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Abstract.

Introduction. Human immunodeficiency virus (HIV) and hepatitis B (HBV) and C (HCV) viruses remain among the
most dangerous bloodborne pathogens, posing a significant global public health threat.

The aim of our work was to assess the prevalence of HIV, HBV, and HCV markers among dental patients and
provide a molecular genetic characterization of the identified pathogens.

Materials and methods. We analyzed 497 plasma samples from individuals who sought dental care in St. Pe-
tersburg for serological and molecular markers of target infections. Viral genome fragments were sequenced and
analyzed when molecular markers were detected.

Results. Anti-HCV were detected in 3.8% (19/497) of participants, with HCV RNA in 1% (5/497). HIV Ag/Ab was
found in 1.2% (6/497), with two cases (0.4%, 2/497) confirmed by immunoblot; no HIV RNA was detected. HBsAg
prevalence was 2.4% (12/497), with anti-HBs in 32.0% (159/497) and anti-HBc in 25.6% (127/497) of partici-
pants. Significant age-related trends were observed: anti-HBs predominated in younger groups while anti-HBc
was more frequent in older individuals. HBV DNA was detected in 3.8% (19/497) of cases, including 1.8% (9/497)
HBsAg-negative infections. Predominant in the Russian Federation viral genotypes were identified (HCV: 1b, 2a,
3a; HBV: D1, D2, D3). One HCV isolate carried mutations associated with resistance to dasabuvir, sofosbuvir, and
voxilaprevir. Multiple HBV isolates harbored concurrent mutations causing diagnostic escape (HBsAg-negative
variants), reduced vaccine efficacy, viral reactivation, and disease progression.

Conclusions. The study reveals high viral hepatitis prevalence among dental patients. Detection of drug-resistant
HCV variants and immune-evading HBV strains underscores the need for enhanced molecular surveillance, im-
proved diagnostic protocols, and strengthened infection control measures.
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Pestome

BBepeHue. Bupyc nmmyHogeduuyuta yenoseka (BUY) n Bupycel renatutos B (BI'B) u C (BI'C) ocTatotca ogHumun
13 Hambornee onacHbIX FEMOKOHTaKTHbIX MH(PEKLMIA, NPEeACTaBNSIOWMNX CEPbE3HYIO Yrpo3y ANns rmobanbHoro 3gpa-
BOOXPaHeHWs.

Llenb nccnegoBaHns — OLEHUTb pacrnpocTpaHeHHOCTb Mapkepos BUY-, BI'B-, BIC-uHdekunii cpeau nauneHToB
CTOMaTonorm4eckoro Npouns n Aatb MONEKyNApPHO-rEHETUYECKYIO XapakTePUCTUKY BbISSBNEHHbIX NaTOreHos.
MaTepuanbi n metoasl. Viccnegosanu 497 o6pasLoB nnasMbl, NONy4YeHHbIX OT NnL, 0OpaTUBLLUXCS 3@ CTOMATO-
nornyeckou nomolubio B CaHkT-lNeTepbypre, Ha HanMyMe ceporiorM4eckux U MOneKynapHbIX MapkepoB LieneBbIX
MHGeKUMIA. [pn BbISBNEHNM MOMNEKYNSAPHBIX MapKepoB CEKBEHMPOBAv 1 aHannsupoBanu gparMeHTbl reHoOMOoB
BMPYCOB.

Pe3ynkratbl n o6¢cyxaeHune. AHTU-BI'C BoisBneHb! y 3,8% (19/497), a PHK BI'C — y 1% (5/497) o6cnenoBaHHbIX,
Ar/AT BUY -y 1,2% (6/497), MMMYHOBNOTTMHIOM NoaTBepXxAeHbl 2 obpasua (0,4% (2/497) ot rpynnsl), PHK BUY
He BblisiBNeHa. Brisinenbl HBsAg y 2,4% (12/497), aHtn-HBs y 32,0% (159/497), aHtu-HBcore y 25,6% (127/497)
obcneposaHHbIX. [Moka3aHbl CTaTUCTUYECKN 3HAYMMbIE PasnNUyna B AMHaMUKe: pacrnpoCcTpaHeHHOCTb aHTu-HBs
Bbllle B MrafLllmMx BO3pacTHbIX rpynnax, Toraa kak aHtu-HBcore, HanpotuB, y nuy ctapluero Bospacta. B 3,8%
(19/497) cnyyaes BbisieneHa AHK BI'B, B Tom yucne B 1,8% (9/497) npu otcytcTBum HBsAg. OnpeaeneHsl xapak-
TepHble ansa Poccuiickon ®enepauum reHOTUNbI BbiSBNEHHbIX natoreHoB (BIC — 1b, 2a, 3a; BI'B — D1, D2, D3).
B ogHom u3 nsonsatos BI'C BbisBNeHbI MyTaumum B NO3NLIMAX, CBA3AHHbLIX C YCTOMYMBOCTLIO NaToreHa k gacabysupy,
cochocbyBmpy u Bokcunanpesupy. Cpeam msonsatoB BI'B npencraBneHo 3HauvMTenbHoe KonM4ecTBo obpasuos,
coaepXxalinx Of4HOBPEMEHHO KOMMMEKC MyTauui, NPUBOASALUMX K ANArHOCTUHECKUM olmnbKam npu BbISBREHUN
HBsAQ, CHWxXeHWI0 3deKTUBHOCTU BaKLUMHOMPOMUMAKTUKKN, peakTMBaLmumM BMpyca U NporpeccMpoBaHnio 3abo-
neBaHus.

3akntoyeHue. ViccneposaHve OEMOHCTPUPYET BbICOKYH PacnpOCTPaHEHHOCTb BUMPYCHbIX renaTtuTtoB cpeau na-
LIMEHTOB CTOMATONOrM4yeckoro npoduns. BeisBneHne pe3ncteHTHbIX BapuaHToB BI'C 1 MMMyHOycKomnb3atoLwmx
wrammoB BI'B nogyepkmBaeT HEOOGXOAMMOCTb MOMEKYNAPHOrO MOHUTOPUHIA LUMPKYNMPYIOLLMX NaToOreHoB, a Tak-
e yCOBEepLUEHCTBOBaHNS AMarHOCTUYECKMX NOAXOA0B U 3NAEMUOOrMYECcKOro KOHTPOns.

KnroueBble cnoBa: epyrnna pucka; nayueHms! cmomamoroaudeckoeo npoguns; BUY; eupyc eenamuma B; au-
pyc eenamuma C; ckpbimbili eenamum B; 2eHomurni; Mymauuu 1ekapcmeeHHoU ycmol4ugo-
CMU; KIMUHUYECKU 3Ha4uMbie Mymauuu; nabopamopHasi duazHocmuka
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Introduction

Human immunodeficiency virus (HIV) and hepatitis
B (HBV) and C (HCV) viruses remain among the most
dangerous blood-borne infections, posing a serious threat
to global health. These pathogens can cause chronic dis-
eases leading to serious complications, including liver
cirrhosis, cancer and immunodeficiency'. Their prev-
alence varies across different regions of the world, but
the commonality of transmission routes leads to similar
epidemiological patterns, making them particularly chal-
lenging for the medical community to combat* [1]. The
main routes of transmission of HIV, HBV and HCV are
contact with infected blood and other biological fluids.
Key risk factors include the use of non-sterile medical
and cosmetic instruments, injection drug use, transfu-
sion of non-tested blood, and unprotected sexual contact.
Thus, these infections pose a particular risk to vulnerable
populations: injection drug users; individuals requiring
frequent medical interventions; and healthcare workers
who regularly come into contact with biological fluids.

Dentists belong to a group at increased occupational
risk of infection with bloodborne infections due to fre-
quent contact with the blood and saliva of patients. The
likelihood of infection depends on the prevalence of HIV
infection and viral hepatitis among the population, as
well as on compliance with infection control measures in
clinics [2—4]. In addition to dentists, all medical person-
nel involved in the treatment of patients, including assis-
tants, nurses, dental technicians, and orderlies, are at risk
of blood-borne infections. Furthermore, the possibility of
gross violations of sanitary and hygienic standards and
anti-epidemic requirements during dental appointments
cannot be ignored. In summary, it is particularly import-
ant to assess the epidemiological situation in specific re-
gions and among dental patients, as this allows for the
development of effective prevention strategies, including
pre- and post-contact protection of medical personnel.

The aim of this study is to assess the prevalence of
HIV, HBV and HCV infection markers among dental pa-
tients and to provide a molecular genetic characterization
of the identified pathogens.

Materials and methods

The study material consisted of blood plasma sam-
ples obtained from 497 patients who sought dental care
at medical institutions in St. Petersburg under the com-
pulsory health insurance program. Women predominated
in the study group (349/497 people, 70.2%) compared to
men (148/497, 29.8%). The age of the subjects ranged
from 18 to 94 years, with an average age of 57.6 years.

'TUNAIDS. Global HIV & AIDS statistics — Fact sheet. ToctymHo mo:
https://unaids.org/en/resources/fact-sheet

WHO. Hepatitis B. Key facts. Available at: https://who.int/news-
room/fact-sheets/detail/hepatitis-b

SWHO. Hepatitis C. Key facts. Available at: https://who.int/news-
room/fact-sheets/detail/hepatitis-c

*WHO. Regional strategic framework for vaccine-preventable diseases
and immunization in the Western Pacific 2021-2030; 2022. Available
at: https://who.int/publications/i/item/9789290619697
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To assess the possible relationship between the age of
the subjects and the detected markers, stratification was
performed according to the previously recommended
method [5] into the following age groups: 18-29 years
(n = 43), 30-39 years (n = 52), 4049 years (n = 51),
50-59 years (n=95), 60-69 years (n=138), and 70+ years
(n=118).

The study was conducted with the informed consent of
the patients. The research protocol was approved by the
local Ethics Committee of the St. Petersburg Pasteur In-
stitute (Approval No. 151 dated 21.09.2022).

The following serological markers were determined
as part of the study: HBsAg, anti-HBs, anti-HBcore,
anti-HBC, antigens and antibodies (Ag/Ab) to HIV. To
ensure maximum reliability of serological screening, an
extended protocol was used in this study: each marker
was determined in parallel in two replicates using two
commercial test systems from different manufactur-
ers: DS-IFA-HBsAg, DS-IFA-ANTI-HBsAg, DS-IFA-
ANTI-HBc, IFA-ANTI-HCV, DS-IFA-HIV-AGAB-
SCREEN (NPO Diagnostic Systems, Russia) and Vec-
tohep B-HBs-antigen, VectoHBsAg-antibodies, HepBest
anti-HBc-IgG, Best anti-HCV, CombiBest HIV-1,2 Ag/
Ab (JSC Vector-Best, Russia). Samples with discordant
results in two test systems or repeated tests were sub-
jected to independent retesting to obtain a final result.
All positive and questionable results of the HBsAg and
anti-HCV tests were verified using specialized confirma-
tory test systems HBsAg-confirmatory-IFA-BEST and
Best anti-HCV-confirmatory test (JSC Vector-Best, Rus-
sia), respectively. The sensitivity of the test systems used
in this study to detect HBsAg was 0.01 IU/mL. In cases
where HIV Ag/Ab was detected, Western blotting was
performed using the NEW BLOT BIORAD reagent kit
(Bio-Rad Laboratories, USA) according to the manufac-
turer’s instructions.

Screening for molecular biological markers using the
polymerase chain reaction (PCR) method was performed
with preliminary DNA/RNA isolation using the commer-
cial AmpliPrime Riboprep kit (Central Research Institute
of Epidemiology, Russia). All samples were pre-concen-
trated by ultracentrifugation of blood plasma for 1 hour
at 24,000g at a temperature of +4 °C. HBV DNA, HCV
RNA, and HIV RNA was performed by PCR with hy-
bridization-fluorescence detection in real time using the
commercial AmpliSens HCV/HBV/HIV-FL kit (Central
Research Institute of Epidemiology, Russia) according
to the manufacturer’s instructions. For all samples with
HBYV DNA undetectable by the above method, additional
testing was performed using a highly sensitive technique
developed at the Pasteur Research Institute of Epidemi-
ology and Microbiology in St. Petersburg [6]. This ap-
proach ensures the detection of HBV DNA in conditions
of low viremia, including in HBsAg-negative hepatitis B.

The HCV NS5B, NS5A, NS3, Core were obtained
using amplification on specific primers, with prelimi-
nary reverse transcription and subsequent sequencing,
as shown earlier [7]. Nucleotide sequences of complete
HBYV genomes were obtained using nested PCR based on
overlapping primer pairs, as shown earlier [8].
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The amplification products were purified and eval-
uated for fragment length and concentration. The se-
quencing reaction was performed according to the in-
structions for the ABI PRISM BigDye Terminator v. 3.1
reagent kit (Applied Biosystems, USA), with forward
and reverse specific primers in three replicates for each
primer pair of each analyzed sample region in order to
increase reliability. (Applied Biosystems, USA), with
forward and reverse specific primers in three replicates
for each primer pair of each analyzed sample region in
order to increase data reliability, ensure sufficient read
overlap, and level out possible artifacts, as specified in
the Sanger sequencing and molecular testing quality
control manual [9], as well as in a number of studies
[10-12]. Nucleotide sequences were determined using
an ABI Prism 3500 genetic analyzer (Applied Biosyste-
ms, USA) according to the manufacturer’s instructions.
The electropherograms obtained from all repeats were
visually inspected for quality, aligned, and a consensus
sequence was constructed for each sample. The consen-
sus sequences were used for subsequent phylogenetic
and mutation analysis.

The obtained sequences were deposited in the interna-
tional GenBank database, where they were assigned the
corresponding numbers (PX091934-PX091945 (HCV),
PX120108-PX120126 (HBV)).

Primary analysis of the consensus nucleotide sequenc-
es obtained was performed using the NCBI Blast program
in comparison with the nucleotide sequences presented in
the international GenBank database.

HCV genotyping was performed using phylogenetic
analysis of Core and NS5B protein nucleotide sequenc-
es, as well as using the Hepatitis C Virus Phylogenetic
Typing Tool v.2.11 software (https://www.genomede-
tective.com/app/typingtool/hcv/). To identify drug resis-
tance mutations in the NS5B, NS5A and NS3 regions, we
used the Genafor Geno2pheno HCV resistance software
(https://hcv.geno2pheno.org/).

The obtained HBV sequences were genotyped based
on phylogenetic analysis. Three online tools were used to
identify clinically significant polymorphic variants [13]:
the Stanford University HBVseq database program
(https://hivdb.stanford.edu/HBV/HBVseq/development/
HBVseq.html), HIV-GRADE HBV (https://www.hiv-
grade.de/cms/grade/explanations/hbv-tool/), and Genafor
Geno2pheno HBV (https://hbv.geno2pheno.org/).

Statistical data processing was performed using MS
Excel and Prizm 5.0 (GraphPad Software Inc., USA).
The Klopper—Pearson exact interval was used to assess
statistical error. The results are presented with a 95% con-
fidence interval (95% CI). To identify statistically sig-
nificant differences between arrays comprising several
groups, Pearson’s ¥ criterion was applied to contingency
tables. If a significant overall p < 0.05 was obtained, a
post-hoc analysis was performed using Fisher’s exact test
or the y? test with Yates’s correction, depending on the
size of the expected frequencies, to determine between
which specific pairs of groups there were differences. A
probability value of p < 0.05 was set as the threshold for
significance.
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Results

Prevalence and distribution of serological markers
in the group

When assessing the overall prevalence of anti-HCV
serological markers, they were detected in 3.8%
(19/497, 95% CI 2.3-5.9%) of cases, while HIV Ag/Ab
was detected in 1.2% (6/497, 95% CI1 0.4-2.6%) of cases,
with 2 samples confirmed by immunoblotting, accounting
for 0.4% (2/497) of the total group and 33.33% (2/6) of
the group with newly detected markers. Only 293 people
did not have markers associated with HBV, accounting
for 58.95% (293/497, 95% CI 54.5—63.3%). At the same
time, HBsAg was detected in 2.4% (12/497, 95% CI 1.3—
4.2%), anti-HBs in 32.0% (159/497,95% C127.9-36.3%),
and anti-HBcore in 25.6% (127/497,95% C121.8-29.6%)
of those examined. The prevalence of serological markers
in different age groups is presented in Table 1.

A comparative analysis of the prevalence of serological
markers between age groups revealed no differences in
the prevalence of anti-HBs, HIV Ag/Ab, and HBsAg.

A significant difference in the prevalence of anti-HBs
between age groups was demonstrated: y*> = 36.25 at
p < 0.0001, df = 5. A sequential pairwise compari-
son revealed no significant differences between age
groups 30 years and older. A predominance of individuals
with anti-HBs was shown in the 18-29 age group com-
pared to the group comprising individuals aged 30 and
older (¥*=29.0 at p <0.0001, df=1).

The y* function showed statistically significant dif-
ferences in the distribution of anti-HBcore frequencies
among all age groups as a whole (x> =20.25 at p = 0.0009,
df = 5). In a sequential (from younger to older) pairwise
comparison of all 6 groups with each other, adjusted for
multiple comparisons, no statistically significant differ-
ences between “neighboring” age groups were found.
However, a targeted comparison of the oldest age cohort
(70+ years) with younger groups showed that the fre-
quency of anti-HBcore detection in the 70+ group was
significantly higher than in the 18-29, 30-39, and 40—49
years (p < 0.05, according to Fisher’s criterion), confirm-
ing the general trend of a gradual increase in the propor-
tion of individuals with anti-HBcore with age.

The distribution of markers was analyzed. Anti-HCV and
anti-HBcore were detected simultaneously in 1.6% of vol-
unteers (8/497, 95% CI 0.7-3.1%). Combinations of HIV
Ag/Ab with anti-HBcore and HIV Ag/Ab with anti-HCV
were detected in one case each (0.2% (1/497), 95% CI 0.0—
1.1%). The distribution of HBV serological markers in the
study group is presented in Table 2.

Prevalence of pathogen nucleic acids in the examined
group

No HIV RNA was detected in the examined group.

HCV RNA was detected in 5 patients, accounting
for 1% (5/497, 95% CI 0.3-2.3%) of the total group
and 26.3% (5/19, 95% CI 9.1-51.2%) of HCV-positive
individuals. A viral load of more than 1500 IU/ml was
detected in 3 samples, which allowed sequencing of virus
genome fragments.
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Table 1. The prevalence of the analyzed serological markers across different age groups in the study population

Taﬁmma 1. PaCHpOCTpaHGHHOCTL AHAJIU3UPYEMBIX CEPOJIOTMUCCKUX MApKEPOB Cpeau OGCJ'ICZLOBaHHLIX Ppa3HbIX BO3PACTHBIX I'PYIIIT

1?0%; group Ij{i?fg Liiﬁiiiﬁf An-HBs Anti-HBs iﬂiﬁgﬁf HBsAg [2?1:1141?5\? ﬁ;ﬁﬁﬂ%
oy abs. abs. | %(95%CI) | abs. | %(95%CI) | abs. | % (95%CI) |abs.| % (95%CI) | abs. | % (95% CI)
aoc. aodc. | % (95% JAN) | abe. % (95% AN) ade. | % (95% ON) | abe. | % (95% AN) | abe. | % (95% AN)
1829 years / 43 30 (53.699_'882.8) 3 70(15-19.0) 1 23(0.1-123) 0 00(0.0-82) 0 (0.8;%.2)
3639 years 4 52 19 (23.3667‘551 o 10 ey 5 0 000068 1 19(00-103) I (0.017'190.3)
4049 years / 51 10 (9_&63.1) 7 (5471 73276.3) I 2000104 3 59(12162) 2 2N 5
2059 years / 95 3 o N 6.295_'5’5.2) 2 21(03-74) 5 53(17-119) 1 (0.3;15.7)
6069 years / 138 38 (2072377'355'8) 40 (21_2697'3?7'3) § 5825111 6 43(1692) 2 (0'21;‘;.1)
To vt 18 39 (24.373-4'}2.3) 43 (27%6:1‘5.8) 0 000031 4 340985 0 (0.(())22. 1
a‘;fio 497 159 (27.3927'26'3) 27 25 o 12 2401342 19 382359 6 ey 6

Table 2. Distribution of the analyzed hepatitis B (HB) serological markers

Tadauna 2. Pacripeaenenue aHanu3upyeMbIX CEpoONIOrHYecKix Mapkepos renarura B (I'B)

Prevalence
Hepatitis B Serological Markers PacnpocrpanenHocTh
Ceponorunueckue mapkepsl ['B abs. / abe. % (95% CI)
(n=497) % (95% JAN)

HBsAg 5 1.0 (0.3-2.3)
Anti-HBs 71 14.3 (11.3-17.7)
Anti-HBc 38 7.6 (5.5-10.3)
HBsAg, anti-HBs 1 0.2 (0.0-1.1)
HBsAg, anti-HBc 0.4 (0.0-1.4)
HBsAg, anti-HBs, anti-HBc 4 0.8 (0.2-2.0)
Anti-HBs, anti-HBc¢ 83 16.7 (13.5-20.3)

Genotyping of 3 HCV samples with sufficient viral
load revealed the following genotypes: 1b, 2a and 3a (one
sample of each). Although most of the analyzed regions
of these samples did not contain significant resistance
mutations, the L159F mutation associated with reduced
sensitivity to sofosbuvir was identified in the NS5B re-
gion of the Dental296 sample (genotype 1b). Further-
more, two substitutions (NS5B C316N and NS3 V170I)
were identified in this sample at positions associated with
pathogen resistance to dasabuvir, sofosbuvir and voxila-
previr, respectively.

Among the study participants, HBV DNA was detected
in 3.8% of cases (19/497, 95% CI 2.3-5.9%). The prev-
alence of HBV DNA in different age groups is presented
in Table 3.

A sequential pairwise comparison revealed no signifi-
cant differences in the frequency of HBV DNA between
age groups.

It should be noted that only 10 patients had HBV
DNA detected simultaneously with HBsAg, accounting
for 2.0% (10/497, 95% CI 0.9-3.7%) of the total group,
while 1.8% (9/497, 95% CI 0.8-3.4%) of those examined
were HBsAg-negative (Table 4).

No significant differences were found between the fre-
quencies of HBsAg-positive and HBsAg-negative HBV
infection within age groups.

Based on a comprehensive analysis of genotypes
and subtypes, taking into account phylogenetic analy-
sis and analysis using web resources, only genotype D
was identified among the detected HBV strains, with
the following distribution of subtypes: D1 — 26.3%
(5/19,95%CI19.1-51.2%),D2-36.8%(7/19,95%CI 16.3—
61.6%), D3 —36.8% (7/19, 95% CI 16.3-61.6%)).

Analysis of HBV nucleotide and amino acid sequenc-
es revealed multiple amino acid substitutions in the RT
(100%, 19/19), SHB (100%, 19/19), Core (100%, 19/19),
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Table 3. The prevalence of the HBV DNA across different age groups in the study population

Tadaunua 3. Pacnpocrpanennocts JHK BI'B cpenu o6cinenoBaHHBIX pa3HbIX BO3PACTHBIX IPYIIT

Yucio nanyueHToB
Age group Number of patients AHK BI'B / HBV DNA
Bospacthas rpynna abs. abs. % (95% CI)

aoc. aoc. % (95% )
18-29 years / ner 43 2 4.7 (0.6-15.8)
30-39 years / ner 52 2 3.8(0.5-13.2)
40-49 years / ner 51 1 2.0 (0.0-10.4)
50-59 years / ner 95 4 4.2 (1.1-10.4)
6069 years / ner 138 8 5.8 (2.5-11.1)
70 + years / net 118 2 1.7 (0.2-6.0)
Total
iroro 497 19 3.8(2.3-5.9)

Table 4. The prevalence of the HBV DNA across different age groups in the study population in subjects with and without HBsAg

Taodmuua 4. Pacipoctpanennocts JJHK BI'B cpenu o6cneioBaHHBIX JINI] pa3HBIX BO3PACTHBIX IPYIIT B 3aBUCHMOCTHU OT HAJIMYHSI WIIX OTCYTCTBHS

HBsAg
Yucio nanueHToB HBV DNA, HBsAg+ HBV DNA, HBsAg—
Age group Number of patients JIHK BI'B, HBsAg+ JIHK BI'B, HBsAg—
Bospactras
rpyrna abs. abs. % (95% CI) abs. % (95% CI)
abc abc % (95% JAN) abc % (95% A1)
18-29 years / ner 43 1 2.3(0.1-12.3) 1 2.3(0.1-12.3)
30-39 years / ner 52 0 0.0 (0.0-6.8) 2 3.8 (0.5-13.2)
4049 years / ner 51 0 0.0 (0.0-7.0) 1 2.0 (0.0-10.4)
50-59 years / ner 95 2 2.1(0.2-7.4) 1 1.1 (0.0-5.7)
60—69 years / net 138 7 5.1(2.0-10.2) 2 1.5 (0.2-5.1)
70 + years / et 118 0 0.0 (0.0-3.1) 2 1.7 (0.2-6.0)
Hroro
Total 497 10 2.0 (0.9-3.7) 9 1.8 (0.8-3.4)

and preCore (21.1%, 4/19, 95% CI 6.1-45.6%). No sam-
ples with drug resistance mutations were identified. The
prevalence of amino acid substitutions in the main hydro-
philic region (MHR) was assessed (Table 5).

Analysis of the spectrum of mutations in the MHR
region showed that variability among individuals with
HBsAg-negative HBV (n = 9) was due to a significant-
ly higher frequency of specific amino acid substitutions
associated with immune escape compared to the group
of HBsAg-positive patients (» = 10). In particular, the oc-
cult HBV group had significantly more frequent Y100C
(44.4% vs. 0%; p = 0.0325), M103I (44.4% vs. 0%;
p=0.0325),and G130R (44.4% vs. 0%; p =0.0325) muta-
tions were significantly more frequent in the occult HBV
group. Other mutations, also known as key escape-vari-
ants (T116N, M133L/I, D144E, G145R) were found only
in the HBsAg-negative group (33.3% vs. 0% for each),
showing a tendency toward higher prevalence (p = 0.08).

In the basal core promoter (BCP) region, the double
mutation A1762T/G1764A was detected in 2 samples, ac-
counting for 10.5% (2/19, 95% CI 1.3-33.1%).

Three polymorphic sites were identified in the preCore
region, in which amino acid substitutions occurred: L24P,
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W28*/*W, G29D. In two samples, a combination of
W28* + G29D was identified. No significant differences
in the frequency of mutations in the preCore region were
found between HBsAg-positive and negative samples.

Twenty polymorphic sites were identified in the Core
region where amino acid substitutions occurred. The fre-
quencies of mutations identified in the Core region are
presented in Table 6.

Discussion

Effective management of biological risks plays a cru-
cial role in the prevention of infections in dentistry, where
contact with biological fluids occurs regularly. Particular
attention should be paid to assessing the occupational risk
of blood-borne infections, which should take into account
both the likelihood of contact and the prevalence of spe-
cific pathogens. The greatest danger is posed by cases of
skin damage with massive contact with blood (e.g., hol-
low needle sticks), while a smaller but significant risk is
associated with blood coming into contact with damaged
skin or mucous membranes [14]. According to research
conducted in Russia, medical workers encounter glove
damage on average 27 times per 100 invasive proce-
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Table 5. Mutations identified in the MHR region (aa99-169) within the study group
Tadauna 5. Myraruu, BersienenHsle B MHR-pernone (aa99-169) B o6cnenyemoii rpyme

Frequency of occurrence in the group Frequency of occurrence in the group HBsAg+ | Frequency of occurrence in the group HBsAg—
YacToTa BCTPEYaeMOCTH B IPyIIIe Yacrora BcTpeyaemocTu B rpynne HBsAg+ Yactora BctpeuaemocTH B rpynne HBsAg—
Mutations (n=19) (n=10) n=9)
Myraas abs. % (95% M) abs. Y abs. %
abe. % (95% CI) abc. ° abe. 0
Y100C 4 21.1 (6.1-45.6) 0 0 4 44.4
Ql101H 1 5.3 (0.1-26.0) 0 0 1 11.1
M1031 4 21.1 (6.1-45.6) 0 0 4 44.4
I110L 1 5.3 (0.1-26.0) 0 0 1 11.1
GI12E 1 5.3 (0.1-26.0) 0 0 1 11.1
T113S 19 100.0 (82.4-100.0) 10 100 9 100.0
T114S 19 100.0 (82.4-100.0) 10 100 9 100.0
T116N 3 15.8 (3.4-39.6) 0 0 3 333
T118V/A 6 31.6 (12.6-56.6) 5 50 1 11.1
T118R 2 10.5 (1.3-33.1) 0 0 2 22.2
R122K 1 5.3 (0.1-26.0) 0 0 1 11.1
T125M 2 10.5 (1.3-33.1) 0 0 2 22.2
T127P 6 31.6 (12.6-56.6) 2 20 4 44.4
A128V 3 15.8 (3.4-39.6) 2 20 1 11.1
GI130R 4 21.1 (6.1-45.6) 0 0 4 44.4
NI31T 19 100.0 (82.4-100.0) 10 100 9 100.0
M133L/1 3 15.8 (3.4-39.6) 0 0 3 333
Y134H 1 5.3 (0.1-26.0) 0 0 1 11.1
T1401 1 5.3(0.1-26.0) 0 0 1 11.1
DI144E 3 15.8 (3.4-39.6) 0 0 3 333
G145R 3 15.8 (3.4-39.6) 0 0 3 333
G159A 1 5.3(0.1-26.0) 0 0 1 11.1

dures: in 9 cases, there is a puncture with skin trauma, and
in 18 cases, there is no damage to the skin. At the same
time, almost half (43%) of surgical procedures are ac-
companied by various emergency situations [15]. Wear-
ing personal protective equipment (PPE) reduces the risk
of infection, but there is evidence that, for example, less
than 10% of dentists consistently use protective eyewear
[16]. The COVID-19 pandemic has led to stricter compli-
ance with PPE requirements in dental practice [17]. Nev-
ertheless, uncertainty remains regarding the current level
of PPE use after the mandatory restrictions were lifted, as
many professionals noted that PPE interferes with their
work by limiting their field of vision during procedures.
It is also necessary to consider the potential risks of in-
fecting patients through contaminated instruments, which
can be prevented by sterilizing instruments. The most
common and effective methods are steam pressure ster-
ilization (autoclaving) and dry heat sterilization, each of
which has its own advantages and limitations: autoclav-
ing is fast but can cause corrosion and is not suitable for
heat-sensitive instruments, while dry heat does not cause

corrosion but requires high temperatures and equipment
calibration. Alternative methods, such as chemical vapor
and ethylene oxide sterilization, are used less frequently
due to specific requirements (the necessity for pre-drying,
toxicity) and are mainly used for processing heat-sensi-
tive materials. The choice of method depends on the type
of instruments, safety requirements and practical feasi-
bility [18], and the quality of sterilization determines the
likelihood of patient infection.

Important factors in the infection of both dentists and
their patients include the pathogen’s ability to survive on
surfaces, the infectious dose, and the viral load in each
case. Epidemiological studies show that the risk of HIV
infection after a needle stick with a contaminated in-
strument is 0.3%, and when infected blood comes into
contact with mucous membranes, it is 3.3 times lower
(0.09%) [19]. The risk of infection is significantly high-
er in the case of HCV: when HCV RNA is detected, the
probability of transmission reaches 10%, which is 3-5
times higher than the corresponding figure (1.8-3.1%)
for cases with undetectable levels [15]. The risk of HBV
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Table 6. Mutations identified in the Core region within the study group

Tadauma 6. Myranuw, BeisiBieHHbIE B Core-perroHe B 00ciieyeMoi rpyrie

Frequency of occurrence in the group
Mutations YacroTta BCTp(e:ieli’[;))CTI/I B rpymnmne
Myras abs. Y 95% CI-, % 95% CI+, %
abc. 0 95% JIU—, % 95% JIA+, %
T12S 4 21.1 6.1 45.6
S21Q/A 3 15.8 3.4 39.6
V271 1 5.3 0.1 26.0
A34T 1 5.3 0.1 26.0
E40D 4 21.1 6.1 45.6
E64DE/D 2 10.5 1.3 33.1
T67N 1 53 0.1 26.0
N74A/G/V 19 100.0 824 100.0
E77D 1 53 0.1 26.0
A80I/T 6 31.6 12.6 56.6
N87S 19 100.0 82.4 100.0
N92H 1 53 0.1 26.0
197F 19 100.0 82.4 100.0
E113D 1 53 0.1 26.0
L116l 18 94.7 74.0 99.9
A131P 1 53 0.1 26.0
RI133KR 1 53 0.1 26.0
RI51G 1 53 0.1 26.0
R174HR 1 53 0.1 26.0
S183P 3 15.8 34 39.6

transmission can reach 40% [15, 20], but in this case, it
is also necessary to consider the probability of infection
from individuals with HBsAg-negative HBV with an un-
detectable viral load, since the infectious dose of HBV is
only 16 copies of the virus, or 3.5 IU/mL [21].

As mentioned above, in order to assess the occupation-
al risk of infection and the risk of pathogen transmission
between patients, it is important to consider not only the
likelihood of contact with potentially infected biological
fluids and contaminated instruments, but also the preva-
lence of blood-borne infections among individuals seek-
ing dental care.

However, the search for literature in open sources did
not reveal any similar studies in St. Petersburg or in the
Russian Federation as a whole, which underscores the
novelty of the data presented. This is especially relevant
given the significant number of publications indicating a
high prevalence of dental pathology among both HIV-in-
fected individuals [22], and individuals with parenteral
viral hepatitis [23]. Studies conducted in other countries
demonstrate a wide range of indicators, strongly depen-
dent on the region and the overall epidemiological situa-
tion [24-26], which makes local monitoring relevant.
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In the group examined, the prevalence of HIV Ag/Ab
was 1.2%, with 2 samples confirmed by immunoblotting,
accounting for 0.4% of the total group. HIV RNA was not
detected. Apparently, two patients with confirmed HIV
infection received antiretroviral therapy, which signifi-
cantly reduces the likelihood of pathogen transmission.

In the Russian Federation, the overall prevalence of HIV
infection is about 0.78%, with this figure reaching 1.42%
among the population aged 1549 years, and the high-
est values (1.27-2.73%) recorded in the 30—49 age group
[27]. Our data are generally consistent with these indica-
tors, although the frequency of HIV Ag/Ab detection in
our study slightly exceeds the all-Russian data, but the
frequency of confirmed HIV infection corresponds to the
overall prevalence of the pathogen in the population. The
prevalence of HIV in the surveyed group was, as expect-
ed, lower than among persons held in pretrial detention
centers (23.19%) [28], but higher than among healthcare
workers (0%) [29].

The anti-HCV seroprevalence in the examined group
was 3.8%, which is higher than both the population level
(1.7%) and the level among healthcare workers (1.17%)
[29], but lower than the prevalence of the marker among
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prisoners (60.14%) [32], and among HIV-infected indi-
viduals (18.87%) [30]. At the same time, the prevalence
of active infection, determined by the presence of HCV
RNA, does not exceed 1%, which reflects the incidence of
hepatitis C in the Northwestern Federal District (NWFD)
(49.2 cases per 100,000 population) [31].

However, nucleotide sequence analysis conducted on a
limited sample of three specimens allowed for the iden-
tification of HCV genotypes 1b, 2a, and 3a, which are
characteristic of the Russian Federation and St. Peters-
burg [7, 31].

The detection of the L159F mutation in the NS5B region
of the Dental296 sample (genotype 1b) is of particular
interest because, according to the literature, this substitu-
tion is associated with a decrease in the sensitivity of the
virus to sofosbuvir, a key drug in pan-genotypic treatment
regimens. According to research, L159F belongs to the
so-called “polymorphic” mutations, which can also occur
in untreated patients, but their presence requires careful
monitoring of the effectiveness of therapy. Two other
substitutions of interest that have long been considered
atypical and clinically insignificant are C316N in NS5B
and V170I in NS3, which were identified in the same
sample. Although the C316N mutation is rare in natural
HCV populations (frequency less than 1% according to
the EU HCV Resistance Database), it is known as a mark-
er of resistance not only to sofosbuvir but also to dasabu-
vir, a component of combination treatment regimens
[32]. This is because positions NS5B 316, 414, 448, 553
and 556 represent the binding pocket of dasabuvir [33].
Similarly, according to clinical observations, a substitu-
tion at position 170 in the NS3 protease may reduce the
efficacy of voxilaprevir, a second-generation protease in-
hibitor. It should be noted that the V1701 substitution has
been experimentally shown to be associated with reduced
viral susceptibility to boceprevir and simprevir [34]. The
combined presence of these three mutations in a single
clinical isolate, especially in a person who has not previ-
ously received PPD treatment, is particularly concerning,
as it may potentially limit therapeutic options. It is im-
portant to note that, according to Russian studies [31],
genotype 1b remains dominant in the Russian Federation,
which makes monitoring of such mutations particularly
relevant for domestic clinical practice. The frequency of
the above-described HCV mutations in the Northwest-
ern Federal District is 1.6-2% for L159F; for C316Y/N,
it ranges from 2% among treatment-naive individuals
to 9.1% among individuals with virological breakthrough
during therapy; V1701 was not detected [35]. The data
obtained emphasize the need to continue research on the
prevalence of resistant HCV strains in the region and
to develop personalized approaches to the treatment of
chronic hepatitis C.

The prevalence rates of HBV markers are of particu-
lar epidemiological significance. High levels of HBsAg
(2.4%) and anti-HBcore (25.6%) were recorded in the
study group, indicating a significant proportion of in-
dividuals with current or past infection and a relatively
low anti-HBs rate (32.0%), reflecting insufficient post-in-
fectious or post-vaccination immunity in the population.

OPUTUHAJbHbBIE NCCNEAOBAHUA

In Russia, the epidemiological situation with regard to vi-
ral hepatitis shows contradictory trends: despite a steady
decline in the incidence of acute forms, chronic hepati-
tis B remains widespread. In 2024, the rate of newly di-
agnosed cases of chronic hepatitis B reached 9.41 cases
per 100,000 population (13,770 cases), which is 11.4%
higher than in 2023 (8.45 per 100,000), but 12.7% lower
than in 2015 (10.78 per 100,000)*¢. The situation in St.
Petersburg is of particular concern, where the incidence
of chronic hepatitis B consistently exceeds the Russian
average™®. Although there has been a gradual decline in
chronic hepatitis B incidence rates since 1998, their per-
sistently high levels against the backdrop of low HCV
detection rates indicate the existence of a stable reser-
voir of infection and ongoing active transmission of the
virus. The high frequency of HCV markers detected in
this study among dental patients does not allow medical
procedures to be excluded as a significant route of trans-
mission. This seems particularly important, as the detect-
ed levels of HBsAg (2.4%) and anti-HBcore (25.6%) are
significantly higher than the prevalence of these markers
in the general population (1.3% and 11.3%, respectively)
and among healthcare workers (0.58% and 10.53%) [29],
but lower than among individuals in penitentiary institu-
tions (3.2% and 37.68%) [28].

The data obtained revealed statistically significant dif-
ferences in the frequency of anti-HBs and anti-HBcore
among different age groups. A characteristic pattern was
observed: anti-HBs levels are higher in younger age
groups, while anti-HBcore, on the contrary, is more com-
monly found in older individuals. Although the study is
limited by uneven distribution and a small sample size
across age groups, the pattern identified suggests that, if
the study is expanded, a more pronounced age dependence
will be observed — a progressive increase in the frequen-
cy of anti-HBcore and a decrease in anti-HBs levels with
increasing age of the subjects. In Russia, mass vaccination
against HBV began relatively late—only in 1997 was this
type of immunization included in the national vaccination
schedule. Four years later, in 2001, a vaccination program
for 13-year-old adolescents was launched, covering 96.5%
of the target group, while among adults from professional
risk groups, vaccination coverage was only 10-40%. A
significant expansion in hepatitis B vaccination coverage
occurred in 2006 with the launch of the national Health
Project, which provided for additional immunization of
adults aged 18 to 55. In view of the above, it is evident
that the identified patterns are associated with the intro-
duction of stages of vaccination against HBV, as well as
with the fact that the probability of encountering infection
increases statistically with age. Indirect confirmation of
this assumption is provided by the similar age dynamics
of anti-HBs and anti-HBcore (with an increase in detec-
tion frequency in the 60—70+ age groups), indicating that

SState report «On the state of sanitary and epidemiological well-being
of the population in the Russian Federation in 2024». Moscow; 2025.
8State report «On the state of sanitary and epidemiological well-being
of the population in the Russian Federation in 2023». Moscow; 2024.
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the increase in anti-HBs levels in older individuals most
likely reflects post-infectious immunity rather than the
effects of vaccine prophylaxis. This correlation between
markers is an important argument in favor of their infec-
tious origin in these age categories.

A significant proportion of individuals with a com-
bination of HBsAg + anti-HBs + anti-HBc (0.8%) and
anti-HBs + anti-HBc (16.7%) markers is noteworthy.
Analysis of the results obtained allows us to identify four
possible explanations for the observed serological combi-
nations: the presence of active HBV infection at the time
of examination; a complex of post-infectious antibodies;
vaccination of previously infected individuals without
prior screening for HBV markers; infection of vaccinated
patients with HBV strains containing escape mutations
(EM). Each of these options may contribute to the for-
mation of the identified serological profiles. These data
emphasize the importance of a comprehensive assess-
ment of infection markers when interpreting the results of
serological studies.

A high frequency of HBV DNA (3.8%) was observed,
including in the absence of HBsAg (1.8%). Interestingly,
the frequency of HBsAg-positive cases was higher than
in the general population and among blood donors (0.4%
each) and similar to the frequency among pregnant wom-
en (1.9%) [36]. At the same time, the prevalence of HB-
sAg-negative (occult) HBV is similar to that in the general
population (1.7%), but lower than among pregnant women
(2.8%) and blood donors (2.7%) [36]. When assessing the
prevalence of HBV DNA, no significant differences in the
frequency of HBV DNA were found between age groups,
regardless of the presence or absence of HBsAg.

Molecular genetic analysis showed that the HBV strains
studied belong to genotype D, which corresponds to the
current epidemiological situation in the Russian Federa-
tion and St. Petersburg, where this genotype is predom-
inant. Although, according to publications [31], cases of
infection with genotypes A and, in rare cases, C are also
registered in the region, these variants were not identified
in this study, which is apparently due to the limited num-
ber of HBV DNA-positive samples in the cohort under
study.

Analysis of HBV sequences did not reveal any muta-
tions associated with drug resistance. This observation
can be explained by two main factors: firstly, the absence
of antiviral therapy in the patients examined, which ex-
cludes selective pressure contributing to the emergence
of resistant strains; second, the low natural prevalence of
viral variants with similar mutations among the untreat-
ed population in this region. This epidemiological picture
is consistent with known data that resistance mutations
predominantly arise and become established in the virus
population under the influence of specific therapy, occur-
ring relatively rarely among untreated individuals [36].

The most significant result of the study was the almost
complete penetrance of escape mutations in the cohort
studied. In all analyzed HBV samples of the only detect-
ed genotype D, amino acid substitutions were detected in
three structurally significant positions — T113S, T114S,
and N131T, which indicates their potential significance in
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the characteristic molecular genetic features of this geno-
type. Although mutations at these positions have been de-
scribed by some authors as being associated with immu-
nological evasion, it is clear that the polymorphic variants
identified are characteristic of genotype D and either do
not relate to EM or are indirect evidence of a greater pre-
disposition of HBV genotype D to develop HBsAg-neg-
ative chronic hepatitis B. Anti-HBs IgG antibodies in-
duced by HBV vaccination is primarily directed at recog-
nizing the hydrophilic domain of HBsAg corresponding
to the conformational antigenic determinant “a” (amino
acid positions 124—-147). In the course of this study, a
spectrum of mutations was identified, including known
genetic variants associated with the phenomenon of eva-
sion of vaccine-induced immune response, as well as
those capable of disrupting HBsAg secretion and leading
to reinfection in liver tissues despite protective anti-HBs
titers: T125M, T127P, A128V, G130R, N131T, M133L/1,
Y134H, T140I, D144E, G145R [37, 38]. Furthermore, a
significant number of mutations detected in the S gene in
the study group are associated with the development of
occult chronic hepatitis B, including outside the “a” de-
terminant: Y100C, Q101H, M1031, D144E, G145R [37-
39]. The significance of these mutations is clearly con-
firmed in this study, including by the fact that most of the
above mutations are identified in HBsAg-negative HBV,
including in those with anti-HBs. According to available
data, the average frequency of mutations in the HBsAg
gene varies from 11% in North American populations
to 47% among patients with chronic hepatitis B in South
Korea, while in the MHR region, the frequency of muta-
tions demonstrates a genotype-dependent nature, ranging
from a minimum of 57.5% for genotype A to 100% for
genotype D [40], which corresponds to our results.

In the studied group, the double mutation BCP A1762T/
G1764A was detected in 10.5% of cases, which is clini-
cally significant given its proven association with the de-
velopment of liver cirrhosis and hepatocellular carcinoma
(HCC) [41]. This mutation has a multifactorial effect on
the pathogenesis of HBV infection, including a decrease
in HBeAg production due to the formation of a stop
codon, increased pregenomic RNA transcription, and
changes in the intracellular localization of HBcAg, which
contributes to the development of an active inflammatory
process. Experimental studies demonstrate that this muta-
tion causes significant changes in cell cycle regulation by
activating S-kinase protein 2 while simultaneously sup-
pressing the p21 inhibitor [42], and may also serve as an
early marker of carcinogenesis, being detected a decade
before the development of HCC [43]. Most mutations
in the preCore/Core region are point substitutions that
primarily affect HBeAg levels and viral load, and in the
Core region, they are mainly localized in immunoreactive
domains (MHC classes I and II), which can potentially
modulate the course of the disease [44].

The study identified clinically significant mutations
in the preCore region of HBV in 21.1% of patients. The
dominant G1896A (W28*) substitution, which disrupts
HBeAg synthesis [36], is particularly characteristic of
genotypes A/D [45]. The G1899A mutation (10.5% of
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cases in the cohort studied) also contributes to the pro-
gression of fibrosis and HCC [41, 42]. The W28*W and
W28*Y variants indicate a possible accumulation of
W28* during chronic infection.

The localization of amino acid substitutions in the
Core region is of particular interest, as many mutations
affect strategically important immunodominant regions
of HBcAg. These are primarily CD4" T-cell epitopes
(aal-20, 50-69, 81-105, 117-131, 141-165), cytotoxic
CD8* T-cell epitopes (aal8-27, 88-96, 130-140, 141—
151), and B-cell epitopes (aa74-89, 107118, 127-138)
[41]. A significant proportion of the mutations identified
(Table 6) occur in these immunologically active regions,
creating the molecular conditions for the virus to evade
the immune response. Such changes can disrupt antigen
processing and presentation, reduce binding affinity to
T- and B-cell receptors, and ultimately contribute to vi-
ral persistence and chronic hepatitis B progression. The
amino acid substitutions identified in the Core region
demonstrate two key pathogenic effects: an impact on vi-
ral persistence and the clinical course of infection. Struc-
tural and functional changes induced by the A131P and
R133KR mutations at positions 113-143 lead to modi-
fication of antigenic determinants and destabilization of
the nucleocapsid, which provides a selective advantage
to immune-evading variants of the virus. At the same
time, genetic markers of progressive liver damage have
been identified, including those located in B-cell epitopes
E77D, A80T, and L1161/V/G (polymorphism at this posi-
tion is present in almost all samples), as well as in T-cell
epitopes E64D. These polymorphic variants are associat-
ed with histopathological changes such as cirrhosis and
HCC [41, 42].

Despite significant heterogeneity of data due to inter-
population differences (including variability of viral gen-
otypes, patient ethnicity, immunological status, and pres-
ence of coinfections) and methodological discrepancies
between studies [41], a stable cluster of amino acid sub-
stitutions in the preCore/Core regions of HBV has been
identified, demonstrating a statistically significant associ-
ation with progressive fibrogenesis and HCC. Mutations
that modulate HBeAg expression and have been verified
as independent predictors of cirrhosis and HCC develop-
ment are of particular diagnostic significance, allowing
them to be considered as promising molecular markers
for risk stratification and predictive diagnosis of adverse
outcomes of HBV infection.

Mutations in key immunodominant regions of viral pro-
teins can significantly disrupt immune recognition process-
es, creating conditions for the development of persistent
HBV infection with a number of clinically significant
consequences. In particular, such amino acid substitutions
contribute to the formation of HBsAg-negative forms of
HBYV and also lead to increased variability in functionally
significant regions of the viral genome. These changes un-
derlie the mechanisms by which the virus evades immune
control, which ultimately determines the chronicity of the
infectious process and its progressive course [46].

The identified variability of the studied HBV genome
regions corresponds to known data on the significant nat-
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ural heterogeneity of the genotype D virus, which is as-
sociated with the chronicity of the infectious process, the
progression of pathology, and the formation of a latent
form of HBV.

Conclusion

The high risk of contact with biological fluids during
dental procedures, combined with a significant proportion
of patients with undiagnosed forms of viral hepatitis B,
C, as well as HIV infection, requires the unconditional
use of PPE, mandatory vaccination of medical personnel
against HBV, and, in the event of an emergency, compre-
hensive post-exposure prophylaxis, including a thorough
epidemiological history, assessment of the infectious sta-
tus of the source patient, analysis of the characteristics of
contact, and determination of the victim’s immunological
susceptibility to HBV.

This problem is particularly relevant given the high
prevalence among dental patients of the HBsAg-nega-
tive form of HBV, associated with the circulation of vi-
ral variants containing escape mutations. The detection
of isolates characterized by the simultaneous presence of
mutations leading to diagnostic errors in the detection of
HBsAg, reduced vaccine efficacy, virus reactivation and
disease progression poses a serious threat to the health-
care system and requires further in-depth research.
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