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Abstract

The relevance of the conducted study is determined by the high epidemiological significance of adenovirus in the
structure of acute respiratory viral infections (ARVI), particularly among military personnel. Previously, adenovirus
was identified in 90% of cases of patients with community-acquired pneumonia hospitalised from organised military
groups, leading to significant lung damage, various disabling complications, and possible fatal outcomes.

The aim of this study was to investigate the genetic diversity of adenoviruses detected in patients with respiratory
infections among military personnel during the 2023—-2024 influenza and ARVI epidemic season in the Sverdlovsk
Region.

Materials and methods. Sanger sequencing was performed for 79 clinical samples (nasopharyngeal swabs)
that tested positive for adenovirus. The samples were collected from military personnel exhibiting symptoms of
ARVI who were receiving treatment in military medical institutions in the Sverdlovsk Region during the 2023-2024
influenza and ARVI epidemic season (October to February).

Results. Six genetic variants of adenovirus were identified: B3, B7, B14, B55, C2, and C5, with genotype B55
being predominant and associated with severe and moderately severe disease.

Conclusion. The study provides insight into the genetic diversity of adenoviruses circulating among military
personnel in the Sverdlovsk Region during the 2023—-2024 epidemic season. Genetic surveillance of circulating
adenoviruses is essential for developing specific preventive measures, improving non-specific prevention methods,
and identifying optimal drugs for aetiotropic therapy.
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Pestome

AKTyanbHOCTb MPOBEAEHHOro UCCNEefoBaHWSA OMpeaenseTcs BbICOKOW 3MNMAEMUONOrMYECKon 3HaYMMOCTLIO
afeHoBUpYca B CTPYKTYpe OCTPbIX PECMUPATOPHbIX BUPYCHbIX nHekumnn (OPBU), ocobeHHO cpean BoeHHOCHY-
Xawmx. YctaHoeneHo, 4to B 90% cnyyaes y rocnutannsvmpoBaHHbIX 13 OpraHW30BaHHbIX BOEHHBLIX KOMMEKTUBOB
nauneHToB ¢ BHEOOMbHUYHON MHEBMOHUEN MOEHTUMDULMPOBANCA afeHOBUPYC, BbidblBaoWwui 6onbwon obbem
nopaxeHus Nerknx, pasnuyHble MHBaNUMAN3NPYIOLLIME OCNOXHEHUS, BOSMOXHbIE NleTarnbHble NCXOAbl.

Llenb nccnepgoBaHuUsA: U3yYeHWE rEHETUYECKOro pasHoobpasns ageHOBUPYCOB, OOHAPYXEHHbIX Y BOMNbHbIX pe-
CMMPaTOPHbIMN NHMEKLNAMN BOEHHOCITYXXALLMX B 3nuaemMuonornyeckmin cesoH rpunna n OPBU 2023-2024 rr.
B CBepanoBckor obnactu.

MaTepuanbl u metoabl. [1poBeaeHo nccnegosaHve 79 06pa3LoB KNMHUYECKOro MaTepuana (HasodapvHrearns-
Hble Ma3ku), NOMOXWUTENBHOMO Ha HanuuMe ageHoBMpYCca, C MOMOLLBI0 MeToAda (PparMEeHTHOrO CEKBEHMPOBaHUsI
no CaHrepy. Matepuan 6bin cobpaH OT BoeHHocnyxaLmx ¢ cumntomamm OPBW, Haxogswmxca Ha neyeHun B BO-
€HHO-MeaAMUMHCKMX opraHusaunax CeepanoBckon obnactu B nepuog anuacesoHa rpunna n OPBU 2023-2024 rr.
(okTOpb—CheBpansb).

PesynkTathl. BoisisneHo 6 reHoBapuaHToB ageHoBupyca: B3, B7, B14, B55, C2 u C5, npu aTom B 6onbLuen ctene-
HY onpefenancs reHotun B55, Bbi3biBaOLLMI TAXKENOE U CpedHen CTENeHN TAXEeCTN TedeHne 6onesHu.
3akntoyeHue. NposegeHHoe UccnegoBaHue AaeT NpeacTaBlieHne 0 reHETUYECKOM pasHoobpasnmn afgeHoBHPYCOB,
LMPKYNMPYOLWMX Cpeau BOeHHOCyXXalmx Ha TeppuTopumn CBepanoBckor obnactu B anuace3oHe 2023-2024 rr.
M3yyeHne reHeTUYeckux BapuaHTOB LMPKYNMPYIOLIMX adeHOBUPYCOB HeobxoauMmo Ans paspaboTku cpeacTs
crneunduryeckon NpodmnakTnkn 3abonesaHnsi, COBEPLLEHCTBOBAHMSA METOA0B HecrneLmdunyeckon npounakTukm,
noucka onTUManbHbIX MpenapaToB AN 3TUOTPOMHON Tepanuu.
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(per. Ne 12104150044-2).

KoHdnukT nHTepecoB. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHBIX U MOTEHUManbHbIX KOHMMUMKTOB MHTEPECOB, CBsi3aH-
HbIX C Nybrnkaumen HacTosALWen cTaTbu.

OTuyeckoe yTBepxaeHue. ViccnegosaHve npoBoamnock npu 4obpoBonbHOM MHGOPMUPOBAHHOM COrnacum
naumeHToB. MNpoTokon nccnegoBaHmsa ogobpeH atudeckum kommtetom PBYH PHNMBU «Bupom» PocnoTtpebHaasopa
(MpoTokon Ne 4 ot 08.09.2022).
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Introduction

Despite advances in the diagnosis and treatment of
acute respiratory viral infections (ARVI), adenovirus
infection remains a significant socio-economic, medical,
and epidemiological concern for the Armed Forces
of the Russian Federation. This is due to the lack of
specific preventive measures, the high proportion of
adenovirus infection (64.6%) in the etiological structure
of ARVI among military personnel, the tendency
toward a protracted and recurrent course of the disease,
and the frequent development of bronchopulmonary
complications [3].

Human adenoviruses of the genus Mastadenovirus are
classified into seven groups (A—G) based on the degree
of DNA homology and the GC base pair content [4].
Different serotypes exhibit varying tissue tropism, which
correlates with the clinical manifestations of the infection
[5]. Currently, there are 51 serotypes and 113 genotypes of
adenoviruses [6]. Respiratory pathogens include groups
B (B3, B7,B14, B16, B21, and B55), C (C1, C2, C5, C6,
and C57), and E (E4). Previous laboratory studies on the
genotyping of clinical material from military personnel
in various countries with adenovirus infection have
identified the circulation of E4 [4], B4, and B7 [7-9], B14
[9, 10], B (P14H11F14) [11], and B55 [4, 12-15].

In recent years, phylogenetic analysis has increasingly
identified new serotypes or subtypes that arise as a
result of genomic recombination between hexon, fiber,
and penton regions [16]. Thus, genetic variants that
appeared after the 52nd variant in groups A, B, and C
are almost all recombinants [17]. The most prominent
representative of this group is adenovirus B55. A
complete genomic analysis showed that genotype B55
is a Trojan horse that contains a recombinant genome
comprising both the renal pathogen B11, which provides
an antigenic epitope, and the respiratory pathogen
B14, which determines cellular tropism, biological,
and pathogenic properties [18, 19]. This virus likely
emerged as a result of an outbreak of acute respiratory
infection at a military training base (Spain, 1969) [20],
and subsequently appeared periodically in Turkey
(2004) and Singapore (2005); in China, it first caused
disease in Shanxi Province in 2006 and was mistakenly
identified as type 1la [12, 14, 18, 19]. Between May
and June 2014, an outbreak of respiratory infection
was reported at a military training center in Shandong
Province, China; the pathogen was adenovirus type
B (P14H11F14), phylogenetically very similar to
adenovirus B55 isolated from the general population in
China. Adenovirus B (P14H11F14) was characterized as
less virulent than B55 and caused a mild course of the
disease [11]. However, only isolated cases of this genetic
variant were reported, and it was subsequently replaced
by adenovirus B55. Based on the results of their study,
Korean scientists determined that a major outbreak of
adenovirus infection, which began in 2014, is currently
ongoing within the Korean armed forces, and that the
B55 genetic variant is the predominant strain [12, 13].

According to the literature data, the adenovirus genetic
variant B55 has now spread to many countries, evading
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herd immunity, causing severe disease, and leading to
outbreaks [10, 12—14, 16, 19, 21].

The aim of this study was to investigate the genetic
diversity of adenoviruses detected in military personnel
with respiratory infections during the 2023-2024
influenza and ARVI epidemic season in the Sverdlovsk
Region.

Materials and methods

A study was conducted on 397 clinical samples
(nasopharyngeal swabs) from military personnel with
symptoms of ARVI who were receiving treatment at
military medical facilities in the Sverdlovsk Region. The
samples were collected during the 2023-2024 influenza
and ARVI epidemic season (October—February).

The study was conducted with the informed consent
of the patients. The research protocol was approved
by the Ethics Committee of the FSRIVI «Virome»
Rospotrebnadzor (protocol Ne 4 from 09.08.2022).

The study was conducted using the polymerase chain
reaction (PCR) method with the AmpliSens ARVI-
Screen-FL test system (Central Research Institute for
Epidemiology, Russia) and Real-time CFX96 Touch
thermocycler (Bio-Rad Laboratories, USA). Analysis
of genetic variations in the detected adenoviruses was
performed using the Applied Biosystems 3500 Series
Genetic Analyzer (Thermo Fisher Scientific, USA) via
fragment sequencing of the hexon gene, using primers
developed by X. Wu et al. [17]. The Unipro UGENE
program was used for bioinformatics processing of
the sequences. The obtained data were uploaded to the
VGARus information platform. Statistical analysis
of the study results was performed using Microsoft
Excel 2010 and Past 4.10. Qualitative characteristics are
presented as proportions. To characterize the accuracy
coefficient of the indicators (proportions, intensity index),
the margin of error (+ m) was used; differences were
considered statistically significant at a 95% confidence
interval (p < 0.05) [22].

Results

PCR testing of 397 clinical samples from patients
with moderate to severe symptoms of ARVI revealed
that 156 (39.3%) samples tested positive for respiratory
viruses. Adenoviruses were detected in 53.2 + 6.6%
of positive samples (83 samples); rhinoviruses (41%)
and seasonal coronaviruses (12.8%) were present in a
smaller proportion; and parainfluenza viruses (5.1%)
and respiratory syncytial viruses (0.6%) were detected in
isolated samples (Fig. 1).

Adenovirus was detected in nasopharyngeal swabs
from 42 (50.6%) patients with pneumonia, suggesting
its role as an etiological agent or as a cofactor in the
development of the disease. To definitively confirm the
etiology, testing of lower respiratory tract specimens
and the exclusion of bacterial pathogens are necessary.
Adenovirus was also detected in patients with ARVI-31
cases (37.3%), 4 cases (4.8%) of rhinotracheitis, 3 cases
(3.6%) of pharyngitis, 2 cases (2.4%) of bronchitis,
and 1 case (1.3%) of intestinal infection (Fig. 2).
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In 20 (24%) cases, adenovirus infection was accompa-
nied by at least one other respiratory pathogen. The most
common co-infections were adenovirus with rhinovirus
(14 positive samples), with seasonal coronavirus (6), and
with seasonal coronavirus and parainfluenza (1). At the
same time, the combination of adenovirus with rhinovi-
rus caused milder forms of the disease (ARVI, pharyngi-

0,6%

|

5,1%

12,8%

= hAdv

= hRv

hCov = hPiv = hRSv

Fig. 1. The etiological structure of ARVI in military personnel
in the 2023-2024 epidemic season.

Puc. 1. Otnonoruueckas crpykrypa OPBU y BoeHHOCTyXaImux
B snuace3od 2023-2024 .
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2,4%

= OPBU (ARVI)

= oponxut (bronchitis)
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tis, rhinotracheitis), while the combination with seasonal
coronavirus led to the development of pneumonia.

It should be noted that the absence of bacteriological
studies and material from the lower respiratory tract does
not allow for a complete differentiation between viral and
viral-bacterial pneumonia.

Of the 83 samples that tested positive for adenovirus
by PCR, 79 were successfully genotyped using
fragment sequencing of the hexon gene, resulting in the
identification of six adenovirus genotypes: B3, B7, B14,
B55, C2, and C5. The most frequently detected variants
were B55 (39 samples; 49.4%) and B3 (26; 32.9%), while
C2 (9; 11.4%), B7 (2; 2.5%), C5 (2; 2.5%), and B14
(1; 1.3%) were less common (Fig. 3).

It was noted that genetic variant B55 was identified as
the main etiological agent of pneumonia, B3 and B55 —
of acute respiratory viral infection (ARVI), C2 — of
rhinotracheitis, C2 and B3 — of pharyngitis, B3 — of acute
bronchitis, and B14 — of intestinal infection (Fig. 4).

It was found that at the beginning of the 2023-2024
influenza and ARVI season (October, November), genetic
variants B3 and B55 were the predominant circulating
strains, followed to a lesser extent by C2 and CS5; in
January and February, adenovirus B55 was detected in
patient specimens.

According to phylogenetic analysis, certain
adenoviruses were most closely related to strains from the
United States (45.6%), China (43%), and Japan (11.4%)

(Fig. 5).

1,3%

\‘

puHotpaxent (rhinotracheitis)

= [ITU (intestinal infection)

Fig. 2. Structure of clinical forms of adenovirus infection in military personnel in the 20232024 epidemic season
Puc. 2. CtpykTypa KIMHHYECKUX (OpM aleHOBUPYCHOM HH(PEKINH Y BOCHHOCTYXKAKX B anuace3oH 2023-2024 rr.

B14 W 1
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Fig. 3. Adenovirus diversity in military personnel based on fragmentary sequencing of zexon gene (2023-2024).
Puc. 3. Pa3zHooOpa3zue alecHOBUPYCOB Y BOCHHOCIY KAIIUX 10 pe3yabTaTaM (parMeHTHOTO CEKBEHHPOBaHMs reHa hexon (20232024 rr.).
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Fig. 4. The role of gene variants in the development of clinical forms of adenovirus infection in military personnel (2023-2024).
Puc. 4. Porrs reHOBapHaHTOB B Pa3BUTHH KIMHAYECKUX (HOPM aIeHOBUPYCHOW MH(EKINH y BOeHHOCTYXamuX (2023-2024 rr.).

Tree scale: 0.1  F———

Fig. 5. Hexon gene phylogenetic tree of human adenovirus.

Puc. 5. dunoreneruueckoe nepeBo o rexy hexon ageHosupyca
YeJIOBEKA.

Discussion

Adenovirus is one of the key pathogens of ARVI
among military personnel. Previous molecular genetic
studies of adenovirus genotypes circulating among mil-
itary personnel in the Russian Federation do not provide
a complete picture of the genetic diversity of this virus.
This study identified the circulation in the Sverdlovsk Re-
gion of an epidemiologically significant adenovirus geno-
type — B55 — which affects the lower respiratory tract and
causes severe disease. This viral genotype was prevalent
among others and caused the development of communi-
ty-acquired adenoviral pneumonia. Phylogenetic analysis
revealed a high degree of similarity with strains circulat-
ing in the United States and China, which does not rule
out cross-border spread of the infection or evolutionary
variability of the virus. Studies by foreign scientists show
that outbreaks of adenovirus infection, caused primari-
ly by adenoviruses B55 and B7, are frequently reported
among military personnel, which causes significant eco-
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nomic damage and reduces the army’s combat readiness
[12-14, 16]. To prevent the disease and reduce hospital-
izations and mortality among military personnel in the
United States, an oral vaccine against adenoviruses B4
and B7 was developed and used in 1971; this vaccine
helped curb outbreaks of adenovirus infection among re-
cruits. However, production of this vaccine was discon-
tinued in 1996 [9]. Several multivalent vaccines targeting
adenovirus B55 are currently under development [23, 24].

Conclusion

This study presents the results of genetic diversity
analysis of adenoviruses detected in military personnel
with acute respiratory viral infections (ARVI) during
the 2023-2024 epidemiological season in the Sverdlovsk
Region. Given the epidemiological significance of
the B55 genotype, it is necessary to continue further
molecular-genetic studies of adenoviruses circulating
among military personnel in the Russian Federation.
Given that adenovirus B55 leads to outbreaks of the
disease among certain military contingents and causes
severe disease progression, it is necessary to develop
polyvalent adenovirus vaccines.
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