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Background. Blood donors positive only for anti-HBc may have a resolved hepatitis B virus

(HBV) infection, low grade chronic infection or infection with variant strains of HBV. We aimed to

assess the significance of this serological pattern after hepatitis B vaccination in such cases.

Materials and methods. Twenty-four anti-HBc only blood donors were vaccinated with the

Engerix HBV vaccine and a serological and virological evaluation was performed before HBV
vaccination and 7-10 days after each dose. Subjects were classified as non-responders if their
anti-HBs levels stayed below 10 IU/L after full vaccination, while the response was considered
secondary (anamnestic) if anti-HBs levels rose over 10 IU/L after the first vaccine dose, and primary
if anti-HBs levels rose over 10 IU/L only after the second or third vaccine dose.

Results. Of the 21 fully evaluable donors, six had no response, eight showed a primary response
and seven had an anamnestic response. One non-responder had transient positivity for HBV-DNA at
low levels (12 TU/mL) with persistent negativity for HBsAg.

Discussion. Anti-HBc-only positive blood donors are a heterogeneous population including HBV
naive subjects with a likely false-positive anti-HBc reactivity, subjects with a resolved HBV infection,

and subjects with persistent low-level HBV replication.

The analysis of the anti-HBs response after a dose of HBV vaccine may help to distinguish

among the different causes of the isolated anti-HBc positivity, thereby enabling proper counselling

and potential readmission to blood donation.
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B virus infection.

Background

Blood and blood-product safety is a global issue
because transfusion therapy is of vital importance in
modern medicine although it is also an efficient route
of transmitting blood-borne pathogens. Transmission of
hepatitis B virus (HBV) continues to occur despite the
implementation of serological screening for hepatitis B
surface antigen (HBsAg) by using more sensitive assays
and the introduction of nucleic amplification tests (NAT)
for HBV-DNA !,

The presence of hepatitis B core antibody (anti-HBc)
in the absence of HBsAg and hepatitis B surface antibody
(anti-HBs) is defined as "isolated anti-HBc". It is well
recognized that anti-HBc may be the only detectable
serological marker of HBV infection in blood donors with
resolved infection, low grade chronic infection or infection
with atypical variant strains of HBV*?. Moreover, reactivity
for anti-HBc¢ may be due to a false positive result!*-13,

Routine blood donor screening for anti-HBc has
been implemented in the USA? and in some other large

countries such as Japan and Germany, but it is not a
mandatory practice in Italy where assays for biological
qualification of blood donations include HBsAg,
anti-hepatitis C virus (HCV), anti-human
immunodeficiency virus (HIV) 1-2, syphilis and NAT
testing for HBV-DNA, HCV-RNA and HIV-RNA*15,
In order to investigate the significance of isolated
anti-HBc reactivity among blood donors, we evaluated
the response to hepatitis B vaccine and the kinetics
of anti-HBs in a cohort of Italian repeat blood donors
positive only for anti-HBc with the aim of discriminating
non-responders from responders and, among the latter,
discriminating those with a primary response to the
vaccine from those with a secondary response.

Materials and methods
Selection of subjects

There are 3,992 active blood donors at the Transfusion
Service of Chioggia. All of these were tested for anti-HBc
and anti-HBs when they were enrolled donors. According
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to the screening policies adopted in our Hospital, after
01/01/2011, blood donors who are negative for HBsAg
and positive for anti-HBc are tested for all other HBV
markers and deferred from blood donation. We selected
from our records 31 repeat blood donors who had tested
positive for anti-HBc and negative for HBV-DNA,
HCV-RNA, HIV-RNA, HBsAg, anti-HBs, HBeAg,
anti-HBe, anti-HCV, anti-HIV1/2, and anti-HBc IgM.
Of these 31 subjects, 21 were male and 10 were female
(ratio: 2.1:1) and their ages ranged from 18 to 64 years
(mean: 51.4+9.2; median 53). None of these donors was
diabetic. These subjects underwent medical counselling
to explain the reasons for their deferral from donation.
In this study we also proposed, as an alternative to
permanent deferral, the administration of hepatitis B
vaccine.

Study design

After the baseline assessment, subjects enrolled
in this study were given a recombinant HBV vaccine
(Engerix, GlaxoSmithKline, Verona, Italy) following
the protocol recommended for primary immunisation in
people 20 years of age and older: three doses of 1 mL
each administered subcutaneously at 0, 1, and 6 months.
A full serological study for HBV markers together with
NAT testing for HBV-DNA was performed 7-10 days
after each vaccine dose. Additionally, anti-HBc IgG
avidity was evaluated and a quantitative assay was
performed for low titre anti-HBc IgM in each subject
after the third dose of vaccine.

Ethical considerations

The study was performed according to the
requirements of the Declaration of Helsinki and the
protocol was approved by the Ethical Review Board of
our hospital (AULSS 14, Veneto region). All the study
subjects undersigned two written informed consent form,
one for enrolment in the study protocol and the other for
administration of the HBV vaccine.

Serological assays

Qualitative assays for HBV serology (HBsAg,
HBeAg, anti-HBc, anti-HBe, anti-HBc/IgM) and
quantitative assays for anti-HBs, anti-HCV and
anti HIV 1/2 were performed using commercial kits
on the automated ARCHITECT analyser (Abbott
Diagnostics, Wiesbaden, Germany). Anti-HBs levels
are expressed in International Units per litre (IU/L)
and the assay employed is linear from 2 to 1,000 IU/L.
Low level HBcAb IgM antibodies were searched for
as previously described'® by using, in addition to
ARCHITECT, an automated analyser and commercial
kit supplied by Medical Systems (Genoa, Italy).
Anti-HBc avidity was evaluated experimentally as
described elsewhere's!".
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Virological assays

Qualitative NAT screening for HBV-DNA,
HCV-RNA and HIV1-RNA was performed on individual
samples by using a TMA-based commercial method
(Chiron Novartis, Siena, Italy). For HBV-DNA
quantification we used two real time polymerase chain
reaction (RT-PCR) commercial methods: the COBAS
HBV AmpliPrep/COBAS TagMan HBV Test, v2.0
(Roche Molecular System, Branchburg, New Jersey,
USA) and areal-time HBV assay on the fully automated
m2000 System analyser (Abbott Molecular Diagnostics,
Wiesbaden, Germany). Both assays have a limit of
quantification of 12 IU/mL. HBV genotyping was
performed by a reverse hybridisation line probe assay
(INNO-LiPA HBV Genotyping assay, Innogenetics
NV, Ghent, Belgium). All assays have been previously
described and were performed according to the
manufacturers' specifications.

Classification of the anti-HBs response

Samples were considered anti-HBs positive at levels
>10 IU/L. A subject was classified as a non-responder
if, after three vaccine doses, anti-HBs was still negative,
whereas a response was considered as primary if the
anti-HBs concentration rose over 10 IU/L after the
second or third vaccine dose, while a secondary (or
anamnestic) response was defined by anti-HBs positivity
after the first dose of vaccine'®?!.

Statistical evaluation

The differences between median levels of anti-HBs
were evaluated by the non-parametric Mann-Whitney
test and the differences between positivity rates by the
x? or Fisher's exact test. To allow calculation of antibody
geometric mean a value of 0 IU/L was assigned to
samples with undetectable anti-HBs levels.

Results
Population characteristics and baseline results
Among 3,992 blood donors, 31 (0.8%) anti-HBc
only subjects were identified. Seven subjects refused
HBYV vaccination and three subjects dropped out
before completion of the vaccination schedule, so only
21 subjects (68%) were fully evaluated. Of these, 14
were male and 7 were female (ratio: 2:1). The mean
age (52.849.2 years) and median (56 years) of these
subjects were not significantly different from those of
the initial cohort.

Anti-HBs response

The summary data and anti-HBs response of the 21
fully evaluated subjects are reported in Table I. Overall,
there were six (28%) non-responders, eight subjects
(38%) showing a primary response and seven subjects
(34%) showing a secondary response with a fast rise of



Table I - Vaccine response and anti-HBs levels (IU/L) before and after HBV vaccination in 21 anti-HBc only blood donors.

N. ID Sex Age Anti-HBc Anti-HBs Anti-HBs Anti-HBs Anti-HBs Response to
Al baseline after I dose after 11 dose after I1I dose HBY vaccine

1 BGC M 64 90 1 2 2 3 Non responder

2 DN M 51 84 0 0 0 4 Non responder

3 GG M 53 n.d. 1 2 3 5 Non responder

4 LC M 59 82 0 0 3 1 Non responder

5 PF M 64 71 0 1 4 3 Non responder

6 TA M 57 83 0 0 0 0 Non responder

7 BGR F 40 n.d. 0 0 168 1,000 Primary

8 BMA M 58 n.d. 0 0 0 16 Primary

9 CM F 53 n.d. 0 0 28 28 Primary

10 CL M 35 n.d. 0 0 35 452 Primary

11 DAM F 60 n.d. 0 0 5 1,000 Primary

12 DG F 36 n.d. 0 0 4 1,000 Primary

13 MG M 59 n.d. 1 4 7 28 Primary

14 SO F 56 86 0 1 13 1,000 Primary

15 BL M 50 85 0 19 128 1,000 Secondary

16 BG M 49 80 7 30 30 366 Secondary

17 BMS M 48 n.d. 2 1,000 1,000 1,000 Secondary

18 FNG F 60 92 5 33 1,000 1,000 Secondary

19 NM F 62 n.d. 0 66 1,000 1,000 Secondary

20 VE M 59 75 2 91 134 218 Secondary

21 VM M 36 90 4 24 120 194 Secondary

Al Avidity Index; n.d.: not determined.

anti-HBs titre already after the first vaccine dose. The
geometric means of anti-HBs levels in subjects with
a primary response were 1.2 IU/L after the first dose,
11.5 TU/L after the second dose and 221.0 TU/L after
the third dose, while the geometric means for HBsAb
concentration in subjects with a secondary response were
60 TU/L, 250 IU/L and 551 TU/L after the first, second
and third doses, respectively (Figure 1). The distribution
of anti-HBs levels after the second and third vaccine
doses in subjects with primary or secondary responses
is shown in Figure 2. The median levels after the second
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Figure 1 - Evaluation of anti-HBs kinetics after anti-HBV
vaccination. Geometric mean titres of HBsAb
antibody (IU/L) are reported separately for subjects
showing an anamnestic response (dotted grey line)
and for subjects showing a primary response (solid
black line).

dose were significantly different between those with
a primary or secondary response (10 and 134 TU/L;
Mann-Whitney non-parametric test P=0.017), while the
difference after the third dose (726 and 1,000 IU/mL,
respectively) was not statistically significant.
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Figure 2 - Distribution of anti-HBs values (IU/L) on a
logarithmic scale after the second and third doses
of HBV vaccine in subjects showing a primary and
an anamnestic response. The median values after
the second dose (10 and 134 TU/L, respectively)
are significantly different (P =0.017), while those
after the third dose (726 and 1,000 IU/L) are not.
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Additional serological tests

The anti-HBc IgG avidity index (AI) was not
assessed in 10 subjects because after the 1:10 dilution
required by this procedure the samples resulted negative
for anti-HBc. An Al of 75 or higher was found in all the
other 11 subjects tested. Anti-HBc IgM levels were lower
than 2 U/L in all subjects.

HBV-DNA testing

HBV-DNA was always negative in all samples from
20 subjects during this study. In one subject from the
non-responder group (BGC, Table I) we observed
a transient HBV-DNA positivity in the last control
performed after the third dose of vaccine. The HBV-DNA
load was 12 IU/L and the subject's genotype was D. The
positivity for HBV-DNA lasted for 5 weeks; the donor
always remained HBsAg-negative and no modification
of the serological profile of HBV was observed.

Discussion

Antibody responses to each of the HBV proteins
have been detected in the sera of humans following
HBYV infection®>. After resolution of transient HBV
infection, anti-HBc antibodies usually persist longer than
other HBV markers and anti-HBc is, therefore, the most
universal marker for diagnostic and epidemiological
purposes'>!¢. The anti-HBc only serological profile may
be associated with: (i) passive transfer of anti-HBc;
(ii) a recent primary HBV infection when HBsAg has
disappeared and anti-HBs is not yet detectable; (iii)
an HBV infection in which HBsAg is not detectable
because of mutant strains; (iv) suppression of HBV
replication due to interference with other viral infections,
mainly HCV and hepatitis delta virus (HDV) or an
impaired host immune response due to HIV infection;
(v) non-specific, cross-reacting antibody; (vi) remote
infection with loss of detectable anti-HBs; (vii)
persistent HBV infection in which HBsAg is not
detectable because of a very low viraemia, which is
currently classified as an occult HBV infection?369:23.24,

Among blood donors, there is evidence that only a
small percentage of anti-HBc only subjects are positive
for HBV-DNA in serum?7’:8:11:23.25-27  Several reports
have indicated that virtually all commercially available
anti-HBc assays have a low positive predictive value in
a low prevalence population and this problem is most
noticeable with low-level anti-HBc-reactive samples'®!3
which are often obtained from individuals with no
history and no other markers of HBV exposure. Some
researchers have found that dilution and treatment
with mild reducing agents can selectively eliminate
false-positive reactivity and improve specificity of
competitive anti-HBc assays'’?%?°. On the other hand,
there have been reports of post-transfusion hepatitis B
due to blood products obtained from HBsAg negative/
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anti-HBc positive donors, as the implicated blood
donors were HBV-DNA positive!**3!. So a donor with
isolated positivity for anti-HBc may be an HBV-naive
subject (false positive test), a person with a past HBV
infection, or a low level carrier negative for HBsAg.
Hepatitis B vaccination of these individuals has been
previously employed to understand the significance of
the isolated anti-HBc¢!8:2027:30.32-34 "gince immune subjects
will show an anamnestic anti-HBs response after a
single dose of vaccine.

The results of the current study enabled
discrimination among the above-mentioned hypotheses:
(i) passive transfer of anti-HBc by a vertical route or
by administration of immunoglobulins, which may
contain anti-HBc, can be ruled out because all the
subjects considered in this study were adults with a
negative history of blood product administration®,
(ii) recently HBV-infected subjects, in whom the
anti-HBc only serological pattern is caused by clearance
of HBsAg before the appearance of anti-HBs, are usually
positive for anti-HBc IgM, while in our study none of
the subjects resulted positive for anti-HBc IgM when
tested using two different assays with a sensitivity
of 10 IU/L and 2 UI/L' and, moreover, the anti-HBc¢
avidity was always >75, suggesting a long-standing
infection; (iii) subjects in whom a negative HBsAg test
is the result of a mutant HBV are usually viraemic?*?’
while all subjects in our study were HBV-DNA
negative when using highly sensitive NAT assays'>?$;
(iv) interference due to HCV and/or HDV co-infection
or to an impaired immunological response linked to
HIV infection was excluded by negativity in the specific
virological and serological assays®’; (v) in this study
we adopted a strategy based upon determination of
anti-HBc avidity'®!'73%3 which requires a 1:10 sample
dilution. In 10/21 subjects the anti-HBc reactivity was
no longer detectable after dilution and, furthermore,
seven on these subjects showed a primary response
after HBV vaccination, indicating the lack of a previous
immune status to HBV?. In our opinion these results
support the consideration of a low predictive value of
anti-HBc reactivity among blood donors* and these
subjects shall be considered naive to HBV infection;
(vi) in subjects with remote HBV infection and loss of
anti-HBs and of anti-HBe the persistence of anti-HBc is
the only serological marker detectable as a "serological
scar" of a previous HBV infection. In these subjects
anti-HBc avidity should be high and after HBV
vaccination a booster effect for anti-HBs levels is
expected after administration of the first vaccine
dose!®19:2122.30.32:3441 Ty gur study we observed seven
subjects with this type of response to HBV vaccine: in
five of them anti-HBc avidity was evaluated and was
always >75, confirming the specificity of the anti-HBc
reactivity and suggesting that the HBV infection had



been contracted many years previously; (iv) in subjects
with an occult HBV infection, anti-HBc positive results
should be specific with a high avidity and no response
after HBV vaccination should be observed?®!6243032 In
our study we observed six non-responders, in five of
whom the anti-HBc avidity index was evaluable and
was always >75: these results confirm the specificity
of anti-HBc reactivity and are suggestive of an HBV
infection contracted much time before. Of note, one
donor in this group showed transient HBV-DNA
positivity after completion of the vaccination schedule,
with no appearance of HBsAg and no signs of liver
damage. The presence of HBV-DNA was confirmed
by a repeated positivity by two real-time PCR assays
employing different primer sets and by the result of HBV
genotyping that demonstrated an infection by genotype
D, which is the most prevalent genotype in Italy.

In our opinion data obtained in this study, despite
its limitation due to the small numbers of anti-HBc
only subjects enrolled, suggest that Italian repeat blood
donors with an isolated anti-HBc serological pattern
are a heterogeneous group of individuals in which
three subgroups are equally represented: (i) subjects
naive for HBV infection in whom anti-HBc reactivity is
non-specific and usually at very low levels; (ii)
individuals with a previously resolved HBV infection
in whom anti-HBc reactivity should be considered a
"serological scar"; and (iii) subjects with persistent
HBYV infection with low levels of virus replication,
undetectable serum HBsAg and circulating HBV-DNA
usually below the sensitivity threshold of NAT assays.
The possibility of evaluating anti-HBc levels?®2%-3
and affinity'%*3° more accurately might contribute to
enhancing the specificity of the anti-HBc assays for
screening purposes.
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