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HBV NAT

Samples diagnosed as anti-HBc reactive by PRISM® HBc or
PRISM® HBcore were tested using an in-house real-time HBV
DNA polymerase chain reaction {PCR) assay with primers targeted
-to the surface {S) gene (nucleotides 338-430) [15]. To increase
sensitivity of the in-house NAT, we performed enrichment of
viruses from 9-6 ml of single-donor plasma by centrifugation
at 58 000 gfor 1 hbefore extraction (single-sample enrichment
PCR). After centrifugation, supernatants were decanted and
the pellets were subjected to nucleic acid extraction using the
QlAamp DNA blood mini kit (Qiagen, Hilden, Germany). Nucleic
acids were eluted from the Qiagen columas in a final volume
of 50 p, Aliguots of 20 ul were subjected to amplification by
HBV PCR in duplicate. Single-sample enrichment PCR was
independently repeated at least four times. The analytical
sensttivity {95% detection limit) of the single-sample enrichiment

PCR was 186 [Ufml, based on the World Health Organization
(WHO) International Standard for HBV DNA. (NIBSC Code 97/

746). Furthermore, all anti-HBc-reactive specimens were tested
in two commercially available HBY DNA screening NAT assay$
by ID-NAT, HBV Cobas AmpliScreen (Roche Molecular Systems,
Pleasanton, CA, USA} and TMA Uttrio {Chiron, Emeryville, CA,
USA); according to the manufacturers’ instructions. The test

systems HBV Cobas AmpliScreen and TMA Ultrio yield a
sensitivity of 6-7 [Ufml [16] and 11 TUfml [17], respectively.

Serological testing

A total of 10 000 blood donors were screened with PRISM®
HBc, as well as with PRISM® HBcore. Samples that were
positive in at least one of the assays were additionally tested in
the following seven anti-HBc assays: AxSym Core™ {Abbortt,
Wiesbaden, Germany); Immulite® 2000 Anti-HBc (DPC, Bad
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Naunheim, Germany); Enzygnost® Anti-HBc Monoclonal (Dade
Behring, Marburg, Germany); Ortho™ HBc¢ ELISA (Ortho Clinjcal .
Diagnostic,. Neckargemuend, Germany); Cobas® Anti-HBc
(Roche Diagnostics, Mannheim, Germany); Murex® Anti-HBc
(Abbott/Murex Biotech Ltd, Dartford, Great Britain); and
ADVIA Centaur HBc® (Bayer Health Care, Tarrytown, NY, USA).
To determine HBsAg, hepatitis B envelope antigen (HBeAg),
anti-HBs and anti-HBe, the following tests were used: PRISM
HBsAg®, AxSYM HBe 2-0%, AXSYM AUSAB®, and AxSYM anti-
HBe 2-0®, respectively (all Ahbott];'ADVIA Centaur Anti-HBs
{Bayer Health Care); and Architect Anti-HBe {Abbott). All
serological tests were conducted strictly in accordance with the
manufacturers’ insttuctions. All anti-HBc assays were compet-
tive tests, with the exception of ADVIA Centaur HBc® and Ortho™
HBc ELISA, which were non-competitive anti-HBc assays.

Statistical analysis

The stam;lé'rd ;ieﬁaﬁon [SDj and coefficient of variation V)

of the antibody assays were calculated with Excel 2600, The
Student’s unpaired ftest was performed with the data from
sample cui-off (5/Co) values. Fisher's test was performed for

sensitivity, specificity, positive and negative predictive value
between PRISM® HBe and PRISM® HBcore. Statistical signi-

ficance was considered if the P-value was < 0-05. Results were
highly significant if the P-value was < 0-01.

Results

Prevalence of anti-HBc in the German Red Cross
donor population

A total of 10 000 HBsAg-negative donors from our blood
donation service were screened, in parallel, with PRISM® HBc
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Tabie 1 Characterization of 188 antibady to hepatitis B core antigen {anti-HBc)-reactive samples by nine different anti-HBc assays

‘

Anti-HBe reactivity in nine different assays

Class A (9 assays) Class 8 (5-8 assays) Class C (1-4 assays)

Group 1

Anti-HBc only 13 0 8 5
Group 2*

Anti-HBc + anti-HBs 63 50 11

Anti-HBe¢ + anti-HBe 7, 7 0
Group 3°

Anti-HBc + anti-HBs + anti-HBe '105 ’ 105 0 . 0 :
Total 88 162 (86:20k) 19 (10:1%) 7 (3-79%)

(168 (89-4%%) anti-HBs positive]

*0One secend marker positive.
®Both second markers positive,

All 188 samples reactive by PRISM® HBc andfor by PRISM® HBcore were re-analysed by seven additional assays for anti-HBc. Samples were categotized into
three groups [1 = anti-HBc-only reactives; 2 = one second marker positive for antibody to hepatitis B surface antigen or antibody to hepatitis B envelape
antigen {anti-H8s or anti-HBe); 3 = samples reactive for anti-HBe and anti-HBe + anti-HBs). The samples were further classified into three classes (class

A = reactive in all nine anti-HBc assays; class B = reactive in five to cight anti-HBe tests; class C = reactive in four of fewer anti-HBe tests).

and PRISM® HBcore {Fig. 1). One-hundred and eighty eight of
10 000 (1-88%) samples were either PRISM® HB¢ or PRISM®
HBcare reactive. The majority of these samples were addition-
ally positive for anti-HBs (168/188, 89-4%) or for anti-HBe
(112/188 59-6%) (Table 1). All of these anti HBc-reactive
samples were HBeAg negative. Only one sample, which was
anti-HBc reactive in all nine assays, negative for anti-HBs
and positive for anti-HBe, was HBV DNA positive by single-
sample enrichment NAT, Quantification yielded a virus load
of 2-5 IU/l. However, both commercial HEV NAT systems
designed for NAT blood screening (Cobas Ampliscreen and
TMA Ultrio) gave negative results afier triplicate testing of
the individual plasma.

Sensitivity and specificity of PRISM® HBc and
PRISMS HBcore assays

One-hundred and sixty five of 188 samples were reactive in
both anti-HBc¢ screening assays, whereas 14 and nine samples
were only PRISM® HBc and PRISM® HBcore reactive, respec-
tively. Ten of 14 PRISM® HBc-only reactive samples were not
confirmed by other HBV parameters. The remaining four samples

(96-9% and 99-4% for PRISM® HBc and PRISM® HBcore,

respectively; not significant P = 0-5; 159/161 samples reactive

for PRISM® HBc and 160{161 samples reactive for PRISM®
HBcore). In contrast, diagnostic specificity was significantly

higher for PRISM® HBcore (9812/9822 samples negative for

PRISM® HBc and 9812/9815 samples negative for PRISM®

HBcore; P = 0-046) and the positive predictive value was also

significantly increased for PRISM® HBcore {159/169 samples

positive for PRISM® HBc and 160163 samples positive for

PRISM® HBcore; P = 0-048).

Detailed investigation of 188 anti-HBc reactive
samples -

Samples that were either PRISM® HBc or PRISM® HEcore

reactive were tested in parallel with seven additional anti-HBc: -

assays, two anti-HBs tests and three NAT assays. Arbitrary
confirmation of anti-HBc¢ reactivity was either decided on the
basis of additional detection of anti-HBs, anti-HBe or HBV-
DNA, or in conjunction with the frequency of reactivity in the
total of nine different anti-HBc assays. As shown in Table 1,

the samples were categorized into three groups in regard to

“""yére positive for anti-HBs. Three of nine PRISM® HBcore-~

reactive samples were not confirmed by other HBV parameters.
The remaining six samples were positive for anti-HBs.
Diagnostic sensitivity is defined as the ratio of positive
tested samples divided by all pesitive samples, whereas
diagnostic specificity is defined as the ratio of negative tested
samples divided by all negative samples. Based on ‘anti-HBc-
positive’ samples (samples that were also positive for an
additional HBV parameter after exclusion of vaccination),
diagnostic sensitivity was equal for both screening assays

the presence of additional serological HBV markers. The first
group represented anti-HBc-only reactive samples {no addi-
tional serclogical HBY markst), the second group consisted
of samples that had exclusively anti-HBs or anti-HBe as a
second HBV marker, and the third group was made up of anti-
HBe- and additional anti-HBs-reactive samples.

To address the theoretical possibility that the reactive anti-
HBc screening result might be non-specific (false-positive}
and the anti-HBs reactivity caused by an HBV vaccination
with recombinant HBsAg vaccine, we interviewed 63 of the

® 2006 Blackwell Publishing Ltd. Vox Sanguinis (2006) 91, 237-243
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Fig. 2 Analysis of 188 antibody to hepatitis B care antigen (anti-HBc}-reactive samples: comparison between nine 2nti-HBe assays. Anti-HBc assays were divided
into competitive (Murex, AxSYM, PRISM® HBcore, PRISM® HBc, COBAS Immulite and Behring) and nan-competitive {ADVIA and Qrtho} assays. Sample cut-off”
values (S/Co) differed significantly between anti-HBc-only reactive sanmiples and anti-HBe + antibody to hepatitis B envelope antigen (anti-HBe)-reactive samples.

anti-HBc/anti-HBs dual-reactive donors about their
vaccination history: 14 (22-2%j reported having had an HBV
vaccination in the past.

All 112 anti-HBe-reactive samples were also concordantly

reactive in the nine anti-HBc assays, providing strong .

evidence for anti-HBe as the most specific marker for a past
HBV infection. Figure 2 shows 5/Co values for each group
according to the different anti-HBc assays. One might also
consider the SfCo ratio of anti-HBc results as an indication
of distinguished true and false-positive anti-HBc results:
significantly lower anti-HBc signals were obtained with the

© " anti-HBs- and/or anti-HBe-negative samples compared with

anti-HBs- and/or anti-HBe-reactive samples {Fig. 2, F < 0-01}.
The student’s unpaired #~test was performed for the $/Co
values between these groups of samples and differed signif-
icantly {P < 0-05) in all nine anti-HBc tests.

Discussion
Blood donors chronically infected with'HBV, but without

detectable HBsAg, contribute to the residual risk of transfusion-

© 2006 Blackwell Publishing Ltd. Vox Sanguinis (2006} 91, 237-243

transmitted HBV infections, which is higher for HBV than for
HIV or HCV [6). Blood donor screening with HBsAg assays
and HBV MP or single-donation NAT may fail to detect chronic
HBV-infected persons, because the low virus burden may
remain undetected by these assays. However, a significant

' proportion of these HBV infections might be detected by tesfing

for anti-HBc. .

In this study we first compared two anti-HBc assays (PRISM®
HBc and PRISM® HBcore) with each other. One-hundred and
sixty one of 188 anti-HBc-reactive samples were confirmed
by other HBV markers. This corresponds to a prevalence of

tion. The diagnostic sensitivity was comparable between both
assays, whereas the diagnostic specifieity was significantly
enhanced for the PRISM® HBcore. Based on these data, we
suggest the use of the PRISM® HBcore for blood donor screen-
ing in order to enhance the specificity of the anti-HBc assay -
without compromising sensitivity. )
Screening for anti-HBc is considered a potential measure
to improve blood safety further. However, because of presumed
non-specificity of assays, the implementation of anti-HBc as
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a screening marker for blood donors is the subject of contro-
versial discussion. A golden rule for the confirmation of anti-
HBc reactivity as an indicator of a past HBV infection has not
yet been established. It is fkely that anti-HBc reactivity, in
conjunction with both anti-HBs and anti-HBe, indicate a past
HBYV infection. In our study, 105/188 {55-9%) of the donors
showed this. Anti-HBe as the only second marker also
suggests a past HBV infection. This conclusion is supported
by the fact that ali anti-HBe-reactive samples, with or without
anti-HBs coreactivity, were clearly anti-HBc reactive in all

" nine anti-HBc assays used in this study.

Under this premise, 112/188 (59-6%)} anti-HBc-reactive
samples were truly anti-HBc positive. At first glance, one might
also consider anti-HBs as the only second marker as a
confirmation for anti-HBc pesitivity (group 2). However,
both the reactivity of some of these specimens in only a few
anti-HBc assays, and the low anti-HB¢ §/Co values combined
‘with very high anii-HBs titres, raised some doubts. Indeed, in
interviews, 14/63 donors confirmed that past HBV vaccinations
with recombinant HBsAg were presumably responsible for.
the high anti-HBs titres. Therefore, we cannot retrospectively
differentiate between vaccinated donors who comprise non-
specific anti-HBc reactivity and vaccinated donors with anti-
HBc as a marker of past HBY infection. Both constellations
seemed 10 be represented in our population. After exclusion
of all anti-HBs-positive donors with a vaccination history
(including most of the weak anti-HBc reactives), probably 49/
63, both anti-HBs and truly anti-HBc-positive donors remain.
Altogether, 27/188 (14-4%) of anti-HBc-reactive samples remain
as probably non-specific anti-HBc reactive (false-positive),
and 161/188 (85-6%) of anti-HBc-reactive samples appear to
be truly positive.

Atotal of 160f161 and 159/161 of these samples were reactive
with PRISM® HBcore and PRISM® HBc, respectively. This low
percentage of unconfirmed anti-HBc results contrasts previous
reports [12,14] and may be explained, in part, by the use of

- -modern; moré specific, assays for our blood donor screening.

In an attempt to classify the anti-HBc status by the S/Co
values, the samples were classified into three groups according
to the level of the S/Co values, The highest $/Co values were
found for samples that were at least anti-HBc and anti-HBe
reactive, followed by samples that were anti-HBc and anti-
HBs reactive (Fig. 2). S/Co values for anti-HBc-only reactive

however, should be challenged by studies that use a larger
number of samples.

In this study, only one anti-HBc-positive donation was
found to be positive for HBV DNA in one of the three NAT
tests, and again only in three of four respective test runs.
Clearly, HBV DNA in this plasma would have hardly been
detected with state-of-the-art NATS, even when performed
on a single-donation basis. The donor was a repeat donor
who had previousty donated 18 times, with a normal alanine
aminotransferase (ALT) value obtained at each time point.
HBV infection has not occurred in the recipients (six of 18
were retested by antibady screening and ultrasensitive NAT;
12 were already dead at the time of the look-back). In a previous
study, Roth et al. {5] reported on seven HBV-positive samples
among 729 HBsAg-negative, anti-HBc-positive donors.

Six of these seven donors were also positive for anti-HBs. .

Kleinman and colleagues [13] found four HBV DNA-positive
samples by testing 395 anti-HBc-positive samples with anti-
HBs titres of < 100 IUfL. The risk associated with transfusion
of those low-level viraemic donations is difficult to assess.
Look-back examinations could eventually offer some clari-
fication of this issue.

Based on the data presented, all anti-HBc assays. tested
were suitable for blood donor screening. However, we prefer
a highly sensitive and specific screening test, such as PRISM®
HBcore. Confirmation with a second anti-HBc test might be
one strategy to identify non-specific reactivity, but we must
bear in mind that many assays use the same antigens for
testing. Therefore, a sample that could be confirmed with a

second assay might well be a result of the non-specificity of

both tests. In this study, confidence intervals for 5/Co values
were defined for each assay, alowing differentiation between
truly anti-HBc-positive samples and anti-HBc-indeterminate
samples. In very rare cases, however, anti-HBc-only reactive

samples with a very weak S/Co value may represent a past HBV

infection where anti-HBs and anti-HBe disappeared and anti-

HBc waned to low levels. These cases might be-dutsidéithe: < -~

confidence intervals for the S/Co values defmed in this study.
Cumently, there were no data, based on look-back examinations,
that these donors were infectious.

In summary, = 1-88% of our blood donors were initially

reactive for anti-HBc, as determined by screening with PRISM®
HBc and PRISM® HBcore, and, in 161/188 donors, anti-HB¢

samples were higher for those detected by five to nine assays
than those which were reactive in only one to four tests.
Therefore, the analysis of the S{Co values enabled us to define
confidence intervals for each anti-HBc test in order to classify
unknown samples to be potentially confimed, indeterminate,
or potentially negative. There were, however, two samples
that could not be classified in this manner because they were
both anti-HBc weak and anti-HBs highly reactive. The weak
anti-HBc¢ result could be a non-specific finding in donors
recently vaccinated for HBV. These preliminary conclusions,

reactivity was confirmed by additional HBV parameters, The
diagnostic specificity and positive predictive value of PRISM®
were significantly enhanced for PRISM HBcore® when

compared with the PRISM® HBc. The approach to define
confidence intervals for anti-HBc S{Co values might be use-
ful for classifying an unknown sample as anti-HBc positive
or anti-HBc indeterminate. The infection risk resultng from
anti-HBc-positive donors is under examination in a separate
study by the German Red Cross Research Foundation in which
= 1300 look-back analtyses are being conducted. Results of

- © 2006 Blackwell Publishing Ltd. Vox Sanguinis {2006) 91, 237-243
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these look-back examinations are eagerly awaited and may
allow us to assess the impact of donors, chronically infected
with HBY, on blood safety more accurately.
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Transmission of Human Herpesvirus 8
by Blood Transfusion
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Ashley L. Fowlkes, M.P.H., Robert Downing, Ph.D., Minal M. Amin, M.S,,
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Timothy }. Dondero, M.D., Philip E. Pellett, Ph.DD,, and Eve M. Lackritz, M.D.

ABSTRACT

BACKGROUND
Whether human herpesvirus 8 (HHV-8) is transmissible by blood transfusion re-
mains undetermined. We evaluated the risk of HHV-8 transmission by blood trans-
fusion in Uganda, where HHV-8 is endemic.

METHODS

We enrolled patients in Kampala, Uganda, who had received blood transfusions
between December 2000 and October 2001. Pretransfusion and multiple post-trans-
fusion blood specimens from up to nine visits over a G-month period were tested for
HHV-8 antibody, We calculated the excess risk of seroconversion over time among
recipients of HHV-8—seropositive blood as compated with recipients of seronegative
blood.

RESULTS

Of the 1811 transfusion recipients enrolled, 991 were HHV-8—seronegative before
transfusion and completed the requisite follow-up, 43% of whom received HHV-8-
seropositive blood and 57% of whom received seronegative blood. HHV-8 serocon-
version occurred in 41 of the 991 recipients. The risk of seroconversion was signifi-
cantly higher among reciptents of HHV-8—seropositive blood than among recipients
of seronegative blood (excess risk, 2.8%; P<0.05), and the increase in risk was seen
mainly among patients in whom seroconversion occurred 3 to 10 weeks after trans-
fusion (excess risk, 2.7%; P=0.005), a result consistent with the transmission of the
virus by transfusion. Blood units stored for up to 4 days were more often associ-
ated with seroconversion than those stored for more than 4 days (excess risk, 4.2%;
P<0.05).
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CONCLUSIONS
This study provides strong evidence that HHV-8 is transmitted by blood transfu-
sion. The risk may be diminished as the period of blood storage increases.
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 APOSI'S SARCOMA IS THE MOST COM-
mon cancer associated with the acquired
immunodeficiency syndrome (AIDS) world-
W1de and human herpesvirus 8 (HHV-8), also
known as Kaposi’s sarcoma—associated herpes-
virus, was identified a decade ago as the caus-
ative agent of Kaposi’s sarcoma.? The burden of
Kaposi's sarcoma in Africa is high; in Uganda,
Kaposi’s sarcoma accounts for half of all report-
ed cancers.? In industrialized countries, the sero-
prevalence of HHV-8 is relatively low (2 to 8%),?
whereas in sub-Saharan Africa, the seropreva-
lence of HHV-8 can exceed 50%. The modes of
transmission of HHV-8 in Africa remain poorly
understood. Studies indicate that the seropreva-
lence increases throughout childhood and reach-
es a plateau by adolescence, suggesting that trans-
mission occurs mainly in the community, probably
through saliva or other nonsexual routes.?

Whether HHV-8 is transmitted by blood trans-
fusion remains controversial.* Transmissibility
of the virus by this route may be limited by the
cell-associated nature of the virus and the low
frequency of circulating virus in asymptomatic
seropositive persons.’ Previous studies that did
not find evidence of transfusion-transmitted in-
fection enrolled small numbers of patients, most
of whom received leukocyte-reduced or acellular
blood components.®#

The potential for blood-borne transmission
of HHV-8 has been supported by the results of
4 number of studies. The transmission of HHV-8
has been associated with the use of injection
drugs®® and transplantation of infected or-
gang, 11412 HHV-8 infection has been seen among
U.S. patients undergoing cardiac surgery who re-
ceived multiple units of non-leukocyte-reduced
blood.*® Several case reports of Kaposi’s sarcoma
have described an association with blood trans-
fusions.*#*7 Infectious HHV-8 has been recovered
from a U.S. bleod donor,™® and viral DNA has been
detected in blood donors in Africa,l® The sero-
prevalence of HHV-8 has increased with increas-

transfusion occurs, it is likely to be detected in
such a setting.

METHODS

8LOOD DONATIONS .

All volunteers who donated blood to the nation-
al blood-transfusion service in central Uganda
betrween November 2000 and September 2001 were
invited to participate in the study. A sample of
blood from each consenting donor was stored
for HHV-8 serologic testing. The samples were
screened at the Nakasero Blood Bank in Kampala,
Uganda, for human immunodeficiency viras (HIV),
hepatitis B surface antigen, and Treponema palli-
dum and stored at 4° to 8°C according to routine
procedures. Blood units were transfused as whole
blood or separated into packed red cells and plas-
ma, Some units were split into pediatric blood
packs for use in young children. Leukocyte-reduc-
tion filters were not used; the buffy coat was par-
tially removed in packed-cell units.

TRANSFUSION RECIPIENTS
Enrollment and follow-up of transfusion recipi-
ents took place between December 2000 and Oc-
tober 2001 at Mulago Hospital, Kampala. Trans-
fusion tecipients were eligible for enrollment if
their pretransfusion specimen (left over from
blood typing and cress-matching} was available
and their transfusion could be linked to an iden-
tified blood unit. Patients who had received rans-
fusions within the previous 6 months were not
eligible. Follow-up visits were scheduled 1, 2, and
4 weeks after transfusion and monthly thereafter
for up to 6 months; unscheduled visits also oc-
curred. At enrollment and at each follow-up visit,
blood was drawn, démographic data were record-
ed, and information was obtained about any re-

-peated transfusions,

Transfusion recipients were included in the
analysis if their pretransfusion specimen was

seronegative for HHV-8 and they completed at

ing numbers of blood transfusions among pa-
tients with siclde cell anemia in Uganda.?®

To evaluate the risk of the transmission of
HHV-8 by blood transfusion, we conducted a pro-
spective observational cobort study of transfu-
sion recipients in Uganda, where the seropreva-
lence among blood donors was 40%,2! leukocyte
redaction was not used, and blood storage time
was usually short. If transmission of HHV-8 by
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least 2 months of follow-up. Patients who received
motre than one transfusion during the first 7 days
of entollment remained imrthe-analysis, and their
transfusion date was considered to be the mid-
point between the first and last transfusions. The
follow-up period for analysis began on day 10 af-
ter transfusion to exclude the earliest seroconver-
sions, which were probably the result of commu-
nity-acquired infections. Follow-up ended at the
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