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Isolated reactivity to hepatitis B virus (HBV) core
antigen (anti-HBc) is observed relatively fre-
quently in immunocompromised individuals,
intravenous drug abusers (IVDA), and in the
presence of HCV infection. The reason for the
lack of HBsAg is not clear. The aim of the present
study was to investigate which factors (genetic
variability of S gene, low-level HBsAg, and
immune complexes may be responsible for the
failure of HBsAg detection with commercial
HBsAg screening assays. Dilution series of two
recombinant HBsAg escape mutants and dilu-
tions of serum samples from chronic HBV carriers
with multiple insertions in the a determinant and
different HBsAg subtypes were tested with a
highly sensitive assay that detects wild-type
HBsAg (Elecsys HBsAg, Roche Diagnostics, Penz-
berg, Germany) and two assays that detect HBV
wild-type and escape mutants (Murex HBsAg
Version 3, Murex and Enzygnost HBsAg 5.0, Dade
Behring, Marburg, Germany). Elecsys HBsAg
showed in comparison to Murex HBsAg Version
3 and Enzygnost HBsAg 5.0 a reduced sensitivity
for escape mutant detection. On the other hand,
the best performance for HBsAg subtype detec-
tion was obtained with Elecsys HBsAg. In the
second part of the study, a selected panel of
isolated anti-HBc reactive (n=104) serum sam-
ples (AXSYM Core) was submitted to testing by
Elecsys HBsAg, Murex HBsAg Version 3, Enzyg-
nost HBsAg 5.0, and HBsAg detection after
immune complex dissociation (ICD) and anti-
HBs determination with two different assays
(AxSYM Ausab and Elecsys Anti-HBs). To assess

HBc. Overall, 15 (14.4%) AXSYM Ausab negative
samples gave positive results with Elecsys Anti-
HBs (median value: 21 IU/ml). No low-level
HBsAg carrier was detected among the isolated
anti-HBc reactive individuals with Elecsys HBsAg.
There was no evidence for the presence of
immune complexes. Only one sample was
repeatedly reactive by the Murex HBsAg, sug-
gesting that the a mutant form of HBsAg was
responsible for the isolated anti-HBc reactivity,
however neutralisation assay was not interpre-
table and HBV DNA PCR was negative. Fifteen
(14.4%) anti-HBc only positive individuals were
HBV DNA carriers with concentrations ranging
from 800 to more than > 4,000,000 copies of viral
DNA/mI. In conclusion, the most probable expla-
nations for isolated anti-HBc reactivity in our
study group are a possible interference of HBsAg
synthesis by HCV infection (65.4%) and diver-
gence of results of anti-HBs assays (14.4%). There
is no evidence for the presence of low-level
HBsAg carriers and immune complexes. HBsAg
mutants cannot be excluded definitively by the
test strategy used in the present evaluation.
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the specificity of anti-HBc test results, all the
samples were tested by a second anti-HBc assay
(Elecsys Anti-HBc). Quantitative HBV DNA detec-
tion was undertaken with a commercially avail-
able HBV PCR assay (Amplicor HBV Monitor).
HCV infection was present in 65.4% of anti-HBc
only reactive individuals. Five AxSYM Core
positive samples were negative by Elecsys Anti-
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INTRODUCTION

Detection of antibody against hepatitis B virus core
antigen (anti-HBc¢) by enzyme immunoassay (EIA) is
used solely or in combination with HBV surface antigen
(HBsAg) screening for the diagnosis of hepatitis B.
Anti-HBc detection is used as a screening method prior
to hepatitis B vaccination in high prevalence groups
[Lok et al., 1988]. The detection of anti-HBc by routine
EIAs in a competitive test format is subject to frequent
non-specific reactions causing false-positive results
[Sherertz et al., 1983; Kessler et al., 1985; Schmidt
et al., 1988; Caspary et al., 1989; Schifan et al., 1993].
Isolated false-positive anti-HBc reactivity (presence of
anti-HBc; HBsAg and anti-HBs negative) has been
attributed to cross-reactive antibodies or interfering
substances in serum; this effect was also observed for
anti-HBs [Sherertz et al., 1983; Kessler et al., 1985].
One of the major reasons for false-positive reactivity is
the non-specific activation of premature B-lymphocytes
resulting in the production of IgA or IgM-related
molecules without previous exposure to HBV [Sallberg
and Magnius, 1989; Robertson et al., 1991]. Pretreat-
ment of serum samples with reducing agents, i.e.,
dithiothreitol (DTT) or potassium bisulfite (MBS)
improves significantly the specificity of anti-HBc
determination [Weare et al., 1991; Weber et al., 1998].

Depending on the prevalence of HBV infection and
patient group investigated, 1 to 32% of positive anti-
HBc are isolated positive findings results [Hadler et al.,
1984]. Isolated anti-HBc readings are observed fre-
quently in intravenous drug abusers, HIV infected
individuals [Scheitlin and Grob, 1992; Sanchez-Quijano
et al.,, 1993], HBV and hepatitis C virus (HCV) co-
infected patients [Jilg et al., 1995], and pregnant
women [Gross et al., 1993]. The presence of anti-HBc
alone is often interpreted as evidence of past hepatitis B
where anti-HBs has fallen below the level of detection.
However, between 10% and 40% of individuals with
this serological pattern are chronic carriers of HBV [for
a review, see Weinberger et al., 1997].

The reason for the lack of HBsAg in anti-HBc only
positive individuals is not clear, but several explana-
tions have been suggested. HBsAg may be hidden in
circulating immune complexes [Ackerman et al., 1994,
Joller-Jemelka et al., 1994]. HBsAg synthesis may be
downregulated by coinfection with HCV [Sheen et al.,
1992; Shih et al., 1993]. Variations in the pre-S region,
or mutations in the surface antigen itself and especially
in the a determinant, which is recognised by anti-HBs,
may render HBsAg undetectable by conventional
assays [Melegari et al., 1994, Carman and Mimms,
1997; Seddigh-Tonekaboni et al., 2000; Zuckerman,
2000]. A certain proportion of anti-HBc only positive
individuals may be low-level HBsAg carriers, with
antigen concentrations below the detection limit of
available serological tests [Carman et al., 1997].

The aim of the present study was to examine these
hypotheses with assays that may be used under routine
diagnostic conditions. The sensitivity of screening
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assays for the detection of HBsAg mutants and
different HBV subtypes was assessed by testing
dilution series of well characterised, recombinant
mutants and subtypes. A selected panel of isolated
anti-HBc reactive serum samples (n=104) was sub-
mitted to testing with i) a new highly sensitive HBsAg
assay, ii) two assays (Murex HBsAg Version 3 and
Enzygnost HBsAg 5.0) that detect HBsAg mutants, iii)
HBsAg detection after immune complex dissociation
(ICD), and iv) anti-HBs detection with two different
assays. To assess the specificity of anti-HBc test results,
all the samples were tested by a second anti-HBc assay.
Quantitative HBV DNA detection was carried out with
a commercially available HBV PCR assay.

MATERIAL AND METHODS
HBsAg Mutants and Subtypes

To assess the sensitivity of screening assays for the
detection of HBsAg mutants and different HBV sub-
types, dilution series of four well-characterised mutants
and HBV subtypes in pooled HBsAg and anti-HBc neg-
ative serum were tested. Included were the following.

Crude yeast extracts of two recombinant surface
antigen mutants F134Y/G145R and P142S/G145R/
N146D. Mutant F134Y/G145R was obtained from a
HBsAg positive liver transplant recipient treated with
anti-HBs antibody. Mutant 142S/G145R/N146D was
from a patient suffering from chronic hepatitis B who
showed HBsAg/anti-HBs seroconversion under
immune globulin therapy [McMahon et al., 1992;
Carman et al., 1996].

DNA extraction from serum, amplification, and
sequencing was carried out as described by Hou et al.
[1994]. Briefly, 5 pl of extracted DNA were submitted to
nested PCR. For the first round PCR, external primers
Pol.1 and Pre-S2 which correspond to nucleotides 895—
912 and 3171-3188 were used. With the internal
primers S1-EcoR1 and S4-EcoR1, a 695 bp sequence
was amplified. Amplification products were sequenced
using Sequenase Version 2 Kit (Amersham, Arlington
Heights, IL) and external primers Pre-S2 and Pol.1 and
primer S3, which corresponds to nucleotides 457—476.
Amplified HBV DNA was cloned into pCRII vector of
TA cloning kit (Invitrogen, La Jolla, CA). Cloned DNA
was submitted to EcoRI restriction enzyme cleavage
and inserted into EcoRI restriction site of pHILD2
vector (kindly donated by Professor Howard Thomas,
London).

HBsAg genes cloned with pHILD2 were amplified
with touch-down PCR using primers FS_HA-EcoRI and
RS Kpnl (Fig. 1). Amplification was carried out with
Perkin Elmer 9600 thermocycler and involved 30 cycles
in which primers were denatured at 94°C (1 minute),
annealed at 70 to 40°C (1 minute), and extended at 72°C
(1 minute). By using primer FS HA-EcoRI, an N-
terminal haemagglutinin Tag (HA-Tag) was incorpo-
rated into HBsAg (Fig. 2).

pGAPZ and amplification products (pGAPZ-145,
mutant 145 (134 F—Y/145 G—R), subtype adr and
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FS HA-EcoRI 5 GAG GAA TTC ATG TAC CCA TAC GAC GTC CCA GAC
E F M Y P Y D Vv P D
TAC GCT GAG AAC ATC ACATCA GGAC 3’
Y 4 E N 1 T S G
RS Kpnl 3 CA GAG ACC CAT ATG TAA ATT ATC CCATGG GAC 5’

L W V Y

1 * *

Fig. 1. Nucleotid- and amino acid sequence of PCR primers FS_HA-EcoRI and RS_Kpnl. Restriction
enzyme sites are underlined. Aminoacids deduced from HBV genome are printed bold. Aminoacids
corresponding tohemagglutinin-Tag are printed in italics.

pGAPZ-146 (triple-mutant 146 (142 P—S/145 G—R/
146 N—D), subtype adw) were submitted to EcoRI and
Kpnl restriction enzyme digestion. Constructs were
verified after ligation, selection and amplification by
double strand sequencing.

Expression of HBV antigens was undertaken in
Pichia pastoris. HBV DNA genes coding for surface
protein were cloned into yeast expression vector pGAPZ
(Invitrogen). Expression of HBV genes is regulated by
the constitutive glycerinaldehyde promotor. Pichia
pastoris Strain X-33 was cultured in YPD-Medium
and made competent with “Pichic EasyComp Kit”
(Invitrogen). Transformation of competent cells was
carried out in accordance with the manufacturers’
recommendations (Invitrogen). Plasmids pGAPZ-145
and -146 were linearised with restriction enzyme Rcal
prior to transformation. Selection was performed on
culture medium (YPD agar) supplemented with Zeocin
(150 pg/ml). Single colonies were subcultured in liquid
broth medium (2—3 ml) and yeast cells were disrupted
with glass beads (400—600 um, Sigma Chemical Co., St.
Louis, MO).

Detection of recombinant proteins was carried out by
using a sandwich ELISA. Owing to the high affinity of
rat monoclonal anti HA-Tag 3F10-IgG (MAK-3F10-
IgG, Roche Biochemicals), recombinant proteins can be
detected in crude yeast extracts without any further
purification. HA-Tag labelled recombinant protein bind
to biotinylated MAK<HA > Ra-3F10-IgG-Bi coupled to
the solid phase via a streptavidine bridge and perox-
ydase labelled MAK<HA > Ra-3F10-IgG-POD. Of the
subcultures with the highest HBsAg yield, cultivation
in 10 1 fermenters was carried out. Also tested were two
serum samples from chronic HBV carriers with 2
(mutant 122-RA), respectively, 3 (mutant 123-RGA)
amino acid insertions [Yamamoto et al., 1994; Hou
et al., 1994].

For the assessment of the influence of genetic
variability (HBV subtypes) on HBsAg detection, HBsAg
performance panel (Roche Diagnostics, Penzberg, Ger-
many), consisting of dilution series of serum samples

from patients infected with different subtypes (adw2,
ayw4, ayw2, ayw3, adr, adr/ayr) in HBV negative
serum, and one sample with low HBsAg concentration
(0.05 IU/ml), were tested with different assays.

Analytical Specificity

The specificity was assessed by testing potentially
interfering sera (rheumatoid factor positive (> 500 U/
ml) and serum samples spiked with bilirubin (0.4 mg/
ml and haemoglobin (15 mg/ml).

Isolated anti-HBc Positive Individuals

A total of 104 anti-HBc only positive individuals were
selected for the present evaluation. Inclusion criteria in
the study were a negative HBsAg (AxSYM HBsAg),
anti-HBs (AxSYM Ausab), and a positive anti-HBc
result by AxSYM Core (inhibition value >90%) and
availability of anti-HIV and anti-HCV results from
routine serological testing at the Institute of Medical
Virology, University of Frankfurt. The mean age of the
anti-HBc only positive individuals was 47.3 years
(range 25-83 years). Of the anti-HBc only reactive
individuals, 13 were suffering from terminal renal
failure undergoing nephrodialysis or organ transplan-
tation, 14 were intravenous drug addicts, and 34 were
treated or under follow-up at the gastroenterology
outpatient clinic for chronic hepatitis C virus infection.
A total of 16 patients were undergoing cardiothoracic
surgery, 6 HIV-infected individuals were treated at the
infectious diseases outpatient clinic. Two anti-HBc only
positive individuals were haemophiliacs. The remain-
ing 19 patients were treated at the different institu-
tions of the University of Frankfurt, including clinics
for gynaecology, cardiology, and neurology. Median
values for ALT, AST and yGT were 14 U/l (range 3—365
U/D, 5 U/l (range 1-385 U/1), and 18.5 U/I (range 4—
347 U/1), respectively. Elevated ALT, AST, and yGT
values were observed in 15 (14.4%), 5 (4.8%), and 37
(35.6%) of the patients, respectively.

HBS

-
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Fig. 2. Schematic organisation of constructs pGAPZ-145 and -146. Hemagglutinin -Tag of 9 aa is
inserted after HBs-ATG. Transcription is terminated at AOX1 TT of yeast alcohol-oxidasel-gene.
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Seven individuals were HIV-1 antibody positive.
HCV antibodies were present in 68 patients. HCV and
HIV co-infection was observed in 4 patients.

Anti-HBc and Anti-HBs Detection

Antibody to hepatitis B virus core was determined by
using two automated competitive assays, AxSYM Core
(Abbott, Delkenheim, Germany) and Elecsys Anti-HBc
(Roche Diagnostics, Penzberg, Germany). Both tests
include a pretreatment step with a reducing agent
dithiothreite (DTT) in order to eliminate unspecific IgA
or IgM-related molecules. Quantitative anti-HBs deter-
mination was carried out by the AxSYM Ausab and
Elecsys Anti-HBs.

Elecsys HBsAg

Elecsys HBsAg is a one-step sandwich assay for the
qualitative detection of HBsAg in human serum or
plasma with a total incubation time of 18 minutes. All
the reaction steps of Elecsys HBsAg are carried out
automatically by the Elecsys 2010 system. The assay
can be performed directly from the primary patient
blood collection tube and random access is possible.

Results are calculated by the Elecsys software by
comparing the chemiluminescence signal obtained
from the sample with the cut-off value previously
determined by HBsAg calibration. Samples with a
signal/cut-off (s/co) > 1 are considered as positive and
have to be repeated in double determination. If the s/co
is <1, the sample is negative. The detection limit is
0.014 PEIU/ml and 0.017 PEIU/ml for Paul Ehrlich
Institute (PEI, Langen, Germany) standards ad and ay,
respectively [Weber et al., 1999].

Murex HBsAg Version 3

Murex HBsAg Version 3 (Abbott-Murex, Dartford,
England) is a microtitre-based two-step sandwich assay
for the qualitative detection of HBsAg in human serum
or plasma. The sample is preincubated in microwells
coated with a mixture of mouse monoclonals specific for
different epitopes of the a determinant and mutant
forms of HBsAg. Affinity purified goat antibody to
HBsAg conjugated to horseradish peroxidase is added
to the sample in the well. After washing, a solution
containing 3,3',5,5'-tetramethylbenzidine (TMB) and
hydrogen peroxyde is added. The cut-off value is
calculated by adding 0.05 OD to the mean of the
negative control replicates. Samples giving an absor-
bance equal or greater than the cut-off value are
considered initially reactive and should be retested in
duplicate. Samples that are repeatedly reactive are
presumed to contain HBsAg and should be confirmed
using the Murex HBsAg Confirmatory Kkit.

Enzygnost HBsAg 5.0

Enzygnost HBsAg 5.0 (Dade Behring, Marburg,
Germany) is a microtitre-based two-step sandwich
assay for the qualitative detection of HBsAg in human
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serum or plasma. In the first step, the HBsAg contained
in the sample reacts simultaneously with the polyclonal
anti-HBs antibodies attached to the wells of the
microtitre plate and with mouse monoclonal anti-HBs
antibody, which is biotin conjugated (conjugate 1). In
the second step, after removing the unbound reactants,
peroxidase-labelled streptavidin (conjugate 2) is added.
After removing unbound reactants, the enzyme activity
of the bound conjugate 2 is determined by the addition
of TMB chromogen. The cut-off value is calculated by
adding 0.05 OD to the mean of the negative control
replicates. Samples giving an absorbance equal to or
greater than the cut-off value are considered initially
reactive and should be retested in duplicate.

Immune Complex Dissociation (ICD)

Immune complex dissociation was performed accord-
ing to the protocol published by Rabenau et al. [1996].
Briefly, 100 pl of sample were mixed with 50 pl of
0.5 N HCl and incubated for 1 hour at 37°C. Afterwards,
50 ul of 0.5 N NaOH was added and samples were test-
ed for the presence of HBsAg with the Elecsys HBsAg
assay.

Amplicor HBV Monitor Test

Amplicor HBV Monitor Test (Roche Diagnostic
Systems, Branchburg, NJ) is a quantitative PCR kit
for the amplification of HBV DNA in clinical specimens.
The amplification target is defined by two primers
HBV-104UB and HBV-104D. These primers amplify a
highly conserved 104 base pair sequence in the pre-
Core/core region of the HBV genome. DNA is amplified
using one biotinylated and one non-biotinylated oligo-
nucleotide primer. Amplification of HBV target and
internal standard (IS) occur simultaneously. The
quantification of HBV DNA is performed by using an
external standard curve generated with every run. Six
HBV standards (0-1,000,000 copy standard) are
included in each run. The detection limit of HBV
Monitor test is 400 copies HBV DNA/ml. The PCR
assay quantitates virus titres from 400 to 4 x 10" HBV
DNA copies/ml of serum or plasma.

HIV and HCV Serology

HIV and HCV antibody detection were performed by
using AxSYM HIV-1/HIV-2 and AxSYM HCV, respec-
tively. All tests were performed and interpreted in
accordance with the manufacturers’ recommendations.

RESULTS

Sensitivity and Specificity of HBsAg Screening
Assays

Murex HBsAg Version 3 assay showed the highest
sensitivity for the detection of recombinant mutants
F134Y/G145R and P142S/G145R/N146D. Both
mutants were detected undiluted by the Enzygnost
HBsAg 5.0 (Table I). Elecsys HBsAg detected only
mutant F134Y/G145R in undiluted crude yeast extract.
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TABLE I. Results Obtained With HBsAg Screening Assays by Testing HBV Surface Gene
mutants, Different Subtypes, and Potentially Interfering Sera

Highest reciprocal dilution with a positive result (dilution series)/
index (signal/cut-off value) potentially interfering samples

Murex HBsAg Enzygnost Elecsys AxSYM
Version 3 HBsAg 5.0 HBsAg HBsAg
HBYV surface gene mutants
F134Y/G145R 1,000 12 12 n.d.
P142S/G145R/ 1,000 12 Not detected n.d.
N146D
122-RA 100 1,000 1,000 n.d.
123-RGA 10,000 10,000 1,000 n.d.
HBYV subtypes
adw?2 100,000 100,000 400,000 400,000
ayw4 6,400 6,400 440,000 440,000
ayw? 200,000 200,000 1,000,000 1,000,000
ayw3 128,000 32,000 128,000 128,000
adr 6,000 30,000 30,000 30,000
adr | ayr 4,000 4,000 32.000 32,000
adr [ ayr 32,000 4,000 32,000 32,000
Potentially interfering sera spiked with (results are expressed as index signal/cutoff-value)
Bilirubin 0.4 mg/ml 2.24 0.48 0.58 0.97
Rheumatoid factor 0.62 0.637 0.39 9.46
(>500 U/ml)
Hemoglobin 1.46 0.706 0.50 1.02
(15 mg/ml)

#Positive result with undiluted serum.

Insertion mutants (human serum) were detected by all
the three assays with a variable sensitivity (Table I).

Elecsys HBsAg and AxSYM HBsAg showed a
comparable sensitivity for the detection of HBV
subtypes (Table I). In contrast, Murex HBsAg Version
3 and Enzygnost HBsAg 5.0 were one dilution step less
sensitive than the comparative assays for different
subtypes. False-positive results were observed for
potentially interfering samples by the Murex HBsAg
and AxSYM HBsAg (Table D).

Results of Anti-HBc and Anti-HBs Testing in
Anti-HBc Only Positive Samples

Five AxSYM Core anti-HBc positive samples were
negative by the Elecsys Anti-HBc (Fig. 3). One of these
samples which was anti-HBs negative by the AxSYM
anti-HBs was positive for antibody against HBV
surface antigen by the Elecsys Anti-HBs (100 IU/ml).
Overall 15 (14.4%) AxSYM anti-HBs negative samples
gave positive results with Elecsys Anti-HBs. Anti-HBs
concentrations ranged between 11 and 100 IU/ml
(median value: 21 TU/ml).

Results of Murex HBsAg Version 3, Elecsys
HBsAg, Immune Complex Dissociation and Viral
Load Determination

No low-level HBsAg carrier was detected among the
isolated anti-HBc reactive individuals by the Elecsys
HBsAg (Fig. 3). There was no evidence for the presence
of immune complexes (Fig. 3). Only one sample was
repeatedly reactive with the Murex HBsAg, suggesting
that a mutant form of HBsAg was responsible for the

anti-HBc only reactivity (Fig. 1). However, HBV DNA
could not be amplified with Amplicor HBV Monitor and
a nested “in house” PCR (Professor R. Tedder, London)
so that a further characterisation of that sample was
not possible. The result of neutralisation assay was not
interpretable. Fifteen (14.4%) anti-HBc only positive
individuals were HBV DNA carriers (Fig. 1) with
concentrations ranging from 800 to more than
>4,000,000 copies of viral DNA/ml (median value
3,200 copies/ml). HBV DNA was present at low copy
number in three anti-HBs positive individuals. Anti-
HBs titres ranged from 25 to 100 IU/ml. All three
patients were immunosuppressed (two anti-HIV posi-
tive individuals and one renal transplant recipient).

DISCUSSION

In the first part of this study, different HBsAg
screening assays were tested for their ability to detect
HBsAg variants and different HBV subtypes. Modifica-
tion of commercial assays is necessary to increase the
sensitivity of detection of S gene variants. Polyclonal-
antibody-based assays do not guarantee full sensitivity
[Waters et al., 1992]. By using monoclonal antibodies
directed against different S gene mutants in the Murex
HBsAg Version 3 assay, it was possible to achieve a
higher sensitivity in dilution series of recombinant
expressed HBsAg variants than with the alternative
assays (Table I). Screening assays, such as the Elecsys
HBsAg which uses monoclonal antibodies obtained by
the immunisation with wild-type HBsAg showed in
comparison to Murex HBsAg Version 3 a reduced
sensitivity for escape mutant detection. No material
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AxSYM Core and

Elecsys anti-HB: pos,
(n=88%)

Murex HBsAg NT indel.
Elecsys anti-HBs neg.
HEY DMA neg.
anti-HCY pos,

HBY DMA neg.
in=11)

HHH'DHAPH
{n=11)

Hml' DMaA nlu.

in=72)

——ﬁ—

Fig. 3. Results of anti-HBc, HBsAg, anti-HBs detection, and viral load determination in isolated anti-
HBc positive individuals. *Six Elecsys Anti-HBc negative/Abbott Core samples were deleted from

analysis.

was available to compare detection of recombinant and
native HBsAg. On the other hand, the best performance
for HBsAg subtype detection was obtained by the
Elecsys HBsAg. Enzygnost HBsAg and Elecsys HBsAg
showed a higher analytical specificity than the Murex
HBsAg Version 3.

Among 104 anti-HBc positive individuals, only one
sample was repeatedly positive by the Murex HBsAg
Version 3 assay, which detects different HBsAg
mutants. Since the assay is based on a mixture of
monoclonal antibodies raised against a limited number
of mutants it probably cannot detect the whole
repertoire of possible HBsAg mutants. A further
explanation for the lack of HBsAg is that there are
variants in other parts of the genome that down-
regulate the production of antigens [Feitelson et al.,
1995; Fukuda et al., 1995].

Although anti-HBc assays with reducing agents are
specific, the validity of a result can be enhanced by
retesting the initially reactive sample and by distin-
guishing between strong- and weak-positive samples.
The latter are frequently nonspecific and give mostly a
negative result by an alternative assay [Weber et al.,
1998]. For these reasons, only samples that present
inhibition values > 90% by the AxSYM Core assay were
included in the present study. However, 5 (4.8%)
AxSYM Core positive samples gave negative results
with the Elecsys Anti-HBc. One of the five discrepant
samples was anti-HBs (100 IU/ml) and HBV DNA
(3,200 copies/ml) positive, suggesting that the AxSYM
Core result was true positive. For the other four

samples a definitive classification as anti-HBc positive
or negative was not possible.

HBsAg circulating immune complexes are a common
feature of chronic hepatitis B and correlate with HBV
replication [Tsai et al., 1998]. Joller-Jemelka et al.
[1994] demonstrated that complexed HBsAg was pre-
sent in more than 30% of anti-HBc only positive sera,
highest rates were observed in individuals with
hepatopathies (up to 80%), in i.v. drug users (up to
63%), and in haemodialysis patients (39%). HBV DNA
was detected by nested PCR in 39% of the patients. The
absence of immune complexes in our sample may be
attributed to different test methods. While in most of
the previous studies [Ackerman et al., 1994, Tsai et al.,
1998] immune complexes were removed by passage
through Clq affinity column, we used ICD by acid
pretreatment of serum samples. This technique proved
to dissociate immune complexes even in the presence of
a large excess of anti-HBs [Rabenau et al., 1996].
Another possible explanation is the fact that a
relatively low percentage of selected samples (14.4%)
were viraemic.

Similar to HBsAg tests, anti-HBs assays detect a
variety of antibodies to HBsAg, including antibodies to
the a and subtype specific determinants of HBsAg.
Comparative studies using anti-HBs tests from differ-
ent manufacturers clearly indicated that anti-HBs
concentrations differ considerably from assay to assay
[Hess et al., 1997]. In unselected blood donors, 3.4%
showed discrepant results among three anti-HBs tests.
One test gave a positive result up to 400 IU/ml, while
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two other tests scored the same sample negative. In our
sample of selected anti-HBc positive individuals, 14.4%
showed discrepant results between two anti-HBs
assays.

Three anti-HBc and anti-HBs positive individuals
were HBV DNA carriers. In HIV infected patients who
have recovered completely from an acute hepatitis B
infection and became anti-HBs positive, hepatitis B
infection may be reactivated after progression to AIDS
[Altfeld et al., 1998].

The Elecsys HBsAg was used in the present study in
order to test the hypothesis that a highly sensitive
HBsAg assay may detect low-level HBsAg in HBV
carriers. However, none of the anti-HBc only reactive
samples that were negative by the AxSYM HBsAg was
positive (Fig. 1). Of 2,000 antenatal clinic attendees in
Papua New Guinea, 5% of HBsAg positive subjects
were negative by a widely used monoclonal assay but
PCR positive. The monoclonal assay had a sensitivity of
0.5—1 ng/ml. These samples were reactive by another
assay with a sensitivity of 0.1 ng/ml. Over 50% of these
discordant samples had rare or unique variants of the
major hydrophilic region of HBsAg [Carman et al.,
1997]. These data also demonstrate that the sensitivity
of current screening HBsAg assays should be increased
arguing for implementation of detection of HBV DNA in
blood donors. By using the Amplicor HBV Monitor with
a detection limit of 400 copies/ml, viral DNA was
detected in 14.4% of anti-HBc only positive individuals.
Other investigators who used nested PCR with a
detection limit of less than 50 genome equivalents per
ml observed prevalences of HBV DNA up to 40% in anti-
HBc only reactive individuals [Jilg et al., 1995]. These
individuals are mostly chronic HBV carriers and show
very low virus concentrations in their sera but never-
theless can transmit the infection [Hoofnagle et al.,
1978; Rakela et al., 1980; Dodson et al., 1997]. In the
clinical diagnostic laboratory, individuals with active
infection may be detected by using highly sensitive
anti-HBec-IgM assays [Brunetto et al., 1993, Weber and
Doerr, 1996].

As expected, a high HCV seroprevalence was
observed in our sample of anti-HBc only positive
individuals since most of them were from high risk
groups, i.e., haemodialysis patients, organ transplant
recipients, intravenous drug addicts, HIV- infected,
and one third of the patients were treated or under
follow-up at the gastroenterology outpatient clinic for
chronic hepatitis C virus infection. HCV suppresses the
replication of HBV and also suppresses substantially
the expression of HBV surface proteins in vitro and in
vivo [Shih et al., 1993; Chu et al., 1998]. Concurrent
HCV infection can enhance the termination of the
HBsAg carrier state in chronic HBsAg carriers [Sheen
et al., 1994].

In conclusion, the most probable explanations for
isolated anti-HBc reactivity in our study patients are a
possible interference of HBsAg synthesis by HCV
infection (65.4%) and variability of anti-HBs assays
(14.4%). Isolated Anti-HBc is observed in resolved HBV
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infection without detectable anti-HBs. An anamnestic
response (anti-HBs >20 mIU/ml) to vaccination may
serve to identify these individuals [Hollinger, 1996;
Silver et al.,, 1998]. There is no evidence for the
presence of low-level HBsAg carriers and immune
complexes. However, HBsAg mutants cannot be
excluded definitively by the test strategy used in the
present evaluation, since rare or unique variants may
not be necessarily detected. Weinberger et al. [1997]
observed that the exchange rate per amino acid in the a
determinant in isolates from anti-HBc only positive
individuals was significantly higher than in the
residual parts of the molecule and even higher than
in the same region of the HBsAg positive controls. On
the other hand, sequences were found from solely anti-
HBc positive individuals, which were considered pre-
viously to stem from “normal” HBsAg positive HBV
carriers. Besides, no single position seems to be
predominantly mutated. Cacciola et al. [1999] did not
observe changes in sequenced HBV genomes of HBsAg
negative infections that are known to interfere with
viral activity and gene expression. It is possible that
structural alterations of HBsAg prevent the recognition
by serological assays in anti-HBc alone positive indi-
viduals. Therefore, the immunological properties of
recombinant antigens should be examined.
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