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RESUME

Seoul orthohantavirus is one of the causative agents of hemorrhagic fever with renal
syndrome (HFRS) in the Russian Far East. Foci of SEOV in Norway rats have been iden-
tified in the cities of Vladivostok and Khabarovsk.

The aim. Study of a clinical case of HFRS with a fatal outcome, from Komso-
molsk-on-Amur in 2025.

Materials and methods. Samples of blood serum and autopsy material (blood, lung,
spleen, liver, kidney tissues) from a resident of Komsomolsk-on-Amur with a clinical
diagnosis of HFRS were examined using enzyme-linked immunosorbent assay (ELISA)
and reverse transcription-polymerase chain reaction (RT-PCR) followed by sequencing.
Results. The laboratory studies confirmed the clinical diagnosis. Antibodies to hanta-
virusesin atiterof 1:3200(IgM) and 1:1600 (IgG) were detected by the ELISA in the blood
serum. SEOV RNA was detected in blood serum and autopsy material (blood, lung,
spleen, liver, kidney tissues) studying by the RT-PCR and using the OM-Screen-GLPS-
RV test system. Analysis of genome fragments showed high homology of SEOV
from Komsomolsk-on-Amur with virus strains previously identified in Khabarovsk,
as well as those widespread in China. Genetic evidence of human infection, associ-
ated with the Seoul virus circulating in the city of Komsomolsk-on-Amur has been
obtained, and two hypotheses have been put forward for the formation of the focus:
importation with infected rats from China or Khabarovsk, and the possible existence
of a mainland variant of the virus in a vast territory, including the eastern regions
of China and Khabarovsk Krai.

Conclusion. Third urban focus of Seoul hantavirus was detected in Russia. The fa-
tal outcome of HFRS could be caused by a comorbidity: chronic alcohol intoxication
with multiple organ manifestations.
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PE3IOME

OpmoxaHmasupyc Ceyn (SEOV) asnsemca oOHUM u3 8036yOumereli 2eMoppazuye-
cKol sIUXopaodKu ¢ noyeyHsim cuHopomom (I711C) Ha JansHem Bocmoke Poccuu. O4azu
yupkynayuu SEOV 8 cepulix Kpbicax 8visig/ieHbl 8 20podax Bnadusocmok u Xabaposck.
Lene pabomel. Viccnedosarue knuHudeckozo caydas [J11C ¢ nemansHeIM UCXo00M,
8bI18/1eHHO20 8 2. KoMcomosbcke-Ha-Amype e 2025 200y.

Mamepuansi u memoodsl. O6pasuysi cblBOPOMKU KpO8U U aymonculiHozo mame-
puana (Kposb, MKAHU J1e2KUX, Ce/le3eHKU, NeYeHu, No4yeK) om xumesbHuysl 2. Kom-
COMOJIbCKA-HAa-AMype ¢ npedsapumesibHeiM ouazHozom «[JIM1C, 3aeepwuswasnca
J1eMasnbHbIM UCXO00M», OblIU UCCI€008aHbI MEMOOAMU UMMYHOpEPpMEeHMHO20 aHa-
nuza (MOA) u obpamHol mpaHckpunyuu — nosumepasHou yenHod peakyuu (OT-I1LP)
€ NOC1IEdYIOUUM CeKBEHUPOBAHUEM.

Pesynemamel. [IposedeHHbie ucc1e008aHuUa Noodmaepousiu KIUHUYeckul OudzHo3.
Memoodom MDA & cbisopomke Kposu O6GHApYKeHbl aHMumesid K XaHmasupycam
8 mumpe 1:3200 (IgM) u 1:1600 (IgG). Npu uccnedosaruu memodom OT-ILP c ucnone-
308aHuem mecm-cucmemol «OM-CkpuH-IJI[1C-PB» 8 cbisopomke kposu u adymoncuu-
HOM Mamepuare (Kpo8u, MKAHAX Je2Kux, cese3eHKU, ne4yeHu, noyek) gbiagiaeHa PHK
SEQV. AHanu3 ¢ppazmeHmos 2eHoOMa NoKasas 8bICoKyr 2omonozuto SEOV u3 Komco-
MOJIbCKA-Ha-AMype ¢ 8apuaHmamu 8uUpyca, 8blAe/ieHHbIMU paHee 8 Xabaposcke,
a MAakxe WuUpoKo pacnpocmpdHeHHbiMU 8 Kumae. Bnepagbie nonyyeHo 2eHemuye-
CKOe 0oKazamesnibCmMeo UHGPUYUPOBAHUSA Yennoseka supycom Ceysi, YUpKYIUpyouwum
8 2. Komcomornbcke-Ha-Amype, u 8bI08UHymMbI 08e 2UNOMe3bl POPMUPOBAHUSA 04A2a:
30803 C UHUYUPOBAHHbIMU Kpbicamu u3 Kumas nubo Xabaposcka u 803MOXHOe
cywiecmeosaHue Mamepukogo2o 8apudHma eupyca Ha obwupHol meppumopud,
sK/oYarouweli B0cmouyHsie patioHsl Kumas u Xabaposckuti kpad.

3aknwuyeHue. B PO gbiasneH mpemul 20podckol o4yaz xaHmasupyca Ceyn. Jle-
maneHsIl ucxoo [T111C Moz 6bime 06ycnoseeH hoHOBbIM 3a60/1€8AHUEM: XPOHUYe-
cKoU a1ko2o/16HOU UHMOKCcUKayuel ¢ NOJIUOP2AHHbIMU NPOABSIEHUAMU.

Knioyeswie cnoea: xanmasupyc, supyc Ceyn, [7I11C, Poccua
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INTRODUCTION

Hemorrhagic fever with renal syndrome (HFRS)
is a potentially life-threatening infectious disease of hu-
mans that has been reported in various regions of Russia
[1].In the Far Eastern region, HFRS is caused by the Hanta-
an (HTNV), Amur (AMRV), and Seoul (SEOV) orthohanta-
viruses, which circulate among the stripped field mouse
(Apodemus agrarius), Korean field mouse (Apodemus pen-
insulae), and Norway rat (Rattus norvegicus), respectively
[2, 3]. Infection with HTNV and AMRYV viruses can occur
when humans visit natural foci, while SEQV forms urban
foci of infection [4]. Global trade and human migration
have contributed to the spread of the SEOV worldwide,
including the emergence of two foci in the Far East [4-6].
Based on the genetic similarity between the SEQV vari-
ants from patients and Norway rats in these outbreaks
and previously published data, it can be assumed that
the virus was introduced to the port city of Vladivostok
through infected rats on ships originating from South-
east Asian countries (Cambodia, Vietnam and Singapore).
The outbreak in the city of Khabarovsk and the neighbor-
ing village of Priamursky, is associated with another vari-
ant of the SEOV, which is linked to cargo transportation
from China [4, 6].

HFRS is characterized by a variety of clinical manifes-
tations, ranging from mild febrile forms to more severe
forms with systemic damage of small blood vessels, hem-
orrhagic diathesis, hemodynamic abnormalities, renal
failure, and in severe cases, multi-organ failure [7]. HFRS
variants associated with SEQV tend to be mild to moder-
ate in severity, although severe clinical forms of the dis-
ease have been identified in 5.7 % of cases in Vladivostok
[6, 8, 9].

The aim of this study was to analyze a fatal case
of HFSR that occurred in Komsomolsk-on-Amur.

MATERIALS AND METHODS

The clinical diagnosis of HFRS was confirmed based
on data from a laboratory study of the patient’s blood se-
rum using enzyme-linked immunosorbent assay (ELISA)
with the VectoHanta-IlgG and VectoHanta-lgM reagent
kits (Vector-Best, Russia) and reverse transcription poly-
merase chain reaction (RT-PCR) with the OM-Screen-
HFRS-RV reagent kit (Synthol, Russia). In addition, autop-
sy samples (blood, lung tissue, spleen, liver, and kidneys)
were analyzed using RT-PCR with the same kit to further
confirm the diagnosis.

RNA was isolated from blood samples using the RIBO-
prep kit (Central Research Institute of Epidemiology, Rus-
sia). Viral cDNA was synthesized using the M-MulLV-RH
reverse transcriptase (Dia-M, Russia). Two-round amplifi-
cation products were generated according to a standard
protocol using a series of previously described primers
for the L- and S-segments of the genome [4, 10], and Taq
DNA polymerase Hot Start (Dia-M, Russia). The resulting
amplicons were separated by electrophoresis on a 1.2 %
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agarose gel and then purified using the Zymoclean Gel
DNA Recovery Kit (Zymo Research, USA). Sanger DNA se-
quencing was conducted using an ABI Prism 310 genetic
analyzer (Applied Biosystems, USA).

Nucleotide sequence alignment was conducted
using the ClustalW algorithm in the Mega5 software.
Neighbor-joining (NJ) method was employed to gener-
ate phylogenetic trees. The calculations were performed
for 1,000 iterations.

Approval for the study was obtained from the Eth-
ics Committee of the State Research Center of Virology
and Biotechnology «Vector» of Rospotrebnadzor on Feb-
ruary 10, 2025 (protocol no. 12).

A CLINICAL CASE

Patient H., a 41-year-old resident of Komso-
molsk-on-Amur, was admitted to the Infectious Diseas-
es Department No. 1 of the M.I. Shevchuk City Hospital
on January 31, 2025. The patient complained of fever,
generalized weakness, and back pain.

The patient’s medical history reveals that, as a home-
less person, she resided in a basement apartment be-
tween December 2024 and January 2025. During this
time, she was exposed to a significant number of mice
and rats, and her living conditions were substandard.
The patient did not adhere to personal hygiene prac-
tices and relied on meltwater for drinking. On January
28, 2025, she became acutely ill, presenting with fever
(38.9-40°C), chills, severe general weakness, and a feel-
ing of heaviness in her lower back. Additionally, she
experienced a decrease in urine output. Upon admis-
sion, a physical examination revealed several findings.
The patient exhibited swelling and hyperemia (ex-
cessive blood flow) of the face, neck, and collar zone,
as well as scleral injection (blood vessels in the white
of the eyes) and conjunctival hyperemia. Furthermore,
a positive Pasternatsky sign was observed on both
sides, indicating possible kidney involvement. A com-
plete blood count showed moderate thrombocytope-
nia (97 x 10°/L). The patient was admitted to the hos-
pital with a preliminary diagnosis of hemorrhagic fever
with renal syndrome (HFRS). Upon admission to the hos-
pital, the patient gave informed consent in accordance
with Article 20 of Federal Law No. 323-FZ dated No-
vember 21, 2011 «On the Basics of Public Health Care
in the Russian Federation».

During the first day of admission, there was a signifi-
cant decline in the patient’s condition. The platelet count
decreased to 57 x 10°/L, lower back pain increased, anuria
(no urine output through the catheter after saline infu-
sion) developed, there were a single episode of vomiting
containing blood, muscle pain, hypotension, and dys-
pnea. The patient was immediately transferred to the in-
tensive care unit for further monitoring and treatment.

Within the next 24 hours, despite continued patho-
genetic and symptomatic treatment, multiple organ dys-
function (renal, hepatic, respiratory, and cardiovascular)



deteriorated, leading to somnolence and coma. On Feb-
ruary 2, 2025, death was recorded.

The sanitary and epidemiological investigation into
the given case of a severe and fatal course of HFRS was
conducted by the Epidemiology Department of the Cen-
ter for Hygiene and Epidemiology in the Khabarovsk re-
gion (Komsomolsk-on-Amur).

Laboratory analysis results

Serum samples and autopsy materials were used
to confirm the clinical diagnosis through laboratory test-
ing. A vital serum sample collected on February 1, 2025,
revealed specific antibodies to hantaviruses at titer levels
of 1:3200 (IgM) and 1:1600 (IgG) using ELISA. In the au-
topsy material, the titers of specific antibodies to hantavi-
ruses in the blood were 1:1600 for IgM and 1:1400 for IgG.
The SEOV RNA was detected in the serum samples as well
as in the autopsy materials (blood, lung, spleen, liver
and kidney tissue) using RT-PCR.

Based on clinical, laboratory and pathological find-
ings, the final diagnosis was hemorrhagic fever with renal
syndrome in the anuric stage, which was severe, as con-
firmed by laboratory tests.

The underlying condition was chronic alcohol-in-
duced intoxication, which had led to multiple organ com-
plications, including alcoholic cardiomyopathy, chronic
pancreatitis, and alcoholic hepatitis.

Complications of the underlying condition: grade
3 infection-related toxic shock. Renal nephritis, acute
kidney failure. Hemorrhagic syndrome: mucosal and pa-
renchymal organ hemorrhages. Hemorrhagic gastritis
and enterocolitis. Pulmonary edema. Meningeal and brain
tissue edema with brainstem displacement. Dystrophic
and necrobiotic changes in parenchymal organs.

Phylogenetic analysis results

RT-PCR analysis using the OM-Screen-HFRS-RV re-
agent kit enabled us to identify the viral species respon-
sible for HFRS. However, it did not permit us to compare
the genome sequence of the virus with previously identi-
fied strains from various parts of the world to determine
the genetic variant of SEOV and its origin. To this end,
blood samples obtained from the patient during her hos-
pital stay and at the time of autopsy were utilized to ex-
tract and sequence fragments from the L and S genome
segments.

Phylogenetic analysis of the L-segment sequence
fragment (346 nt) revealed that the isolate from Komso-
molsk-on-Amur is consistent with the same SEQV strain
that has previously been identified in patients and brown
rats from Khabarovsk and surrounding areas. However,
it differs from the VDV strain of SEOV identified in Vladi-
vostok (Fig.). The nucleotide sequence divergence be-
tween SEQV isolates from Komsomolsk and Vladivostok
was 4.7-5.0 %. The nucleotide differences between
the Khabarovsk, Komsomolsk, and Chinese SEOV isolates
were 0.3-1.2 %. The encoded amino acid sequences were
identical for all isolates.

Genetic analysis of the S-segment fragment (760 nt)
has also revealed a close relationship between the SEOV
virus isolated from a patient in Komsomolsk-on-Amur
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and isolates from Norway rats and patients in Khabarovsk
and China. A comparison of nucleotide sequences re-
vealed the highest level of similarity with isolates
from Khabarovsk patient samples, HU977/Russia/2019,
and Priamursk patient samples, HU1619/Russia/2018,
with 99.7 % and 100 % identity, respectively, at the amino
acid level of the nucleocapsid protein encoded by these
sequences. Similarity with isolates from China reached
99.5 % at the nucleotide level and 100 % at the amino
acid level.

The data presented allow us to propose two hy-
potheses regarding the origin of the previously unre-
ported urban focus of SEOV in Komsomolsk-on-Amur:
the importation of infected rats with food products
from either Khabarovsk or China, and the possible exis-
tence of this mainland variant of the virus in a wide area,
including the easternregions of China and the Khabarovsk
region.

DISCUSSION

The Russian Far East is part of the high-risk area
for HFRS, where three pathogenic orthohantavirus-
es have been identified as responsible for HFRS cas-
es: HTNV, AMRV, and SEOV [2, 3]. Only two of these
viruses, AMRV (isolates Komsomolsk-HU1572/Rus-
sia/2018 and Komsomolsk-HU1749/Russia/2019)
and HTNV (Komsomolsk-HU1570/Russia/2019 and Kom-
somolsk-HU2210/Russia/2022), have been previously
identified in infected residents of Komsomolsk-on-Amur
and the surrounding area.

This is the first documented case of SEQV hantavirus
infection in a patient with HFRS who had not travelled
outside of Komsomolsk-on-Amur, and it has been geneti-
cally confirmed.

Over 80 % of HFRS cases associated with HTNV
and AMRV have a severe or moderate course, whereas
in cases of SEQV infection the proportion of severe forms
does not exceed 5.7 %, with a mortality rate in Asia of less
than 1 % [6, 9, 11]. However, the clinical case presented
demonstrates a severe and complicated form of HFRS
caused by SEOV, with a fatal outcome on the sixth day.
Most likely, the fatal course of the disease was related
to an aggravated pre-morbid background. It is known
that hyperproduction of pro-inflammatory cytokines
in combination with suppression of the cellular im-
mune response plays a crucial role in the pathogenesis
of severe HFRS forms, contributing to the development
of systemic immune inflammation in the microvascula-
ture of the kidneys, lungs, liver, myocardium, and brain.
The rapid development of coagulopathy, accompanied
by platelet depletion and disruption of microcirculation
and central hemodynamics, as well as uncontrolled vas-
cular responses (toxic shock), leads to multiple organ
failure and irreversible destructive processes [12, 13].
Chronic ethanol intoxication, in addition to toxic multi-
ple organ dysfunction, has also been shown to suppress
Th1 lymphocyte activity and lead to an increase in blood
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FIG.

Phylogenetic tree of new strain identified in Komsomolsk-on-Amur,
in relationship to hantavirus strains from far-eastern and other
regions of the world. Tree was based on the partial L-segment se-
quences (346 bp). The trees were generated by NJ method with
1000 bootstrap replicates, bootstrap values (> 70 %) are shown
at relevant nodes. The scale bar depicts the number of nucleotide
substitutions per site. Strains from Komsomolsk-on-Amur and
Komsomolsk district are underlined, new strain is shown in bolden
lettering and asterisk (*)
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levels of pro-inflammatory (IL-6) cytokines and a decrease
in anti-inflammatory cytokine levels (IL-10) [14, 15]. This
can enhance the systemic immune-mediated damage
caused by the etiological agent of HFRS.

Previously, cases of HFRS caused by SEOV infec-
tion had not been reported in Komsomolsk-on-Amur.
This is likely due to the fact that standard laboratory
diagnostics using ELISA do not allow for differentiation
of pathogen types, and the more recently implemented
differential diagnostic system based on RT-PCR has not
yet been widely adopted in practical healthcare. It has
also been demonstrated that the reported incidence
of HFRS does not fully represent the actual prevalence
of the pathogens, primarily due to undiagnosed cases
of mild or asymptomatic infections, which constitute
a significant portion of the epidemic process [16, 17]. This
is particularly true for SEOV-associated variants of HFRS,
which often present as mild clinical forms [6, 8, 11].

CONCLUSION

Therefore, for the first time, we have obtained
genetic confirmation of human infection with SEOV
circulating in Komsomolsk-on-Amur. We have also
determined that the identified SEOV isolate belongs
to a genotype previously identified in Khabarovsk
and its surrounding areas, which is prevalent in China.
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