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Abstract

The aim of the study is to genetically type DNA of isolates of Coxiella burnetii obtained in the Stavropol Territory
(ST) from 2009 to 2023, and to analyze the genetic structure of the Q fever pathogen population in the region.
Materials and methods. The study used blood sera from febrile patients obtained from the Center for Hygiene
and Epidemiology in the Stavropol Territory between 2009 and 2023. MST typing of C. burnetii was performed,
and the MST type was determined using an online resource (http:/ifr48.timone.univ-mrs.fr). The phylogenetic
tree was constructed using the MEGA software. Plasmid typing was performed using type-specific primers for the
QpH1, QpRS and QpDV plasmid loci, and the resulting amplification products were visualized by electrophoresis
in a 2% agarose gel. The territorial distribution of genetic variants was analyzed using ArcGiS 10.1 software.
Results. Molecular genetic typing of C. burnetii has established that strains of the pathogen of Q fever belonging
to two genotypes, MST7 and MST28 of monophyletic group |, are circulating in the Stavropol Territory. The
dominant genotype in the eastern regions of the Stavropol territory is MST7, and in the northern regions, it is
MST28. The pathogen of Q fever circulating in the Stavropol Territory is of a single plasmid type, QpH1.
Conclusion. Determining the plasmid and MST type allows for the genotyping of C. burnetii DNA isolates without
isolating a pure culture, which can be helpful in outbreak investigations and the creation of a regional DNA isolate
database.
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leHeTnueckoe TunuposaHune [IHK-nsonartos Coxiella burnetii,
BblZieNIeHHbIX OT 60nbHbIX Nnxopaakon Ky B CTaBpononbCcKom Kpae

Cnpwuua 10.B., YnbwuHa [1.B.”, BonbiHkuHa A.C., Bacunbesa O.B., lHycapeBa O.A.,
Mnxannosa M.E., Kynuuenko A.H.

CTaBpONObCKNIA MPOTUBOYYMHBIN MHCTUTYT PocnoTpebHaasopa, CtaBpononb, Poccua

AHHOMauus

Llenb pabotbl — reHeTndeckoe TtunupoBaHue OHK-uzonatoB Coxiella burnetii, Bbio€NEHHbIX HA TeppuUTopun
Craspononbsckoro kpasi (CK) B 2009—2023 rr., aHanu3 reHeTu4eckon CTPYKTypbl NonynsumMm Bo3byautensi nmxo-
pagku Ky B pervoHe.

Matepuansbi n metoabl. B paboTte ncnonbsoBany CbIBOPOTKM KPOBM OT NNXOPaAALLMX BOMbHBIX, NOMyYeHHble
u3 LeHTpa rurueHsl n anungemuonorun B CtaBpononbckom kpae B 2009-2023 rr. MpoBoaunu mynestucnemncep-
Hoe TunuposaHue (MST) C. burnetii, onpegenanu npyHagnexHocTb K MST-Tuny ¢ NOMOLLbI0 MHTEPHET-pecypca
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(http://ifr48.timone.univ-mrs.fr). dunoreHetnyeckoe gepeso ctpounu B nporpamme «MEGA». lNMna3mngHoe Tunu-
poBaHMe OCYLLEeCTBASANM C UCMOMb30BaHWEM TUNOCNELMMUYHbIX NpanmMepoB K riokycam nnasmug QpH1, QpRS,
QpDV, Busyanusaumio NofnyyYyeHHbIX NPOAYKTOB amnnudukaumm — nyTéM npoBefeHus anektpodopesa B 2%
arapo3Hom rene. TeppuTopranbHOe pacnpoCTpaHeHMe reHETUYECKUX BapUaHTOB aHann3MpoBanu ¢ UCnonb30-
BaHMeM nporpammHoro obecneveHus ArcGiS 10.1.

PesynbraThl. B xoae monekynsapHo-reHeTudeckoro TunuposaHus C. burnetii ycTaHOBNEHO, 4YTO Ha TeppuTopumn
CK umpkynupytoT Wwtammel Bo3byanTens Kokcuennésa, oTHocswmecs Kk ABymM reHotunam: MST7 n MST28 moHo-
dunetumdeckon rpynnbl |. JOMUHMPYIOLWMM FEHOTMNOM Ha TeppuUTopun BOCTOUHBIX panoHoB CK ssnsietcs MST7,
ceBepHbIX panoHoB — MST28. Ha teppuTtopumn CK umpkynupyet Bo30yauTenb nuxopagdku Ky ¢ eanHCTBEHHbIM
nnasmugHbIM Tunom — QpH1.

3akntoyeHue. Onpegenenne nnasmugHoro 1 MST-Tuna nossonset reHotunmpoBatbk OHK nsonatel C. burnetii
6e3 BblAeNeHns YMCTON KynbTypbl, YTO MOXET MOMOYb MpU paccrnefoBaHUM BCrbIWeK U hopmmnpoBaHmn 6a3bl
AaHHbIX pernoHaneHbix JHK n3onaTos.

KnroueBble cnoBa: siuxopadka Ky, Coxiella burnetii, mynsmucnelicepHoe munupogaHue, niasmudHoe munupo-
gaHue, Cmasporonbckul Kpal

Amuyeckoe ymeepxxdeHue. VccnenoBaHve npoBoannock Npu A06POBOILHOM MHPOPMMPOBAHHOM COrfiacuu nauw-
eHToB. [MpoTokon uccneaoBaHWs ofobpeH nokasbHbIM 3TUYECKUM KOoMMTETOM CTaBpOMoOnbCKOro rocyAapCTBEHHOMO
MeAMLMHCKOro yHnsepcuteTa (3akntoverne Ne 112 ot 19.05.2023).

UcmoyHuk ¢huHaHcupoeaHusi. ABTOPbI 3asiBMNSAOT 06 OTCYTCTBUM BHELUHEro hMHaHCUpPOBaHWS Npu NPOBeAEHNN 1C-
cnenoBaHus.

KoHgbnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHbIX U MOTEHLMATbHBIX KOH(IIMKTOB UHTEPECOB, CBSi-
3aHHbIX C NyGnuKaLmeit HacTosILLei CTaTbu.

Ansi yumupoeaHnusi: Cupuua 10.B., YnbwwnHa [.B, BonbiHkuHa A.C., Bacunbesa O.B., MHycapeBa O.A., Muxawno-
Ba M.E., KynuuyeHnko A.H. leHeTnyeckoe tunuposaHue HK n3onstos Coxiella burnetii, BbiaeneHHbIX 0T 60MbHbIX Nn-
xopagkon Ky B CtaBpononbckoMm kpae. JKypHan mukpobuomnoauu, snudemuonozauu u ummyHobuonoauu. 2025;102(5):
539-546.
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Introduction

The Q fever is a naturally occurring zoonotic dis-
ease characterized by polymorphic clinical symptoms,
capable of causing severe complications in humans and
becoming chronic.

The source of human infection is usually small
and large cattle. The main routes of infection are aspira-
tion and contact, and to a lesser extent, alimentary. The
transmission factors for the pathogen are raw animal
products, meat and dairy products, animal care items,
and other objects infected with Coxiella [1, 2].

Currently, sporadic and outbreak cases of Q fever
are observed in almost all regions of the world [3-9].
In Russia, coxiellosis is registered in more than 50 ad-
ministrative territories. In the Stavropol Territory, the
incidence of Q fever has been recorded annually since
2016. The regional incidence rate is 27.5 times higher
than the national average and 3.6 times higher than the
average for the North Caucasus Federal District!.

Thus, the current epizootiological and epidemio-
logical situation regarding coxiellosis necessitates the
implementation of systematic monitoring of Coxiella
burnetii circulation within the territory of the North
Caucasus.

The State report "On the state of sanitary and epidemiological
welfare of the population in the Stavropol Territory in 2023".
Stavropol; 2023. 129 p. URL:
https://26.rospotrebnadzor.ru/doc/gd/doklad23.pdf (In Russ.)

In recent years, the role of molecular genetic re-
search has increased in monitoring the state of popu-
lations of highly dangerous pathogens and in epide-
miological investigations of disease cases [10]. The
differentiation of C. burnetii strains and the study of
population structure are associated with difficulties due
to the complexity of cultivating Coxiella in laboratory
conditions, their high pathogenicity, and the low degree
of genetic heterogeneity within the species [4].

A combination of methods is used for genetic typ-
ing of C. burnetii strains and isolates: restriction frag-
ment length polymorphism analysis [11], pulsed-field
gel electrophoresis [12—14], selective amplification of
restriction enzyme-digested fragments [15], copy num-
ber typing of the mobile element IS1111 [16], and sin-
gle nucleotide polymorphism typing [17].

Methods based on the analysis of variable number
tandem repeats (VNTRs) in the genome [18], as well as
the multi-spacer typing (MST) method [19], have the
greatest differentiating power and versatility.

MST typing is based on the analysis of the se-
quence of intergenic regions located between open
reading frames. The main advantage of the method is
the use of potentially highly variable targets that are
not subject to evolutionary pressure, which allows for
better differentiation of strains within conservative bio-
logical species [19, 20]. Currently, the MST method is
used in most laboratories worldwide for identifying C.
burnetii strains and allows for intraspecies subtyping of
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genetic variants of different geographical origin with-
out culturing [21, 22].

The MST method can be successfully applied to
trace the origin of the pathogen isolates, which will be
most relevant in investigation of epidemic outbreaks
of this infection. Accumulating information about the
genetic characteristics of C. burnetii strains circulating
in individual regions will contribute to improving the
effectiveness of epidemiological surveillance for Q fe-
ver. Using the MST method for genotyping the Q fever
pathogen isolated in the territory of the North Caucasus
will provide new information about the genetic struc-
ture of the C. burnetii population in the region and form
a database for epidemiological investigations of coxie-
llosis cases.

The aim of the study is to perform DNA typing
of C. burnetii isolates obtained in the Stavropol Terri-
tory in 2009—2023 and to analyze the molecular genetic
structure of the pathogen population in the region.

Materials and methods

A total of 1472 blood serum samples from febrile
patients, obtained from the Center for Hygiene and Ep-
idemiology in SK between 2009 and 2023, were tested
for the presence of C. burnetii DNA. Work with clinical
material was carried out with the voluntary informed
consent of the patients.

DNA extraction from blood serum samples was
performed using the RIBO-prep reagent kit (Central
Research Institute of Epidemiology). The identifica-
tion of C. burnetii DNA in the tested material was per-
formed using the AmpliSens Coxiella burnetii-FL re-
agent kit (Central Research Institute of Epidemiology)
according to MR 3.1.0281-22% Plasmid profiling and
MST genotyping were performed for positive samples
with sufficient pathogen DNA concentration (Ct < 25).

MST typing was performed according to the
method proposed by O.0. Glazunova et al. [19]. For the
amplification of the nucleotide sequences of each of the
10 non-coding intergenic spacers, a separate reaction
mixture with a primer pair to a conserved region was
used (Table 1). Amplification was performed using the
BioMaster HS-Taq PCR-Color (2%) ready-to-use reac-
tion mixture (Biolabmix). Reaction mixture composi-
tion: primer F (C = 10 pmol/uL) — 1.25 pL, primer
R (C = 10 pmol/uL) — 1.25 pL, BioMaster HS-Taq
PCR-Color (2x) mix — 12.5 pL, sample volume —
10 uL. PCR was performed on a T100 DNA thermocy-
cler (Bio-Rad), with the following reaction profile: ini-
tial denaturation (95°C for 5 min); second stage for 40
cycles (95°C for 20 s, 57°C for 30 s, 72°C for 1 min);
final elongation (72°C for 5 min). Sanger sequencing
was performed on an Applied Biosystems 3500 cap-

2 Methodological recommendations MR 3.1.0281-22 "Epidemio-
logical surveillance, laboratory diagnostics and prevention of Ku
fever" (approved by the Head of Rospotrebnadzor on 04.08.2022).

Table 1. Primer sequences for MST typing

Locus/length Primer
of frag;nent, direction Sequence (5'-3’)
forward GAAGCTTCTGATAGGCGGGA
Cox2/397
reverse CAACCCTGAATACCCAAGGA
forward TGGTATGACAACCCGTCATG
Cox5/395
reverse CAGGAGCAAGCTTGAATGCG
forward TTCGATGATCCGATGGCCTT
Cox18/557
reverse CGCAGACGAATTAGCCAATC
forward TCTATTATTGCAATGCAAGTGG
Cox20/631
reverse GATATTTATCAGCGTCAAAGCAA
forward CGCAAATTTCGGCACAGACC
Cox22/383
reverse GGGAATAAGAGAGTTAGCTCA
forward ATTCCGGGACCTTCGTTAAC
Cox37/463
reverse GGCTTGTCTGGTGTAACTGT
forward GCGAGAACCGAATTGCTATC
Cox51/674
reverse TAACGCCCGAGAGCTCAGAA
forward ATGCGCCAGAAACGCATAGG
Cox56/479
reverse CAAGCTCTCTGTGCCCAAT
forward GGTGGAAGGCGTAAGCCTTT
Cox57/617
reverse TGGAAATGGAAGGCGGATTC
forward GGGATTTCAACTTCCGATAGA
Cox61/611
reverse GAAGATAGAGCGGCAAGGAT

illary sequencer. Sequence assembly was performed
using the VectorNTI program®. When determining the
MST group, a comparison was made with the reference
genomic sequences of 85 C. burnetii strains isolated
between 1945 and 2025 in different regions from the
online MST type database* (Fig. 2). The dendrogram
based on the MST typing results was constructed using
the MEGA 10 software”.

The analysis of the territorial distribution of genet-
ic variants and the creation of the map were performed
using ArcGIS 10.1 software.

Plasmid typing was performed using the PCR
method with type-specific primers for the QpH1, QpRS
and QpDV plasmid loci (Table 2) using the BioMas-
ter HS-Taq PCR-Color (2x) kit (Biolabmix). Reaction
mixture composition: primer F (C = 10 pmol/pL) —
1.25 pL, primer R (C = 10 pmol/uL) — 1.25 pL, Bio-
Master HS-Taq PCR-Color (2x) mix — 12.5 pL, sam-
ple volume — 10 pL. PCR was performed on a T100
DNA thermocycler (Bio-Rad) using the following pro-
gram: initial denaturation (95°C — 5 min), 40 cycles
(95°C —20's; 56°C — 30 s; 72°C — 45 5); final elon-
gation (72°C — 5 min). Visualization of the amplifi-

3 URL: https://vector-nti.software.informer.com/
4 URL: http://ifr48.timone.univ-mrs.fr
5 URL: https://www.megasoftware.net/
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Table 2. Primer sequences for plasmid type determination

Pl@zg'd dﬁgcmti%rn Sequence (5'-3’)

QpH1 forward CTCCAGTAGGGTAATGGTGTCA
reverse GCCTTGGCTGGCACCTG
forward ATGTCAACAGATGACTCATC

QpRS reverse CTAGGATAATGAGAGTCTATC
forward GAGTCTACTCAGTGATAG

QpDV reverse TTACCGGTATTTTCTCGA

cation products was performed by electrophoresis in
a 2% agarose gel with an intercalating dye (ethidium
bromide) [4].

Results

When examining 1472 blood serum samples
from febrile patients in Stavropol Territory, Coxiella
burnetii DNA was detected in 192 samples. Molecular
genetic typing (belonging to MST genotypes and plas-
mid profile types) was performed for 60 DNA isolates
of C. burnetii with a sufficient amount of the patho-
gen's target DNA for analysis (Ct < 25). The obtained
data were used to study the distribution of Coxiella
burnetii gene variants in the Stavropol Territory from
2009 to 2023.

Genetic typing of C. burnetii isolates by MST method

As a result of the MST typing performed, the C.
burnetii DNA isolates obtained from the territory of the
North Caucasus were found to belong to two genotypes:
MST7 (55 samples, 2009-2023) and MST28 (5 sam-
ples, 2010-2011, 2020). MST7 genotype DNA isolates
were detected in 55 samples from Q fever patients in 14
districts of the Stavropol Territory: Budennovsk (15),
Kursk (14), Ipatovo (4), Sovetsk (4), Shpakovskoe (4),
Neftekumsk (3), Blagodarnoe (3), Apanasenkovskoe
(1), Georgievsk (2), Krasnogvardeyskoe (1), Levo-
kumskoe (1), Turkmenskoe (1), Kirovskoe (1), and
Grachevskoe (1); Fig. 1. Five DNA isolates of C. bur-
netii from the Apanasenkovsky (2), Ipatovsky (2) and
Neftekumsky (1) districts were assigned to the MST28
genotype.

The C. burnetii DNA isolates studied in this re-
search belonged to monophyletic group 1 and were
located on the dendrogram within two separate clades
(Fig. 2).

Plasmid DNA typing of C. burnetii isolates

In addition to MST typing for all extracted DNA
isolates, the plasmid profile was determined. It was es-
tablished that the Coxiella burnetii pathogen, belonging
to the QpH1 plasmid type, is circulating in the Stavropol
Territory [23]. DNA isolates containing plasmids QpRS
and QpDV were not detected in the samples studied.

ORIGINAL RESEARCHES

Discussion

During the interpretation of the obtained data,
it was found that the genetic structures of C. burnetii
populations in the North Caucasus and other regions of
the Russian Federation differ. Previous genetic studies
of the Q fever pathogen strain collection isolated from
environmental samples in the Leningrad and Pskov re-
gions revealed that the dominant genotype of C. bur-
netii in the studied regions is MST23 (monophyletic
group II) [4].

Analysis of information contained in the MST7
genotype database of C. burnetii showed that MST7
genotype strains (3 strains) were previously isolat-
ed from clinical material in Russia (Leningrad, 1955,
1957) and France (1993). C. burnetii strains of geno-
type MST28 (4 strains) were isolated from clinical ma-
terial in Kazakhstan (1962, 1965).

MST7 genotype strains (monophyletic group I),
which are widespread in the North Caucasus region,
were first isolated in Russia during investigations in-
to Q fever outbreaks in Leningrad in 1955 and 1957
and were previously considered unique to Russia, hav-
ing been imported from Central Asian countries, as all
those who contracted Q fever were workers involved in
processing cotton brought from Central Asia, where Q
fever was enzootic at the time [4, 24].

C. burnetii DNA isolates belonging to genotype
MST28 were identified in Russia for the first time;
strains of this genotype were also previously isolated in
Central Asia (Kazakhstan).

All of the above allows us to hypothesize that both
genotypes (MST7 and MST28) circulating in the Stav-
ropol Territory were likely introduced to the region from
Central Asia. However, due to the limited data on the
genetic characteristics of C. burnetii strains prevalent in
Russia and other regions of the world, further study is
needed on the territorial distribution of C. burnetii gen-
otypes in various regions of Russia, including the Astra-
khan and Rostov regions, where a high incidence of Q
fever is registered annually, as well as in Central Asian
countries, to identify dominant genetic variants and es-
tablish probable routes of Q fever pathogen introduction
into individual regions of the Russian Federation.

The new information obtained in this study on the
distribution of C. burnetii strains belonging to geno-
types MST7 and MST28 in the North Caucasus region
can be used in the epidemiological investigation of Q
fever outbreaks and sporadic cases in Russian regions.

Based on the data from the conducted study, it is
suggested that the C. burnetii population in the North
Caucasus is homogeneous in terms of plasmid type.
It is known that belonging to the QpH1 plasmid type
is characteristic of strains from different geographical
origins. Strains and isolates with the QpH1 plasmid
genotype have been previously isolated in Russia and
in European countries (France, Switzerland, Germany,
Romania, Slovakia, Greece, Czechoslovakia, Ukraine,
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Fig. 1. Geographical distribution of C. burnetii MST genotypes in Stavropol Territory (2009—2023).

Fig. 2. Cluster analysis of 60 C. burnetii DNA
isolates based on MST typing data.

The dendrogram was constructed using the UPGMA
algorithm. Three monophyletic lineages (1, I, 1ll) were
identified. Isolates sequenced at the Stavropol Anti-Plague
Institute of Rospotrebnadzor are marked in bold.



544

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2025; 102(5)

DOI: https://doi.org/10.36233/0372-9311-745

Austria), Central Asia (Uzbekistan, Kazakhstan, Mon-
golia), America (USA, Canada), and West Africa (Sene-
gal and the Republic of Guinea).

When comparing the plasmid profiles and MST
types of DNA isolates and strains from the online data-
base identified in the Stavropol Territory, it was estab-
lished that previously isolated strains of Q fever with
MST7 (Russia, France) and MST28 (Kazakhstan) gen-
otypes belonged to the QpRS plasmid type [19]. Con-
versely, the DNA isolates identified in this study with
similar MST types belonged to the QpH1 plasmid type.

To date, plasmid genes definitively associated with
pathogen virulence have not been identified. There is a
proposal that strains with the QpH1 plasmid are more
evolutionarily ancient representatives of the pathogen
population circulating in natural foci, characterized by
low epidemic potential [25]. Thus, the previously iso-
lated strains of C. burnetii (Leningrad-2, Leningrad-4)
that caused outbreaks in Leningrad (1955 and 1957)
belonged to genotype MST7, plasmid type QpRS [24,
26]. At the same time, the C. burnetii strain NL3262,
which caused a mass outbreak of Q fever in the Nether-
lands in 2007-2010 [1], belonged to the QpH1 plasmid
type. Therefore, the assumption about the insufficient
pathogenic potential of C. burnetii strains with the
QpHI1 plasmid type, which is necessary for the epide-

ORIGINAL RESEARCHES

mic process to occur, requires further experimental and
theoretical justification.

Conclusion

Molecular genetic typing of C. burnetii has estab-
lished that the pathogen of Q fever circulating in the
Stavropol Territory belongs to two genotypes: MST7
and MST28 of monophyletic group I. The dominant
genotype in the eastern regions of the Stavropol Ter-
ritory is MST7, while strains of genotype MST28 are
prevalent in the northern regions of the territory. It was
also established that Q fever pathogens with a single
plasmid type, QpH1, circulated in the Stavropol Terri-
tory from 2009 to 2023.

The information obtained during this study on the
C. burnetii genotypes found in the Stavropol Territory
(MST and plasmid typing) will allow for an analysis of
the genetic structure of the Q fever pathogen popula-
tion and can be used in epidemiological investigations
of potential outbreaks (imported cases) to determine the
source and routes of infection spread.

Determining the plasmid and MST type allows for
the genotyping of C. burnetii DNA isolates without iso-
lating a pure culture, which can be helpful in outbreak
investigations and the creation of a regional DNA iso-
late database.
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