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One window-period donation in two years of individual donor-nucleic acid test screening
for hepatitis B, hepatitis C and human immunodeficiency virus
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Objective: To describe general data on nucleic acid/serology testing and report the first hepatitis B-nucleic acid
testing yield case of an immunized donor in Brazil.

Methods: A total of 24,441 donations collected in 2010 and 2011 were submitted to individual nucleic acid
testing for hepatitis B, hepatitis C and human immunodeficiency virus using the TagMan® MPX kit (Roche)
on the Cobas s201 platform, in addition to routine screening for serological markers. Nucleic acid testing-
reactive donations were further evaluated by real-time polymerase chain reaction using Cobas AmpliPrep/
Cobas TagMan hepatitis B virus, hepatitis C virus and human immunodeficiency virus tests.

Results: Thirty-two donations were reactive by nucleic acid testing, 31 were also serologically reactive and
one first-time donor was identified as having hepatitis B in the window period. Follow-up samples showed
increasing titers of anti-HBs rising from 19 Ul/mL in the index donation to 109 IU/mL seven months later
attributable to his vaccination history. Curiously, this donor was never reactive for HbsAg nor for anti-HBc. In
the yield donation, he was concomitantly reactive for syphilis (enzyme immunoassay and fluorescent treponemal
antibody-absorption; venereal disease research laboratory non-reactive). Overall, six donors (0.02%) were
characterized as occult hepatitis B. A total of 35% of the confirmed (recombinant immunoblot assay positive)
hepatitis C donations were nucleic acid testing non-reactive and no human immunodeficiency virus “elite
controller” was identified.

Conclusion: The yield rate (1:24,441; 95% confidence interval: 1:9,537 - 1:89,717) contrasts to the North
American rate (1:410,540 donations) and strongly advocates the adoption of nucleic acid testing for hepatitis B
in Brazil despite the increasing rate of anti-HBs reactive subjects due to the successful immunization program.
Keywords: Hepatitis C virus; HIV; Hepatitis B virus; Blood donors; Hepatitis Bl/diagnosis; Hepatitis C/
diagnosis; Reverse transcriptase polymerase chain reaction

Introduction

Brazil collects and transfuses approximately 4 million blood units annually”. The list of
agents for which testing is mandatory in Brazil is possibly the most extensive in the world.
This reflects the importance given to blood safety in the context of public health, but also the
historical and geographical characteristics of the country, where globally emerging diseases,
such as human immunodeficiency virus (HIV), co-exist with “old” parasitic illnesses like
malaria. Currently, legislation requires antibody testing for syphilis, hepatitis B (anti-HBc and
HBsAg), hepatitis C, HIV-1 and -2, Human T-lymphotropic virus (HTLV) Types 1 and 2 and
Chagas disease. In the endemic regions of the country, a laboratorial pre-donation malaria test
is also required. With great regional differences, approximately 4% of the blood collected in
Brazil is discarded due to reactivity to one or more markers".

About ten years ago, molecular methods achieved a reasonable level of throughput and
automation, permitting their introduction as an additional tool in blood screening, aiming
chiefly to avoid window-period donations from reaching the blood supply®?. The first agent
to be targeted by nucleic acid tests (NATs) was the hepatitis C virus (HCV) due to the long
period, of approximately 80 days®, observed between exposure and antibody development.
HIV NAT followed, as the methodology for HCV NAT was easily adapted to embrace a
second RNA target. More recently, new generation NATs including hepatitis B virus (HBV)-
DNA detection were introduced worldwide.

An international survey® reported the NAT yield among 330 million donations, showing
an overall rate of 1:446,428 for HCV; 1:1,111,111 for HIV and 1:66,137 for HBV.

In Brazil, up to 2011, only a few blood banks, corresponding to less than 5% of the
national blood supply, introduced NAT screening voluntarily. More recently, an HCV/
HIV NAT kit was developed by Fiocruz/Biomanguinhos (Rio de Janeiro, Brazil). This
test is already in use in some large public blood banks and projected to be extended
to all public blood banks by the end of 2012 when the test may become mandatory. A
compilation of the results of Brazilian centers using distinct NAT platforms reported a
yield of 1:67,265 for HBV-DNA, and 1:204,951 and 1:271,387 for HIV-RNA and HCV-
RNA, respectively®. Noticeably, the NAT yield of HIV-RNA is higher than for HCV-RNA
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whereas the prevalence of HCV among blood donors is higher
than that of HIV. This inverse correlation may be partially
attributed to HIV test seekers, presenting an important source
of risk for blood recipients”. Although the experience with
HBV NAT is limited, it is clear that the yield for this virus will
be higher than for HIV. Reasons for this are the prevalence
and incidence of HBV in the Brazilian population and the
insufficient coverage of HBV immunization in donors. The
Brazilian immunization program is less than 20 years old, so,
it will take years until all blood donors are immunized.

In this article, we describe our experience with a NAT
system covering all three viruses and report our first HBV
yield case.

Methods

Blood donations: A total of 24,441 voluntary blood
donations were collected in 2010 and 2011 at the Hospital
Israelita Albert Einstein (HIAE) blood bank. A 5-mL tube
of blood was drawn in K -ethylenediaminetetraacetic acid
(EDTA) specifically for NAT. Approximately 50% of these
donations came from repeat donors.

Serology: Serological methods comprised two
tests for HIV-1 and HIV-2; one enzyme immunoassay
(Biomeriuex Vironostika® HIV Uni-Form II plus O) and
one chemiluminescent microparticle immunoassay (CMIA
- Ortho Clinical Diagnostics), two tests for HBV; anti-HBc
and HBsAg also by CMIA (Ortho Clinical Diagnostics) and
one anti-HCV CMIA (Ortho Clinical Diagnostics) test, in
addition to the other mandatory tests for syphilis, Chagas
disease and HTLV 1 and 2.

Confirmatory testing: Donations presenting a repeatedly
reactive (rr) antibody result were submitted to confirmatory
testing by Western blot (Cambridge Biotech HIV-1 WB Kit,
Maxim Biomedical Inc., USA) when anti-HIV rr and recombinant
immunoblot assay (RIBA) (CHIRON RIBA® HCV 3.0 SIA,
Ortho Clinical Diagnostics, USA) when anti-HCV rr, which were
interpreted according to the manufacturer instructions.

NAT: Plasma from individual donations was submitted
to the Cobas TagScreen MPX (Roche Molecular Systems)
HBV/HCV/HIV tests on the Cobas s201 platform. Reactive
donations were further evaluated by real-time polymerase
chain reaction (PCR) using Cobas AmpliPrep/Cobas TagMan
HBYV, HCV and HIV tests.

HBYV Viral load: HBV Viral load was evaluated by the
Abbot Real Time M2000RT test (Abbott Molecular Inc., Des
Plaines, IL, USA).

HBYV sequencing: HBV DNA was amplified with primers
spanning the pol/HBsAg gene and sequenced by the standard
Sanger dideoxy method (BigDye v 3.1, Applied Biosystems,
USA) and run in an ABI 3100 sequencer. Sequences were
aligned to HBV wild-type prototype sequences and mutations/
polymorphisms were identified by a user-customized software.
HBYV genotyping was performed by comparing HBsAg sequences
to a database containing HBV isolates from all assigned genotypes
and genotype-specific polymorphisms®.
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Results

NAT and serology: In the last two years (2010 and 2011)
the prevalence of infectious markers among the screened blood
donors remained stable. Overall, there were 275 (1.12%)
donations discarded due to the presence of anti-HBc, by far
the most prevalent marker (Table 1). In contrast, 29 donations
contained HBsAg (0.13%), 19 of which had HBsAg as the
only marker and ten together with anti-HBc. One-hundred and
two donations were found anti-HCV reactive (0.43%) with 20
(20%) also displaying a reactive immunoblot (RIBA), while
28 and 53 had indeterminate and negative results, respectively
(Table 2). Seventy donations were reactive to either one or
both anti-HIV tests but only seven were confirmed by Western
blot (Table 3). Overall there were 32 NAT reactive HbsAg
donations, 31 concomitantly reactive by antibody tests and one
HBYV NAT yield. Among the 20 RIBA-confirmed HCV reactive
donations there were seven in which HCV RNA was not
detected (35% clearance rate) whereas all seven HIV Western
blot reactive donations were also RNA positive and thus no HIV
“elite controller”® was identified. Six donors (0.02%) were
characterized as occult hepatitis B! as shown in Table 4.

Table 1 - Blood donation discard rate due to positivity to infectious markers
in decreasing prevalence (n = 24 441 donations)

Discard rate

Marker/Test (%)
anti-HBc 1.12
Syphilis 0.75
anti-HCV 043
anti-HIV 1 and 2 0.29
Chagas 0.17
NAT HBV/HCV/HIV 0.14
HBsAg 0.13
anti-HTLV 1 and 2 0.04
Table 2 - RIBA results of anti-HCV reactive donors
RIBA*
Positive Indeterminate  Non-reactive

anti- HCV positive by NAT 20 28 53
Positive 13 0 0
Negative 7 28 53

102 donations were anti-HCV positive by NAT
* RIBA was not performed for one donor

Table 3 - Western blot results of anti-HIV reactive donors

Western blot
Positive Indeterminate  Non-reactive
anti-HIV positive by NAT 7 9 54
Positive 7 0 0
Negative 0 9 54

70 donations were anti-HIV positive by NAT
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Table 4 - HBV reactive donations in 2010 and 2011 distributed according
to all possible combinations of the three markers (anti-HBc, HBsAg and
HBV-DNA)

Combinations of HBYV test results n
Anti-HBc RT HBsAg NRT HBV DNA NRT 259
Anti-HBc RT HBsAg RT HBV DNART 8
Anti-HBc NRT HBsAg RT HBV DNA NRT 19
Anti-HBc RT HBsAg RT HBV DNA NRT 2
Anti-HBc NRT HBsAg RT HBV DNART 0
Anti-HBc NRT HBsAg NRT HBV DNART 1
Anti-HBc RT HBsAg NRT HBV DNA RT* 6
Marker Prev;:ence
Anti-HBc 1.13
HBsAg 0.12
HBV-DNA 0.06

* This pattern corresponds to the definition of Occult Hepatitis B Infection
RT: reactive; NRT: non-reactive

NAT HBV yield case: One first-time donor was identified in the
HBV-window period. This index donation was shown to contain 18
IU/mL of HBV-DNA and the isolate was ascribed as genotype A2.
Sequencing of the HBsAg open reading frame depicted genotype-
specific polymorphisms and one missense substitution, threonine to
asparagine (T131N) at position 131 in the major hydrophilic region
corresponding to the “a” determinant (aa 124-147). Follow-up
samples showed increasing titers of anti-HBs, rising from 19 UI/mL
in the index donation to 109 IU/mL seven months later, attributable
to his vaccination history. Curiously, in the four follow-up samples
obtained, this donor was never reactive for HBsAg or anti-HBc,
as shown in Table 5. In the yield donation he was concomitantly
reactive for syphilis [EIA and FTA-Abs reactive and venereal disease
research laboratory (VDRL) non-reactive].

Discussion

This report describes the experience of our blood screening
laboratory, adopting all mandatory tests in Brazil in addition to
NAT, so far not required by the Brazilian regulatory guidelines.
This experience is quite unique as it applies a number of tests
that are not currently adopted by many other countries, as some
would be epidemiologically meaningless such as HTLV in low
endemicity countries and Chagas disease out of the Americas,
its geographical area of natural occurrence. Moreover, NAT in
our service is always performed on individual donations giving
an accurate assessment of the prevalence of so-called occult
hepatitis B cases. The Cobas® TagScreen MPX Test has a 95%
limit of detection (LOD) of 3.8 IU/mL for HBV and thus is able
to detect carriers with a viremia below the common thresholds of
quantitative molecular assays.

The donor identified in the window period reported that
he did not complete the recommended three doses of HBsAg
immunization, receiving just the first shot. Partial immunity
could have contributed to the establishment of HBV infection,
even though the viremia was low, and may also have induced the
emergence of an HBsAg mutation (T131N) found in other HBV
A2 isolates'V. In the United States, the majority of HBV NAT
yield donors were indeed vaccine escapes, but probably due to
infection by non-vaccine genotypes (non-A HBV genotypes)!?.
Our case was phylogenetically classified as HBV A2, so the failure
in preventing HBV infection cannot be attributed to heterotypic
non-protective anti-HBs. Several mutations in the HBsAg lead to
vaccine escape and false-negative HBsAg results". In general,
these mutations occur in the “a” domain comprising the major
hydrophilic region, located between amino acids 127 and 141. The
substitution of the amino acid threonine by an asparagine is not
expected to radically alter the biochemical and antigenic properties
of HBsAg as both are polar and have neutral side chains. Since

Table 5 - Laboratorial data from the nucleic acid testing hepatitis B virus window period donation and follow-up samples

Nucleic acid testing

- Cobas Cobas TagMan . .
Syphilis TaqScreen Viral Load Hepatitis B markers Hepatic enzymes
FTA- MPX MPX anti- Anti- Anti-HBs Anti- Ag
Sample ID Date EIE ABS VDRL V10 v2.0 HBe HBsAg HBs QT HBe HBe GGT TGO TGP
Undetectable
May HBV 15 15 29
B300111217036 12.2011 POS POS NEG POS POS below NEG NEG POS 193UI/'mL NEG NEG UL UL UL
20 TU/mL
B300111217292 May POS ND ND POS ND ND ND NEG NEG POS 178UI/mL NEG NEG 15 32 4l
) 18,2011 ) UL UL UL
B300111218043 Jlur;)] | ND ND ND POS ND ND ND NEG NEG POS 31.6UI/mL ND ND ND ND ND
B300112228330 Jém;)rly 2 ND ND ND NEG ND ND ND NEG NEG POS 1090 UI/'mL ND ND ND ND ND

VDRL: venereal disease research laboratory; HBV: hepatitis B virus; POS: positive; NEG: negative; ND: Not done
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HBsAg was also undetectable by other assays (data not shown)
we believe that it was really absent or at a very low amount in the
index donation, thus, lack of detection is probably unrelated to the
T131N mutation. In a thorough evaluation of the performance of
HBsAg assays, this variant (T131N) was detectable by all and no
reduction in analytical sensitivity was associated to it).
Particular epidemiological features can be observed among
Brazilian blood donors. While the seroprevalence and the rate
of NAT yield cases for HCV are quite similar to those verified in
the United States"® (0.3% and 1:250,000, respectively), much
higher prevalence and yields are found for HIV in Brazilian
donors (0.3% and 1:205,000)1® in comparison to the United
States (0.007% and 1:1,847,429)12. Another important aspect
refers to HBV epidemiology. Brazil is still considered a country
of medium endemicity® with areas of high> and very high!'®
prevalence. The HBV immunization program is now fourteen
years old, so it will take time until this benefit becomes evident
among blood donors by decreasing the anti-HBc prevalence.
Currently, anti-HBc is responsible for most of the discarded
blood, by far. A large fraction of these donations have anti-
HBc as the only marker. Other countries of high endemicity,
such as Italy and Greece, do not test for anti-HBc, as the
transmission risk posed by anti-HBc only donors is negligible,
while the associated discard rate would jeopardize their blood
supply. However, our data show a prevalence of 0.02% of
occult hepatitis B thus favoring the maintenance of this marker,
at least until NAT HBV on single donations is universally
adopted. Furthermore, the high rate of HBV window-period
yield donations, 1:24,441 (95% confidence interval: 1:9,537-
1:89,717) in this report and 1:67,265 in a compilation of
Brazilian centers®, contrasts to the North American rate
(1:410,540 donations)'?, and strongly advocates NAT-HBV
adoption in Brazil, despite of the increasing rate of anti-HBs
reactive subjects due to the successful immunization program.

Conclusions

NAT in Brazil is depicting a high yield for HIV and HBV
whereas for HCV it is similar to the rates observed in the United
States and Europe. The Brazilian situation for HIV is peculiar
in presenting a high incidence of seroconverters and NAT only
donors, posing a high-risk for its transfusional transmission in
centers not adopting NAT. HBV NAT displays the highest yield,
recommending, when feasible, the universal adoption of NAT for
all three markers. The rate of occult hepatitis B (0.02%) reinforces
the need to keep the current anti-HBc/HBsAg algorithm for blood
screening in Brazil.
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