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Abstract

Rationale. Hepatitis E (HE) is a zooanthroponosis. Domestic pigs are the main reservoir for hepatitis E virus
(HEV) in the Republic of Belarus (RB). Considering the well-developed pig farming, there is a high risk of infection
spread among the population; however, the scale of virus circulation and patterns of HE epidemiology in the
above region are still insufficiently explored.

The aim of the study is to assess HEV seroprevalence specific for the HE epidemic process in RB.

Materials and methods. Serum samples (n = 2,784) collected from patients of infectious disease departments
at hospitals (n = 1,669) and relatively healthy people (n = 1,114) from different RB regions were used to measure
the activity of alanine aminotransferase (ALT) by a kinetic rate method as well as IgG antibodies to HEV by the
enzyme-linked immunosorbent assay (ELISA).

Results. In the group of healthy people, anti-HEV IgG were detected in 7.3% (95% ClI, 5.8-9.0). In the group of
patients with liver disorders, the detection frequency was significantly higher, reaching 11.2% (95% Cl, 9.6-12.9).
In the groups of healthy people and patients with elevated ALT levels, the HEV seroprevalence did not depend on
their gender or the region of residence. The anti-HEV IgG detection frequency gradually increased among older-
age patients and reached the peak levels (15.9% on average) in the over-64 age group.

Conclusions. RB is characterized by intensive HEV circulation, while the HE epidemic process is characterized
by a latent nature. The actual prevalence of HE seromarkers among the RB population exceeds the frequency
of diagnosed cases, suggesting insufficient vigilance of healthcare workers towards HE and subclinical forms of
infection in most of the patients.
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AHHOMauyus

AxTtyanbHocTb. [enatuT E (TE) aBnsaercs 3ooanTponoHo3om. OCHOBHOW pesepByap Bupyca renatuta E (BI'E) B
Pecnybnuke Benapych (PB) — gomaluHue cBuMHbK, YTO, B CBSA3U C Pa3BUTOW CUCTEMOW CBMHOBOACTBA, Npeanona-
raet BbICOKWI PUCK pacnpoCcTpaHeHns MHeKLMn cpean HaceneHns, OgHako pearnbHble MacwTabbl LMpKynaumum
BMpYyCa 1 3aKOHOMEPHOCTK anuaemuonoruv 'E B JaHHOM perMoHe ocTaloTCsi ManonsyyYeHHbIMU.

Llenb — usyyeHne ceponpesaneHTHocTu BI'E, xapaktepuaytowen anugemuyeckun npouecc 'E B PB.
Matepuansi n metoabl. B o6pasiuiax CbIBOPOTOK KpOBK (N = 2784), NONy4YeHHbIX OT NauUeHTOB MHAEKLMOHHBIX
oTaeneHuni nevyebHo-NpoduNakTMHecknx yupexaeHuii (n = 1669) n npaktnyecku 30opoBbIx nogent (n = 1114) n3
pasHbix permoHoB PB, onpenensanu akTMBHOCTb anaHuHamuHoTpaHcdepasbl (AJTT) KMHETUYECKUM METOLOM U
aHTuTena IgG k BI'E meTogoM nMmmyHOEepMEHTHOro aHanmaa.

PesynbraTtbl. YacTtota BcTpevaemoctn aHTu-BIE IgG B rpynne ycrnoBHO 300poBbIX ntogen coctasuna 7,3%
(95% OW 5,8-9,0). B rpynne nauMeHTOB C MOpPaXeHWEM MeYeHW 3TOT MnokasaTenb Obin JOCTOBEPHO Bbille —
11,2% (95% OW 9,6—-12,9). CeponpeBaneHTHocTb BI'E B rpynnax ycnoBHO 300pOBOro HaceneHus 1 naumeHToB
C noBbILeHHbIM ypoBHeM AJlT He 3aBucena OT nona v pervoHa NpoXxvBaHusa obcnegyemMbix nuy. YactoTta Bbl-
sBneHns aHTK-BI'E IgG nocteneHHo HapacTana no Mepe yBenuyeHus Bo3pacTa, JOCTUrasi MUKOBbIX 3HAYEHNI
(B cpeaHem 15,9%) B BO3pacTHOM rpynne ctaplle 64 ner.

BeiBoabl. Ha Tepputopun PB nponcxoant nHTeHcneHas umpkynsaums BI'E, npu atom anngemunyecknin npouecc
[E B PB HOCUT cKpbITbI XapakTep. PeanbHoe pacnpoctpaHeHue cepomapkepoB BI'E cpean Hacenenus Pb
NPEeBOCXOAWT YacTOTy ANarHOCTUPOBAaHHbIX Cry4aeB 3aboneBaHnsi, YTO OTpaXkaeT OTCYTCTBUE HACTOPOXKEHHOCTH
MEAMLMHCKOro NepcoHana B oTHowweHun I'E 1 ykasbiBaeT Ha cybKnMHUYeckoe TeveHve 3abonesaHunst y 60nbLUNH-
CTBa NaLVeHTOB.

KnroueBble cnoBa: eenamum E, IgG, supyc eenamuma E, cepoanudemuonoausi

dmuyeckoe ymeepxdeHue. ViccnenoBaHne NpoBOAUMOCH NpW 4O6POBOILHOM MHGOPMUPOBAHHOM COrfacum naum-
eHToB. [poTokon nccnepoBaHus ofobpeH Atnyeckum komutetom BIMY (npotokon Ne 8 ot 26.04.2016).

HUcmoyHuk ¢huHaHcupoeaHusi. VlccnegoBaHue BbINOMHEHO B pamkax MexrocyaapCTBEHHOW nporpaMMbl MHHOBa-
LIMOHHOIO COTPYyAHMYeCTBa rocyaapctBs — y4vacTtHukoB CHI™ Ha mepwog go 2020 roga npv ovHaAHCOBOW MOAZEPXK-
ke MuHucTepcTBa Hayku U Bbicllero obpasoBaHus PP (yHuKanbHbIn naeHTudukatop npoekta RFMEFI61319X0091)
n FKHT PB.

KoHgbnnukm uHmepecos. ABTOpbI [eKNapupyoT OTCYTCTBME SIBHbIX M MOTEHUManbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukauunen HacTosILLEen cTaTbu.
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Introduction Diseases caused by HEV-1 and HEV-2 are anthropono-

The hepatitis E virus (HEV) is an RNA-containing
virus classified within the Hepeviridae family [1] and
having pronounced genetic polymorphism [2]. It has
been recognized as a major cause of acute viral hepati-
tis in the world. It has been estimated that approximate-
ly 939 million (1 of 8) people have experienced HEV
infection worldwide [3]. Five of 8 known HEV geno-
types (HEV-1 - HEV-8) can cause infection in humans.

ses; HEV-3 and HEV-4 infect animals, though can also
be transmitted to humans; HEV-5 and HEV-6 have been
isolated only from wild boars; HEV-7 can infect both
humans and dromedaries; HEV-8 has been detected in
Bactrian camels, and currently, no viral sequences of
HEV-8 have been found in humans. The global spread
of HEV is characterized by different epidemiological
patterns, which depend on environmental, social, and
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economic factors. Many developing countries are he-
patitis E (HE) hyperendemic, especially countries of
Southeast Asia and Africa, where the infection pres-
ents acute hepatitis that affects primarily young people.
Generally, HE is an acute self-limiting disease, which
usually resolves on its own, except for infection cases
among pregnant women and patients with underlying
liver disease, with mortality reaching 25 and 70%, re-
spectively [4].

In countries with poorly developed infrastructure
and hot climate, the disease is caused by HEV-1 and
HEV-2 transmitted by the fecal-oral route, through con-
taminated water sources. HE infection occurs both as
sporadic cases and as large epidemic outbreaks. Every
year, there are approximately 20 million HEV infection
cases, including more than 3 million symptomatic cases
and 70 thousand HEV-related deaths [5]. Until recently,
HE was thought to be of rare occurrence in economical-
ly developed regions, being mainly diagnosed in trav-
elers coming back from HE endemic countries. Cur-
rently, there is increasing evidence to the contrary [6].
Autochthonous HE infection in developed countries is
far more common than previously recognized, and can
be more common than hepatitis A [7]. HE mostly af-
fects older men, causing high incidence and mortality
rates. The disease has a poor prognosis in the context
of pre-existing chronic liver disease, and is frequent-
ly misdiagnosed as drug-induced liver injury. Unlike
imported infections caused by HEV-1 and HEV-2, au-
tochthonous HE in most developed countries is caused
by HEV-3 and is a zooanthroponotic infection common
among domestic and wild pigs [8]. People can be in-
fected with HEV when eating undercooked pork, raw
pork liver, and dry raw sausages or through direct contact
with infected animals during their occupational activity,
or through pig manure in contaminated settings causing
contamination of surface water, viral contamination of
crops and virus accumulation in filter-feeding shellfish
[9]. Many countries report cases of HEV-3 infection as-
sociated with blood transfusion. Chronic HEV-3 infec-
tion can develop in immunocompromised people: trans-
plant recipients undergoing immunosuppressive therapy
[10], patients with hematological malignancies [11],
HIV-infected patients with low CD4 T cell counts [12].

In developed countries, the infection caused by
HEV-3 is mostly asymptomatic [14]; however, in pa-
tients with chronic liver disease, it can often be compli-
cated by acute liver failure with the death rates reach-
ing 27% [13]. The authors of the study performed in
Denmark have found that though HE incidence is criti-
cally low, the population demonstrates high prevalence
of anamnestic IgG antibodies to HEV, which reaches
20%. This phenomenon of HEV epidemiology is ob-
served in most of the developed countries and is known
as the Balayan paradox in Russian literature [15].

The Republic of Belarus (RB) belongs to HE
low-prevalence regions [16] with 0.02-0.04 reported
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cases per 100 thousand population. There is hardly any
HE-specific diagnostics at healthcare facilities; there-
fore, there is no evidence of actual HE prevalence rates
in RB. Cases with manifest HE infection are generally
diagnosed with other diseases and, most likely, most of
them are recorded as hepatitis of unknown etiology. It
has been found that in RB, HE is autochthonous and can
be imported from other territories [17]. Domestic pigs
are the main HEV reservoir in RB [18]. As the HE epi-
demic process is presumably of latent nature, the assess-
ment of the actual HEV circulation among the popula-
tion and development of the required epidemic control
measures, considering the zooanthroponotic nature of
the infection, are of high priority to the RB healthcare.
The aim of this study was to assess the prevalence
of anamnestic IgG antibodies to HEV (anti-HEV IgG)
in different groups of population in the Brest and Minsk
Regions of RB, depending on the gender and age.

Materials and methods

A total of 2,784 sera samples were tested. All of
them were collected from different groups of popula-
tion residing in the Brest and Minsk Regions of RB.
The study participants were people representing 6 age
cohorts: under 25 years, 25-34, 35-44, 45-54, 55-64
years, and over 64 years. The profiles of the age cohorts
are presented in Fig. 1. Each age group included both
men and women; the average gender ratio was 1 : 1.13.
The gender-age profile of the groups from different re-
gions is presented in Table 1.

The study included two categories of people. The
first category included relatively healthy people (n =
1,114) with no gastrointestinal tract-related complaints,
with liver damage-specific liver enzyme, alanine ami-
notransferase (ALT) levels within the normal range
(< 53 IU/L). The other category (n = 1,669) included
patients of infectious disease departments at hospitals;
these patients had liver-related complaints, and their
ALT levels were more than twice as high as the normal
reference level (> 106 IU/L). The design of the study is
presented in Fig. 2.

The ALT activity in sera was measured with the
reagent kit for measuring the activity of aminotrans-
ferases (Analiz-X) in accordance with the manufactur-
er’s instructions. Anti-HEV IgG antibodies in serum
samples were detected using enzyme-linked immuno-
sorbent assay and the DS-EIA-ANTI-HEV-G reagent
kit (RPC Diagnostic Systems), in accordance with the
manufacturer’s instructions. We also used our own new
assay to detect IgG antibodies to HEV in sera based
on the indirect solid-phase enzyme-linked immuno-
sorbent assay [14]. Recombinant proteins ORF2 and
ORF3 HEV-3, which were developed at the Mechnikov
Research Institute of Vaccines and Sera, were used as
antigens [19]. All the positive results obtained with our
assay were verified through the repeat tests of samples
using the reference DS-EIA-ANTI-HEV-G kit.
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Fig. 1. Age cohort profiles.

The statistical analysis of the obtained results was
performed using the Statistica for Windows 12.0 soft-
ware (StatSoft Inc.). The quantitative variables were
expressed as a median (Me) of the upper and lower
quartiles (Q —Q,). The resulting data were verified for
their conformity to the normal distribution (the Sha-
piro-Wilk W-test). Nonparametric statistics methods
were used, if the conformity was absent. The signifi-
cance of differences between the groups was assessed
with the Mann-Whitney U-test for independent groups.
The association between the variables was measured
with the correlation coefficient calculated using Spear-
man’s non-parametric test. The qualitative variables
were analyzed for absolute frequency (7), relative fre-
quency — a percentage (%) of the total number of cases
in the studied group, and the 95% confidence interval
(95% CI). The significance of differences in percent-
ages was measured with the chi-square (y?) test. Differ-
ences were considered significant at p < 0.05.

Results

Anti-HEV IgG antibodies were detected in 268
of 2,784 serum samples collected from people in two
studied groups, amounting to 9.6% (95% CI, 8.5-10.8).
In the group of patients with liver disorders, anti-HEV
IgG antibodies were detected in 187 of 1,669 tested
samples, thus amounting to 11.2% (95% CI, 9.6-12.9).

In the group of healthy people, anti-HEV IgG antibod-
ies were detected in 81 of 1,114 tested samples, thus
amounting to 7.3% (95 CI, 5.8-9.0). Thus, in the group
of patients with liver disorders accompanied by elevat-
ed levels of specific transaminases, the detection fre-
quency of anamnestic anti-HEV IgG antibodies was
significantly higher than in the group of healthy people
(x> = 11.842; p = 0.00058; Fig. 3).

In both groups, the overall HEV seroprevalence
did not depend on the gender (Fig. 3). Among 268 se-
ropositive individuals, 112 were women, thus account-
ing for 8.6% of total 1,194 participating women (95%
CI, 7.2-10.2). Among 1,478 tested serum samples from
men, seropositive samples amounted to 156 (10.6%;
95% CI, 9.1-12.2). The differences in detection fre-
quency of anti-HEV IgG antibodies in men and women
in both studied groups are not statistically significant
(x> = 3.121; p = 0.07728). When studying the preva-
lence of anamnestic antibodies to HEV, we detected
anti-HEV IgG antibodies in sera of 43 of 613 wom-
en from the group of healthy people (7.0%; 95% CI,
5.1-9.5). Among the women from the group of patients
with elevated ALT levels, anti-HEV IgG antibodies
were detected in 69 of 693 samples (10.0%; 95% CI,
7.9-12.4). Thus, anti-HEV IgG antibodies in group of
women with liver disorders were detected more fre-
quently, with the detection rates close to statistically
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Table 1. Sex and age characteristics of the studied groups

Sex
Region Age category Total
female male
Brest region <25 62 64 126
25-34 57 52 109
35-44 49 127 176
45-54 67 95 162
55-64 117 85 202
> 64 87 54 141
Total 439 477 916
Minsk region <25 61 79 140
25-34 161 227 388
35-44 156 216 372
45-54 131 177 308
55-64 189 164 353
> 64 169 138 307
Total 867 1001 1868
Total 1306 1478 2784
% %
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11} = 11|
10,6% ~-
10} 10}
9t 91
=-- 8,6%
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Fig. 3. Detection frequency of anti-HEV IgG in the studied groups.
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significant (%> = 3,591; p = 0.05810). The detection fre-
quency of anamnestic antibodies to HEV among men
was different. Anti-HEV IgG antibodies in the samples
from the group of healthy people were detected in 38
of 501 samples (7.6%; 95% CI, 5.4-10.4). Among the
patients with liver disorders, anti-HEV IgG antibodies
were detected in 118 of 977 samples (12.1%; 95% ClI,
10.0-14.5), i.e. significantly more frequently than in
the group of healthy people (y> = 7.0813; p = 0.0078;
Fig. 4).

The analysis of the HEV seroprevalence in differ-
ent regions of RB showed that among residents of the
Brest Region, anti-HEV IgG antibodies were detected
in 80 samples out of 916 tested samples, thus amounting
to 8.7% (95% CI, 6.93-10.87). Among the participants
from the Minsk Region, antibodies were detected in 188
samples out of 1,868 tested samples (10.1%; 95% CI,
8.68—11.61). The detection rates for antibodies among
the participants representing different RB regions did
not demonstrate any statistically significant differences
(* = 1.25; p = 0.263392). Among the healthy women,
the detection rate was 6.6% for the Brest Region (14 of
213; 95% CI, 3.6-11.0), for the Minsk Region - 7.3%
(29 0f 400; 95% CI, 4.9-10.4). Among the healthy male
residents of these regions, anti-HEV IgG antibodies
were detected at a rate of 7.3% (12 of 165; 95% CI,
3.8-12.7) and 7.7% (26 of 336; 95% CI, 5.1-11.3), re-
spectively (Fig. 5).

Among patients with liver disorders, anti-HEV
IgG antibodies were detected more frequently; how-
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ever, no statistically significant differences depending
on the region of residence were found. Among the fe-
male residents of the Brest Region antibodies were de-
tected at a rate of 8.0% (18 of 226; 95% CI, 4.7-12.6),
in the Minsk Region — 10.9% (51 of 467; 95% CI, 8.1—
14.4). Among the men, anti-HEV IgG antibodies were
detected more frequently, though no significant differ-
ences that would depend on the region of residence
were found: The detection rate for the Brest Region
was 11.5% (36 of 312; 95% CI, 8.1-15.6), for the Minsk
Region — 12.3% (82 of 665; 95% CI, 9.8-15.3). Thus,
the analysis of the detection rate of antibodies to HEV
in different clinical groups, depending on the gender,
from the Brest and Minsk Regions did not show any
statistically significant differences, thus suggesting that
the HE epidemic process has similar patterns in these
regions.

The HEV seroprevalence increased with the age of
people. The comparison of detection rates of anti-HEV
IgG antibodies in people of the neighboring age groups
revealed statistically significant differences only in the
group of patients with liver disorders (Fig. 6).

In the age group over 64 years, antibodies were
detected in 46 of 228 patients (20.2%; 95% CI, 14.8—
26.9). This rate is significantly higher than in any other
age group of patients. For example, in the group of 55-
64 years, anti-HEV IgG antibodies were detected sig-
nificantly more rarely, accounting for 10.8% (32 of 295;
95% CI, 7.4-15.3; x> = 8.82; p = 0.003). In the group of
healthy people, significant differences in the anti-HEV
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IgG antibody detection rates were demonstrated only
by two age groups. In the group of 0-24 years, 4 pos-
itive sera were detected among 140 tested samples
(2.9%; 95% CI, 0.8-7.3). The group over 64 years had
25 of 220 seropositive individuals (11.4%; 95% CI,
7.4-16.8), showing significantly higher detection rates
than in the younger group (¥* = 7.25; p =0.0071).
Spearman’s correlation coefficient was used to find
the statistically significant positive association between
the detection frequency of anti-HEV IgG antibodies and
the increasing age of people. The highest value of the
correlation coefficient (n = 977; p = 0.124; p < 0.001)
was demonstrated by the male group with elevated ALT
levels (ALT+) (Table 2). The correlation coefficient
was calculated through the comparison of detection
frequencies of anti-HEV IgG antibodies in the studied
groups, depending on the age of the participants.

Discussion

The performed studies have shown that the detec-
tion frequency of anamnestic antibodies to HEV in the
groups of healthy population of RB is 7.3% on average,
thus being significantly lower than the seroprevalence
in the population of European countries — 9.3% (> =
5.45; p = 0.0196) [3]. In RB, this rate is comparable
with the rates in Italy and Switzerland, accounting for
7.28 and 7.25%, respectively [3]. At the same time,
the HEV seroprevalence among healthy residents of
RB is significantly lower than in France, Germany, the
Netherlands, and Poland, which are HE enclaves in Eu-
rope, where anti-HEV IgG seroprevalence ranges from
14.17% to 16.07% [3]. The meta-analysis of literature
data shows that in European countries, among patients
with acute hepatitis, the frequency of positive detection
results for anti-HEV IgG antibodies reaches 21.5% [3].
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Our studies show that the prevalence of specific anti-
bodies in the group of patients with elevated levels of
transaminases is as low as 11.2%, thus implying a less
significant role of HEV as a factor of viral hepatitis de-
velopment in the studied regions of RB. In the mean-
time, the actual prevalence of HE seromarkers among
the population is significantly higher than the number
of diagnosed cases, thus being indicative of the latent
intensive circulation of HEV. We can confidently as-
sume that the low number of recorded infection cases
can be explained by the insufficient vigilance of health-
care workers towards HE and by subclinical forms of
infection in most of the patients.

In RB, the detection rate of anti-HEV tends to in-
crease gradually with the age of people, reaching peak

levels of 20.2% in the over-64 age group of people with
liver damage. This increase can be caused by the long-
term, more than 20 years-long persistence of antibod-
ies in humans [20] and by epidemiological, clinical,
or pathogenic HE characteristics typical of people of
the senior age group. The correlative positive associ-
ation between the increase in the detection frequency
of anti-HEV IgG antibodies and the age of people is
statistically significant. The patterns of the retention of
antibodies in people and the age-related increasing de-
tection rate require further research.

This study did not find any statistically significant
differences in the prevalence of antibodies to HEV,
depending on the region of residence, which can be
explained by the similar levels of infrastructure devel-

Table 2. Spearman'’s correlation coefficient (p) for the detection frequency of anti-HEV IgG and the age of participants,

and its significance

Group p p
Total number of participants 2784 0,099 < 0,001
ALT+ 1670 0,099 < 0,001
Men 1478 0,113 < 0,001
Men ALT+ 977 0,124 < 0,001
Men ALT— 501 0,107 <0,05
Women 1306 0,091 < 0,01
Women ALT+ 693 0,080 <0,05
Women ALT- 613 0,109 <0,01
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opment, similar patterns of occupational activity and
lifestyle population as well as by similar patterns of the
HE epidemic process in the central and western regions
of RB.

The gender of an individual has no statistically

significant effect on the prevalence of anti-HEV IgG
antibodies, thus suggesting that there are no significant
differences in susceptibility of men and women to this
infection.

The obtained results highlight the importance of

wide-scale specific HEV diagnostics for patients with
hepatitis of unknown etiology. Urgent steps should be
taken to develop new sanitary and epidemic control
measures and to improve the existing programs aimed
at prevention of occurrence and spread of HE, consider-
ing the zooanthroponotic nature of this infection.
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3sepes Bumanutli Bacunbesuy — p[.6.H., npodeccop, akageMuk
PAH, HayuHbIn pykoBogutens HUNBC um. .. MeunnkoBa Mocksa,
Poccusi; 3aB. kad. mukpobuonoruv, BUpPYCONoruuv, MMMYHOMOTAU
MMIMY um. .M. CeyeroBa, Mockea, Poccus,
https://orcid.org/0000-0002-0017-1892

Yyacmue aemopoe. Bce aBTOpbl BHECNM CYLLECTBEHHbIN BKNaa B

npoBeAeHne NoNCKOBO-aHaNMTUYECKON pa6OTbI M NOAroToBKYy CTa-

TbU, MPOYNUN 1 0A0OPUIN PUHANBHYIO BEPCUIO A0 Mybnmkauum.
Cratbsi noctynuna B pegakuuto 05.02.2022;

npvHsTa k nyénukauum 18.03.2022;
ony6nukoBaHa 29.04.2022



