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Abstract

Introduction. Although domestic pigs and wild boars are the main reservoir of zoonotic hepatitis E virus (HEV)
genotypes in temperate countries, the presence of antibodies to HEV (anti-HEV) in the indigenous population of
circumpolar territories, i.e. outside the habitat of wild and domestic pigs, indicates the presence of an alternative
reservoir of the virus. Reindeer (Rangifer tarandus) may be a potential reservoir for HEV in the polar regions. The
purpose of the study was to determine the prevalence of anti-HEV among domestic reindeer in the Republic of
Sakha (Yakutia).

Materials and methods. Sera from 497 domestic reindeer from the Oymyakon (n = 425) and Ust-Yansky districts
(n = 72) of the Republic of Sakha (Yakutia) were tested for anti-HEV. A commercial ELISA kit DS-ELISA-ANTI-
HEV-G (Diagnostic Systems-Stolitsa LLC, Russia) was used for detection of anti-HEV IgG, but a rabbit polyclonal
antibody against deer IgG labeled with horseradish peroxidase (KPL, USA) at a dilution of 1 : 100 in phosphate-
buffered saline were used instead of the human specific conjugate from the Kkit.

Results. The average detection rate of anti-HEV in reindeer sera was 15.5% (95% CI: 12.6—-19.0%). The detection
rate of anti-HEV significantly increased with age, from 3.5% (95% CI: 1.1-9.0%) in calves aged 3-6 months to
25.0% (95% ClI: 1.6 —36.5%) in deer aged 2—4 years (p < 0.0001). From this age group, anti-HEV detection rates
reached a plateau, not differing significantly between older age groups (p > 0.05). The average anti-HEV detection
rate among reindeer 2 years of age and older was 19.0% (95% CIl: 15.3-23.4%). There were no statistically
significant differences in the frequency of anti-HEV detection between female and male reindeer, both among adult
animals and among calves.

Conclusion. The observed anti-HEV detection rates among domestic reindeer in the Republic of Sakha (Yakutia)
indicate that infection caused by HEV or an antigenically similar virus is common in these animals. The dynamics
of antibody accumulation in the reindeer population indicates that infection apparently occurs during the first two
years of life.
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Pestome

BeepeHue. HecMoTps Ha TO YTO AOMALLHME W AUKNE CBUHBW ABMSIOTCA OCHOBHbLIM pe3epByapOM 300HO3HbIX FeHO-
TUNoB Bupyca renatuta E (BI'E) B cTpaHax ymepeHHOro knumMara, Hanuuue aHtuten k BI'E (aHTu-BIr'E) y kopeHHo-
ro HaceneHns NPUMNONSPHLIX TEPPUTOPUNA, T.€. 3a NpeaenamMmn apeana obuTaHUsa AMKMX U OMaLLHWUX CBUHEN, yKa-
3bIBAET Ha HanuMume ansTepHaTUBHOIO pesepByapa Bupyca. MNoTeHumanbHbIM pesepsyapoM BI'E B npmnonspHbIX
pernoHax MoryT sBnsATbCA ceBepHble oneHun (Rangifer tarandus).

Llenblo uccnegoBaHusi ABNANOCH onpedeneHne pacnpocTpaHeHHoCcTW aHTu-BI'E cpean AoMallHMX ceBepHbIX
orneHen Ha TeppuTtopumn Pecnybnuku Caxa (Akytus).

MaTepuanbl n Metoabl. O6pasLbl CbIBOPOTKM KPoBM OT 497 gomaluHunx oneHen us OnMsikoHckoro (n = 425)
n Yctb-AHckoro parnoHoB (n = 72) Pecnybnukn Caxa (AkyTusa) Obinm nccnegosaHsl Ha aHTU-BIE metogom mm-
MYHOHEPMEHTHOTO aHanu3a C NMOoMOLLbI KOMMepYeckoro Habopa peareHToB «OC-UPA-AHTU-BIE-G» (OO0
«[narHoctnyeckme cuctemol-Ctonmua», Poccms) no npoTokony Npou3BoanuTens, 04Hako BMECTO YerloBE4ECKOro
crneumdmn4ecKoro KoHblorata 13 Habopa Mcnonb30Bany KPONUYbM NOMUKNOHanNbHbIE aHTUTena Npotus IgG oneHs,
MeyeHHble nepokcuaason xpeHa (KPL, CLUA) B passegeHumn 1 : 100 B dpocchaTHo-conesom Gydepe.
PesynbTathl. B cpegHem yactota BbisiBneHuss aHTM-BI'E B cbiBopoTkax ceBepHblx oneHew coctasuna 15,5%
(95% AN 12,6-19,0%). YacToTa BbIsSBNeHns aHTM-BI'E goctoBepHo yBenuumanack ¢ BospactoM: ¢ 3,5% (95%
O 1,1-9,0%) y oneHat B Bo3pacTte 3—-6 mec oo 25,0% (95% OU 1,6-36,5%) y oneHelr B Bo3pacte 2—4 roga
(p < 0,0001), n HauMHasA ¢ aTOro Bo3pacTa BbIXOAWMM Ha NMaTo, He pasnMyasch AOCTOBEPHO Mexay bonee ctap-
LMMKU BO3pacTHbIMK rpynnamu (p > 0,05). B uenom yactoTa BbisiBneHns aHTM-BI'E cpean oneHen B Bo3pacte 2
ropaa u ctaplue coctasuna 19,0% (95% AN 15,3-23,4%). CtaTMCTMYECKM 3HaYMMbIe Pa3nnyms No YactoTe BbisiB-
nexHusa aHTM-BI'E mexay camkamu n camuamMum ceBepHbIX OfeHen OTCYTCTBOBamNM Kak Cpeaun B3pOCTbIX XKUBOTHbIX,
TaK 1 Cpeam OrneHsAT.

3akntoyeHue. lNMonyyeHHble pe3ynbraThl BbisiBNeHUS aHTU-BIE cpean gomaluHux ceBepHbIx oneHen B Pecny-
6nmke Caxa (AKyTns) CBUAETENBLCTBYIOT O LUMPOKOM PacrnpoOCTPaHEeHWN Cpeamn 3TUX XMBOTHLIX MHeKuun, Bbl-
3biBaemount BI'E vnn aHTUreHHo cxogHbiM BUPYCOM. BbisiBNeHHas AnHamMuka HakonneHus aHTuten B nonynaumm
CeBEepHbIX OfNeHeln CBUAETENLCTBYET O TOM, YTO MHMULMPOBaHWE, NO-BUAUMOMY, NPOUCXOAUT B NepBble 2 roaa
XKM3HMW XNBOTHOTO.

KnroueBble cnoBa: supyc cenamuma E; anmumena; cegepHbIl OrneHb

Onsa untupoBaHusa: Kuyatosa B.C., MNotemknH U.A., Acagn MobapxaH ®.A., PymsHuesa T.O., Cemeros C.U.,
KiopersH K.K., Muxaiinos M.W. BeisiBneHne aHTuTen K Bupycy renatnta E y gomaluHnx ceBepHbIx oneHein (Ran-
gifer tarandus) B Pecnybnuke Caxa (Akytus). Bonpocs! supyconoauu. 2023; 68(6): 549-556. DOI: https://doi.
org/10.36233/0507-4088-206 EDN: https://elibrary.ru/ifzfnu

durHaHcuMpoBaHue. ViccrnenoBaHue BbIMOMHEHO 3a cHeT rpaHTa Poccuiickoro HayvHoro dooHaa (npoekT Ne 22-25-00549).
KoHdnukT nHTEepecoB. ABTOpbI AEKNapupyIOT OTCYTCTBME SIBHBIX M MOTEHUManbHbIX KOHIUKTOB MHTEPeCcoB, CBA3aH-
HbIX C NyGruKaumen HacTosLweln cTaTby.

AT1unyeckoe yTBepxaeHue. MNpoTtokon nccnegosaHusi ogobpeH dtmnveckum kommutetom GPrAOY BO «Cesepo-
BocTouHbI dhegepanbHbin yHuBepeuteT um. M.K. Ammocosa» (npotokon Ne 34 ot 30.03.2022). ABTOpbl noaTBEpPXAAOT
cobntoieHne NHCTUTYLIMOHAMbHBIX U HAaUMOHamNbHbIX CTaHAAPTOB MO UCMOMb30BaHNIO NMabopaTOPHbIX XUBOTHBIX B
cootBeTcTBUM ¢ “Consensus author guidelines for animal use” (IAVES 23 July 2010).
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Introduction

Hepatitis E virus (HEV), or Paslahepevirus balayani
(Hepeviridae family, Paslahepevirus genus) according to
ICTV taxonomy, is an RNA virus that causes acute hepa-
titis. However, chronic hepatitis develops in immunosup-
pressed patients [1]. Furthermore, this virus is character-
ized by tropism not only to hepatocytes, but also to a wide
range of other tissues, which causes frequently reported
extrahepatic manifestations of the infection, including
neurological [2]. HEV causes at least 20 million infec-
tions worldwide each year, about 3.3 million of which
are accompanied by the development of symptomatic
disease, has a mortality rate of 0.2-4.0% and is the most
common cause of acute viral hepatitis [3]. Previously, this
infection was thought to be relevant to tropical countries
with low levels of sanitary welfare, but in recent years,
due to increased awareness, surveillance of HEV and di-
agnostic coverage, it has become clear that HEV infection
is widespread in industrialized countries as well [4]. The
results of recent studies show that Russia is also charac-
terized by a high prevalence of the HEV infection and the
peculiarities of the epidemiology of infection observed in
industrialized temperate countries [5].

The epidemiology as well as the pathogenicity of the
HEV infection largely depend on the HEV genotype.
Currently, there are 8 known HEV genotypes [6]. Geno-
types 1 and 2 are strictly anthroponotic, causing outbreaks
and sporadic cases in developing countries [7]. Other
genotypes of the virus are capable of infecting different
mammalian species such as: wild boars (genotypes 3, 5
and 6), domestic pigs (genotypes 3 and 4), deer (geno-
types 3 and 4), rabbits (genotype 3ra) and camels (geno-
types 7 and 8) [8]. Genotypes 3 and 4 are associated with
all non-imported (autochthonous) cases of human infec-
tion with HEV in industrialized countries, with domestic
pigs recognized as the main source of infection. Accord-
ing to a consolidated expert consensus, HEV ranks 6th
among viruses with a high risk of zoonotic transmission,
emphasizing its zoonotic potential [9]. Apart from HEV
itself, a number of other members of the Hepeviridae
family, primarily Rocahepevirus ratti circulating among
rats, are also capable of causing disease in humans [10].

Although pigs, domestic and wild, are the main zoonot-
ic reservoir of HEV genotypes 3 and 4 in temperate coun-
tries, the presence of anti-HEV antibodies in indigenous
populations in circumpolar areas [11], i.e. outside the hab-
itat of wild and domestic pigs, indicates the presence of
an alternative reservoir of the virus. Reindeer (Rangifer
tarandus) may be a potential reservoir of HEV in circum-
polar regions. Reindeer are the main farm animal in the
vast circumpolar areas and the main source of meat for
the population, including the indigenous population of the
North. In addition to pigs, HEV of genotypes 3 and 4 are
known to be detected in different European and Asian
deer species [12]. Furthermore, Paslahepevirus alci, the
virus phylogenetically closest to HEV of all hepeviruses,
has been identified in moose [13]. However, despite sev-
eral reports of anti-HEV detection in reindeer [14-16],
the virus itself has not yet been isolated from this animal
species.

OPUTUHAJbHbBIE NCCNEAOBAHUA

We have previously described cases of anti-HEV detec-
tion in both reindeer herders and domestic reindeer in the
Republic of Sakha (Yakutia) [17]. The aim of the pres-
ent study was to determine the prevalence of anti-HEV
antibodies in reindeer in Yakutia on an expanded sample
including reindeer of different ages: from reindeer less
than one year of age to over 10 years old.

Materials and methods

A total of 497 blood serum samples were collected
from domestic reindeer in Oymyakonsky (n = 425) and
Ust-Yansky districts (n = 72) of the Republic of Sakha
(Yakutia) during the summer-autumn periods of 2022—
2023. In the Ust-Yansky district, blood serum samples
were collected mainly from reindeer under 4 months
of age (n = 60), while in the Oymyakonsky district,
samples were collected from animals of all age groups:
from reindeer under 6 months of age to reindeer
over 10 years of age. The distribution of samples by
study region and in the total sample depending on sex
and age of animals is shown in Table 1. The sex and
exact age of the animal were undetermined for 21 of the
samples, but they were obtained from animals 2 years
of age and older; therefore, they were taken into ac-
count when calculating the average anti-HEV detec-
tion rate and the average cut-off index (COI; signal
sample/cut-off), but were excluded from further analy-
sis of the distribution of seropositivity rates depending
on the sex and age of the animals.

Blood samples were collected as part of routine veteri-
nary control in compliance with institutional and national
standards for ethical treatment of animals. The study pro-
tocol was approved by the Ethical Committee of the Fed-
eral State Autonomous Educational Institution of Higher
Education “Ammosov North-Eastern Federal University”
(protocol #34 dated 30.03.2022).

Blood samples were collected from the jugular vein of
the animal into blood tubes (BD Vacutainer; BD, UK) us-
ing a veterinary Bobrov needle (“MIZ-Vorsma”, Russia)
for reindeer aged 2 years and older or an injection nee-
dle (KDM, KD-FINE 18G x 1.5”, Germany) for reindeer
aged up to one year. Serum separation was performed by
natural sedimentation for 24 h at 18-20 °C. Serum sam-
ples were transferred into sterile polypropylene tubes and
stored at 2—8 °C for no more than 2 days, then frozen at
—18 to —20 °C and transported, maintaining a cold chain,
to the laboratory, where they were stored at —70 °C until
testing.

Anti-HEV IgG antibodies were detected using a
commercial ELISA reagent kit “DS-ELISA-ANTI-
HEV-IgG” (Diagnostic Systems “Stolitsa” LLC, Rus-
sia) according to the manufacturer’s protocol, but the
rabbit polyclonal antibodies against deer IgG labeled
with horseradish peroxidase (KPL, USA) in dilu-
tion 1 : 100 in phosphate-salt buffer were used instead
of human specific conjugate from the kit. The ELISA
kit used is based on recombinant HEV capsid protein
antigen, highly conserved in different HEV genotypes,
and has a sensitivity of 1000 mIU/mL [18]. Optical den-
sity (OD) was measured with a spectrophotometer at a
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Table 1. Distribution of blood serum samples of reindeer depending on sex and age of animals

Ta6ﬂuua 1 Pacnpeueneﬂue oﬁpasum; CBIBOPOTKH KPOBH CE€BEPHbIX oJIeHell B 3aBHCUMOCTH OT 10JIa BO3pacTa }JKUBOTHbIX

Age Sex Oymyakonsky District Ust-Yansky District Total
Bospact Ton ONMSKOHCKUI paiioH Yerb-SIHckui paiion Bceero
Female 44 28 7
Camkn
Les than 6 months Male
Jlo 6 mec Cam1ipl 9 32 41
]"Bl"otal 53 60 113
cero
Female 38 6 44
Camku
24 years
24 rona Male 20 4 24
Camirsl
Total 58 10 68
Bcero
Female 139 1 140
Camku
5-6 years Male
5-6 ner Camiipl 16 1 17
Total 155 2 157
Bcero
Female 89 0 89
Camku
7-8 years Male
7-8 ner Camiibt 4 0 4
Total 93 0 93
Bcero
Female 41 0 41
Camku
Over 9 years Male 4 0 4
Crapie 9 et Camiibl
Total 45 0 45
Bcero
Undetermined Undetermined 21 0 21

He ycranosnen He ycranopnen

wavelength of 450 nm. The HEV-positive and negative
control samples supplied with the kit were used as pos-
itive and negative controls in each plate, respectively.
Anti-HEV-reactive deer blood serum from a previous
study [17] was also used to monitor the reproducibil-
ity of results between runs. Samples with OD values
exceeding a cut-off value (0.20 plus the mean OD of
negative controls) were considered reactive. For each
reactive sample, the COI was calculated as the ratio of
the sample OD to the cut-off OD value.

Statistical analysis of the results was performed using
GraphPad 10.0.2 software (https://www.graphpad.com/).
Statistical analysis of the data included: determination
of mean values, calculation of 95% confidence interval
(95% CI), identification of reliability of differences in
mean values of indicators in the compared groups using
Fisher’s exact test (for relative indicators) and unpaired
Student’s test (for quantitative indicators). Differences
were considered as statistically significant at p < 0.05.
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Results

On average, the detection rate of anti-HEV antibod-
ies in reindeer sera was 15.5% (77/497; 95% CI 12.6—
19.0%). In samples from reindeer from Oymyakon-
sky District, the detection rate of anti-HEV was 16.5%
(70/425; 95% CI 13.2-20.3%), and in samples from
Ust-Yansky District, 9.7% (7/72; 95% CI 4.5-19.0%),
and the differences between districts were not statistically
significant (p = 0.1618). Therefore, the two samples were
combined for further analysis. The results of anti-HEV
detection in different age groups of deer are summarized
in the figure. The anti-HEV detection rates increased sig-
nificantly from 3.5% (4/113; 95% CI 1.1-9.0%) in calves
aged 3—6 months to 25.0% (17/68; 95% CI 16.1-36.5%)
in reindeer aged 2—4 years (p < 0.0001), and reached a
plateau from this age onwards, not differing significantly
between older age groups (p > 0.05). Overall, the detec-
tion rate of anti-HEV among adult reindeer aged 2 years
and older was 19.0% (69/363; 95% CI 15.3-23.4%),
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Figure. Frequency rates of anti-HEV detection in different age groups of reindeer.
Pucynok. Tloxa3zarenu 4acToTh! BblsiBIeHUS aHTU-BI'E B pa3sHbIX BO3pacTHBIX IPyIIax CEBEPHBIX ONEHEH.
Table 2. Frequency rates of anti-HEV detection in male and female reindeer
Tabnuya 2. Ilokasareau 4acToThbl BbisiBjieHHs1 aHTH-BI'E y caMuioB 1 caMok ceBepHBIX oOs1eHeil
Anti-HEV, n reactive/N animals examined (%)
Age group Antu-BI'E, n peaktuBHbIX/N 00CIe10BaHHBIX )KHBOTHBIX (%0) .
Bospacrtnas rpynma males females P
CaMIbl CaMKH
Calves, 4-6 months o o
Onensra, 4—6 mec 2/39 (5,1%) 2/70 (2,9%) 0,6202
Adult reindeer, 2 years and older 12/37 (32.4%) 571257 (22.2%) 03272

B3POCJ'ILIC OJICHH, 2 roJa u crapuie

Note. *p values were obtained when comparing between two groups of reindeer using Fisher’s exact test.

Hpumeuanue. >I‘3H3.'-ICHI/I$Ip TIOJTYYCHBI IIPpU CPABHECHUHN MCXKAY ABYMS I'DYIIIIaMU )KUBOTHBIX C UCIIOJIb30BAHUCM KPUTCPUSI (Dnmepa,

which was significantly higher than that among calves
aged 6 months or less (p = 0.0002).

The frequency of anti-HEV detection depending on the
sex of the animals is shown in Table 2. There were no
statistically significant differences in the frequency of an-
ti-HEV detection between females and males of reindeer
among both adults and calves.

The average COI value of anti-HEV reactive reindeer
serum samples (£SD) was 4.03 £ 3.54; 57.1% (44/77) of
anti-HEV reactive samples had COI > 2. The mean COI
values of reactive sera depending on the age of the an-
imals are shown in Table 3. There were no statistically
significant differences between the average COI values
depending on the age of the animals.

Discussion

The results obtained indicate that infection caused
by HEV or an antigenically similar virus is widespread
among domestic reindeer in Yakutia. The detection of
anti-HEV in reindeer in the present study does not nec-
essarily indicate the circulation of Paslahepevirus ba-
layani among these animals, since cross-reactivity has
been demonstrated for capsid proteins of different rep-
resentatives of the Hepeviridae family [19-21]. Antibod-
ies to the capsid protein of HEV are usually the target

of serologic tests used for the diagnosis of hepatitis E,
including the test system used in the present study. Thus,
serum reactivity of reindeer in our study may indicate the
presence of antibodies to HEV or other HEV-like viruses.
Indirect evidence of the specificity of anti-HEV detection
in our study is the COI value exceeding the value of 1.5
in 71.4% of reactive samples.

The average frequency of anti-HEV detection in the
present study (15.5%) was similar to the ratio of sero-
positive semi-domesticated reindeer in Norway (15.7%)
[16], but substantially higher than in Canada (8.8%) [14].
Comparison with our earlier results of anti-HEV detec-
tion in a smaller sample of reindeer from the Oymyakon-
sky and Anabarsky districts of Yakutia (12.0%; 23/191)
[17] demonstrated no significant differences (p = 0.2783).
Much like in the studies mentioned above, the ratio of
seropositive males and females in the present study was
similar. At the same time, we demonstrated for the first
time a significant increase in the frequency of anti-HEV
detection as the animals matured; compared to 4-6
month-old calves, the prevalence of anti-HEV increased
among 2-year-old reindeer and remained at approxi-
mately the same level in older age groups. In the rein-
deer groups investigated in Norway, anti-HEV antibodies
were slightly more common in adult reindeer compared
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Table 3. Mean values of the cut-off index of anti-HEV reactive sera of reindeer in different age groups of animals

Tabnuya 3. CpeaHue 3Ha4eHUus KO3 (PUIHEHTA NO3UTHBHOCTH PeaKTHBHBIX N0 aHTU-BI'E cbIBOPOTOK ceBepHBIX 0/1eHeill B pa3HbIX BO3pacT-

HBIX IPynmnax ;KUBOTHBIX

Age group Average COI value + SD %
Bospacrthas rpynmna Cpennee 3nauenue KII + SD P
4-6 months
4-6 woc 3,77+£3,23
24 years
2-4 rona 3,98 +£2,85 0,8959
g—g years 4,41 +4,32 0,7775
—6 JeT
;,g years 3,81 +3,51 0, 9844
—8 ner
9 years and older
9 net u crapie 3,71+2,86 0,9747
All age groups 4,03 +3,54 0,8822

Bce Bo3pacTHble rpynimbl

Note. *p values when compared to the data for the reindeer calves using unpaired Student’s test.

Ipumeyanue. *3Ha4eHUs p NPU CPABHEHUH C JAHHBIMHU JUISl TPYIIIIBI OJICHAT C UCHOJIb30BaHHEM HermapHoro kputepust CThIO[eHTa.

with the calves, but these differences were not statistical-
ly significant [16], probably due to the small sample sizes
in each region of the country investigated.

It should be noted that to this day, HEV has not been
systematically searched for in reindeer species. Sever-
al studies in which primers specific for Paslahepevirus
balayani were used to detect HEV RNA have yielded
negative results [14, 17]. No hepevirus sequences were
detected either when using a metagenomic approach to
analyze blood serum and rectal swabs from wild and do-
mestic reindeer from Fennoscandia and Yakutia [22]. The
reasons for failing to detect HEV RNA in these animals
could be the significant genetic difference between rein-
deer HEV and known strains of the Paslahepevirus ba-
layani species if HEV-specific primers were used and the
fact that HEV was searched for mainly in adult animals.
Among domestic pigs, most cases of HEV infection occur
in piglets aged 2—4 months, as they become susceptible to
the virus after the disappearance of maternal antibodies
[23]. Similarly, most cases of HEV infection in reindeer
can also occur at an early age, as indicated by our re-
sults of anti-HEV detection in animals of different ages.
The revealed dynamics of antibody accumulation in the
population of reindeer indicates that infection apparently
occurs in the first 2 years of life, after which the animals
retain humoral immunity. Thus, it is advisable to further
search for sequences of hepeviruses in reindeer among
young animals, using metagenomic methods or more
universal primers if the polymerase chain reaction (PCR)
method is used.

Conclusion

The obtained results of anti-HEV detection among do-
mestic reindeer in the Republic of Sakha (Yakutia) in-
dicate a wide spread of infection caused by HEV or an
antigenically similar virus among these animals. The dy-
namics of anti-HEV accumulation in the population of
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reindeer indirectly testifies to the peculiarity of the ep-
idemiology of the infection, similar to that observed in
pigs - the infection with the virus usually occurs in young
animals with subsequent seroconversion and immunity
formation. Another similarity observed is the possibility
of reindeer calves posing the greatest risk of infection for
humans, as they are more likely to have virus replication
accompanied by viremia and virus shedding.
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