Department of
Transfusion Medicine,
Jaypee Hospital,

Noida, Uttar Pradesh,
'Department of
Traansfusion Medicine,
Medanta-The Medicity,
Gurgaon, Haryana, India

Access this article online
Website: www.ajts.org
DOI: 10.4103/0973-6247.154252
Quick Response Code:

Correspondence to:

Dr. Prashant Pandey,
Department of Transfusion
Medicine, Jaypee Hospital,
Sector - 128, Noida - 201
304, Uttar Pradesh, India.
E-mail: pkpandey2007@
gmail.com

Original Article

A comprehensive serological and
supplemental evaluation of hepatitis
B “seroyield” blood donors: A cross-
sectional study from a tertiary
healthcare center in India

Prashant Pandey, Aseem K. Tiwari', Ravi C. Dara', Geet Aggarwal', Ganesh Rawat',
Vimarsh Raina’

Abstract:

Background: The present study addressed the interesting findings of supplemental evaluation of hepatitis B “seroyield”
donors. Materials and Methods: Each blood donor sample was tested for anti-human immunodeficiency virus type |
(HIV-I)/HIV type 11 (HIV-I), HBsAg, and anti-hepatitis C virus (HCV) antibody by enhanced chemiluminescence method
and subjected to individual donor-nucleic acid testing (NAT) for HIV-I, hepatitis B virus (HBV), and HCV. NAT test was
performed using the eSAS system, Procleix Ultrio Assay, Novartis Diagnostics, CA, US. Confirmation of HBsAg was done
using HBsAg Confirmatory Kit (Ortho Clinical Diagnostics, Johnson & Johnson, USA) and viral load assessment was done
using Cobas TagMan real time-polymerase chain reaction (RT-PCR) assay (Roche Molecular Systems, Branchburg, NJ, USA).
To provide information on the stage of infection, specimens were tested for anti-HBc total (IgG + IgM), anti-HBc IgM and
HBeAg. HBeAg-negative samples were tested for anti-HBe antibody. Results: A total of 60 hepatitis B seroyield donors
which showed mean initial sample/cutoff of 1.6 with enhanced chemiluminescence assay were investigated further for
confirmation of disease status. All 60 cases were confirmed positive with neutralization assay (VITROS HBsAg Confirmatory
Kit) while no target was detected on viral load assessment with RT-PCR. Sixteen donors were HBeAg positive (4 [gM anti-HBc
positive and 12 IgM anti-HBc negative) and 44 were IgM anti-HBc negative, anti-HBc total positive, and anti-HBe positive.
Conclusion: About 7.7% of HBsAg positive and NAT nonreactive donors (nondetectable HBV DNA) could be potentially
infectious (HBeAg positive), whereas rest of the donors were consistent with chronic HBV infection.
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In recent years, newer highly sensitive screening
method, for example, NAT to detect HIV-I, HCV
RNA and HBV DNA, is in practice in some centers
of India. NAT has added an additional layer of
safety to the donated blood by further narrowing
the window period. Benefit of NAT as a second tier
of testing has been demonstrated through detection
of units termed “NAT” yield, which is serology
nonreactive, but NAT reactive. Single sample NAT
(individual donor [ID]-NAT) can detect low levels of

Introduction

Considerable improvement in blood safety is
observed in recent years, and there is almost
negligible transmission, especially of viral
infections (hepatitis B virus [HBV], hepatitis C
virus [HCV], and human immunodeficiency virus
[HIV]) in the developed world.l"?) However, in
India, prevalence of these viral infections in donor
and patient populations is high due to the lack of

regular repeat voluntary blood donations and the
lack of second tier nucleic acid testing (NAT) of
the blood donors at pan India level.®! As per our
national guidelines, it is mandatory to screen the
donated blood by serological assays for HBsAg,
HCV antibody and HIV-I/II antibody. Although
the high sensitivity of the current serological
assays has shortened the window period, they
are still not able to identify the number of newly
infected donors that makes these serological assays
insufficient in preventing viral transmission by
blood transfusion.
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viral DNA and RNA, which is highly sensitive and
specific for viral nucleic acids and also has the ability
to detect viral mutants and occult infections.® This
assay found to be more sensitive than even the most
sensitive serological assays.

However, in some stages of infection, level
of nucleic acids is extremely low that serologic
screening rather than NAT screening may be
more effective mainly in case of HBV infection.
Studies indicate that 0.5-1.0% of anti-HBc-reactive;
HBsAg-negative donations contain very low HBV
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DNA levels, which are unlikely to be detected by NAT.¢'% This
scenario where serology test shows positive result whereas NAT
test demonstrates negative result is called as “seroyield.” In the
present study, we address the issue of discrepant results of HBV
between the enhanced chemiluminescence (serological assay) and
NAT in terms of “seroyield.”

Materials and Methods

Study design

This prospective observational study was conducted at the
department of transfusion medicine in a tertiary healthcare center
in the National capital region of India between March 2010 and May
2012 (27 months). All blood donor samples were tested for HIV-1/
II (anti-HIV-I/IT), hepatitis B (HBsAg), and hepatitis C (anti-HCV)
by enhanced chemiluminescence method on VitrosEciQ (Ortho
Clinical Diagnostics, Johnson & Johnson, USA) using donor’s serum
sample. Simultaneously, ethylenediamine tetraacetic acid blood
sample of the donor was subjected to ID-NAT for HIV-I, HBV and
HCV.ID-NAT test was performed using the eSAS system, Procleix
Ultrio Assay, Novartis Diagnostics, CA, US. All NAT yield cases
were subjected further to the discriminatory assay for the detection
of specific virus (Chiron Corporation, CA, USA), which is based on
the principle of transcription-mediated amplification. A sample
where the enhanced chemiluminescence method demonstrated
positive result for the presence of HBV, whereas ID-NAT method
demonstrated negative result for hepatitis B in a donor sample
(seroyield) was further evaluated as per the study protocol.

Evaluation of “seroyield” samples

Evaluation of seroyield samples was done only in cases of HBV
due to cost constraint and nonavailability of confirmatory kits
for HCV.

All HBsAg positive cases were repeated on enhanced
chemiluminescence method (VitrosEciQ Ortho Clinical
Diagnostics, Johnson & Johnson, USA) and microparticle
immunoassay (MEIA) (Abbott Architect). Confirmation of HBsAg
was done using HBsAg ES confirmatory assay (VitrosEciQ Ortho
Clinical Diagnostics, Johnson & Johnson, USA) and Cobas TagMan
(CTM) real time-polymerase chain reaction (RT-PCR) assay (Roche
Molecular Systems, Branchburg, NJ, USA) for viral load assessment.
To provide information on the stage of infection, specimens were
tested for anti-HBc total (IgG + IgM), anti-HBc IgM and hepatitis
B e antigen (HBeAg). HBeAg-negative samples were tested for
anti-HBe antibody.

Serological assays

VitrosEciQ Immunodiagnostic system is a fully automated,
random and stat access immunodiagnostic analyzer, which works
on the principle of enhanced chemiluminescence for the in vitro
screening of anti-HIV-I/II antibody, HBsAg, and anti-HCV
antibody. The detection limit of the Vitros HBsAg assay was
<0.16 ng/ml at the cutoff. The specificity of Vitros HBsAg assay
was 99.98%.

Abbott Architect is an automated, chemiluminescent microparticle
enzyme immunoassay (MEIA) for the qualitative determination
of HBsAg. Calibration of this assay is based on the World Health
Organization (WHO) International Reference Standard. Sensitivity
of the Architect HBsAg assay is <0.05 IU/ml.
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The Vitros Confirmatory Kit (HBsAg ES Confirmatory Assay,
VitrosEciQ Ortho Clinical Diagnostics, Johnson & Johnson, USA)
uses the principle of specific antibody neutralization to confirm
the presence of HBsAg.

Nucleic acid assays

The Procleix Ultrio Assay is a qualitative in vitro nucleic acid
amplification test for the detection of HIV-I RNA, HCV RNA, and
HBV DNA in human plasma and specimens found to be reactive in
the Procleix Ultrio Assay were run in individual HIV-I, HCV, and/
or HBV discriminatory assays to determine if they were reactive
for HIV-I, HCV, HBV or any combination of the three using the
same assay procedure with one difference: HIV-I-specific, HCV-
specific, or HBV-specific probe reagents were used in place of the
Procleix Ultrio Multiplex Assay probe reagent.

The CTM (Roche Molecular Systems, Branchburg, NJ, USA)
technology combines the extraction of total nucleic acids on
the Cobas Ampliprep with RT-PCR on the CTM analyzer, using
hydrolysis probe technology.

Hepatitis B virus

Cobas Ampliprep-Cobas TagMan is an automated RT-PCR
test based on a dual-labeled hybridization probe targeting the
precore and core regions associated with an HBV DNA automated
extraction based on the affinity of DNA for silica gel-covered
magnetic beads. An internal quantitation standard (QS) is added
to each sample during the processing step. After HBV DNA
extraction with the Cobas ampliprep instrument, an RT-PCR test
is performed by the CTM 48 analyzer with a multiplex TagMan
assay. Two targets, HBV DNA and the internal QS, are amplified.

For ensuring transfusion safety, blood units positive with either
of the two tests or both the tests, were marked “positive” and
discarded. The algorithm of the present study is shown in Figure 1.

‘ TTI testing of Blood Donor ‘

‘ Serology (EciQ) + ID- NAT ‘

! }

Serology (negative) Serology (positive) Serology (negative)
+ ID- NAT (positive) + ID- NAT (negative) + ID- NAT (negative)

! ! !

Sero yield
Supplemental Unit labelled

Confirmation done
evaluation and with further serological
follow up of donor evaluation and viral
load assessment

HBV Reactive

Repeat EciQ + MEIA + HbsAg
confirmatory + Viral Load assessment

Unit Discarded

Figure 1: Algorithm

Shifted to finished
good inventory

Asian Journal of Transfusion Science - Vol 9, Issue 2, July - December 2015



Pandey, et al.: Evaluation of hepatitis B “seroyield”

Results

Subject demographics

During the period of observation, a total of 48,441 blood donors
were tested for transfusion transmitted viral infections. With
regard to demographic information, mean age of the donors was
34.2 years and a large proportion of blood donors were male (94.2%,
45,631). Replacement donation by the family members and their
relatives was the most common mode of blood donation (95.9%,
46,455). A total of 78.9% were first-time donors while 21.1% were
repeat blood donors (data not shown in table).

Prevalence of transfusion-transmitted infection

Of the 48,441 study samples, 1000 samples were serologically
reactive by enhanced chemiluminescence assay. Of the total
samples studied, 112 (0.23%) were positive for the presence of
HIV, 427 (0.88%) were positive for HBV and 461 (0.95%) were
positive for the presence of HCV. A total of 414 (0.85%) samples
were NAT reactive by the ultrio assay. Among the total of NAT
ultrio reactive samples, 305 were reactive for HBV DNA (0.62%),
86 for HCV RNA (0.18%) and 23 were reactive for HIV-I RNA
(0.04%). Enhanced chemiluminescence assay demonstrated
simultaneous reactivity in a total of 97.3% of the total NAT ultrio
samples (403/414) [Table 1, Figure 2].

Of the 427 potential HBV-positive donors, 298 (69.7%) were
concordantly HBV NAT and HBsAg positive. Seven (1.63%) HBV-
infected donors were only HBV NAT positive and HBsAg was
negative while 129 (30.3%) donors were HBsAg positive while HBV
NAT negative (HBV seroyield). Of the 461 HCV infected donors
84 (18.2%) were both HCV RNA and anti-HCV reactive while 2
(0.43%) were only HCV RNA positive and anti-HCV negative. 377
(81.7%) HCV infected donors were only anti-HCV antibody positive.
Of the 112 HIV-infected donors 21 (18.7%) were both HIV RNA
and anti-HIV reactive while 2 (1.7%) donors were only HIV RNA
positive and anti-HIV negative. A total of 91 (81.2%) HIV-infected
donors were only anti-HIV antibody positive [Table 1, Figure 2].

Serologic profiles of HBsAg-positive donors

About 427 HBsAg positive donor samples were tested for anti-HBc
total (IgG + IgM), anti-HBc IgM, HBeAg, and anti-HBe to assess the
stage of HBV infection. Serologic profiles showed that 323 (76%)
of HBsAg positive donors were anti-HBc IgM negative and anti-
HBe positive, consistent with chronic HBV infection. Of which
96 (22.4%) donor samples were negative by NAT testing [Table 2].

About 57 of the 427 samples (13.3%) were anti-HBc IgM negative,
total anti-HBc positive and HBeAg positive, consistent with
chronic hepatitis. Out of which 22 (5.1%) donor samples were NAT
negative. Total of 39 HBsAg positive donors were also positive for
anti-HBc IgM out of which 23 were anti-HBe positive, and 10 were
HBeAg positive but NAT negative [Table 2].

Yields (nucleic acid testing yield and seroyield)

There were 11 (0.022%) NAT yield (sero-negative/NAT reactive)
cases: 2 HIV, 7 HBV, and 2 HCV, which were positive by ID-
NAT only. The individual NAT yield for the three viruses was as
follows: HIV (0.004%), HCV (0.013%), and HBV (0.004%). Total
of 597 cases were sero-reactive, but NAT nonreactive (seroyield):
91 HIV, 129 HBV and 377 HCV. The present study demonstrated
a large numbers of “seroyield” donors, but due to cost constraint,
and certain logistics further evaluation could be performed in 60
cases of HBV “seroyield” samples only [Table 1, Figure 2].

427 HBV infections
HBV-DNA HBsAg
7 (1.63%) 129 (30.3%)
HBV DNA + HBV DNA —
HBsAg - Hb HBsAg + Hb
298 (69.7%)
HBV DNA +
HBsAg + Hb
112 HIV infections
HIV-RNA Anti HIV
2 (1.7%) 91 (81.2%)
HIV RNA + HIV RNA —
Anti HIV - Hb Anti HIV + Hb
21 (18.7%)
HIV RNA +
Anti HIV + Hb
HCV-RNA 461 HCV infections Anti HCV
377 (81.7%)
2(0.43%) HCV RNA —
HCV RNA + Anti HCV + Hb
Anti HCV - Hb
84 (18.2%)
HCV RNA +
Anti HCV + Hb

Figure 2: (a-c) Prevalence of transfusion transmitted infections

Table 1: Prevalence of transfusion transmitted viral infections

Parameters n (%) HIV HBV HCV Total

Total samples tested (EciQ+ID-NAT) 48,441 48,441 48,441 48,441

EciQ reactive 112 (0.23) 427 (0.88) 461 (0.95) 1000 (2.06)
EciQ reactive/NAT nonreactive (seroyield) 91 (0.19) 129 (0.27) 377 (0.78) 597 (1.23)
EciQ and NAT reactive 21 (0.04) 298 (0.61) 84 (0.17) 403 (0.83)
NAT reactive 23 (0.04) 305 (0.62) 86 (0.18) 414 (0.85)
EciQ nonreactive/NAT reactive (NAT yield) 2 (1:24,220) 7 (1:6920) 2 (1:24,220) 11 (1:4404)

ECiQ: Chemiluminescence, HIV: Human immunodeficiency virus, NAT: Nucleic acid testing, HBV: Hepatitis B virus, HCV: Hepatitis C virus
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Hepatitis B virus seroyield cases

About 60 samples were further evaluated which showed
mean initial sample/cutoff (S/CO) of 1.6 with enhanced
chemiluminescence assay (VitrosEciQ), which was 1.4 on
repetition with EciQ. All the 60 EciQ positive samples were also
positive on chemiluminescent microparticle enzyme immunoassay
while all 60 cases were confirmed positive with neutralization assay
(Vitros HBsAg Confirmatory Kit), while no target were detected on
viral load assessment with RT-PCR. Total of 16 cases were HBeAg
positive (4 IgM anti-HBc positive and 12 IgM anti-HBc negative)
and 44 were IgM anti-HBc negative, anti-HBc total positive, and
anti-HBe positive [Table 3 and Figure 3].

Discussion

There is 1% chance of transfusion related events including
transfusion transmitted infections (TTIs) with every unit of
blood transfusion.'” The risk of TTI has declined dramatically
in developed countries over the past two decades as a result
of a cumulative approach of remarkable improvement in
repeat voluntary blood donation and simultaneous testing of
blood donors with NAT technology. However, the picture in
developing countries, like India, in terms of NAT testing is
entirely different. In the present study, a total of 46,455 (95.9%)
donations were made by replacement donors and only 1986
(4.1%) donations were contributed by voluntary blood donors.
This finding was similar to results observed by Kakkar et al
(94.7%),1" Singh et al. (84.43%),'” Pahuja et al. (99.48%),!"®
and Arora et al. (68.6%).1'¥

In our study, the overall seroprevalence of HIV, HBsAg, and HCV
were 0.23%, 0.88%, and 0.95%. These results were comparable
to study done by Pahuja et al. from Delhi, who has noticed the
seroprevalence of 0.56%, 2.23%, and 0.66%, respectively.!’¥
Similarly, Srikrishna et al.l'™® have noted 0.44%, 1.86%, and 1.02%
and Arora et al." from Haryana has observed 0.3%, 1.7%, and 1%
of seroprevalence of HIV, HBsAg, and HCV infection. Variations
in seroprevalence in different areas might be due to the use of
different screening methods and different generation of ELISA test
kits, having different sensitivities and specificities. In our study, a
total of 414 samples were NAT reactive out of which 403 samples
were reactive by ECiQ also, giving the combined NAT yield of 11
(0.022%) (seronegative and NAT reactive) cases: 2 HIV, 7 HBV

Table 2: Serologic profiles of HBsAg positive donors

NAT Number Anti-HBc IgM** Anti-HBc IgM-*

results HBeAg* Anti-HBe* Total HBeAg* Anti-HBe* Total
NAT* 298 4 23 29 35 227 269
NAT- 129 10 0 10 22 96 118
Total 427 14 23 39 57 323 387

NAT: Nucleic acid testing; HBeAg: Hepatitis B e antigen; HBc: Hepatitis B
core; *Two samples were NAT and anti-HBc IgM positive but negative for both
HBeAg and anti-HBe; *Eight samples were negative for anti-HBc IgM; HBeAg
and anti-HBe; Seven were NAT positive and one was NAT negative

Table 3: Serologic profile of HBsAg positive donors

NAT Number Anti-HBc IgM* Anti-HBc IgM-
results HBeAg* Anti-HBe* Total HBeAg* Anti-HBe* Total
NAT- 60 4 0 4 12 44 60
RT-PCR 60 Target not detected

NAT: Nucleic acid testing; HBe: Hepatitis B e antigen; HBc: Hepatitis B core;
RT-PCR: Real time-polymerase chain reaction
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and 2 HCV which were positive by ID-NAT only. The NAT yield
observed by other investigators were 0.034% (1 in 2972 donations)
by Jain et all'® from Rajasthan, India and 0.038% (1 in 2622
donations) by Chatterjee et al.'”! The combined yield (seronegative/
NAT reactive) for HIV-I, HCV and HBV was 0.065% observed by
Makroo et al.™® Agarwal et al" have reported combined the NAT
yield of 1 in 610 (0.16%) donations.

There was the lack of relationship between HBV DNA and
HBsAg levels in donations from chronic carriers in the present
study that was opposite to observation reported by Su et al?”
where serum HBsAg marker has been used as a surrogate marker
of HBV DNA levels mainly in HbeAg positive patients. Significant
linear relationship between HBsAg assay S/CO values and HBV
DNA copy/ml values during the ramp-up phase of acute infection
(average ratio of HBsAg to DNA was 0.005-0.007 HBsAg per 100
DNA copies) were showed by Sato et al.l®) and Biswas et al.?" Lack
of correlation between HBV DNA and HBsAg levels observed in
our study has also been reported by other studies. In a study by
Kuhns et al.?? ratio of HBsAg to DNA ranged from 0.188 to 2.8
x 10* HBsAg per 100 HBV DNA copies. Sato et al.l® have also
reported that blood donor samples from chronic carriers had
HBsAg S/CO values that were disproportionately high compared
to the low HBV DNA concentrations suggesting the amount of
circulating HBsAg relative to HBV DNA varies widely depending
on the stage of infection. Explanation for the lack of detectable
HBV DNA in these donor samples given by Kuhns et al.?” was
either an extremely low level of HBV DNA or intermittent viremia
while Allain et al.?® explained this fact by considerable difference
between release of viral structural proteins and the formation
of full virions released in the circulation. They mentioned that
nonencapsulated viral DNA tend to rapidly destroy, whereas
in the absence of anti-HBs, viral surface antigen may remain
in circulation for prolonged periods of time. This can explain
rare cases of detectable HBsAg without detectable HBV DNA
in chronic HBV infection. Other studies have also shown the
presence of HBsAg-positive donors with very low or negative HBV
DNA levels. Roth et al.? observed that only 298 out of 432 (69%)

‘ Seroyield HBV (129) ‘

|

‘ Further evaluation in only 60 HBV seroyield cases ‘

{

Tests

Results

Reactive (60)
(Mean S/CO - 1.4)

Reactive (60)

‘ Reactive for HBsAg (60) ‘

Repeat chemiluminescence
assay (60)

Microparticle enzyme
immunoassay (60)

HBsAg neutralization
assay (60)

Viral load assessment
(RT-PCR) (60)

! }

HBeAg Positive (16) Anti-HBe Positive (44)

‘ Target not detected (60) ‘

(4) IgM anti-HBc positive
(12) IgM anti-HBc negative

IgM anti-HBc negative (44)
Anti-HBc total positive (44)

Figure 3: Evaluation of hepatitis B virus seroyield samples
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Anti-HBc

HBV DNA

Inactive
carrier state

Immune
clearance

Immune

tolerance Reactivation

Figure 4: Course of chronic hepatitis B

confirmed HBsAg-positive donations had detectable HBV DNA
using a combination of mini-pool and single sample PCR assays.
Al Shaer et al.® have reported 10 cases (5%) of HBV-infected
donors with HBsAg-positive but no detectable HBV DNA while
total of 36 cases of 12224 (0.29%) were HBsAg positive, but NAT
nonreactive reported by Makroo et al.'® Results observed in our
study may also be false positive, but all HBsAg positive samples
were confirmed HBsAg positive on repeat testing with ECiQ and
were also reactive by the Abbott Architect HBsAg assay. There
may be a problem of PCR inhibition also but the assay included
an internal standard that was added to each sample and amplified.

Now, the problem arises whether these seroreactive, but NAT
nonreactive (seroyield) units considered to be infectious or not
and released to finished goods inventory or not. Considering the
course of chronic HBV infection [Figure 4], in our study total of
129 (0.27%) HBYV seroyield cases were identified out of which
serologic profile [Table 2] of >90% cases were consistent with
chronic HBV infection®. About 32 cases were HBeAg positive
while NAT nonreactive consistent with immune clearance phase
while 96 (74%) were anti-HBe positive HBeAg negative consistent
with inactive carrier state. This inactive carrier state may persist
indefinitely, in which the prognosis is generally favorable. This
is also supported by a long-term follow-up study of 296 HBsAg-
positive, healthy blood donors in Italy, whose survival was similar
to that of 157 uninfected controls over a 30-year period, and in
whom no episodes of hepatic decompensation occurred. However,
4-20% of inactive carriers have episodes of reversion to HBeAg
positivity and 10-30% of inactive carriers have spontaneous
reactivation of HBV replication and liver disease activity after
years of quiescence.?”]

Findings of the present study showed that HBsAg-positive
donors can be NAT nonreactive (nondetectable HBV DNA).
Approximately 0.27% of HBsAg-positive donors were negative
by NAT testing, of which approximately 7.7% were considered
to be highly infectious (HBeAg positive), while rest of the 90%
of donors were consistent with chronic HBV infection, which
may persist indefinitely or may show episodes of reversion or
reactivation. Implementation of viral specific serology testing
along with NAT testing reduces viral transmitted infection rate
to a great extent, but at the same time large number of discrepant
results are observed between the serology and NAT. Thus larger
controlled trials are required for evaluation of these types of
“seroyield” cases.
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