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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Uropathogenic FEscherichia coli (UPEC)
represents the leading cause of urinary tract infections (UTIs)
worldwide and remains a growing clinical concern due to
increasing antimicrobial resistance. Data describing the
molecular epidemiology of UPEC in Georgia are limited.

Methods: Ninety E. coli isolates obtained from patients with
genitourinary infections were analyzed. Species identification
was confirmed by 16S rRNA gene sequencing. UPEC strains
were identified by PCR detection of virulence-associated genes
(c3509, ¢c3686 (yrbH), and chuA). Phylogenetic grouping
was performed using the Clermont multiplex PCR method.
Antimicrobial susceptibility testing was carried out by disk
diffusion in accordance with EUCAST guidelines.

Results: Eighty-one isolates (90%) were classified as
UPEC based on the presence of at least one virulence marker.
Twenty-nine strains carried all three genes, whereas 22
harbored a single marker. Phylogenetic analysis demonstrated
a predominance of group B2, with additional representation
from groups A, Bl1, F, and clade I/II; several isolates
remained unclassified. Resistance rates among UPEC strains
were highest for trimethoprim (55%), ciprofloxacin (47%),
and ceftriaxone (42%). Nitrofurantoin (5% resistance) and
fosfomycin (3% resistance) remained highly effective. Notably,
B2 strains exhibited higher frequencies of trimethoprim
and ciprofloxacin resistance compared with non-B2 strains.
Conclusion: UPEC strains circulating in Georgia exhibit
marked phylogenetic diversity but relatively low levels of
multidrug resistance. Continued surveillance is warranted to
support evidence-based antimicrobial therapy and stewardship.

Key words. Uropathogenic Escherichia coli, UPEC,
phylogenetic groups, antimicrobial resistance.

Introduction.

Urinary tract infections are among the most frequently
diagnosed bacterial infections in both community and hospital
settings, imposing a substantial burden on healthcare systems
worldwide affecting about 150 million people globally each
year [1]. The majority of UTIs are caused by uropathogenic
Escherichia coli, a subgroup of extraintestinal pathogenic E. coli
characterized by specific virulence determinants that facilitate
colonization and persistence within the urinary tract [2,3].
These determinants include adhesins, toxins, iron-acquisition
systems, and the ability to form biofilms, all of which contribute
to disease severity and recurrence. 11% of women over the age
of 18 have a UTI episode every year, and that 40% of women
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will have at least one UTI in their lifetime. The three different
types of symptomatic UTIs, such are: urosepsis syndrome,
pyelonephritis, and cystitis—are categorized according to
severity. Factors that increase an individual's susceptibility to
UPEC infections include female anatomy (shorter urethra),
sexual activity, the use of certain contraceptives, urinary tract
abnormalities, and compromised immune function. UPEC
can cause a range of UTI symptoms, including frequent and
painful urination, cloudy or bloody urine, and lower abdominal
discomfort. UPEC possesses a variety of virulence factors that
enable it to adhere to and invade the cells lining the urinary tract.
These factors include fimbriae (such as type 1 and P fimbriae),
which allow the bacteria to attach to specific receptors on the
surface of bladder cells. UPEC produces a range of virulence
factors that contribute to its ability to cause infection. These
factors include toxins, such as hemolysin and cytotoxic
necrotizing factor 1 (CNF1), which can damage host cells
and promote bacterial survival. UPEC has the ability to form
biofilms, which are complex communities of bacteria encased
in a protective matrix [4,5]. Biofilms provide UPEC with
increased resistance to antibiotics and host immune responses,
making them more difficult to eradicate. UPEC strains have
shown an increasing resistance to commonly used antibiotics,
making treatment more challenging. This resistance is often
mediated by the presence of antibiotic resistance genes carried
on plasmids or other mobile genetic elements [6,7].

UPEC strains are distributed across multiple phylogenetic
lineages, with certain groups. The phylogeny of E. coli is based
on genetic variations and evolutionary relationships among
different strains. While UPEC strains can be found within
different phylogroups, particularly phylogroup B2 and D being
more commonly associated with extraintestinal infections
and B2 is considered highly virulent. B2 strains often possess
multiple virulence factors, allowing them to effectively colonize
and invade the urinary tract. UPEC strains belonging to
phylogroup D are also commonly associated with urinary tract
infections. While they may not possess the same extensive array
of virulence factors as B2 strains, they still exhibit urovirulence
traits.

The phylogenetic background of UPEC has been linked to
both virulence potential and antimicrobial resistance patterns,
highlighting the importance of molecular epidemiological
studies. In parallel, the global increase in antimicrobial resistance
among UPEC strains has complicated the management of UTIs
and emphasized the need for region-specific surveillance data.
It's important to keep in mind that our understanding of the
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phylogenetic diversity of UPEC is constantly expanding as new
research emerges [8,9].

Despite the clinical relevance of UTIs, information on the
prevalence, phylogenetic structure, and antibiotic susceptibility
of UPEC isolates in Georgia remains scarce. The present
study was designed to characterize UPEC strains isolated
from genitourinary infections in Georgian patients, focusing
on virulence gene carriage, phylogenetic distribution, and
antimicrobial resistance profiles.

Materials and Methods.

Bacterial strains: A total 90 E. coli isolates collected over a
three-month period from patients with genitourinary infections
were included. E. coli bacterial strains were provided by the
Zurich Medical Research Centre and "Diagnosis 90" LLC.,.
The isolates were obtained from a day clinic diagnostic center,
primarily from patients with chronic genitourinary infections.
Reference strains: Escherichia coli ATCC 25922, ATCC8739,
OI111 and 026 (G. Eliava Institute Collection) were used as
control strains. All strains were cultured on Luria-Bertani (LB)
medium (Becton Dickinson) at 37°C for 24 hours.

Identification and Genetic characterization of E.coli. DNA
Isolation by 16s rRNA Sequencing: Genomic DNA was
extracted using Commercial purification kit Invitrogen PureLink
Genomic DNA Mini Kit according to the manufacturer’s
recommendation. Species confirmation was performed by
amplification and sequencing of the v1-v4 region of the 16S
rRNA gene. PCR was performed with the following conditions:
initial incubation for 30 min at 95°C followed by 35 cycles of
15 s at 94°C, 15 s at 55°C, 30 s at 72°C with a final incubation
for 10 min at 72°C. PCR products were purified and Sanger
sequencing was performed. Sequenced data were analyzed and
assembled by CodonCode Aligner 11.0.1. Blastn was used for
comparison of all 90 bacterial strains 16s eRNA sequencing
fasta with a nucleotide database. MEGA-X (v10.0.1) software
was used for construction of phylogenetic tree (Neighbor-
joining, bootstrap method — 500 replications).

Detection of Uropathogenic E.coli: Isolates were screened
for the presence of virulence genes: ¢3509, c3686 (yrbH)
and chuA by PCR. Detection of at least one marker gene
was considered indicative of uropathogenic strain [3]. For
detection of those genes, PCR reactions were performed under
the following condition: initial denaturation for 30 s. at 95 °C;
30 cycles consisting of 7 s. at 95 °C, 12 s. at 60 °C, and 12
s. at 75°C; and extension for 30 s. at 75°C. All amplification
products were analyzed by electrophoresis in 1.0% (wt/vol)
agarose gels, followed by ethidium bromide staining, distaining
(1x Tris-acetate) and visualization under UV.

Phylo-grouping of uropathogenic E. coli: The distribution
of phylogenetic groups among E. coli isolates was determined
as described by Clermont and colleagues [3,10,11]. All PCR
reactions were carried out in a 20 ml volume containing 2 ml of
10X buffer (supplied with Taq polymerase), 2 mM each dNTP,
2 U of Taq polymerase, 3 ml of bacterial lysate or 2 ml of DNA
(at approximately 100 ng ml-1) and the appropriate primers.
PCR reactions were performed under the following conditions:
denaturation 4 min at 94°C, 30 cycles of 5 s at 94°C and 20 s at
57°C (group E) or 59°C (quadruplex and group C), and a final
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extension step of 5 min at 72°C. Primers used in this study are
listed in supplementary table 1.

Antibiotic susceptibility testing: The antibiotic susceptibility
of the E. coli strains was evaluated using the disc diffusion
method. The following antibiotics were tested: Ceftriaxone (30
ng), Ciprofloxacin (5 pg), Trimethoprim (5 pg), Nitrofurantoin
(100 pg), Norfloxacin (10 pg), Fosfomycin (200 pg), and
Gentamicin (10 pg). The results were interpreted according to
the EUCAST clinical breakpoints.

Results.

Genetic Characterization of E. coli:

All 90 isolates were confirmed as E. coli by 16S rRNA
sequencing. The phylogenetic groups of all 90 E. coli strains
were determined using specific primers and the Clermont
method for assigning isolates to phylogroups. The frequency of
each phylogenetic group among the 90 strains was as follows:
6 strains (6.6%) belonged to the A phylogroup, 4 strains
(4.4%) belonged to the B1 phylogroup, 58 strains (64.4%)
belonged to the B2 phylogroup, 3 strains (3.3%) belonged to
the F phylogroup, and 7 strains (7.7%) belonged to Clade I/11.
Additionally, 12 strains (13.3%) could not be classified (Figure
1). These unclassified strains may represent atypical or divergent
lineages of E. coli, highlighting the genetic diversity within
isolates from the genitourinary tract. Their presence underscores
the need for continuous evaluation of phylogenetic schemes, as
some strains may not fit traditional Clermont categories. These
results indicate that although all strains were isolated from the
genitourinary system over a three-month period, they show
considerable phylogenetic diversity.

All 90 E. coli genomes were screened for UPEC-specific
virulence factor markers. Of these, 81 strains (90%) contained
at least one of the three UPEC-specific genes (¢3508, ¢3686, or
chuA), and were classified as UPEC. The remaining 9 strains
(10%) did not carry any UPEC-specific genes. The distribution
of these virulence genes among the 81 UPEC strains is shown
in Figure 2. Percentages related to virulence gene presence are
calculated using 81 UPEC strains (Figure 2 and Table 2S).
Antibiotic susceptibility testing:

Antibiotic susceptibility wasstudied on 90 strains of Escherichia
coli. The following antibiotics were used: (ceftriaxone (30 pg);
ciprofloxacin (5 pg); trimethoprim (5 pg); nitrofurantoin (100
ng); norfloxacin (10 pg); fosfomycin (200 pg); gentamicin (10
pg)). It should be noted that antibiotic susceptibility testing of
isolated bacteria showed that complete resistance to antibiotics
was rare, only 2 strains showed resistance to 6 of the antibiotics,
but retained sensitivity to nitrofurantoin. The least resistance
was revealed to nitrofurantoin (2 out of 90 strains were only
resistant) (Figure 3 and Table 18S).

Discussion.

Uropathogenic Escherichia coli remains the predominant
causative agent of urinary tract infections, owing to its ability
to persist outside the intestinal environment and adapt to
the conditions of the urinary tract. While E. coli is a natural
component of the gut microbiota, UPEC strains possess
specialized virulence attributes that distinguish them from



Table 1. Primers used

in this study.

primers of UPEC

Target strain primer name primer sequence protuct size target gene  reference
8F ACAATCCGCCACCATCCAG
208 ¢3509
8R CTCTCCACCGGAGAGTGTT
Uropathogenic E. 9F TTGCACCAACAACGTCTACC 259 3686 3]
coli 9R TCTGCGTCTTCTACCATCAC
10F GCTACCGCGATAACTGTCAT »1 chuA
10R TGGAGAACCGTTCCACTCTA
E. coli quadruplex phylo-typing
E. coli groups primer name primer sequence protuct size target gene reference
chuA.1b ATGGTACCGGACGAACCAAC 288 chuA
chuA.2 TGCCGCCAGTACCAAAGACA
yjaA.lb CAAACGTGAAGTGTCAGGAG I11 viaA
Quadruplex yjaA.2b AATGCGTTCCTCAACCTGTG
TspE4C2.1b CACTATTCGTAAGGTCATCC 152 TspE4.C2
TspE4.C2.2b AGTTTATCGCTGCGGGTCGC
AceK.f AACGCTATTCGCCAGCTTGC 400 arpA [10]
ArpAl.r TCTCCCCATACCGTACGCTA
ArpAgpE.f GATTCCATCTTGTCAAAATATGCC
Group E ArpAgpE.r GAAAAGAAAAAGAATTCCCAAGAG 301 arpA
trpAgpC.1 AGTTTTATGCCCAGTGCGAG
Group € trpAgpC.2 TCTGCGCCGGTCACGCCC 219 trpA
Internal control trpBA.f CGGCGATAAAGACATCTTCAC 489 rpA
trpBA.r GCAACGCGGCCTGGCGGAAG
16s rRNA sequencing v1-v4 region
Target strain primer name primer sequence protuct size target gene reference
27F AGRGTTTGATCMTGGCTCA
806R GGACTACNVGGGTWTCTAAT 800 tesrRNA 1
@ @
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Figure 1. Phylogenetic tree of 90 bacterial strains of E. coli contracted by vi-v4 region of 16s rRNA. Phylo groups are color-coded: green- B2;
pink - A; orange-F; blue-B1; grey- clade I/Il; yellow- unclassified.
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Figure 2. Distribution Genes determining uropathogenicity in E. coli bacterial strains.
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Figure 3. Antibiotic susceptibility of 90 clinical strains of E. coli. White boxes indicated of Resistance and colored one-Sensitive strains.

commensal isolates and enable successful colonization,
invasion, and survival within the host urinary system. These
characteristics underline the importance of studying UPEC
not only as a clinical pathogen but also as a genetically and
phenotypically diverse subgroup of E. coli [12].

In the present study, 90 E. coli isolates obtained from
genitourinary infections in Georgia were investigated to
determine their uropathogenic potential, phylogenetic
background, and antimicrobial susceptibility. Using a virulence
gene-based approach, 81 isolates were classified as UPEC [10],
indicating a high prevalence of uropathogenic strains among
clinical E. coli isolates. Notably, a substantial proportion of these
strains carried multiple UPEC-associated genes, suggesting
an increased pathogenic capacity and supporting their clinical
relevance.
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The chuA gene, which encodes an outer membrane protein
involved in heme utilization, was detected in the majority of
UPEC isolates. This finding is consistent with previous reports
highlighting the role of iron acquisition systems in UPEC
survival and colonization within the urinary tract [3,13]. The
frequent presence of chuA among Georgian isolates suggests
that iron metabolism represents an important virulence strategy
in this regional UPEC population and may contribute to
infection persistence.

Phylogenetic analysis revealed considerable diversity
among the studied isolates. As anticipated, phylogroup B2
predominated, reflecting its well-established association
with extraintestinal pathogenic E. coli. Nevertheless, UPEC
strains were also distributed among several other phylogenetic
groups, including A, BI1, F, and clade I/Il, emphasizing the



heterogeneous nature of UPEC populations. The presence of
uropathogenic strains outside the classical B2 lineage indicates
that urovirulence is not restricted to a single evolutionary
background and may arise through the acquisition of virulence
determinants across diverse lineages [13-15].

The observation that non-uropathogenic isolates were largely
confined to phylogroup A and clade I/II further supports the
link between phylogenetic background and pathogenic potential
[12,16]. However, the inability to classify a subset of isolates
also highlights the limitations of PCR-based phylogrouping
methods and suggests the existence of genetically divergent
strains within the local E. coli population.

Phylogenetic group distributions and antimicrobial resistance
patterns of UPEC have been characterized in several countries
adjacent to Georgia. In Iran [17], systematic reviews have
shown that phylogroups B2 and D are predominant among
UPEC isolates and that certain phylogroups exhibit higher
antibiotic resistance than others, underscoring differences
in epidemiological traits across regions. Whole genome
sequencing data from Armenia have identified ESBL producing
UPEC lineages (such as ST127) carrying both virulence and
resistance genes, indicating the presence of genetically related
UPEC strains across the Caucasus region [18]. Additionally,
global analyses demonstrate that phylogenetic background
often correlates with virulence gene carriage and resistance
profiles, particularly in groups B2 and D [19]. Our findings from
Georgian isolates — showing B2 predominance and specific
resistance trends — align with these regional and global patterns,
while also highlighting the need for localized surveillance and
statistical association analyses between phylogeny, virulence
markers, and phenotypic resistance.

Antimicrobial susceptibility testing demonstrated that,
despite global concerns regarding increasing resistance, UPEC
isolates in this study were not characterized by extensive
multidrug resistance. Resistance was most frequently observed
to trimethoprim, ciprofloxacin, and ceftriaxone, reflecting
commonly reported resistance patterns for these agents. In
contrast, nitrofurantoin and fosfomycin remained highly
effective, with resistance detected in only a small number
of isolates and no strain exhibiting resistance to both drugs
simultaneously. These findings are clinically significant, as
nitrofurantoin and fosfomycin are widely recommended for
the treatment of uncomplicated urinary tract infections. Their
preserved activity against UPEC isolates in Georgia supports
their continued use as first-line therapeutic options.

Conclusion.

Overall, this study provides valuable insight into the molecular
epidemiology and antimicrobial susceptibility of UPEC strains
circulating in Georgia. The results emphasize the importance
of region-specific surveillance data to inform empiric treatment
decisions and reinforce the need for sustained antimicrobial
stewardship efforts. Continued investigation into the genetic
and phenotypic characteristics of UPEC will be essential for
anticipating emerging resistance trends and optimizing the
management of urinary tract infections.
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Table 2. Percentages related to virulence gene presence are calculated using 81 UPEC strains.

15 |E.coli  Urine 6(R)) 6(R) 6(R) 20 6(R) 6(R) 24 N (no) Y (yes) Y Y unclassifed Y N N UPEC
17 E.coli  Urine 6(R) 6(R) 6(R) 20 6(R) 29 24 N Y Y Y unclassifed Y N N UPEC
19  E.coli Urine 6(R) 35 23 24 30 29 6(R) N N Y Y Bl Y N N UPEC
20 E.coli | Urine 11(R) 6(R) 28 29 6(R) 13(R) 24 Y Y Y Y B2 Y Y Y UPEC
21 E.coli | Urine 29 30 25 23 29 30 24 N Y Y N Bl Y N N UPEC
25 E.coli | Urine 33 30 6(R) 25 26 30 25 N N Y Y Bl Y N N UPEC
26 E.coli | Urine 29 30 34 25 30 29 23 N Y Y Y unclassifed Y N N UPEC
27 E.coli | Urine 32 6(R) 6(R) 22 6(R) 11(R) 6(R) Y N Y N B2 Y Y Y UPEC
28 E.coli | Urine 32 32 24 24 30 30 20 Y Y Y N B2 Y Y Y UPEC
29 E.coli Urine 32 34 6(R) 23 30 25 23 Y Y Y N B2 Y Y Y UPEC
30 E.coli Urine 30 30 24 25 29 30 24 N N Y N B2 Y N N UPEC
31 E.coli Urine 30 12(R) 6(R) 25 8(R) 28 23 N Y N N cladelorll Y N N UPEC
32 E.coli Urine 34 32 25 22 32 30 22 Y Y Y N B2 N Y Y UPEC
33  E.coli Urine 32 30 6(R) 24 32 30 23 Y N Y N B2 Y N Y UPEC
34 |E.coli Urine 34 40 25 25 40 30 25 N Y Y N unclassifed N N N

35 E.coli Urine 32 26 27 26 23 28 24 Y Y Y N B2 Y Y Y UPEC
36 E.coli Urine 10 (R) 6(R) 6(R) 25 6(R) 29 26 Y Y Y N B2 Y Y Y UPEC
38 E.coli Urine 30 29 24 25 30 29 23 Y Y Y N B2 Y Y Y UPEC
39 E.coli Urine 30 28 24 25 30 29 23 Y Y Y N B2 Y Y Y UPEC
40 E.coli | Urine 34 26 6(R) 24 21(R) 26 23 Y Y N N B2 Y N Y UPEC
41  E.coli | Urine 30 32 26 25 32 27 24 Y Y N N B2 N N Y UPEC
43 E.coli | Urine 15(R) 12(R) 6(R) 26 10(R) 6(R) 14(R) N Y N Y A N N N

44 E.coli | Urine 28 6(R) 6(R) 24 6(R) 29 8(R) Y Y Y N B2 N Y Y UPEC
45  E.coli | Urine 30 30 26 22 26 25 22 Y Y N N B2 N Y Y UPEC
46 E.coli | Urine 32 34 24 25 28 26 22 Y Y Y N B2 N Y Y UPEC
47 E.coli | Urine 32 40 25 20 32 26 20 Y Y Y N B2 N Y Y UPEC
48 E.coli | Urine 30 30 6(R) 20 25 26 20 N Y Y Y unclassifed Y N N UPEC
52 E.coli Urine 6(R) 30 26 26 25 26 10(R) N Y N N cladelorIl N N N

53 E.coli Urine 6(R) 21(R) 6(R) 25 18(R) 25 24 Y Y N N B2 Y Y Y UPEC
54  E.coli Urine 35 38 25 26 26 26 21 Y Y N N B2 Y Y Y UPEC
55 E.coli Urine 30 38 24 25 32 26 20 Y Y Y N B2 Y Y Y UPEC
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56 |E.coli Urine 31 6(R) 6(R) 25 6(R) 25 23 N Y N N cladelorll N N N

57 |E.coli Urine 30 40 25 22 32 26 22 N Y Y N unclassifed Y N N UPEC
58 |E.coli |Urine 35 38 6(R) 10(R) 33 24 8(R) Y Y N N B2 Y Y Y UPEC
59 |E.coli Urine 32 36 6(R) 24 30 25 24 Y Y Y N B2 Y Y Y UPEC
65 |E.coli  Urine 35 32 27 25 26 30 22 N N Y Y B1 Y N N UPEC
66 |E.coli  Urine 32 30 22 23 30 34 22 Y Y Y N B2 Y Y Y UPEC
67 |E.coli Urine 6(R) 6(R) 6(R) 25 6(R) 26 21 Y Y Y N B2 Y Y Y UPEC
68 |E.coli Urine 31 30 25 23 30 28 22 Y Y N N B2 N N Y UPEC
69 |E.coli Urine 28 30 25 24 26 28 20 Y Y Y N B2 Y Y Y UPEC
70 |E.coli |Urine 30 6(R) 6(R) 28 6(R) 30 6(R) N Y N N cladelorlI N N N

71 |E.coli  Urine 30 6(R) 6(R) 22 6(R) 20(R) 10(R) Y Y Y N B2 N N Y UPEC
72 |E.coli Urine 30 32 6(R) 24 28 26 20 N Y N Y A y N N UPEC
73 |E.coli Urine 32 32 25 24 32 26 21 Y Y Y N B2 Y N Y UPEC
74 |E.coli Urine 30 30 24 20 28 28 22 Y Y Y N B2 Y Y Y UPEC
75 |E.coli Urine 6(R) 6(R) 6(R) 24 6(R) 12(R) 6(R) Y Y Y N B2 Y N Y UPEC
76 |E.coli  Urine 28 30 20 22 30 24 20 N Y Y Y unclassifed Y N N UPEC
77 |E.coli Urine 26 32 22 22 26 26 23 Y Y N Y clade 1 Y Y Y UPEC
78 |E.coli  Urine 30 30 26 23 27 26 22 Y Y Y N B2 Y Y Y UPEC
79 |E.coli Urine 28 28 20 24 26 26 20 Y Y Y N B2 Y N Y UPEC
80 |E.coli Urine 32 28 20 23 28 28 22 Y Y Y N B2 Y Y Y UPEC
81 |E.coli |Urine 30 32 6(R) 20 32 30 27 Y Y Y N B2 Y Y Y UPEC
82 |E.coli |Urine 28 30 6(R) 18 30 30 22 Y Y Y N B2 Y Y Y UPEC
83 |E.coli |Urine 28 30 26 22 32 30 28 Y Y Y N B2 Y N Y UPEC
84 E.coli |Urine 26 28 26 20 30 27 22 Y Y Y Y unclassifed Y N Y UPEC
85 |E.coli |Urine 30 28 21 19 30 28 24 Y N Y N B2 Y Y Y UPEC
86 |E.coli |Urine 30 28 6(R) 18 28 25 23 Y Y N N B2 Y Y Y UPEC
87 |E.coli |Urine 30 6(R) 6(R) 20 6(R) 28 22 Y Y N N B2 Y N Y UPEC
88 |E.coli |Urine 30 32 24 20 28 28 22 N Y Y N B2 Y Y N UPEC
89 |E.coli Urine 30 30 30 22 28 28 20 Y Y Y N B2 Y Y Y UPEC
90 |E.coli Urine 30 30 28 20 32 30 20 Y Y Y N B2 Y N Y UPEC
91 |E.coli Urine 32 6(R) 6(R) 24 6(R) 28 6(R) Y Y N N B2 Y Y Y UPEC
92 |E.coli Urine 10(R) 26 26 22 25 26 22 Y Y N N B2 N Y Y UPEC
93  |E.coli Urine 28 30 22 16 26 26 24 N N N Y A Y N N UPEC
94 |E.coli Urine 6(R) 6(R) 6(R) 8(R) 6(R) 28 22 N Y N Y A N N N

95 |E.coli Urine 28 30 28 18 28 26 24 Y Y Y N B2 N Y Y UPEC
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96 |E.coli Urine 33 40 24 17 30 30 24 Y Y Y N B2 N Y Y UPEC
97 |E.coli  Urine 6(R) 6(R) 25 18 6(R) 28 22 Y N N N F N Y Y UPEC
98 |E.coli  Urine 30 15(R) 26 22 18(R) 28 25 Y Y Y N B2 N Y Y UPEC
99 |E.coli  Urine 6(R) 6(R) 6(R) 20 6(R) 30 24 N Y N N cladelorll Y N N UPEC
100 E.coli Urine 28 32 22 20 32 28 22 Y Y Y N B2 N Y Y UPEC
101 E.coli Urine 32 40 28 25 30 28 30 Y N N N F Y Y Y UPEC
102 E.coli Urine 15(R) 6(R) 6(R) 20 6(R) 26 27 N Y N N cladelorll N N N

103 E.coli Urine 14(R) 6(R) 6(R) 18 6(R) 30 30 N Y N Y A N Y N UPEC
104 E.coli Urine 6(R) 6(R) 6(R) 22 6(R) 28 6(R) Y Y Y N B2 N Y Y UPEC
105 E.coli Urine 28 30 30 22 32 30 26 Y Y N N B2 N Y Y UPEC
108 E.coli Urine 30 6(R) 24 22 6(R) 26 21 Y Y Y N B2 N Y Y UPEC
109 E.coli Urine 6(R) 6(R) 6(R) 20 6(R) 18(R) 20 Y Y Y N B2 N Y Y UPEC
110 E.coli Urine 30 28 30 18 28 30 22 N Y N Y A N N N

111 E.coli |Urine 32 30 6(R) 18 26 28 20 N Y Y N unclassifed N N N

112 E.coli |Urine 30 32 22 18 26 28 22 N Y Y N unclassifed Y N N UPEC
113 E.coli Urine 6(R) 6(R) 26 20 6(R) 26 22 N Y Y N unclassifed Y N N UPEC
114 |E.coli  Urine 30 32 28 22 30 28 6 N N N N unclassifed Y N N UPEC
115 E.coli Urine 6(R) 6(R) 20 26 6(R) 26 22 Y Y Y N B2 N N Y UPEC
116 E.coli Urine 36 40 6(R) 30 32 28 26 Y Y Y N B2 N Y Y UPEC
117 |E.coli |Urine 36 38 28 22 30 28 21 Y Y Y N B2 N Y Y UPEC
118 E.coli  Urine 38 40 30 30 36 30 22 Y Y Y N B2 N Y Y UPEC
119 E.coli Urine 36 40 6(R) 30 30 28 26 Y N N N F N Y Y UPEC
120 E.coli Urine 6(R) 6(R) 6(R) 26 6(R) 26 24 Y Y N N B2 N Y Y UPEC
121 E.coli Urine 36 40 32 26 32 30 28 Y Y Y N B2 N Y Y UPEC
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