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Artidﬁ’ History: Introduction and Objectives: Occult hepatitis B virus (HBV) infection (OBI) is characterised by low levels of
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- > This study aimed to determine the OBI prevalence and virological characteristics (viral genotypes and HBsAg
Available online 25 September 2023

mutants) in patients with an “anti-HBc only” serological profile.
Materials and Methods: A total of 24 900 serum samples were routinely screened for hepatitis B markers over

KEJt{lerBdS: a five-year period. All anti-HBc-positive/HBsAg-negative/anti-HBs-negative sera were selected and analysed
;1;351;\g r;utants for the presence of HBV DNA. Mutational analyses of the HBs gene and polymerase gene sequences were
HBV DNA performed.

Results: 1749 (7.02%) sera were anti-HBc positive, and 113 (0.45%) sera had an “anti-HBc only” serological
profile (HBsAg/anti-HBs negative). HBV DNA was detected in 12/113 (10.61%) “anti-HBc only” positive sera,
representing 0.048% of all routinely tested samples. Due to extremely low viremia, HBV genome was success-
fully sequenced in only two sera where subgenotype D3 was confirmed. Mutational analyses of the S gene
revealed multiple missense mutations. In addition to the M133I, Y134F, and G145R mutations, already asso-
ciated with diagnostic escape, we also found nine novel OBI-related S-gene mutations - S136Y, F158L,
K160N, E164G, S167L, A168V, L175S, S2101 and F212C.
Conclusions: We detected multiple known and novel S gene mutations in 2/12 (16.6%) OBI cases, neverthe-
less, further studies are required to determine their role in the pathogenesis of OBI. Understanding the fre-
quencies of clinically relevant HBV mutations may contribute to improvement of diagnostic protocols.
© 2023 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Occult hepatitis B virus (HBV) infection (OBI) is a complex clinical
entity characterised by low levels of HBV DNA in the blood/ liver of
HBV surface antigen (HBsAg) negative patients [1]. In practice, detec-
tion of OBI is usually based on finding antibodies to the HBV core pro-
tein (anti-HBc) as the only serological marker (referred to as “anti-
HBc only”, or “isolated anti-HBc”). It should be noted, however, that
the “anti-HBc only” serologic pattern may be the result of: (1) Unre-
solved chronic infection with low-grade, intermittent virus produc-
tion; (2) Resolved infection - a decline to undetectable anti-HBs titres

Abbreviations: CMIA, chemiluminescent microparticle immunoassays; EIA, enzyme
immunoassay; ELFA, enzyme linked fluorescence assay; HBc, HBV core protein; HBsAg,
HBV surface antigen; HBV, hepatitis B virus; MHR, major hydrophilic region; OBI,
occult hepatitis B virus infection; ORF, open reading frame; PGKC, Primorje Gorski
kotar County; RT-PCR, real-time polymerase chain reaction; S/CO, sample/cutoff
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that occurs years later; (3) Chronic infection with a mutant HBsAg
that cannot be detected by routinely used serologic assays, so-called
“false OBI”; (4) The window phase of acute hepatitis B; (5) Passive
transmission of anti-HBc; and (6) A false positive test.

Both host and viral factors are involved in the induction of OBI,
although recent studies have more strongly emphasized the role of
host immunological and epigenetic control mechanisms in this context
[2—5]. The low fidelity of HBV polymerase and the high mutation rate
allows the virus to modify its genome structure. HBV genome contains
four partially overlapping open reading frames (ORF). The HBsAg preS/
S ORF is a highly heterogenic part of the HBV genome. HBsAg contains
the major hydrophilic region (MHR) located between codon positions
99 and 169. Within the MHR the “a” determinant is located at codon
positions 124-147. This determinant is an immunodominant epitope
critical for recognition of HBsAg by anti-HBs and immune cells [6].
Mutations that cause a conformational change within the “a” determi-
nant may affect the ability of serological assays for the detection of
HBsAg [7].
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To date, multiple immune-associated escape HBsAg mutations
have been identified which can evade neutralizing antibodies and
allow persistent HBV infection [8]. Furthermore, escape mutations
can affect HBsAg detection, posing a diagnostic challenge. Although
OBI patients usually have low DNA levels (<200 [U/ml), there is also a
risk of reactivation in immunocompromised patients or HBV trans-
mission [9,10]. Correct diagnosis of OBI prevents reactivation, HBV
transmission, and progression of liver fibrosis in patients.

The prevalence of HBV infection in Europe varies widely among
different population groups. According to European Centre for Dis-
ease Prevention and Control estimates, Croatia is among the coun-
tries with a low HBsAg prevalence of about 1% [11]. The prevalence of
OBI depends on HBV endemicity, study population and sensitivity of
serological and molecular tests. OBI prevalence in the general popula-
tion in different parts of the world is still largely undetermined and
generally underestimated [1].

The aim of this study was to determine the prevalence and viro-
logical characteristics of OBI in the mixed population of Primorje Gor-
ski Kotar County (PGKC) over a five-year period. Although OBI can
occur sporadically in persons with detected anti-HBs, same as in per-
sons without proven HBV markers (seronegative OBI), we limited our
OBI estimate to individuals with “isolated anti-HBc” pattern, which is
considered more common and clinically relevant [1]. The impact of
HBV genomic variability on HBsAg undetectability was assessed.

2. Materials and Methods
2.1. Study population and serum samples

During the five-year period (from January 2014 to the end of
2018) overall 24 900 serum samples, all collected from different indi-
viduals were tested for hepatitis B markers as a part of the routine
serological testing at the Department of Clinical Microbiology, Clini-
cal Hospital Centre Rijeka and at the Department of Clinical Microbi-
ology, Teaching Institute of Public Health of PGKC. The study
population included low-risk groups (general population, pregnant
women) and high-risk groups (exposure risk, haemodialysis, or liver
disease).

All samples used in the study were collected and delivered to
diagnostic laboratories for routine screening, and not particularly col-
lected or serologically tested for this study. Only sera with a specific
serological pattern confirmed by repeated testing (defined by posi-
tive anti-HBc and negative HBsAg and anti-HBs) were selected and
stored at -80°C for subsequent HBV DNA testing and mutational anal-
ysis. HBsAg positive or anti-HBs positive sera were excluded from
further study. Because of the expected intermittent low-level vire-
mia, additional sera were collected from 113 “anti-HBc only” positive
patients for DNA testing when available. In total, two to three serum
samples were collected from most of the 113 selected patients during
the study period. Previous HBV serological “markers” results (anti-
HBc, HBsAg, anti-HBs, anti-HBe) were also considered when avail-
able.

2.2. Serological testing

Samples were tested for hepatitis B markers using Abbott Archi-
tect chemiluminescent microparticle immunoassays (CMIA): HBsAg
Qual II (sensitivity 0.02 IU/ml), anti-HBc II, anti-HBs, and anti-HBe
kits [specificity > 99.5%, sensitivity > 99.5% at the cut-off is < 0.45
Paul-Ehrlich-Institut (PEI) standard U/mL] on the Abbott Architect
i1000SR automated analytical platform (Abbott, USA). Reactivity to
“anti-HBc only” (HBsAg and anti-HBs negative) was confirmed with a
second enzyme linked fluorescence assay (ELFA) VIDAS anti-HBc
Total II (bioMerieux, France) or Enzyme Immunoassay (EIA) Siemens
Enzygnost Anti-HBc monoclonal (Siemens, Germany). We consider a
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sample to be anti-HBc true-positive if the second anti-HBc test is
reactive.

2.3. DNA extraction and HBV DNA testing

DNA was extracted from 500 ul of serum using the High Pure
Viral Nucleic Acid Kit (Roche, Mannheim, Germany) with a final elu-
tion volume of 75 wul and analysed by polymerase chain reaction
(PCR) using the COBAS TagMan HBV test (Roche, Mannheim, Ger-
many) on the COBAS TagMan 48 instrument (Roche, Mannheim, Ger-
many) according to the manufacturer’s instructions. The COBAS
TagMan HBV test has an analytical sensitivity of 6 IlU/ml and a speci-
ficity of 100% with a confidence limit of 99.54%. HBV DNA is searched
in sequential (3-4) serum samples from the same patient, as HBV
DNA is alternately detectable and undetectable during OBI.

2.4. HBV genome amplification, sequencing, and molecular analysis

DNA were extracted from 600 wl of HBV DNA positive sera and
elution volume was reduced to 50 wl because all HBV DNA positive
samples had very low viremia. The HBV genome was amplified in
two fragments (A and B) using a modified seminested PCR protocol
[12]. Amplification was performed using TaKaRa Tag™ DNA Poly-
merase Hot Start Version (Takara, France). Details of all primers used
in this work are listed in Table 1.

First amplifications were performed under the following condi-
tions: 95 °C/5 min, 35 cycles of 95 °C/30 s, 58 °C/45 s, 72 °C/2.5 min
and final extension 72°C/7 min. Nested PCR conditions were 95 °C/
5 min, 25 cycles of 95°C/30's, 58 °C/45 s, 72°C/2.5 min and final exten-
sion 72 °C/7 min. Amplicons were visualised by gel electrophoresis
and purified from the gel using the NucleoSpin Gel and PCR Clean up
kit (Macherey-Nagel MN, Germany) according to the manufacturer’s
recommendations. Sequencing primers were used for partial
sequencing reactions of amplicons A and B, as described by Gunther
et al [13]. Amplicons were sequenced using the Big-Dye Termination
v3.1 kit (Applied Biosystems AB, USA) and purified using the Nucleo-
Seq kit (Macherey-Nagel MN, Germany) according to the manufac-
turer’s recommendations. The purified sequencing reactions were
dissolved in HiDi Formamide (Applied Biosystems AB, USA) and
sequenced on the SeqStudio Genetic Analyzer ABI 310 (Applied Bio-
systems AB, USA). ABI PRISM Sequencing Analysis v 5.4. software was
used in sequence analyses. Nucleotide sequences were aligned using
MEGA (version 11) [14]. Genetic distances were obtained using the
neighbour-joining statistical method, the Kimura 2 parameter model,
and the bootstrap method with 1000 replicates. Sequences were sub-
mitted to the geno2pheno HBV database with the reference sequence
NCBI accession number GQ922003.1 [15].

2.5. Statistical analysis

Results were analysed using the Microsoft Excel program 2021.
The SPSS program (version 21) (SPSS Inc., Chicago, IL) was utilized to

Table 1
The HBV primers used in nested PCR.

Frag' Primer  Sequences (5-3) Position

A P3 CTCGCTCGCCCAAATTTTTCACCTCTGCCTAATCA  1825-1841
AR1 ACAGTGGGGGAAAGC 759-745
R2 AGAAACGGRCTGAGGC 702-687

B P4 CTGGTTCGGCCCAAAAAGTTGCATGGTGCTGG 1823-1806
AF1 GTCTGCGGCGTTTTATC 419-435
AF2 TGCCCGTTTGTCCTCTA 503-519

¥ Fragment A: primers P3 and AR1 are used in the first PCR, primers P3 and AR2 in
the nested PCR. Fragment B: primers P4 and AF1 are used in the first PCR, primers P4
and AF2 in the nested PCR.
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perform t-test, x2 or Fisher’s exact test. The significance level was set
at 0.05.

2.6. Ethical statement

The study was conducted in accordance with the current Helsinki
Declaration and approved by the ethics committees of Clinical Hospi-
tal Centre Rijeka (Approval Number: 2170-29-02/15-18-2) and
Teaching Institute of Public Health of PGKC (Approval Number: 08-
820-62/247-18) with a waiver of informed consent because this was
a study of de-identified, routinely collected data and clinical samples.

3. Results
3.1. HBV serology and HBV DNA PCR

The overall prevalence of HBsAg positive sera among all routinely
tested samples was 261/24 900 (1.04%). Of all 24 900 sera, 1 749
were anti-HBc positive (7.02%), whereas 116 samples had the “anti-
HBc only” pattern (0.47%). In 116 “anti-HBc only” sera an additional
anti-HBc confirmatory assay was performed which excluded three
anti-HBc negative sera from further investigation. One hundred and
thirteen patients (0.45%) with an “anti-HBc only” pattern represented
6.46% of all anti-HBc positive individuals; with males (66.37%) more
frequently affected than females (33.63%); P < 0.001). Thirty of 113
“anti-HBc only” sera showed anti-HBe positivity (26.55%).

We further analysed all sera collected from 113 “anti-HBc only”
positive patients for the presence of viral DNA. HBV DNA was
detected in 12 of 113 patients (10.6%), representing 0.048% of all 24
900 patients. In nine HBV DNA positive sera, the viral load was <
6 IU/ml (lower limit of detection), whereas in the remaining three
positive sera, the viral load was 10 IU/ml, 50 IU/ml, and 141 IU/ml.
The data are summarized in Table 2.

We compared anti-HBc sample/cutoff (S/CO) values between HBV
DNA positive and HBV DNA negative “anti-HBc only” positive sera.
Although anti-HBc values in HBV DNA positive sera were higher than
anti-HBc values in HBV DNA negative sera, the mean difference was
not significant: (S/CO 9.62 versus 7.73; p= 0.14) (results not shown).

3.2. Seminested-PCR and genome sequencing

Due to the low viral load, we used seminested-PCR to sequence
HBV genome in 12 “anti-HBc only” positive HBV DNA positive serum
samples. Amplification of both HBV genome fragments (2092 bp and
1320 bp) was successful in 3/12 sera. The nested PCR amplicons of
both fragments from patients labelled 1, 2, and 3 are shown in Fig. 1.

However, the sequencing results yielded usable sequences for
only patient 2 (viral load 50 IU/ml) and patient 3 (viral load 141 IU/
ml). The partial sequences were aligned with another 383 whole
genome HBV sequences including the reference sequence as an
anchor to obtain a reliable alignment. The sequence labeled patient 2
was aligned to the reference HBV genome from position 576 to 1784,

Table 2
Serological and molecular test results.

Category Number (%) 95% Cl
Total serum samples 24900 (100)

HBsAg positive sera 261/24900(1.04) 0.93-1.18
all anti-HBc positive sera 1749 (7.02) 6.71-7.35
“anti-HBc only” positive sera 113/24900(0.45)  0.37-0.55
“anti-HBc only”/ all anti-HBc positive ~ 113/1749 (6.46) 5.35-7.72
HBV DNA positive/all tested sera 12/24 900 (0.048)  0.03-0.08
HBV DNA positive/ “anti-HBc only” 12/113(10.6) 5.61-17.82
anti-HBe positive/ “anti-HBc only” 30/113 (26.55) 18.68-35.68
HBsAg mutation/HBV DNA positive 2/12(16.6%) 2.09-48.41
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Fig. 1. Electrophoregram of both amplicons from HBV genome of three patients.
(Lanes 2-5 P3 AR2 primers - 2092 bp; lanes 6-9 P4 AF2 primers - 1320 bp). Lane 1:
DNA ladder; lane 2: negative control; lane 3: patient 1; lane 4: patient 2; lane 5:
patient 3; lane 6: negative control; lane 7: patient 1; lane 8: patient 2; lane 9: patient
3; lane 10: DNA ladder-Molzym 1kb.

and the sequence labeled patient 3 was aligned to the reference HBV
genome from position 574 to 1786.

Two patients 2 and 3, were genotyped by submitting 4 sequences
(2 partial HBV sequences from the patients and the closest relatives
identified by phylogenetic analysis) to the Geno2Pheno HBV geno-
typing database. The samples were classified as genotype D, subgeno-
type D3 (data not shown). Because of the overlap of the HBsAg and
HBV RT polymerase genes, the amino acid sequences of both coding
regions were determined. Escape mutant analysis and drug resis-
tance mutations were performed. The amino-acid substitution
(mutations) profiles in the HBs protein and polymerase domain are
listed in Table 3.

HBV sequences obtained from patients 2 and 3 were identical in
analysed S and polymerase regions. A dozen mutations were detected
in the S region of HBV DNA. Three of the observed mutations (M133],
Y134F and G145R) have already been associated with the escape of
anti-HBs. Mutations in 5 different amino acids encoding the polymer-
ase genomic region were detected in both samples.

4. Discussion

According to recent data, HBsAg prevalence among voluntary
blood donors in Croatia is 0.05% and has been steadily decreasing
over the years [16]. Seroprevalence studies conducted in 2010-2011
in different subpopulations estimate that the prevalence of HBsAg
carriers in the general Croatian population is between 0.5% and 0.7%
[17,18]. In the present study that covered a heterogeneous popula-
tion comprising both, low-risk groups, and high-risk groups an over-
all HBsAg prevalence of 1.04% was found. The slightly higher HBsAg
prevalence found in our study can be explained by the difference in
the population studied, previous Croatian studies included only rou-
tinely screened patients and healthy blood donors.

The reported prevalence of OBI is much lower than the prevalence
of the serological pattern “anti-HBc only” [19,20]. This is not surpris-
ing, as the “anti-HBc only” pattern does not provide an accurate diag-
nosis. It may be the only detectable serological marker of OBI, “false
OBI” (HBV infection with mutant HBsAg strains), resolved HBV infec-
tion, or a false positive result.

Until today, data on the prevalence of anti-HBc and OBI in Croatia
are available only for blood donors. The prevalence of anti-HBc

Table 3
Missense mutations in the S and polymerase domains of HBV genome.

HBV domain  Mutations detected

S protein M133], Y134F, S136Y, G145R, F158L, K160N, E164G, S167L,
A168V, L1758, S2101, F212C

Polymerase D263E, 1266V, Q267L, S317T, L336M
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among Croatian blood donors was 1.5% in 2013-2016, while the prev-
alence among blood donors from endemic areas in the world can
reach 75% [21-23]. The results of our study indicate that the preva-
lence of anti-HBc is 7.02%, the prevalence of “anti-HBc only” is 0.45%,
and the rate of “anti-HBc only” pattern among all anti-HBc positive
subjects is 6.46%. In 2017 the prevalence of anti-HBc among Croatian
blood donors was 1.32%, while the rate of “anti-HBc only” among all
anti-HBc positive blood donors varied between 9.6% and 16.4% [24].
In comparison to the reported prevalence of anti-HBc positivity
among Croatian blood donors (1.32%), we found a higher prevalence
(7.02%). Not surprisingly, the prevalence of anti-HBc positivity is
higher in a heterogeneous population consisting of both low- and
high-risk groups than in healthy blood donors. Lower anti-HBc posi-
tivity is expected in blood donors selected according to strict selec-
tion criteria and with no history of HBV exposure. This also explains
why we found a much higher HBsAg positivity in the study popula-
tion (1.04%) than was reported among blood donors during the same
period (0.048%) [25].

One of the reasons for the “anti-HBc only” serological pattern could
be a false positive test due to the imperfect specificity of anti-HBc
assays. The specificity of the Abbott Architect anti-HBc Il assay used in
this study is reported to be 98.0%. To minimize false positive anti-HBc
results, we performed a second assay on all “anti-HBc only” positive
sera, which excluded three previously “anti-HBc only” positive individ-
uals from further investigation. Thus, anti-HBc reactivity was con-
firmed in 113/116 (97.41%) “anti-HBc only” serum samples, with
males (66.37%) more frequently affected than females (33.63%). We
also performed an additional anti-HBe assay. Anti-HBe antibodies
were found in only a quarter of the “anti-HBc only” positive sera. How-
ever, based on the anti-HBc positivity in two different serological tests,
we can assume that these 113 serum samples were true positive.

Anti-HBe is usually indicative of completed infection but may also
be detectable in chronic hepatitis B. Given the high-performance
characteristics of the anti-HBe assay used in this study, the relatively
low proportion of anti-HBeAb positivity can be explained by the fact
that anti-HBeAb may appear several months or years after the anti-
HBc detection, or may fall to undetectable levels over time. Besides
false positivity, other reasons for the “anti-HBc only” serological pat-
tern could be the window phase of acute HBV infection, cleared infec-
tion with loss of anti-HBs, or OBI. In reviewing the patients’ medical
records, we found that one “anti-HBc only” HBV DNA positive patient
was HBsAg positive several months before the start of the study. This
patient was in the window phase of acute HBV infection leading to
persistent infection.

In persistently infected patients HBsAg can sometimes become
undetectable years after the resolution of acute hepatitis. Spontane-
ous HBsAg seroclearance occurs infrequently (~1% per year) in treat-
ment-naive adults with chronic infection [26]. Transition of low-
viraemic HBsAg carriers to OBI was reported in 20% of inactive HBsAg
carriers within 5-years [27]. This phenomenon could also be one of
the reasons for the “anti-HBc only” positivity analyzed in our study.

In the present study, HBV DNA was detected in 12/113 (10.61%)
“anti-HBc only” positive cases, corresponding to an overall OBI preva-
lence of 0.048% (12/24 900). It is higher than the OBI prevalence among
Croatian VBD, which has been reported to be 0.001-0.002% in recent
studies [16,28]. It can be assumed that the rest of the “anti-HBc only”
positive, HBV DNA negative patients from this study (101/113) cleared
infection with loss of anti-HBs, and in most cases anti-HBe antibodies,
over the years. However, since undetectable serum HBV DNA does not
exclude OBI, there is a possibility that viral levels were below the analyt-
ical sensitivity of the commercial PCR method used. Although detection
of replication-competent HBV DNA in the liver is the gold standard for
OBI diagnosis, liver biopsy is an invasive test that is less often performed
in clinical practice and was not used in this study [1].

Using the commercial COBAS TagMan HBV assay, which amplifies
the conserved pre-core/core region of the HBV genome as the target
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DNA sequence, intermittent low-level viremia was detected in
repeated serum samples collected during the five-year period from
twelve “anti-HBc only” positive persons. HBV DNA positive samples
were retested using the nested PCR assay. However, the nested PCR
assay failed to amplify the HBV genome in the nine sera with
extremely low viral loads (<6 IU/ml) close to the COBAS TagMan HBV
RT-PCR assay detection limit, probably because only residual nucleic
fragments were detected by the commercial RT-PCR test. Amplifica-
tion of HBV genome segments with nested PCR was possible in three
of twelve HBV DNA positive sera with DNA level greater than
10 IU/ml. However, sequencing results revealed usable sequences for
only two HBV DNA positive serum samples with the highest viral
loads (50 and 141 IU/ml) confirming that the higher the viral load,
the better the amplification products.

Finally, we wanted to detect HBsAg mutations that could be asso-
ciated with the development of OBI. Because of the overlapping read-
ing frame of the polymerase gene and HBsAg, mutations in the
polymerase domain may lead to mutations in the preS/S ORF result-
ing in a modified S protein that is not detected in serological screen-
ing tests. Mutations in the S gene are known as “escape variants” and
can lead to vaccine escape, and detection failure. It has been shown
that mutations responsible for a conformational change within the
“a” determinant of HBsAg can lead to failure of serological detection
[7]. In the present study, four mutations were detected in the “a”
determinant: M133I, Y134F, S136Y, G145R. Three of the mutations
(M133], Y134F, and G145R) have already been associated with diag-
nostic-escape [29]. The G145R mutation is the most common and
best-defined HBsAg mutation that also leads to vaccine-escape [30].
It has been demonstrated that HBsAg serological assay used in this
study is highly sensitive for the detection of G145R [31], so multiple
mutations interacting with each other may be responsible for diag-
nostic failure. In addition to the three previously described mutations
in the S region [32], we found nine novel mutations that, to our
knowledge, have not been previously reported. The following muta-
tions were found outside the “o” determinant of the S gene: F158L,
K160N, E164G, S167L, A168V, L175S, S210I and F212C. Most of these
mutations that we have found can lead to changes in the amino acids’
polarity, from hydrophilic to hydrophobic or vice versa. A change in
the biochemical properties of amino acids, such as hydrophilicity/
hydrophobicity, can change the shape of the protein molecule. Some
of the MHR mutations upstream or downstream of the “a” determi-
nant sequence are also known to alter the hydrophilicity of the
HBsAg protein; affecting HBV antigenicity and leading to immune
escape, or false-negative detection of HBsAg by commercial tests (8).
However, further bioinformatic and functional analyses are needed
to verify whether the novel amino-acid substitutions we found, alone
or in combination, can lead to a conformational change of the S pro-
tein and a failure of HBsAg detection. Both, the impact of the individ-
ual mutations and the complementary interactions between
individual mutants on diagnostic assays, require further study, e.g.,
cloning of S-gene mutants from serum samples to expression plas-
mids and their transfection into cells.

Thus, HBV S gene sequences of 2/12 HBV DNA positive patients
from this study (16.6%) were found to have multiple mutations that
could be associated with the decreased HBsAg expression and low
immune recognition of the virus - “false OBI” cases. The prevalence of
“false OBI” has previously been reported to be as high as 40% in OBI
patients [33].

There are very little data on the frequency of HBV immune escape
mutations in Croatia. Recently, six immune escape mutations in
genotype D virus have been reported: D144E, M1331, M133L, P120S,
Q101H, R122K [29]. The immune escape mutation M133I detected by
Grgi¢ et al was also detected in our two patients. Although we
focused our study on “anti-HBc only” positive OBI patients, we con-
firmed that both successfully sequenced HBV DNA samples belong to
the D3 subgenotype, which is consistent with the distribution of
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genotype D in Europe as well as the predominance of the D3 subtype
in Croatia (42%) [29].

In addition to several mutations found in the S region of HBV, we
also identified substitutions in five different amino acids encoding
the genomic polymerase region (D263E, 1266V, Q267L, S317T, and
L336M), none of which were shown previously to result in antiviral
drug resistance [6,7,15,29]. It is worth noting that both patients with
sequenced HBV DNA did not previously receive antiviral therapy.
Therefore, the mutations arose from host factors alone, without selec-
tion by anti-HBV therapy.

Because we selected only sera with isolated anti-HBc pattern for
OBI testing, we may have missed some occult HBV infections in
unusual HBV antibody profiles (anti-HBs positive or seronegative OBI
cases) and underestimated the prevalence of OBI. However, the
“anti-HBc only” pattern is considered more common and clinically
relevant than other serological profiles. Due to the extremely low
viral load in OBI patients, it was difficult to amplify the HBV genome
and therefore we had a limited number of characterised OBI strains.
This study has three main limitations. First, although the accumula-
tion of several mutations found outside the “a” determinant of the S
gene likely alters the immunogenicity of HBsAg, evasion of detection
by diagnostic tools has yet to be demonstrated. Therefore, further
bioinformatic and functional analyses are needed to determine
whether these novel mutations could affect secondary structure and
antigenicity of HBsAg. Second, we selected only sera with an “isolated
anti-HBc" pattern for the study, which means that we may have failed
to detect seronegative, or anti-HBs positive OBI cases. Third, the small
number of patients whose HBV DNA was sequenced reduces the
power of the study.

5. Conclusions

The findings of this study provide insight into the OBI prevalence
and HBsAg mutations in our patients with an “anti-HBc only” sero-
logical profile. Our study is one of the few studies conducted in Cro-
atia that includes a heterogeneous population of adults (including
those at low and high risk). Investigations of HBV genetic variability
and knowledge of the prevalence of clinically relevant viral muta-
tions may contribute to improvement of diagnostic protocols.

Data availability statement

All data generated or analysed during this study are included in
this article.

Funding

This work was supported by the University of Rijeka (MBS, grant
number uniri-biomed-18-215) and (MA, grant number uniri-
biomed-18-277).

Declaration of interests

None.

Author contributions

Marina Bubonja-Sonje: Conceptualization, Methodology, Writing
— original draft, Data curation, Writing — review & editing. Dolores
Peruc: Validation, Data curation, Writing — review & editing. Maja
Abram: Supervision, Data curation, Writing — review & editing.
Bojana Mohar-Vitezi¢: Conceptualization, Writing — original draft,
Data curation, Writing — review & editing.

Annals of Hepatology 29 (2024) 101156
Acknowledgments

We would like to thank our laboratory technicians for their assis-
tance in performing the serological tests.

References

[1] Raimondo G, Locarnini S, Pollicino T, Levrero M, Zoulim F, Lok AS, Taormina

Workshop on Occult HBV Infection Faculty Members. Update of the statements

on biology and clinical impact of occult hepatitis B virus infection. ] Hepatol

2019;71(2):397-408. https://doi.org/10.1016/j.jhep.2019.03.034.

Koumbi L, Karayiannis P. The epigenetic control of hepatitis B virus modulates the

outcome of infection. Front Microbiol 2016;6:1491. https://doi.org/10.3389/

fmicb.2015.01491.

YuanY, Yuan H, Yang G, Yun H, Zhao M, Liu Z, et al. IFN-« confers epigenetic regu-

lation of HBV cccDNA minichromosome by modulating GCN5-mediated succiny-

lation of histone H3K79 to clear HBV cccDNA. Clin Epigenetics 2020;12(1):135.
https://doi.org/10.1186/s13148-020-00928-z.

[4] Qin YP, Yu HB, Yuan SY, Yang Z, Ren F, Wang Q, et al. KAT2A promotes hepatitis B
virus transcription and replication through epigenetic regulation of cccDNA mini-
chromosome. Front Microbiol 2022;12:795388. https://doi.org/10.3389/
fmicb.2021.795388.

[5] Zhang W, Luo S, Li T, Wang M, Huang ], Liao Q, et al. Hepatitis B virus-specific cel-
lular immunity contributes to the outcome of occult hepatitis B virus infection.
Front Microbiol 2022;13:850665. https://doi.org/10.3389/fmicb.2022.850665.

[6] Shen T, Yan XM. Hepatitis B virus genetic mutations and evolution in liver dis-
eases. World ] Gastroenterol 2014;20(18):5435-41. https://doi.org/10.3748/wjg.
v20.i18.5435.

[7] Caligiuri P, Cerruti R, Icardi G, Bruzzone B. Overview of hepatitis B virus mutations
and their implications in the management of infection. World ] Gastroenterol
2016;22(1):145-54. https://doi.org/10.3748/wjg.v22.i1.145.

[8] Lazarevic I, Banko A, Miljanovic D, Cupic M. Immune-escape hepatitis B virus
mutations associated with viral reactivation upon immunosuppression. Viruses
2019;11(9):778. https://doi.org/10.3390/v11090778.

[9] Wang Y, Han SB. Hepatitis B reactivation: a review of clinical guidelines. ] Clin Gas-
troenterol 2021;55(5):393-9. https://doi.org/10.1097/MCG.0000000000001520.

[10] Chang Y, Jeong SW, Jang JY. Hepatitis B virus reactivation associated with thera-
peutic interventions. Front Med 2022;8:770124 (Lausanne). https://doi.org/
10.3389/fmed.2021.770124.

[11] European Centre for Disease Prevention and Control. Systematic review on hepa-
titis B and C prevalence in the EU/EEA. Stockholm: ECDC; 2016. Available at
https://www.ecdc.europa.eu/en/publications-data/systematic-review-hepatitis-
b-and-c-prevalence-eueea [Online, 29.05.2022].

[12] Wang X, Xu L, Chen'Y, Liu A, Wang L, Xu P, et al. Integrating nested PCR with high-
throughput sequencing to characterize mutations of HBV genome in low viral
load samples. Medicine 2017;96(30):e7588. (Baltimore). https://doi.org/10.1097/
MD.0000000000007588.

[13] Giinther S, Li BC, Miska S, Kriiger DH, Meisel H, Will H. A novel method for effi-
cient amplification of whole hepatitis B virus genomes permits rapid functional
analysis and reveals deletion mutants in immunosuppressed patients. ] Virol
1995;69(9):5437-44. https://doi.org/10.1128/JV1.69.9.5437-5444.1995.

[14] Tamura K, Stecher G, Kumar S. MEGA11: molecular evolutionary genetics analysis
version 11. Mol Biol Evol 2021;38(7):3022-7. https://doi.org/10.1093/molbev/
msab120.

[15] https://hbv.geno2pheno.org/ [Online, 20.05.2022].

[16] Strauss Patko M., Oci¢ T., Grubesic D., Babic 1. Izvjesce o rezultatima rada transfu-
zijske sluzbe u 2020. godini. In: Transfuzioloski vjesnik br.65/2021. Available at:
https://hztm.hr/wp-content/uploads/2018/09/Transfuzioloski-vjesnik-broj-65.pdf
(in Croatian)

[17] Kaic B, Vilibic-Cavlek T, Kurecic Filipovic S, Nemeth Blazic T. Pem Novosel I, visek-
runa Vucina V. Epidemiology of viral hepatitis. Acta Med Croatica 2013;67:273-9.

[18] Vilibi¢-Cavlek T, Kucinar J, Ljubin-Sternak S, Kai¢ B, Lazari¢-Stefanovi¢ L, Kolari¢ B.
Prevalence of viral hepatitis in Croatian adult population undergoing routine
check-up, 2010-2011. Cent Eur ] Public Health 2014;22(1):29-33. https://doi.org/
10.21101/cejph.a3844.

[19] Pondé RAA, Cardoso DDP, Ferro MO. The underlying mechanisms for the ‘anti-
HBc alone’ serological profile. Arch Virol 2010;155:149-58. https://doi.org/
10.1007/s00705-009-0559-6.

[20] Gutiérrez-Garcia ML, Fernandez-Rodriguez CM, Lledo-Navarro JL, Buhigas-Garcia
1. Prevalence of occult hepatitis B virus infection. World ] Gastroenterol 2011;17
(12):1538-42. https://doi.org/10.3748/wjg.v17.i12.1538.

[21] Samardzija M, Drenjancevi¢ D, Mileti¢ M, Slavulj B, Juki¢ I, Zibar L, et al. The
impact of positive anti HBc marker on permanent deferral of voluntary blood
donors in eastern Croatia and estimation of occult hepatitis B virus infection rate.
Acta Clin Croat 2020;59(1):126-34. https://doi.org/10.20471/acc.2020.59.01.15.

[22] Olotu AA, Oyelese AO, Salawu L, Audu RA, Okwuraiwe AP, Aboderin AO. Occult
Hepatitis B virus infection in previously screened, blood donors in Ile-Ife, Nigeria:
implications for blood transfusion and stem cell transplantation. Virol ]
2016;13:76. https://doi.org/10.1186/512985-016-0533-3.

[23] Candotti D, Laperche S. Hepatitis B virus blood screening: need for reappraisal of
blood safety measures? Front Med (Lausanne) 2018;5:29. https://doi.org/
10.3389/fmed.2018.00029.

[24] Mileti¢ M, Bingulac-Popovic ], Stoji¢ Vidovi¢ M, He¢imovi¢ A, Berendika M, Babic¢ I,
et al. Anti-HBc prevalence among Croatian blood donors in a 14-year period

[2

3


https://doi.org/10.1016/j.jhep.2019.03.034
https://doi.org/10.3389/fmicb.2015.01491
https://doi.org/10.3389/fmicb.2015.01491
https://doi.org/10.1186/s13148-020-00928-z
https://doi.org/10.3389/fmicb.2021.795388
https://doi.org/10.3389/fmicb.2021.795388
https://doi.org/10.3389/fmicb.2022.850665
https://doi.org/10.3748/wjg.v20.i18.5435
https://doi.org/10.3748/wjg.v20.i18.5435
https://doi.org/10.3748/wjg.v22.i1.145
https://doi.org/10.3390/v11090778
https://doi.org/10.1097/MCG.0000000000001520
https://doi.org/10.3389/fmed.2021.770124
https://doi.org/10.3389/fmed.2021.770124
https://www.ecdc.europa.eu/en/publications-data/systematic-review-hepatitis-b-and-c-prevalence-eueea
https://www.ecdc.europa.eu/en/publications-data/systematic-review-hepatitis-b-and-c-prevalence-eueea
https://doi.org/10.1097/MD.0000000000007588
https://doi.org/10.1097/MD.0000000000007588
https://doi.org/10.1128/JVI.69.9.5437-5444.1995
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1093/molbev/msab120
https://hbv.geno2pheno.org/
https://hztm.hr/wp-content/uploads/2018/09/Transfuziolo&scaron;ki-vjesnik-broj-65.pdf
https://hztm.hr/wp-content/uploads/2018/09/Transfuziolo&scaron;ki-vjesnik-broj-65.pdf
http://refhub.elsevier.com/S1665-2681(23)00259-4/sbref0017
http://refhub.elsevier.com/S1665-2681(23)00259-4/sbref0017
https://doi.org/10.21101/cejph.a3844
https://doi.org/10.21101/cejph.a3844
https://doi.org/10.1007/s00705-009-0559-6
https://doi.org/10.1007/s00705-009-0559-6
https://doi.org/10.3748/wjg.v17.i12.1538
https://doi.org/10.20471/acc.2020.59.01.15
https://doi.org/10.1186/s12985-016-0533-3
https://doi.org/10.3389/fmed.2018.00029
https://doi.org/10.3389/fmed.2018.00029

M. Bubonja-Sonje, D. Peru¢, M. Abram et al.

(25]

[26]

[27]

(28]

(2004-2017): Assessment of trends, risks and need for implementing routine test-
ing. Transfus Clin Biol 2019;26(4):257-62. https://doi.org/10.1016/j.tra-
cli.2019.05.001.

Strauss Patko M., Oci¢ T., Mileti¢ M., Babic 1. Izvje$ce o rezultatima rada transfuzijske
sluzbe u 2017. godini. In: Transfuzioloski vjesnik br. 60/2018. Available at hztm.hr/
wp-content/uploads/2018/09/Transfuziolski-vjesnik-broj-60.pdf. (in Croatian).
Zhou K, Contag C, Whitaker E, Terrault N. Spontaneous loss of surface antigen
among adults living with chronic hepatitis B virus infection: a systematic review
and pooled meta-analyses. Lancet Gastroenterol Hepatol 2019;4(3):227-38.
https://doi.org/10.1016/S2468-1253(18)30308-X.

Oliveri F, Surace L, Cavallone D, Colombatto P, Ricco G, Salvati N, et al. Long-term
outcome of inactive and active, low viraemic HBeAg-negative-hepatitis B virus
infection: benign course towards HBsAg clearance. Liver Int 2017;37(11):1622-
31. https://doi.org/10.1111/liv.13416.

Strauss Patko M., Oci¢ T., Babi¢ I, Grubesi¢ D. Izvjes¢e o rezultatima rada transfuzijske
sluzbe u 2021. godini. In: Transfuzioloski vjesnik br. 67/2022. Available at https://
hztm.hr/wp-content/uploads/2018/09/Transfuzioloski-vjesnik-67.pdf (in Croatian).

Annals of Hepatology 29 (2024) 101156

[29] Grgic I, Herceg I, Gorenec L, Kurelac I, Vince A. Zidovec Lepej S. Hepatitis B virus
genotyping, detection of reverse transcriptase resistance and immune escape
mutations in persons with chronic hepatitis B from Croatia. Mol Exp Biol Med
2020;3(1):23-8.

[30] Carman WF, Zanetti AR, Karayiannis P, Waters ], Manzillo G, Tanzi E, et al. Vac-
cine-induced escape mutant of hepatitis B virus. Lancet 1990;336(8711):325-9.
https://doi.org/10.1016/0140-6736(90)91874-a.

[31] Lou SC, Pearce SK, Lukaszewska TX, Taylor RE, Williams GT, Leary TP. An
improved Abbott ARCHITECT assay for the detection of hepatitis B virus surface
antigen (HBsAg). ] Clin Virol 2011;51(1):59-63. https://doi.org/10.1016/j.
jcv.2011.01.019.

[32] Coppola N, Onorato L, Minichini C, Di Caprio G, Starace M, Sagnelli C, et al. Clinical
significance of hepatitis B surface antigen mutants. World ] Hepatol 2015;7
(27):2729-39. https://doi.org/10.4254/wjh.v7.i27.2729.

[33] Ahn SH, Park YN, Park JY, Chang HY, Lee JM, Shin JE, et al. Long-term clinical and his-
tological outcomes in patients with spontaneous hepatitis B surface antigen sero-
clearance. ] Hepatol 2005;42:188-94. https://doi.org/10.1016/j,jhep.2004.10.026.


https://doi.org/10.1016/j.tracli.2019.05.001
https://doi.org/10.1016/j.tracli.2019.05.001
http://hztm.hr/wp-content/uploads/2018/09/Transfuziol&scaron;ki-vjesnik-broj-60.pdf
http://hztm.hr/wp-content/uploads/2018/09/Transfuziol&scaron;ki-vjesnik-broj-60.pdf
http://hztm.hr/wp-content/uploads/2018/09/Transfuziol&scaron;ki-vjesnik-broj-60.pdf
https://doi.org/10.1016/S2468-1253(18)30308-X
https://doi.org/10.1111/liv.13416
https://hztm.hr/wp-content/uploads/2018/09/Transfuziolo&scaron;ki-vjesnik-67.pdf
https://hztm.hr/wp-content/uploads/2018/09/Transfuziolo&scaron;ki-vjesnik-67.pdf
https://hztm.hr/wp-content/uploads/2018/09/Transfuziolo&scaron;ki-vjesnik-67.pdf
http://refhub.elsevier.com/S1665-2681(23)00259-4/sbref0029
http://refhub.elsevier.com/S1665-2681(23)00259-4/sbref0029
http://refhub.elsevier.com/S1665-2681(23)00259-4/sbref0029
http://refhub.elsevier.com/S1665-2681(23)00259-4/sbref0029
https://doi.org/10.1016/0140-6736(90)91874-a
https://doi.org/10.1016/j.jcv.2011.01.019
https://doi.org/10.1016/j.jcv.2011.01.019
https://doi.org/10.4254/wjh.v7.i27.2729
https://doi.org/10.1016/j.jhep.2004.10.026

	Prevalence of occult hepatitis B virus infection and characterisation of hepatitis B surface antigen mutants among adults in western Croatia
	1. Introduction
	2. Materials and Methods
	2.1. Study population and serum samples
	2.2. Serological testing
	2.3. DNA extraction and HBV DNA testing
	2.4. HBV genome amplification, sequencing, and molecular analysis
	2.5. Statistical analysis
	2.6. Ethical statement

	3. Results
	3.1. HBV serology and HBV DNA PCR
	3.2. Seminested-PCR and genome sequencing

	4. Discussion
	5. Conclusions
	Data availability statement
	Funding
	Declaration of interests
	CRediT authorship contribution statement

	Acknowledgments
	References


