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Aim. The aim was to gain experience of the animal health services to detect and properly identify SARS-CoV-2
virus with whole-genome sequencing method and its genetic variability in Ukraine in relation to possible future
spread of the virus in animals. Methods. Sixteen SARS-CoV-2 positive samples, not sequenced before, were pro-
vided by the Center for Public Health of the Ministry of Health of Ukraine. These samples were obtained from hos-
pitalized patients from early October to mid-November of 2021. The viral RNA was isolated from nasopharyngeal
swab samples of SARS-CoV-2 qPCR positive (Ct 21-28) patients (males and females) with moderate and severe
symptoms who were being hospitalized. The samples were fully anonymized. The Ion Torrent S5 instrument (Ox-
ford Nanopore, the USA) was used to sequence the mentioned SARS-CoV-2 isolates, originating from Ukraine.
TorrentSuite 5.16.1 was used for data processing and analysis. Nextclade 2.3.0 was used for phylogenetic analysis
to locate the 6 sequenced samples on the global phylogenetic tree. It was determined phylogenetic relations be-
tween tested 6 sequences and 495 verified sequences of high quality, reported in Ukraine and deposited in the GI-
SAID EpiCoV™ database, (https://gisaid.org/) for the period of January 2020 — December 2022. In the compari-
son of sequences obtained, the sequence of SARS-CoV-2 virus isolate Wuhan-Hu-1 (GenBank NC 045512.2) was
used as a reference sequence, according to which the sequences were aligned. All studies were carried out in the
laboratory of the Research Training Center for Animal Disease Diagnostics at the Institute of Veterinary Medicine
of the National Academy of Sciences of Ukraine. Results. Among the 16 isolates tested, all were confirmed to con-
tain SARS-CoV-2 RNA, of which only six isolates were sequenced with sufficient quality and could be classified,
five of them as Delta variants (two belong to lineage AY.126 (B.1.617.2.33), two to AY.122 (B.1.617.2.122), and
one to AY.4.2.3 (B.1.617.2.4.2)), and one isolate as an Omicron variant (BA.1.18). Important mutations detected
in our isolates were a S:N501Y substitution and S:H69 deletion in the gene of the virus envelope spike protein.
Among the examined isolates, the Omicron variant (BA.1.18) was found to exhibit greater genetic variability, with
over 60 mutations compared to previous variants. In our investigation, we identified mutations in the sequenced
Delta variants too, ranging from 35 mutations in AY.122 (B.1.617.2.122) to 41 mutations in AY.126 (B.1.617.2.33)
in the genome compared to the reference Wuhan-Hu-1 (MN908947) variant. Important mutations found regarding
infectivity were 1) for the Delta variants: T478K, L452R mutations in the RBD region, and 2) for the Omicron
variant: S371L, G339D, S375F, S373P, K417N, N440K, S477N, G4468S, E484A, T478K, Q493R, Q498R, G496S,
N501Y, and Y505H mutations in the RBD region. Conclusions. The whole-genome sequencing of 6 isolates of
SARS-CoV-2 virus was performed, and three sublines of the Delta variant were found: AY.126 (B.1.617.2.33),
AY.122 (B.1.617.2.122), AY.4.2.3 (B.1.617.2.4.2) and one subline for the Omicron variant (BA.1.18), all of which
were deposited in the international database GISAID as EPI_SET 230516yp. The data obtained in this study add
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to the existing ones delivered by the Ministry of Health in Ukraine and can be used in laboratories, (including
veterinary ones), detecting the SARS-CoV-2 virus in risk animal populations, in order to prevent the spread of the
disease to humans and animals, as well as to detect possible mutational changes in the pathogen genome that may

affect infectivity and pathogenicity.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a strain of coronavirus that causes
COVID-19, a serious and often lethal respiratory dis-
ease in man, leading to a pandemic in 2019. This virus
is a positive-sense, single-stranded enveloped ribonu-
cleic acid (RNA) virus, related to Sarbecovirus subge-
nus of Betacoronavirus genus (Rambaut A et al, 2020;
Rabi FA et al, 2020, Ahmed R et al, 2021; Ferretti L et
al, 2020, Gorbalenya AE et al, 2020).

Epidemics caused by coronaviruses were observed
in the past (from early 2000’s), among others caused
by SARS-CoV and the respiratory syndrome coro-
navirus (MERS-CoV) after 2012. In the context of
zoonotic viral diseases, it is important to mention
the dynamics of Middle East Respiratory Syndrome
Coronavirus (MERS-CoV), which poses a significant
public health concern. MERS-CoV is known for its
zoonotic transmission, with dromedary camels serv-
ing as a crucial reservoir. Understanding the transmis-
sion dynamics of MERS-CoV, including its potential
to persist in the environment, was essential for de-
vising effective prevention and control strategies for
SARS-CoV-2, hich appeared late 2019. Researchers
developed experience in the detection and identifica-
tion of these viruses (Yan Y Chang & Wang L, 2020;
Lam T T-Y et al, 2020; Elaswad A et al, 2020; Lu R et
al, 2020; Dunowska, 2023).

The pandemic outbreak of coronavirus (named coro-
navirus 2019 or COVID-19) was caused by a new
coronavirus, namely SARS-CoV-2 virus, first diag-
nosed in humans in December 2019, in China (Wuhan,
Hubei province). On January 30, 2020, the WHO an-
nounced that the outbreak of the diseases, caused by
SARS-CoV-2 coronavirus, was an emergency situation
in the field of public health care (Zhang, Y-Z, Holmes
EC, 2020).

In Ukraine, COVID-19 was first diagnosed in March
2020 in Chernivtsi, and on March 13, the first lethal

4

case, caused by SARS-CoV-2, was registered (Resolu-
tion of Cabinet of Ministry of Ukraine No. 211 dated
March 11, 2020). As of early December 2023, accord-
ing to the official statistics data for Ukraine, there were
about 4,380,047 registered and confirmed cases of Co-
vid-19, including 101,887 lethal ones Ukraine Ministry
of Health, ‘Update on the spread and prevention of CO-
VID-19 coronavirus infection’ (Kyiv, Ukraine, 2022).

The pandemic character of coronavirus spreading
and the aggressive behavior of its causal agent made
the detection of new mutations in its genome a priority
(Zi-Wei Ye et al, 2020; Phun T, 2020; MacLean OA et
al, 2021, Ridgway et al, 2022). A further field of in-
vestigation became the possible recombination of the
virus, either of natural or laboratory origin, that can im-
pact pathogenicity and virus contagion (Rabi FA et al,
2020; Zhou P et al, 2020; Lam T T-Y et al, 2020; Liu P
et al, 2020; Sia S F et al, 2020; Ridgway et al, 2022).

Phylogenetic analysis demonstrated that the corona-
virus of pangolin (pangolin-CoV-2020), along with the
group of coronaviruses, circulating in populations of
different bat species are genetically related to SARS-
CoV-2. For example, the nucleotide sequence identi-
ties among the S protein genes between the Bat-CoV-
RaTG13 and SARS-CoV-2 were 93.15 %, and between
pangolin-CoV-2020 and SARS-CoV-2, 84.52, but
the assumption that SARS-CoV-2 originated directly
from pangolin-CoV-2020 was not confirmed (Liu P
et al, 2020). Seroconversion was observed in racoon
dogs, mink and cattle, while for pigs, antibodies were
detected only in three out of six references. Transmis-
sion of SARS-CoV-2 was observed for mink and rac-
coon dogs, but no transmission has been observed for
cattle and pigs so far (Dunowska, 2023; Nielsen et al,
2023). Moreover, the possibility of spontaneous infect-
ing of domestic dogs with SARS-CoV-2 coronavirus
from humans was demonstrated (Sit et al, 2020). The
genome sequencing showed that the so-called feline
SARS-CoV-2 belongs to the phylogenetic cluster A2a
along with most recently isolated samples of human
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SARS-CoV-2 (Michelitsch A et al, 2020; Garigliany M
et al, 2020; Ruiz-Arrondo I et al, 2021).

According to Doliff and Martens (2022) cats ap-
pear to play only a limited role in the spread of SARS-
CoV-2. Although cats are indeed are susceptible to the
virus and reverse zoonotic transmission from humans
to cats is occurring regularly, there is up till now no
evidence that SARS-CoV-2 circulates among cats.

Recently, Lan et al (2020) determined that the struc-
ture of spike (S)-protein, which binds the receptor of
human angiotensin-converting enzyme 2 (ACE2), has
20 key amino acids for the interaction with the recep-
tor-binding site. The studies have already shown that
some animals are potentially susceptible to SARS-
CoV-2 because they have the same receptor ACE2,
which is widespread in different mammal species, such
as Syrian hamster (Mesocricetus auratus), ferret (Mus-
tela furo), mink (Neogale vison), cattle (Bos taurus)
and raccoon dog (Nyctereutes procyonoides) (Abdel-
Moneim and Abdelwhab 2020; Li F, 2013; Nielsen SS,
2023). Mutations in the locus of the receptor binding
domain (RBD) impact the efficiency ACE2, and thus,
the susceptibility to SARS-CoV-2 (Jia et al, 2005; Wan
Y et al, 2020; Zi-Wei Ye et al, 2020; Fenollar F et al,
2021, Ridgway, 2022; Cherian S et al, 2021; Hoffmann
M et al, 2020 ).

The species of animals that have sequences K31,
Y41, N90, and K353 are likely to be susceptible to the
SARS-CoV-2 infection, while other species that do
not have the mentioned fragments will surely be either
less susceptible or resistant to the infection (Devaux et
al, 2021).

In addition to currently unknown and susceptible ani-
mal hosts of SARS-CoV-2, new mutations in SARS-
CoV-2 may become fixed in the virus which may make
animal species with low sensitivity to SARS-CoV-2
more susceptible to infection (Gu H et al, 2020; Kumar
Acetal, 2021 and 2023; McAloose, D et al, 2020; Naqvi
A et al, 2020; Dunowska, 2023).

A rapid spreading mutation, N501T in the RBD of
S-protein was frequently observed in minks (Neogale
vison) at mink farms (Elaswad et al, 2020; Domanska-
Blicharz K et al, 2021) and in experimentally infected
ferrets (Mustela furo) (Richard et al, 2020). This mu-
tation N501T was found in almost all SARS-CoV-2
sequences, obtained from biological material of minks
in the USA (99 %). The studies of Cai et al (Cai HY,
Cai A, 2021) demonstrated that mutation N501T was
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first found in humans and only two months later — in
minks. These authors assumed mutations and even-
tually new virus variants may first occur in humans,
later penetrating and getting fixed in the population of
susceptible animals.

Progressive virus mutations provoked the rise of new
lineages such as Delta, Epsilon and Omicron (Davies
NG et al, 2021; Damas J et al, 2020; Kumar et al, 2023;
Markov et al, 2023). This requires testing as many
samples of SARS-CoV-2 positive samples for timely
detection of possible new variants, lines or mutations
of the virus. In Ukraine the Ministry of Health has
determined that the Delta and omicron variants have
largely replaced the others in recent days (Yakovleva et
al, 2022). These authors also mapped lineages and mu-
tations occurring in Ukraine using a large database of
Ukrainian whole genome data collected over the past
years of the pandemic up to 2021.

The aim of the study. The aim was to gain experi-
ence of the animal health services to detect and prop-
erly identify SARS-CoV-2 virus and its mutations in
Ukraine in relation to possible future spread of the vi-
rus in animals.

MATERIALS AND METHODS

Sixteen SARS-CoV-2 positive samples, not se-
quenced before, were provided by the Center for Pub-
lic Health of the Ministry of Health of Ukraine. These
samples were obtained from hospitalized patients from
early October to mid-November of 2021. The viral
RNA was isolated from nasopharyngeal swab samples
of SARS-CoV-2 gqPCR positive (Ct 21-28) patients
(males and females) with moderate and severe symp-
toms who were being hospitalized. The samples were
fully anonymized. All samples were transported in a
cryobox with dry ice (=70 °C), and after the delivery to
the laboratory prior to the tests kept at —70 °C without
any protectant added.

Combined DNA/RNA isolation from the samples
of biological material was conducted using IndiSpin
Pathogen kit (Indical Bioscience) according to the
manufacturer’s recommendations, using 200 ul of
sample. Efficacy of this kit was verified in our labo-
ratory, using an internal control RNA sample pro-
vided by Seegene, South Korea as a part of 2019-
nCoV Assay kit (Ref RV10248X, LOT RV9120H23)
(synthetic specific fragments of viral RNA to be used
as positive control for RT-qPCR assay for SARS-
CoV-2 detection).
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The amount of RNA isolated was determined us-
ing Qubit RNA HS assays kits (Life Technologies,
Carlsbad, California, USA) on a Qubit 3.0 Fluorom-
eter (Life Technologies, Carlsbad, California, USA)
according to manufacturer’s manual. The presence
of SARS-CoV-2 in the purified RNA samples for the
downstream steps was estimated by fluorescence de-
tection of RdRp and N genes using the RT-qPCR kit
Allplex SARS-CoV-2 Assay (Seegene, South Korea),
Ref RV10248X, LOT RV9120H23 according to man-
ufacturer’s protocol on a plate-type amplifier Bio-
Rad™ 1000 with module CFX96™ using the built-in
software to evaluate the result.

The cDNA was obtained using a SuperScript™ VI-
LO™ cDNA synthesis kit (Invitrogen, Carlsbad, CA,
the USA) according to the manufacturer’s protocol
and amplicons was produced using the lon AmpliSeq
SARS-CoV-2 panel and a protocol published by Ther-
moFisher. The samples selected for sequencing had the
cDNA concentration of 12—15ng/pl) measured using a
Qubit 3.0 fluorometer (ThermoFisher Scientific, USA)
with Qubit™ dsDNA HS Assay Kit (ThermoFisher
Scientific, USA).

All libraries were prepared using the Ion One Touch™
instrument (ThermoFisher Scientific, USA), and sub-
jected to templating runs. The library quality was
checked and confirmed by standard agarose gel elec-
trophoresis.

Sequencing of SARS-CoV-2 virus was conducted by
NGS using the [on GeneStudio™ S5 System and Ion
520™ Chip Kit with 6 barcodes per chip (ThermoFi-
sher Scientific, USA).

Reads were basecalled using TorrentSuite 5.16.1 soft-
ware, (ThermoFisher Scientific, the USA). The follow-
ing plugins were used to conduct the bioinformational
analysis: SARS CoV_2 coverageAnalysis 5.16.0.4,
SARS CoV_2 variantCaller 5.16.0.5, COVID19An-
notateSnpEff 5.16.0.5, IRMAreport 1.3.0.2 and gener-
ate Consensus 5.16.0.10.

To conduct the phylogenetic analysis, we used
Nextclade 2.3.0 (Aksamentov I et al, 2021) to lo-
cate the 6 sequenced samples on the global phy-
logenetic tree. We also determined phylogenetic
relations between our 6 sequences and 495 veri-
fied sequences of high quality, reported in Ukraine
and deposited in the GISAID EpiCoV™ database,
(https://gisaid.org/).

The bioinformational analysis was conducted us-
ing Augur v.15.0.2, which is a component of Next-
strain open-source toolkit (Hadfield et al, 2018). The
phylogenetic tree was visualized by the web-realiza-
tion of Auspice 2.37.3 (Hadfield et al, 2018). The
sequence of SARSCoV2 virus isolate Wuhan-Hu-1
(GenBank NC _045512.2) was used as a reference
sequence.

Table 1. Characteristics of the sequenced SARS-CoV-2 isolates

o
Mapped Reads /(():(;F\E/l;’f; : : Zie Mean %
Sample ID/GISAID Accession Collection date (NB: not too £ L0
20x genome Depth Uniformity
many reads) .

sequencing
hCoV-19/Ukraine/IVM-12/2021 September 15, 2021 247466 99.72 1295 99.07
EPI ISL 13199869
hCoV-19/Ukraine/CGZ-7/2021 October 4, 2021 1457798 99.96 9604 97.66
EPI ISL 13199872
hCoV-19/Ukraine/IVM-592/2021 | October 23, 2021 268556 98.40 716 95.7
EPI ISL 13199580
hCoV-19/Ukraine/CGZ-15/2021 November 8§, 2021 313298 98.09 475 92.72
EPI ISL 13200025
hCoV-19/Ukraine/CGZ-17/2021 November 8§, 2021 2252933 99.90 13822 92.44
EPI ISL 13477111
hCoV-19/Ukraine/IVM-an1/2022 | January 27, 2022 2987475 99.90 20120 97.52
EPI ISL 13199861
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All studies were carried out in the laboratory of
the Research Training Center for Animal Disease
Diagnostics at the Institute of Veterinary Medicine
of the National Academy of Sciences of Ukraine,
BSL-2+ biosafety level, ISO/IEC 17025: 2019 ac-
credited by National Accreditation Agency of
Ukraine.

RESULTS

The first stage of the studies involved the confir-
mation of the state and concentration of the target
virus RNA and QC check and the presence of SARS-
CoV-2 virus using the RT-qPCR test kit. The best

quality samples had an RNA concentration 12-15
ng/which was used to prepare the libraries for se-
quencing.

From the 16 samples we obtained, six sequences with
sufficient quality were deposited in the database https://
gisaid.org, inventory number EPI SET 230516yp
(https://doi.org/10.55876/gis8.230516yp). Other sam-
ples either had a very low RNA concentration or were
not suitable for further sequencing due to considerable
degradation.

General description of six samples is presented in
Table 1.

Table 2. The mutations found in the genome of the investigated SARS-CoV-2 isolates

Nextstrain clade/
Pango lineage

Aminoacid substitutions and deletions

hCoV-19/Ukraine/ITVM-12/2021 EPI_ISL 13199869

217 (Delta)/AY.126
(B.1.617.2.33),

M:I82T,

ORF7a:V82A, ORF7a:T120I,
ORF7b:T40I,

ORF8:D119-, ORF8:F120-,
ORF9b:T60A,

E156G, S:F157-

N:D63G, N:R203M, N:G215C, N:D377Y,

ORF1a:A206V, ORF1a:V561F, ORF1a:A1306S, ORF1a:S1510F, ORF1a:11714V, ORF1a:P2046L,
ORF1a:P2287S, ORF1a:V2930L, ORF1a:T3255I, ORF1a:T3646A,

ORF1b:P314L, ORF1b:M5921, ORF1b:G662S, ORF1b:P1000L, ORF1b:A1918V, ORF1b:K2557R,
ORF3a:S26L, ORF3a:G100C, ORF3a:G172V,

S:T19R, S:G142D, S:R158G, S:L452R, S:T478K, S:D614G, S:P681R, S:S6891, S:DI950N, S:

hCoV-19/Ukraine/CGZ-7/2021 EPI_ISL 13199872

21J (Delta)/AY.122
(B.1.617.2.122)

M:I82T,

ORF1a:T32551, ORF1a:T3646A,
ORF3a:S26L,
ORF7b:F16S, ORF7b:T40I,

ORF8:D119-, ORF8&:F120-,
ORF9b:T60A,

S:C1248F, S:E156G, S:F157-
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N:D63G, N:R203M, N:G215C, N:D377Y,
ORF1a:K261N, ORF1a:A498V, ORF1a:A1306S, ORF1a:P2046L, ORF1a:P2287S, ORF1a:V2930L,

ORF1b:P314L, ORF1b:G662S, ORF1b:P1000L, ORF1b:M1719T, ORF1b:A1918YV,

ORF7a:V82A, ORF7a:R118G, ORF7a:T120I, ORF7a:F101-, ORF7a:L102-

S:TI9R, S:G142D, S:R158G, S:W258R, S:L452R, S:T478K, S:D614G, S:P681R, S:DI50N,
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Continuation of Table 2

Nextstrain clade/
Pango lineage

Aminoacid substitutions and deletions

hCoV-19/Ukraine/IVM-592/2021 EPI ISL 13199580

217 (Delta)/AY:4.2.3
(B.1.617.2.4.2)

M:A2S, M:I82T,
N:D63G, N:R203M, N:G215C, N:D377Y,

ORF1a:A1306S, ORF1a:P2046L, ORF1a:P2287S, ORF1a:A2529V, ORF1a:V2930L,
ORF1a:T32551, ORF1a:T3646A,

ORF1b:P314L, ORF1b:G662S, ORF1b:P1000L, ORF1b:A1918V, ORF1b:V1961F,
ORF3a:S26L,

ORF7a:V82A, ORF7a:T120I,

ORF7b:T40I,

ORF8:D119-, ORF8:F120-,

ORF9b:T60A,

S:T19R, S:R158G, S:A222V, S:L452R, S:T478K, S:D614G, S:P681R, S:D950N, S:E156G,
S:F157-

hCoV-19/Ukraine/CGZ-15/2021 EPI_ISL 13200025

217 (Delta)/AY.126
(B.1.617.2.33)

M:I82T,
N:D63G, N:R203M, N:G215C, N:D377Y,

ORF1a:S216F, ORF1a:A1306S, ORF1a:P2046L, ORF1a:P2287S, ORF1a:D2506N,
ORF1a:V2930L, ORF1a:T32551, ORF1a:T3646A,

ORF1b:1162M, ORF1b:P314L, ORF1b:T634K, ORF1b:G662S, ORF1b:P1000L, ORF1b:A1918YV,
ORF1b:K2557R,

ORF3a:K16T, ORF3a:S26L,

ORF7a:V82A, ORF7a:T120I,

ORF7b:T40I,

ORF8:D119-, ORF8:F120-,

ORF9b:T60A,

S:T19R, S:R158G, S:L452R, S:T478K, S:D614G, S:P681R, S:I850L, S:DI50N, S:E156G, S:F157-

hCoV-19/Ukraine/CGZ-17/2021 EPI ISL 13477111

21J (Delta)/AY.122
(B.1.617.2.122)

M:I82T,
N:D63G, N:R203M, N:G215C, N:D377Y,

ORF1a:K261N, ORF1a:A1306S, ORF1a:P2046L, ORF1a:P2287S, ORF1a:V2930L,
ORF1a:T32551, ORF1a:T3646A,

ORF1b:P314L, ORF1b:G662S, ORF1b:P1000L, ORF1b:A1918V,
ORF3a:S26L, ORF3a:S40L,

ORF7a:P45L, ORF7a:V82A, ORF7a:T1201,

ORF7b:T40I,

ORF8:D35Y, ORF8:D119-, ORFS8:F120-,

ORF9b:T60A,

S:TI9R, S:G142D, S:R158G, S:L452R, S:T478K, S:D614G, S:P681R, S:DI50N, S:E156G,
S:F157-
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End of Table 2

Nextstrain clade/
Pango lineage

Aminoacid substitutions and deletions

hCoV-19/Ukraine/TVM-an1/2022 EPI_ISL 13199861

21K (Omicron)/

E:T9I,
BA.1.18

M:D3G, M:Q19E, M:A63T,

ORF1b:P314L, ORF1b:11566V,
ORF3a:D155Y,
ORF8:1121-,

S:T547K, S:D614G, S:H655Y,

N:P13L, N:R203K, N:G204R, N:E31-, N:R32-, N:S33-

ORF1a:K856R, ORF1a:T1822I, ORF1la:L.2084I, ORF1a:A2710T, ORF1a:T32551,
ORF1a:P3395H, ORF1a:I3758V, ORF1a:S2083-, ORFla:L3674-, ORF1a:S3675-, ORF1a:G3676-

ORF9b:P10S, ORF9b:E27-, ORF9b:N28-, ORF9b:A29-,

S:A67V, S:Y145D, S:L2121I, S:G339D, S:S371L, S:S373P, S:S375F, S:K417N, S:N440K,
S:G4468S, S:S477N, S:T478K, S:E484A, S:Q493R, S:G496S, S:Q498R, S:N501Y, S:Y505H,

S:N679K, S:P681H, S:N764K, S:D796Y, S:N856K, S:D936Y, S:Q954H, S:N969K, S:LI8IF,
S:H69-, S:V70-, S:G142-, S:V143-, S:Y 144-, S:IN211-

The sequences of all the samples, collected and
aligned according to the reference genome showed
areas of uneven reading, the depth of coverage in
which is less than 20 times. These areas were also
observed in the envelope spike protein gene (G-
gene), responsible for binding to the receptors of the
target cell, the mutations in which are of special in-
terest since they are related to the changes in patho-
genicity.

According to the PANGO nomenclature (Aine
O’Toole et al, 2021), five isolates belonged to Del-
ta variants (two of lineage AY.126 (B.1.617.2.33),
two of AY.122 (B.1.617.2.122), and one AY.4.2.3
(B.1.617.2.4.2)) and one to the Omicron variant
(BA.1.18) (Table 2). According to the data of the
global database of the sequenced GISAID isolates,
the virus of Delta variant was first detected in India
on October 2020. One of our six isolates was related
to Omicron variant (line BA.1.18), which was first
detected in South Africa and Botswana in Novem-
ber 2021. This variant is characterized by multiple
mutations in RGB region, more than observed in the
Delta variant.

The presence of the following mutations related to
infectivity was determined 1) for the Delta variants:
T478K, L452R mutations in the RBD regions, and
2) for the Omicron variant: S371L, G339D, S375F,
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S373P, K417N, N440K, S477N, G446S, E484A,
T478K, Q493R, Q498R, G496S, N501Y, and Y505H
in the RBD (Table 2).

Among the samples, sequenced by us, the furthest
one from the reference sequence in the phylogenetic
tree is Omicron variant (BA.1.18) sequenced in this
study over 60 mutations (Figure), with 32 specifical-
ly found in the spike protein (A67V, L2121, Y145D,
G339D, S373P, S371L, K417N, S375F, N440K,
G446S, S477N, E484A, T478K,Q493R, N856K,
Q498R, G496S, N501Y, Y505H, T547K, Q954H,
P681H, D614G, H655Y,N764K, N679K, N969K,
and D796Y,), distinguishing it from the wild-type
strain. In comparison, the Delta variant isolates dis-
play nine spike protein mutations and an additional
thirteen in other regions. Among the Omicron isolate
mutations, 26 are unique to this variant, while 10 and
6 are unique to Delta and the Beta strain, respec-
tively. Noteworthy mutations in Omicron span vari-
ous regions of the viral genome, including ORFla,
ORF1b, ORF9D, and structural proteins like envelope
(E), membrane (M), and nucleocapsid (N). Omicron’s
spike protein mutations are particularly extensive,
encompassing substitutions such as N501Y and de-
letions like H69/V70. Additionally, other mutations
involve amino acid substitutions and deletions at spe-
cific genomic positions (Table 2).
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DISCUSSION

The results, obtained in the study, are in agreement
with the published data, according to which the five
Delta isolates and the one Omicron variant we tested,
were characterized by multiple mutations in S gene,
which is accompanied by faster spreading and a con-
siderable decrease in virus pathogenicity (Davies NG
et al, 2021; Chatterjee S et al, 2023; Jacobs et al, 2023;
Liang, 2023; Jung et al, 2022).

The method and equipment we used enables deter-
mination of mutations in the SARS-CoV-2 genome,
including unknown ones (Elaswad A et al, 2020; Yuan
S et al, 2020; Phun T, 2020; Kumar A et al, 2021; Fis-
chhoff IR et al, 2021; MacLean OA et al, 2021).

The volume of sequence reading is crucial because
it directly impacts coverage, accuracy, sensitivity, and
reliability of sequencing data. Higher volume ensures
better coverage, accuracy in variant detection, sensitiv-
ity to detect rare variants, and statistical confidence in
results; it should be at least one million readings for
SARS-CoV-2 genome, which is minimally sufficient
to obtain a whole sequence of SARS-CoV-2 virus ge-
nome. We obtained more than one million readings per
sample (Aine O’Toole et al., 2021). The Spike protein
mutation H69/V70 which we detected in our Omicron
isolate belonging to lineage BA.1.18 was reported be-
fore in lineage BA.1 by Zaman et al (2022) and Kan-
deel et al (2023).

The combination of high transmissibility and the
presence of a considerable number of people who may
be hosts of SARS-CoV-2 virus creates a threat of virus
transmission into the populations of animals. Serocon-
version was observed in racoon dogs, mink and cattle,
while for pigs, antibodies were detected only in three
out of six references. Transmission of SARS-CoV-2
was observed for mink and raccoon dogs, and no trans-
mission was observed for cattle and pigs (Dunowska,
2023; EFSA, 2023). In Ukraine according to official
statistics the six mink farms united by the Ukrainian
Stock Breeders Association raise 1.1 million minks,
which is about 95 % of the Ukrainian market. All prod-
ucts are exported. Since government agencies do not
test mink farms for the presence of SARS-CoV-2, it is
possible that coronavirus outbreaks can occur at any
time. These assumptions are in agreement with previ-
ous publications (Devaux et al, 2021; EFSA, 2023).

According to Doliff and Martens (2022) cats ap-
pear to play only a limited role in the spread of SARS-
CoV-2. Although cats are indeed are susceptible to the
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virus and reverse zoonotic transmission from humans
to cats is occurring regularly, there is up till now no
evidence that SARS-CoV-2 circulates among cats.

Some published data have proposed that the Omicron
variant may have arisen from cross-species transmis-
sion, given its specific combination of mutations, par-
ticularly in the spike protein responsible for host cell
entry (Sun et al, 2022; Burki, 2022; Kupferschmidt,
2021; Doliff & Martens, 2022; Carabelli et al, 2023).
Therefore, it seems unlikely that this hypothesis will
be conclusively confirmed in the future. Nevertheless,
these concerns underscore the critical importance of
conducting extensive surveillance of potentially vul-
nerable animal populations.

At present the scientific community uses several clas-
sification systems of SARS-CoV-2 variants: GISAID,
Nextstrain and PANGO. PANGO differs from other
systems as it uses dynamic nomenclature, focused on
actively circulating lines of the virus and those, spread-
ing to new areas (Rambaut et al, 2020). At the time
of the study, the Omicron variant was just spreading,
but at the time of publication of this article, the lines
that were common in 2020-2022 (Alpha, Beta, Delta)
have completely disappeared and been replaced by
newer variants (currently, according to https://covid.
cdc.gov/covid-data-tracker/, the Omicron JN.1 vari-
ant dominates). This process is likely to continue, so
the relevance of whole-genome studies aimed at iden-
tifying new mutations and new variants will remain
(Rambaut et al, 2021; Aine O’Toole, 2021). To facili-
tate communication beyond the scientific audience,
the World Health Organization developed a system of
marking the virus variants using the letters of the Greek
alphabet. At present, this system is for the following
virus variants B.1.1.7 (Alpha), B.1.351 (Beta), P.1
(Gamma), B.1.617.2 (Delta), and BA.1.18 (Omicron)
are grouped into Variants of Concern (VOC), while
B.1.427/B.1.429 (Epsilon), P.2 (Zeta), B.1.525 (Eta),
P.3 (Theta), B.1.526 (lota), B.1.617.1 (Kappa) are men-
tioned as Variants of Interest (VOI)( https://www.who.
int/publications/m/item/updated-working-definitions-
and-primary-actions-for--sars-cov-2-variants).

To refine the future goal, the researchers at the vet-
erinary medicine institutions of National Academy of
Agrarian Sciences (NAAS) of Ukraine, aim to create
and implement a comprehensive survey and monitor-
ing program for SARS-CoV-2 in animal populations.
This initiative involves collaborating with relevant
veterinary institutions to sample and monitor specific
animal species susceptible to the virus, mainly minks
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and cats. The goal is to conduct regular surveillance to
detect any potential transmission or mutation events,
thereby contributing to the early detection and control
of the virus in animal populations.

CONCLUSIONS

The whole-genome sequencing of 6 isolates of
SARS-CoV-2 virus was performed, and three sublines
of the variant Delta were found: AY.126 (B.1.617.2.33),
AY.122 (B.1.617.2.122), AY.4.2.3 (B.1.617.2.4.2) and
one Omicron (BA.1.18), which were deposited in the
international database GISAID as EPI_SET 230516yp.
The data obtained in this study add to the existing ones
delivered by the Ministry of Health in Ukraine and can
be used in laboratories, (including veterinary laborato-
ries), detecting the SARS-CoV-2 virus in risk animal
populations to prevent the spread of the disease to hu-
mans and animals, as well as to detect possible muta-
tional changes in the pathogen genome that may affect
infectivity and pathogenicity of the virus.

Adherence to ethical principles. Only viral RNA was
used in the study without any connection to any per-
sonal data; the methodological approaches complied
with the requirements of IEC/ISO 17025 standard.
Conflict of interests. The authors declare the absence
of any conflicts of interests.
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Meta. MeTtoto poGoTu Oyi0 BUBUEHHS MOXKIHBOCTI YCTa-
HOB BETEpHHAPHOI MEIHIMHHU IIOJ0 BHSBICHHS Ta IIpa-
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BIIBHOI imeHTH(iKamil Bipycy SARS-CoV-2 MeronoM moBHO-
TEHOMHOI'O CEKBEHYBAaHHs Ta HOro IeHeTHYHOi Bapialiib-
HOCTI B YKpaiHi y 38’13Ky 3 MOKJIMBUM IOILIMPEHHSIM Bipy-
cy cepen TBapuH y MaiiOyrHeomy. Metonu. IlicTHaansaTs
mo3uTuBHUX 3paskiB SARS-CoV-2, ski panimie He Oynn
CeKBEHOBaHi, Oynu HazaHi LleHTpoM TpomMaackKoro 310po-
B’st MinicrepcTBa 0XxopoHH 310poB’st Yipainu. Lli 3pasku
Oyy OTpMMaHi Bifl TOCIITaNi30BaHUX TALIE€HTIB 3 ITOYATKY
XKOBTHS 710 cepeanHu smcronana 2021 poky. Bipycna PHK
Oysia BHiJICHA 31 3pa3KiB Ma3KiB 3 HOCOIVIOTKH MAI[iEHTIB
(40TIOBIKIB 1 KIHOK) 3 TO3UTUBHUMHE pe3yiasratamu [1JIP
(Ct 21-28), sixi mepeOyBain Ha CTAI[lOHAPHOMY JIIKYBaHHI,
3 TOMIpHUMH Ta TSDKKHMH cumnroMamMua SARS-CoV-2.
3pa3ku Oynu IOBHICTIO aHOHIMHMMH. Jljisi ceKBeHyBaHHS
3a3HadeHux 1307aTiB SARS-CoV-2, mo moxomsaTh 3 Ykpai-
Hy, Bukopucrosysanu npunan lon Torrent S5 (Oxford Na-
nopore, CIIA). Jns oOpoOku Ta aHamily JaHUX BHKO-
puctoByBam mporpamy TorrentSuite 5.16.1. Jlns dimorene-
TUYHOTO aHaJli3y BuUKopucTaHo mporpamy Nextclade 2.3.0
Ta BU3HAUEHO MICIIE3HAXOMKEHHS 6 CEKBEHOBAaHUX 3pa3-
KiB Ha TI00aIbHOMY (DiTOreHeTHYHOMY JiepeBi. BusHaueHo
GinoreHeTHuHi 3B SI3KW MK MNPOTECTOBAHMMHU 6-Ma MOCIT-
JoBHOCTSIMU Ta 495 Bepr(ikoBaHUMH BHCOKOSIKICHIMH TO-
CIIIZIOBHOCTSIMH, 3apEECTPOBAHMMH B YKpaiHi Ta JIEMOHO-
Banumu B 0a3i manmx GISAID EpiCoV™ (https:/gisaid.
org/) 3a nepiox 3 ciunst 2020 p. no rpyaens 2022 p. Ilpu
MTOPIBHSHHI OTPUMAaHUX MOCHTIJOBHOCTEH BHKOPHUCTOBYBAIN
MOCHIIOBHICTD i3051sTy Bipycy SARS-CoV-2 Wuhan-Hu-1
(GenBank NC 045512.2) sk pedepeHTHY MOCIiI0BHICTb,
Yy BIOMOBITHOCTI M0 SKOi MPOBOAWMIN BHPIBHIOBAHHS OT-
pUMaHMX IMOCIIIOBHOCTEH reHomy Bipycy. Bei mocmimpken-
HS TpoBOAWIM B Jabopatopii HaykoBo-HaBYaIBHOTO LIEHT-
py 3 mpoOneM IiarHOCTHKH XBOpoO TBapuH IHCTHTYTY
BerepuHapHoi  memuiman  HAAH. Pesyabratn. 3
16 mocmimKeHHUX i30JATIB, MiATBEPKCHAX SK Taki, IO
mictsate PHK Bipycy SARS-CoV-2, nume micth 13055TiB
OyJ7I0 CEeKBEHOBAaHO i3 MOCTATHBHOIO KUTBKICTIO MPOYUTAHB,
I'STh 3 HUX BIJHECEHO 10 JesbTa-BapiaHTiB (1Ba Haie-
kark mo siHil AY.126 (B.1.617.2.33), nBa — mo AY.122
(B.1.617.2.122) Ta omua — mo AY.4.2.3 (B.1.617.2.4.2)),
a OIWH 130T — 10 oMikpoH-Bapianty (BA.1.18). Bax-
JUBMMH MYTAIlisIMH, BHSBICHUMH B IOCHIPKCHHUX 130715-
tax, Oymu 3amina S:N501Y ta genemist S:H69 B reni Oinka
mmmra 00oJoHKH Bipycy. Cepen OCHiHKEHUX 130JTiB Oyi10
BHsABJICHO, 10 BapianT Omicron (BA.1.18) nmemoHcTpye
OLIbIIly TEHETHYHY MIHJMBICTH, 3 OUTbIN HiXK 60 MyTaris-
MH IIOPIBHAHO 3 IIONEPEAHIMH BapiaHTaMH. Y HaIIOMY
JOCII/DKEHHI MU 11eHTH(IKyBalIn MyTalii 1 B CEKBEHOBa-
HuX BapiaHtax Delta, moumnaroum Bim 35 wMyramiii B
AY.122 (B.1.617.2.122) no 41 myrauii B AY.126 (B.1.617.
2.33) B reHoMi BimHOCTHO pedepentHoro Bapianty Wuhan-
Hu-1 (MN908947). BaxxnuBuMu MyTaIlisIMH, IO BIUTHBA-
10Th Ha 1H(eKuiiHicTh, Oyau: 1) aist menbra-BapiaHTiB:
T478K, L452R wmyramii B perioni RBD, i 2) mis BapianTy
Omicron: S371L, G339D, S375F, S373P, K417N, N440K,
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S477N, G446S, E484A, T478K, Q493R, Q498R, G496S,
N501Y Tta Y505H myrtamii B perioni RBD. BucHoBkm.
[IpoBeneHO MOBHOTEHOMHE CEKBEHYBaHHS 6 130JIATIB BipyCy
SARS-CoV-2 Ta BusBICHO TpH CyONiHI{ Jenmbra-BapiaHTy:
AY.126 (B.1.617.2.33), AY.122 (B.1.617.2.122), AY.4.2.3
(B.1.617.2.4.2) Ta omHy cybmiHito mia Bapianty Omicron
(BA.1.18), sixi Oynu gemoHOBaHI B MiDKHAPOIHINA 0a3i TaHMX
GISAID sx EPI SET 230516yp. [ani, orpuMmani B Ib0-
My JOCIHIPKEHHI, TOTIOBHIOIOTH iCHYI0Ui AaHi MiHicTepcTBa
OXOPOHH 370pOB’s YKpaiHK i MOXKYTh OyTH BMKOPHCTaHI B
nmabopatopisx (y TOMy YHCIi BETEPHHAPHUX), IO MOXYThH
MIPOBOINTH TEHETHYHI JOCHIHKEHHS 100 BHSABICHHS Bi-
pycy SARS-CoV-2 B momynsmisx TBapuH 3 TPYIH PU3HKY,
3 METOIO 3armobiraHHs MOIIMUPEHHIO XBOPOOH cepen Jroaei
1 TBap¥H, a TAKOX JUIS BHSBICHHS MOXJIMBUX MYTalliHUX
3MiH y TeHOMi 30yJHHKA, SKi MOXYTb BIUIMBATH Ha iH-
(exIifHICTD 1 TaTOTeHHICTh.

KumiouoBi cioBa: SARS-CoV-2, Covid-19, moBHOreHOMHE
CeKBEHYBaHHsI, MyTallii, (PiIIOreHeTHKa.
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