
result of a HBV infection but of unspecific or 
false-positive test results. Even using another lot 
of a given assay might result in discrepancies with 
samples reacting positive at a low level. As a con-
sequence, a virtual seroconversion is detected and 
a look-back has to be initiated. This is essentially 
the same as for HBsAg. However, a seroconver-
sion in HBsAg could be excluded or confirmed 
by other assays such as a neutralization assay. 
Moreover, infectivity could be proven or excluded 
by NATs. Thus, false positive screening results 
generally do not result in a look-back. In contrast 
with the HBsAg situation, which has different 
confirmation methods available, a seroconversion 
detected using anti-HBc could not be confirmed 
by any other assays, resulting in a significant 
number of unnecessary look-back procedures 
without underlying infection of the donor. 

At present, HBV NATs are not mandatory in 
many countries; however, some institutions volun-
tarily test for HBV DNA and some commercially 
available multiplex NATs include HIV and HCV 
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or other viruses next to HBV. HBV NATs clearly 
reduce the number of HBV transmissions; how-
ever. a window period still has to be considered 
and, moreover, NATs do not solve the problem of 
false-positive anti-HBc seroconversions. 

Taken together, an alternative method for 
increasing the safety of blood donations seems 
to be absolutely essential, and if possible, without 
relying on anti-HBc testing.

Vaccination as a tool to increase safety 
& decrease costs

An alternative approach to all these test strategies 
may be to vaccinate blood donors against HBV. 
The HBV vaccine has been on the market for 
many years and has proven its safety and efficacy. 
Successful vaccination would essentially eliminate 
infection and transmission, but may also require 
significant changes to current testing regulations.

In a cost–benefit analysis we calculated differ-
ent models for the vaccination of blood donors 
and compared the costs and benefits with various 
test strategies. Vaccinating donors with a yearly 
anti-Hbs test to prove immunity, including a 
booster dose in the case of a low titer (<100 IU/l), 
without additional testing of blood products 
would result in a reduction of cost of 14% within 
a period of 20 years [6]. Thus, vaccination would 
not increase but instead decrease costs. However, 
owing to safety reasons one might argue that 
testing could not be completely abolished. In a 
model with vaccination added to the mandatory 
testing, the absolute cost per prevented infec-
tion would be approximately 2 million. This is 
roughly the same as for the prevention of HCV 
transmission by HCV NATs in Germany [6].

“...donation testing might be safely 
omitted if an anti-Hbs titer of at least 

100 IU/l is secured in the donors.”

A vaccination strategy without testing of blood 
donations harbors a residual risk of HBV trans-
mission. Stramer and coworkers showed clearly 
that individuals might be infected under cer-
tain circumstances despite HBV vaccination [7]. 
Characteristically, these donors were infected 
with HBV genotypes (C2, F1, B2) different to 
the vaccine genotype (A2) in combination with 
a low anti-Hbs titer (<100  IU/l). It is tempt-
ing to speculate that higher anti-Hbs titers are 
necessary to avoid infections with nonvaccine 
genotypes. Moreover, it is unclear if donations of 
vaccinated donors with anti-Hbs titers are infec-
tious at all. A study by Satake and coworkers 
indicated that donations with detectable levels of 

HBV DNA in combination with anti-HBs were 
not infectious in any of 22 recipients as compared 
with 27% among 37 recipients with HBV DNA 
but without anti-Hbs [8]. Other studies underline 
these results [9–11]. 

Thus, donation testing might be safely omit-
ted if an anti-Hbs titer of at least 100 IU/l is 
secured in the donors. 

“In our interview-based study, 97% of 
donors indicated they would agree to 
vaccination, making the prospect of 

vaccination strategies realistic.”

A general problem in HBV testing and vac-
cination are viruses with mutations within the 
HBsAg region [11]. Some of them are not detect-
able in the HBsAg assays, while others might 
represent a vaccine escape, thus even vaccinated 
individuals with high antibody titers might not 
be immune to these mutants. Fortunately, these 
vaccine escape mutants mainly occur in HBV-
infected patients after passive vaccination and 
are only rarely found in a donor population [12]. 
HBV NATs seem to be the most suitable tests to 
detect these mutants. In individuals infected with 
escape mutants, even anti-HBc seems not to be a 
reliable marker since quite a few have been shown 
to react negatively [11]. These mutants comprise a 
risk that could not be eliminated by vaccination, 
not even in combination with high anti-Hbs titers 
and constitute the residual risk of a vaccination 
strategy without donation testing. However this 
risk should be extremely low.

Taken together, in theory, HBV vaccination offers 
the near elimination of transfusion infections while 
representing a potential cost reduction.

From theory to the real world
Introducing vaccination for blood donors presents 
some challenges: 

n	From a technical perspective the willingness of 
donors to be vaccinated is an absolute prereq-
uisite. In our interview-based study, 97% of 
donors indicated they would agree to vaccina-
tion, making the prospect of vaccination strat-
egies realistic [6]. Moreover, vaccination results 
in a different management of donations from 
immune donors (without donation testing) and 
from nonimmune donors (with donation test-
ing) owing to donations of nonresponders or 
donors without completed vaccination.

n	Ethically and politically, the vaccination of 
donors for mainly altruistic reasons has to be 
carefully considered. The intention to vaccinate 
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focuses on the safety of a blood product and 
not the health of the vaccinee. The benefits for 
the vaccinee have to be carefully balanced 
against the very rare potentially severe side 
effects (e.g. allergic reactions) under this  
nontypical altruistic vaccine indication.

At present, a change to a vaccination-based 
strategy would also require a change to the 
transfusion regulations. Current regulations 
in Germany allow for altruistic vaccination 
of donors only where no alternative source for 
the product is available. Since the potential 
advantages from such a change include the near 
elimination of transfusion transmission of HBV 
along with an overall reduction in costs from 
prevention measures, political support may 
be expected. 

Taken together, the vaccination of blood 
donors is feasible and increases safety at reduced 
or at least acceptable costs. At present political 
support is the prerequisite to implement stan-
dard HBV vaccination as a new tool to reduce 
transfusion transmitted infections within the 
next years.
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