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Abstract

Introduction. To date, among intestinal infections, salmonellosis is a pressing health problem worldwide,
including in the Russian Federation, causing acute infectious outbreaks of disease.

Objective of the study: to assess the impact of the COVID-19 pandemic on the epidemiological patterns and
molecular biological characteristics of salmonella infection in Primorsky Krai for 2019-2023.

Materials and methods. Aretrospective epidemiological analysis of salmonellosis incidence during the COVID-19
pandemic in the population of Primorsky Krai was conducted. Plasmid characteristics of non-typhoidal Salmonella
strains and their serotype were established using alkaline lysis and serological typing methods.

Results. During the COVID-19 pandemic, both in the Russian Federation and in Primorsky Krai, the registration
of salmonellosis was significantly lower than in the pre-pandemic period, and the seasonality of salmonellosis
shifted to the autumn months. An inverse relationship of medium strength was revealed between the monthly
incidence of salmonellosis and COVID-19. No significant changes in the plasmid spectrum and in the proportion
of registration by serogroups and serotypes of Salmonella were observed. It was shown that salmonellosis
infection in Primorsky Krai is mainly caused by S. enteritidis strains with a plasmid characteristic of 38 MDa,
38:1.4 MDa, 38:2.3 MDa, 38:4.4 MDa, rare variants of plasmid types were also detected, the influence of the
COVID-19 pandemic on the emergence of new plasmid types has not been established.

Conclusion. The presented results of the study on the molecular biological characteristics of Salmonella circulating
in Primorsky Krai during the COVID-19 pandemic will open up prospects for understanding the ecological and
epidemiological patterns of the development of the epidemic process of salmonella infection.
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XapaktepucTnka Bo3byautenei caibMOHeNNE3OB, LNPKYINPYHOLNX
B [lpuMmopckom Kpae Ao n Bo Bpema naHgemum COVID-19

Mokaseesa l0.H."*, CemeiikuHa J1.M.3, ikoBneB A.A."?, TumueHko H.®.', MakapeHkoBa 1.1.",
LLlenkaHos M.10."*

'HayuHo-rccneoBaTeNbCKUin UHCTUTYT INNGEMMOSIOTN 1 MUKpobuonorun nmenn .M. ComoBa, BnagneocTok, Poccus;
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3LleHTp rurmeHsbl 1 anuaemuonoruu B NMprMopckom Kpae, Bnagusoctok, Poccus;

‘[lanbHeBOCTOYHbIN deaepanbHbI yHUBepcuTeT, BnagnsocTok, Poccua

AHHOMauus

BeeageHune. CanbmoHennésbl, ANA KOTOPbIX XapaKTepHbl OCTPble BCMbILK/A 3ab0neBaeMocT, ABNATCS aKTy-
anbHow Npobnemoi Ans 34paBooXpaHeHus!.

Llenb nccnenoBanusi: oueHUTb BnusHMe naHgemun COVID-19 Ha anuaemmonormyeckme 3akoHOMEPHOCTU U
MOMeKynsipHO-6uonornyeckme xapakTepucTukn canbMOHennésHoix uHdekuni B MNMpumopckom kpae 3a 2019—
2023 rr.

Matepuansi u meToAabl. [poBeEH PETPOCNEKTUBHBIN 3NMAEMMNONOrMYECKUA aHann3 3aboneBaemocTy Hacene-
Hus NpruMopckoro kpasi canbmoHennésamu B nepuog naHaemunm COVID-19. MeTogamu LwenoYyHoro nusmca u ce-
pOroOrMyYeckoro TUNMPOBaHUS YCTaHOBIEHbI NNAa3MUaHast XapakTepUCTMKa LUTaMMOB HeTudonaHbix Salmonella
W NX CepoTun.

Pesynbratbl. Bo Bpemsa naHaemun COVID-19 kak B Poccuu, Tak 1 B [pumopckom Kpae permctpauust canbmo-
HennésoB 6blna 3HAaYUTENBHO HUXE, YEM B AONaHAEMUYECKMIA NEPUOA, @ CE30HHOCTb CarbMOHENNE30B CABUHY-
nacb Ha oceHHue Mecsubl. BoisBneHa obpaTtHasa CBsi3b cpefHel curbl MEXAY AaHHbIMW NOMECHYHON 3abone-
BaemocTu canbmoHennésamm n COVID-19. Ocobbix n3MeHeHu B Na3sMMAHOM CMEKTpe 1 B JoNe perncrpauum
no ceporpynnam u cepotunam Salmonella He Habnoganock. MokasaHo, YTO carnbMOHENNé3sHble NHAEKLNUM B
MprMopckom Kpae B OCHOBHOM BbI3BaHbl WUTaMMamMu S. enteritidis ¢ nnasmuaHon xapaktepuctukon 38 MIa,
38:1,4 MIa, 38:2,3 Ma, 38:4,4 M[a, BbISABNANUCH TaKKe peakue BapuaHTbl NNasMuaHbIX TUMNoB. BrnivaHue naH-
gemun COVID-19 Ha nosiBneHne HOBbIX NNasMUAHbIX TUMOB HE YCTaHOBMEHO.

3aknwouyeHue. NMpeacraBneHHble pesynbraThl MCcrneaoBaHusa 06 annaeMMonormyeckon U MornekynspHo-6uorno-
rmyeckon xapakrepuctuke Salmonella, umpkynupytowen B NprmopckoM kpae B nepuod nangemuvmn COVID-19,
OTKPbIBAIOT NEPCNEeKTUBbLI AN MOHMMaHUSA 3KONMOro-anuMaeMmnornormyecknx 3aKOHOMEpPHOCTEW pasBUTUS anuae-
MUWYECKOro npouecca canbMOHeNNE3oB.

KnioueBble cnoBa: canbmoHennés, Salmonella, cepoepynna, cepomun, nAasMudHbIl mur, fMaHOemusi
COVID-19, supyc SARS-CoV-2

Omuyeckoe ymeepkdeHue. ViccnenoBaHve NPOBOAWINOCH MPU [OBPOBOMBHOM WHMOPMUPOBAHHOM Cormacum
nauueHToB. [MpoTokon nccnegoBaHust onobpeH Atudeckum kommutetom HAM3M um. M. Comosa (npotokon Ne 3
ot 03.02.2022).

HcmoyHuk ¢puHaHcupoeaHus. ViccrienoBaHve BbINOMHEHO No MocyaapcTBEHHOMY 3afaHuio No Teme «MOHUTOPUHE
canbmoHenne3How nHdekuun Ha flansHem Boctoke» (Ne 123030600019-1).

KoHgbnnukm uHmepecos. ABTopbl NOATBEPXKAAIOT OTCYTCTBME KOH(NNKTA MHTEPECOB, CBA3aHHbIX C Nybnukaumen Ha-
CTOSILLEN CTaTbM.
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Introduction

Salmonelloses are caused by various serotypes of
bacteria of the genus Salmonella, are classified as poly-
etiological infectious diseases in humans and animals,
and pose a significant public health problem world-
wide, contributing to an increased economic burden.
Depending on the health status of the host organism
and the serotype of Salmonella, as well as the bacteria's
resistance to antimicrobial agents, 11-20 million cases
of salmonellosis are registered worldwide annually, re-
sulting in up to 161,000 deaths [1].

Nowadays, salmonellosis is one of the most com-
mon bacterial intestinal infections, with a trend towards
increasing outbreaks of the disease. According to offi-
cial statistics, in recent years, the average incidence rate
in Russia was 13.61 per 100,000 population in 2021,
17.1in 2022, and 21.45 in 2023, with the rate in certain
territorial districts exceeding the national average.

In the Primorsky Krai over the past decade, against
the background of significant changes in the etiological
structure of intestinal infections towards an increase
in the share of rotavirus and norovirus infections and
a decrease in the proportion of diseases such as viral
hepatitis A and E and shigellosis, the percentage of sal-
monellosis has practically not changed and fluctuates
within 10% [2].

In 2020, an emergency situation arose due to the
development of the COVID-19 pandemic caused by the
SARS-CoV-2 virus, which significantly affected the inci-
dence of other infectious diseases with various transmis-
sion mechanisms [3-9]. The literature mainly presents
studies showing the impact of COVID-19 on acute respi-

"On the state of sanitary and epidemiological welfare of the
population in the Russian Federation in 2023: State Report.
Moscow; 2024. 368 p.
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ratory viral infections. Only a few publications address
the impact of the COVID-19 pandemic on the epidemio-
logical patterns and microbiological characteristics of in-
fections related to the intestinal group [4], while there is
virtually no data on its influence on the epidemiological
patterns of salmonellosis development in Russia.

The aim of the study is to assess the impact of the
COVID-19 pandemic on the epidemiological patterns
and molecular-biological characteristics of non-ty-
phoidal salmonellosis in the Primorsky Krai from 2019
to 2023.

Materials and methods

A retrospective epidemiological analysis of the
incidence of salmonellosis and COVID-19 among the
population of Primorsky Krai was conducted based on
data from the federal state statistical observation for
Primorsky Krai — "Information on Infectious and Par-
asitic Diseases" (Form No. 2) for the years 2009-2023.

The spectrum of plasmid types in salmonella
strains was determined by the alkaline lysis method
[10]. Known plasmid types RP4 (38 MDa), pBR322
(2.9 MDa), pVMS2 (82 MDa) were used as molecular
weight standards.

When performing the serological typing method,
diagnostic salmonellosis adsorbed dry sera for agglu-
tination reaction (Petsal) were used in accordance with
the Kaufmann—White antigenic scheme [11].

Statistical data processing was carried out using
the Microsoft Excel 2010 and Statistica v. 10 programs.
The critical significance level p for testing statistical
hypotheses was set at 0.05.

Results

The period from 2009 to 2012 in the Primorsky
Krai was characterized by an increase in the incidence

26.0
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221 21.9 21.5
16.3

. 16.3
14.7 13.613.3
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Fig. 1. The dynamics of salmonellosis incidence in Primorsky Krai and the Russian Federation in 2009-2023.
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of salmonellosis, with a peak registered in 2012 at 71.8
per 100,000 population. In the following years, a trend
towards a decrease in morbidity was observed, and by
2022, its level had dropped to 13.3 per 100,000 popula-
tion (the growth rate was —4.2), whereas in Russia, the
incidence of salmonellosis was more stable (the growth
rate was —3.4). At the same time, the incidence rates in
Primorsky Krai exceeded the national data from 2009
to 2019, and starting from 2020, they almost leveled
off (Fig. 1). In 2023, an increase in morbidity was ob-
served both in Primorsky Krai and in Russia as a whole
(up to 21.6 per 100,000 population).

Before and during the COVID-19 pandemic, the
lowest incidence of salmonellosis infections in the Pri-
morsky Krai region was recorded in the municipal dis-

tricts of Terneisky, Kavalerovsky, Lazovsky, Olginsky,
Partizansky, and the city of Fokino (Fig. 2). It should be
noted that during the peak of the pandemic, S. enterica
strains were not isolated in these areas.

A high level of salmonellosis, both before and
during the COVID-19 pandemic, was recorded in the
cities of Vladivostok, Ussuriysk, Spassk-Dalny, and
in the Khorolsky and Khasansky districts. The peri-
od of maximum disease incidence occurred in 2019,
and in 2023, a gradual recovery to the usual level was
recorded.

In the monthly dynamics (Fig. 3), the incidence
of salmonellosis before and during the COVID-19 pan-
demic from 2018 to 2019 was predominantly recorded
in the summer-autumn period (June—October). At the

Svetlaya
Luchegorsk Vostok
Dalnerechensk
Novopokrovka
Lesozavodsk
Khanka lake
Gornye Kluchi
Kirovskiy Terney
Kamen-Rybolov
. Spassk-Dalniy Dalnegorsk
Pogranichnyy Khorol Yakovlevka
Chernigovka
Lipovtsy Chuguevka Kavalerovo
Pokrovka Mikhaylovka Ars.enyev
Ussuriysk Anuchino
Olga
Razdolnoye
Volno-Nadezhdinskoe Artem
Vladivostok Partizansk
Bolshoy Kamen
Slavyanka Nakhodka Preobrazheniye
Wrangel
Khasan

Fig. 2. Incidence of salmonellosis in the administrative territories of Primorsky Krai in 2019-2023 (per 100,000 population).
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Fig. 3. Monthly dynamics of salmonellosis incidence in Primorsky Krai from 2018 to 2023.

height of the COVID-19 pandemic, starting in 2020,
the seasonality shifted to the autumn months (Septem-
ber—October). In 2021, the highest peaks of salmonel-
losis incidence occurred in May and June, August and
September, as well as November. In 2023, the incidence
of salmonellosis in the Primorsky Krai region began to
recover, and its seasonality was observed in the sum-
mer-autumn period (June—October). Similar results are
reported by other authors as well [4].

Interesting data were obtained from the joint
analysis of monthly COVID-19 morbidity in the same
years. Thus, in the dynamics of COVID-19 and salmo-
nellosis incidence for the years 2021-2022 (Fig. 4),
four periods can be identified in the change of incidence
levels. From January to October 2021, there was a de-
cline in COVID-19 cases, while the incidence of sal-
monellosis increased. From November 2021 to March
2022, the incidence of COVID-19 increased, while the
incidence of salmonellosis decreased from December
2021 to February 2022 From March to July 2022, there
was a significant increase in the incidence of salmonel-
losis. From August to September 2022, there was an
increase in COVID-19 cases alongside a decrease in
reported salmonellosis cases. Correlation analysis of
the presented data using Spearman's method revealed

a moderate inverse relationship between the monthly
incidence data for both infections (» = 0.5; p < 0.05).

It has been established that in the Primorsky Krai,
as well as in most regions of the Russian Federation
and worldwide, Salmonella of serogroup D with the
dominant S. enteritidis serotype holds the leading posi-
tion, followed by serogroups C and B with insignificant
share values (serogroup B — 9.1 + 1.3%; serogroup
C — 9.7 £ 1.3%). The last place is occupied by sero-
group E, which was not registered in 2022. It should
be noted that the lowest incidence of disease caused by
other serogroups of S. enterica was recorded in 2022
(Fig. 5).

Nowadays, the main serotypes identified in salmo-
nellosis are S. enteritidis, S. typhimurium and S. infantis.
Since 1995 and up to the present, despite the diversity
of plasmid types in the leading serotype S. enteritidis,
the three main plasmid types — 38, 38:1.4, and 38:4.4
MDa—continue to hold prevalent significance (Table).
Other, less frequently isolated plasmid types (38:2.3,
38:2.3:1.4, 38:2.6:1.4, 38:2.6:14, 38:3.0:1.4, 38:30,
38:30:1.4, 38:30:2.3 MDa — epidemic pool) have al-
so retained their significance in shaping the epidemic
situation. The results of the study showed that the num-
ber of salmonellosis cases caused by S. enteritidis with

Dynamics of the number of plasmid types of S. enteritidis isolated in the Primorsky Krai from 2009 to 2023

PtI;);;nsid Year Tot_al Isolate
(MDa) | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | Strains | source
38 220 128 110 397 313 234 211 140 93 76 96 41 31 37 26 2153 v, fp,env.
38:1.4 297 323 299 343 538 349 309 154 186 138 66 17 17 12 17 3065 v, fp,env.
38:2.3 7 5 9 12 8 2 5 7 13 10 1 9 3 2 - 103 v, fp, env.

38:4.4 82 368 267 179 111 132 107 137 119 82 50 13 24 1 8 1760 v, fp

Note. v — patients; fp — food products; env. — environment.
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Fig. 4. Comparative analysis of the monthly dynamics of COVID-19 (a) and salmonellosis (b) incidence from 2021 to 2022.

plasmid types 38, 38:1.4, 38:2.3, and 38:4.4 MDa grad-
ually decreased until 2019, and since the beginning of
the COVID-19 pandemic, it has been reduced by half
(Table 1).

It is important to note that both before and during
the COVID-19 pandemic, rare plasmid type variants
of the S. enteritidis serovar were identified: 38:26:2.6,
3.2:2.0,38:3.8:3.0,5.6:3.8:3.2:2.0, 38:4.4:3.2 50:38:20,
38:5.0:3.8:3.0, and 50:8.0:4.0:3.5:1.4 MDa. The impact
of the epidemiological situation during the COVID-19
pandemic on the emergence of new plasmid types has
not been established by us.

The second most significant serotype in the etiolo-
gy of salmonellosis in the Primorsky Krai is S. typhi-
murium. From 2019 to 2023, more than 90 strains of
S. typhimurium isolated from various sources were
studied. All infections were of a foodborne nature, and
no hospital strains were isolated. The most frequent-

ly registered strains were those with a single plasmid
type — 60 MDa (14.3%), followed by the plasmid type
4.0:3.2 MDa (13.2%), which first appeared in 2015
(isolated from a patient in the city of Ussuriysk).

In the S. infantis serotype circulating in the Pri-
morsky Krai region, the 100 MDa plasmid type pre-
dominated (72%), isolated from food products. Strains
with other plasmid types were rarely isolated.

Discussion

Intestinal infections are a pressing issue world-
wide due to the extremely widespread nature of this
pathology, high morbidity rates, and, consequently, sig-
nificant economic damage [12].

Salmonella infections and COVID-19 have dif-
ferent modes of transmission, but in some cases, they
exhibit comparable symptoms [13, 14]. Moreover, the
immunological response triggered by the SARS-CoV-2
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Fig. 5. Dynamics of the incidence of the population with individual serogroups of Salmonella enterica in Primorsky Krai
from 2019 to 2023.

virus can influence the severity of bacterial infections,
including salmonellosis [15]. It was later established
that these factors have serious implications related to
the onset and treatment of salmonellosis [16—19]. Cases
of co-infection with Salmonella and COVID-19 have
been reported in 9 studies worldwide [20], some of
which were found in patients from Pakistan [21], Tur-
key [22] and Japan [23]. Patients with coinfection face
more severe consequences and increase the complexity
of therapeutic decisions necessary to address this issue.

In 2020, the development of the COVID-19 pan-
demic worldwide significantly affected the incidence
rates of other infections with different transmission
mechanisms. Thus, when comparing with the average
annual indicator from 2016 to 2023, the incidence of
infections with an aerosol transmission mechanism
from 2020 to 2023 in Primorsky Krai was higher than
the long-term average, while the incidence of intesti-
nal infections was significantly lower. The lowest rates
were recorded in 2020-2021, however, in the following
years, there is a trend towards an increase.

The incidence rates of vector-borne infections for
2020-2023 were also significantly lower than the multi-
year average. Similar data were obtained for the inci-
dence of infections transmitted due to person-to-person
contact.

It has been established that in all groups, ex-
cept for air-borne infections, the incidence during the
COVID-19 pandemic years, compared to the aver-
age indicators of previous years, has significantly
decreased.

Salmonelloses in the Primorsky Krai continue to
play an important role in shaping infectious morbidi-
ty, as evidenced by the increase in outbreaks and the
exceedance of the average morbidity rate compared to
Russia as a whole. It should be noted that during the
peak of the COVID-19 pandemic, there was a decrease

in the growth of salmonellosis cases. The lowest inci-
dence was registered in the Terneysky, Kavalerovsky,
Lazovsky, Olginsky, Partizansky districts and Foki-
no, however, in the cities of Vladivostok, Ussuriysk,
Spassk-Dalny, Khorolsky, and Khasansky districts, a
high level of salmonellosis was noted. During the pan-
demic, a divergent trend was observed in the monthly
dynamics of COVID-19 and salmonellosis incidence
compared to the pre-pandemic period. The decrease in
the registration of salmonellosis cases may be related
to the isolation of the population during the pandem-
ic, the transition to remote work formats, the quaran-
tine of multidisciplinary medical organizations due to
the detection of coronavirus infection cases, and the
re-profiling of clinical hospitals for the diagnosis and
specialized treatment of patients with confirmed diagno-
ses. Nevertheless, the influence of the biogeocenosis on
the self-regulation of various microorganisms as a result
of integrative-competitive relationships between them,
which is reflected in the changing trends in the dynamics
of morbidity from specific infections and the structure of
infectious pathology, cannot be excluded in the forma-
tion of the existing epidemiological situation [24, 25].

Despite the diversity of plasmid types in the lead-
ing serotype S. enteritidis, three main plasmid types —
38, 38:1.4, and 38:4.4 MDa — play a dominant role
in the development of salmonellosis, as confirmed by
the research results. It has been established that salmo-
nellosis infections in the Primorsky Krai, both in the
pre-pandemic period and at the height of the COVID-19
pandemic, were mainly caused by S. enteritidis strains
with plasmid characteristics of 38, 38:1.4, 38:2.3, and
38:4.4 MDa. Much like in the pre-pandemic period, ra-
re variants of plasmid types were also identified. The
impact of the epidemic situation during the COVID-19
pandemic on the emergence of new plasmid types has
not been established.
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Conclusion

The obtained data on the epidemiological and
molecular-biological characteristics of the pathogens
of salmonellosis circulating in the Primorsky Krai
during the pre-pandemic period and at the height of the
COVID-19 pandemic open up prospects for uncovering
the ecological and epidemiological patterns of the epi-
demic process, which will allow for making informed
managerial decisions for implementing control over
salmonellosis infection.
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