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Abstract

The review examines issues related to occult hepatitis B virus infection (OBI), which occurs at a late stage of
chronic hepatitis B (CHB) after HBsAg clearance. In clinical practice, OBl is detected by the absence of HBsAg and
the presence of antibodies to HBcAg in the blood serum and is often referred to as «past» or «resolved» hepatitis
B. However, hepatitis B virus (HBV) DNA remains in liver cells, is poorly detected by routine diagnostic methods,
and cannot be removed by existing therapies. Data on the prevalence of OBI vary, but it is found in all regions of
the world, much more often in regions with a high prevalence of HBV. Data on the association of OBI with fibrosis,
cirrhosis and hepatocellular carcinoma (HCC) have been obtained. It has been established that OBI is associated
with an increased risk of HBV reactivation in patients with infections with other viruses, as well as in cancer patients
whose treatment includes immunosuppressive therapy. HBV reactivation leads to severe consequences and, in
the absence of treatment, death of patients. It can be concluded that to achieve the goal set by WHO for the
eradication of viral hepatitis by 2030, it is necessary to solve the problem of OBI. In order to make this possible,
it is essential to create new, more sensitive and informative diagnostic tests, effective methods of HBV DNA
elimination, and to investigate the mechanisms of OBI development in more depth.
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CKpbITbIY renatut B: pacnpocTpaHeHHOCTb U KINIMHU4YecKas
3Ha4YMMOCTb. Pornb B BO3HMKHOBEHUM NATONMOrMu rnevyeHu
N COMeTaHHbIX BUPYCHbIX UHhEKLUN

Kyw A A

®IBY «HauunoHanbHbIN MccnegoBaTenbCKUii LEHTP 3NMAEMUONOrumM U Mukpobuornorun umenn H.®. Namanen»
Mwun3gpasa Poccun, 123098, r. Mocksa, Poccus

Pe3tome

B 0630pe paccMoTpeHbl BONPOChI, CBsi3aHHbIE CO CKPbIThIM renatutom B (CI'B), kOTOpbI BO3HMKAET Ha NO34HeN
cTtagum xpoHudeckoro renatuta B (XI'B) nocne knupernca HBsAg. B knuHuueckown npaktuke CI'B o6HapyxumBatoT
no orcytcTauto HBsAg 1 no npucytcTeuto aHTuTen K HBCAg B CbIBOPOTKE KPOBU 1 HACTO Ha3blBaOT «MPOLLEALLINM»
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unn «nepeHeceHHelM» renatutom B. OgHako [HK Bupyca renatuta B (BI'B) octaeTtcs B kneTkax neyeHu, nnoxo
BbISIBMAETCHA PYTUHHLIMW METOAAMMN ANArHOCTUKM U HE MOXET ObITb yaaneHa ¢ MOMOLLbIO MMEeLWNX METOAOB Te-
panun. laHHble o pacnpoctpaHeHHocTu CI'B pasnuyatoTcs, B 10 e Bpems CI'B pernctpupytoT BO BCex pernoHax
MMpa, 3HAYUTENBHO Yalle — B PernoHax C BbICOKOW pacnpocTpaHeHHocTbio BIB. MNMonyyeHbl gaHHbIe 06 accoum-
auum CI'B ¢ dpmnbpo3om, LMppo3oM neveHu 1 renatoknetodHon kapumHomon (MKK), cemgeTtenscTaytowwmne o noBbl-
LWEeHHOM pucke HebnaronpuaTHoro ucxoga XIMB y naumentoB ¢ CI'B. CI'B accouunpyetcst He Tonbko ¢ KK, Ho
TaKKe CO 3M0Ka4eCTBEHHbLIMU OMyXONsAMM APYrMX OpraHoB. YCTaHoBMEeHO, 4To CI'B cBA3aH C NOBbILLEHHBIM PUCKOM
peakTmBaumm BI'B y naumeHToB ¢ KOMHMEKLMAMM OPYrUMK BUPYCaMWU, a TaKkKe Y OHKONOrMyecknx 6onbHbIX, neve-
HMEe KOTOPbIX BKIMKOYAET UMMYHOCYMNPECCUBHYIO Tepanuio. PeaktuBaums BI'B npuBoguT K TsKenbiM NOCNEACTBUSM
N B OTCYTCTBME FlEYEHNS — K CMEPTU NauneHToB. MOXHO 3aKnio4YnTb, YTO ANA AOCTUXKEHNS Lienu, NocTaBneHHon
BO3, no nckopeHeHuto BupycHoro renatuta k 2030 r. Heobxoammo pewnTb npobnemy CIB. Onsa atoro cnegyet
co3gaTb HoBble, 6ornee 4yBCTBUTENbHbIE U UHAOPMATUBHBIE AMArHOCTUYECKNE TeCTbl, apdeKTUBHbBIE METOAbI
anumuHaumn JHK BB, a Takke 6onee rmyboko n3yyunTe MexaHu3Mbl pa3sutua CIB.

KnioueBble cnoBa: 0630p; eenamum B; supyc eenamuma B; ckpbimbili eenamum B; 4uppo3 nevyeHu; eenamokrie-
MOYHasi KapyuHOMa; codemaHHble 8UPYCHbIe UH(DEKUUU; peakmueayusi supyca eernamuma B

Ona umtnpoBaHus: Kyw A.A. CkpbITbii renatnt B: pacnpocTpaHeHHOCTb U KNnHUYeckas 3HauumocTb. Ponb B
BO3HWKHOBEHMM MATONMOMMM NeYEeHN U COYETaHHbIX BUMPYCHbIX UHGeKUMn. Borpockl supyconoauu. 2025; 70(4):
299-316. DOI: https://doi.org/10.36233/0507-4088-291 EDN: https://elibrary.ru/gms;jsl
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BnarogapHocTu. ABTOp BbipaxaeT npusHaTenbHocTb W.H. XabuueBoii-Tparvpa 3a nHTepec k TemMme uccrieoBaHusi, no-
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KoHdonukT nHTepecoB. ABTOp AeKnapupyeT OTCYTCTBUE ABHbIX U MOTEHUMArbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHbIX

c nybnukaumei HacTosILLEeN cTaTbu.

Introduction

The hepatitis B virus (HBV) can cause acute and
chronic liver diseases that pose a potential threat to life.
According to the World Health Organization (WHO),
published in 2024, 254 million people are chronically
infected with HBV, with 1.2 million new cases of infec-
tion and 1.1 million deaths annually, mainly from liver
cirrhosis and primary liver cancer!, and these statistics
could increase by 2030 [1]. For over four decades, a safe
and effective vaccine against hepatitis B has been in use;
however, the concentration of antiviral antibodies after
vaccination gradually decreases to a level below protec-
tive, and certain people do not respond to vaccination,
which contributes to the emergence of new cases of HBV
and the chronicization of the infection. To understand the
causes of this phenomenon, a more in-depth study of the
virus, its life cycle, and the diseases it causes is necessary.

The HBV virion (Dane particle) consists of a lipid
envelope containing large (L), medium (M) and small (S)
surface proteins, which represent the HBV surface antigen —
HBsAg. Inside the virion is a nucleocapsid composed
of 120 dimers of the core protein C (core) — HBc (HBCcAQ),
containing viral DNA and covalently attached polymerase
(P) of HBV (Fig. 1 a) [2, 3]. Moreover, the HBV genome
encodes a non-structural regulatory protein X, which is
found both in the nucleus and in the cytoplasm of infected
cells [4, 5]. The HBV genome (approximately 3.2 kb) is
represented by partially double-stranded relaxed circular
DNA, containing four partially overlapping open reading
frames (ORF): PreS1/PreS2/S, PreC/C, P and X, which
serve as templates for the formation of four HBV proteins —
S, C,Pand X (Fig. 1 b).

"WHO. Hepatitis B; 2024. Available at: https://who.int/news-room/
fact-sheets/detail/hepatitis-b
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The life cycle of HBV is schematically presented
in Fig. 2. The virus, having entered the body, reaches
the liver and attaches to the hepatocyte membrane, for
which the preS1 domain interacts with heparan sulfate —
anonspecific receptor on the surface of hepatocytes. Then
the virus binds with high affinity to the cellular receptor for
HBV — NTCP (sodium(Na*) taurocholate cotransporting
polypeptide) [6]. Recently, it has been shown that the
epidermal growth factor receptor also plays an important
role in the entry of the HBV virion into the cell [7].
After internalization via endocytosis, the virus loses its
envelope (uncoating), and the nucleocapsid particles
(core), containing relaxed circular DNA (rcDNA) and
viral polymerase, are transported to the nucleus. In the
nucleoplasm, cellular enzymes repair rcDNA and convert
itinto covalently closed circular DNA (cccDNA). cccDNA
associates with histones and non-histone proteins to form
amini-chromosome [8]. cccDNA s transcribed by cellular
RNA polymerase |1, resulting in a set of viral mMRNA,
including pregenomic RNA (pgRNA). Viral transcripts
are then transported to the cytoplasm and translated
into 7 HBV proteins: e-antigen (HBeAg), core (HBc),
polymerase (Pol), 3 surface proteins (large — L-HBs,
medium — M-HBs, small — S-HBs) and protein X (HBX).
Core proteins oligomerize around the viral polymerase
and pgRNA, and as a result of the encapsidation reaction,
a capsid is formed. In the capsid involving Pol, reverse
transcription of pgRNA into rcDNA occurs, initially
synthesizing the complementary negative single-stranded
DNA, followed by the second positive strand of DNA.
Mature capsids containing rcDNA are then transported
to the endoplasmic reticulum (ER), where they acquire
surface proteins. The virions formed in this manner exit
the infected cell via exocytosis and are able to infect
new cells. Certain capsids containing rcDNA can be
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Fig. 1. Schematic representation of the hepatitis B virus structure.
a — the Dane particle — the HBV virion; b — the viral genome.
Puc. 1. Cxemarnueckoe n3o0paxxeHne CTPYKTYpbI BUpyca renatura B.

a —yactuna [leiina — BupuoH BI'B; 6 — BupycHBIif TeHOM.

transported back to the nucleus to maintain the pool of
cDNA (Fig. 2) [9, 10].

Along with the formation and maintenance of episomal
cccDNA in the nucleus, which is necessary for viral
replication, HBV DNA integration into the host genome
often occurs at an early stage of infection [11, 12]. The
integrated genome is incapable of replication, while
certain genes remain active, and data is accumulating on
the role of integrated DNA in the development of liver
cancer [13, 14].

Perinatal HBV infection is a serious disease,
with 90% of infected infants progressing from acute to
chronic infection [15]. Acute HBV infection in adult
patients is characterized in most cases by spontaneous
resolution [16], during which HBsAg disappears
from peripheral blood (PB), viral DNA concentration
decreases, and there are no serological, biochemical, or
clinical signs of hepatitis. In such cases, it is referred to as
a resolved infection.

T.I. Michalak et al. were the first to show that after
recovery from acute hepatitis B, HBV DNA can be per-
sistently (up to 70 months) detected in the serum and pe-
ripheral blood mononuclear cells. The authors concluded
that the disappearance of HBsAg from the serum, the pro-
duction of anti-HBs antibodies, and even the normaliza-
tion of liver function may not reflect complete recovery
from an infection caused by HBV [17]. This conclusion
has been confirmed by numerous subsequent studies,

which have shown that modern hepatitis B treatments do
not ensure complete eradication of the virus [18, 19]. This
is related to the peculiarities of the virus’s life cycle and
the dynamics of the infectious process.

Immediately after HBV infection, the virus’s DNA and
HBsAg may not be detectable in the serum/plasma, but
they can still be transmitted to recipients. An example is
described in the study [20], in which the authors examined
two blood donors and did not detect either HBsAg or HBV
DNA. However, hepatitis B virus (HBV) was detected in
the recipients of blood from these donors. Both donors
subsequently tested positive for HBsAg and developed
acute hepatitis. According to other authors [21], the
diagnostic window period can range from 19 to 35 days.
To support their findings, the authors provided data
indicating that 35 days after receiving material from the
donor, neither HBsAg nor HBV DNA were detected in it;
however, the recipient developed an HBV infection with
a virus strain identical to the strain that was later detected
in the donor. Similar data are provided by I.F. Golubeva
et al., who concluded that HBsAg is detected in most
cases following the incubation period 3-5 weeks after the
moment of infection [22]. It is believed that during the
window period, which is before HBV DNA appears in the
blood, it is most difficult to detect the infection.

The hidden (occult) period, undetectable by routine
testing, can occur both in the early and the later stage of
the infection (Fig. 3).
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Fig. 2. Schematic diagram of the hepatitis B virus life cycle in an infected cell.
Explanations in the text.
Puc. 2. Cxemarnueckoe MpeAcTaBIeHUE )KU3HEHHOTO IMKJIa BUpyca renatura B B uHQUIUpPOBaHHOM KIIETKe.

TTosicHeHus B TekcTe.

HBsAg is an early serological marker of HBV infec-
tion, the level of which significantly increases upon en-
tering the active phase, which is also characterized by a
high level of HBV DNA replication, synthesis, and the
appearance of HBsAg and HBeAg in the blood plasma
(Fig. 3). The detection of HBsAg in the blood 6 months
or more after infection indicates the transition of the in-
fection to the chronic stage, during which seroconversion
occurs with the appearance of antiviral antibodies in the
blood: anti-HBs, anti-HBc, anti-HBe [23]. Chronic hepa-
titis B can last for years.

With the advent of HBV DNA detection methods in
the 1980s, data accumulated showing that HBsAg-nega-
tive [HBsAg(—)] hepatitis occurs both in endemic regions
where chronic hepatitis B is prevalent (> 8%) and in re-
gions with relatively low chronic hepatitis B prevalence
(< 2%) [24]. Chronic hepatitis in patients with HBsAg(—)
but with HBV DNA(+) has come to be called hidden or
occult.

By 2017, numerous data on HBsAg(—) hepatitis led the
European Association for the Study of the Liver (EASL)
to revise the classification of chronic hepatitis, which pre-
viously included 4 stages of infection. The stages/phases
of chronic hepatitis B were designated as follows: | —
HBeAg-positive chronic infection, Il — HBeAg-positive
chronic hepatitis, 111 — HBeAg-negative chronic infec-
tion, IV — HBeAg-negative chronic hepatitis, V — HB-
sAg-negative phase [25]. During phase (V), HBsAg is
not detected in the peripheral blood, but the viral genome
remains in liver cells and can replicate at a low level or
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exist as integrated HBV DNA in human chromosomes.
This condition is defined as occult hepatitis B [25, 26].

The EASL Guidelines define occult hepatitis B infec-
tion (OBI) based on the following parameters [24]: neg-
ative HBsAg in serum; presence of antibodies to the core
antigen of hepatitis B virus (anti-HBc); normal alanine
aminotransferase levels; presence or absence of HBV
DNA in serum, but mandatory presence of cccDNA capa-
ble of replication in the liver of patients. In cases where
HBsAg is present but not detectable using available com-
mercial tests, for example, due to mutations in the S gene,
chronic hepatitis B cannot be classified as the V form —
OBI [27].

At the end of December 2024, the Ministry of Health
of Russia approved the updated Clinical Guidelines
for Chronic Viral Hepatitis B, developed by the V.I.
Pokrovsky National Association of Specialists in Infec-
tious Diseases and the Russian Scientific Liver Society
The classification of chronic hepatitis B by phases of the
infectious process coincides with the one provided above
[24]. The fifth phase of the infection is designated as the
«HBsAg-negative phase (OBI)»2.

The aim of the review is to summarize the available
data on OBI, draw attention to the significance of OBI
and virus reactivation in diseases of the liver and other
organs, identify problems requiring further study, and
point out prospects for their solution.

2The rubricator of clinical recommendations. Available at: https://
cr.minzdrav.gov.ru
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Fig. 3. Changes in the levels of hepatitis B serological markers in the dynamics of HBV infection.

Explanations in the text.
Puc. 3. l3MeHeHus1 ypoBHEH ceposIornuecKux MapkepoB renaruta B B auHamuke BI'B-undexunu.

TlosicHeHus B TeKcTe.

The prevalence of occult hepatitis B

The assessment of the prevalence of OBI varies
significantly in the works of different authors and, as
noted, depends on the prevalence of the virus in differ-
ent regions of the world. The determination of OBI is
conducted in different population groups, including the
general population, among practically healthy individ-
uals, among patients with chronic hepatitis B and other
liver diseases, as well as in high-risk groups for OBI
reactivation and adverse disease outcomes. The Table
presents data obtained from the study of two popula-
tions in different countries and regions of the world:
the general population and the donor population, which
is the most frequently and thoroughly examined popu-
lation. The results of individual studies, as well as the
data from the meta-analysis of the OBI, are presented.

The data presented in the table showed that
the prevalence of OBI in the general population,
when studying blood serum, varies significantly:
from 0% (among 540 healthy residents of Russia in
Moscow) and 0.82% (among more than 3 million ex-
amined people in 34 countries worldwide) to 11.5%
in China, 12% in Vietnam, and 9.4-13.3% in African
countries. These data confirm the correlation between
the prevalence of OBI and the level of HBV endemic-
ity. The highest prevalence of HBV is observed in the
Asia-Pacific and African regions, where more than half
of the world’s population resides. According to WHO
data, in 2022, these regions accounted for at least 63% of
new HBYV infections worldwide and approximately 1.08

million deaths®. This is reflected in the high prevalence
of OBI: for example, in China, according to R. Xia
(2022), there are 21 million people living with OBI [41].
It should be noted in particular that when studying liv-
er samples, OBI is detected significantly more often
than in blood serum. Thus, as a result of studying liv-
er samples in Western Europe and North America, OBI
was detected in the general population in 28% of cases,
whereas in the analysis of blood serum from 34 coun-
tries, it was detected 34 times less frequently —in 0.82%
of cases (table). Principally similar data were obtained
by Y.R. Im et al. (2022) as a result of a meta-analysis:
the prevalence of OBI markers in 140,518,289 serum or
plasma samples was on average 0.09%, while in 2,598
liver samples it was 34.8% [42]. According to the au-
thors [43], data on the detection of HBV DNA in the
liver are presented in only 10% of all published studies
on OBI. It can be assumed that the prevalence of OBl is
significantly broader than currently known based on the
analysis of only serum or plasma.

A comparative analysis of the data in the table showed
that among blood donors in almost all regions and coun-
tries of the world, the frequency of detecting OBI was sig-
nificantly lower than in the general population (from 2—4
times to 100 times or more), however, even in this popu-
lation, there was significant data variability. According to
the meta-analysis by G.R. Takuissu et al. (2022), the prev-

SWHO. Global Hepatitis Report 2024. Action for access in low-
and middle-income countries; 2024. Available at: https://who.int/
publications/b/68511
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Table. Prevalence of occult hepatitis B in the general population and in the blood donor population in different regions and countries of the world
Taﬁ.lmua. PaCHpOCTpaHeHHOCTL CKpPBITOI'O renarura BB 06Lueﬁ MonyJIisiUuU 1 B IOIIYJISIHUN TOHOPOB KPOBU CPEIN HACCIICHUS B pa3HbIX pEruoHax

U CTpaHax Mupa

. Surveyed contingent h HBYV DNA test, detection limit
Region/Country Y P — Prevalence of OBI (%2 Tecr na JIHK BI'B, npeen Reference
Peruon/Crpana Pacnipocrpanensocts CI'B* (%) Ccblika

KOHTHUHI'CHT OIIPEACICHU
General population Nested PCR
. OO0u1ast momysIus 6/52 (11.5) T'ue3nosas I[P [28]
China
Krait Blood d Nested PCR, < 6 1U/ml
ood donors este , < m
JloHops! KpOBHU 31/44 256 (0.070) I'mesmosas [LIP, < 6 ME/mn [29]
Western General population 2
Europe and OG6mas nonynsus 92/329 (28) PCR, various tests and detection [30]
North limits in different countries:
America 34 countries* General population 1.69-154 1U/ml
SarmaHas 34 ctpansr* OG61mas r?or?ynﬂum 1159/3 667 171 (0.82) ILIP, pa3Hble TECTHI M MPEAIETBI [31]
EBpona n ONpeACI/ICHUS B Pa3HbIX CTpa-
CesepHast 25 countries ® Donors? Hax: 1,69-154 ME/mn
Amepuka 25 crpai’ Jlomopsr® > 10 000 000 (0.05) [32]
General population Nested PCR, < 10 TU/ml
OO01u1ast momysus 7158 (12) I'uesnosas TP, < 10 ME/mn [33]
Vietnam
Brernam Nested PCR, 30-40 copies/ml
ﬂilggdb??cn?)fn 21623 (0.3) Tesnosas TP, [34]
PRI KD 3040 xomuit/min
Gambia General population Nested PCR, <5 IU/ml
Tamb6us OO01u1as momysIus 31/330 (9.4) T'uesmosas TP, < 5 ME/Mn [35]
Cameroon Blood donors gPCR, 25 IU/mL
Kamepyn JloHopBI KpOBH 11/240 (4.5) IPps, 25 ME/Mn [36]
. PCR, different tests
. 6 African o SRR e
Africa countries® General population > 1000 000 (13.3) and detection limits in different
Adpuxa 2 countries [31]
P 6 crpan OO1wast oMmyJIsAHs (0-35.6)
Adpxu® TILIP, pa3Hble TECTBI U MpEIEIbI
P OIIpEaCIICHUS B Pa3HbIX CTpaHax
Various regions PCR, different tests
of Africa n and detection limits in different
Pasnbie Hlilogd d(lJ(n(())rs 3 (3.18)7 countries [37]
PErHOHBI HOPEL KpoBH TP, pa3Hble TeCThl U Ipeaebl
Adpuku OIpENENICHNUs B Pa3HbIX CTPaHaX
General population gPCR, 100 IU/mL
OO0uiast momyJasiuus 0/544 (0) MLPps., 100 ME/mn [38]
Russia Blood donors Nest PCR
Poccust JIOHOpPBI KPOBH 76/2788 (2.85) I'uesnosoii ITLIPps [39]
Blood donors 712492 (0.28) PCR, 100 copies/ml [40]

JIOHOPBI KPOBH

TILIP, 100 xormmii/mix

Note. 1 — absence of HBsAg, presence of anti-HBc and HBV DNA in serum/plasma; 2 — liver biops samﬁles; 3 — meta-analysis of data; 4 — countries
of Europe, Africa, North and South America, Asia; 5 — countries of Europe, Asia, Africa, North and South America, Oceania; 6 — Botswana, Burkina
Faso, Egypt, Nigeria, South Africa, Uganda; 7 — 86 publications present the results of a survey of 4074,603 blood donors, the number of donors with
OBI was studied in 14 publications, the total number of donors with OBI is indicated only as a percentage. gPCR — quantitative real-time PCR.

IIpumeuanne. 1 — orcyrcreue HBsAg, npucyrcrue antu-HBc u JIHK BI'B B cbiBopoTke/Tua3mMe KpoBH; 2 — 00pasiibl OMONCHH NeUeHH; 3 — MeTa-
aHanu3 AaHHbIX; 4 — crpansl EBponsl, Appuku, Ceseproit u FOxHo# Amepuku, Asun; 5 — crpansl EBpornbl, A3un, Adpuku, CesepHoit u HOxHoi
Awmepuky, Oxeanny; 6 — borcBana, Bypkuna-®aco, Eruner, Hurepus, I0xxnas Adpuka, Yranga; 7 — B 86 myOIuKaIusax NpeJCTaBICHbl Pe3yIbTaThl
obcnenoBanus 4 074 603 1oHOPOB KPOBH, KosnuecTBO A0HOpoB ¢ CI'B n3yyeno B 14 nyOnukanmsx, obriee koindectBo goHopoB ¢ CI'B yka3aHo Toib-
ko B mponenrax. [11IP — monumepasnas nemnnas peakuust; [IL{PpB — kommuectBennas 1P B peansHOM BpeMeHH.

alence of OBI among blood donors varied from 0.7% (in
Europe) to 16.7% (in Southeast Asia with high endemicity
of HBV) and overall was 6.2% [44]. Experts acknowledge
that blood transfusions from donors with OBI pose a risk
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of transmitting HBV, with the residual risk of transmission
estimated at 3-14% [45]. To prevent the transmission of
the virus, it is recommended to screen blood donors using
highly sensitive serological and molecular tests [32].
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It should be noted that the currently available data do
not allow for an assessment of the global prevalence of
OBI in the general population, as the size of the surveyed
groups is relatively small, especially for large countries.
Moreover, the studies use tests with varying sensitivity,
and standards have not yet been established, which com-
plicates the comparative assessment of the obtained re-
sults.

The largest number of studies is dedicated to the
analysis of high-risk populations for developing hepa-
titis B. These include: patients with chronic hepatitis B
and other liver diseases; patients on hemodialysis; can-
cer patients; patients co-infected with HBV and other
viruses, as well as individuals with weakened immune
systems. The results of the analysis of OBI in high-risk
groups are summarized in several studies from recent
years. Analysis of OBI in Western countries with rel-
atively low levels of chronic hepatitis B showed very
high data variability: among patients with cryptogenic
cirrhosis or progressive liver fibrosis, the prevalence
of OBI ranged from 4 to 38%; among HIV-infected pa-
tients — from 0 to 45%; among patients on hemodialy-
sis — from 0 to 54%; among patients co-infected with
HCV - around 52%; and even among blood donors,
who represent a low-risk group, the prevalence of OBI
ranged from O to 22.7% [46].

An assessment of the prevalence of OBI in 34 coun-
tries and regions showed [31] that the prevalence of
OBI significantly differs in high-risk groups compared
to the general population. Thus, in the general popula-
tion, the meta-analysis determined the prevalence of
OBI at an average of 0.82%, whereas it was 13.99%
among patients with liver diseases, 16.26% among
people with HIV infection and 4.25% among patients
on hemodialysis. Y.R. Im et al. (2022) compared the
prevalence of OBI in countries with different endemic-
ity of HBV. The meta-analysis showed that in coun-
tries with low endemicity, the prevalence of OBI in the
blood donor population was on average 0.06%, while
in countries with high endemicity, the prevalence
amounted to 0.98% [42]. The assessment of the prev-
alence of OBI in high-risk groups conducted by these
authors revealed higher values: in countries with low
endemicity, it was 5.5%, while in countries with high
endemicity, it was 12.0% [42].

A meta-analysis of OBI in high-risk groups in Egypt
showed a high prevalence of OBI: while the prevalence
ranged from 1.26% to 4.16% in the general population
[47], it amounted to 17% in patients on hemodialy-
sis, 41% in patients with multiple transfusions, 15% in
patients with chronic hepatitis C, 31% in patients with
liver cancer, and 13% in patients with liver cirrhosis [48].
Among HIV-infected patients in various regions of Afri-
ca, OBI was identified in an average of 11.2% of cases
[49]. It should be noted that in Mexico, OBI was found
among HIV-infected patients much more frequently —
in 18/50 (36%) [50], than on average among blood do-
nors — in 6.4% of cases [51].

In Russia, as well as in other countries, the prevalence
of OBI was uneven among different population groups.
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For example, among 544 healthy residents of Moscow, no
cases of OBI were identified (table), whereas among he-
matological patients, the same authors found OBI in 5 out
of 129 (3.9%) patients [38]. Significantly more often —
in 7 out of 35 (20%) cases, OBI was detected in patients
with gastrointestinal diseases [52]. An assessment of
the prevalence of OBI among blood donors by certain
authors showed the presence of OBI markers in 76 out
of 2788 donors (2.85%) [39]; whereas other authors
found OBI among blood donors 10 times less frequent-
ly —in 7 out of 2492 (0.28%) cases [40]. At the same time,
among individuals using psychoactive substances (PAS),
these same authors found OBI almost 18 times more fre-
quently —in 3/62 (4.94%) cases.

Important data were obtained based on 76 studies of
OBI in cohorts of individuals vaccinated against hepatitis
B. OBI was detected in 1-37% of fully vaccinated in-
dividuals, including children born to vaccinated mothers
[53]. This means that, despite the significant success of
the universal vaccination program against HBV, reactiva-
tion of the virus in OBI cannot be ruled out, and to elim-
inate the virus and OBI in the human population, more
effective OBI vaccines need to be implemented in clinical
practice.

Summarizing the data presented above, it can be noted
that there is significant variability in the results regarding
the prevalence of OBI. These discrepancies can be ex-
plained by a whole range of circumstances, such as:

— small sample sizes in many, if not most, studies;
examination of populations from countries and
geographical regions with varying endemicity of
hepatitis B;

— analysis of heterogeneous populations differing by
sex, age and risk of developing adverse outcomes of
hepatitis B;

—examination of patients with various liver diseases and
at different stages of the pathological process, including
cryptogenic cirrhosis and progressive liver fibrosis;

— the presence of other diseases, including parenteral
viral infections of HCV and HIV etiology;

— the use of methods and test systems with varying
sensitivity and specificity for the detection of HBsAg
and HBV DNA in the liver and/or serum, which does not
exclude the possibility of obtaining false-positive and
false-negative results;

— various types of biological material: serum/plasma,
blood cells (PBMC), liver biopsies, paraffin-embedded
liver sections;

— the use of an inconsistent (often insufficiently
complete) set of markers in determining the OBI.

Clinical significance of occult hepatitis B

Opinions among researchers regarding the clinical
significance of OBI are ambiguous. The absence of
HBsAg in the serum/plasma of patients with chronic
hepatitis B is often considered as the resolution of the
disease, including after treatment [54-56].

At the same time, many studies provide data on the
negative impact of OBI on the clinical condition of
patients with chronic hepatitis B and the association of
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OBI with unfavorable outcomes of chronic hepatitis
B [57, 58]. It is noted that people with OBI can infect
others and that this form of infection may be associated
with serious complications such as liver cirrhosis and
hepatocellular carcinoma (HCC). [59].

Occult hepatitis B in liver fibrosis and cirrhosis

In patients with OBI, HBV replication is generally
suppressed, and a low viral load is detected, usually less
than 200 international units (1IU) per 1 mL of plasma/
serum [47]. However, the examination of patients with
chronic hepatitis B showed that the presence of HBV
DNA in the absence of HBsAg may be associated with a
severe course of hepatitis B, the development of fibrosis,
and liver cirrhosis. Thus, in a study of 83 patients with
OBI, liver fibrosis was detected in 52 (62.6%) of them
[60]. X. Tang et al. (2023) [61] examined 1772 patients
with liver fibrosis and determined that 148 of them (8.4%)
had OBI. Comparative analysis showed that in patients
with OBI, the levels of all fibrosis markers (hyaluronic
acid (HA), laminin, procollagen type Il peptide (PCIII),
collagen type IV (CIV), and the histological activity index
(HAI)) were significantly higher than in 1624 patients
with fibrosis but without OBI (p < 0.05). Moreover, HBV
DNA was significantly more frequently detected in liver
biopsy cells by in situ hybridization in patients with OBI
than in patients without OBI (80.6% vs. 37.5%). The
authors concluded that OBI is associated with a severe
form of liver fibrosis.

Patient examinations show that in at least 10% of
people, the etiology of chronic liver diseases remains
undetermined [62]. In such cases, liver diseases, in-
cluding cirrhosis, are referred to as cryptogenic [63].
Attempts to determine the presence of OBI in patients
with cryptogenic chronic liver diseases have been de-
scribed. In Iran, OBI was detected in 2/104 (1.9%) pa-
tients with cryptogenic chronic hepatitis [64]. It should
be noted that a low-sensitivity variant of the poly-
merase chain reaction (PCR) method was used for the
analysis of HBV DNA - 150 x 10® copies/mL. Other
authors from Iran found OBI in 11 out of 29 (38%) pa-
tients with cryptogenic liver cirrhosis. OBl DNA was
detected using real-time PCR and nested PCR meth-
ods, with DNA concentrations in patients with OBI
ranging from 22 to 7138 copies/mL [65]. In another
study from Iran, 7 out of 50 (14%) patients with cryp-
togenic liver cirrhosis had HBV DNA detected in their
serum and significantly elevated transaminase levels.
In the control group, none of the 80 healthy volunteers
had HBV DNA detected in their serum. Nested PCR
was used with a sensitivity for detecting HBV DNA
in serum of 19 IU/mL [66]. One possible explanation
for the significant variability of results from a single
endemic country may be the different composition of
patient groups, as well as the different sensitivity of
methods for detecting viral DNA.

Analysisofthecausesoflivercirrhosisin11lpatients[67]
showed the presence of hepatitis B markers — HBsAg and
anti-HBc — in the serum of 66 patients, while serological
markers of viral hepatitis were not detected in 18 patients,
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who were classified as having cryptogenic cirrhosis. The
study of HBV DNA showed its presence in the serum
of 7/18 (38.9%) patients, which allowed for the diagnosis
to be established in these patients. To determine the
causes of liver cirrhosis in 68 patients who underwent
liver transplantation, frozen liver samples were analyzed,
and OBI was detected in 3 (4.4%) patients, while in 2 out
of 3 patients with cirrhosis, the cause of the disease had not
been previously established [68]. Later, the same authors
studied liver biopsy samples from 104 HBsAg-negative
patients with various liver diseases of unknown etiology
and detected HBV DNA in 7 out of 104 patients (6.7%).
The authors concluded that for diagnosing cryptogenic
liver diseases, it is necessary to conduct tests that can
detect low concentrations of viral DNA characteristic of
occult hepatitis B [69].

Liver cirrhosis correlates with HBV infection in
approximately 42% of cases [42] and is the most important
factor contributing to the development of liver cancer [70].
According to data from large-scale retrospective studies,
patients with cirrhosis, despite HBsAg clearance, have
a 2-10 times higher risk of developing HCC compared
to patients without cirrhosis [71-74]. This shows that
liver cirrhosis associated with OBI can be a precancerous
condition [75].

Occult hepatitis B and hepatocellular carcinoma

HCC was one of the six most common types of cancer
and the third leading cause of cancer mortality worldwide
in 2020 [76]. In China, primary liver cancer is the 5th
most common type of cancer and ranks 2nd in terms of
mortality [77].

As mentioned in the Introduction of the study, HBV
DNA integration often occurs at an early stage of
infection, but can also occur at later stages, including
in patients with HBsAg clearance [11]. Integrated HBV
sequences, found in the majority (70-90%) of HCC
associated with chronic hepatitis B [78], can cause
insertional mutagenesis and genomic rearrangements;
however, the regulatory mechanisms of these processes
are still insufficiently studied [79, 80].

Data on the development of HCC in patients with OBI
are of interest. Chinese researchers noted spontaneous
clearance of HBsAg in 55 out of 1355 patients with chron-
ic hepatitis B. Over 23 months of observation, 18 out
of 55 (32.7%) developed serious complications, includ-
ing 11 (20%) with HCC. The authors concluded that the
absence of HBsAg does not exclude the risk of developing
HCC [81]. In another study, seroclearance of HBsAg was
determined in 298 patients with chronic hepatitis B, and
HBYV DNA was detected in the liver of all of them. In the
serum, HBV DNA was detected in 13.4% within 1 year,
in 6.1% after 5-10 years, and in 3.7% of patients more
than 10 years after the disappearance of HBsAg; 7 pa-
tients (2.4%) developed HCC. It was determined that the
risk of developing liver fibrosis and HCC was higher in
patients with OBI over the age of 50 (p = 0.004) [82].
T.C.Yipetal. (2017) [83] observed seroclearance of HB-
SAg in 4568 patients after treatment with nucleoside an-
alogs or interferon. After 1-5 years, 54 patients (1.2%)
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were diagnosed with HCC. The study results showed that
after the disappearance of HBsAg, the risk of developing
HCC is higher in women over 50 years of age and in men
of any age.

Long-term therapy that suppresses HBV DNA activity
can reduce the incidence and mortality of HCC; however,
complete cure of chronic hepatitis B is currently virtually
impossible, as there are no reliable methods to eliminate
integrated viral DNA from the human genome to date
[84, 85]. In this regard, the term «functional cure» is
used in the guidelines of the American Association for
the Study of Liver Diseases (AASLD) and EASL, which
is defined as the sustained absence of HBsAg and HBV
DNA levels in serum below the quantitative detection
limit 24 weeks after the start of treatment [86]. A term
with a similar definition — «functional response» to
treatment, is provided in the clinical guidelines approved
in Russia in 20242,

At the same time, data have been published showing
that after treating patients with chronic hepatitis B and
suppressing viral activity, the risk of HCC remains.
It should be noted that the frequency of developing
HCC in patients after HBsAg seroclearance varies
significantly in reports from different authors, ranging
from 0 to 20% [85, 87, 88].

In many recent studies, it is indicated that patients
with OBI have an increased risk of HCC [89, 90]. The
results of the study by D.K.H. Wong et al. showed that
the majority (69%) of HBsAg-negative patients with
HCC had OBI, among which 29 patients were found to
have cccDNA in liver cells and 43 patients had HBV
DNA integrated into hepatocyte DNA near oncogenes
[90]. In another study, 90 out of 251 (35.8%) patients
with chronic hepatitis were diagnosed with HCC and
focal liver lesions [91]. Importantly, among patients
with cryptogenic HCC, 73% were found to have OBI,
and HBV DNA was more frequently detected in tissues
adjacent to the tumor [92].

It can be concluded that in the absence of HBsSAg
and the detection of HBV DNA, the risk of developing
HCC remains, and this necessitates monitoring patients
with OBI for early detection of the tumor. Moreover,
researchers note that studying OBI in liver diseases is
crucial for achieving the WHO goal of eradicating viral
hepatitis by 2030 [56].

Data is accumulating on the role of OBI not only in
liver tumors but also in malignant tumors of other organs
[93]. In one study, in 4 out of 5 patients with pancreatic
cancer, whose blood serum was negative for HBSAg
but positive for anti-HBc, the expression of the HBV
X gene was detected in the tumor tissue. In 3 patients,
cccDNA of HBV was detected in pancreatic cells, and in
one patient, integrated HBV DNA was found [94]. The
authors believe that the basis of carcinogenesis could be
fragments of integrated viral DNA and HBx expression.

They indicate a link between HBV and a high risk of
developing B-cell lymphomas, especially in countries
where HBV is endemic [95]. Examination of patients with
HBV and B-cell lymphoma showed that chemotherapy
and immunotherapy with rituximab cure 60-65% of
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patients; however, those who do not respond to therapy
have an unfavorable prognosis [96, 97]. A meta-analysis
of studies from different regions of the world showed that
the likelihood of developing non-Hodgkin lymphomas
in HBV-infected individuals is 2-3 times higher than in
non-infected individuals [98, 99].

This means that patients with  malignant
lymphoproliferative diseases, including lymphomas,
should be screened for the presence of HBV infection
markers before starting therapy, and also monitored for
HBYV reactivation, which is often observed as a result of
comprehensive lymphoma therapy.

Reactivation of hepatitis B virus in combined
infections and during immunosuppressive therapy

Reactivation of HBV occurs in most cases in
individuals with chronic hepatitis B or OBI when
immunity is weakened, which is observed: 1) in the
elderly (over 60 years old), more often in men, and
with severe consequences of hepatitis (cirrhosis); 2) in
patients co-infected with other pathogens; 3) in patients
with  oncological and other diseases receiving
immunosuppressive therapy. Below are the studies that
confirm these observations.

Co-infection with hepatitis B virus (HBV) and hepatitis
C virus (HCV). According to the U.S. Food and Drug
Administration (FDA), between 2013 and 2016, 29
cases of HBV reactivation were reported in patients with
hepatitis C who were receiving direct-acting antiviral
agents (DAA). One patient died, and another required a
liver transplant [100]. Later, in patients with OBI infected
with HCV, reactivation of HBV after DAA treatment was
detected in an average of 3% of cases [101]. Similar data
were obtained in another study [102]: three months after
hepatitis C treatment with sofosbuvir and daclatasvir,
HBV reactivation was observed in 4 out of 140 patients
(2.8%). Significantly more often — in 81/111 (73%)
patients with hepatitis C and HBV — HBV reactivation was
recorded after treatment with ledipasvir and sofosbuvir.
Clinical manifestations of hepatitis were observed
in 10 out of 111 (9%) patients [103]. Reactivation of
HBV was observed in a patient with OBl who was
receiving ibrutinib [104]. After hepatitis C treatment,
HBV reactivation occurred more frequently in patients
with current HBV co-infection — in 10 out of 29 (34.5%)
patients, but also, although significantly less frequently, in
patientswith OBI—in 3 outof 228 (1.3%) [105]. Incontrast,
S. Meschi et al. [106] reported that among 137 patients
with HBV/HCV coinfection, HBV reactivation occurred
in 10% of patients with active hepatitis B and in 90% of
those with a past (occult) infection. The authors used
highly sensitive tests and believe that for analyzing the
risk of HBV reactivation, it is necessary to determine
not only HBsAg but also HBV DNA. Q. Magsood et al.
(2023) disagree with this, showing that markers such as
HBV DNA and pregenomic HBV RNA are not effective
for predicting HBV reactivation, and that only HBsAg
titer can be used as a biomarker for HBV reactivation
[107]. All authors agree that the risk of HBV reactivation
in co-infection with HCV is high, and this is explained
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by the fact that HCV inhibits HBV replication, whereas
the suppression of HCV as a result of DAA treatment can
lead to HBV reactivation [106, 108]. These assumptions
are in line with current recommendations, which state
that all patients with HCV who are planned to undergo
DAA treatment should be screened for HBsAg and HBV
DNA [109].

New coronavirus infection. COVID-19 has been
recognized as another cause of HBV reactivation, as its
treatment involves the administration of high doses of
corticosteroids and/or certain immunosuppressive drugs.
Thus, inthe examination of patientswith severe COVID-19
and markers of OBI who received the immunosuppressive
drug tocilizumab, reactivation of HBV was detected
in 2 out of 23 patients (9.7%). The authors concluded
that in such cases, prophylaxis with entecavir should
be conducted [110]. These results are consistent with
data on HBV reactivation in 4/23 (17.4%) patients with
COVID-19 who received immunosuppressants: in 1/8
(12.5%) HBsAg-positive patients and in 3/15 (20%) with
OBI [111]. The authors recommend testing all patients
with COVID-19 receiving immunosuppressive therapy
for the 3 markers of HBV infection — HBsAg, anti-HBs,
anti-HBc - and, if indicated, conducting prophylaxis for
HBV reactivation.

HIV infection. Reactivation of HBV in HIV-infected
individuals is facilitated by the immune suppression
caused by HIV infection. A summary of the results
from 50 studies showed that the global prevalence of
HBYV among children and adolescents was 7.5%, whereas
among HIV-infected individuals it was three times higher
at 24.2% [112]. Reactivation of HBV was observed in a
large group of HIV-infected women before the initiation
of antiretroviral therapy. In 8 out of 400 (2%) patients,
HCV was detected. The results of the study showed that
HIV-infected patients with OBl more often developed
immunosuppression (CD4 cell count < 200 cells/mm3)
and had higher levels of HIV RNA [113].

Oncological diseases. A high-risk group for HBV
reactivation consists of cancer patients. According to
available data, in cancer patients with chronic hepatitis B,
the frequency of HBV reactivation due to antitumor therapy
can range from 30% to 80%, depending on the drugs used,
the chemotherapy regimen, and the patient’s serological
status [114]. Reactivation of HBV can lead to severe
hepatitis, liver failure, or death [115]. It was previously
reported that the risk of reactivation of past hepatitis B in
lymphoma patients undergoing chemotherapy is 11% [116].
A recently conducted meta-analysis, including 328 cancer
patients with chronic hepatitis undergoing chemotherapy,
showed that 3% of them (10 cases) experienced HBV
reactivation. There are studies reporting that anti-HBV
prophylaxis before the start of antitumor therapy can
significantly reduce HBV reactivation in patients with
oncological diseases [117]. The authors emphasized the
importance of screening all patients for not only HBsAg
but also anti-HBc before chemotherapy for tumors, and
noted that the Centers for Disease Control and Prevention
and AASLD also recommended testing for HBV markers
in individuals receiving immunosuppressive therapy.

308

It has been established [118] that the risk of HBV
reactivation depends on the specific immunosuppressive
agent and whether the patient currently had chronic
hepatitis B (HBsAg+) or OBI (HBsAg—, anti-HBc+,
HBYV DNA+). Thus, in patients with chronic hepatitis B,
the highest risk of reactivation (> 10%) was associated
with the use of anti-CD20 agents after hematopoietic
stem cell transplantation (HSCT), whereas in patients
with OBI, it was associated with the use of Janus kinase
(JAK) inhibitors. Numerous immunosuppressive drugs
are also known to pose a moderate (1-10%) and low
(< 1%) risk of HBV reactivation in patients with tumors.
It has been established that the rate of HBV reactivation in
cancer patients with a history of chronic hepatitis B after
chemotherapy is on average 25% (4-68%). In the majority
(65%) of these patients, disease progression was observed,
which required liver transplantation, otherwise leading
to death [119]. Experts recommend that all patients with
positive HBsAg undergo hepatitis B prophylaxis before
starting immunosuppressive therapy. As for patients with
OBI, the risk of reactivation varies significantly and
depends on the use of different immunosuppressive drugs,
thus it is recommended to prescribe specific hepatitis B
prophylaxis in each individual case. It is noted that in
patients without HBsAg but with anti-HBc, who were on
immunosuppressive therapy without prophylaxis, HBV
reactivation can reach more than 10% [120, 121].

Immune mechanisms play a key role in the reactivation
of HBV. Disruptions in the host’s immune responses
against infected cells, as well as disruptions in the
signaling pathways of the interferon system, allow the
virus to evade the host’s immune defense and contribute
to reactivation. One of the priority areas in combating
HBV reactivation is the selection of antiviral drugs in each
specific case. It has been shown that the implementation
of personalized medicine — treatment approaches tailored
to the individual patient — can significantly influence
the prevention of HBV reactivation [122]. The authors
emphasize the importance of comprehensive treatment
for HBV reactivation, combining immunomodulation
methods with antiviral therapy.

Conclusion

OBI is attracting increasing attention from specialists
of various profiles, as evidenced by the growing number
of studies dedicated to this issue. The connection between
OBI and such serious consequences of chronic hepatitis
B as liver cirrhosis and HCC, as well as with malignant
tumors of other organs, has been demonstrated. Analysis
of OBI markers allows for the diagnosis in cases of
cryptogenic liver diseases. It has been established
that OBI is a risk factor for the reactivation of HBYV,
especially with a decrease in immunity. Reactivation of
the virus leads to a more severe course of hepatitis and
an unfavorable outcome of the disease. High-risk patients
include those with chronic hepatitis B co-infected with
other viruses: hepatitis C virus (HCV), SARS-CoV-2 and
HIV. A high risk of HBV reactivation has been established
in cancer patients with OBI undergoing chemotherapy.
The possibility of HBV reactivation in patients after
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blood transfusions from OBI-positive donors, as well
as the transmission of HBV to organ recipients during
organ transplants from OBI-positive donors, has been
demonstrated.

A series of measures must be taken to resolve the
issue of OBI. These include large-scale screening of the
general population, as well as high-risk groups for virus
reactivation and the development of hepatitis B. Due to the
low concentrations of HBV DNA in serum/plasma, as well
as the inability to obtain liver samples in most cases, it is
necessary to improve the diagnosis of OBI by increasing
the sensitivity of the tests used in clinical practice. The
prospects of using new HBV markers are being considered:
HBV RNA and HBcrAg (Hepatitis B core-related antigen).
HBcrAg is a new surrogate biomarker whose level
correlates with the level of cccDNA of HBV and allows
for the assessment of the presence and level of HBV DNA
in the liver without the use of invasive procedures. The
lack of therapeutics to target cccDNA currently does not
allow for the removal of the virus from the body. To disrupt
or suppress the activity of cccDNA, approaches based
on small-molecule inhibitors and CRISPR/Cas genome
editing technology are being developed. Addressing the
issues of OBI will contribute to achieving the WHO goal
of eliminating viral hepatitis by 2030.
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