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ABSTRACT

Objective. To genetically characterize clinical isolates of uropathogenic Escherichia coli (UPEC) from hos-
pitals in Peru and contextualize them against 127 additional UPEC genomes reported in six Latin American
countries between 2018 and 2023. Materials and methods. The genomes of 16 Peruvian UPEC isolates
were sequenced, assembled and supplemented with 127 genomes available in the NCBI public database.
Serotypes, sequence types (STs), antimicrobial resistance (AMR) genes, and resistance-associated mutations
were identified. A phylogenetic analysis was also conducted in order to determine evolutionary relations
and distribution in phylogroups. Results. The ST131 clone was the most prevalent (42.7%), followed by
ST1193 (13.3%). Phylogroup B2 was widely predominant (83.2%), with serotype O25:H4 standing out. The
resistance genes blaTEM-1, blaCTX-M-15, and blaCTX-M-27 were identified with high frequency, as well as
mutations in gyrA and parC associated with fluoroquinolone resistance, especially in the ST131 clone. Con-
clusion. Our findings show high circulation of high-risk UPEC clones, such as ST131 and ST1193, in Latin
America, along with a notable burden of genes and mutations linked to multidrug resistance, highlighting
the need to strengthen regional genomic surveillance.

Keywords: Escherichia coli; Uropathogen; UPEC; Bacterial Resistance; Molecular Epidemiology (source: MeSH NLM).

INTRODUCTION

Escherichia coli is a Gram-negative bacillus of the Enterobacteriaceae family that is part of the normal
intestinal microbiota in most humans. However, there are opportunistic variants, known as uropatho-
genic E. coli (UPEC), capable of colonizing the urinary tract and causing infections *?. These UPEC
strains are characterized by the presence of at least three specific virulence factors: chuA and fyuA,
involved in iron acquisition; vat, which encodes a vacuolization-inducing autotransporting toxin; and

yfcV, associated with fimbriae that facilitate adhesion to urothelial cells ®.

https://doi.org/10.17843/rpmesp.2025.422.14299
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UPEC are the leading cause of urinary tract infections
(UTTIs) worldwide, affecting approximately 400 million people
per year and causing nearly 230,000 deaths annually, accor-
ding to the 2019 Global Burden of Disease study . These in-
fections are the second most common type in adults © and are
classified as complicated (cUTI) when there are comorbidities
(pregnancy, immunocompromised status) or urinary tract ab-
normalities (obstruction, hydronephrosis, kidney stones), and
uncomplicated (uUTI) in the absence of these conditions ©.
Antibiotics such as ampicillin, sulfamethoxazole, and cipro-
floxacin are used to treat uUTIs, while nitrofurans, cephalos-
porins, and carbapenems are recommended for cUTTs ©.

The inappropriate use and poor regulation of broad-spec-
trum antibiotics have contributed significantly to the increa-
se in antimicrobial resistance (AMR), particularly in low-
and middle-income countries ”. Regarding UPEC, the most
important AMR mechanisms include the production of ex-
tended-spectrum beta-lactamases (ESBLs), enzymes capable
of hydrolyzing penicillin, beta-lactams, and cephalosporins
®. Among these enzymes, blaCTX-M-1 stands out, which is
capable of hydrolyzing third-generation cephalosporins and
one of the most common beta-lactamases in ESBL-produ-
cing E. coli ©. In addition, there are non-enzymatic resis-
tance mechanisms, such as point mutations in target genes:
parC/E and gyrA/B are associated with resistance to fluo-
roquinolones %, glpT and uhpT with fosfomycin Y, and
pmrA/B/D with colistin 2. Other non-enzymatic mecha-
nisms include efflux pumps, such as those encoded by the
emrD, acrF, and mdtM genes, which are related to multidrug
resistance (MDR) @%. Between 2000 and 2019, in Europe,
Asia, and America, high phenotypic resistance to quinolones
(49.4%), beta-lactams (36.9%), aminoglycosides (28.7%),
and fosfomycin (8.4%) was reported 4.

Advances in genomics in recent decades now allow for
the precise identification of sequence types (STs) and hi-
gh-risk clones. Among these, ST131 stands out as the MDR
clone with the highest risk worldwide . In Australia, in
2013, ST131 (27%) and serotype O25b (85%) were found to
be the most frequent in urinary isolates from a sample of
women of reproductive age “®. In 2022, in the United States,
23% of E. coli isolates belonged to the emerging pandemic
clone ST1193, characterized by its resistance to fluoroquino-
lones, and its prevalence was 51% in China 7).

The lack of information on the genomic diversity and
resistance patterns of UPEC in Latin America hinders its
monitoring and treatment. Most studies are limited to iden-

tifying lineage markers and resistance genes using conven-
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KEY MESSAGES

Motivation for the study. To contribute to the genomic
surveillance of UPEC in clinical samples from Latin America,
in response to the growing public health problem represented
by UTTs and their resistance to antimicrobials.

Main findings. Our study revealed a high frequency of high-
risk clones, such as ST131 and ST1193. Critical mutations
were identified in genes associated with resistance to multiple
antibiotics, including fluoroquinolones, beta-lactams, and
fosfomycin.

Implications. Our results highlight the urgent need to
strengthen UPEC surveillance in Latin America. Tracking
resistant strains and implementing measures to limit their
spread is crucial and has a significant impact on the effectiveness
of available treatments.

tional PCR. Although whole genome sequencing is a key
tool for high-resolution, large-scale characterization of iso-
lates, to date few studies in the region have reported using
this technique for UPEC. Therefore, in order to better un-
derstand the genomic diversity of this pathogen in Latin
America, this study aimed to characterize 16 UPEC isolates
from hospitals in Peru and analyze them in the context of
127 UPEC genomes reported in six countries in the region
between 2018 and 2023.

MATERIALS AND METHODS

Study design

We conducted a descriptive study. The study population
consisted of 143 UPEC isolates from Latin America. Of
these, 127 correspond to genomes from the NCBI public
database and 16 from outpatients with a clinical diagnosis
compatible with urinary tract infection (UTI) in hospitals in

Peru (Figure 1).

Genomic sequencing of UPEC isolates in Peru

E. coli strains previously characterized phenotypically were
collected from patients with UTI in eight Peruvian hospitals
during 2018-2019 ®. Total DNA was extracted from 5 ml
of liquid culture in TSB medium using the Thermo Gene-
Jet Genomic DNA Purification Kit (Thermo Scientific) in
a final volume of 100 pl. DNA quantification was perfor-
med with the Qubit 4 fluorometer and the dsDNA HS kit
(Thermo Scientific). From the 200 original isolates, 48 were
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Genomes from NCBI in Latin America

Organism group: E. coli and Shigella
Creation date: 07/26/2016 - 04/24/2024
n=377,597

Not evaluated for eligibility

Source was not urine (n=194,643)
Non-clinical type (n=167,194)
Location was not LATAM (n=14,839)
Y Host was not H. sapiens (n=588)
Genome was not available (n=6)
Species was not E. coli (n=2)

Evaluated for

eligibility
n=325
Excluded
»| <3 UPEC virulence genes
(n=172)
v Presence of ambiguous bases
Available data (n=26)
n=127

Isolates from Peru (Marcos-Carbajal et al, 2021)

E. coli genomes from patients with UTI
Collection date: 07/2018 - 11/2019
n=48

Not evaluated for eligibility

<20X sequencing coverage (n=12)

Evaluated for

eligibility
n=36
> Excluded
< 3 UPEC virulence genes
v (n=20)
Available data
n=16

\4

Total data available for analysis
n=143

NCBI: National Center for Biotechnology Information, LATAM: Latin America, UPEC: uropathogenic E. coli, UTT: urinary tract infection.

Figure 1. Flowchart showing the search for uropathogenic E. coli (UPEC) genomic sequences in the NCBI Isolates Browser database in Latin America
and genomes from isolates from patients with UTI in Peru. A total of 127 genomes from Latin America were included from NCBI and supplemented
with 16 collected from hospitals in Peru, with a total of 143 UPEC genomes available for analysis.

selected for sequencing using stratified sampling, prioriti-
zing diversity in antimicrobial resistance profiles and geo-
graphical representativeness of the collection sites (Figure
1). Genomic libraries were prepared with the NexteraXT kit
(Ilumina) and sequenced on an Illumina MiSeq instrument
at UPCH, using MiSeq v2 500-cycle kits. The raw sequences
obtained from sequencing (Fastq format) were subjected to
quality control using FastQC v0.12.1 (https://github.com/s-
andrews/FastQC). Subsequently, the fastp v0.23.4 program
(https://github.com/OpenGene/fastp) was used to remove
adapters and low-quality sequences (Q<30 and length <50
bp), generating paired R1 and R2 files. Finally, the proces-
sed reads were assembled de novo using default parameters
with SPAdes v3.15.2 (https://github.com/ablab/spades). The
quality of the assembled genomes was evaluated using the
QUAST v5.2.0 tool (https://github.com/ablab/quast) (Figure
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2). The fastq and fasta files were deposited in the following
BioProject: PRJNA1153025.

Public UPEC genomes in Latin America

Genomes assembled in Fasta format were downloaded from
the NCBI Isolates Browser (https://www.ncbi.nlm.nih.gov/
pathogens/isolates/), along with associated metadata, which
included relevant information such as the isolate identifier
code, assembly code, year of collection, and country of ori-
gin. The selection criteria for the search included the taxono-
mic group (taxgroup_name) “E. coli and Shigella”; the isolate
type (epi_type) “clinical’; the isolate source (isolation_sour-
ce) ‘urine’; the host (host) “Homo sapiens”; and the geo-
graphical location (geo_loc_name) limited to “Paraguay;’
Argentina, Colombia, Brazil, Chile, Peru, Mexico, Bolivia,

Costa Rica, Cuba, Ecuador, El Salvador, Guatemala, Haiti,
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Figure 2. Flowchart of the bioinformatic and phylogenetic analysis. Reads from patients isolated
from hospitals in Peru were assembled and processed together with genomes from NCBI using ty-

ping and phylogeny tools.

Honduras, Nicaragua, Panama, Dominican Republic, Uru-
guay, and Venezuela, in the period between 2016 and 2024.
A total of 325 public genomes met these criteria (Figure 1).
Refinement of UPEC genome selection

To confirm that the E. coli isolates corresponded to the

https://doi.org/10.17843/rpmesp.2025.422.14299

UPEC type, genomes possessing three or more of the viru-
lence factors proposed by Spurbeck et al. © chuA, vat, fyuA,
and yfcV were included, indicating a genetic profile consis-
tent with UPEC. In addition, quality filters were applied,

requiring sequences to be between 4.5 and 5.5 million base
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pairs (Mb) in length, and genomes with ambiguous bases
were excluded. After applying these filters, the final number
of considered public genomes was 127, to which we added
16 UPEC genomes generated in this study, resulting in a to-
tal of 143 genomes analyzed (Figure 1).

Classification, gene identification, and phylogenetic
analysis

To identify the serotype of the isolates, we used the ABRicate
v1.0.1 tool (https://github.com/tseemann/abricate) with the ECOH
database. Sequence types (STs) were determined according to the
ecoli_achtman_4 scheme, derived from seven marker genes, using
the MLST v2.23.0 program (https://github.com/tseemann/mlst).
Antimicrobial resistance genes and mutations were identified
using AMRFinderPlus v3.12.8 (https://github.com/ncbi/amr,
database 2024-05-02.2). Virulence genes were identified using
VirulenceFinder v2.0.5 (database 2022-12-02) available on the
Center for Genomic Epidemiology (CGE) server (https://cge.food.
dtu.dk/services/VirulenceFinder/). Inaddition, the phylogroup was
identified according to the Clermont scheme using EzClermont
v0.7.0 (https://github.com/nickp60/EzClermont). All analyses used
a cutoff threshold of 90% for coverage and identity. The assembled
genomes were annotated using Bakta v1.6.1 (https:/github.com/
oschwengers/bakta) and core genome alignment was performed
with Panaroo v1.2.10 (https://github.com/gtonkinhill/panaroo).
Subsequently, the best model for constructing the phylogenetic tree
was determined using ModelTest-NG v0.1.7 (https://github.com/
ddarriba/modeltest). Finally, the tree was constructed using the
GTR+I+G4 model and performing 100 bootstrap replicates with
RAXML-NG v1.2.0 (https://github.com/amkozlov/raxml-ng). An
Escherichia fergusonii genome (CP083638.1) was used to root the
tree. The tree was annotated and visualized using iTOL v6 (https://
itoLembl.de/) (Figure 2).

Ethical considerations

This study was evaluated and approved by the Ethics Com-
mittee of the Universidad Peruana Unién (N2019-CEU-
PeU-0001) and by the Institutional Committee on Research
Ethics (CIEI) of the Universidad Peruana Cayetano Heredia
(SIDISI No. 214524 and No. 214927). Only bacterial isolates
were used, without including or analyzing any personal or
clinical information about the patients.

RESULTS

We analyzed 143 UPEC isolates from six Latin American
countries: Paraguay (39.2%), Brazil (32.9%), Peru (11.2%),
Colombia (8.4%), Argentina (6.3%), and Mexico (2.1%) (Figu-
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re 3). The temporal distribution of the isolates was as follows:
2018 (9.8%), 2019 (6.3%), 2020 (8.4%), 2021 (30.1%), 2022
(44.1%), and 2023 (1.4%). The most frequent UPEC sequence
types in Latin America were ST131 (42.7%), ST1193 (13.3%),
ST648 (8.4%) and ST998 (3.5%). In Peru, the predominant
sequence types were ST131 (43.8%) and ST1193 (37.5%); in
Brazil, ST131 (40.4%), ST648 (14.9%) and ST127 (10.6%); in
Paraguay, ST131 (39.2%), ST1193 (12.5%) and ST73 (7.5%);
in Argentina, ST131 (33.3%) and ST1193 (33.3%); in Colom-
bia, ST131 (66.7%) and ST648 (16.7%); and in Mexico no pro-
minent clones were identified (Figure 3). The most frequent
serotype was 025:H4 (43.4%), followed by O75:H5 (11.2%),
O1:H6 (6.3%) and O2:H6 (3.5%). The Clermont B2 phylo-
group was predominant in this dataset (83.2%), followed by
phylogroups F (15.4%) and G (1.4%).

The most common beta-lactamases among the antimi-
crobial resistance (AMR) genes, were blaTEM-1 (40.0%),
blaCTX-M-15 (32.2%), blaCTX-M-27 (9.1%), blaKPC-2
(4.9%), blaNDM-1 (2.1%), and blaKPC (0.7%). The most
common genes associated with aminoglycoside resistance
were aph(6)-1d (35.0%), aph(3”)-Ib (33.6%), aadA5 (31.5%),
aac(6’)-Ib-cr5 (22.4%), and aac(3)-Ile (16.8%). Among the
genes related to efflux pumps, emrD was found in all iso-
lates (100%), followed by acrF (93.0%) and mdtM (60.8%).
Other genes also stood out, such as mphA (43.4%), associa-
ted with macrolide resistance; sull (45.5%) and sul2 (37.1%),
associated with sulfonamide resistance; tetA (39.9%) and
tetB (16.8%), related to tetracycline resistance; and dfrA17
(36.4%), associated with trimethoprim resistance.

Non-synonymous mutations associated with RAM were
found in 69.9% of UPEC isolates, with at least one mutation
in the gyrA gene, which is related to fluoroquinolone resis-
tance. We found that 67.8% of isolates had double mutations
in amino acids Ser-83 and Asp-87 of gyrA. Regarding the
parC gene, also associated with fluoroquinolone resistance,
69.2% had at least one mutation, while 46.9% had double
mutations in combinations of the amino acids Ala-108, Ala-
56, Glu-84, Ser-57, or Ser-80. Regarding the pmrB gene,
79.0% of the isolates had at least one mutation related to
colistin resistance, and 1.4% had double mutations between
the amino acids Glu-123, Pro-94, Val-161, or Tyr-358. Other
genes associated with resistance presented single mutations:
86.0% of isolates had a mutation in the glpT gene (Glu-448),
69.2% in uhpT (Glu-350), 46.2% in ptsI (Val-35), and 16.8%
in cyaA (Ser-352), all associated with fosfomycin resistan-
ce. Besides, 72.0% had mutations in parE, which confers re-

sistance to fluoroquinolones, frequently in the amino acids

https://doi.org/10.17843/rpmesp.2025.422.14299
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Figure 3. Geographic distribution of uropathogenic E. coli (UPEC) clones in Latin America.

Ile-529 (46.2%) and Leu-416 (13.3%). The mutation in marR rotype, and point mutations associated with AMR were

(Ser-3), associated with multidrug resistance to penicillin, identified in the 143 analyzed genomes (Table 1). The most
phenols, quinolones, rifamycins, and tetracyclines, was frequent pattern includes ST131 with serotype O25:H4
identified in 24.5% of the isolates. (35.7%), followed by ST1193 with serotype O75:H5 (11.1%).

Patterns of coincidence between sequencing type, se- The three most frequent patterns include the point muta-

Table 1. In silico prediction of serotype, sequence type, and point mutations associated with resistance in uropathogenic E. coli (UPEC) genomes,
2018-2023 (n=143).

Pattern Mutations associated with Types of Number of UPEC .
number Sequence type Serotype antimicrobial resistance antibiotics isolates (%) Countries (n)
glpT(E448K), gyrA(D87N), P"]‘;:agz‘i‘f‘(/l(;)g)
gyrA(S83L), parC(E84V), Colombia (8)
1 131 025:H4 parC(S801), parE(1529L), 3 51 (35.7) Peru (6)
pmrB(E123D), ptsI(V25I), )
Argentina (1)
uhpT(E350Q) Mexico (1)
gyrA(D87N), gyrA(S83L), Paraguay (7)
. marR(S3N), parC(S80I), Peru (6)
2 1193 O75H5 parE(L416F), pmrB(E123D), 7 16 (1L.1) Argentina (2)
uhpT(E350Q) Brazil (1)
cyaA(S352T), glp T(E448K), i j]zt‘iln(:zl)
3 648 OL:H6 gyrA(D87N), gyrA(S83L), 2 7 (4.9) Coglombia o
parC(S801), parE(S458A) Paraguay (1)
Paraguay (3)
4 998 02:H6 8ipT(E448K), marR(S3N), 7 5(3.5) Argentina (1)
pmrB(E123D) Brazil (1)
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tions gyrA (D87N), gyrA (S83L), and parC (S80I), all rela-
ted to fluoroquinolone resistance. However, glpT (E448K),
parC (E84V), parE (1529L), pmrB (E123D), ptsI (V25I), and
uhpT (E350Q) were also found in pattern 1; marR (S3N),
parE (L416F), pmrB (E123D), uhpT (E350Q) in pattern 2;
and, cyaA (S352T), glpT (E448K), parE (S458A) in pattern
3. Likewise, patterns 2 and 4 had mutations associated with
the highest number of antibiotic classes (seven classes) due
to the presence of the MDR marR gene. In addition, patterns
1, 2, and 4 were more frequent in isolates from Paraguay, and
pattern 3 in isolates from Brazil (Table 1).

Phylogenetic analysis identified two main clades accor-
ding to the Clermont classification: F and G/B2 (Figure 4).
The second clade is larger and is divided into a subclade
for group G and two large subclades for B2. Clones ST131,
ST1193, ST998, and ST127 are restricted to phylogroup B2,
while ST648 and ST354 are restricted to phylogroup F, and
ST117 is restricted to phylogroup G. Serotypes 025:H4,
075:H5, and O2:H6 are restricted to phylogroup B2, while
O1:H6 and O45:H6 are restricted to phylogroup E It should
be noted that all isolates belonging to ST1193 have a double
mutation in the gyrA gene and most isolates belonging to
ST113 have a double mutation in the gyrA and parC genes

simultaneously.
DISCUSSION

This study analyzed 143 UPEC genomes from six Latin
American countries, with a predominance of isolates from
Paraguay and Brazil. A high frequency of the ST131 clone
(42.7%) was identified, mainly related to serotype O25:H4
and phylogroup B2, followed by ST1193 and ST648. Consis-
tent patterns were found between clone, serotype, and mu-
tation, with frequent combinations of resistance to fluoro-
quinolones and fosfomycin. Phylogenetic analysis revealed
the grouping of the dominant clones within phylogroup B2,
while others such as ST648 were restricted to phylogroup E
evidencing the genetic diversity and possible regional adap-
tation mechanisms of UPEC in Latin America.

During the 2018-2023 period, the ST131 clone was iden-
tified in 42.7% of the analyzed UPEC genomes. In compa-
rison, a study conducted in Saudi Arabia in 2020 reported
a prevalence of 61.7% ?. ST131 is known to be a high-risk,
multidrug-resistant (MDR) pandemic strain and one of the
leading causes of difficult-to-treat UTIs and bacteremia. This
clone has plasmids that encode additional resistance and viru-

lence genes, facilitating its spread in community and hospital
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settings 9. The emerging ST1193 clone, also pandemic and
MDR, has also been identified as a cause of UTT and bactere-
mia 7. In our study, 13.3% of isolates from the region corres-
pond to ST1193, and in Peru we identified it in 37.5% of cases.
This is higher than the 6% reported in Spain in a collection of
UPEC from women in primary care centers @Y.

Phylogenetic group B2, recognized as the most viru-
lent and highly prevalent in mammals, is associated with
persistent extraintestinal infections 2. In our study, 83.2%
of isolates belonged to group B2, with ST131 clones with
serotype O25 standing out. A study in Iraq identified that
33.9% of UPEC belonged to phylogroup B2, of which 92.1%
corresponded to ST131 and 97.1% were serotype 025 .
The 025-B2-ST131 lineage is considered hypervirulent,
MDR, and ESBL-producing, underscoring the need to im-
plement control measures to limit its spread ?*. Similarly,
a report from Saudi Arabia identified a prevalence of 61.7%
for phylogroup B2, with 100% of ST131 clones belonging to
this group, a result consistent with our study “*. In contrast,
a previous study in Peru did not identify phylogroups F and
G among UPEC isolates @*.

With regard to beta-lactamases, our study highlights the
presence of the blaCTX-M-15 (32.2%) and blaCTX-M-27
(9.1%) genes. These results differ from a previous study con-
ducted in Peru, which used conventional PCR and reported a
frequency of 18% for the blaCTX gene, with a different distribu-
tion in which blaCTX-M-1 (72.4%) and blaCTX-M-9 (25.9%)
predominated ®. These findings underscore the importance of
reporting specific beta-lactamase alleles to better understand
their distribution and impact on antimicrobial resistance.

When it comes to genes associated with efflux pumps,
we found that 100% of the analyzed genomes contained
the emrD gene and 93.0% contained the acrF gene, both of
which play a key role in resistance to multiple families of
antibiotics through transcriptional regulation *®. These fin-
dings are similar to those reported by a study on UPEC in
Iraq, which found a prevalence of 100% for emrD and 66%
for acrF ). In addition, the fetA gene (39.9%) stood out in
resistance to tetracyclines, while sull showed a prevalence
of 45.5% in resistance to sulfonamides. In contrast, a study
in Iran reported that the tetB (66.7%) and sull (45.5%) ge-
nes were the most prevalent @9, which could be attributed
to geographical differences and the use of molecular techni-
ques for gene identification.

Single nucleotide polymorphisms (SNPs) also play a cru-
cial role in AMR. In Iran, 91.2% of strains with double muta-

tions in gyrA (codons 83 and 106) were found to be resistant
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BTL: beta-lactamases, AMG: aminoglycosides, EF: efflux, M: macrolides, S: sulfonamides, T: tetracycline, TR: tri-
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Figure 4. Phylogenetic tree of 143 uropathogenic E. coli (UPEC) isolates from Latin America during
2018 and 2023.
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to fluoroquinolones, with minimum inhibitory concentra-
tion (MIC) values of up to 256 pg/mL ". In our study, 69.9%
of isolates had mutations in the gyrA gene, and 67.8% had
double mutations (codon 83 and 87). In addition, all ST1193
isolates had double mutations in gyrA, which is consistent
with a study conducted in the United States indicating that
this clone is resistant to fluoroquinolones “”. In addition, we
found that the frequency of double mutations is higher than
in other regions, which could be a consequence of the unre-
gulated use of antibiotics in Latin America.

Mutations in pmrB, which affect the PmrAB stress res-
ponse system in enterobacteria, are associated with changes
in lipopolysaccharide (LPS), thereby reducing the efficacy of
colistin in mcr-negative E. coli isolates. This effect manifests
as a significant increase in MIC to 8 or 16 pug/mL (2. Althou-
gh colistin is not recommended as a treatment for UTIs in
the region, an increase in the detection of resistant strains in
patients with UTTs has been reported over the last decade @®.

One of the main limitations of this study was the sma-
1l number of analyzed E. coli genomes, originating from six
Latin American countries, as this may not reflect the actual
diversity of UPEC in the region. The years of isolation are
not homogeneous across countries, which could influence
the reported genomic representativeness. In addition, not all
genomes available in the NCBI database are UPEC, despite
being classified as UTI by the authors. Finally, although the
bioinformatic tools we used are robust and frequently used
in genomic studies of AMR, they are constantly updated and
may not detect mutations in resistance genes that are clini-
cally relevant in the future.

One of the main strengths of our study lies in the use
of a functional definition based on virulence genes to clas-
sify UPEC, which provides a solid foundation for future
research. This approach not only lays the groundwork for
the application of more robust epidemiological designs but,
when combined with molecular tools, will enable long-term
monitoring with broader and more systematic sampling
across different regions and time periods. This will lead to
a deeper understanding of the evolution of antimicrobial

resistance and the dynamics of UPEC infections, enabling
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