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Abstract

Introduction. The vertical route of hepatitis B virus (HBV) transmission is a significant problem in African
countries, which is characterized by late diagnosis of the disease and high mortality. The high prevalence of
hepatocellular carcinoma (HCC) in Africa may be due to variability in the HBV preCore/Core region, mutations in
which contribute to disease progression. Molecular genetic characterization of strains circulating among pregnant
women may reflect the overall mutational profile of the pathogen in the population.

The objective of this study was to analyze the variability of the HBV preCore/Core region circulating among
pregnant women in the Republic of Guinea.

Materials and methods. The study material included 480 plasma samples obtained from HBV-positive pregnant
women from the Republic of Guinea. For all samples, the nucleotide sequences of the preCore/Core region of the
HBV genome were sequenced and analyzed.

Results. Amino acid variability in the preCore region was determined in 211 (43.96%), and in the Core region
in 473 (98.54%) patients. 12 polymorphic sites of the preCore region were identified in which amino acid
substitutions occurred, including 8, 2 and 5 positions identified for genotypes E, A and D, respectively. In the
Core region, 67 substitution positions were identified, including 46 in samples of genotype E, 23 in HBV genotype
A and 26 in genotype D. It was shown that the distribution of substitutions in the preCore and Core regions in
HBV genotypes E, A and D differs significantly with a predominance in mutations among HBV genotype E —
p < 0.0001. Individual characteristic mutations have been identified for each genotype. The most common
clinically significant mutations in the preCore/Core region in the study group were identified, including pc-H5D
(27,08%), pc-W28* (35,21%), c-E64D (33,54%), c-L1161/V/G (91,46 %), c-T146N (73,13%). The double mutation
A1762T/G1764A in the basal core promoter was shown in 74 samples of HBV genotype E, which accounted for
15.42% of the total group and 16.59% of patients with HBV genotype E.

Conclusion. The frequency of clinically significant preCore/Core mutations among pregnant women in the
Republic of Guinea was determined. The data obtained reflect their prevalence in the general population and can
be used to predict the progression of chronic HBV among the region's population.

Keywords: hepatitis B virus, occult hepatitis B, HBV variability, genotypes, clinically significant mutations,
preCore/Core, laboratory diagnostics
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Bapua6enbHocTtb preCore/Core-pervioHa supyca renatuta B
y 6epemeHHbIX }eHWuH B [BuHenckon Pecny6nuke
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Pecnybnuka

AHHOMauus

AxTyanbHOCTb. BepTukanbHbili NyTb Nnepenaym Bupyca renatuta B (BI'B) siensieTcs ogHum 13 Hanbonee 3Hauu-
MbIX B CTpaHax Adpukn, AN KOTOPbIX XapakTepHbl NO34Hee BbisiBIieHNe 3aboneBaHns U BbICOKash CMEPTHOCTb.
MpryYnHONM BLICOKOWM pacnpoCTpaHEHHOCTW renaToLenmonsapHON KapumHoMbl B Adprke MOXeT ObiTb BapuaTus-
HocTb preCore/Core-pernoHa BI'B, myTaumm B koTopom cnocobCTBYIOT NporpeccrMpoBaHmio 3abonesaHuns. Mone-
KyNSpHO-reHeTnYeckas xapakTepucTmka LWTaMmMOoB, LMPKYUPYIOLWNX cpean 6epeMeHHbIX XEeHLMUH, MOXeT oTpa-
XaTb 0OLWM MyTaUMOHHbIA NPOunb NaTtoreHa B NONyNALUn.

Llenbto Hawen paboTbl 6611 aHanu3 BapuabensHocTn preCore/Core-pernoHa BI'B, umpkynupytowiero cpeam be-
PEMEHHBIX XeHLUMH B BMHelckon Pecnybnuke.

Matepunanbl n metoabl. Viccnegosanu 480 o6pasuoB nnasmel, Nony4YyeHHbIX 0T BIB-no3uTnBHbIX 6GepeMeHHbIX
XeHLWWH n3 MBuHelickon Pecnybnuku. Ansa Bcex 06pa3uoB NPOBOAMINN CEKBEHUPOBAHWE 1 aHanmn3 HyKNeoTUaHbIX
nocnegosatensHocTeln preCore/Core-pernoHa reHoma BI'B.

Pe3synbsraTtbl. AMMHOKMCNIOTHAA n3MeH4nBocTb B preCore-permorHe onpegeneHa y 211 (43,96%) nauumeHTok,
B Core-pervioHe — y 473 (98,54%). BuisiBrneHbl 12 nonumopdHbIX y4acTkoB preCore-pernoHa, B KOTOPbIX Mpo-
MCXOANNN aMUHOKMUCINOTHbBIE 3aMeHbl, B TOM YMcne ans reHotunos E, A n D onpegeneHsl 8, 2 n 5 nosmumi co-
oTBeTCcTBEHHO. B Core-pervoHe onpeaeneHsbl 67 no3uumii 3ameH, B TOM Yncne 46 B obpasuax reHotuna E, 23 —
reHotuna A, 26 — reHoTtuna D. Pacnpepenenne 3ameH B preCore- n Core-pernoHax y BI'B-renotunos E, An D
3HAUMTENBLHO OTNUYAETCA ¢ NpeobnagaHvem MmyTaumii cpeam reHotuna E (p < 0,0001). Ons kaxgoro reHotuna
onpepgereHbl UHAMBMAYaNbHbIE XapakTepHble MyTauun. BeigBneHbl Hanbonee pacnpocTpaHEHHbIE KIMHUYECKM
3HauumMble MyTauum B preCore/Core-pervoHe B obcnegyemoii rpynne, B Tom yncne pc-H5D (27,08%), pc-W28*
(35,21%), c-E64D (33,54%), c-L1161/V/G (91,46%), c-T146N (73,13%). OABonHasa mytauus A1762T/G1764A B
6a3anbHOM a4epHOM NPOMOTOpPE NokasaHa B 74 obpasuax reHotuna E, uto coctaBuno 15,42% ot obuen rpynnbl
n 16,59% ot nauueHToB ¢ reHoTunom E.

3akntovyeHune. OnpegeneHa yacToTa BCTPEYAEMOCTU KIMHUYECKM 3Hauumbix myTaumin preCore/Core cpegm
B6epeMeHHbIX xeHWwwmH MBuHenckon Pecnybnuku. Mony4eHHble AaHHble OTpaXaloT UX pacrnpoCTPaHEHHOCTb B
obLwen nonynsuum n MoryT ObiTb MCMOMNBL30BaHbI AN NPOrHo3a NPOrpPeccMpoBaHNs XPOHUYECKOro renatuTta B
CpeAun HaceneHns 4aHHOro pernoHa.

KnroueBble cnoBa: supyc eenamuma B, ckpbimbil 2enamum B, gapuabenbHocmb BB, 2eHomunbi, KinuHU4e-
CKu 3Ha4yumble Mmymauuu, preCore/Core, nabopamopHasi OuagHocmuka

Amuyeckoe ymeepxdeHue. VccnegoBaHne NpoBoAUINOCh Npy AOO6POBONBHOM MHAOPMUPOBAHHOM COFflacumn nNaum-
eHTOB. Ha npoBeaeHne gaHHOro atana paboTbl 6birio nony4eHo cornacue HaumoHanbHOro kKomuTeTa no atuke MuHu-
cTepcTBa 3apaBooxpaHeHus [BuHenckon Pecnybnukm (npotokon Ne 129/CNERS/16 ot 31.08.2015).

HUcmoyvHuk ¢huHaHcupoeaHusi. ABTOpbI 3asiBMSIOT 06 OTCYTCTBMU BHELLHEro (OMHAHCUPOBAHUSI NPU NPOBEAEHUN UC-
criepoBaHus.

KoHgbniukm uHnmepecoe. ABTOpbI AEKNapUpyOT OTCYTCTBME SBHbIX M NOTEHLMArbHbLIX KOH(MUKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosiLLen cTaTbi.

Ana yumupoeanus: OctaHkoBa t0.B., banbae T.A.J1., Bymbanu C., Cepukosa E.H., 3yesa E.B., Peirrapar O.3.,
Lemenes A.H., JaebigeHko B.C., AHydpuesa E.B., ScayneHko E.B., TotonsiH Aper A. BapuabenbHocTb preCore/
Core-pervoHa Bupyca renatuta B y 6epemeHHbIX XeHLMH B MBUHewickon Pecnybnuke. XKypHan mukpobuonoauu, anu-
demuonoauu u ummyHobuonozuu. 2023;101(1):61-71.
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Introduction

Hepatitis B virus (HBV), which is capable of
causing both acute and chronic liver disease and is the
seventh leading cause of death worldwide, remains a
serious public health problem despite all measures tak-
en for its elimination. According to various researchers,
the number of patients chronically infected with HBV
in the world amounts to 360 million people!. More than
75 million of them live in sub-Saharan Africa, where
the population prevalence of the HBV surface anti-
gen (HBsAg), the main laboratory diagnostic marker,
exceeds 8% and in some regions it could even reach
25% [1]. Natural routes of transmission include sexual
(direct sexual contact), vertical (from mother to fetus
during or after childbirth), as well as prenatal (trans-
placental) infection, and transmission due to household
contacts, including direct and indirect, including shar-
ing hygiene items and similar methods of contact with
an infected person. One of the most significant routes
of HBV transmission in Africa is vertical transmission
[2]. Without therapeutic intervention, the incidence of
mother-to-child transmission exceeds 31% [3]. The par-
ticular importance of early infection is due to the fact
that when infected before the age of 5 years, the vast
majority of cases develop chronic HBV [4]. Further-
more, early HBV infection is one of the most significant
risk factors for liver cirrhosis (LC) and hepatocellular
carcinoma (HCC) development [5]. Another reason for
the huge number of HCC patients and the high mortal-
ity rate in Africa is the late diagnosis of the disease and
the consequent late referral of patients to health facili-
ties [6]. The most affected country is Gambia, followed
by the Republic of Guinea, Liberia and Sierra Leone
[7]. This is due to both insufficient coverage with di-
agnostics and very low public awareness of viral hep-
atitis, routes of transmission and the consequences of
infection. In addition to social factors, viral factors can
influence the progression of the disease. Thus, a high
viral load and active viral replication as a result of that
increases the risk of LC and HCC, but even a viral load
of less than 200 IU/ml does not exclude disease pro-
gression [8]. The high heterogeneity of the virus, for
which 10 genotypes and more than 40 sub-genotypes
are currently described, also has an impact on disease
progression [9, 10]. For example, HBV subgenotype
C2 is characterized by more frequent chronicity and
severe disease course, including the development of
HCC, than B2, and viruses of genotypes A and B are
more sensitive to therapy than D and C [11].

However, the genotypic factor is not the only pa-
rameter contributing to disease progression; natural and
selective viral mutations also play a major role. With
the exception of rare deletions, most mutations in the
preCore/Core region are point mutations, mainly asso-

' WHO. Hepatitis B: Fact sheet. 2023. URL: https://www.who.int/
ru/news-room/fact-sheets/detail/hepatitis-b

ciated with decreased HBeAg levels and/or decreased
viral load. Moreover, in the Core region, mutations are
localized mainly in the immunogenic regions (MHC
classes I + II) and thus may influence disease progres-
sion. For example, mutations in the preCore region
(G18964) and in the basal core promoter (BCP) —
T1753C, A1762T/G1764A4, amino acid substitutions
in the Core region — F24Y, E64D, E77Q, ASOI/T/V,
L1161, E1804 — are known to be associated with a se-
vere course of liver disease and development of HCC
[12]. Molecular genetic variation in viruses may show
links to spatial and temporal variation, i.e. evolution
over time, spread in geographic regions, at-risk groups,
key populations, changes in transmission routes [13].
Therefore, dynamic monitoring of circulating virus
variants in population groups reflecting the situation in
the population and potentially capable of spreading the
pathogen is quite important for predicting the epidemi-
ological situation. Pregnant women are a group which
fit that category, as they demonstrate the epidemiolog-
ical profile of the sexually mature heterosexual popu-
lation of a particular geographical region under study.

The Republic of Guinea, a country of more than
13.6 million people on the Atlantic coast of West Afri-
ca, is one of the poorest countries in the world?, where
medicine remains the least publicly funded area. Thus,
in 2019, the country's GDP contribution to the health
and social work sectors did not exceed 3.2%°. Preven-
tion of vertical transmission of HIV, a key factor in
improving maternal and child health, has been signifi-
cantly reduced, and the average number of visits to an-
tenatal care clinics has decreased [14, 15]. At the same
time, the prevalence of HBV in the country is extremely
high: unlike HIV, testing for viral hepatitis markers is
rarely performed, even during antenatal check-ups of
pregnant women, so most patients are not diagnosed
with the disease. Since there is no screening for viral
hepatitis, there is no prevention of vertical transmis-
sion of HBV. The incidence of HBV DNA is 22.36%
among conventionally healthy individuals [16], 30.4%
among blood donors [17], and 26.5 % among pregnant
women in some regions of the country [18, 19]. It was
previously shown that almost all HBsAg-positive wom-
en who gave birth naturally transmitted the virus to the
child [20].

Despite the implementation of HBV vaccination
in the country in 2006, the vaccination coverage cur-
rently does not exceed 47% of the population, which is
due to the lack of a well-established infrastructure for
storage and transport of vaccines that require compli-
ance with the cold chain, as well as to the socio-cultural

2 Countrymeters. Guinea Population. URL: http://countrymeters.
info/en/guinea (nara obpamenus: 09.03.2023).

3 INS GUINEE. Annuaire Statistique; 2019. URL: https://www.
stat-guinee.org/images/Documents/Publications/INS/annuelles/
annuaire/ ANNUAIRE_STATISTIQUE_AGRICOLE_ 2019 _
INS_FINALISE.pdf (nata obpamenus: 20.12.2022).
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peculiarities of the population, distrust of local resi-
dents in medical personnel [21].

There are relatively few data on the molecular ge-
netic features of the virus circulating in the Republic of
Guinea, and the characterization of the preCore/Core
region is very limited in the literature [22].

The objective of this study was to analyze the
variability of preCore/Core region of HBV strains cir-
culating among pregnant women in the Republic of
Guinea.

Materials and methods

Blood plasma samples obtained from 480 HBV-in-
fected pregnant women living in the Republic of Guin-
ea were used in this study [19]. Laboratory studies were
conducted at the Russian-Guinean Scientific Research
Centre for Epidemiology and Prevention of Infectious
Diseases, located at the Institute of Applied Biology of
Guinea in the prefecture of Kindia. The consent of the
Ethical Committee of Guinea was obtained for this stage
of work (protocol No. 129/CNERS/16 of 31.08.2015).
All subjects gave written informed consent to partici-
pate in the experiment.

HBYV DNA in blood plasma was determined by re-
al-time PCR with hybridization-fluorescence detection
using a method developed at the St. Petersburg Pasteur
Research Institute of Epidemiology and Microbiology,
which allows detection of HBV DNA at low viral load.
The sensitivity of the method is 10 IU/ml when extract-
ed from 100 ul of plasma [23]. Nucleotide sequences
of complete HBV genomes were obtained using nest-
ed PCR based on overlapping primer pairs followed by
Sanger sequencing [22]. The obtained HBV sequences
were analyzed to identify mutations in the studied region
of the HBV genome relative to the consensus sequence
of the Mart-B47 virus (HE974377.1, genotype D) [23]
to ensure uniformity in the designation of substitution
positions and to identify substitutions characteristic of
some genotypes but poorly (or not at all) represented in
others. Furthermore, all sequences of genotypes A, D
and E were analyzed relative to the reference sequences
of the corresponding genotypes (GenBank internation-
al database numbers AY128092.1, NC 003977.2 and
ABO032431.1, respectively). The online database tool
Geno2Pheno HBV*, as well as Hepatitis B Virus Phy-
logenetic Typing Tool® were used, where AY128092.1,
NC_003977.2 and AB032431.1 were also selected as
reference strains from the proposed strains.

Statistical data processing was performed using
the programs MS Excel, Prizm 5.0 (GraphPad Software
Inc.), Statistica 8.0 (StatSoft Inc.). The Clopper-Pear-
son exact interval was used to assess statistical error.
The results are presented with 95% confidence interval
(95% CI). To assess the reliability of differences be-

4 URL: https://hbv.geno2pheno.org/
5 URL: https://www.genomedetective.com/app/typingtool/hbv/
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tween data obtained in pairwise comparisons, the Fish-
er’s exact test or the y* test with Yates correction was
used, depending on the characteristics of the samples.
A probability value of p < 0.05 was determined as the
threshold for the reliability of differences.

Results

The age of the subjects ranged from 13 to 55 years
and averaged 25.8 years. The number of HBsAg-neg-
ative cases was 188 (39.17%; 95% CI 34.77-43.69%)).
HBYV genotypes determined on the basis of phylogene-
tic analysis are presented in Table 1 [19].

The nucleotide sequences of the viral genome of
each sample were analyzed to study the preCore/Core
region variability of HBV in the study group. The amino
acid variability of the preCore region was determined
in 211 individuals (43.96%; 95% CI 39.46-48.53%)
and that of the Core-region in 473 individuals (98.54%;
95% CI1 97.02-99.41%). Analysis of the preCore region
revealed 12 polymorphic sites in which amino acid sub-
stitutions occurred, including 8 positions identified for
genotype E, 5 for genotype D, and 2 for genotype A.
The occurrence of amino acid substitutions in the pre-
Core region is shown in Fig. 1.

During the comparative analysis, the distribu-
tion of mutations among HBV genotypes E, A and D
was found to be significantly different (p < 0.0001).
For genotype E, H5D, L8Q, and CI2R substitutions,
among others, were identified, which are not represent-
ed among isolates of genotypes A and D. In turn, the
V'17L/I mutation was shown only for HBV genotype A,
and substitutions 4197, S20F, L27V were detected only
in HBV genotype D. When analyzing the distribution of
amino acid substitutions present in at least 2 genotypic
groups, significant differences were also identified with
a predominance of mutations among HBV genotype E:
¥’ =16.206; df = 8; p = 0.0395.

In the Core region, 67 positions of amino acid sub-
stitutions were identified, including 46 for genotype E,
23 for genotype A, and 26 for genotype D. The most
common amino acid substitutions occurrence in the
Core region is presented in Fig. 2.

The distribution of Core region mutations among
HBYV genotypes E, A and D is also significantly differ-
ent (p < 0.0001). For genotype E, substitutions S27/H,

Table 1. Hepatitis B virus genotypes circulating among
pregnant women in the survey group

Genotype Quantity Share, % 95% ClI
A1 8 1,67 0,72-3,26
A3 7 1,46 0,59-2,98
D1 3 0,63 0,13-1,82
D2 5 1,04 0,34-2,41
D3 1 2,29 1,15-4,06
E 446 92,9 90,24-95,05
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Fig. 1. Frequency of amino acid substitutions occurrence in the preCore region of the hepatitis B virus genome
in the examined group and according to genotypes.
* — stop codon. Amino acid substitutions are presented relative to the consensus sequence of the Mart-B47 virus (HE974377.1, genotype D)

with additional analysis relative to genotype-specific reference sequences AY128092.1 (genotype A), NC_003977.2 (genotype D)
and AB032431.1 (genotype E).

V271, R28K, Y38F, R39G, E46D, P790Q, MI93V/I,
G944, F103L, 1105T, TI114P/V, FI122C, WI125T,
R133T, S141P, L143T, T146N, V1491, R152G, R166P,
RI81P, Q184R/K/H, were identified, though not repre-
sented among HBV genotype A and D samples. Only
mutations A11S, A34S, G63V, E77D/Q, L95I, T1421/S,
DI153G, RI59G, S183P were detected among HBV
genotype A, and mutations /3L, D4Y, F9I, V13G, LI5F,
S17L, L19F, D29G, Q57R, L162N, S178T were found
among HBV genotype D samples. Evaluation of the dis-
tribution of polymorphic variants identified in at least 2
genotypic groups demonstrated significant (p < 0.0001)
differences with higher frequency of occurrence and di-
versity of substitutions among HBV genotype E. Com-
parative inter-genotype analysis of the most common
Core region amino acid substitutions occurrence in the
examined group also showed differences (p < 0.0001).
The A1762T/G1764A double mutation was de-
tected in the BCP of 74 HBV genotype E samples, ac-
counting for 15.42% (95% CI 12.3-18.96%) of the total
group and 16.59% (95% CI 13.26-20.38%) of patients
with HBV genotype E. Information about the most fre-
quent clinically significant BCP and preCore/Core re-
gion mutations in the group is presented in Table 2.

Discussion
The C gene and the Pre-C region of 555 nt and
87 nt, respectively, encode two proteins: HBcAg of
185 amino acids and HBeAg of 150 amino acids, which
are the product of alternative translation initiation from

two AUG codons and post-translational modification.
From the inner AUG codon, the structural polypeptide
of the viral capsid Core protein of 21 kDa in size is
synthesized. A 24 kDa preCore protein is encoded from
the upstream AUG codon. The Core protein plays a key
role in the HBV life cycle, and changes in its sequence
can serve as potential markers of disease progression
[12]. HBcAg serves as a key target for the host immune
response, especially attack by CD4 and CDS8 cytotox-
ic T-lymphocytes, whereby nonsynonymous mutations
that alter immune epitopes can lead to the formation
of escape variants from the immune response, result-
ing in HBV persistence. Moreover, as substitutions in
Core region can lead to simultaneous substitutions in
HBeAg, a key immunity regulation protein of the vi-
rus, they can have a significant impact on the natural
course of chronic HBV [28]. BCP also plays a crucial
role in viral replication, contributing to the formation of
preCore and pregenomic RNA [29], which means that
mutations in this region may also contribute to disease
development. Mutations in different regions of the viral
genome leading to such changes may be a consequence
of both natural evolution of the virus and external influ-
ence, since both endogenous and exogenous selective
effects lead to modification of the pathogen genome
structure due to its high variability, especially during
the long-term course of the disease [24].

In the study group, 15 people had HBV genotype
A, including 8 cases of genotype Al, which is ende-
mic to Africa and has a long evolutionary history on the



66 JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2024; 101(1)

DOI: https://doi.org/10.36233/0372-9311-447

%
100 1

90 -

80

70 A

60 1

50 -

40 1

30

20

10 4

9?2 NS N O

~\ o \st @
U A S & N Sl

AN AN
QT @

mAll samples OGenotype E

ORIGINAL RESEARCHES

\ & o 3 > \4 R
R I RO &
N Y "o e A < N

A N
v
OGenotype A BGenotype D

Fig. 2. Frequency of the most common amino acid substitutions occurrence in the Core region of the hepatitis B virus genome
in the examined group and according to genotypes.
Amino acid substitutions are presented relative to the consensus sequence of the Mart-B47 virus (HE974377.1, genotype D) with additional
analysis relative to genotype-specific reference sequences — AY128092.1 (genotype A), NC_003977.2 (genotype D) and AB032431.1
(genotype E).

continent. It has been previously shown that Africans
infected with subgenotype Al have a 4.5-fold higher
risk of developing liver cancer than those infected with
other genotypes, with cancer developing at an earlier
age [30].

The majority of the cohort studied in the pres-
ent study consisted of patients with HBV genotype E.
This genotype is one of the most common variants in
sub-Saharan Africa, including the Republic of Guinea
and its neighboring countries. Despite its widespread
occurrence, this variant of the virus has a relatively low
genome variability compared to others, which may in-
dicate its shorter evolutionary history [31]. At the same
time, some researchers have raised concerns about the
efficacy of HBV vaccine in genotype E, as breakthrough
infections have often been observed in this genotype.
Presumably, this may be due to the double mutation
A1762T/G17644 in BCP, associated not only with the
progression of liver disease, but also with a reduced
level of secreted HBeAg, eluding the immune response
[32]. Thus, the high incidence of HCC known for HBV
genotype E may be related to both the prevalence of
genome alterations leading to disease progression and
the previously mentioned late detection of infection,
with one factor complimenting the other [31]. A high
occurrence of the A17627/G17644 double mutation
(15.42%) was shown in our study group. Furthermore,
a significant number of mutations in the preCore/Core
region of HBV were detected, including a high frequen-

cy of the preCore G18964 mutation (35.21%), leading
to the appearance of a stop codon (W28%*), premature
termination of the HBeAg precursor, responsible for
more than 90% of cases of defective HBeAg secretion
and, consequently, cancellation of antigen expression,
which is characteristic of patients infected with HBV
genotype E [33]. Note that a similarly high prevalence
of the G18964 mutation (47.11%) was previously
shown in residents of the Republic of Guinea with HBV
genotype E [22]. The preCore region amino acid sub-
stitution HSD of HBV genotype E in HBsAg-negative
genotype E identified in the present study is associat-
ed with severe liver disease. This mutation may also
partially explain the high prevalence of HCC in Africa.
Two more mutations, K2/N/Q/R and G29D in the pre-
Core region, significant for the development of HCC
and associated with severe disease in HBsAg-negative
individuals, were identified among isolates of geno-
types E and D [26]. A significant number of mutations
in the Core region at positions 113—143, known to af-
fect antigenicity and particle stability and resulting in
immune eluding mutants leading to chronic persistence
of the virus, were found in the examined group.

For most of the amino acid substitutions identified
in the Core-region, there is no reliable information on
their clinical significance; however, HBcAg immune
recognition sites are known, including target epitopes
for human CD4* T cells (amino acid positions 1-20,
50-69, 81-105, 117-131, 141-165), cytotoxic T lym-
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Table 2. The most prevalent clinically significant mutations identified in the BCP and preCore/Core region in examined group

Frequency of occurrence
HB\r/egg?gr?me Mutation in the group (n = 480) Genotype Clinical significance of the mutation
n % 95% CI
BCP A1762T/ 74 15,42 12,30-18,96 Disease progression, liver cirrhosis and HCC [24, 25]
G1764A
PreCore H5D 130 27,08 23,16-31,30 Associated with severe liver disease in HBsAg-negative HBV
genotype E. This mutation could partially explain
the high prevalence of HCC in Africa 26]
PreCore K21N/Q/R 31 6,46  4,43-9,04 E,D Presumably associated with disease progression, especially
in HBsAg-negative patients [26]
PreCore Ww28* (G1896A) 169 35,21 30,93-39,67 E,A Disease progression, liver cirrhosis and HCC [24, 25]
PreCore G29D (G1899A) 88 18,33 14,97-22,09 E,D
Core E64D 161 33,54 29,33-37,96 E,A,D Disease progression, liver cirrhosis and HCC,
immune escape [24, 25]
Core E113Q 19 3,96 2,40-6,11 E,A Immune escape, selection of specific antibodies,
chronic persistence of the virus, disease progression,
Core T114PIV 44 9,17 6,74-12,11 liver cirrhosis and HCC [24, 25]
Core L1161/V/G 439 91,46 88,59-93,8 E,D
Core F122C 11 2,29 1,15-4,06
Core W125T 13 2,71 1,45-4,59
Core P130T 29 6,04  4,08-8,56 E,D
Core A131P 67 13,96 10,98-17,38 E,A
Core R133T 11 2,29 1,15-4,06 E
Core S141P 12 2,5 1,30-4,33 E Enhance the formation of HBV cccDNA during intracellular
amplification, but impair cccDNA formation during infection
Core L143T 14 292 1,60-4,85 E [27]. Immune escape, selection of specific antibodies,
chronic persistence of the virus, disease progression, liver
Core T146N 351 73,13 68,92-77,04 E

cirrhosis and HCC [24, 25]

phocytes/CD8" T cells (amino acid positions 18-27,
88-96, 130-140, 141-151), and B—cell epitopes (amino
acid positions 74-89, 107-118, 127-138). Mutations
in such immunogenic regions of HBcAg are vital for
virus persistence, host immune response, and disease
progression [25]. Thus, among the detected amino ac-
id substitutions, a number of mutations are of potential
clinical significance, contributing to the development
of chronic HBV, for example, localized at T cell epi-
tope sites (T12S, E64D, L65V, M661, T67N/S, A69S,
N87G/S, TIIN/S, MI3V/I, G944, 197F, F103L, 11057,
F122C, WI125T, P130T, A131P, S141P, L143T, T146N,
V1491, R151Q, R152G, S157I) and B cells (N74V/A,
P790, A80T, N87G/S, L1081, E113Q, T114P/V, L1161/
V/G, P130T, A131P, R133T). Amino acid substitutions
in key immune epitopes have the potential to evade
the immune response, which in turn may be one of the
causes of HBsAg-negative HVB, lead to persistent in-
fection and high variability in all regions of the viral
genome [34]. It should be noted that among the listed
mutations there are those that are significantly associat-
ed with the development of liver cirrhosis and HCC, in-
cluding those located in B-cell epitopes £77D/Q, AS0T

and L1161/V/G, as well as in T-cell epitopes £64D and
T9IN/S. Given the high occurrence of such substitu-
tions, their significant role in the increased prevalence
of severe liver diseases in African countries, especial-
ly in cases of HBV genotype E, cannot be excluded.
The amino acid substitutions of particular interest are
those detected in absolutely every genotype E individu-
al examined — E40D, N74V/A, N87G/S, 197F, R181P,
E182A4/P, which, given their 100% representation, may
be characteristic of genotype E in general or associated
with the peculiarities of this genetic variant of the virus
in the Republic of Guinea, but, on the other hand, are
associated with the progression of liver disease.

The study showed greater variability in the pre-
Core/Core region of genotype E compared to A and D,
while it is known that HBV genotype E in general is
characterized by relative heterogeneity compared to
other genotypes. It is apparent that the results of this
study contradicting this fact are related to the fact that
isolates of genotype E prevailed in the group, while
genotypes A and D are represented by single cases.

The occurrence of mutations among HBV geno-
type E isolates has increased significantly over the past
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15 years. In 2009, P. Garmiri et al. demonstrated that in
the Republic of Guinea, 26.0% of HBV genotype E cas-
es had 1 or more mutations at positions 1762, 1764 and/
or 1896, a premature stop codon associated with the
G18964 mutation was observed in 20.8% of sequenc-
es, and 5.2% had a triple mutation [35]. In this current
study, G1896A4 presented 1.5 times more frequently
(35.21%), and triple mutation was shown in 47 indivi-
duals — 9.79% (95% CI1 7.28—-12.81%) of the total group
and 10.54% (95% CI 7.85—13.77%) of those with geno-
type E. These mutations most likely represent a conse-
quence of natural polymorphism of the virus. However,
mutations in positions 1762, 1764, 1896 are among the
most common. In Pakistan, A1762T/G1764A was ob-
served in 30% of cases, G18964 — in 38% of cases
[36]. In Ethiopia, the occurrence of 41762T/G1764A
was 25.9% of cases and G18964 was 25.2% of cases
[37]. In Brazil, the occurrence of 41762T/G1764A4 was
59.3% of cases and G18964 was 84.1% of cases [38].
Furthermore, the occurrence of these mutations is often
associated with the virus genotype. For example, the
occurrence of A1762T/G1764A4 in Vietnam was 93.3%
for genotype C and 50% for genotype B, and G1896A4
was 74.2% for genotype B and 2.2% for genotype C
[39]. The analysis of 6479 HBV sequences of different
genotypes from the international database allowed us to
determine the overall frequency of 41762T/G17644 —
28.9%, the representation of this double mutation in
relation to genotypes was as follows: A—26.9%; B —
15.5%; C—46.1%; D—21.5%; E—11%; F —22.5%;
G — 97.5%; H — 3.8%, but it should be noted that
the sample volume of genotypes E-H was significantly
smaller than the other genotypes [40]. This seems to be
the reason for the relatively low occurrence of 4176217/
G17644 in genotype E, whereas, for example, in Ni-
geria, where the study population was predominantly
genotype E, 41762T/G1764A4 was detected in 43% of
cases and G1896A4 in 57% of cases [41].

It should be noted that in our cohort HBsAg-neg-
ative and low viral load samples showed more variabil-
ity throughout the preCore/Core region, which may be

ORIGINAL RESEARCHES

related to the inhibition of HBV replication due to mu-
tations in preCore/Core region. Numerous studies have
described an association between the frequency of mu-
tations in the preCore/Core region and the progression
of liver disease in HBV-infected patients, but the asso-
ciation between amino acid substitutions and clinical
severity of disease varies considerably both between
different populations and between studies conducted in
the same populations. This apparent discrepancy can be
explained by various factors, including virus genotype,
patient ethnicity, host immune competence, and coin-
fection with other viruses. Nevertheless, a number of
mutations that have been shown to be significantly as-
sociated with liver cirrhosis and HCC, as well as affect-
ing HBeAg serological status, may serve as diagnostic
and prognostic markers for early detection of liver dis-
ease progression in HBV-infected individuals.

Conclusion

The prevalence of clinically significant amino ac-
id substitutions in HBV preCore/Core region in treat-
ment-naive pregnant women in the Republic of Guinea
reflects their occurrence in the population and indirect-
ly explains the reasons for the extremely high incidence
of HCC in African countries. A number of such amino
acid substitutions, associated with disease progression
as shown for genotypes A and D, are characteristic of
genotype E. Identification of genotypes and mutations
in the virus genome can be used to predict disease pro-
gression. The identified variability indicates the need
to study the peculiarities of the pathogen and host im-
mune response, including in HBsAg-negative HBV
infections. The results of this study demonstrate the
necessity to raise awareness of the growing epidemic
crisis of HBV in sub-Saharan Africa. This region is at
the bottom of the list in terms of access to a range of
health care services, including screening, diagnosis and
treatment of people infected with the virus. The results
of the study can serve as baseline data for estimating
national HBV incidence and planning mass HBV im-
munization in the Republic of Guinea.
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