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ARTICLE INFO ABSTRACT

Introduction and Objectives: Occult hepatitis B virus (HBV) infection (OBI) is characterised by low levels of
hepatitis B virus (HBV) DNA in the blood/liver of patients with negative hepatitis B surface antigen (HBsAg).
This study aimed to determine the OBI prevalence and virological characteristics (viral genotypes and HBsAg
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
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KeyWOIdS: a five-year period. All anti-HBc-positive/HBsAg-negative/anti-HBs-negative sera were selected and analysed
anti-HBc .

HBsAg mutants for the presence of HBV DNA. Mutational analyses of the HBs gene and polymerase gene sequences were
HBY 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. [n addition to the M133I, Y134F, and G145R mutations, already asso-
ciated with diagnostic escape, we also found nine novel OBl-related S-gene mutations - S136Y, F158L,
K160N, E164G, S167L, A168V, L1755, 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 clinicaily relevant HBV mutations may contribute to improvement of diagnostic protocols.
© 2023 Fundacidn Clinica Médica Sur, A.C. Published by Elsevier Espaiia, S.L.U. This is an open access article
under the CC BY-NC-ND license (http://creativecommons orgflicenses/by-nc-nd/4 0;)

heparitis B vilus
occult HBV infection

1. Introduction that occurs years later; (3) Chronic infection with a mutant HBsAg

that cannot be detected by routinely used serologic assays, so-called

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]. [n practice, detec-
tion of OBl 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 Goiski
kotar County; RT-PCR, real-time polymerase chain reaction; S/CO, sample/cutoff
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“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. HBYV 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 conformationa! change within the “a” determi-
nant may affect the ability of serological assays for the detection of
HBsAg|7|.

1665-2681/© 2023 Fundacion Clinica Médica Sur, A.C. Published by Elsevier Espaiia, S.L.U. This is an open access article under the CC BY-NC-ND license
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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 1U/ml (lower limit of detection), whereas in the remaining three
positive sera, the viral load was 10 IU/ml, 50 IU/ml, and 141 [U/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: (§/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 [U/ml) and patient 3 (viral load 141 U/
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) 093-1.18
all anti-HBc positive sera 1749 (7.02) 6.71-7.35
“anti-HBc anly” positive sera 113/24900(0,45)  0.37-0.55

“anti-HBc only”} all anti-HBc paositive 113/1749 (6 46) 535-7.72
HBV DNA positivefall tested sera 12/24900(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 pasitive 2/12(16.6%) 2.09-48.41

Annals of Hepatology 29 (2024) 101 156

Fig. 1. Electraphoregram 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 (M133I,
Y134F and G145R) have already been associated with the escape of
anti-HBs. Mutations in 5 different amino acids encoding the polymer-
ase genornic region were detected in both samples.

4. Discussion

According to recent data, HBsAg prevalence among voluntary
bloed 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 OBl 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. [t 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

M1331, Y134F, S136Y, G145R, F158L. K160N, E164G. S167L,
A168V, L1755,52101, F212C
D263E, [266V. Q267L, S317T, L336M

S protein

Polymerase
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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.
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