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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 kit.
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% CI: 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% CI: 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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Резюме
Введение. Несмотря на то что домашние и дикие свиньи являются основным резервуаром зоонозных гено-
типов вируса гепатита E (ВГЕ) в странах умеренного климата, наличие антител к ВГЕ (анти-ВГЕ) у коренно-
го населения приполярных территорий, т.е. за пределами ареала обитания диких и домашних свиней, ука-
зывает на наличие альтернативного резервуара вируса. Потенциальным резервуаром ВГЕ в приполярных 
регионах могут являться северные олени (Rangifer tarandus). 
Целью исследования являлось определение распространенности анти-ВГЕ среди домашних северных 
оленей на территории Республики Саха (Якутия).
Материалы и методы. Образцы сыворотки крови от 497 домашних оленей из Оймяконского (n = 425) 
и Усть-Янского районов (n = 72) Республики Саха (Якутия) были исследованы на анти-ВГЕ методом им-
муноферментного анализа с помощью коммерческого набора реагентов «ДС-ИФА-АНТИ-ВГЕ-G» (ООО 
«Диагностические системы-Столица», Россия) по протоколу производителя, однако вместо человеческого 
специфического конъюгата из набора использовали кроличьи поликлональные антитела против IgG оленя, 
меченные пероксидазой хрена (KPL, США) в разведении 1 : 100 в фосфатно-солевом буфере.
Результаты. В среднем частота выявления анти-ВГЕ в сыворотках северных оленей составила 15,5%  
(95% ДИ 12,6–19,0%). Частота выявления анти-ВГЕ достоверно увеличивалась с возрастом: с 3,5% (95% 
ДИ 1,1–9,0%) у оленят в возрасте 3–6 мес до 25,0% (95% ДИ 1,6–36,5%) у оленей в возрасте 2–4 года  
(р < 0,0001), и начиная с этого возраста выходили на плато, не различаясь достоверно между более стар-
шими возрастными группами (p > 0,05). В целом частота выявления анти-ВГЕ среди оленей в возрасте 2 
года и старше составила 19,0% (95% ДИ 15,3–23,4%). Статистически значимые различия по частоте выяв-
ления анти-ВГЕ между самками и самцами северных оленей отсутствовали как среди взрослых животных, 
так и среди оленят.
Заключение. Полученные результаты выявления анти-ВГЕ среди домашних северных оленей в Респу-
блике Саха (Якутия) свидетельствуют о широком распространении среди этих животных инфекции, вы-
зываемой ВГЕ или антигенно сходным вирусом. Выявленная динамика накопления антител в популяции 
северных оленей свидетельствует о том, что инфицирование, по-видимому, происходит в первые 2 года 
жизни животного.
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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 × 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 

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.  
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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.

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%), 

Table 1. Distribution of blood serum samples of reindeer depending on sex and age of animals
Таблица 1. Распределение образцов сыворотки крови северных оленей в зависимости от пола и возраста животных

Age
Возраст

Sex
Пол

Oymyakonsky District
Оймяконский район

Ust-Yansky District
Усть-Янский район

Total
Всего

Les than 6 months
До 6 мес

Female
Самки 44 28 72

Male
Самцы 9 32 41

Total
Всего 53 60 113

2–4 years
2–4 года

Female
Самки 38 6 44

Male
Самцы 20 4 24

Total
Всего 58 10 68

5–6 years
5–6 лет

Female
Самки 139 1 140

Male
Самцы 16 1 17

Total
Всего 155 2 157

7–8 years
7–8 лет

Female
Самки 89 0 89

Male
Самцы 4 0 4

Total
Всего 93 0 93

Over 9 years
Старше 9 лет

Female
Самки 41 0 41

Male
Самцы 4 0 4

Total
Всего 45 0 45

Undetermined
Не установлен

Undetermined
Не установлен 21 0 21

https://www.graphpad.com/
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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 

Figure. Frequency rates of anti-HEV detection in different age groups of reindeer.
Рисунок. Показатели частоты выявления анти-ВГЕ в разных возрастных группах северных оленей. 

Table 2. Frequency rates of anti-HEV detection in male and female reindeer
Таблица 2. Показатели частоты выявления анти-ВГЕ у самцов и самок северных оленей

Age group
Возрастная группа

Anti-HEV, n reactive/N animals examined (%)
Анти-ВГЕ, n реактивных/N обследованных животных (%)

p*
males
самцы

females
самки

Calves, 4–6 months
Оленята, 4–6 мес 2/39 (5,1%) 2/70 (2,9%) 0,6202

Adult reindeer, 2 years and older
Взрослые олени, 2 года и старше 12/37 (32,4%) 57/257 (22,2%) 0,3272

Note. *p values were obtained when comparing between two groups of reindeer using Fisher’s exact test.
Примечание. *Значения р получены при сравнении между двумя группами животных с использованием критерия Фишера.
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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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