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MOLECULAR AND GENETIC CHARACTERISTICS OF ADENOVIRUS AS CAUSES

OF ACUTE DIARRHEA IN THE PEOPLE OF SOUTHERN UKRAINE
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The etiological role of adenoviruses as causative agents of acute diarrhea in the southern region of Ukraine was studied.
Adenovirus DNA was detected in 10.6141.05 % of clinical stool samples. Serotypes of two gene groups: C and F were identified
during genotyping and sequencing of genetic material of detected adenovirus isolates. Gene group F (HAdV41), proves their role
in the occurrence of this infectious pathology. HAdV41 isolates had a significant advantage 75.0£15.31 % and had a pronounced
genetic heterogeneity, showed similarities with serotypes circulating in previous years in different regions of the world: Sweden
(1978), Japan (2003, 2006), South Africa (2009-2014), Iraq (2016). The obtained results allowed to establish the geographical
origin of circulating adenoviruses, as well as to predict a further increase in the intensity of the epidemic process of adenoviral
infections in southern Ukraine.
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MOJIEKVJISIPHO-TEHETUYHI XAPAKTEPUCTUKH ATEHOBIPY CIB,
AK 3bYIHUKIB I'OCTPUX JIAPEU Y )KUTEJIB IHIBJIHA YKPAIHU

BuByanu erionoriuty polsib aaeHOBipycCiB, sk 30yHHKIB TOCTpi [iapel y JKHTeNiB MiBAeHHOro perioHy Ykpainu. JJHK
aJICHOBIPYCIB BHSBJICHI B KIIHIYHHMX 3pa3kax cTinbls xBopux y 10,61£1,05 % Bumankis. Ilpu reHoTuiyBaHHI Ta CEKBEHYBaHHI
TEHETHIHOTO MaTepiaTy BHSABICHHUX 130JATiB ineHTH(ikoBaHO cepotumu aox reHorpym: C ta F. ¥V 25,0+£11,69 % xBopux Ha roctpy
niapero y BUIIIsiIi MoHoiH(ekwil Oyo BusiBieHo aneHosipycu rerorpynu C: HAdV2 i Had VS, mwo nopsiz 3 cepoTHiiaMu reHorpynu
F (HAdV41), noBoauTs ixX poib y BHHUKHEHHI JaHOI iH(ekuiliHoi natonorii. [3oystn HAdV41 3ycrpivanuce i3 cyTTeBOIO epeBaroro
75,0£15,31 % Ta Manm BUpaXeHy TeHETHIHY T'€TepOTeHHICTb, BUSABILIIOUN OIOHICTH 3 CEPOTHITAMH, IO IIUPKYIIFIOBAIH Y TONEPEaH]
pokH y pisHuX perionax csity: B IlIsewii (1978 p.), Snonii (2003, 2006 pp.), [TiBaeunii Adpuwi (2009-2014 pp.), B Ipaky (2016 p.).
OtpumaHi pe3ysbTaTi J03BOJIHIN BCTAHOBUTH reorpadiuHe MOXODKEHHs HUPKYJIIOIYNX aJeHOBIPYCiB, IPOrHO3YBaTH MOAAJIIIC
3pOCTaHHs IHTEHCHBHOCTI €MiIeMiYHOTO IPOIIECY aACHOBIPYCHOI iH(EKLii Ha MBIHI YKpaiHH.

KmrouoBi cioBa: roctpi fiapei, erionoriuHa CTPYKTypa, aJCHOBIpycHa iH(QEKLis, MOJIEKYySIPHO-TeHeTHYHI
0COOJIMBOCTI, CITiIEMIYHUIT TIpOIIEeC.

The study is a fragment of the research work “Study of the etiological structure of the building of intestinal infectious
diseases with the purpose of improving the existing system of epidemiological surveillance” state registration No. 0118U00318
and the project ERASMUS+ “Multigrade Local, nation- and Regionwide Education and Training in Climate Services, Climate
Change Adaptation and Mitigation”, registration No. 619285-EPP-1-2020-1-FI-EPPKA2-CBHE-JP.

Diarrheal diseases (DD) are the most common acute respiratory diseases in countries with different
socio-political systems [6—8], the eighth largest cause of annual death among all age groups, which leads
to more than 1.6 million deaths, and the fifth cause of death among children under 5 years worldwide. The
disease and death rate from the DD increases in developing countries, where diarrhea caused by various
pathogens is one of the major public health problems [9, 10].

International migration, inter-governmental exchange of food and raw materials of animal origin,
urbanization, intensification of recreational processes, climatic changes and deterioration of ecological
situation contribute to the high-level incidence of the DD [12, 15].

Over the last decades, there has been pronounced dominance of viruses as a reason, which share is
brought to 80 % of all DD in children's age [1, 2, 9], which are rapidly spread in organized groups, have a
turbulent beginning, non-specific clinical manifestations with rapid development of exsiccosis [11]. 8
different families of viruses: Reoviridae (Rotavirus),Caliciviridae (Norovirus, Sapovirus), Adenoviride
(Mastadenovirus), Astroviridae (Astrovirus), Picornaviridae (Enterovirus, Parechovirus, Kobuvirus),
Coronaviridae (Coronavirus, Torovirus), Parvoviridae (Bocavirus), Picobirnaviridae (Picobirnavirus) are
associated with acute gastroenteritis [2, 10, 13].
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The purpose of the study was to clarify the etiological role of adenoviruses as the pathogens of
diarrheal diseases in residents of the south of Ukraine and their genetic features for improving the measures
of epidemiological surveillance of this group of infections.

Materials and methods. To achieve the purpose, we performed study samples of clinical material
from patients, hospitalized with the diagnosis of the acute diarrhea in infectious hospitals in three regions.

In the period from July to September 2018, 916 patients were hospitalized in Mykolayiv Regional
Center for the Treatment of Infectious diseases (“MRCTID”) and in Odesa City Clinical Infectious Hospital
(“OCCIH”) — 5466, In Kherson Regional Infectious Hospital named after. G.I. Gorbachevsky (“KRIH”) —
731, totally 7113 patients.

The method of simple randomization in 419 patients was taken clinical material, including are 89 —
from “MRCTID”, 225 — from “OCCIH”, 105 — from “KRIH”. At local laboratory bases, all samples were
tested with the help of bacteriological method using the analyzer and corresponding test systems. In those
clinical samples where bacterial activators were not found, the PCR-research was conducted. In each sample
the genetic material of Adenovirus (AdV) 40 and 41 serotypes (Adenovirus) and other non-intestinal
serotypes (Adenovirus resp) were revealed. Such researches were carried out in 134 samples of clinical
material of patients “OCCIH”, 25 — from “MRCTID” and 28 — from “KRIH”, in total in 193 samples.
Molecular-genetic studies were conducted using the PCR method with a reverse transcription. The study of
molecular-genetic characteristics of AdV isolates was carried out by the method of sequencing a fragment of
the gene amplification of hexon (a protein of capsid) containing a hypervariabelic region [14].

Results of the study and their discussion. At bacteriological research, the pathogens were found
in: 71.91+£4.76 % of the selected clinical samples in patients from Mykolayiv region, 40.44+3.27 % from
Odesa and 62.86+4.79 % from Kherson region. In the rest of the samples: 28.09+4.76 %, 59.56+£3.27 %
and 37.14+4.79 % (respectively) performed PCR-research for presence of AdV.

In the study of 134 samples of clinical material of patients “OCCIH” in 11 — 8.21+2.37 % DNA of
AdV was found. Of the 28 specimens of patients with “KRIH” 7 positive — 25.0+6.07 % were found, of
the 25 specimens of patients with “MRCTID” DNA of AdV found in 5 — 20.0£8.00 % of cases. Total in
clinical material of 193 patients with dearth in 23 cases 11.92+1.05 % DNA of AdV was detected (fig. 1).

Ratio of positive group Ratio of positive group
(Odessa region) (Mykolaiv region)
® Adenovirus ™ Main group ® Adenovirus ™ Main group
» 92% 92% ’ z. 80%
Ratio of positive group Ratio of positive group
(Kherson region) (Southern regions of
® Adenovirus  ®Main group Ukraine)

® Adenovirus B Main group
75% 75%
88% 88%

Fig. 1 the frequency of detection of adenoviruses (in %) in clinical samples of patients from Odessa, Mykolaev, Kherson regions
and southern Ukraine.

The next stage of this work was the study of molecular-genetic characteristics of the isolates of
AdV. As a result of genotyping and DNA sequencing of 8 AdV isolates, which were selected by the blind
sampling method, 3 different serotypes were identified: HAdV2, HadV5 and HAdV41. Among the
serotypes of ADH circulating in the region the significant advantage was HAdV41 (75.0£15.31 %), which
is installed in 6 isolates (fig. 2). The other two AdV serotypes, HAdV2 and HadV5, met at the same
frequency in 1 cases (12.5£11.69 %).
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At the next stage of this study, the genetic
heterogeneity of detected isolates of serotype
41 was evaluated. Within the type there are 2
genotype clusters — GTC1 and GTC2.

12.50 Phylogenetic  analysis of  nucleotide

12.50 sequences of AdV (fig. 3) showed that the

L serotype HAdV5S  investigated isolates belonged to two clusters

serotype HAAV2 mentioned above — isolate No. 30, 31 and 35

serotype HAAV41  were included in GTCI, and isolate No. 145,

146 and 162 belonged to GTC2. The share of

nucleotide differences between sequences in

Fig. 2 Frequency of established serotypes of adenoviruses, isolates that belonged to GTC1 and GTC2
circulating in southern Ukraine in 2018 was 5.5-5.8 %. All nucleotide sequences in

isolates that belonged to GTC2 had 100 % similarity. The nucleotide sequences of the isolates that belonged

to the GTC1 differed by 2.3 % among themselves. In this case, the number 35 isolation revealed in the

investigated region 100 % similarity with the virus circulating in Sweden in 1978 (Access code GenBank:

KX868407) and in Japan in 2006 (Access code GenBank: DQ336391). The other No. 31 was 99 % similar

to the headquarters identified in South Africa in 2009-2014, Iraq in 2016, Japan in 2003 (Access codes

GenBank: AB103341, MK962806,MK962807,MG925782).

The results show the genetic heterogeneity of the detected AdV in patients with acute diarrhea,
which within the framework of the HAdV41 serotype include both different genotypes and different
genovaries.

Thus, as a result of genotyping of AdV, circulating was examined in southern Ukraine in 2018. Three
different serotypes were detected: HAdV2, HadV5 and HAdV41. Among AdV significant advantages was
the serotype HAdV41 (75.0+15.31 %). The other two serotypes met at the same frequency (12.5+11.69 %).
The results obtained by us of research of clinical material of patients with the gastrointestinal tract have shown
the presence of monofilection of AdV (HAdV2 and HadV5), which along with AdV of genomic group F
(HAdV41) show their role in the occurrence of this infectious pathology. This complements the evidence
base for the role of the gene group C (HAdV2 and HadV5) in acute diarrhea [3, 15].

It has been found that 11.92 % (23 of 193) of the tested samples of non-bacterial etiology, which
were registered in the south of Ukraine in 2018, The reason for acute diarrhea was AdV, including 43.48 %
of AdV found in the form of monofilection, 49.42 % with other viruses (Norovirus I/II, Sapivirus,
Astrovirus, Enterovirus), and 8.70 % with other viruses and bacterial pathogen (Campylobacter). In most
cases, symptoms of intoxication and diarrhea prevailed, vomiting prevailed in the first two days of the
disease. The data are matched with the results of research by other authors in different countries, where
these authors are among the most common [7, 8]. In a study of 871 clinical specimens of children under 5
years of age who have been diagnosed with gastroenteritis in Bangladesh during 2012-2015, HAdV DNA
was found in 93 cases (10.70 %). Among them, 44.0 % of AdV were found in the form of mono-infection,
and 56.0 % were found with other virus and bacterial pathogens. Serious illness was marked in 31.6 % of
cases. Five types of HAdV (A B, C, D, and F) were identified during the study period, which included 17
different genotypes, with the HAdV-40/41 dominant. Non-intestinal HAdV serotypes were found in a
significant part of the samples (15.0 % of genotype C, 15.0 % D, 10.8 % A and 4.3 % B) [5, 10].

The results of our research show a high genetic diversity of patients with AdV acute diarrhea:
Intestinal, and non-intestinal genovaries. This confirms the need to further define the role of other HAdV
gengroups in the development of diarrheal diseases.

The data obtained by us on molecular characteristics of 8 HAdV isolates, which appeared in
patients with acute diarrhea, showed the advantage of serotype 41, which belongs to genotype F. the role
of HAdV-F in etiology of infectious pathology of the gastrointestinal tract in the modern period is not
questionable.

Detection in patients with acute diarrhea of monoviral AdV infection (HAdV2, HadV5 —
Genogroup C) along with AdV Genogroup F (HAdV41), testifies to their role in appearance of this
infectious pathology, which is called with results of group of authors [3]. According to the modern
classification of human adenoviruses there are seven genomegroups (HAdV — A, B, C, D, E, F, G).
Previously, a connection was established between the AdV genomic group and the specific clinical image
of the disease [4, 15], This can be the result of different tropical tissues: Viruses of genomic group B1, C
and E cause respiratory infections, B2 - infect liver and urinary tract, F and G — are gastroenteritis, Several
AdV D are associated with an epidemic of keratoconjunctivitis.

Ratio of established Adenovirus
serotypes

75.0
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MG925782.1:17938-18684 Human adenovirus 41 isolate MU22 complete genome
Human adenovirus 41 type isolate/wastewater/48/Slutsk/2019

Human adenovirus 41 type isolate/21308/Sekerovicina (Vit.reg)/2019

Human adenovirus 41 type isolate/19082/Minsk/2018

Human adenovirus 41 isolate/17055/Brest/2017

43

Human adenovirus 41 type isolate/21290/Korelichi (Grodno reg)/2019
Human adenovirus 41 type isolate/20603/Gomel/2019
Human adenovirus 41 type isolate/31/Odessa/2018

6

S

AB330122.1 Human adenovirus 41 gene for hexon complete cds strain: Tak

'— Human adenovirus 41 type isolate/wastewater/21146/Soligorsk/2019

Human adenovirus 41 type isolate/17065/2017
MK?342152.1:85-730 Human adenovirus 41 isolate 156 hexon gene partial cds
] 891 MK?342153.1:85-730 Human adenovirus 41 isolate 128 hexon gene partial cds
KY316160.1:17960-18605 Human adenovirus 41 isolate SH/2015/D16 complete genome
KY316162.1:17960-18605 Human adenovirus 41 isolate SH/2015/D240 complete genome
MH465394.1:17954-18599 Human adenovirus 41 isolate Anhui/2018 complete genome

1| MK736643.1:44-689 Human adenovirus 41 isolate F41/Shenzhen063/CHN/2017 hexon gene partial cds
MK736643.1 Human adenovirus 41 isolate F41/Shenzhen063/CHN/2017 hexon gene partial cds

AB103341.1:85-730 Human adenovirus type 41 hexon gene for hexon protein partial cds strain:VN47

95 [ Human Adenovirus 41 type isolate/ 17740/ Vitebsk/2018
HM565136.3:17959-18604 Human adenovirus 41 isolate NIVD103 complete genome
Human adenovirus 41 type isolate /18036/ Vitebsk/2018
Human adenovirus 41 type isolate /18039/Vitebsk/2018
9F| Human adenovirus 41 type isolate /18041/ 2018/ Vitebsk
Human adenovirus 41 type isolate/35/0dessa/2018

100
26|
18]

70!

100

0.005

KX868407.1 Human adenovirus 41 isolate GyK130 DNA polymerase and hexon genes partial cds

DQ336391.1 Human adenovirus type 41 strain 5950/JP hexon gene partial cds

r AB103349.1:85-733 Human adenovirus type 41 hexon gene for hexon protein partial cds strain:Km075
AB

103347.1 Human adenovirus type 41 hexon gene for hexon protein partial cds strain:Ks35

HQ005285.1 Human adenovirus 41 strain 503631/KOL/2009 hexon gene partial cds
EF429128.1 Human adenovirus type 41 isolate CIT 45 hexon protein gene partial cds

Human adenovirus 41 type isolate/162/Odessa/2018

Human adenovirus 41 type isolate/145/0dessa/2018

Human adenovirus type 41 isolate/146/0Odessa/2018

MK962810.1:17960-18602 Human mastadenovirus F strain SA12680 complete genome
Human adenovirus 41 type isolate/17078/Brest/2017

Human adenovirus 41 type isolate/17899/Vitebsk/2018

Human adenovirus 41 type isolate /17734/Vitebsk/2018

KY316164.1 Human adenovirus 41 isolate SH/2015/D381

Human adenovirus type 41 isolate/17072/Brest/2017

Human adenovirus type 41 isolate/17727/Vitebsk/2018

Human adenovirus 41 type isolate /18042/Vitebsk/2018

s MK962808.1:17929-18571 Human mastadenovirus F strain SA13020 complete genome

Human adenovirus type 41 isolate/18456/Vitebsk/2018
" Human adenovirus type 41 isolate/wastewater/23/Myadel/2019
Human adenovirus type 41 isolate /18382/Vitebsk/2018

Fig. 3 Phylogenetic analysis of isolates of HAdV41, conducted by a fragment of gene hexon (a protein of capsid)
found in clinical material of the patients southern region in 2018

The results of the genotyping of AdV found in 6.3 % of children under 3 living in China showed
the presence of a intestinal genotype (HAdV41) in 4.2 % of them, non-intestinal genotypes (HAdV1,
HAdV2, HAdV7, HAdV12, HAdV31) — 2.1 %, which is a result of our results [15].

192



ISSN 2079-8334. Céim meouyunu ma odionozii. 2022. Ne 2 (80)

At the same time, in a number of literary sources, the authors disbelieve whether the detection of
AdV of other genogroups by accident and reflects their long persistence after previous infection, or non-
intestinal AdV can independently cause acute diarrheal diseases [10, 11].

It is necessary to expand the spectrum of diagnostic tests on viruses. In the protocols of providing
medical care to patients with acute diarrhea from group fires, a specific study is required to establish arson
of viral diarrheal diseases [1]. It is the percentage of cases of viral infections that are ethiologically
deciphered that characterizes its real severity and prevalence.

. Z 7/

1. DNA of AdV was found in 11.92+1.05 % of samples of clinical material of patients. On separate
territories of the North-West Black Sea region, the frequency of detection of AdV did not differ
significantly.

2. 3 different types of AdV serotypes are identified: HAdV2, HadV5 and HAdV41, with the
prevalence of the last 75.0£15.31 %, within which genetic heterogeneity is established.

3. Detection in patients with diarrheal diseases of monoviral AdV-infection of genomic C (HAdV2
and HadV5) shows their role in the emergence of this infectious pathology, along with AdV of genomic F
(HAdV41).
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