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INFECTIOUS DISEASE UPDATES

A high school science teacher in Salina, Kansas this week was suspended for allowing students to
reuse the same instrument to draw blood from their fingers as part of a class project. Carol Pitts,
spokeswoman for the Salina school district, said students in two science classes at Salina High School
South were allowed to use the same lancet, or small pin, to prick their fingers for an experiment on Mon-
day. She said about 50 students might have been involved. Ms. Pitts said there was additional concern
that some of the students might have come in contact with blood when they washed the science experi-
ment slides. She said it was unclear what experiment the classes were doing, but they may have been
checking blood glucose levels. The school district is working with the Saline County Health Department
to ensure that the students are tested for diseases such as HIV and hepatitis, both of which can be spread
by using a shared instrument to draw blood. “Our recommendation is that the kids get tested now as a
baseline for HIV and Hepatitis B and C and have it repeated two or three times,” said health department
director, Yvonne Gibbons, MD. But she said there likely was little cause for concern. “This is minimal
risk,” Dr. Gibbons said. “T don’t think there is any reason to panic, but we’re cautioning the school to take
the best possible course they can, and that would be to have the kids tested.” (Source: Associated Press,

9/19/06)

vCJID

The European Commission this week released its 2005 report on the monitoring and testing- of ru-
minants (hoofed animals) for the presence of Transmissible Spongiform Encephalopathy (TSE) in
the EU. Out of over 10 million bovine animals tested for TSE in 2005, only 561 were positive, EC re-
ports. The 2005 results show a continuous decline in the number of positive tests. The annual TSE report
is produced as part of the monitoring program on Bovine Spongiform Encephalopathy (BSE), following
the food safety crisis of the 1990s. Since 2001, 51 million cattle have been tested through the program.
The report is available on the EC Web site at: ec.europa.cu/food/food/biosafety/bse/-

annual report tse2005 en.pdf ¢

PEOPLE:

Maria Elena Geyer, vice president of Donor Services at Puget Sound Blood Center,; this week was lion- ~ ="
ored as a Women In Science at the Northwest Asian Weekly's Women of Color Empowered Luncheon.

Ms. Geyer is one of several women being honored for their work in the field of science. Northwest Asian
Weekly is an English language newspaper published by Assunta Ng, publisher of the Seattle Chinese Post.

Ms. Ng started the Women of Color Empowered luncheons in 1996 as a networking group and as a way

to recognize the accomplishments of women from diverse ethnic backgrounds. Ms. Geyer was also mamed
recipient of the AABB’s Chapman Franzmeier Memorial Award. The award was made in recognition of

her exceptional leadership in the area of donor recruitment.

Jennifer Taggart is the new chief financial officer for Florida’s Blood Centers. Ms. Taggart, whose
‘background is in finance and management, will oversee finances, procurement and employee relations. .
She previously was vice president and general manager for Orlando Harley Davidson — where she man-
aged revenue growth that went from less than $20 million in 2000 to $48 million in 2005, and year-to-
year net income growth of more than 50 percent every year since 2001, including some years of triple-
digit growth. She also oversaw the opening of five new retail stores and laid the groundwork for two fu-

ture sites.

(continued on page 17)

16



Lt

AR E 21 - —

KHELIcET B, 162(86.2%) KT —E LR IMBONT, HBAHED BT > TR EOHBHED B v k- A 71, HBsH R E12

: No. 25
EXL UIRifs HESEE
' B/E0 E—HATH | FERLSORS |[RELER
A EE s
HAES - BEENR 2006. 9. 16 AL
— B & B ARV AR M ER 8 = ik Schmidt M, Nubling CM, NEE
ot Scheiblauer H, Chudy M, Walch
N\ 3 ins
N UMM B (B4 RARE DRRRER e o B Hourfer |
REZ (EL) ﬁemmmmgﬁ B ) (R &HKA+E Oct:01(3):237-43, %
Ot DHBcHLEAZ ) —=1 7  HBcHLIK MR EORE D L 3 = el
[(HFRBEIVEBIRAYRA+FHICIITEBRAF LY A LR (HBV) 125333 = 7 — LB IR M (NAT) /A LIRE, M B8 #EHBY R M ﬁiﬁ%;igﬁé&é’ﬂ
DEETFYAZ1L1:500,000LHEFENTHBN, ZIUTE MBS R LD A LR (HIV) 32V NECRFFAR YA LA (HCV) D10fE Th B, ZDY2S ‘
DS, BREFRATHFICRN § 554 (HBAUE) O @IEISME, BRIFF R REFUR (HBsAg) DI, ROTICIA VBN P2RY A | RS MR BB IR | B 77
7—PHEBRUEL (PCR) TRMZR§ i E A ELREA THD, [HEBLUHE] Mk ¥ —Of i # 10,0004 L H&ic, B0 PRGHAZERIMER B ERR | A R
f{f PRISM@HBc 3 L U HPRISM®HBcore iR & & AV Ve HBHE DR 2 — =0 7 BHEL , THODBRE DO BT ME B L UG RS T < 7x,
Zv |PRISM® HBc 72/ IPRISM® HBcore TRAPETE o7o RAKIZ OV TIT, BIDHBcHARZE T, BRFFAREHURSIA (HBsHitk) RE2%E, B M BIAL 2
|| BAFR = Ne—FHRGE (HBeFi ) IRE 1, BLUHBY NATHRZEIES BV T, SbICAH i o7, [R]2310,0004 Ot pra J o 7 N
% |FDOB, PRISM® HBc BXUPRISM® HBcore®— 4 DA BHER A RUEDM, TNENIBI AR TH o748, 2-00HBchbh [T JR B F DR
O |RELLIBHEI oI RIFIL165 Th o7, HBCHUBRE S BIE ThomZ DIBBREKIZ OV T, HOMBOHHBREIC LA &bic |VCIDFEDEHEDY RS
ito}
=

HBeFURL BT o T R R L LB L T, BEIC{EA 72 (p < 0.01), [#E3RIPRISM HBcHER BTV T Ib, RAY DT L RS — = 5k
EH LM E DR 1.8 HBHUERBME THBZEZ R, MPRISMTAINDOBE IXFIS Th-o7=08, 1 REITIPRISM® HBcore D 558 E iz
Ehofo, HBeHUED Ay b 7HEBRE VR TIL, FOMDOHBV S A— 2 RBHE THY  OEOHBH AR E R RN —KT3oL40R
SNz, HBeHLE D A B3 LU HBeHL & HBsHU IR DM - L2 F N FN D BRI R HEET A= DICIIMBRRERLETH D,

BEEXOER SROAG

BATOPRISM®HBcH LU PRISM®Hbcore REX AV V- | B AFR+F4 Tk, HBsHURRE R SHBchARELZ Eii+52L
HBcMUED A —= F % EL . BERE R LU RS 12T, HBVIZOWT 207/ — A TRIZY—=U ' NATEFTV ., BBtk
AREZD . REIIFRISE ThoT-28 . 5 RMEIZPRISM® MEZHERL T3, HBVRRRICB T AF =R BRI >\ T4 %
HBcoreD J7 3 H BIZH D07, HBAED Iy A7 ERE [IFRONEIE DD, Eo, INETOBERLL AT, JVKED
VRIE T, FOMDHBV T A~ B THY, D  |BVLEREERAEREE (CLEIA) DB AL TFTELTWS,

HBCHLIEREBRD —B T DILBRENTLDBE THD..

)

MedDRA/J Ver.9.0J




JRC2006T-042
Vox Sanguinis {2006) 91, 237-243

ORIGINAL PAPER D01 1017 AE3-5410 300600815

Anti-HBc screening of blood donors: a comparison of
nine anti-HBc tests

M. Schmidt,’* C. M. Niibling,>* H. Scheiblauer,? M. Chudy,? L. A. Walch,' E. Seifried,' W. K. Roth' & M. K. Hourfar'

VInstitute of Transfusion Medicine and Immunohematology, German Red Crass, Johann Wolfgang Goethe University, Frankfurt, Germany
Pgul Ehrdich Institute, Langen, Germany

V()x Sa ﬂg uini S Background and Objectives Since voluntary introduction of hepatitis B virus (HBV)
minipool nucleic acid amplification technology (NAT) at the German Red Cross, the
expected residual risk of a transfusion-associated HBV infection has been estimated
to be 1 : 500 000 - about 10 times higher than for human immunodeficiency virus
(HIV) or hepatitis C virus (HCV) infection. Donors demonstrating chronic positivity

= for antihody to hepatitis B core antigen (anti-HBc), negativity for hepatitis B surface
antigen (HBsAg) and polymerase chain reaction (PCR)-negative with a low virus load
are a major cause of this increased risk. ,
Materials and Methods Ten-thousand blood donors from our blood-donation centre
were screened for anti-HBc using the current PRISM® HBc and the new PRISM® HBcore
assay to evaluate the diagnostic sensitivity and specificity of these tests. PRISM® HBc-
or PRISM® HBcore-reactive samples were further analysed using seven additional tests
for anti~-HBc, two tests for antibody to hepatitis B surface antigen (anti-HBs), one test
for antibody to hepatitis B envelope antigen (anti-HBe) and three HBV NAT assays.

Results From a total of 10 000 donors, nine and 14 samples were reactive only in the
PRISM® HBc and the PRISM® HBcore, respectively, whereas 165 samples were reactive
in both anti-HBc assays. Further analysis of these 188 anti-HBc-reactive specimens
in a total of nine different anti-HBc assays revealed concordant results for 162 {86-2%)
specimens. Sample cut-off values for anti-HBc were significantly (P < 0-01) lower for
anti-HBc-only reactive samples compared with specimens that were also reactive for
anti-HBs or anti-HBe.

Condclusions Both PRISM anti-HBc assays revealed that = 1-8% of non-prescreened
blood donors from Germany were reactive for anti-HBc. Although sensitivity was
comparable between both assays, specificity was increased significantly with the
PRISM® HBcore. High anti-HBc sample cut-off values were indicative for reactivity
in other HBV parameters and for concordant results in the nine different anti-HBc

Received: 26 J 2006, . e . . . .
coet anary assays. Look-back investigations are necessary to estimate the infection risk both of

revised 2 June 2006, R . A ) . )
accepted 4 June 2006 anti-HBc-only positive and of anti-HBc/anti-HBs-positive blood transfusions.
published online 7 July 2006 Key words: anti-HBc assays, anti-HBs, blood screening, HBV DNA.

Introduction
Correspondence: Michael Schmidt, MD, Institute of Transfusion Medicine

and Immunchematology, Johann Wolfgang Goethe University, German Hepatitis B virus (HBV) infection is a serious global health

Red Cross, Sandhofstr. 1, 60528 Frankfurt am Main, Germany problem affecting two billion people worldwide, and 350 million
E-mail: mschmidt@bluspende.de people suffer from chronic HBV infection [1]. In Germany,
*M. Schmidt and C. M. Niibling contributed equatly to this manuscript. = 5-8% of the population has a history of HBV infection, and
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238 M. Schmidt et al.

0-4-0-7% are chronic HBV carriers [2]. To provide a safe
blood supply, minipool nucleic acid amplification technology
(MP-NAT) for hepatitis C virus (HCV), human immuno-
deficiency virus 1 (HIV-1) and HBV was implemented on a
voluntary basis in 1997 at most German Red Cross Blood
Donor Services, and subsequently NAT became mandatory
in Germany for HCV RNA (in 1999) and for HIV-1 RNA {in
2004) [3~5]. With the introduction of NAT testing, the risk
of transfusion-transmitted viral infections was significantly
reduced {5]. For Germany the risk of receiving an infectious
blood donation is calculated at 1 in 5 540.000 for HIV-1 and
1in 4 400 000 for HCV. In contrast, the transfusion-associated
risk of HBV is estimated at 1 in 620 000 by using MP-NAT
and 1 in 820 000 by using individual-donation (ID) NAT [é].

This relatively high risk for HBV in part can be attributed to

chronic HBV-infected blood donors with low-level viraemia.

The likelihood of chronicity after an acute hepatitis B infection
~ varies with age. Infection at birth is associated with a clinic-

ally silent acute infection with a 90% probability of chronic
infection, while infection during adulthood is typicaily
associated with clinically apparent acute hepatitis and a low
rsk of chronicity (= 1%) {7].

Heptatitis B surface antigen (HBsAg) (8] assays have been
available for blood donor screening since 1971. However,
despite the introduction of HBsAg- and MP-NAT testing,
cases of HBV transmission via HBsAg-negative blood donations
have been reported {9]. This indicates that both screening
tests (HBsAg and MP-HBV-NAT) might have limitations for
the diagnosis of chronic HBV infections, as the viral load may
be below the detection limit of NAT, and that HBsAg may
become undetectable only a few months after infection.

Seroconversion to antibody to hepatitis B core antigen (anti-
HBc) occurs within the first 1-2 weeks [9] after the appear-
ance of HBsAg and precedes detectable levels of antibody
to hepatitis B surface antigen (anti-HBs) by weeks to months.
High anti-HBs levels of > 100 [U/l in a donor are currently
assumed to be putatively protective-against transmission of
HBYV to a recipient of blood transfusion. However, HBV infections
may occur without detectable anti-HBs or with disappearance
of anti-HBs, sometimes associated with late-phase reactivation
of HBV. Additional screening for anti-HBc could therefore
both close the diagnostic gap between the disappearance of
HBsAg and the appearance of anti-HBs and detect late-phase
HBV infection with potential low-level viraemia.

Isolated anti-HBc does not necessarily indicate active virus
replication, as most cases of isolated anti-HBc denote resolved
hepatitis B infections of the past [10]. HBV-infected biood
donors with a low-level viraemia and without anti-HBs,
however, are assumed to be infectious to recipients, and
probably contribute to the relatively high residual infection
risk compared with HCV or HIV [5,11].

Anti-HBc screening of blood donors is performed in some
countries (e.g. the USA, France and Japan) and will become

mandatory in Germany from July 2006. Currently available
anti-HBc assays, however, are reported to be unsatisfactorily
non-specific, with unconfirmed reactive results in = 32% of
initially anti-HBc reactives [12-14]. The unnecessary deferral
of a high number of non-specific anti-HBc reactive, but
otherwise healthy, blood donors could lead to an undersupply
of essential blood products.

The objectives of this study were to document the preva-
lence of anti-HBc reactives in HBsAg-negative donations
made to our blood transfusion service and to compare two
commercially available anti-HBc assays (PRISM® HBc and
PRISM® HBcore) for their diagnostic and analytical specifi~
city and sensitivity. In addition, all 188 samples, which were
either PRISM® HBc or PRISM® HBcore reactive, were
analysed by comparative testing in a total of nine different
anti-HBc tests and by analysis of the HBV parameters anti-
HBs, antibody to hepatitis B envelope antigen (anti-HBe) and
HBV DNA.

Materials and methods

Blood donors

Whole-blood samples were collected from 10 000 unpaid
blood donors at the German Red Cross Institute Frankfurt
between January and February 2004. Of these, 10-5% were
first-time donors (50-4% female, mean age 36-1 + 12-4 years;
49-6% male, mean age 37-9 + 12-8 years) and 89-5% were
repeat donors (38-8% female, mean age 44-6 + 12-5 years;
61-2% male, mean age 46-7 £+ 12-3 years). The donor popula-
tion had not been previously screened for anti-HBc. The
study was approved by the ethics committee of the Johann
Wolfgang Goethe University, Frankfurt am Main.

Sample preparation and test algorithm

Samples were centrifuged at 3000 g for 10 min, and EDTA-
plasma was separated within 24 h. Samples involved were
tested by the current PRISM® HBc and the new PRISM®
HBcore (Fig. 1). Reactive samples were analysed using a total
of nine commercially available anti-HBc assays {including
the two used for screening), as well as with two anti-HBs
assays, an anti-HBe assay and three different NAT assays.
Samples with a positive test result in one anti-HBc assay were
initially defined as anti-HBc reactive until the results of
further testing were available. Samples where the initial anti-
HBc result was confirmed by an additional HBV parameter
(such as anti-HBs without vaccination, anti-HBe or HBV DNA}
were defined as anti-HBc positive. Samples that were anti-
HBc-only reactive, or vaccinated donors who were anti-HBc
and anti-HBs reactive, were termed anti-HBc indeterminate.
The donors were queried about their vaccination status if
anti-HBs was the only additional marker.

© 2006 Blackwell Publishing Ltd. Var Sanguinis (2006) 91, 237-243
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Total testing number 10 000 donors

HBsAg negative
Fig. 1 Testing procedure. A total of 10 000 v 4 \ 4
hepatitis B surface antigen (HBsAg)-negative HBc only reactive HBc and HBcore HBcore reactive
donors were screened with PRISM® HBc and 14/188 reactive 165/188 9/188
PRISM® HBcore. Reactive samples were analysed e v v

by nine different tests for antibody to hepatitis 8

core antigen {anti-HBc) and tested for antibady

[ 18810 000 (1-9%) samples either PRISM® HBC or PRISM® HBcore reactive |

to hepatitis B surface antigen (anti-HBs),
antibody to hepatitis 8 envelope antigen 1

l }

(anti-HBe) and hepatitis B virus by nucleic acid [ different anti-HBc assays|  [2anti-tBs] [ anti-HBe, HBeAg, HBV NAT |
amplification technology (HBV NAT). Samples } [l } '
that were also positive for anti-HBe, hepatitis B ¢ 13 anti-HBc only reactive 63 reactive 112 positive for at least one parameter

antigen (HBeAg), HBV NAT or anti-HBs without
vaccination were interpreted as confirmed anti-

<N

14 vaccinated 49 not vaccinated ————

HBc positive. Samples that were anti-HBc-only
reactive or anti-HBs with vaccination were
interpreted as anti-HBc indeterminate.

27/188 (14-4%)
anti-HBc¢ indeterminate

161/188 (85-6%)
confirmed anti-HBc positive

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 mi of single-donor plasma by centrifugation
at 58 000 g for 1 h before 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). Nudeic
acids were eluted from the Qiagen columns in a final volume
of 50 pl. Aliquots 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
sensitivity (95% detection limit) of the single-sample enrichment

PCR was 1-86 [U/ml, 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 HBV DNA screening NAT assays
by ID-NAT, HBV Cobas AmpliScreen (Roche Molecular Systems,
Pleasanton, CA, USA) and TMA Ultrio (Chiron, Emeryville, CA,
USAJ, according to the manufacturers’ instructions. The test
systems HBV Cobas AmpliScreen and TMA Ultrio yield a
sensitivity of 6-7 [Ufml [16] and 11 IU/ml [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™ (Abbott,
Wiesbaden, Germany); Immulite® 2000 Anti-HBc (DPC, Bad

© 2006 Blackwell Publishing Ltd. Var Sanguinis {2006) 91, 237-243

Naunheim, Germany); Enzygnost® Anti-HBc Monoclonal {Dade

Behring, Marburg, Germany); Ortho™ HBc ELISA (Ortho Clinical .

Diagnostic, Neckargemuend, Germany}); Cobas® Anti-HBc
(Roche Diagnostics, Mannheim, Germany); Murex® Anti-HBc
(Abbott/Muréx 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 Abbott); ADVIA Centaur Anti-HBs
{(Bayer Health Care); and Architect Anti-HBe (Abbott). All
serological tests were conducted strictly in accordance with the
manufacturers’ instructions. All anti-HBc assays were competi-
tive tests, with the exception of ADVIA Centaur HBc® and Ortho™
HBc ELISA, which were non-competitive anti-HBc assays.

Statistical analysis

‘The standard deviation (SD) and coefficient of variation (CV)
of the antibody assays were calculated with Excel 2000. The
Student's unpaired ¢-test was performed with the data from
sample cut-off (S/Co) values. Fisher's test was performed for
sensitivity, specificity, positive and negative predictive value
between PRISM® HBc 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

20
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240 M. Schmidt et al.

Tabie 1 Characterization of 188 antibody to hepatitis B core antigen {anti-HBc}-reactive samples by nine different anti-HBc assays

Anti-HBc reactivity in nine different assays

Class A (9 assays) Class B (5-8 assays} Class C {1-4 assays)
Group 1
Anti-HBc only 13 (4} 8 5
Group 2*
Anti-HBc + anti-HBs 63 50 1 2
Anti-HBc + anti-HBe 7 7 0 0
Group 3°
Anti-HBc + anti-HBs + anti-HBe 105 105 0 0
Total 188 162 {86:2%) 19 (10-1%} 7 (3-7%)
{168'(89-49%) anti-HBs positive]
*One second marker pasitive.
b8oth second markers positive.

All 188 sampies reactive by PRISM® HBc and/or by PRISM® HBcore were re-analysed by seven additional assays for anti-HBc. Samples were categorized into
three groups [1 = anti-HBc-only reactives; 2 = one second marker pasitive for antibody to hepatitis B surface antigen or antibody to hepatitis B envelope
antigen (anti-HBs or anti-HBe); 3 = sampies reactive for anti-HBc 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 eight anti-HBc tests; class C = reactive in four or fewer anti-HBc tests).

and PRISM® HBcore (Fig. 1). One-hundred and eighty eight of
10 000 (1-88%) samples were either PRISM® HBc or PRISM®
HBcore 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 [U/l. However, both commercial HBV NAT systems
designed for NAT blood screening (Cobas Ampliscreen and
TMA Ultrio) gave negative results after triplicate testing of
the individual plasma.

Sensitivity and specificity of PRISM® HBc and
PRISM® 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
were 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 positive 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

(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 160/163 samples positive for
PRISM® HBcore; P = 0-049).

Detailed investigation of 188 anti-HBc reactive
samples

Samples that were either PRISM® HBc or PRISM® HBcore
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
the presence of additional serological HBV markers. The first
group represented anti-HBc-only reactive samples (no addi-
tional serological HBV marker), 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. Var Sanguinis (2006) 91, 237-243
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Fig. 2 Analysis of 188 antibody to hepatitis B core antigen (anti-HBc)-reactive samples: comparison between nine anti-HBc assays. Anti-HBc assays were divided
into competitive (Murex, AXSYM, PRISM® HBcare, PRISM® HBc, COBAS immulite and Behring) and non-competitive {ADVIA and Ortho) assays. Sample cut-off’
values {S/Co) differed significantly between anti-HBc-only reactive samples and anti-HBc + antibody to hepatitis B envelope antigen (anti-HBe}-reactive samples.

anti-HBc/anti-HBs dual-reactive donors about their
vaccination history: 14 (22-2%) 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 S/Co values for each group
according to the different anti-HBc assays. One might also
consider the S/Co ratio of anti-HBc results as an indication
of distinguished true and false-positive anti-HBc resuits:
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, P < 0-01).
The student’s unpaired t-test was performed for the S/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. Var 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 testing’

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

1-61% of confirmed anti-HBc-positive donors in our popula-

tion. The diagnostic sensitivity was comparable between both
assays, whereas the diagnostic specificity 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

22

Sumer’



242 M. Schmidt et al

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 likely that anti-HBc reactivity, in
conjunction with both anti-HBs and anti-HBe, indicate a past
HBV 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 all 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 positivity {group 2). However,
both the reactivity of some of these specimens in only a few
anti-HBc assays, and the low anti-HBc¢ S$/Co values combined
with very high anti-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 HBV infection. Both constellations
seemed to 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 tmly positive.

Atotal of 160/161 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, more 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 S/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
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 confirmed, 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,

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 previously 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 antibody screening and ultrasensitive NAT;
12 were already dead at the time of the look-back). In a previous
study, Roth et al. [S] 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 IU/L. 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 S/Co values
were defined for each assay, allowing 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 outside-the
confidence intervals for the S/Co values defined in this study.
Currently, 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-HBc
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 resulting from
anti-HBc-positive donors is under examination in a separate
study by the German Red Cross Research Foundation in which
= 1300 look-back analyses are being conducted. Results of

© 2006 Blackwell Publishing Ltd. Vor 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 HBV, on blood safety more accurately.
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