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Occult HBV among Anti-HBc Alone: Mutation Analysis
of an HBV Surface Gene and Pre-S Gene
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Purpose: The aim of this study is to investigate the molecular characteristics of occult hepatitis B virus (HBV) infection in ‘anti-HBc
alone’ subjects.

Materials and Methods: Twenty-four patients with ‘anti-HBc alone’ and 20 control patients diagnosed with HBV were analyzed re-
garding S and pre-S gene mutations. All specimens were analyzed for HBs Ag, anti-HBc, and anti-HBs. For specimens with an anti-
HBc alone, quantitative analysis of HBV DNA, as well as sequencing and mutation analysis of S and pre-S genes, were performed.
Results: A total 24 were analyzed for the S gene, and 14 were analyzed for the pre-S gene through sequencing. A total of 20 control
patients were analyzed for S and pre-S gene simultaneously. Nineteen point mutations of the major hydrophilic region were found
in six of 24 patients. Among them, three mutations, S114T, P127S/T, M133T, were detected in common. Only one mutation was
found in five subjects of the control group; this mutation was not found in the occult HBV infection group, however. Pre-S mutations
were detected in 10 patients, and mutations of site aa58-aal100 were detected in 9 patients. A mutation on D114E was simultane-
ously detected. Although five mutations from the control group were found at the same location (aa58-aal00), no mutations of
occult HBV infection were detected.

Conclusion: The prevalence of occult HBV infection is not low among ‘anti-HBc alone’ subjects. Variable mutations in the S gene
and pre-S gene were associated with the occurrence of occult HBV infection. Further larger scale studies are required to deter-
mine the significance of newly detected mutations.
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DNA. In some cases of HBV infection, a state of detectable HBV
DNA without HBs Ag is considered occult HBV infection. Oc-

INTRODUCTION

Hepatitis B virus (HBV) infection causes chronic B viral hepa-
titis, liver cirrhosis, and hepatocellular carcinoma (HCC),
which are all associated with considerable mortality.! HBV in-
fection is usually diagnosed by detecting serum HBs Ag and
anti-HBc. Chronic hepatitis B can be diagnosed by persistent
detection of HBs Ag with simultaneously detection of HBV

Received: July 29, 2016 Revised: December 23, 2016

Accepted: January 26, 2017

Corresponding author: Dr. So Young Kang, Department of Laboratory Medicine,
Kyung Hee University Hospital at Gangdong, 892 Dongnam-ro, Gangdong-gu,
Seoul 05278, Korea.

Tel: 82-2-440-7191, Fax: 82-2-440-7195, E-mail: sykangmd@daum.net

«The authors have no financial conflicts of interest.

© Copyright: Yonsei University College of Medicine 2017

This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

www.eymj.org

cult HBV infection is defined by the presence of HBV DNA in
liver tissue (and in some cases also in serum) from HBs Ag neg-
ative individuals.” The mechanism or clinical significance of
occult HBV infection has not been revealed, although its inci-
dence is high in endemic regions.> Concurrent infection with
hepatitis C virus (HCV) and other risk factors, such as alcohol
consumption, are associated with occult HBV infection pro-
gressing to chronic liver diseases.® Transmission of HBV th-
rough transfusion or transplant is a risk that must be closely
monitored.

The detection of anti-HBc alone without HBs Ag and anti-
HBs has been previously reported.?® In such cases, the status
of HBV infection is difficult to determine. Positive anti-HBc
can be seen in various circumstances, such as acute infection,
chronic HBV infection, and recovery from a past HBV infection.
In particular, ‘anti-HBc alone’ can be seen when the anti-HBs
titer is substantially decreased during a long period after HBV
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infection,® occult HBV infection,® coinfection with human im-
munodeficiency virus (HIV) or HCV/" the ‘window period’ of an
acute HBV infection,* and in false positive cases.? In highly en-
demic regions, including Korea, determining the clinical signif-
icance of anti-HBc alone has proven difficult.®

The surface (S) gene encodes a 226aa protein, named the
major antigen (small HBs Ag). The major hydrophilic region
(MHR) of the HBs Ag binding site is located at aal00-aal60,
and cysteine residues form two major large loops at aal07-
aal38 and aal39-aal47. A binding site of aal24-aal47 that
determines the antigen binding ability of HBs Ag is called the
‘a’ determinant. In particular, aal39-aal47 is a highly con-
served region showing high affinity for HBs Ag. The pre-S2
gene encodes a 55aa protein, which together with the previ-
ous major antigen, forms the medium antigen. The pre-S1 gene
encodes a 119aa protein, which together with the medium an-
tigen, forms the large antigen.® Medium-HBs Ag (pre-S2) and
large-HBs Ag (pre-S1) are very important for virus clearance,
because they are more immunologic and appear earlier in the
course of infection than the small-HBs Ag.* Especially, aa58 to
aal0o of pre-S1 is speculated to be recognized by antibodies
involved in viral clearance.’ Several studies suggest that a spe-
cific mutation type in the HBV pre-S/S region in occult HBV
infections may be responsible for altering HBs Ag antigenicity
or secretion capacity. This may lead to vaccine escape infec-
tions and the emergence of highly virulent variants in certain
populations.'

The mechanism leading to occult HBV infection remains
unknown. There are several suggested mechanisms to explain
occult HBV infection." " First is genetic mutation of the HBV
S gene, which causes HBs Ag to be non-detectable. There are
reports on non-detectable HBs when mutation occurs at the
‘a’ determinant."*'® The second mechanism explains occult
HBV infection through suppressed viral replication, in which
viral copy numbers exist below the detection limit. This mech-
anism is particularly likely, because occult HBV infection can
be reactivated during immune-suppressed conditions.'® The
third mechanism is that various mutations in genomic regula-
tory elements may negatively affect viral replication.'” The last
suggested mechanism is that there are mutations affecting
post-transcriptional mechanisms regulating HBs Ag expression
and secretion.'®

Several studies have demonstrated the prevalence of occult
HBV infection in ‘anti-HBc alone’ and their relationship, but
not many have explored the molecular genetic characteristics
of occult HBV infection. In this study, the molecular genetic
traits of occult HBV infection among ‘anti-HBc alone’ subjects
were analyzed through sequencing study of the S gene and pre-
S gene.
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MATERIALS AND METHODS

Specimens
Among patients referred for laboratory analysis of viral hepa-
titis with known results of HBs Ag, anti-HBc, and anti-HBs,
anti-HBc alone was found in 1060 patients. Of these, 42 pa-
tients (3.96%) were HBV DNA positive. The study included 24
individuals with available remaining specimen aliquots. Twen-
ty patients with an initial diagnosis of chronic HBV infection,
with both positive HBs Ag and HBV DNA, during the same pe-
riod were selected as a control group. The S and pre-S gene se-
quencing analysis was compared between groups. Clinical data
were obtained through retrospective review of electronic medi-
cal records.

This study was approved by the Institutional Review Board
of Kyung Hee University Hospital at Gangdong (KHNMC MD
IRB 2012-004).

Serologic analysis

All specimens were analyzed with a Roche Modular Analytics
E170 (Roche Diagnostics, Inc., Mannheim, Germany) to mea-
sure HBs Ag, anti-HBc, and anti-HBs. Specimens with ‘anti-
HBc alone’ were stored at -70°C for further HBV DNA analysis.

HBV DNA test

For 1060 specimens with anti-HBc alone, the COBAS AmpliP-
rep/COBAS TagMan HBV test (Roche Diagnostics GmbH,
Mannheim, Germany) was used for quantitative analysis of
HBV DNA. COBAS TagMan HBV test is a real-time PCR meth-
od using COBAS TagMan, with a detection sensitivity of 4-12
IU/mL (20-60 genome copies/mL). The primers used in this
test were HBV-104UB and HBV-104D, which respectively am-
plify 145 nucleotides (genotype A-F and H) and 181 nucleo-
tides (genotype G) within the highly conserved pre-Core/Core
region of the HBV genome. Quality control was performed for
each batch with high and low positive controls, as well as a
negative control, as included with the test kit.

Detection of HBV surface and pre-S gene mutations

Primers used for S and pre-S gene mutation analysis by nested
PCR and sequencing analyses are shown in Table 1. The PCR
methods used for amplification and sequencing analysis of S
and pre-S genes were conducted as follows. First, PCR was per-
formed using primers PS1 and PS2 under the following proto-
col: 5 minutes at 95°C, 60 seconds denaturation at 95°C, 60 sec-
onds annealing at 51.5°C, 60 seconds extension at 72°C for 40
cycles, followed by 10 minutes extension at 72°C. After the first
amplification, 5 pL of PCR product was obtained, and primers
PS3 and PS4 were used under the same conditions for anoth-
er 30 cycles as mentioned above. Amplification and sequenc-
ing analysis of the S gene were conducted as follows. First, PCR
was performed using primers S1 and S2 under the following
protocol: 5 minutes at 95°C, 60 seconds denaturation at 95°C,
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Table 1. Primer Sequences Used for Polymerase Chain Reaction of the Surface Gene and Pre-S Gene

Primer no. Sequence (5—3') Nucleotide position Reference no.

Surface gene 19

ST CTC GTG TTA CAG GCG GGG TTT TTC 191-214

S2 CAT CAT CCA TAT AGC TGA AAG CCAAACA 748-721

S3 TTG TTG ACA AGA ATC CTC ACA ATA CC 215-240

S4 GCC CTA CGA ACC ACT GAA CAA ATG G 710-686
Pre-S gene 20

PS1 AAA ATT AAT TAT CCT GCT AGG 2627-2648

PS2 GAG AAG TCC ACC ACG AGTC 269-251

PS3 TTT ACA ACT CTG TGG AAG GC 2747-2767

PS4 GAG TCT AGA CTC TGT GGT ATT GTG 255-232

60 seconds annealing at 51.5°C, 60 seconds extension at 72°C
for 40 cycles, followed by 10 minutes extension at 72°C. After
the first amplification, a PCR product amount of 5 pL was ob-
tained. Primers S3 and S4 were used under the same condi-
tions for another 30 cycles as mentioned above. An ABI PRISM
3730XL Analyzer (Applied Biosystems, Foster City, CA, USA)
was used for sequence analysis of the product, and obtained
sequences were aligned and analyzed using the SEQUEN-
CHER™ version 4.9 (Gene Code Co., Ann Arbor, MI, USA)
program. Sequences were aligned with full-length HBV geno-
type C sequences previously obtained from an asymptomatic
carrier (GeneBank accession number X04615).

RESULTS

Characteristics of patients

HBV DNA positivity was found in 42 of 1060 specimens (3.96%)
that were ‘anti-HBc alone! The demographic characteristics
and laboratory results of 42 patients with occult HBV infection
and positive HBV DNA were reviewed. Twenty-six males and
16 females were included. Mean age was 64.4 years (range 39-
87), including 16 patients from 40-60 years, 20 patients from
61-80 years, and 6 patients over 81 years. The mean aspartate
aminotransferase (AST)/alanine aminotransferase (ALT) lev-
els of patients were 28.1+16.4/23.8+11.3 IU/mL, both within
normal limits. Among 42 patients, 31 patients (73.8%) had less
than 20 IU/mL of HBV DNA. The mean HBV DNA quantity of
the other 11 patients was 73.3+69.22 IU/mL.

Among 42 specimens, 24 were analyzed for S gene and 14
were analyzed for pre-S gene through sequencing. The remain-
ing specimens had insufficient DNA for sequencing analysis.
The clinical courses of patients are shown in Table 2. Besides
one HBV carrier (patient #20), no other patients had a prior his-
tory or symptoms of HBV infection. The HBV carrier was HBs
Ag positive at 2011, found during routine health examination,
although he was negative during this study. Hepatitis B im-
mune globulin or anti-viral agents were not used. One patient
(patient #3) was simultaneously positive for HCV and was lat-
er confirmed to have HCV by recombinant immunoblotting
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assay. There was no prior history of diagnosis or treatment for
HBV.

The control patients included 11 men and nine women.
Chronic HBC infection was found in 15 patients, HBV carrier
state (negative for HBeAg, normal range of ALT, and below 200
IU of HBV DNA) was found in four patients, and acute HBV
infection was found in one patient. The mean age of control pa-
tients was 43.95 (range 31-60), and the mean HBV DNA quan-
tity was 2.5x107+5.6x107 IU/mL.

Analysis of HBV S gene

Mutations of the MHR region were found in six of 24 patients
with occult HBV infection, as shown in Table 2 and Fig. 1. A
total of 11 mutations were found in six of 24 patients. Patients
#7 and 14 showed single mutations of S132F and M133T in a
determinant, respectively. Another four patients had multiple
mutations. Patients #12 and 21 showed the same mutations of
Y100S, M1031, P105R, G112K, T113A, S117G, and P127T. Pa-
tient #2 showed eight mutations of Q101R, L104S, P105N,
S114T, 1126M, P127S, M133T, and D144E. Patient #10 showed
11 mutations of Q101K, S114T, P120T, T123A, I1126N, P127T,
T113N, M133T, G145A, S154P, and P160K. Among them, S114T
(patients #2 and 10), P127S/T (patients #2, 12, and 21), and
M133T (patients #2, 10, and 14) were commonly found. Pa-
tient #3 was co-infected with HCV and patient #20 was co-in-
fected with chronic HBV and did not show mutation of the S
gene.

Only I126T was found in five subjects of the control group
(C4, C8, C15, C16, and C20), although this mutation was not
found in the occult HBV infection group. Other mutations de-
tected in occult HBV infections were not observed in the con-
trol group.

Analysis of HBV pre-S gene

Only 14 specimens were analyzed pre-S gene mutation due to
insufficient volume. Mutations of the pre-S1 region were de-
tected in nine of 14 patients (Table 2). Mutations at aa58-aal00
of pre-S1, known as the antibody recognition region, were de-
tected in nine patients. G83S was detected in five patients (pa-
tients #14 and 18-21) who all simultaneously showed muta-
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Reference Y QGMLPVCPLL PGTSTTSTGP CRTCTIPAQG TSMFPSCCCT KPSDGNCTCI PIPSSWAFAR

(X04615)
Patient #1 -
Patient#2 -
Patient #3 -
Patient #4 -
Patient#5 -
Patient #6 -
Patient #7 -
Patient#8 -
Patient#9 -
Patient #10 -
Patient #11 -
Patient #12 s
Patient #13 -
Patient #14 -
Patient #15 -
Patient #16 -
Patient #17 -
Patient #18 -
Patient #19 -
Patient #20 -
Patient #21 s
Patient #22 -
Patient #23 -
Patient #24 -

Fig. 1. Amino acid sequences of major hydrophilic region (100-160) including ‘a’ determinant (124-147, shadow) in hepatitis B virus (HBV) S gene of 24 pa-

tients with occult HBV infection.

tion on D114E. Five mutations from the control group were
found at the same location (aa58-aal00), including A60V in
nine patients (C2, C3, C12, C13, and C16-C20), L74I in C2,
184T in C1, L85V in C2, and A95V in C3. Besides I84T found in
C1, no mutations of occult HBV infection were detected.

Ten point mutations were found on the pre-S2 gene in six
patients (Table 2). A11T, D14N, R16K, G19D, F22L, G30E,
N33H, I142T, and P54Q/T were found; these mutations were
not reported previously. Among these, F22L (patients #9 and
23) and P54T (patient #22) were detected in the control group
(C1, €8, C9, and C10). T491I was seen in three controls (C4, C6,
and C7), but was not observed in the occult HBV infection

group.

DISCUSSION

The prevalence of occult HBV infection varies by method of
detection (ELISA, PCR, or real-time PCR), primers used for
PCR, study population, and with different endemic areas.*' In
this study, the prevalence of occult HBV infections was 3.96%
(42/1060), somewhat higher than a prevalence of 1.7% report-
ed from the same institute in 2010.° This difference in preva-
lence is likely explained by differences in the population stud-
ies, as the population in this study was larger and more diverse

https://doi.org/10.3349/ym;.2017.58.3.557

than that of the previous study.

In our study, the average age of subjects with occult HBV
infection was 64.6 years, and the subjects had normal ALT levels,
undetectable HBeAg, and very low viral loads. There were more
males in the occult HBV infection group (n=42; ratio of males
to females, 2:1). A previous report indicated that the viral loads
are significantly lower among patients with occult HBV infec-
tion than asymptomatic carriers or patients with chronic hep-
atitis.”»* This phenomenon may explain the first cause of oc-
cult HBV infection, suppressed viral replication in patients
with occult HBV infection, although the reason for this is not
clear. Detection of HBV DNA in liver tissue is a definitive diag-
nosis of occult HBV infection; thus, very low or even undetect-
able levels of HBV DNA may be relevant results."

Several amino acid substitutions were detected in the MHR
from aal00 to aal60 in subjects with occult HBV infection and
‘anti-HBc alone! According to a study by Svicher, et al.,” Y100S,
found in patients #12 and 21, resulted in decreased antigen-
antibody reactivity of HBs Ag, because other variants are incor-
porated in a step-by-step manner. This Y100S mutation ap-
pears to be the route towards occult states.”® A high frequency
of mutations at aal19-aal23 has been reported to have a role
in the occurrence mechanism of occult HBV infection. A mu-
tation at aal20-aal23 (P120T and T123A) found in patient #10
was deemed essential for the antigenicity of HBs Agin a previ-
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ous report.** Amino acid substitution of the ‘a’ determinant
(aal24-aal47) causes conformational changes that affect bind-
ing of the neutralizing antibody, resulting in a false negative
HBs Ag test.”® Mutations of the ‘a’ determinant abolish the two
loop structure of the ‘a’ determinant and produce changes in
hydrophilicity, electrical charge, or acidity of the loop. A total
of 11 mutations in the ‘a’ determinant were found in six of 24
patients. The ‘@’ determinant mutations found in this study
were [126M/N, P127S/T, T131N, S132F, M133T, F134L/T,
D144E, and G145A. The P127S mutation found in four (pa-
tients #2, 10, 12, and 21) patients and G145A found in one pa-
tient (patient #10) were previously reported to abolish the two
loop structure of the ‘a’ determinant, resulting in altered hy-
drophilicity, electrical charge, or acidity of the loops.’

In particular, the mutations of aal44-aal48 were common
escape mutants that interfered with HBs Ag detection and/or
evasion of vaccine-induced neutralizing antibodies.” Only
D144E and G145A were detected from patients #2 and 10, re-
spectively, while other known mutations were not found. P1277T,
found in four of six patients with mutations, appears to be a
meaningful mutation contributing to the occurrence of occult
HBV infection. A study of untreated Korean patients with
chronic hepatitis B showed that S protein mutations occur sp-
ontaneously.”*® Among the spontaneously occurring mutations,
T123A and T131N were found in patient #10, but not in other
patients.

The newly detected mutations in this study were Q101K (pa-
tients #2 and 10), M103I (patients #12 and 21), L104S (patient
#2), PI05N/R (patients #2, 12, and 21), G112K (patients #12
and 21), T113A (patients #12 and 21), S132F (patient #7),
S154P (patient #10), and P160K (patient #10). However, theses
mutations were concurrently detected with other previously
reported mutations, except for S132F. Therefore, further anal-
yses are required to determine whether these mutations were
actually associated with occult HBV infection or were results
of natural polymorphism. S132E found in patient #7 alone,
seems to be associated with occult HBV infection of the host
patient. Compared to previous results in patients with chronic
HBV infection,” mutations of MHR were observed at lower
prevalence. In contrast to a previous study in which subjects
had chronic HBV infection with severe liver disease or HCC,
the subjects of this study were first found to exhibit anti-HBc
alone in a health medical examination or preoperative test by
accident. Thus, further study as to whether these variants in-
fluence disease severity or course may be warranted.

A previous study suggested that mutations in the vicinity of
the pre-S2/S splice donor site were common in occult HBV
infections.” A more recent report also described pre-S1 dele-
tions in the start codon and pre-S2 deletions.”” The 14 patients
whose pre-S region was studied all had no pre-S1 and pre-S2
deletions. In the same study, S17A, P32L, W43L/R, H51P/R,
and I84T/M of the pre-S1 region and W3R/Stop and S5A of the
pre-S2 region were found in occult HBV infections." In our
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study, I84T was found in patient #22 and was also seen in a
control patient, suggesting its origin as a natural polymor-
phism. The other mutations of F34L, N46H, P65S, T86A, L82H,
G83S, and D114E seen in this study are mutations of previ-
ously unreported regions. Particularly, F34L and N46H were
located in the hepatocyte binding site of the pre-S1. The cor-
responding region of pre-S1 (especially from aa58 to aal00) is
speculated to be recognized by antibodies involved in the vi-
ral clearance process.” We found mutations of P65S, T86A,
L82H, and G83S in this site, detecting G83S in 5 patients. Mu-
tations of A11T, D14N, R16K, G19D, F22L, G30E, 142T, and
P54Q/T were found in pre-S2. Other than F22L and P54T also
found in the control group, these pre-S2 mutations were pre-
viously not reported or mentioned.

Further analyses of HBV strain and determining genotype
were impossible due to an insufficient amount of specimens
in this study. Based on sequences of the S gene and compar-
ing to BLAST search, their strain appears to be genotype C,
which is the most prevalent in Eastern Asia. Mutation studies
of occult HBV infection in genotype C are very rare, and the
clinical significance thereof has rarely been discussed in the
literature. We detected novel mutations that were not previ-
ously reported. However, we were unable to draw any conclu-
sions as to what role these mutations play in occult HBV infec-
tion. Further large-scale studies are required to determine the
significance of these mutations and differences in this specific
group with mutations.

There are several limitations in this study. Further evalua-
tions, such as additional test, family history of liver disease,
etc., were impossible because this study was a retrospective
study. Also, additional evaluations were not done due to lim-
ited sample volume. The viral load below the confirmatory as-
say detection limit and inability to study full-length HBV ge-
nome were also limitations of this study. The possibility of a
false positive real-time PCR result could not be ruled out. Fi-
nally, patients with anti-HBc alone were not tested for the pres-
ence of HBV DNA in liver tissue. Thus, the cases enrolled in
this study may underestimate the prevalence of occult HBV in-
fection in subjects positive for anti-HBc alone, since liver HBV
DNA was not assayed.

Despite meaningful detection of several new mutations, a
limited number of study samples provide insufficient evi-
dence to prove that occurrence of occult HBV infection is re-
lated to these newly found mutations. The retrospective na-
ture of this study resulted in difficulty obtaining specimens.
Therefore, analysis was not available for all mutations of every
patient with occult HBV infection enrolled in this study. While
there are not many studies on mutation of the HBV genotype
C mutation, this study provides meaningful insight into this
subject.

In conclusion, variable mutations in the MHR of the S gene
were associated with the occurrence of occult HBV infection,
although S gene mutations did not show higher genetic diver-
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sity in this study. Mutations of the S and pre-S genes were fre-
quently observed in subjects with occult HBV infection. Nev-
ertheless, further large-scale studies are required to determine
the significance of these newly detected mutations.
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