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Abstract

Introduction. Adenovirus infection occurs globally in the form of sporadic cases and isolated outbreaks. Human
adenovirus type 55 (HAdV-55), endemic in China and South Korea, causes acute respiratory viral infections (ARVI)
of varying severity, both among the civilian population and in military units in different countries of the world.
Genomic research facilitates reliable identification of HAdV-55.

The aim of this study was to identify HAdV isolated in Moscow in 2022, as well as to conduct whole-genome
sequencing and comparative genomic research.

Materials and methods. HAdV-55 was isolated from a sample of a patient hospitalized with pneumonia and
analyzed using restriction fragment length polymorphism analysis and whole-genome sequencing. Bioinformatics
comparative analysis was performed on a sample of sequences of 83 isolates.

Results. The whole-genome sequencing of first isolated in Russia HAdV-55 was conducted. The sequence of
isolate SCV3008:Ad55 was deposited in GenBank (Accession Number PQ641625). Unique mutations in the
SCV3008:Ad55 genome were identified, one of which resulted in a conservative T29A substitution in the penton
that did not affect its functions. Phylogenetic analysis showed clustering of SCV3008:Ad55 with isolates of clade
I, which included representatives of 7 countries on different continents, indicating a wide distribution of HAdV-55.
Isolates from endemic regions of China and South Korea formed separate clades. The study of microsatellite
length polymorphism in untranslated regions of the genome became an additional tool for distinguishing closely
related genomes.

Conclusion. The obtained genomic information laid the foundation for further monitoring for HAdV-55 in Russia
and demonstrated the informativeness and significance of whole-genome studies for monitoring adenoviruses.
The development and implementation of genotyping methods aimed at detecting HAdV-55 and other clinically
relevant genotypes will significantly improve the effectiveness of the diagnosis of adenovirus infections with the
threat of developing bronchopneumonia.
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MeHeTMYecKana xapakTepucTUKa usonsaTa ageHoBUpyca YenoBeKka
55-ro reHotuna (Adenoviridae: Mastadenovirus), BbiaeneHHOro
B Mockse B 2022 .

WewnH O.A., PepkoBa H.H., Kynga M.C., Epmonosa E.U., Oxaposckas T.A., MNonosa O.,
Hukutenko H.A., KpacHocno6oaues K.I'., bBypuesa E.N., 3ybkosa O.B. , BoponuHa O.J1.,
MHLGBYpr A1

OIBY «HaumoHanbHbIM ccrneaoBaTenbCKUA LIEHTP 3NMAEMUONONMU U MUKPOBMONOrMM MMEHW NOYETHOTO akagemumka
H.®. Namanen» Munagpasa Poccun, 123098, r. Mockea, Poccus

Pestome

BeepeHue. AgeHoBupycHasa MHeKuns BCTpevaeTcs NOBCEMECTHO B BUAE CMOPaAMYecKMX CriyyaeB U OTAenb-
HbIX BCMblLlek. AgeHoBupyc Yenoseka 55-ro reHotuna (HAV-55), sHaemuyHbl ans tepputopuin Kutas n FOxHon
Kopewu, BbI3bIBaeT oCTpble pecnmpaTtopHble BUpycHble uHdekumn (OPBW) pa3Hon cTeneHn TSHXecTu Kak cpeam
rPaXXOaHCKOro HaceneHusi, Tak U B BOMHCKUX KOMMEKTMBaX B pasHblX CTpaHax Mupa. [eHoMHble uccnegoBaHust
cnocobCTBYOT gocTtoBepHOM ngeHtudpmkaumm HAAV-55.

Llenb gaHHon paboTbl cocTtosina B uaeHTudukauum HAdV, BeiaeneHHoro B Mockee B 2022 r., npoBeAeHUM NOMHO-
FEHOMHOIO CEKBEHMPOBAHWSA U CPAaBHUTENIbHOMO FrEHOMHOIO UCCReAoBaHuUS.

MaTepuanbl u metoabl. HAdV-55 Bbigenunm us obpasua naumeHTa, rocnmTanuaMpoBaHHOro ¢ NHEBMOHUEN, UC-
cnefosanu MeTogamun aHanuaa nonMmopdusma AnnHbl PECTPUKLIMOHHBIX PparMeHTOB U NMONTHOFEHOMHOIO CekBe-
HUpOoBaHUSA. BUONHOPMALMOHHBIV CpaBHUTENbBHBIN aHanu3 BbINOMHUNN AN BbIGOPKM reHOMOB 83 U30NsTOB.
Pesynbrathbl. [1poBegeHo nonHoreHoMHoe cekBeHupoBaHue usonata HAdV-55, Bnepsble BbigeneHHoro B PO.
MocnepoBatenbHOCTbL reHoma msonata SCV3008:Ad55 agenoHuposanu B GenBank (perMctpaunoHHbId HOMEpP
PQ641625). BoiaBneHbl yHukansHble mytaummn B reHome SCV3008:Ad55, ogHa 13 KOTOPbIX MPUBOAMNA K KOHCEp-
BaTMBHOW 3amMeHe T29A B NeHTOHe, He BNuAoLLEen Ha ero yHKUMM. OUnoreHeTM4ecKknin aHanums nokasan knacre-
pusaumio SCV3008:Ad55 ¢ nsonatamu knagbl Il, BknoumBLEn npeacTtaBuTenen 7 cTpaH pasHbiX KOHTUHEHTOB,
4YTO CBMAOETENLCTBYET O LUMPOKOM pacnpocTpaHeHnn HAdV-55. N3onatbl aHaeMnyHbIX pernoHoB Kutas n KOxHon
Kopewn chopmunposanu otaenbHele knagsl. Miccnegosanve nonvMopdunsmMa AnvH MUKPOCaTENUTOB B HETPAHCU-
pyeMbIx 06rnacTsix reHoMa cTano AONOMHUTENbHLIM MHCTPYMEHTOB pasnuyeHust 6rim3kopoacTBEHHbIX FEHOMOB.
3akntoyeHne. CpaBHUTENBbHOE rEeHOMHOE uccnegoBaHune mdonatoB HAAV-55, nosBuBLuerocst B pesynerate pe-
kombuHaumm HAdV-14 n HAdV-11, nokasano meaneHHoe HakonneHue mytaumin ¢ 1969 r. Kak B TpaHCNMpyembiX,
Tak U B HETPaHCNMpyeMbix 06nacTsax, NO3BONMUIIO BbISBUTL YHUKaNbHbIE 3aMeHbl HOBOro nsonata SVC3008:Ad55.
[MonyyeHHas reHoOMHasi MHopMaUMsa 3anoxurna OcHOBY AN AanbHenwero MoHutopuHra HAdV-55 B Poccuu m
nNpoAeMOHCTpMpoBana MHPOPMAaTUBHOCTbL W 3HAYMMOCTb MOMTHOrEHOMHbIX UCCNeaoBaHuA Ans HabnogeHus 3a
apeHoBupycamu. PaspaboTtka 1 BHegpeHve B NPaKTUKy METOA0B reHOTUNMPOBAHUS, HaLENEHHbIX Ha BbISIBEHWE
HAdV-55 1 apyrmx KNMMHUYECKN 3HaYUMbIX FeHOTUMNOB, NMO3BOSUT 3HAYNTENBHO NOBLICUTL 3MEKTUBHOCTL AMArHo-
CTUKM afieHOBUPYCHbIX MHAEKUMIA C YTPO30i pasBUTNS BPOHXOMHEBMOHUN.

KnioueBble cnoBa: adeHosupyc Yenoseka 55-e0 eeHomuna;, HAAV-55; nonHo2eHOMHOe cekgeHuposaHue; gursio-
2eHemuYecKkuli aHanu3

Onsa untupoBaHus: WenH O.A., Peixoa H.H., Kynaa M.C., Epmonoga E.N., Oxaposckasa T.A., MNMonosa O., Hu-
kuteHko H.A., KpacHocno6ogues K.I"., Bypuesa E.WN., 3ybkosa O.B., BopoHuHa O.J1., MTmHubypr A.J1. leHeTnyeckasn
XapakTepucTuka nsonsta ageHoBupyca yenoseka 55-ro reHotuna (Adenoviridae: Mastadenovirus), BnepBble Bbl-
neneHHoro B Mockse. Bonpocs! supyconoeauu. 2025; 70(5), 431—443. DOI: https://doi.org/10.36233/0507-4088-
297 EDN: https://elibrary.ru/aatdbs

®duHaHcupoBaHue. Pabota BbinonHeHa npy (PMHAHCOBOW MOAAEPXKe rocydapcTBeHHoro 3aganus HULGOM wnm.
H.®. Mamanen (pernctpaunoHHbin Homep N.122021800184).

KoHdonukT nHTepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBME SBHBIX U NMOTEHUMaNbHbIX KOH(IMKTOB MHTEPECOB, CBA3aH-
HbIX C Ny6nuKaumen HacTosALWEN CTaTby.

OTnyeckoe yTBepxaeHue. ViccneqosaHne npoBoaunnm npy 4O6pPOBONIbHOM MHPOPMUPOBAHHOM COrflacum NaLyeHToB.
MpoTokon nccnenosaHust ogobpeH dTuveckum komutetom BY3 . Mocksbl «HbekUmMoHHas knuHuyeckasi 6onbHuLa
Ne 1 [lenaptameHTa 3apaBooxpaHeHuns ropoaa Mocksbi» (MpoTtokon Ne 8 ot 28.12.2022)
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Introduction

Adenoviruses (family Adenoviridae) are non-en-
veloped, double-stranded DNA viruses, classified in-
to 6 genera: Aviadenovirus, Barthadenovirus, Ichtad-
enovirus, Mastadenovirus, Siadenovirus and Testade-
novirus. Mammalian adenoviruses belong to the genus
Mastadenovirus, which includes more than 50 species.
Human adenoviruses (HAdV) belong to 7 species:
Mastadenovirus adami, M. blackbeardi, M. caesari,
M. dominans, M. exoticum, M. faecale and M. russelli'.
Different types of HAdV have varying tissue tropism,
which often correlates with specific clinical symptoms
of the infection [1]. HAdV primarily cause acute respi-
ratory viral infections (ARVI), but can also affect the
eyes, intestines, urinary tract and nervous system. The
severity of the disease depends on the type of virus
and the host’s immune status [1-5]. The most severe
respiratory infections are caused by HAdV 8 geno-
types out of 10 belonging to the M. blackbeardi spe-
cies: 3,7, 11, 14, 16, 21, 50, 55 [6].

The history of isolating HAdV-55 as a separate
genotype demonstrates the role and development of
the methodological base of virology, contributing to
a more accurate classification of viruses. For the first
time, the atypical HAdV-11 virus as a pathogen of
ARVI was identified using immunochemical methods
in 1974 [7]. In 1991, the comparison of DNA fragment
length polymorphism of isolates allowed the identification
of the HAdV-11a genotype and demonstrated that viruses
of this genotype are associated with upper respiratory tract
infections and bronchopneumonia [8]. In 2009, the first
complete genome of the HAdV-11a isolate HAdV11-QS
(registration number FJ643676) was published, obtained
by assembling overlapping amplicons after Sanger
sequencing. Comparison of sequencing data contributed
to the demonstration of the origin of HAdV-11a through
recombination: the HAdV-1la genome is based on
the HAdV-14 genome and part of the hexon gene of
HAdV-11 [9]. In 2011, the Human Adenovirus Working
Group recommended using full-genome sequences
for typing and characterizing HAdV and classifying
recombinants into new genotypes based on differences in
nucleotide sequences and biological properties [10]. Based
on these recommendations, in 2013, the recombinant
HAdV-11a was named HAdV-55 with the prototype isolate
HAdV11-QS [11]. Retrospective studies of collection
isolates have shown that HAdV-55 is endemic to China
and South Korea and dominated among viruses isolated
during ARVI in Beijing from 1965 to 1985 [8]. Outbreaks
of HAdV-55 ARVI in organized groups have been recorded
since 1969 among military personnel in Spain [7], in a
vocational training center in the USA [12], among children
in Argentina, Chile and Uruguay [13], in psychiatric
institutions in Israel [14], and in family groups in China
[15]. HAdV-55, compared to respiratory adenoviruses of
other genotypes, causes more severe diseases and poses a

'"TICTV. Family: Adenoviridae. Available at: https://ictv.global/report/
chapter/adenoviridae/adenoviridae
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significant threat to public health [6]. In Russia, according
to data from the Center for Ecology and Epidemiology
of Influenza at the D.I. Ivanovsky Institute of Virology,
N.F. Gamaleya NRCEM of the Ministry of Health of
Russia, in collaboration with 10 reference bases, during the
epidemic season of 2021-2022, the frequency of positive
adenovirus samples in the studied areas was 7.7% (1793
samples) out of those tested for ARVI [16]. HAdYV, isolated
from one of the 1793 samples, became the subject of
detailed study.

The aim of the study is the identification of HAdV
isolated in Moscow in 2022, as well as conducting whole-
genome sequencing and comparative genomic study.

Materials and methods

Materials. Bronchoalveolar lavage (BAL) from
a hospitalized 34-year-old man with a diagnosis of
unspecified pneumonia. The study was conducted with
the voluntary informed consent of patients. The study
protocol was approved by the Ethics Committee of the
Moscow State Medical University «Infectious Clinical
Hospital No. 1 of the Moscow Department of Health»
(Protocol No. 8 dated 12/28/2022).

Methods. The identification of viruses was carried out
by extracting RNA/DNA from clinical material using
the RIBO-PREP kit (Interlabservice, Russia) followed
by the detection of RNA/DNA of respiratory infection
pathogens in real-time reverse transcription polymerase
chain reaction (RT-PCR) using AmpliSens ARVI-screen-
FL commercial test systems (Interlabservice, Russia)
according to the manufacturer’s instructions on the Bio-
Rad CFX-96 detection amplifier (Bio-Rad, USA).

Isolation of HAdV. The virus was accumulated in
HEK293 cells (human embryonic kidney): 100 puL of
BAL was used to infect the cells (0.5 x 10° cells/3 cm?,
incubated under standard conditions (+37 °C, 5% CO,)
until cytopathic effect (CPE) occurred. For the preparative
amplification of the virus, 15 cm diameter culture
dishes were used. Infected cells were collected after
reaching 100% CPE, concentrated by low-speed
centrifugation (2000 rpm/10 min), re-suspended in buffer
(0.01 M Tris-HCI pH 8.0, 0.01 M NaCl, 5 mM EDTA),
subjected to three freeze-thaw cycles, and centrifuged
at 5000 rpm/10 min, with the pellet being discarded.
The adenovirus was purified from the supernatant using
ultracentrifugation in a cesium chloride density gradient
(in stepwise (CsCl with refractive indices of 1.355, 1.365,
and 1.375) and equilibrium gradient (CsCl with a
refractive index of 1.365)).

Analysis of restriction fragment length polymorphism
(RFLP). Genomic DNA from the purified virus was ex-
tracted using the Wizard Genomic DNA Purification Kit
(Promega, USA). DNA (1 ug) was hydrolyzed with the re-
striction enzymes Cfr411, Xagl and Xhol (Thermo, USA)
and analyzed by agarose gel electrophoresis, using a lon-
ger incubation period to detect low molecular weight frag-
ments. /n silico analysis of RFLP was conducted using the
Geneious Prime software (Biomatters, New Zealand).

Sequencing and genome assembly. Library preparation
was performed using the KAPA HyperPlus Kit
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Table 1. HAdV-55 strains used for genomic analysis in order to study the spread of the virus, regional persistence and genetic variability

Tadmuma 1. ltammer HAV-55, ucnone3yemsle 1711 TeHOMHOTO aHaJIN3a C LEJbI0 N3Y4YEHHs PAaCIIPOCTPAaHEHUS BUPYyCa, PETHOHAIBHON
MEPCUCTEHIIUN U TEHETHYECKON N3MEHYMBOCTH

GenBank Accession

GenBank Accession Number Country Year of isolation Number Country Year of isolation
Howmep B 6aze NCBI Mecro Bbiienenust | Ton BblieneHus Homep B 6ase NCBI Mecrto BbIIENCHUS Ton BbIENneHUs

MN654381.1 Egypt / Eruner 2000 PP002035.1 China / Kurait 2018
MN654383.1 Egypt/ Eruner 2000 PP002036.1 China / Kuraii 2018
MN654385.1 Egypt / Eruner 2000 PP002037.1 China / Kuraii 2018
MN654380.1 Egypt / Eruner 2000 PP002043.1 China / Kuraii 2018
MN654382.1 Egypt / Eruner 2002 PP002044.1 China / Kurait 2018
MN654390.1 Egypt / Eruner 2005 PP002045.1 China / Kuraii 2018
MN654391.1 Egypt / Eruner 2005 PP002046.1 China / Kuraii 2018
MN654386.1 Egypt / Eruner 2007 MH256653.1 China / Kuraii 2018
MN654384.1 Egypt / Eruner 2008 MH256655.1 China / Kuraii 2018
MN654387.1 Egypt / Eruner 2009 MH256657.1 China / Kurait 2018
MG905110.1 Spain / Ucnanust 1969 MH256654.1 China / Kurait 2018
FJ643676.1 China / Kuraii 2006 MH256656.1 China / Kuraii 2018
JX123027.1 China / Kuraii 2010 PP002040.1 China / Kuraii 2018
JX491639.1 China / Kuraii 2011 MT806174.1 China / Kuraii 2019
JX123028.1 China / Kuraii 2011 MT806175.1 China / Kuraii 2019
MK123979.1 China / Kuraii 2011 MT806170.1 China / Kuraii 2019
KJ883522.1 China / Kuraii 2011 MT806172.1 China / Kuraii 2019
KP279748.1 China / Kuraii 2012 MT806173.1 China / Kuraii 2019
KP896478.1 China / Kuraii 2012 MT806171.1 China / Kuraii 2019
JX123029.1 China / Kuraii 2012 OM714808.1 China / Kuraii 2020
KC857701.1 China / Kuraii 2012 OP375144.1 China / Kuraii 2021
KP896483.1 China / Kuraii 2013 MN654388.1 Singapore / Cunramyp 2005
KJ883520.1 China / Kuraii 2013 MN654389.1 Singapore / Cunramyp 2005
KJ883521.1 China / Kuraii 2013 MN654394.1 CIIA / USA 1976
KP896484.1 China / Kuraii 2013 MN654392.1 CIIA / USA 1997
MK123980.1 China / Kuraii 2013 MT513753.1 CHIA / USA 2006
MK123981.1 China / Kuraii 2013 MN654395.1 CIIIA / USA 2020
KF908851.1 China / Kurait 2013 MNG654375.1 South Korea / 1OxxHas Kopest 2009
MK886831.1 China / Kurait 2015 MN654376.1 South Korea / IOxHas Kopes 2009
KX289874.1 China / Kurait 2015 MNG654377.1 South Korea / FOxxHas Kopest 2009
KY070248.1 China / Kuraii 2016 MN654378.1 South Korea / 1OxxHas Kopest 2009
KY780931.1 China / Kuraii 2016 MN654379.1 South Korea / FOxnas Kopest 2009
KY780932.1 China / Kurait 2016 KX494979.1 South Korea / IOxHas Kopes 2016
KY780933.1 China / Kurait 2016 KY471318.1 South Korea / 1OxxHas Kopest 2017
PP002039.1 China / Kuraii 2018 KY471322.1 South Korea / IOxnas Kopes 2017
PP002041.1 China / Kuraii 2018 KY471319.1 South Korea / FOxxnas Kopest 2017
MNO052861.1 China / Kurait 2018 KY471320.1 South Korea / 1Oxxnas Kopest 2017
MK123978.1 China / Kuraii 2018 KY471321.1 South Korea / 1OxHas Kopest 2017
PP002033.1 China / Kuraii 2018 KY471323.1 South Korea / FOxxnas Kopest 2017
PP002034.1 China / Kurait 2018 MWO053454.1 South Korea / 1Oxnas Kopes 2019
PP002038.1 China / Kuraii 2018 MN654393.1 Japan / Sinonust 2012
PP002032.1 China / Kuraii 2018
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(F. Hoffmann-La Roche Ltd., Switzerland) according
to the manufacturer’s protocols, quality and size checks
of the libraries were conducted using electrophoresis on
High Sensitivity DNA Chips 2100 Bioanalyzer System
(Agilent, USA), sequencing was carried out on the
NextSeq 500/550 (Illumina, USA) instrument using Mid
Output 300 cycles cartridges. For de novo assembly and
reference sequence assembly, we used the CLC Genomic
Workbench v. 21 software package (Qiagen, USA). To
refine the sequences of homopolymers, Sanger sequencing
was performed, using the BDT UltraSeq HP Kit
(SenseCare Bio, China), with electrophoresis conducted
in 50 cm capillaries in POP-7 gel on the 3500 Genetic
Analyzer (Applied Biosystems, USA).

Comparative analysis. The comparative analysis in-
cluded 83 complete genomes of HAdV-55 (Table 1) and
the genome of HAdV-14 (MF062484). The alignment of
genomic sequences of the isolate samples, the construc-
tion of the Neighbor-joining phylogenetic tree, and the
calculation of ANI (average nucleotide identity) were
performed using the Whole Genome Alignment module
of the CLC Genomic Workbench v. 21 software package
(Qiagen, USA). The MEGAT11 program was used for tree
visualization, as well as translation of reading frames and
alignment of amino acid sequences [17].

Results

In a sample of respiratory specimens received from hos-
pitals in Moscow during the 2021-2022 season, 12 con-

al/a
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tained HAdV according to qPCR data. The samples were
analyzed for viral load values and the multiplicity of in-
fection. One of the samples (bronchoalveolar lavage fluid
from a patient hospitalized with pneumonia), character-
ized by a high level of HAdV DNA load (cycle threshold
value, Ct = 12.3) and the absence of co-infection with
other respiratory viruses, was used for HAdV isolation.

The isolated adenovirus was identified as HAdV-55
based on sequencing data, deposited in the State Collection
of Viruses at the D.I. Ivanovsky Institute of Virology of
the N.F. Gamaleya NRCEM of the Ministry of Health
of Russia under the number SCV3008:Ad55, and the
genomic data were registered in GenBank (registration
number PQ641625).

RFLP analysis of the isolate DNA revea-
led the following fragments: Cfr41l (12894, 8674,
7768, 2664, 1194, 1181 and 403 bp), Xhol (10335,
8005, 6544, 5761, 2628, 1355, and 150 bp) and Xagl
(20615, 5219, 3789, 2944, 1359 and 852 bp). Fig. 1 (a)
presents the most prominent of them. Comparison with in
silico data for isolates HAdV-55 (MG905110), HAdV-11
(AY'163756) and HAdV-14 (MF062484) (Fig. 1 b) con-
firms the similarity of the restriction fragments of isolates
SCV3008:Ad55 and HAAV-55 (MG905110) and empha-
sizes that the genome of the recombinant HAdV-55 is pri-
marily composed of HAdV-14 genes.

The similarity with HAdV-14 was also demonstrat-
ed by the ANI calculation between the genomes of the
HAdV-55 samples presented in Table 1, SCV3008:Ad55,

b/o

Fig. 1. Restriction fragment length polymorphisms (RFLPs) using Cfr411, Xagl, and Xhol restriction enzymes.

a — DNA of the SCV3008 isolate in vitro; b — DNA of the HAd-55, HAd-11 and HAd-14 strains in silico.
Puc. 1. ITomumopdusm UTMH peCTPUKIIMOHHBIX (YparMeHTOB, MOTy4eHHbIX ¢ pectpukrazamu Cfr411, Xagl u Xhol.

a — ns THK m3onsra SCV3008:AdSS in vitro; 6 — nns JJHK mrammo HAd-55, HAd-11 u HAd-14 in silico.
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Fig. 2. Neighbor-joining phylogenetic tree constructed based on the complete genomes of 83 HAd-55 isolates presented in Table 1, and the
genome of the SCV3008:Ad55 isolate (PQ641625).

Clades 0-1II are characterized in the legend. MF062484 — HAd-14 isolate, represents an outgroup.

Puc. 2. dunorenernueckoe qpeBo Neighbor-joining, mocTpoeHHOE HAa OCHOBE MOJTHBIX TeHOMOB 83 m3omsaToB HAd-55, mpeacraBneHHBIX
B Tabn. 1, u renoma m3onsata SCV3008:Ad55 (PQ641625).

Kuazer 0111 oxapakrepuzoBansl B erenae. MF062484 — uzonsat HAd-14, npencrapiser BHEUIHIOWO TPYIIITY.

and HAdV-14 (MF062484). The ANI value between
HAdV-55 and HAdV-14 was 98.7478-98.9411, and be-
tween the genomes of HAdV-55 it was 99.6546—100.000.

The phylogenetic analysis included HAdV-55 iso-
lates collected in 8 countries from 1969 to 2022 (Ta-
ble 1). The phylogenetic tree is illustrated in Fig. 2, which
shows that the genomes formed 4 clades. The ances-
tral clade “0” included the earliest isolates MG905110
(Spain, 1969), MN654394 (USA, 1976), and the iso-
late MN654395 (USA, 2020). Clade I was formed
by 13 isolates from South Korea and two isolates from
China (2011 and 2015). Clade II, which was primar-
ily composed of isolates from Egypt (12 isolates),
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was the most diverse in terms of country representa-
tion. It included isolates from Singapore (MN654388
and MN654389, 2005), Japan (MN654393, 2012), the
USA (MN654392, 1997, MT513753, 2006), China
(JX123027, 2010), and the isolate SCV3008:Ad55 iden-
tified by us. The most numerous clade III was formed by
isolates from China from 2006 to 2021.

In clade II, the isolate closest to SCV3008:Ad55 in
terms of ANI (99.9396) was the isolate from Japan
(MN654393). Differences between the genomes
SCV3008:Ad55 and MN654393 were identified both in
the untranslated regions of the genome and in the genes
of structural and non-structural proteins (Table 2). The
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Table 2. Characterization of substitutions in the genome of isolate SVC308-Ad55

Taénauua 2. Xapaxrepuctuka 3amMeH B renome uzoisra SVC308:Ad55

Substitution in the SVC308:Ad55 genome Mutation fr N Substitutions in amino acid
Name of the region of the genome/CDS relative to the WPAFB415 }131: Z ac e%lée y sequence
Ha3zganue obnactu reroma/CDS 3ameHa B reHome SVC308:Ad55 T}S LTI 1:1[14 ™ 3aMeHbI B [10CIIEA0BATEIBHOCTH
otHOocuTensHO reHoma WPAFB415 yran Oenka
C134T** Clade Egypt*
A445G SVC308:Ad55
pntranslated regions T3437C SVC308:Ad55
eTpaHCIUpyeMBbIe 00IacTn
A3924G SVC308:Ad55
G34619T*** SVC308:Ad55
pIX 14.2kDa/ 14,2 x/la C3536T SVC308:AdS5
pIVa2 50.9 kDa / 50,9 x/la T4656C WPAFB415
128,9 x/la JHK-nonumepasa Co707T SVC308:Ad5S
128.9 kDa DNA polymerase T6764A WPAFB415 Lys—Asp
G8779A SVC308:Ad55
pTP 73.4kDa/ 73,4 x/la
C8815T Clade Egypt*
L1 52/55K 43,9 kDa /43,9 x/la CI11734T SVC308:Ad55
L1 pllla 65.6 kDa / 65,6 x/la G13349A Clade Egypt*
T13787A SVC308:Ad55 Thr—Ala
L2 62,5 kDa penton protein / neHton 62,5 x/la
G14203A SVC308:Ad55
T16315C WPAFB415 Glu—Leu
L2 pV 40.1 kDa / 40,1 k/la
G16530C WPAFB415
58.3 kDa DNA-binding protein )
E2A 58,3 kJla JIHK-cBs3biBatoruii 6e10k G22776A SVC308:Ad55
L4 22K 21.6 kDa /21,6 xk/la C26083T Clade Egypt* His—Tyr
L4 pVIII 25 kDa / 25 x/la A26918G WPAFB415
E3 18.5kDa/ 18,5 kDa T28096G SVC308:Ad55

Note. * —except for MT513753, MN654393, JX123027; ** — the left ITR region is found in only 65 of the 85 genomes; *** — the region of the genome

in front of the right ITR is present in only 75 out of 85 genomes.

IIpumeuanne. * —xpome MT513753, MN654393, JX123027; ** — obnactb sieBoro ITR ects TonbKO B 65 reHoMax u3 85; *** — obnactb reHoma nepes

npasbM ITR npucyTcTByeT Tonbko B 75 reHoMax u3 85.

identified substitutions were compared with the sequences
of other genomes in the sample. Note that the comparison
of the ITR regions and the nearest ones was not possible
for all genomes. Of the identified substitutions, 4 were
characteristic of most isolates of clade II, 4 were unique
to the genome of the Japanese isolate, and 12 substitutions
distinguished the SCV3008:Ad55 isolate.

The substitutions in 4 reading frames were non-
synonymous. The mutation in the peptide (Thr29Ala)
was unique to the isolate SCV3008:Ad55. Changes
in the DNA polymerase (Asp566Lys) and in the pV
protein (Leul05Glu) distinguished the Japanese isolate
MN©654393. The mutation in the L4 22K protein
(His162Tyr) was found in 14 isolates of clade II, including
SCV3008:Ad55 (Table 2).

In the analysis of genomes, we noticed the heterogeneity
in the sizes of poly-A/poly-T sequences in intergenic
regions (Table 3). The sizes of regions 2—6, marked in
the SCV3008:Ad55 genome, were characteristic of many
genomes in the HAdV-55 sample. Region 1 with the A6G
substitution was uniqueto SCV3008:Ad55. Homopolymer
sequences in adenovirus genomes, also known as
microsatellites, drew the attention of researchers during
the investigation of adenovirus infection outbreaks with
fatal outcomes in U.S. military cohorts in 2006-2007.
Polymorphism of microsatellite loci lengths became a
high-resolution marker for attributing HAdV-14 to a
single outbreak [18]. A comparison of microsatellite loci
in the isolates of clade II «Egypt» was conducted, which
included 17 isolates from different continents. The data in
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Table 3. Regions of repeats in the genomes of a sample of adenoviruses belonging to genotype 55

Tadauua 3. O6nacTu NOBTOPOB B TEHOMAaX BHIOOPKHU aJ€HOBUPYCOB UeIOBEKa 55-ro THIa

The position according to PQ641625 Number of isolat
N genome / Neighboring ORS Isolate The number of nucleotides in the repeat uK er ol 1solates
OJIMYCCTBO
INonoxenue no renomy PQ641625 / W3zonsar Yucio HyKJI€OTHIOB B IOBTOpE 3OS TOR
Cocennue OPC 30IITO
MF062484/China/2010* 1
OP375144/China/2021 3
MW053454/China/2023 1
PQ641625/Russia/2022 1
1 3918-3933 bp / pIX; pIVa2 MN654393/Japan/2012 1
MN654378/S.Korea/2009 24
MN654392/USA/1997 5
MN654394/USA/1976 1
FJ643676/China/2011 48
MF062484/China/2010*
MN654395/USA/2020 1
MW053454/China/2023 3
KY471322/S Korea/2017 9
2 10651-10664 bp / pTP; L1 PP002032/China/2018 21
PQ641625/Russia/2022 7
MN654394/USA/1976 37
MK123980/China/2013 6
KP896484/China/2013 1
MF062484/China/2010* 1
13620-13630 bp/L1 pllla; L2 penton PP002034/China/2018 !
3 [polyA signal sequence (aaataaa) MN654388/Singapore/2005 16
13627-13633 bp] PQ641625/Russia/2022 66
PP002040/China/2018 1
MF062484/China/2010*
MK123978/China/2018 1
PQ641625/Russia/2022 51
4a 17323-17334 bp / L2 pX; L3 pVI -
KY070248/China/2016 20
MN654394/USA/1976 12
KP896484/China/2013 1
MF062484/China/2010*
17341-17352 bp / L2 pX; L3 pVI KX494979/S.Korea/2016 5
4b [polyA signal sequence (aataaa) -
17339-17344 bp] PQ641625/Russia/2022 75
KH289874/China/2015 5
MF062484/China/2010*
MT513753/USA/2006 1
MK123981/China/2013 3
5 29474-29486 bp / E3 20.2 kDa; E3 OM?714808/China/2020 1
10.3 kDa PQ641625/Russia/2022 17
KP896483/China/2013 37
JX123029/China/2012 25
KP896484/China/2013 1
MF062484/China/2010* 1
p 34006 — 34016 bp / E4 ORF2; E4 MT513753/USA/2006 3
ORF1 PQ641625/Russia/2022 28
JX123029/China/2012 53

Note. * — the ancestral genome of human adenovirus 14.

IMpumeuanue. * — npeakosblii renomM Human adenovirus 14.
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Table 4. Size of microsatellite loci in the genomes of clade II «Egypt» isolates

Taénauua 4. Pasmep 10KycoB MUKPOCATEIUIUTOB B reHOMax u30isToB Kinajsl 11 «Egypty

Locus Isolate Homopolymer size (nt) Locus Isolate Il;Iomopolymer size (nt)
Jlokyc W3zonsar Pa3mep romononumepa (HT) Jlokyc W3zonsar asmep r(zn;;);I ormMepa
1 Most / BonpmHcTBO* A(13) 4a, 4b Most / BonbmnseTBO* A (10); A (10)
MN654380 (Egypt 2000) A(12) JX123027 (China 2010) A (10); A(11)
MN654392 (USA 1997) A(12) MN654392 (USA 1997) A (9); A(10)
MN654393 (Japan 2012) A (14) 5 BonbumucTBo / Most T(9)
PQ641625 (Russia 2022) A(13)G (1) MN654393 (Japan 2012) T(11)
2 Most / BonbuinHeTBO* T(1) PQ641625 (Russia 2022) T(1)
MN654393 (Japan 2012) T (12) JX123027 (China 2010) T (10)
PQ641625 (Russia 2022) T (12) MT513753 (USA 2006) T (14)
JX123027 (China 2010) T (12) 6 BonbumucTBo / Most A(®)
3 BonbuuacTBo / Most A (10) MN654393 (Japan 2012) A (10)
MN654386 (Egypt 2007) A(11) PQ641625 (Russia 2022) A (10)
MN654387 (Egypt 2009) A(11) MT513753 (USA 2006) A(11)

MN654388 (Singapore 2005) A(11)

MN654389 (Singapore 2005) A(11)

Note. * — Clade II «Egypt» contains 17 isolates.

Mpumeuanne. * — B xnaze I «Egypt» 17 uzomnsros.

Table 4 indicate that most isolates of clade Il were similar
in microsatellite size across all 6 loci. The maximum
number of loci (4) distinguished the genomes of isolates
from Japan (MN654393) and Russia (SCV3008:Ad55),
the genome of the single isolate from China in clade
IT (JX123027) differed by 3 loci, the isolates from the
USA (MN654392, 1997, MT513753, 2006) differed
by 2 different loci, and the isolates from Singapore
(MN654388 and MN654389) differed by 1 locus each. Of
the 10 Egyptian isolates in clade II, three had one locus
difference each. Thus, with the high conservatism of
HAdV-55 genomes, microsatellite loci indeed allow for
the differentiation of virus genomes within a single clade.

Discussion

For the first time, the presented study describes the ge-
nome of the HAdV-55 SCV3008:Ad55 strain isolated in
the territory of the Russian Federation. It should be noted
that previous molecular-epidemiological genomic studies
of adenoviruses in the Russian Federation are rare and
focused on the study of M. caesari HAdV, pathogens of
respiratory infections in children [19]. The collection of
comparative information for genomic studies is hindered
by the low level of implementation of genotyping meth-
ods in the laboratory diagnosis of adenovirus infection.

In Russia, the molecular-genetic approach, approved
since 2010, is used for epidemiological monitoring for
adenovirus infection and identification of the pathogen
up to the family Adenoviridae at the Reference Center for
Influenza and ARVI Diagnosis based at the A.A. Smorod-

intsev Research Institute of Influenza, at the Center for
Ecology and Epidemiology of Influenza at the N.F. Ga-
maleya National Research Center for Epidemiology and
Microbiology, and at the reference bases of Rospotreb-
nadzor. Adenovirus infections in children are under spe-
cial control and are also subject to molecular diagnostics
according to clinical guidelines?. However, HAdV geno-
typing is not included in the list of laboratory diagnostic
methods.

ECDC (European Centre for Disease Prevention and
Control) does not conduct routine surveillance of ad-
enovirus infections and only records outbreaks of the
disease, whereas the CDC (Centers for Disease Con-
trol and Prevention, USA) has developed guidelines
for identifying HAdV based on nucleic acid amplifica-
tion and has created the National Adenovirus Type Re-
porting System (NATRS). According to NATRS data
from 2017 to 2023, HAdV 6 genotypes were the most
common in the USA, among which HAdV-7 and HAdV-14
of the M. blackbeardi species accounted for 13.4%
and 7.8%, respectively (https://www.cdc.gov/adenovi-
rus/hcp/outbreaks/index.html). The Japanese National
Infectious Disease Epidemiological Surveillance Sys-
tem also conducts adenovirus genotyping, noting among
the predominant M. blackbeardi HAAV-3, 7, 11, 34, 35,

Clinical guidelines (treatment protocol) for providing medical care
to children with adenoviral infection; 2013. Available at: http://niidi.
ru/dotAsset/69f71879-9765-4634-a621-8792acf587b7.pdf
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and among the minor ones 14, 16, 55, 66, 68, 79 [20].
The CDC of China monitors influenza and ARVI, but
does not publish reports on virus genotyping in the public
domain [21]. Thus, among national surveillance systems,
only Japan’s epidemiological surveillance system moni-
tors HAdV-55.

Analysis of scientific publications from 2012 to 2025,
available on PubMed, showed that out of 48 articles men-
tioning HAdV-55 in their keywords, 39 (81%) were pub-
lished by researchers from China, 7 from South Korea, and
one each from the USA and Senegal. This ratio of pub-
lications confirms the endemicity of HAdV-55 in China
and South Korea. It should be noted that among the pub-
lications from South Korea, only two present a study of
HAdV-55 infections among the civilian population, while
the others describe outbreaks of ARVI caused by HAdV-55
among military personnel [22]. The topic of HAdV-55 in-
fections among military personnel is continued by a pub-
lication from the USA [23], dedicated to the analysis of
the MWO053454 virus isolate, which was isolated from an
American serviceman who was in South Koreain2019. The
MWO053454 isolate differed from the South Korean isolate
KX494979 from 2016 by one synonymous substitution.
In the current study, both isolates were placed in clade I
«South Korea». In Senegal, from 2012 to 2015, M. black-
beardi HAdV was identified in 9 cases of patients with
ARVI, among which HAdV-7, HAdV-55 and HAdV-11
were noted [24]. The presented data indicate that HAdV
genotyping is gradually being integrated into laboratory
practice.

Considering the above, in order to conduct a compara-
tive study of the genome of the isolate SCV3008:Ad55,
GenBank data was used, collecting a sample of 83 iso-
lates from 1969 to 2022 from 7 countries. The analysis
of the sample showed a high similarity of HAdV-55 ge-
nomes, reaching 99.7-100% on the ANI scale, which is
consistent with data from other studies conducted on a
smaller number of isolates [25]. At the same time, the
phylogenetic analysis allowed for the division of the
genomes in the sample into clades, indicating the pres-
ence of heterogeneity even with high homology. Clades
I and III corresponded to the geographical origin of the
isolates and showed an epidemiological connection both
between the isolates from China and those from South
Korea. Isolates from Egypt from 2000 to 2009, a country
distant from areas endemic to HAdV-55, clustered with
isolates from five countries, including China, indicating
the spread of HAdV-55, facilitated by globalization pro-
cesses. It should be noted that the isolates in cluster 11
predominantly came from the civilian population. The
exceptions were the isolates from Singapore and Japan,
obtained from samples of military personnel who fell ill
with ARVI [25].

Comparative genomic analysis revealed differenc-
es in the SVC3008:Ad55 isolate, specifically 12 point
mutations distributed throughout the genome, of which
a non-synonymous substitution occurred in the reading
frame of the 62.5 kDa penton L2, leading to a T29A sub-
stitution at the N-terminus of the protein sequence. Since
the substitution is conservative, it does not affect the am-
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phipathic properties of the N-terminal helix of the protein
or the capability of the PPRY motif (42—45 a.a.) to inter-
act with the WW domains of cellular ubiquitin ligases,
which facilitates the virus’s entry into the eukaryotic cell,
determining its infectivity [26].

Additional information about the diversity of closely
related genomes of the clade II isolates was provided by
the analysis of microsatellite length polymorphism (ho-
mopolymers) at 6 loci in the untranslated regions. Out
of 17 isolates of the clade, 10 had differences in at least
one locus. The isolates from Japan and Russia differed
from the other isolates of the clade by 4 microsatellite
loci. This approach even allowed for the differentiation
of isolates from Egypt within two regions: Alexandria
(2000-2002) and Cairo (2005-2009).

Conclusion

Comparative genomic study of HAdV-55 isolates, which
emerged as a result of the recombination of HAdV-14
and HAdV-11, showed genome stability since 1969 and
a slow accumulation of mutations in both coding and
non-coding regions, allowing the identification of unique
substitutions in the new SVC3008:Ad55 isolate. The ob-
tained genomic information laid the foundation for the
development of diagnostic kits and further monitoring for
HAdV-55, which causes infections complicated by bron-
chopneumonia. At the same time, since adenoviruses are
subject to recombinational variability and there are mul-
tiple recombination hotspots (genes of the penton, hexon,
fiber, E1, E3 and E4) [27], whole-genome sequencing is
particularly effective in monitoring and molecular epide-
miological analysis of adenovirus pathogens.
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