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Abstract

Introduction. Uropathogenic Escherichia coli (UPEC) are characterized by the ability to survive and reproduce in
the urinary tract due to the presence of specific virulence factors. In routine laboratory practice, the detection of
diagnostically significant bacteriuria does not provide an idea of the level of infection of the urinary system (renal
parenchyma, bladder), the pathogenic potential of the strain in the progression and chronicity of the infectious
process, and the occurrence of life-threatening conditions (urosepsis, meningitis).

Objective. To characterize the population structure, genetic diversity and pathogenic potential of E. coli strains
isolated from urine.

Materials and methods. 194 strains of E. coli isolated from urine were studied. Detection of 17 genes encoding
the synthesis of: adhesins (pap, fimH, sfa, focG, afa), toxins (hlyA, cvaC, cnf, cdtB), capsular antigens (kpsMTII,
kpsMTIII, kpsMT K1), siderophores (fyuA, iutA), invasins (ibeA), genetic markers of the pathogenicity island (PAI)
of UPEC CFTO073, the gene (fraT) encoding serum resistance capacity and phylogenetic groups were performed
by PCR (CXT-1000, BioRad, USA) with published primers (Synthol, Sibenzyme, Evrogen, Russia). To assess the
statistical significance of differences, Fisher's exact test was used. Differences were considered significant at a
confidence interval of 95% (p < 0.05).

Results. E. coli strains more often (p < 0.05) belonged to the phylogenetic group B2 (57.7%). Pathogenetically
significant virulence determinants were identified in 97.9% of strains. Based on the combination of 17 genes, 134
individual virulence genotypes were identified. In 93.3% of strains, a genetic predisposition to the occurrence
of recurrent urinary tract infections (UTIs) was revealed, in 6.9% there was a potential for the development of
pyelonephritis and recurrent cystitis. Markers of life-threatening complications of UTI were identified in 12% of
strains, of which 10.7% were the development of urosepsis and 1.3% were meningitis.

Conclusion. Detection of a complex of genes in E. coli strains isolated from urine confirms the etiological
significance of the isolate and allows one to assess the pathogenic potential for the development of chronic and
severe life-threatening complications.
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NHTerpaTtnBHbIN NOAXOA K OLieHKe NaTOreHHOro noTeHuynana
wrammoB Escherichia coli, BbigeneHHbIX 13 Mmoun
MakapoBa M.A."**, MaTeeeBa 3.H.', Ka¢pTbipesa J1.A."2

'CaHkKT-leTepbyprcknii HayYHO-UCCNeA0BaTENbCKMIA MHCTUTYT SNUAEMUONOrNN 1 MUKpobronorumn nmenu MNactepa,
CaHkTt-letepbypr, Poccus;
2CeBepo-3anagHan MeguumnHcKan akagemusa umenn WM. MeuHnkosa, CaHkT-lNeTepbypr, Poccua

AHHOMayus

AxTyanbHocTb. YponatoreHHble/Uropathogenic Escherichia coli (UPEC) xapaktepu3yloTcs CnoCOBGHOCTbIO
K BbPKMBAHMWIO U Pa3MHOXEHMWIO B MOYEBOM TpaKTe 3a CHET Hannums cneundudeckmx akTtopoB BUPYNEHTHOCTM.
B pyTMHHOM NpakTuke BbISBNEHWE ANArHOCTUYECKN 3HaYMMon Baktepnypun He OaET NpeacTaBneHns o nokanu-
3aUMn UHPULMPOBAHUSA MOYEBON CUCTEMbI (MOYEYHAst NAPEeHXMa, MOYEBOW Ny3bipb), MATOFEHHOM NoTeHuuane
BbIJEMEHHOrO LWTaMMa B MPOrPeCCMPOBaHUN Y XPOHM3aLMN UHAEKLMOHHOIO NpoLiecca, BOZHUKHOBEHUN XU3He-
YrpoXatoLLmMxX COCTOSAHWI (YPOCEMNCUC, MEHWHIUT).

Llenb — oxapakTepn3oBaTb NOMNysiLMOHHYI CTPYKTYPY, FfeHETUYeCcKoe pa3Hoo6pa3ne 1 NaTtoreHHbIn noTeHuman
wtammoB E. coli, BbIAENEHHbIX N3 MOYMN.

MaTtepuanbl u metoabl. M3yyeHbl 194 witamma E. coli, BbiaeneHHble 3 moun. fetekumo 17 reHoB, KOAMPYHO-
LUMX CUHTE3: aare3vHoB (pap, fimH, sfa, focG, afa), TokcuHoB (hlyA, cvaC, cnf, cdtB), kancynbHbIX aHTUTEHOB
(kpsMTII, kpsMTIII, kpsMT K1), cuoepocopoB (fyuA, iutA), nHeasmHoB (ibeA), reHeTUYECKMX MapKepoB OCTPOBa
natoreHHocTn UPEC CFTO073, reHa traT, koanpytowero haktop pe3ucTEHTHOCTU K BakTepuumaHOMy OeACTBUIO
CbIBOPOTKU M MPUHAANIEXHOCTb K (DUNOreHETUHECKMM rpynnam, BbinonHanm metogom MNUP. [ns oueHkn ctatu-
CTUYECKON 3HAYMMOCTU PasnuMumMin NPUMEHSANN TOUHbIA KpuTepuin Puwepa. [JoCTOBEPHBIMU CHMTANM pasnuyns
npu 95% pnoseputensHom uHTepBane (p < 0,05).

Pesynbrathbl. WUtammel E. coli vawe (p < 0,05) npuHagnexanu k dunoreHetuyeckon rpynne B2 (57,7%). Ma-
TOreHeTUYEeCKN 3HaYMMbIe AETEPMMHAHTBI BUPYNEHTHOCTU BbisBNeHbl y 97,9% wrtammos. Mo covetanuio 17 re-
HOB ycTaHoBMeHbl 134 nHAMBMAYanbHbIX reHoTMNa BUPYNeHTHOCTU. Y 93,3% LuTaMMOB BbISIBNEHa reHeTnyeckas
npeapacnonoXeHHOCTb K BO3HUKHOBEHWIO PeLMaNBOB MHAEKLMIA MOYEBLIBOAALLMX NyTeN, y 6,9% — noTeHuman
pa3BuTUs NMenoHedpuTa 1 peumanBmpyoLero umctuta. Mapkepbl Xn3HeyrpoxaroLmx OCNOXHEHUA MHPEKLMIA
MOY€BbIBOAALLMX NyTEN BbiABMNEHbI Y 12% wtammoB, u3 Hux 10,7% cBMOeTenbCTBOBANU O pasBUTUM ypocencu-
ca, 1,3% — MeHuHrnTa.

3aknwoyeHue. [leTekuuss KOMNNekca reHoB B wtammax E. coli, BbleNeHHbIX U3 MO4YM, MoATBEpXKAAeT 3TUOrO-
TMYECKYH 3HAYMMOCTb M30MsiTa U NO3BOMSET OLEHUTb NAaTOreHHbIN NOTEHUMAn pasBUTUS XPOHUYECKUX (hOPM U
TSKEMbIX KMU3HEYTPOXAOLLMX OCMOXHEHWA.

KnroueBble cnoBa: uHghekyuu mMoyesbigolsauwux nymed, yponamozeHHbie Escherichia coli, UPEC, supyneHm-
Hocmb, nabopamopHasi duaeHoOCMUKa

Amuyeckoe ymeepxdeHue. ViccrneqosaHne npoBoaMIoch npu 4o6poBorbHOM MHEPOPMUMPOBaAHHOM Corflacum nauu-
eHToB. [MpoTokon nccnenosaHns ogobpeH ATnyeckum kommtetom CaHkT-MNeTepbyprckoro HAW anuoemmnonorum n mu-
kpobuonorun um. Mactepa (npotokon Ne 27 ot 02.07.2020).

HNcmoyHuk puHaHcupoeaHusi. ABTOpbI 3asBMSAT 06 OTCYTCTBMWN BHELLUHEro (hMHAHCUPOBAHWUSA NpU NPOBEAEHUN 1C-
crnefoBaHus.

KoHgpbnnukm unmepecoe. ABTOpbI eKNapupyoT OTCYTCTBUE SIBHLIX W MOTEHUMANbHBLIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukaunen HacTosLLen CTaTbu.

Ans yumupoeaHusi: Makapoea M.A., MaTeeeBa 3.H., Kadhtbipesa J1.A. IHTerpaTMBHbIV NOAXO4 K OLieHKe naToreHHo-
ro noTeHumnana wramMmoB Escherichia coli, BbigeneHHbix n3 moun. JKypHan mukpobuonoauu, snudemuonoauu u UMmy-
Hobuonoeauu. 2024;101(1):72-79.

DOI: https://doi.org/10.36233/0372-9311-493

EDN: https://www.elibrary.ru/ytagsf

© MakapoBa M.A., MatBeeBa 3.H., KadpTeipesa J1.A., 2024



74

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2024; 101(1)

DOI: https://doi.org/10.36233/0372-9311-493

Introduction

The urinary tract is a common locus of bacterial in-
fection, and Escherichia coli is the most frequent patho-
gen in this biotope. Urinary tract infections (UTIs) can
present with a variety of clinical presentations ranging
from asymptomatic bacteriuria, ascending infections
(acute pyelonephritis) to severe urosepsis [1-3].

Uropathogenic E. coli (UPEC) are characterized
by an increased adaptive ability to survive and multi-
ply in the urinary tract due to the presence of specific
lipopolysaccharides, capsules, outer membrane pro-
teins, fimbriae, pili, secreted toxins, siderophores, as
well as serum resistance. The uropathogenic potential
of E. coli is consistently realized at different stages of
the infection process: adhesion, colonization and per-
sistence [4].

Specific adhesins are required for successful colo-
nization of the urinary system tissues by E. coli. The
major adhesion factors include pili or fimbriae. Type
1 pili (FimH), P, S, and F1C fimbriae are typical for
UPEC. FimH adhesins, encoded by the fimH gene, play
an important role in the initiation of UTI development
and are considered the most common virulence factor
of UPEC [5, 6]. Strains causing cystitis always express
type 1 fimbriae; in the absence of other fimbriae, infec-
tion is limited to bladder lesions. The major UPEC-spe-
cific pili are the P-fimbriae encoded by the pap gene.
They are absent in commensal and diarrheagenic E. coli
and were named this way because they are more fre-
quently found in strains associated with pyelonephritis
[7]. Mannose-resistant S pili are categorized into Sfa-,
F1C-pili (Foc) and S/F1C-related pili (Sfr). These ad-
hesins have a high degree of homology but differ in re-
ceptor specificity; S-pili are expressed predominantly
by sepsis- (SEPEC) and neonatal meningitis-causing
E. coli (NMEC) strains, but may also occur in UPEC
strains causing ascending UTIs. In addition to fimbrial
adhesins, afimbrial adhesins encoded by the afa gene,
which promote adhesion to urothelial cells, are widely
distributed in UPEC. Strains synthesizing afibrial ad-
hesins have a high potential for the development of py-
elonephritis and recurrent cystitis [8].

Toxins play an important role in UTIs because they
promote bacterial dissemination in tissues, increase cy-
totoxicity, neutrophil resistance, as well as damage and
disrupt host cell metabolism. The most studied toxin
secreted by UPEC is a-hemolysin, Hly4 (a product of
the //yA gene), which not only stimulates apoptosis of
target cells, including neutrophils, T lymphocytes, and
renal epitheliocytes, but also causes degradation of
regulatory and structural components of the cytoskel-
eton, promoting bladder cell exfoliation and phago-
cyte destruction. CNF1 (cytotoxic necrotic factor 1)
toxin encoded by the cnf gene inhibits polymorpho-
nuclear phagocytosis, promotes the production of bio-
active components, causing functional and structural
damage as well as apoptosis of bladder epithelial cells
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[6, 8]. A toxin with DNAase activity, CDT (cytolethal
toxin expansion factor), encoded by the cdt gene, leads
to cell apoptosis; it is found in more than 90% of UPEC
strains [9, 10].

Factors of UPEC persistence include capsules
(synthesis of K-antigens), which protect the bacteria
from phagocytosis and the bactericidal effect of the
complement system [8].

The production of siderophores (iron-binding pro-
teins), which determine the ability of bacterial cells to
capture iron, is crucial for the survival of UPEC in the
urethral tract. Synthesis of siderophores increases the
virulence of UPEC. The main siderophores include aer-
obactin (iut4) and yersinebactin (fyuAd) [11].

In the routine practice of bacteriologic examina-
tion, methods for typing E. coli causing UTIs are not
used. The criterion for the diagnosis of UTI is the de-
tection of microorganisms at a concentration of at least
10° CFU in 1 ml of urine. The detection of diagnos-
tically significant bacteriuria does not give an idea of
the localization of infection of the urinary system (renal
parenchyma, bladder) [1]. Therefore, one of the most
important tasks of the clinical microbiology laborato-
ry is a meaningful analysis of the results obtained, as
well as an assessment of the etiologic significance of
the isolated microorganism [12]. The main difficulty in
interpreting the results is represented by isolates from
urine specimens, due to the possible contamination of
E. coli by representatives of intestinal microflora. The
microbiologist must not only determine whether the
E. coli isolate is the true pathogen or a consequence of
contamination of the sample at the pre-analytical stage,
but also assess the pathogenic potential of a particular
isolate in the development of chronic UTIs or severe
life-threatening conditions such as sepsis or meningitis.
Although research has been ongoing for many years,
specific criteria for categorizing strains as UPEC have
not been established.

As a result of the above, the aim of this work is to
characterize the population structure, genetic diversity
and pathogenic potential of E. coli strains isolated from
urine.

Materials and methods

The objects of the study were 194 E. coli strains
isolated from the urine of patients with uncomplicated
UTIs. The subject of the study was biological proper-
ties of the strains reflecting pathogenicity (virulence
genes associated with adhesion, invasion, toxin forma-
tion, persistence, etc.).

The study was conducted with the informed con-
sent of the patients. The research protocol was approved
by the Ethics Committee of the Saint-Peterburg Pasteur
Institute (protocol No. 27, July 2, 2020).

DNA isolation was performed using the Insta-
GeneTMMatrix kit (BioRad). PCR was performed
in automatic amplification mode in the thermocycler
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CXT-1000 (BioRad). We used a ready mix with Taq
DNA polymerase, PCR Master Mix (ThermoFisher
Scientific). The primers were added between 0.5—-1.5 pl
with unchanged sample volume (20 pl), which was
achieved by changing the volume of sterile distilled
water accordingly. Previously studied primers (Syntol,
Sibenzyme, Eurogen) were used [13—15]. The ampli-
fied DNA fragments were separated in 0.5xTBE buffer
with ethidium bromide at 120 V for 60 min in a hori-
zontal gel electrophoresis chamber (BioRad). GelDoc
documentation system (BioRad) was used to visualize
PCR results. DNA marker 100 bp + 1.5 Kb + 3 Kb (Si-
benzyme) was used as molecular weight markers.

Strains were tested for the presence of 17 genes
encoding the synthesis of virulence factors: Adhesins
(pap, fimH, sfa, focG and afa), toxins (hlyA, cvaC, cnf
and cdtB), capsule antigens (kpsMTII, kpsMTIII, kps-
MT K1), siderophores (fyud and iutA), invasins (ibeA),
as well as for the presence of genetic markers of patho-
genicity island (PAI) UPEC CFTO073 and gene (tral)
encoding a serum resistance.

Phylogenetic classification of E. coli strains was
performed by multiplex phylotyping based on PCR us-
ing primers targeting three markers: chud, yjad, and
TspE4.C2 [16].

The obtained data were processed using the Excel
computer program (Microsoft). Fisher’s exact test was
used to assess the statistical significance of differences
in mean values. Differences were considered statisti-
cally significant when the confidence interval was 95%
(» <0.05).

Results

When analyzing the combination of chud, yjaA,
and TspE4.C2 genes, it was found, statistically, that .
coli strains were significantly more frequent (p < 0.05)
in phylogenetic group B2 (57.7%) compared to strains
of phylogenetic groups A (4.6%), B1 (7.2%), and D
(30.4%); significantly less frequent (p < 0.05) in phylo-
genetic groups A and B1 compared to B2 and D.

The prevalence of genes encoding the synthesis
of UPEC virulence factors ranged from 2.1% (ibeA) to
93.3% (fimH). The gene responsible for the production
of cytolethal expanding toxin (cdtB), involved in the
suppression of cell proliferation with subsequent cell
death, was not identified in any of the strains. The fre-
quency of occurrence of genetic determinants encoding
UPEC virulence factors is shown in the figure below.

Analysis of the detection of genes associated with
adhesion showed that almost all strains contained the
fimH gene (93.3%) encoding mannose-sensitive type
I fimbriae. The pap gene, responsible for the synthe-
sis of pyelonephritis-associated pili, was found in al-
most every third strain (29.4%); the afa gene, encoding
afimbrial adhesins, was found in 7.7% of the studied
E. coli strains; sfa and focG determinants associated
with fimbrial adhesins — in 7.7 and 3.1%; hlyA and

cnf genes encoding synthesis of toxins (o-hemolysin
and cytonecrotic factor) — in 21.1 and 17.5%; cvaC
gene responsible for colicin V production — in 15.5%.
The ibed gene responsible for invasion of endothelial
cells of the blood-brain barrier was found in 4 (2.1%)
E. coli strains. The frequency of occurrence of genet-
ic determinants encoding synthesis of siderophores:
yersinebactin (fyud) and aerobactin (iut4) was 85.6
and 83.0%. Genes encoding capsular antigen synthesis
were detected in 61.9% of the strains studied. The kps-
MTII and kpsMTIII genes encoding K1, K5, K12 and
K3, K10, K54 antigen complexes were detected in 29.4
and 24.2% of the strains. Type-specific gene kpsMT
K1, encoding antigen K1, identical in chemical struc-
ture and immunochemical characteristics to the K-an-
tigen of Neisseria meningitidis, was detected in 27.3%
of strains. The #raT gene, a coding factor of bacterial
cell resistance to the bactericidal effect of the blood se-
rum, was detected in 59.3% of strains. PAl — UPEC
CFTO073 was detected in 36.6% of strains.

The genetic determinants of UPEC virulence in
the studied strains were present both in combinations
and in isolation. None of the tested virulence genes was
detected in the genome of 4 (2.1%) strains. In 1 (0.5%;
95% CI 0.1-2.9%) strain 1 gene was detected. The re-
maining 99.5% of strains were characterized by the
presence of gene combinations, of which 1.5% (95% CI
0.5-4.5%) — by the combination of 2 genetic determi-
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kpsMTIII
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Prevalence of genes encoding UPEC virulence factors.
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nants, 10.3% (95% CI 6.8-15.4) — by 3. Strains con-
taining combinations of 4 genes 16.0% (95% CI 11.5—
21.8%), 5 genes 23.2% (95% CI 17.8-29.6%), and 6
genes 33.0% (95% CI 26.8-39.9%) were statistically
significantly more frequent (p < 0.05). Seven virulence
markers were detected in 9.8% (95% CI 6.4—14.8%) of
strains, 8 in 3.1% (95% CI 1.4-6.6%), and 9 in 2.1%
(95% CI 0.8-5.2%). The genome of 1 strain (0.5%;
95% CI 0.1-2.9%) presented an individual profile and
was characterized by a combination of 10 genes.

The occurrence of genes and virulence factors
encoded by them in E. coli of different phylogenetic
groups are presented in the Table. The fimH gene was
present in strains of all phylogenetic groups significant-
ly more frequently (p < 0.05) compared to other genes
associated with adhesion. The pap gene was found in
E. coli strains of phylogenetic group B2 (36.6%), which
was significantly more frequent (p < 0.05) compared to
strains of groups A (11.1%), B1 (14.3%) and D (1.7%).

ORIGINAL RESEARCHES

The afa gene encoding afimbrial antigen-binding ad-
hesins was more frequently present in strains of phylo-
genetic group B1 (64.3%). The sfa gene encoding fim-
brial adhesin synthesis was detected without significant
differences in strains of phylogenetic groups B1 (4.8%)
and B2 (11.8%). The focG gene encoding the fimbrial
adhesin F1C of uropathogenic E. coli was detected only
in strains of phylogenetic group B2 (4.5%).

Analysis of the occurrence of genes associated with
toxin production showed that genetic markers of toxin
formation were statistically significantly more frequent
(p < 0.05) in strains of phylogenetic group B2 (46.4%)
compared to strains of other phylogenetic groups.

Genetic markers responsible for synthesis of sid-
erophores were present in strains belonging to different
phylogenetic groups without significant differences.

Genes encoding the synthesis of K-antigens
(kpsMTIII, kps K1, kpsMTII) protecting the bacterial
cell from phagocytosis were statistically significantly

Occurrence of genes and virulence factors in E. coli strains of various phylogenetic groups

Phylogenetic groups
Genes and virulence factors A(n=29) B1 (n=14) B2 (n=112) D (n=59)
abs. % 95% CI | abs. % 95% ClI abs. | % 95% ClI abs. % 95% ClI
Adhesins 7 77,8 453-93,7 14 1000 785-100 110 98,2 93,7995 27 458 33,7-58,7
fimH 5 55,6 26,7-81,1 14 100,0 78,5-100 104 92,9 86,5-96,3 27 458 33,7-58,7
pap 1 11,1 2,0-43,5 2 14,3  4,0-40,0 41 36,6 28,3458 1 1,7 0,03-9,0
afa 2 222 6,3-547 9 64,3 38,8-83,7 2 1,8 0,5-6,3 0 0 0-6,1
sfa 0 0,0 0-29,9 0 0,0 0-21,5 14 125 7,6-19,9 1 1,7 0,03-9,0
focG 0 0,0 0-29,9 0 0,0 0-21,5 1 4,5 0,2-4,9 0 0 0-6,1
Toxins 3 333 12,1646 3 214 7,6-47,6 50 46,4 358-539 6 10,2 4,8-20,5
hlyA 0 0,0 0-29,9 1 7,1 1,3-31,5 28 250 17,9-338 3 5,1 1,7-13,9
cnf 2 222 6,3-54,7 0 0,0 0-21,5 22 196 13,3279 O 0 0-6,1
cvaC 1 11,1 2,0-435 2 14,3 4,01-39,95 9 80 43-146 4 6,8 2,7-16,2
Invasins 0 0,0 0-29,9 0 0,0 0-21,53 3 2,7 092-758 0 0 0-6,11
ibeA 0 0,0 0-29,9 0 0,0 0-21,53 3 2,7 092-758 0 0 0-6,11
Siderophore 3 333 12,1-646 14 1000 785-100 110 98,2 93,7995 28 47,5 35,3-59,9
fyuA 3 33,3 12,1-64,6 11 786 524-924 98 87,5 80,1-924 23 39,0 27,6-51,7
iutA 2 222 63547 11 786 524-924 91 81,3 73,0-874 20 339 23,1466
Capsules 1 11,1 2,0435 6 429 214-674 63 56,3 47,0-65,1 9 15,3 8,2-56,5
kpsMTIII 1 11,1 2,0-43,5 4 286 11,7-54,7 26 232 164-31,8 0 0 0-6,1
kpsMT K1 0 0,0 0-29,9 0 0,0 0-21,5 21 286 12,6-270 3 5,1 1,7-13,9
kpsMTII 0 0,0 0-29,9 4 286 11,7-54,7 31 27,7 20,2-366 6 10,2 4,6-20,5
Others
traT 6 66,7 354-879 10 714 454-883 21 188 12,6-27,0 48 814 69,6-89,3
PAI 1 11,1 2,043,5 7 50,0 26,8-73,2 37 33,0 250452 49 831 715-905
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(p < 0.05) more frequently (56.3%) present in strains
of phylogenetic group B2 compared to strains of other
phylogenetic groups.

The traT gene and pathogenicity islands (PAI)
were found in comparable proportions in strains of all
phylogenetic groups.

Discussion

The main difficulty in interpreting the results of
the culture method in the detection of extraintestinal
pathogenic E. coli (EXPEC) strains is presented by iso-
lates from urine specimens, due to the lack of clearly
defined criteria for assessing the etiological signifi-
cance of a particular isolate, as well as due to possible
contamination of the sample. True EXPEC pathogens,
including UPEC, include strains containing 2 or more
major virulence genes (pap, sfa, afa, kpsMTII, iutA).
Other so-called additional genes (fimH, hlyA, cvaC, cnf,
cdtB, kpsMTIII, ibeA, traT and PAI) may be potentially
associated with EXPEC as they promote adaptive and
competitive colonization [17, 18]. E. coli strains that,
in addition to the main ExPEC virulence genes, have
potential ones, are characterized by an increased ability
to adapt to new niches, which allows them to cause a
wide range of diseases.

The E. coli strains isolated from urine belonged to
different phylogenetic groups, with the majority (88.1%)
belonging to groups B2 (57.7%) and D (30.4%), which
are usually associated with pathogens of extraintestinal
localization [19]. Groups A and B1, with which com-
mensal E. coli are associated, were assigned to 4.6 and
7.2% of strains [16]. Pathogenetically significant genet-
ic determinants of virulence were identified in 97.9%
of strains. According to the combination of 17 genes
associated with adhesion (fimH, pap, afa, sfa and fo-
¢@), synthesis of siderophores (fyuA4 and iutA), capsules
(kpsMTII, kpsMTIII and kpsMT K1), toxins (hlyA, cnf,
cdt and cva(C), invasins (ibeAd), providing serum resis-
tance (traT), presence of pathogenicity islands (PAI),
134 individual virulence genotypes were identified.
The vast majority (99.5%) of strains contained between
2 and 10 virulence genes. The results obtained about
the pronounced genetic heterogeneity of UPEC strains
are consistent with the data of Russian researchers [20,
21]. The study showed that 95.9% (186/194) of strains
isolated from urine met the UPEC criteria — they had
3-10 genes, belonged to phylogroups B2 and D. Eight
(4.1%) strains belonged to phylogroups A and B1, had
no major or additional virulence genes and were con-
sidered as contaminants.

Genetic predisposition to UTI recurrence was de-
tected in 93.3% of strains due to the presence of fimH
adhesins encoded by the fimH gene, which promote
UPEC persistence [5-7]. In addition to fimbrial adhes-
ins, afa-encoded adhesins of the Afa/Dr family, which
promote adhesion with urothelial cells, are widely dis-
tributed in UPEC. In this study, strains synthesizing afi-

brial adhesins, which, according to other researchers,
have a high potential to cause pyelonephritis and recur-
rent cystitis, were identified in 13 patients examined in
this study [22].

Meningitis-associated E. coli (NMEC) is a com-
mon cause of neonatal bacterial meningitis with a mor-
tality rate of up to 40% and severe neurologic sequelae
[23, 24]. Most cases of neonatal infection occur when
NMEC are present in the urogenital tract of parturients,
carried in the intestine, or as a complication of neonatal
sepsis [25]. Escherichia coli sepsis is often considered
as a secondary infection. One in three cases is uro-
sepsis, which can occur in any urologic disease (uro-
dynamic disorders in UTIs, purulent forms of pyelo-
nephritis, urinary retention, acute prostatitis) [26]. The
risk of sepsis development is increased in the infectious
process caused by E. coli strains that contain P-pili and
S-fimbriae, producing hemolysin, cytonecrotic factor
and synthesizing capsular antigen K2 [8, 14]. Markers
of unfavorable prognosis of UTI course were found in
12% of strains, 10.7% of which had genetic determi-
nants associated with the development of sepsis (uro-
sepsis), 1.3% with meningitis.

The presence of rather contradictory results in the
application of the traditional bacteriological method
of laboratory research makes us critically reevaluate
its diagnostic significance in favor of the undoubted-
ly promising molecular genetic method. The generally
accepted practice of unconditionally recognizing the
etiological significance of a specific isolate that is quan-
titatively predominant in a sample during culture looks
at least questionable [27]. Nevertheless, it is impossible
to abandon the generally accepted method of culturing
microorganisms due to the fact that it allows obtaining
information about clinically significant strains, their
number and associations, assessing sensitivity to antibi-
otics, bacteriophages and disinfectants, as well as being
an integral step in DNA isolation for subsequent molec-
ular studies, including whole genome sequencing.

Conclusion

The study showed that detection of the gene com-
plex in E. coli strains isolated from urine not only con-
firms the etiologic significance of the isolate, but also
makes it possible to assess the pathogenic potential for
the development of chronic forms and acute life-threat-
ening complications. The revealed heterogeneity of the
UPEC population indicates the necessity to optimize the
algorithm and develop standards for laboratory diagno-
sis and prevention of complications of diseases caused
by uropathogenic E. coli. The results of the integrative
approach in the laboratory diagnosis of UTI using all
adequate methods (traditional, modern, innovative),
centered on the principles of evidence-based medicine,
in other words, reliability of scientific evidence of their
effectiveness, should be taken into account in the prac-
tice of specialists of different profiles.
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