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Background: Uropathogenic E. coli (UPEC) is being the most prevalent agent of causing infection in the
urinary system of a human being thus takes place by nosocomial and community level spread. An alarm-
ing increase in drug resistance on UPEC isolates over the decade is being a serious concern of public
health. To address that in this study we have screened the group of UPEC isolates for the presence of var-
ious antibiotic resistance genes, virulence-associated genes, and also carried out molecular sequence typ-
ing, conjugation assay to type the UPEC strains and evaluate horizontal gene transfer.
Methods: Here, Multilocus sequence typing and identification of O25b-ST131 isolates based on allele-
specific PCR method was applied to screen the virulence profile of UPEC.
Result: As a result, we have found that the ESBL, AmpC, NDM, sul, qnr genes, various virulence genes such
as fimH, afa, kpsMT KII, kpsMT K1, kpsMT K5, fyuA, iroN, ireA, iutA, hlyA, cnf1 which involve in following
respective mechanisms of adherence, capsule synthesis, iron uptake system, toxins on different UPEC iso-
lates. In addition to that, we investigated the horizontal gene transferability of those selective isolates
and the respective sequence types of all isolates.
Conclusion: To conclude that the abundant level of fyuA (87%) the yersiniabactin receptor coding gene
among the virulence genes, on most of the MDR isolates majorly ST131 suggests that it could become
the possible target of anti-virulence to combat multidrug resistance effectively in the future.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Urinary tract infection (UTI) affects humans worldwide, which
is one of the major bacterial infections caused by Uropathogenic
Escherichia coli (UPEC) (Abraham et al., 2012). This infection has
been disseminated by the community and nosocomial level and
in particular, UPEC accounts for 70–95% of UTIs (Ballesteros-
Monrreal et al., 2020). When the E. coli adheres to the urothe-
lium of the urethra the initiation of infection has been started,
and its subsequent migration to the bladder and kidney makes
inflammation on the host lead to cystitis and pyelonephritis
(Ballesteros-Monrreal et al., 2020). The potential of UPEC estab-
lishing the infection in the urinary tract depends on the presence
of virulence factors. To make successful colonization and survival
in the urinary tract, E. coli employs an array of virulence factors
such as genes involved in adherence, Iron acquisition/transport
system, flagella, and toxins (Bien et al., 2012). These virulence
factors protect the bacterium against the flow of urination.
Pathogenicity associated island carries these numerous genes
and is transferred frequently between the strains horizontally.
Various virulence genes such as fimH, a type 1 pilus related gene,
a fimbrial adhesion gene-afa, genes fyuA, ireA, iutA, ironN
involved in the iron uptake system, Capsule kpsMTII, K1, K5 gene
involves in protecting from complement-mediated and phagocy-
tosis killing effect of the host (Lüthje and Brauner, 2014). Toxins
like a-hemolysin, the hlyA gene encodes the extracellular
lipoprotein, and cnf1, cytotoxic necrotising factor has been
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reported in the pathogenesis of UTI (Dale and Woodford, 2015).
In this study, the isolated UPEC strains from the community
showed different types of virulence-associated gene patterns
and revealed their association with the patient’s demography,
phylogenetic group of each UPEC strain, and the correlation
between virulence factor abundance with antibiotic resistance
was established.
2. Methodology

2.1. Bacterial strains

A total of 34 non-repetitive E. coli strains isolated from the urine
sample of patients with UTI, characterized by conventional bio-
chemical and molecular methods in our previous study
(Marialouis and Santhanam, 2016) were used for the present anal-
ysis. Ethical clearance was obtained from the institutional ethical
committee, Madurai Kamaraj University, Madurai-625021, Tamil
Nadu, India. E. coli J53 (AziR) was kindly provided by George A.
Jacoby, Lahey Hospital & Medical Center, Burlington, USA. All the
strains were maintained in LB agar plates at 4 �C and in LB broth
with 30% glycerol at �80 �C. E.coli strains were grown in Luria-
Bertani broth (HiMedia, India) at 37 �C overnight in shaking at
200 rpm.
2.2. Preparation of template DNA and list of primers for PCR analysis

The boiling lysis method was used to prepare template DNA for
PCR (Applied Biosystems Veriti� 96-Well Thermal Cycler, USA). In
brief, bacterial cultures (3 mL) were pelleted at 10,000�g for
5 min; the supernatant was discarded and the cell pellet was
washed and resuspended in 0.2 mL of sterile MilliQ water. The pel-
let suspension was then incubated in a boiling water bath at 100 �C
for 5 min. After the incubation, the suspension was again precipi-
tated in 10000�g for 5 min. The cell debris was discarded and
the DNA containing supernatant was used as a source of template
for PCR. The list of primers used in this study are given in Table 1.
2.3. Multi locus sequence typing and identification of O25b-ST131
isolates based on allele-specific PCR method

Multi locus sequence typing of UPEC isolates was carried out for
12 ESBL isolates belonging to phylogenetic group B2 (n = 11) and D
(n = 1) according to the protocol of Achtman et al. (http://mlst.war-
wick.ac.uk/mlst/dbs/Ecoli). In brief 7 housekeeping genes (adk,
fumC, gyrB, icd, mdh, purA and recA) were PCR amplified and
sequenced following the protocol of curator. The sequences were
submitted to the MLST website to analyze and assign the corre-
sponding allelic profile and based on that STs were assigned.

O25b-ST131 allele-specific PCR was used to screen the non-
ESBL isolates for ST131 isolates by the detection of pabB allele-
specific to O25b-ST131 strains (Clermont et al., 2009) The PCR
amplification was carried out for 25 ll reaction mixture containing
2.5 ll of 10X buffer supplied with Taq DNA polymerase, 20 pmol of
each pabB primers (O25pabBspe.F and O25pabBspe.R) and 12 pmol
of each trpA primers (trpA.F and trpA2.R), 2 lM of each dNTP and
1U of Taq DNA polymerase. 3 ll of boiled lysate was used as a
source of genomic DNA. The PCR amplification was performed with
initial denaturation for 4 min at 94 �C; 30 cycles of denaturation for
5 s at 94 �C, annealing 10 s at 65 �C, and extension 10 s at 72 �C;
and final extension of 5 min at 72 �C in the thermal cycler. The
resultant amplified product was analyzed by electrophoresis in a
1.2% (w/v) agarose gel.
2

2.4. PCR based detection of antibiotic resistance genes

Antibiotic-resistant genes such as b-lactamases (blaTEM and
blaCTX M-15) blaAmp-C, blaNDM), quinolones (qnrA, qnrB, qnrS,
and aac(60)-lb-cr) and sulphonamides (sul1 and sul2), were ampli-
fied by PCR using specific primers as described previously
(Muzaheed et al., 2008; Poirel et al., 2011).
2.5. Amplification of virulence genes from UPEC strains by multiplex
PCR

All E.coli isolates were screened for the genetic determinants
that encode, adhesions (type I fimbriae [fimH], a fimbrial adhesion
[afa]), protectins (kpsMT [kII, k1, k5-antigen], iron-acquisition sys-
tems (fyuA, iroN, ireA, Aerobactin [aerJ]), and toxins Hemolysin
[hly], the cytotoxic necrotizing factor I [cnfI] and the 11 targeted
genes and their primer sequences (Table 1) were chosen
(Johnson and Stell, 2000). The targeted 11 gene primers were
divided into three sets of multiplex reaction mixtures as follows:
Multiplex1 (fimH, afa, kpsMTkII, k1, k5), Multiplex2 (fyuA, iroN, ireA,
aerJ), Multiplex 3 (hly, cnfI). A volume of 25 ml of each multiplex
polymerase chain reaction consists of 200 mM deoxynucleotide
triphosphates (dNTPs), 2.5 ml of 10X PCR buffer, 1 ml of 1 mM for-
ward primer, 1 ml of 1 mM reverse primer of each gene, 3 ml of
DNA, 0.6 units of Taq DNA polymerase and 16.8 ml sterile MillQ
water. The resulted PCR products were run on 1.5% (w/v) agarose
gel.
2.6. Conjugation assay

Conjugal transfer of antibiotic resistance-conferring plasmid
carried by UPEC isolates to E. coli J53 (AziR) recipient strain was
accomplished by broth mating assay (Jacoby and Han, 1996). The
resulting transconjugants were confirmed by culturing on LB agar
plates containing sodium azide (100 mg/ml) and ceftazidime
(30 mg/ml) by the double selection method. To establish the dis-
crete difference between the wild UPEC isolates and transconju-
gants, RAPD analysis was performed to have a distinct pattern on
the phylogeny (Abraham et al., 2012).
2.7. Molecular typing of UPEC isolates with ERIC-PCR fingerprinting:

Repetitive sequence-based polymerase chain reaction (Rep-
PCR) was performed using specific ERIC primers (Versalovic et al.,
1994). In brief, the amplification was performed with initial denat-
uration for 5 min at 94 �C; 30 cycles of denaturation for 30 sec at
94 �C, annealing 30 s at 55 �C and extension 30 s at 72 �C; and final
extension of 7 min at 72 �C in thermal cycler. The resultant ampli-
fied product was analyzed by electrophoresis in 1.2% (w/v) agarose
gel. The images were analyzed and the dendrogram was con-
structed with PyElph 1.4 software is based on the unweighted pair
group method with arithmetic mean (UPGMA) analysis (Pavel and
Vasile, 2012).
2.8. Data analysis

The Pearson co-efficient statistics were used to analyze the
association of virulence genes pattern with the corresponding phy-
logenetic group of all E.coli isolates. The patient’s clinical manifes-
tations and demography were compared with the studied
virulence gene pattern by descriptive statistics.
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Table 1
The following table shows the list of Primers used in the current study.

S. No Gene Primer Sequence Length Annealing

1. adk adkF1 50-TCATCATCTGCACTTTCCGC-30 583 bp 54 �C
2. adkR1 50-CCAGATCAGCGCGAACTTCA-30

3. fumC FumCF 50-TCACAGGTCGCCAGCGCTTC-30 806 bp 54 �C
4. fumCR1 50-TCCCGGCAGATAAGCTGTGG-30

5. gyrB GyrBF 50-TCGGCGACACGGATGACGGC-30 911 bp 60 �C
6. gyrBR1 50-GTCCATGTAGGCGTTCAGGG-30

7. icd IcdF 50-ATGGAAAGTAAAGTAGTTGTTCCGGCACA-30 878 bp 54 �C
8. IcdR 50-GGACGCAGCAGGATCTGTT-30

9. mdh mdhF1 50-AGCGCGTTCTGTTCAAATGC-30 932 bp 60 �C
10. mdhR1 50-CAGGTTCAGAACTCTCTCTGT-30

11. purA purAF1 50-TCGGTAACGGTGTTGTGCTG-30 816 bp 54 �C
12. PurAR 50-CATACGGTAAGCCACGCAGA-30

13. recA recAF1 50-ACCTTTGTAGCTGTACCACG-30 780 bp 58 �C
14. recAR1 50-AGCGTGAAGGTAAAACCTGTG-30

MLSTO25b-ST131
15. trpA trpA.F 50-GCTACGAATCTCTGTTTGCC-30 427 bp 65 �C
16. trpA2.R 50-GCAACGCGGCCTGGCGGAAG-30

17. O25pabB O25pabBspe.F 50-TCCAGCAGGTGCTGGATCGT-30 347 bp 65 �C
18. O25pabBspe.R 50-GCGAAATTTTTCGCCGTACTGT-30

Antibiotic Resistance Genes
19. blaTEM TEM-F 50-TCGGGGAAATGTGCGCG-30 973 bp 57 �C
20. TEM-R 50-TGCTTAATCAGTGAGGACCC-30

21. blaCTX-M15 CTXM15-SF 50-CACACGTGGAATTTAGGGACT-30 996 bp 56 �C
22. CTXM15-SR 50-GCCGTCTAAGGCGATAAACA-30

23. blaNDM blaNDM F 50-GGTTTGGCGATCTGGTTTTC-30 621 bp 52 �C
24. blaNDM R 50-CGGAATGGCTCATCACGATC-30

25. qnrA QnrAm-F 50-AGAGGATTTCTCACGCCAGG-30 580 bp 54 �C
26. QnrAm-R 50-TGCCAGGCACAGATCTTGAC-30

27. qnrB QnrBm-F 50-GGMATHGAAATTCGCCACTG-30 264 bp 54 �C
28. QnrBm-R 50-TTTGCYGYYCGCCAGTCGAA-30

29. qnrS QnrSm-F 50-GCAAGTTCATTGAACAGGGT-30 428 bp 54 �C
30. QnrSm-R 50-TCTAAACCGTCGAGTTCGGCG-30

31. aac(60)-lb Aac-F 50-ATGACTGAGCATGACCTTGC-30 519 bp 60 �C
32. Aac-R 50-TTAGGCATCACTGCGTGTTC-30

33. sul1 Sul1-F 50-CGGCGTGGGCTACCTGAACG-30 433 bp 69 �C
34. Sul1-R 50-GCCGATCGCGTGAAGTTCCG-30

35. sul2 Sul2-F 50-GCGCTCAAGGCAGATGGCATT-30 293 bp 69 �C
36. Sul2-R 50-GCGTTTGATACCGGCACCCGT-30

37. MOX-1, MOX-2, CMY-1 & CMY-8 to CMY-11 MOXMF 50-GCTGCTCAAGGAGCACAGGAT-30 520 bp 64 �C
38. MOXMR 50-CACATTGACATAGGTGTGGTGC-30

39. LAT-1 to LAT-4, CMY-2 to CMY-7 & BIL-1 CITMF 50-TGGCCAGAACTGACAGGCAAA-30 462 bp 64 �C
40. CITMR 50-TTTCTCCTGAACGTGGCTGGC-30

41. DHA-1 & DHA-2 DHAMF 50-AACTTTCACAGGTGTGCTGGGT-30 405 bp 64 �C
42. DHAMR 50-CCGTACGCATACTGGCTTTGC-30

43. ACC ACCMF 50-AACAGCCTCAGCAGCCGGTTA-30 346 bp 64 �C
44. ACCMR 50-TTCGCCGCAATCATCCCTAGC-30

45. MIR-1T & ACT-1 EBCMF 50-TCGGTAAAGCCGATGTTGCGG-30 302 bp 64 �C
46. EBCMR 50-CTTCCACTGCGGCTGCCAGTT-30

47. FOX-1 to FOX-5b FOXMF 50-AACATGGGGTATCAGGGAGATG-30 190 bp 64 �C
48. FOXMR 50-CAA AGC GCG TAA CCG GAT TGG-30

Virulence Genes
49. FimH FimH f 50-TGCAGAACGGATAAGCCGTGG-30 508 bp 63 �C
50. FimH r 50-GCAGTCACCTGCCCTCCGGTA-30

51. afa/draBC Afa F 50-GGCAGAGGGCCGGCAACAGGC-30 559 bp 63 �C
52. Afa R 50-CCCGTAACGCGCCAGCATCTC-30

53. KpsMT II kpsII f 50-GCGCATTTGCTGATACTGTTG-30 272 bp 63 �C
54. kpsII R 50-CATCCAGACGATAAGCATGAGCA-30

55. KpsMT K1 K1-F 50-TAGCAAACGTTCTATTGGTGC-30 153 bp 63 �C
56. kpsII R 50-CATCCAGACGATAAGCATGAGCA-30

57. KpsMT K5 K5-F 50-CAGTATCAGCAATCGTTCTGTA-30 159 bp 63 �C
58. kpsII R 50-CATCCAGACGATAAGCATGAGCA-30

59. fyuA FyuA F 50-TGATTAACCCCGCGACGGGAA-30 880 bp 63 �C
60. FyuA R 50-CGCAGTAGGCACGATGTTGTA-30

61. iroN IroN-F 50-AAGTCAAAGCAGGGGTTGCCCG-30 667 bp 63 �C
62. IroN-R 50-GACGCCGACATTAAGACGCAG-30

63. ireA IreA-F 50-GATGACTCAGCCACGGGTAA-30 254 bp 63 �C
64. IreA-R 50-CCAGGACTCACCTCACGAAT-30

65. iutA AerJ f 50-GGCTGGACATCATGGGAACTGG-30 300 bp 63 �C
66. AerJ r 50-CGTCGGGAACGGGTAGAATCG-30

67. hlyA Hly F 50-AACAAGGATAAGCACTGTTCTGGCT-30 1177 bp 63 �C
68. Hly R 50-ACCATATAAGCGGTCATTCCCGTCA-30

69. cnf1 Cnf F 50-AAGATGGAGTTTCCTATGCAGGAG-30 498 bp 63 �C
70. Cnf R 50-CATTCAGAGTCCTGCCCTCATTATT-30
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3. Results

3.1. Multilocus sequence typing and O25b allele-specific identification
of ST131 among UPEC isolates

Totally 21 different alleles were identified which were assigned
into 3 different sequence types (ST) by MLST analysis of 12 ESBL
isolates with ST131 (B2) dominated (n = 10) followed by ST127
(B2) and ST405 (D) with each one (Table 2). 7 non-ESBL isolates
(B2) were identified as O25b-ST131 based on O25pabB based
allele-specific PCR. Along with 10 ESBL isolates, a total number of
17 O25b-ST131 isolates were present.

3.2. Identification of antibiotic resistance genes among UPEC isolates

Various antibiotic-resistant genes were identified by different
PCR methods. Among them blaTEM was dominant (n = 14), fol-
lowed by blaCTX-M-15 (n = 11) of b-lactamase genes (Fig. 1a).
Metalo b-lactamase gene blaNDM was found in two isolates
(XA31 and XA51), which belong to phylogenetic group B1
(Fig. 1b). MOXM of AmpC was identified by multiplex PCR in two
isolates (XA03 and XA51) (Fig. 1c). Among the fluoroquinolone
resistance genes, aac(60)-Ib-cr was dominant (n = 12), followed by
qnrS (n = 11) and qnrB (n = 7), whereas qnrA was not detected in
any of the isolates. In seven isolates that contain qnrB, six belong
to ST131 and another one, ST 405. All ST131 and ST405 of group
D had qnrS, but it was absent in E. coli XA09 of ST127 belongs to
B2. Among the sulphonamide resistance genes sul1 was dominant
(n = 8) followed by sul2 (n = 6). Four ST131 isolates (XA04, XA27,
XA43, and XA55) had both sul1 and sul2. Both XA31 and XA51 were
tested positive for blaTEM, blaCTX-M-15, and blaNDM, along with
which blaAMPC was also present in XA51. Even though XA31
was phenotypically identified as an AmpC variant, no specific
genes were detected by PCR based method (Fig. 1c).

3.3. Analysis of the virulence profile of UPEC isolates

The studied virulence genes, their frequencies among the clini-
cal strains are presented in Table 2. The prevalence of 11 virulence
Table 2
Virulence gene profile of uropathogenic E. coli isolates (UPEC).

Culture
No.

Sequence
Type

Virulence Genes

Afa/draBc
(559 bp)

FimH
(508 bp)

KPSMT II
(272 bp)

KPSMTK5
(159 bp)

KPSM
(153

XA01 ST131 + + + – –
XA03 – + – – –
XA04 ST131 – + + + +
XA06 ST131 – + + + +
XA08 ST405 – + + + –
XA09 ST127 – + – – –
XA10 ST131 – + + + +
XA13 ST131 – + + + –
XA19 + – – – –
XA20 – + + + +
XA21 ST131 + + + – –
XA26 ST131 – + + – +
XA27 ST131 – + + + –
XA28 – + + + +
XA31 ST101 + – – –
XA32 + + + – –
XA37 ST131 – + + – –
XA39 – + + + +
XA42 ST131 – + + – –
XA43 ST131 – + + – –
XA45 ST131 – + + + +
XA50 – + – – –
XA51 – + – – –
XA55 ST131 – + + – +

4

genes among UPEC strains were as follows, fimH (n = 23), Afa
(n = 4), kpsMTII (n = 18), kpsMTK5 (n = 10), kpsMTK1 (n = 9), FyuA
(n = 21), iroN (n = 6), iutA (n = 16), IreA (n = 2), hlyA (n = 11) and
cnf1 (n = 10). The results are shown in Fig. 2a and b. Among the vir-
ulence genes, fimH responsible for adhesion was highly prevalent
in most of the strains. Anyone of all 11 virulence genes was at least
found in all clinical strains. The three virulence genes such as fimH,
kpsMTII, FyuA from different pathogenic mechanisms were
detected majorly in UPEC strains. ireA was the least one found on
only two isolates. Among the genes related to the iron acquisition
system FyuA, iutA were more common than iroN, ireA. The abun-
dance of toxin genes cnf 1, hlyA was almost equal to the respective
strains. Arrangement of various virulence genes on different com-
binations makes the distinct type of gene patterns, a total of 18
types of virulence patterns were identified on 24 strains. Of which
afa/fimH/kpsMTKII/fyuA/iutA/hlyA/cnf1 pattern as 12.5% and follow-
ing four different patterns such as fimH/kpsMTII/kpsMTK5/kpsMTK1/
fyuA/iutA/hlyA, fimH/kpsMTII/kpsMTK5/kpsMTK1/fyuA/iroN/cnf1,
fimH/kpsMTII/fyuA/iutA, fimH/iroN/cnf1 as 8.3% each was found
among the UPEC isolates. In total 14 (58%) isolates were found to
be carrying more numbers 6 to 8 of virulence genes.

3.4. Phylogenetic analysis of virulence gene profile of uropathogenic
E. coli

The phylogenetic tree was constructed based on virulence gene
profile which clearly showed the relationship between strains and
their diversity. The tree consists of two major clusters, which is
divided further into several clades. All ST131 isolates were present
in Cluster-I. E. coli XA01, E. coli XA21, E. coli XA13 and E. coli XA27
are present in a single node belong to B2-ST131 and ESBL produc-
ing isolates. Whereas B2-ST131 isolates E. coli XA06 and E. coli
XA10 were grouped together, which differs in their antibiotic resis-
tant pattern, where the earlier one was ESBL. Another B2-ST131
isolates E. coli XA26 and E. coli XA55 were also grouped together
in which the later was ESBL producer. Phylogenetic group B1 iso-
lates E. coli XA03 and E. coli XA31 were also grouped together both
produce AmpC b-lactamase, where the later was also positive for
ESBL and NDM (Fig. 2b). However, ESBL-AmpC-NDM variant
TK1
bp)

FyuA
(880 bp)

Iron N
(667 bp)

IutA
(300 bp)

IreA
(254 bp)

HlyA
(1177 bp)

Cnf1
(498 bp)

+ – + – + +
+ – + – – –
+ – + + – –
+ – + – + –
+ – – – – –
+ + – – + +
+ – + – + –
+ – + – + –
+ – + – – –
+ + – – – +
+ – + – + +
+ – + – – –
+ – + – – –
+ + – + + –
+ – + – – –
+ – + – + +
+ – + – – –
+ + – – – +
+ – + – + +
– – – – – –
+ – + – + +
– + – – – +
– + – – – +
+ – + – + –



Fig. 1. (A-C): A). PCR amplification of drug resistant genes. (A) blaTEM (972 bp); (B) blaCTX-M-15 (996 bp); (C) aac(60)-Ib-cr (580 bp); (D) qnrA (580 bp), qnrB (264 bp) and
qnrS (428 bp) genes; (E) sul1 (433 bp) and sul2 (293 bp) genes. Lane M- 1 kb DNA ladder, NC-Negative control and lane numbers represents the corresponding UPEC isolates
such as 01 for E. coli XA01 and 55 for E. coli XA55 respectively: B). (A) Double disc synergy test for the phenotypic detection of beta-lactamase NDM: IPM (Imipenem)/EDTA,
MRP (Meropenem)/EDTA. (B) PCR-based detection of b lactamase genes (A) TEM, CTX (B) AmpC, (C) NDM in culture lysate; C), (A) PCR-based detection of b lactamase gene,
blaAmpC, in culture lysate. (B) PCR amplification of MOXM type AmpC beta-lactamase gene by UPEC strains. Lane 1: 1 kb ladder, Lane 2: XA03, Lane 3: XA05, Lane 4: XA08,
Lane 5: XA31, Lane 6: XA51 and Lane 7: 100 bp ladder.

Fig. 2. (A-C): A) Detection of virulence genes in UPEC profile strains XA03, XA04, XA06, and XA08. Lane 1 1 Kb ladder, 2 Gene pool 1 XA03, 3–1 XA04, 4–1 XA06, 5–1 XA08, 6
Gene pool 2 XA03, 7–2 XA04, 8–2 XA06, 9–2 XA08, Lane 10 Gene pool 3 XA03, 11–3 XA04, 12–3 XA06, 13–3 XA08, 14 100 bp ladder; B) Dendrogram of virulence gene profile
and the corresponding phylogenetic group of all E. coli isolates. C) Distribution of Virulence genes among ST131 and non ST131 UPEC isolates.
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E. coli XA51 was grouped in cluster-II separately, which differed
from other group B1 isolates E. coli XA31 in their virulence profile.

3.5. Distribution of virulence genes among ST131 and non-ST131 UPEC
isolates

The distribution of virulence genes was compared among ST131
(n = 13) isolates and non-ST131 (n = 11) isolates (Fig. 2c). Most of
the virulence gene were dominant among ST131 isolates (fimH,
kpsMTII, kpsMT5, kpsMT1, fyuA, iutA and hly) when compared with
non-ST131 isolates (afa/draBC, iroN, ireA and cnf1). It is significant
to note that both fyuA and iutA were detected among all the
ST131 isolates, ireA was detected in only one ST131 isolate
(E. coliXA04) and ironN was absent in all ST131 isolates. Whereas
among the iroN was higher (55%) among non-ST131 isolates, when
compared with iutA (28.3%). Among the toxin genes hly was dom-
inant among ST131 isolates (ST131-63.3% vs non-ST131-28.3%) and
cnf1 was dominant among non-ST131 isolates (ST131-31.7% vs
non-ST131-55%). The ESBL producing non-ST131 isolates (n = 6)
were found to have less virulence genes, when compared with
ST131 and non-ESBL-non-ST131 isolates.

3.6. Analysis of horizontal gene transfer

Antibiotic resistance in E. coli frequently occurs through the
process of horizontal gene transfer. Conjugation assay was per-
formed to confirm the transferable drug-resistant plasmids present
among the UPEC isolates using E. coli J53 as recipient strain by liq-
uid matting experiment. As a result, in ceftazidime (100 mg) con-
taining LB medium, both the E. coli transconjugants (J53pXA04,
J53pXA09, J53pXA21, J53pXA31, J53pXA42, and J53pXA51) and
E. coli wild isolates (XA31, XA42, and XA51) were grown except
the E. coli J53 strain. In the case of azide (100 mg) containing med-
ium both the transconjugants and J53 recipient strain were grown
except the wild strain. Finally, both of the antibiotics were used as
double selection to know the transfer of resistance genes between
the strains. It was found that the transconjugants only were grown
and none of the others (Fig. 3). And to distinguish transconjugants
among other RAPD analyses was done, this showed that, there was
a difference in the RAPD banding pattern of transconjugants and
wild strains (Fig. 4). Transconjugants were obtained from 6 isolates
(XA04, XA09, XA21, XA31, XA42, and XA51) by conjugation assay,
which possessed transferable plasmids. The conjugation was con-
firmed genotypically by RAPD analysis among 3 isolates (XA31,
XA42, and XA51) and phenotypically among the remaining isolates
(XA04, XA09, and XA21). The disc diffusion assay confirmed the
transfer of resistant markers. Along with cephalosporin resistance,
resistances to other classes were also found such as fluoro-
quinolone, trimethoprim-sulfamethoxazole, and tetracycline
among 2 isolates (XA04 and XA09). Conjugal transfer of NDM resis-
tance was confirmed among 2 isolates (XA31 and XA51).

3.7. ERIC-PCR fingerprinting of O25b-ST131 isolates

To analyze the genetic diversity of O25b-ST131 isolates belong-
ing to phylogenetic group B2 ERIC-PCR was carried out. The genetic
variation among the UPEC isolates with different banding patterns,
which ranged from nearly 300 bp to 4.5 kb, was revealed by the
results of ERIC-PCR analysis (Fig. 5a and b).

Another genetic similarity on O25b-ST131 was also revealed by
ERIC-PCR profile-based dendrogram by placing them into three dif-
ferent clusters (I to III). Five UPEC isolates among which two iso-
lates were (E. coli XA01 and E. coli XA04) ESBL which belongs to
ST-131 were placed to cluster I. In cluster II, on eleven non ESBL
isolates five ST-131 isolates were grouped along with six non-ST-
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131 isolates. Whereas in cluster III eight ST 131 isolates were with
E. coli XA09 (ST127) and E. coli XA08 (ST405).
4. Discussion

Community spreading of multidrug-resistant E. coli isolates is a
global threat in concern. When multiple virulence factors of UTIs
were added along with MDR, it became complicated in therapeu-
tics of UPEC isolates (Paniagua-Contreras et al., 2018; Raeispour
and Ranjbar, 2018). Molecular tools have been used widely to ana-
lyze the clonal population of UPEC isolates causing community-
acquired UTIs worldwide (Vejborg et al., 2011). In the present
study, MLST was used along with ERIC-PCR fingerprinting to
understand the genetic diversity of UPEC isolates spreading in
the region of the southern part of India. The study revealed the
presence of ST131 isolates, which is one of the pandemic strains
causing UTIs. There were several reports of CTX-M-15 as selective
markers along with fluoroquinolone and trimethoprim/sulphame
thoxazole in the spreading of ST131 isolates (Decano, et al.,
2020). The presence of multiple virulence factors makes it much
more complicated. Here in this study, 34 strains were subjected
to analyze the virulence factors, in a total of 17 isolates were iden-
tified as ST131, among which 7 isolates were non-ESBL. The report
reveals the community spreading of non-ESBL isolates along with
the ESBL among ST131 isolates. In the present study it was found
that the virulence genes were more dominant among the UPEC iso-
lates of group B2 followed by groups D, A and B1, which clearly
says their role on causing UTI. Contreras-Alvarado et al. (2021) also
reported that ST131 (63.63%) was associated initially with phylo-
genetic group B2. Though non-ESBL ST131 isolates were suscepti-
ble to most of the antibiotics, the presence of multiple virulence
genes may support their adaptability to cause UTIs and are respon-
sible for their spreading in the community.

The Enterobacteriaceae that produces the blaAmpC b-lactamase
has been a major challenge in the health care providers and com-
munity as well. The increasing rate of resistance towards the last
line drugs particularly cefoxitin is highly alarming nowadays. Our
study demonstrates the presence of the blaAmpC b-lactamase gene
in the few clinical isolates of UPEC, and only the MOX type of
pblaAmpC was found in two isolates, shows that it could be
plasmid-mediated and phenotypically presence and genotypically
absence of blaAmpC in the rest of the isolates indicates which
might be chromosomally mediated. But in other studies which
reported the prevalence of blaAmpC are higher. Also in India, it
has been reported that some of the studies have all types of pAmpC
(CIT, DHA, MOX, ACC, and CMY) with the co-production of b-
lactamase (Peirano et al., 2014).

During the evolution of bacterial spread, several important
genetic events take place through horizontal gene transfer in the
form of conjugation and others. This provides the platform through
the plasmid to the different members of Enterobacteriaceae for the
transmission of the drug resistance gene against various antibiotics
(Pérez-Pérez and Hanson, 2002; Al-Ansari et al., 2021). The spread-
ing of resistance genes by transferable plasmids carrying co-
resistance of various antibiotic classes were reported elsewhere
(Mukherjee and Mukherjee, 2019). The outcome of the conjugation
analysis shows that the withstanding ability of recipient strain
E. coli J53 on ceftazidime antibiotic for three subsequent genera-
tions indicates stable expression of ESBL genes such as blaCTX-
M-15 and blaTEM on the plasmid. Further, it states that the trans-
ferring nature of resistance genes from donor to recipient reflects
as they are mobile genes born elsewhere, also that could involve
in the dissemination of heavy risk genes and it poses threat to pub-
lic health the way it spreads across the bacterial population (Pitout
et al., 1998). Carbapenem antibiotics are being the first choice of



Fig. 3. (A-E): Characterization of NDM gene dissemination through horizontal gene transfer by conjugation with E. coli J53. A) Transconjucants J53PXA31, J53PXA42,
J53PXA51, wild XA31, XA42, XA51 in ceftazidime-2 mg; B) Transconjucants J53PXA31, J53PXA42, J53PXA51, wild XA31, XA42, XA51 in azide-200 mg; C) Transconjucants
J53PXA31, J53PXA42, J53PXA51, wild XA31, XA42, XA51 in azide-100 mg; D) Transconjucants J53PXA31, J53PXA42, J53PXA51, wild XA31, XA42, XA51 in azide/ceftazidime
100 mg. E) Transconjucants J53PXA31, J53PXA42, J53PXA51, wild XA31, XA42, XA51 in azide-200 mg.

Fig. 4. (A-B) A) RAPD profile of donor and transconjugants Lane 1: 1 kb ladder, Lane 2: XA31, Lane 3: XA51, Lane 4: XA42, Lane 5: J53pXA31, Lane 6: J53pXA51, Lane 7:
J53pXA42, Lane 8: XAJ53, Lane 9: 100 bp ladder; B) Dendrogram of RAPD profile.
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treatment for the severe infections caused by the ESBL producing
bacteria. However, various findings state that the b-lactam
hydrolyzing nature of blaNDM-7 poses a high risk of emergence
of resistance globally (Poirel et al., 2011; Terlizzi et al., 2017). In
our study, we found that the two isolates have developed resis-
tance to carbapenem and that confers the expression of carbapen-
emase which was identified as blaNDM-7. Taken together, it is
7

necessary to discover new therapeutic options to overcome the
problems faced by the health care sector.

Virulence factors are a crucial determinant of pathogenicity
(Najafi et al., 2018). Most of these factors are connected to site-
specific infections and largely belong to one of the pathogenic
approaches: adhesions, iron acquisition systems, toxins, immune
evasion mechanisms, and invasions. The severity of UTIs is associ-



Fig. 5. (A-B): A) Dendrogram of ERIC-PCR profiles based on Unweighted Pair Group Mathematical Average (UPGMA) clustering algorithm; B) The results of ERIC-PCR
amplified products of phylogenetic group B2 isolates. M1- 1 kb ladder, M2-100 bp ladder, C- E. coli MTCC729 and all other numbers represented their corresponding UPEC
isolates such as 01 for E. coli XA01 and 04 for E. coli XA04 respectively.
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ated with the host susceptibility and multiple virulence genes car-
rying the potential of UPEC (Ballesteros-Monrreal et al., 2020).

As the mounting antibiotic resistance gaining on bacteria
against most drugs, it is necessary to improve effective control
and disease management and promote alternative therapeutic
strategies. It is required that the virulence factors involved in
pathogenesis and associating factors should be characterized
(Abraham et al., 2012). In UTI development the first step to initiate
bacterial colonization on uroepithelial cells is the adherence of
E. coli (Lüthje and Brauner, 2014). The adhesion virulence factor
genes are more frequently occurring in UPECs. To establish the
UTI and subsequent progression to urosepsis, fimbriae play an
important role (Queipo-Ortun~o et al., 2008).

Most of the strains (96%) in our study carry the fimH gene-
fimbrial adhesion of type 1 pili which are similar to other studies
and mainly involve adherence to the bladder but also in internal-
ization and further formation of intracellular bacterial communi-
ties (Raeispour and Ranjbar, 2018; Ruiz del Castillo et al., 2013).
Due to the prevalence of fimH among the UPEC isolates, investiga-
tions are underway to target fimH as a vaccine candidate for the
prevention of UTI. Afa adhesin (afa gene) was found in 16% of UPEC
strains. Afimbrial adhesions (afa), though associated with UTI also
involve gestational pyelonephritis and may favor the establish-
ment of chronic and/or recurrent urinary tract infections
(Schneider et al., 2011). A capsule made of polysaccharides serves
as a virulence factor is located on the surface of bacteria protecting
against the host immune system (Steiner et al., 1996; Al-Ansari
et al., 2020). Capsule helps bacterium to escape from the host
defense such as phagocytosis and complement-mediated effect,
K1 and K5 involve in preventing the humoral immunity by doing
molecular mimicry to host tissue (Terlizzi et al., 2017).

KPSMTIIwas found in 75%, K5, and K1 accounts for 41%, and 37%
of E. coli isolates causing UTI. a-Hemolysin (Hly-A) and cytotoxic
necrotizing factor (cnf1) secreted by the UPEC isolates in high con-
centrations damages the host cell membrane by pore formation
leads to the acquisition of iron and nutrient in bacteria (Steiner
8

et al., 1996). In this study, 46% of UPEC isolates were carried hemo-
lysin (hly) and 41% of cytotoxic necrotizing factor (cnf1) was found
in UPEC isolates.

During UTI iron is required for the growth of E. coli, because the
bladder is an iron-limiting environment. Thus, UPEC strains deploy
genes involved in the iron acquisition process such as fyuA, iroN,
iutA, ireA (Vejborg et al., 2011). In our study, 87%, 25%, 66%, 8.3%
of UPEC isolates were found to carry as fyuA, iroN, iutA, ireA genes
respectively. Among the iron uptake system genes, the high preva-
lence of fyuA (87%) gene encoding the yersiniabactin receptor
involves in the iron-chelating process suggests it could be the best
predictor of the efficient colonization of UPEC in the bladder envi-
ronment of humans (Vejborg et al., 2011; Yun et al., 2014;
Shakhatreh et al., 2019).
5. Conclusion

In this study, we have found the multidrug-resistant carrying
different uropathogenic E. coli isolates with distinct sequence types
particularly the high prevalence of ESBL producing ST131 E. coli the
major epidemic group of UPEC. And the number of UPEC isolates
included in this study is less sufficient to analyze various parame-
ters extensively, even though we found, some abundant level of
genes, particularly the yersiniabactin receptor encoding gene
among the various virulence genes analyzed on most of the MDR
isolates majorly belong to ST131 lineage suggests that it could
become the possible target of anti-virulence to combat multidrug
resistance effectively in future. Therefore, allowing further detailed
investigation would establish that the virulence genes could also
act as effective targets in drug therapy.
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