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ABSTRACT

Objectives: The purpose of this study was to investigate the phylogenetic groups, antibiotic resistance, antibiotic
resistance genes (ARGs), integrons, extraintestinal virulence genes and genetic diversity of Escherichia coli isolates
from human urinary tract infection.

Methods: A total of 100 E. coli isolates were collected from patients with urinary tract infections in Kerala, South India.
Antibiotic susceptibility testing of all E. coli isolates against different antibiotics was determined by the disc diffusion
method. Phylogenetic groups, extraintestinal virulence genes, ARGs, and integrons were detected by PCR.
Enterobacterial repetitive intergenic consensus polymerase chain reaction (ERIC-PCR) was used to check the genetic
relatedness among E. coli isolates.

Results: E. coli isolates have mainly belonged to phylogenetic group B2. Resistance to ampicillin was most frequent
among the E. coli isolates followed by resistance to cefoxitin, cefpodoxime, nalidixic acid, trimethoprim, and co-
trimoxazole. Among E. coli isolates, 96% were multidrug-resistant (MDR), and 86% and 32% harbored ARGs and
integrase 1 (int7) respectively. Seventy-nine percent of the isolates were extraintestinal pathogenic E. coli (ExPEC), and
86% of them (n = 68) harbored ARGs. One extensively drug-resistant EXPEC was obtained in this study. The present
study revealed a significant association between the presence of virulence genes and antibiotic resistance. A high
degree of genetic diversity was observed among the ARGs-harboring E. coli isolates.

Conclusion: Understanding the association between extraintestinal virulence genes and antibiotic resistance genes
would result in the proper treatment of urinary tract infections. J Microbiol Infect Dis 2021, 11(2):66-73.
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INTRODUCTION

Antibiotic-resistant bacteria have caused a major
public health concern all over the world. The
extensive use of antibiotics in hospital settings,

categorized as critically important with the
highest priority, and 2" 3 generation
cephalosporins, and trimethoprim are listed as
highly important antibiotics.

particularly when the infection control practices
are inadequate, has contributed to an increased
prevalence of antibiotic-resistant bacteria. The
antibiotics commonly used to treat bacterial
infections are cephalosporins, trimethoprim, and
guinolones. However, antibiotic resistance is a
major problem hindering the treatment of
bacterial infections. According to the World
Health Organization [1], 3", 4", and 5"
generation cephalosporins and quinolones are

Escherichia coli is one of the major pathogens
that cause common hospital and community-
acquired infections across the world. E. coli
strains could be broadly categorized as (1)
commensal strains, (2) intestinal pathogenic
strains (diarrheagenic E. col), and (3)
extraintestinal pathogenic E. coli (ExXPEC).
ExPEC associates with human and animal
infections that occur outside of the intestinal
tract, such as urinary tract and bloodstream
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infections. The EXPEC possesses a broad range
of virulence genes such as adhesins, iron
acquisition systems, polysaccharide coatings,
and toxins associated with the extraintestinal
disease. Uropathogenic E. coli (UPEC), sepsis-
associated pathogenic E. coli (SePEC), newborn
meningitis E. coli (NMEC), and avian pathogenic
E. coli (APEC) are different pathotypes that
belong to EXPEC which may cause various
infectious diseases in humans and animals [2].

Urinary tract infections (UTIs) caused by
multidrug-resistant (MDR) E. coli harboring
antibiotic-resistant genes pose a serious
challenge to clinicians because these bacteria
are resistant to a broad range of antibiotics.
These MDR E. coli have complicated the
management of UTIs and limit treatment
options. To curb the threat of antibiotic
resistance pathogens, knowledge of antibiotic
susceptibility, genes encoding resistance, and
genetic relatedness are essential. Further,
antibiotic resistance in E. coli is encoded on
mobile genetic elements, thus enabling the rapid
dissemination of antibiotic resistance genes
among different species of bacteria. Therefore,
molecular characterization of the MDR E. coli
from human urinary tract infection is important in
successful infection control, involving the better
prediction of the antibiotics for treatment. Thus,
the objectives of this study were to determine
the phylogenetic groups, antibiotic resistance,
antibiotic resistance genes (ARGS), integrons,
extraintestinal virulence genes and genetic
diversity of E. coli isolates from human urinary
tract infection.

METHODS
Collection and identification of E. coli

Between January 2013 and June 2013,
consecutive non-duplicate strains of E. coli (n =
100) of human urinary tract infection origin were
collected from one hospital (Mar Augustine
Jubilee hospital) and two diagnostic centers
(Dianova Lab and Hi-Tech Lab, Cochin) in
Cochin city, Kerala, South India. The study
protocol was approved by the institutional ethics
committee. E. coli isolates were characterized by
biochemical analyses [3] and amplification of the
uidA gene [4]. E. coli DNA was isolated using
the Proteinase-K digestion method [5].

Phylogenetic analysis

The phylogenetic group was determined for E.
coli isolates (n = 100) by the new phylogenetic
group assignment polymerase chain reaction
(PCR)-based method [6]. Clermont et al. [6]
classified E. coli into 7 groups such as A, B1,
B2, C, D, E, and F. 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 extension
step of 5 min at 72 °C, on a ProFlex™ 3x32-Well
PCR system (Applied Biosystems, United
States).

Detection of extraintestinal virulence factor
genes

The PCR detection of five key virulence genes
was performed as described by Johnson and
Stell [7]. Based on PCR results, E. coli isolates
positive for two or more virulence genes
(papAH, papC, sfa/focDE, iutA, and kpsMT II)
were classified as EXPEC [7]. PCR conditions
were used in the following way: 1 cycle of initial
denaturation (94 °C for 5 min), followed by 30
cycles of denaturation (94 °C for 30 s),
annealing (64 °C, 30 s), extension (68 °C, 3 min)
and final extension (72 °c, 10 min) on a
ProFlex™ 3x32-Well PCR system (Applied
Biosystems, United States).

Antibiotic susceptibility test

Antibiotic susceptibility testing of all E. coli
isolates against different antibiotics was
determined by the disc diffusion method [8] on
Mueller-Hinton agar (Hi-Media, India). The
antibiotics and concentration used were as
follows; ampicillin (Amp, 10 mcg), cefotaxime
(Ctx, 30 mcg), cefoxitin (Cx, 30 mcqg),
cefpodoxime (Cpd, 10 mcg), ceftazidime (Caz,
30 mcg), ceftriaxone (Ctr, 30 mcg), cefuroxime
(CMX, 30 mcg), chloramphenicol (C, 30 mcg),
ciprofloxacin, (Cip, 30 mcg), co-trimoxazole (Co,
25 mcg), gentamicin (Gen, 10 mcg), nalidixic
acid (Na, 30 mcg), streptomycin (S, 10 mcg),
tetracycline (Te, 30 mcg) and trimethoprim (Tr, 5
mcg). The results were interpreted according to
the clinical laboratory standards institute
guidelines [9]. MAR index or Multidrug
resistance (MDR, resistance to 3 or more
antibiotic classes) was calculated by dividing the
number of antibiotics to which the isolate was
resistant by the total number of antibiotics used
[10].
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Detection of antibiotic resistance genes and
integrase genes

PCR was used for the detection of gene
encoding resistance against clinically relevant
antibiotics including blatgy [11], blasyy [12]
blactx.m [13], tetA and tetB [11], aphA2 [11], strA
[14], sull and sul2 [11], catl [11] dhfrl, dhfr7
[15], and gnrA [16], gnrS [17], and aac(6’)-Ib-cr
[18]. The integrons were detected through PCR
amplification of intl [19], int2 and int3 integrase
genes [20]. The PCR reactions were carried out
using ProFlex™ 3x32-Well PCR system (Applied
Biosystems, United States) under conditions as
follows: initial denaturation at 94 °C for 5 min,
followed by 30 cycles of 94 °C for 30 s,
annealing (50 °C for blargy, blasuy, tetA, tetB,
aphA2, strA, sull, sul2, gnrA, gnrS, aac(6’)-Ib-cr,
int2, int3; 55 °C for dhfrl, dhfr7, intl; 60 °C for
blacry., catl) for 30 s, and 72 °C for 1.5 min,
with a final extension at 72 OC, 5 min.

ERIC fingerprinting

Enterobacterial repetitive intergenic consensus
polymerase chain reaction (ERIC-PCR) was
used to check the genetic relatedness among E.
coli isolates [21]. The cycling conditions were as
follows: 1 cycle of initial denaturation at 94 °C for
5 min, followed by 30 cycles of denaturation (94
°C, 30 s), annealing (60 °C, 1 min), extension
(72 °C, 1 min) and final extension (72 °C, 5 min)
on a ProFlex™ 3x32-Well PCR system (Applied
Biosystems, United  States). ERIC-PCR
fingerprints of the E. coli isolates were analyzed
using Fingerprint data analysis Gelcompare I
version 6.0 software (Applied Maths, Texas).

Statistical analysis

A Pearson's Chi-squared test was used (i) to
test the distribution of E. coli in different
phylogenetic groups, (i) to compare the
association of virulence genes (VGs) and
resistance to antibiotics, (iii) to compare the
association of VGs and ARGs, and (iv) to
compare the association of ARGs and intl in E.
coli isolates. Statistical analysis of the results
was carried out using IBMSPSS version 22 (IBM
Corporation, Armonk, New York, USA).
Statistical significance was set at a p-value of
<0.05.

RESULTS
Phylogenetic groups

Phylogenetic analysis of E. coli isolates
recovered from UTIs, showed that such strains
mainly belonged to phylogenetic group B2
(61%), followed by A (10%), Unknown (9%), D
(6%), F (6%), E (4%), B1, C (2%) (Figure 1). E.
coli isolates were significantly more belonged to
B2 than all other groups (p < 0.05). Phylogenetic
group A isolates were significantly more than
group E, B1, and C isolates (p < 0.05).

Prevalence of EXPEC

EXPEC associated virulence genes were
detected in 84 E. coli isolates. Seventy-nine
percentages of E. coli isolates carried two or
more extraintestinal virulence genes and termed
as ExPEC. iutA, kpsMT II, and papC genes were
detected in 67%, 63%, 57% of isolates
respectively. papAH and sfa/focDE were
detected in 15% and 14% of the isolates,
respectively. The iutA and kpsMT Il were the
most frequent combination of virulence genes
detected. Fifty-four percent of E. coli isolates
showed this combination. Forty percent of E. coli
isolates showed iutA + papC combination.

Antibiotic resistance

In the present study, we found that out of 100 E.
coli isolates, 96% were multidrug-resistant
(resistant to 3 or more antibiotics). Among the
various antibiotics, resistance to ampicillin (98%)
was most frequent among the E. coli isolates
followed by resistance to cefoxitin (92%),
cefpodoxime (82%), nalidixic acid (78%),
trimethoprim (63%), and co-trimoxazole (56%).
E. coli isolates showed moderate resistance
(47% - 38%) against ciprofloxacin (47%),
tetracycline (46%), cefuroxime (45%),
cefotaxime (41%), and streptomycin (38%).
Resistance  to  ceftazidime,  ceftriaxone,
gentamicin, and chloramphenicol, were lower,
with percentages of 26%, 23%, 22% and 13%,
respectively  (Suppl. Fig. 2). Seventy
percentages of isolates showed resistance
against more than 5 antibiotics. Multiple
antibiotics resistance (MAR) index of individual
isolates showed that 96% of the urinary isolates
had MAR index >0.2 with the highest being 1
(Suppl. Table 2). Multidrug-resistant E. coli
isolates have significantly more belonged to the
B2 group than that of other groups (p < 0.05).

Antibiotic resistance genes
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In our study 86 ARGs-harboring E. coli were
detected. Seventy-seven percentages of ARGs-
harboring isolates possessed two or more genes
conferring resistance to multiple antibiotic
classes. Among ampicillin-resistant isolates (n =
98) blatgy and blasyy was detected in 71.4% and
38.7% of isolates respectively. blactx.y gene
was detected in 15.7% of cefotaxime resistant
isolates. Sulphonamide resistance was mainly
associated with the presence of the sull gene
(91%), followed by sul2 (69.6%). Among
tetracycline-resistant  strains  (n=46), tetA
(91.3%) was the most frequently detected
resistance determinant, than tetB. Regarding
aminoglycosides, the strA (84.2%) was widely
present in streptomycin-resistant isolates, and
aphA2, involved in the gentamicin resistance
was detected in 81.8% of the isolates. catl gene
was detected in 84.6% of chloramphenicol
resistant isolates. dhfrl and dhfr7, involved in
the trimethoprim resistance were detected in
19% and 7.9% of the isolates respectively.
Among quinolone-resistant isolates, plasmid-
mediated quinolone resistance (PMQR) genes
such as qnrA, gnrS, and aac(6)-lb-cr were
detected in 15.3%, 28.2%, and 12.8%
respectively.

Prevalence of integrase

The percentage of intl- positive E. coli was
32%. All the intl-positive E. coli isolates were
multidrug-resistant. Apart from catl and gnrS
genes, all the ARGs showed a statistically
significant (p < 0.05) association with intl among

E. coli isolates. Int2 and int3 were absent in all
the isolates tested.

Co-occurrence of virulence genes and
antibiotic resistance genes

Concerning antibiotic resistance, the results
showed that 98.7% (78/79) of the EXPEC
isolates were resistant to two or more antibiotics;
and that 86.0% (68/79) were ARG-harboring
EXPEC. There was a statistically significant
association between the presence of the iutA
gene and blactx.m, tetB, strA, dhfr7(p >0.05).
blactx.w harboring isolates were showed a
negative association with iutA gene. papC was
not significantly (p >0.05) associated with ARGs,
except blasyy and gnrA. kpsMT Il gene was
associated with blatgy and blasyy. papAH was
significantly associated with blatgy, blasny,
blactx.m, Sull, tetB, strA, catl, dhfrl, dhfr7, and
gnrA (Table 1). Integrase 1 (intl) was
significantly more associated with papAH and
kpsMT II.

ERIC fingerprints

E. coli isolates harboring two or more ARGs
were characterized by ERIC PCR to determine
the genetic diversity and phylogenetic
relationship among the strains. In ERIC PCR, all
the isolates were typeable and produced
amplicon sizes ranging from 150 to 1400 bp.
ERIC fingerprint analysis showed that there was
great genetic diversity among multi-drug-
resistant E. coli isolates, with 59 isolates divided
into fourteen clusters (Figure 2).

70
60
50
40
30
20
10

S -

L 4

N Q,'\/

- W = ii
S N

O Non-ExPEC
m EXPEC

Q
S

&

Figure 1. Phylogenetic group distribution of E. coli isolates. Filled bars indicate the percentages of EXPEC isolates.
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c13
Ce9
c62
ce7
C29
[ox]
C67
C83
C84
C4

Ce1

C100

100
strain no PGs Antibiotic resistance genes
B2 blaTEM blaCTX-M sult sul2 strA class 1 integrons, int1

B2 sul1 tetA tetB

B2 blaTEM sul1 sul2 tetA tetB dhfr1 dhfr7 class 1 int1
B2 ND

B2 blaTEM sult

Unknown sul1 tetA strA aphA2

F ND

B2 blaTEM blaCTX-M sult sul2 tetB strA aphA2 dhfr1 dhr7 class1 integrons

F blaTEM blaCTX-M sul1 tetA strA aphA2 int1
B2 blaTEM sull sul2 tetB strA class integrons, int1
B2 blaTEM sull sul2 tetA tetB class1 integrons int 1

D blaTEM blaCTX-M catA

A blaTEM, blaCTX-M

Unknown blaTEM sult tetA tetB int1

A blaTEM, sul1, tetA

A blaTEM, blaCTX-M, sul1, tetA, tetB, cat1, dhfr1, dhfr7, class 1 integrons, int1
D blaTEM, blaCTX-M, sult, sul2, strA, aphA2, class 1 integrons, int1
Unknown sul1 sul2 tetA tetB class1 integrons, int1

E blaTEM blaCTX-M

B2 blaTEM sul1 sul2 tetA class 1 integrons, int1

B2 blaTEM sul1 tetA tetB

B2 ND

B2 blaTEM blaCTX-M sult tetA tetB catt dhfr1 dhfr7
B2 ND

B2 blaTEM sul, sul2, tetB, strA, aphA2, int1

B2 blaTEM blaCTX-M tetA int1

o} blaTEM, sul1, sul2, tetA, tetB, strA

B2 blaTEM sul1 sul2 tetB strA

B2 blaTEM blaCTX-M sult tetA tetB int1

Virulence genes

iutA, Kps MT Il, PapC, papAH

iut, Kps MT 1l

Kps MT II, PapC

iutA, Kps MT Il, PapC, Sfa/foc DE
iutA, Kps MT II, PapC

iutA, Kps MT II, PapC

ND

iutA, Kps MT II, PapC, Sfa/foc DE, papAH
iutA, Kps MT II, PapC, papAH
iutA, Kps MT IIMT, PapC

PapC

iutA, Kps MT Il

ND

utA, Kps MT 11

PapC, papAH

PapC, papAH

iutA, Kps MT I

iutA, Kps MT Il

ND

iutA, Kps MT II, Sfa/foc DE

iutA, Kps MT [IMT

iutA, Kps MT IIMT, PapC, Sfa/foc DE
iutA, PapC

papC, Sfaffoc DE

iutA, Kps MT Il

papC

1utA, Kps MT II

ND

papC

A blaTEM, aphA2 iutA, Kps MT II, PapC

B1 blaTEM, blaCTX-M, tetA, tetB, cat1, dhfr1, dhfr7, class1 integrons, int1 iutA, Kps MT II, PapC, papAH
B2 blaTEM, sul1 iutA, Kps MT Il

o} blaTEM, sul1, sul2, strA iutA, Kps MT II

B1 blaTEM, sul1, sul2, tetA, tetB, strA iut, Kps MT Il

B2 blaTEM blaCTX-M sult sul2 tetA tetB strA dhfra dhfr7 class1 integrons int1 iutA, Kps MT II, PapC, papAH
B2 blaTEM tetB strA cat1 class1 integrons int1 iutA, Kps MT Il

B2 Sul2 tetA tetB strA aphA2 iutA, PapC

B2 blaTEM sult Kps MT II, PapC

B2 blaTEM blaCTX-M sult sul2 tetA strA class 1 integrons, int1 papC

B2 sul1 aphA2 cat 1 iutA, Kps MT II

A blaTEM, blaCTX-M, sult, sul2, tetA, tetB, cat1, dhfr1, dhfr7, class 1 integrons iutA, Kps MT Il, PapC

B2 blaTEM blaCTX-M sult sul2 tetA tetB strA aphA2 dhfr1 dhfr7 class 1integrons i iutA, Sfa/foc DE

Unknown sul? tetA strA iutA, PapC, Sfalfoc DE

B2 sul2 tetA strA iutA, PapC, Sfa/foc DE
Unknown blaTEM blaCTX-M aphA2 catt Kps MT II, PapC

B2 sull tetA ND

B2 blaTEM blaCTX-M sult sul2 strA aphA2 class 1 integrons, int1 iutA, Kps MT Il

B2 blaTEM blaCTX-M ND

B2 blaTEM blaCTX-M sult sul2 tetA aphA2 class1 integrons, int1 iutA, Kps MT Il, PapC

E blaTEM sul2 tetA strA cat 1 ND

B2 blaTEM blaCTX-M strA aphA2 iutA, Kps MT Il, PapC, Sfalfoc DE
B2 blaTEM strA Kps MT II, PapC

B2 blaTEM sulf sul? tetA tetB dhfr dhr7 class 1 integrons int1 iutA, Kps MT II, PapC, papAH
Unknown blaTEM blaCTX-M sult 2 tetA aphA2 dhfr1 class1 integrons, int1 ND

B2 blaTEM blaCTX-M sul1 sul2 tetA tetB strA class1 integrons, int1 Kps MT II, PapC

E blaTEM tetA iutA, Kps MT [IMT, PapC

B2 blaTEM aphA2 iutA, PapC

B2 blaTEM blaCTX-M sul1 sul2 tetA tetB strA aphA2 int1 iutA, Kps MT II, PapC, papAH

C25 E tetB strA cat1 iutA, PapC

Figure 2. Genetic relatedness of ERIC-PCR profiles of antibiotic resistant E. coli isolates. PGs (Phylogenetic groups);
ND: Not detected; A, B1, B2, C, D, and F denotes different phylogenetic groups of E. coli.
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Table 1. Prevalence of virulence genes in ARG-harboring and Non-ARG harboring E. coli isolates.

ARG

iutA (n=67)

kpsMT Il (n=63)

papC (n=57)

papAH (n=15)

sfa/focDE (n=14)

bIaTEM (n:70)

blasny (n = 38)
blactx-m (N =26)
sull (n=51)
sul2 (n=39)
tetA (n =42)
tetB (n = 32)
strA (n = 32)

aphA2 (n = 28)

67.1% (45)

40.3% (27)
20.8% (14)*
55.2% (37)
41.7% (28)
43.2% (29)
36.8% (24)*
40.2% (27)*

20.8% (14)

76.1% (48)*

42.8% (27)*
23.8% (15)
57.1% (36)
39.6% (25)
38.0% (24)
33.3% (21)
31.7% (20)

19.0% (12)

68.4% (39)
43.8% (25)*
29.8% (17)
45.6% (26)
35.0% (20)
43.8% (25)

31.5% (18)

93.3% (14)*

73.3% (11)*
46.6% (7)*

66.6% (10)*
46.6% (7)
53.3% (8)

46.6% (7)*

35.7% (5)*
21.4% (3)*
21.4 % (3)
42.8% (6)
42.8% (6)
42.8% (6)

21.4 % (3)*

catl (n = 11) 11.9% (8) 11.1% (7)
dhfrl (n = 12) 13.4% (9) 12.6% (8)
dhfr7 (n = 10) 11.9% (8) 11.1% (7)
qnrA (n = 12) 10.4% (7) 12.6% (8)
qnrs (n=22) 25.3% (17) 23.8% (15)

aac(6’)-Ib-cr (n = 10) 10.4% (7) 9.5% (6)

36.8% (21) 46.6% (7)* 35.7% (5)
19.2% (11) 20% (3) 21.4 % (3)
10.5% (6) 20% (3)* 0% (0)*
14.0% (8) 26.6% (4)* 14.2% (2)
12.2% (7) 20% (3) 7.1% (1)

17.5% (10)* 33.3% (5)* 14.2% (2)
19.2% (11) 13.3% (2)* 14.2% (2)
12.2% (7) 20% (3)* 0 (0)*

Percentages in the parenthesis were calculated with the column values. *Significant, p value; (p < 0.05).

DISCUSSION

Urinary tract infections (UTIs) are one of the
most common infections worldwide and E. coli is
the main causative agent. In the present study,
100 urinary E. coli isolates from human urinary
tract infection were analyzed for their
phylogenetic background, resistance to various
antibiotics, presence of ARGs, and presence of
virulence factors.

Interestingly, 61% of UTI isolates belonged to
phylogenetic group B2, which is inconsistent
with other studies [22]. More than seventy
percentages of EXPEC isolates belonged to
pathogenetic phylogenetic groups (B2, D, E, and
F) than non-pathogenetic groups. E. coli
responsible for extra-intestinal infection were far

more likely to be members of phylogenetic
groups B2 or D than A or B1 [7].

Regarding the prevalence of EXPEC, we
identified 79 EXPEC harboring 2 or more
virulence genes. Our results show a higher
frequency of iutA, kpsMT I, and papC compared
with the rest of the genes, which may indicate a
crucial role of these virulence genes in the
pathogenesis. iutA, kpsMT II, and papC gene
encode aerobactin receptor, group Il capsular
polysaccharide synthesis, and P fimbrial
assembly systems, respectively. Genes coding
for fimbrial adhesive systems represent the most
common factors for the virulence of E. coli in
UTls. papC and sfa genes encoding adhesins
are known to be involved in binding to urinary
tract epithelial cells [23].
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Antibiotic resistance is becoming a major
concern all over the world with reported rates of
multidrug-resistant E. coli in the urinary tract. In
our study, 94% of isolates were multidrug-
resistant. A high percentage of E. coli isolates
exhibited resistance to B-lactam antibiotics, such
as cefoxitin, cefpodoxime, cefuroxime,
cefotaxime. This is a reason for concern
because most of these antibiotics continue to be
the first-line treatment option for UTIs. In the
present study, 56% and 63% of E. coli isolates
showed resistance against co-trimoxazole and
trimethoprim, respectively. Trimethoprim is one
of the main antibiotics used for treating patients
with uncomplicated UTIs and normal kidney
function. Quinolones are among the most
common therapeutic agents used in treating
UTlIs. In this study, the prevalence of nalidixic
acid and ciprofloxacin-resistant E. coli was also
high.

In our study, a high percentage of E. coli were
harbored multiple ARGs. The most frequent
resistance genes were blargy followed by sull,
tetA, and sul2. blargy is the prevalent ARGs
among clinical E. coli strains [25]. Our data
showed that tetA was the most frequently
detected resistant determinant among
tetracycline-resistant isolates. The prevalence of
blactx.m harboring E. coli was low in the current
study. The prevalence of blagyy was higher than
those previously reported by many studies
[25,26]. In sulfonamide-resistant E. coli, sull
was predominant. Aminoglycosides resistant
determinant, strA, aphA2 were frequent among
streptomycin-resistant and gentamicin-resistant
isolates respectively. Our results showed that
dhfrl, dhfr7, and catl genes were detected less
frequently. Similar to our study, several studies
reported the presence of PMQR genes among
clinical E. coli isolates [25,26].

The virulence genes iutA, kpsMT I, sfa/focDE,
and papAH showed an association with ARGs.
Whereas adhesion-related gene, papC did not
show a positive association with any of the
ARGs. iutA and papAH showed an association
with trimethoprim resistance genes (dfhr).
sfa/ffocDE and iutA showed a negative
association with some of the ARGs. The
prevalence of blatgy, tetB, and catl genes was
high among sfa/focDE negative isolates. The
prevalence of ESBL gene, blactxy was high in
iutA negative isolates, which is in contrast to the

findings of Chakraborty et al. [22]. papAH was
the virulent gene that showed association with
multiple ARGs (n = 8).

Apart from catl gene, all the tested ARGs
showed a significant positive association with
intl among E. coli isolates. Intl was more
prevalent in sfa/ffocDE negative isolates,
whereas papAH and kpsMT Il correlates with a
high incidence of intl. Integrons are genetic
elements able to integrate and express diverse
open reading frames included in gene cassettes.
Integrons carry antibiotic resistance genes,
being frequently associated with multidrug
resistance in Gram-negative bacteria.

Conclusion

The present study revealed a significant
association between the presence of virulence
genes and antibiotic resistance. The high
prevalence of multidrug-resistant E. coli is of
great concern; it may result in treatment failure
and reducing therapeutic choices.
Understanding the  association  between
extraintestinal virulence genes and antibiotic
resistance genes would result in the proper
treatment of urinary tract infections.
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