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&/ Summary

Uropathogenic Escherichia coli (UPEC) is one of the main causes of urinary tract infections (UTIs).
We aimed to investigate the antimicrobial resistance (AMR) pattern, the frequency of some viru-
lence genes (VGs), and the association of AMR with VGs.

A total of 300 urine samples were collected from patients suspected to have UTI. The samples
were examined by biochemical and microbiological methods and VITEK2 compact system to
identify the bacterial infectious agents. The antimicrobial resistance pattern and virulence genes
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(papAH, papC, papEF, papG, fimH, and fyuA) profile of UPEC isolates were investigated and the
relationship between these traits was evaluated by statistical methods.

Among these samples, 201 (67%) exhibited a positive growth on culture media. E. coli was
isolated from 60 (29.85 %) specimens followed by Klebsiella pneumoniae 42 (20.90%), Staphy-
lococcus aureus 38 (18.9%), Enterobacter spp 29 (14.43%), Pseudomonas aeruginosa 10 (4.98%),
Proteus mirabilis 15 (7.46%), others about 7 (3.48 %) isolates. Antibiogram results of 15 antibiotics
examined showed that all E. coli isolates were multidrug-resistant (MDR). The commonest anti-
microbial resistance was observed against Streptomycin (100%), Kanamycin (98.3%), and Am-
picillin (96.7%). The most sensitive agents were Meropenem (96.4%), Nitrofurantoin (93.4%),
and Imipenem (85%). VGs detected among UPEC isolates were fimH (88.3%), papAH (85%), papC
(85%), papG (80%), fyuA (80%), and papEF (60%).These results alleged no strong correlation be-
tween VGs and AMR in E. coli strains.

Based on the results of the present study, virulence genes, and antimicrobial resistance are in-
dependent properties and can transfer to other bacteria separately.Further studies are needed
to better understand the relationship between different virulence factors (VFs) and AMR at a

molecular level, as most UPEC isolates express several VFs and AMR simultaneously.
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Introduction

Urinary tract infection (UTI) is an important infectious
disease in humans. Previous studies have reported
that UTI can be caused by many pathogens such as
Escherichia coli, Klebsiella, Proteus, Pseudomonas, and
other microorganisms.! E. coli, the main cause of UTI,
is a part of the normal flora of healthy individuals but
some strains may lead to disease in the intestine or
some other organs. Uropathogenic E. coli (UPEC)
strains have acquired virulence properties that enable
them to cause disease. Pathogenic E. coli strains are
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generally classified into three groups of diarrheagenic,
uropathogenic and strains causing other extra-intes-
tinal manifestations, including sepsis/meningitis.?

To form a UTI, E. coli needs to overcome several de-
fense lines. Virulence factors (VFs) are molecules pro-
duced by bacteria that enable the microorganisms to
thrive within host species, and increase the ability of
microbes to cause disease.? Virulence genes (VGs) of
UPEC strains are transferred by plasmids or localized
on chromosomal gene clusters, called “pathogenicity
islands”4

Some of the major VFs which found in UPEC are ad-
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hesins, protectins, toxins, and iron-acquisition sys-
tems.> More than ten different pilus systems are rec-
ognized in UPEC strains; however, the most common
and best characterized are type 1 and P pili encoded
by the fim and pap operons, respectively.®

The second common VG of UPEC is papC which
plays an important role in producing pylonephritis
caused by ascending UPEC strains. P fimbriae are het-
eropolymeric fibers composed of different protein
subunits including Pap C, Pap A, Pap H, Pap K, Pap E,
and Pap F.7

Several iron-acquisition systems have been identi-
fied in pathogenic E. coli. Yersiniabactin is associated
with a siderophore system in which low mass mole-
cules have high affinities for iron absorption, and are
important in pathogenic bacteria. Yersiniabactin
could solubilize the metal bounds in host binding pro-
teins and transport iron to bacteria because of their
high affinity to iron. The expression of yersiniabactin
is regulated by fyuA gene.®

Antimicrobial resistance (AMR) genes are typically
acquired through mobile genetic elements (MGE) in-
cluding plasmids, insertion sequence elements, trans-
posons, and integrons.’

Many MGEs, especially plasmids, are transferred be-
tween different members of the Enterobacteriaceae
enabling the spread of the resistance genes.’® MGE
scan also encode VFs, and there may be an interplay
between virulence and AMR.® AMR is rapidly increas-
ing and has become a global problem. Resistance de-
velopment and appearance of multidrug-resistant
(MDR) strains in UTls may be due to frequent use of
antimicrobial agents usually with broad spectrum,
hospitalization, anomalies in the urinary tract system,
age, catheterization, and recurrent UTls."

Several studies have shown that resistant E. coli
strains tend to be less pathogenic than susceptible
isolates; however, some studies reported opposite re-
sults.’>3 Furthermore, it remains unclear whether vir-
ulence and antimicrobial resistance are co-associated
factors or independent. In this study, we investigated
the frequency of some VGs and resistance against an-
tibiotics, then their relationships were determined.

Materials and Methods

Sample Collection

The current study was conducted at the AL Zubair
Hospital and Dar AL Shifaa Investment Hospital in
Basra; Iraq, from November 2020 to March 2021. The
urine samples were collected from patients referred
to AL Zubair hospital and Dar AL Shifaa Investment
hospital in Basra, Irag. A total of 300 urine specimens

were collected, and then the demographical data
such as name, age, gender, address and clinical man-
ifestation (cystitis, pyelonephritis) were recorded by
physicians. The samples of patients who had taken
any medicine in the past three days were excluded
from the study. Midstream urine was collected from
suspected patients and sent to the laboratory for
further analysis.

Isolation and identification of microorganisms
Urine samples were analyzed and then cultured on
blood agar (Merck, Germany) and MacConkey agar
(Merck, Germany). Cultured samples were incubated
overnight at 37°C. If the growth count was less than
103 CFU/mL or when growth of two or more species
were detected, the samples were considered negative
or contaminated, respectively. Urinary infection was
positive by the number of =10° CFU/mL. Grown bac-
teria were identified using conventional morpholog-
ical and biochemical tests including Gram staining,
culture on Eosin Methylene Blue (Merck, Germany),
Triple Sugar Iron agar (TSI)(Merck, Germany), Methyl
Red-Voges-Proskauer (MR-VP)(Merck, Germany), and
Simmons Citrate agar (Merck, Germany). Final confir-
mation was performed using VITEK2 compact system
(Biomerieux, USA).

Antimicrobial Susceptibility Testing

All E. coliisolates were subjected to antibiotic suscep-
tibility analysis using the Kirby-Bauer disc diffusion
method. The selection of antibiotic discs was done
according to the guidelines recommended by the
Clinical and Laboratory Standard Institute (CLSI,
2020)."* Antibiotic discs (Liofilchem, Italy) used, in-
cluded streptomycin (10 pg), kanamycin (30 ug), cip-
rofloxacin (5 ug), amikacin (30 pg), amoxicillin-clavu-
lanate (30 pg), tetracycline (30 pg), meropenem (10
pg), ampicillin (25 pg), cefotaxime (30 ug), trim-
thoprim-sulphametoxazole (25 pg), nitrofuranation
(300 pg), ceftazidime (30 pg), and imipenem (10 pg).

Genomic DNA Extraction

Genomic DNA of E. coli isolates was extracted using
Wizard® Genomic DNA extraction kit (Promega, USA)
according to the instructions. The extracted DNA was
stored at -20°C until use.

Multiplex PCR

The presence of papAH, papC, papEF, papG, fimH, and
fyuA genes was evaluated by multiplex PCR. The
primer sequences and reactions were performed ac-
cording to protocols described by Johnson and Stell."
Amplification was done in a 25-pL reaction mixture
containing 12.5 yL PCR master mix (Promega; USA),
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5uL DNA template, 0.6 uM of each primer and distilled
water up to 25uL. PCR amplifications consisted of pri-
mary denaturation at 94°C for 5 min, 35 cycles of de-
naturation at 94°C for 1 min, annealing at 60°C for 1
min and extension at 72°C for T min and finally an ex-
tension at 72°C for 7 min in a thermal cycler (Applied
Bio System USA).

Statistical Analysis

Relationship between VFs and antimicrobial resist-
ance was evaluated using Spearman’s correlation co-
efficient matrix. Results were shown using a
correlogram drawn by R software (version 4.1.3). Cor-
relations with a p <0.001 were considered significant.
A dendrogram was drawn according to UPGMA (un-
weighted pair group method with averaging) sup-
ported by the Numerical Taxonomy and Multivariate
Analysis System (NTSYS) package version 2.02pc to
evaluate the similarity between isolates based on VGs
profile and antimicrobial resistance pattern of UPEC
isolates.

Results

Profile of bacteria isolated from patients with UTI
In the present study, 300 urine samples were collected
from patients suspected to have UTl based on clinical
manifestations. Among these, 201 (67%) exhibited
growth of uropathogenic bacteria, while 99 (33%)
showed no growth. Out of 201 detected isolates, 38
(18.9%) and 163 (81.1%) were Gram-positive, and
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Gram-negative bacteria, respectively. The positive cul-
tures for women and men were 152 (75.62%) and 49
(24.37%), respectively, which was statistically signifi-
cant (p <0.05). These identified bacteria belonged to
different genera. Among Gram negatives, 60 (29.85%),
42 (20.90%), 29 (14.43%), 15 (7.46%), and 10 (4.98%)
urine specimens were positive for E. coli, Klebsiella
pneumoniae, Enterobacter sp., Proteus mirabilis, and
Pseudomonas aeruginosa, respectively. The other Gram
negatives were about seven (3.48 %). Staphylococcus
aureus, a Gram positive pathogen, was isolated from
38 urine samples (Fig 1). The samples which showed
no bacterial growth or growth below 10°cfu/mL were
excluded from the study. Symptoms of these patients
could be attributed to other causes outside the target
of this study. Therefore, we found E. coli as the pre-
dominant etiology of UTI.

Antimicrobial Susceptibility Determination

All UPEC isolates were subjected to antimicrobial sus-
ceptibility testing according to the CLSI (2020) guide-
lines. As shown in Fig 2, antimicrobial resistance was
determined, in receding frequency, against strepto-
mycin (100%), ampicillin (95%), ceftazidime (93.3%),
cefotaxime (86.7%), trimethoprim-sulphametoxazole
(78.3%), amoxicillin-clavulanate (63.3%), nalidixic acid
(58.3%), ciprofloxacin (53.3%), kanamycin (40%), gen-
tamycin (36.7%), amikacin (26.7%), imipenen (15%),
nitrofurantoin (6.6%), meropenem (3.3%) (Fig 2).

Distribution of VGs
The PCR results showed that 96% of the UPEC isolates
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aeruginosa 3.48%
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7.46%

Enterobacter
14.43%

Kiebsiella pneumorV
20.90%

Gram positive
B 18.91%

Escherichia coli
29.85%

Figure 1
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Profile of bacteria isolated from patient with urinary tract infection.



INVESTIGATION OF VIRULENCE FACTORS AND THEIR RELATIONSHIP WITH ANTIMICROBIAL RESISTANCE AMONG UROPATHOGENIC
Escherichia coli ISOLATES IDENTIFIED FROM PATIENTS IN BASRAH CITY, IRAQ

100 1

90 1

80 1

70 1
w 60 1
=
5
2 50 1
2]
B 40 1

30 1 B Sensitive

20 BResistant

1e] DOintermediate

0 -

F RIS, EFLSFSTS & &S

ey &g F&FS @“ & & & & &

ST TL TFE TS FSS
Q&5 (&g &« « é’é
& &
s &
4 o
N
&
&‘\
Figure 2 Antibiotic susceptibility pattern of uropathogenic Escherichia coli isolates.

had at least one of the investigated VGs. The highest
and lowest frequencies were related to the fimH
(88.3%) and the papEF (60%) isolates. The genes of
papC, papAH, papG, and fyuA were detected in 51
(85%), 51 (85%), 48 (80%), and 48 (80%) of UPEC iso-
lates, respectively.

Correlation between antimicrobial resistance
and VGs

Spearman’s correlation coefficient matrix was per-
formed to determine the relationship of antimicrobial
resistances, VGs, and antimicrobial resistances with
VGs.The strongest associations were detected among
resistance to: nalidixic acid and gentamycin, ciproflox-
acin and gentamycin, ciprofloxacin and nalidixic acid,
and amoxicillin-clavulanic acid and kanamycin. pap
genes showed a relationship with each other (Fig 3).

Cluster analysis

The drawn dendrogram showed 35 (58%) isolates lo-
cated in one major cluster due to similarity in genetic
background and antimicrobial resistance pattern (Co-
efficient of 0.8) (Fig 4).

Discussion

Based on our results, UPEC is one of the major caus-

ative agents of UTIs in Basrah city, Iraq. In the present
study, the frequency of UPEC isolates was higher in fe-
males than in males. It could be due to hormonal and
anatomical differences of the urinary tract in females.

Findings of the present study revealed a high rate
of resistance to streptomycin, kanamycin, and ampi-
cillin. Studies from other countries also reported a
high frequency of AMR against UPEC isolates.'>'® We
found that 63.3% of the UPEC isolates were resistant
to amoxicillin-clavulanic acid. In Mexico, UPEC strains
related to outpatients with uncomplicated UTI
showed 19.6% resistance against amoxicillin-clavu-
lanic acid.”” Another study on community-acquired
UTls in Italy reported 18.2% resistance against amox-
icillin-clavulanate in UPEC isolates.'®

With respect to the findings of the present study,
UPEC isolates showed high sensitivity to meropenem,
nitrofurantoin and imipenem, which was in accor-
dance with the results of other studies.’®?® Nitrofu-
rantoin is prescribed only for the treatment of uncom-
plicated UTls, because it cannot reach an appropriate
level in the bloodstream. Nitrofurantoin is not rec-
ommended for complicated UTI or systemic involve-
ments; however, due to increased resistance against
sulfamethoxazole-trimethoprim and quinolones in
UPEC strains, the rational use of nitrofurantoin has
been recommended in cases such as re-infection or
prophylaxis of recurrent uncomplicated UTls.?'-22
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Figure 3
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Detection of VFs can improve our knowledge about
the pathogenic processes of UTl and reduce compli-
cations such as kidney failure. In the present study,
we determined the frequency of six important VGs
among UPEC isolates. We deployed a molecular
method to explore the association between some VGs
and AMR in UPEC strains isolated from patients with
UTl in Basrah city, Iraq. UPEC isolates carry different
Vgs and are diverse due to the presence of MGEs such
as plasmids, transposons, pathogenic islands (PAls),
and bacteriophages. These genetic elements may
carry AMR genes in addition to Vgs. It has been re-
ported that some plasmids belonging to the IncF in-
compatibility group, carry both virulence and antibi-
otic resistance genes.'?

Type 1 and P fimbriae are frequent among UPEC
strains isolated from cystitis and pyelonepbhritis, re-
spectively.? In the present study, imH which encodes
the type 1 fimbria was found in almost (88.3%) UPEC
isolates. Other studies reported a lower frequency of
fimH such as that reported by Paniagua-Contreras et
al (2017) in Mexico with a prevalence rate of 61.3%.%
Tiba et al conducted a study on the VGs of UPEC
strains isolated from patients with cystitis.?> The high-
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est frequency rates of VFs were related to fimH (97.5%)
and papC (32.7%). In E. coli strains isolated from Ro-
manian adults with UTI, the incidence rate of fimH and
papC was reported at 86% and 36%, respectively.?® In
our study, both papC and papAH were found in 85%
of UPEC isolates.

The results showed that the UPEC isolates carried
these six VFs with high frequencies. These results
demonstrated no strong correlation between VGs and
AMR in E. coli strains. A strong association between
pap genes indicates that these genes are located in a
gene cluster.

Johnson et al believe that AMR and virulence do
not usually co-evolve and most multidrug resistant
isolates are less virulent than susceptible ones." Ho-
wever, some researchers reported a positive associa-
tion between virulence traits including fimH receptors
with AMR.?”28 There are many contradictions in this re-
gard. To sum up, UPEC strains differ in their patho-
genic potential and susceptibility to antimicrobial
drugs in different patient populations, a point that
should be considered when guidelines are developed
for the management of UTI. Regular evaluations and
formulation of antibiotic use policy are essential in
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managing the transmission and acquisition of AMR.
Further studies are necessary to better understand
the relationship between different VFs and AMR at a
molecular level as most UPEC isolates simultaneously
express several AMR or VFs. However, based on the
results of this study VGs and antimicrobial resistance
are independent properties and can transfer to other
bacteria separately.

UPGMA (Unweighted pair-group method with arithmetic clustering) dendrogram according to data from antimicrobial
resistance phenotype and virulence genes of uropathogenic Escherichia coli strains. Positive genes or antimicrobial
resistance were shown with green color, while negative genes or antimicrobial susceptibility were shown with white
color. GEN: gentamycin; NA: nalidixic acid; KAN: kanamycin; CIP: ciprofloxacin; TET: tetracycline; AM: amikacin,
AMC: amoxicillin-clavulanate, TET: tetracycline, MEM: meropenem, AMP: ampicillin, cefotaxime, TMP-SMX: trim-
thoprim-sulphametoxazole, FM: nitrofuranation, CTZ: ceftazidime, and IMP: imipenem.

Conclusion

E. coli is one of the main causative agents of UTI. The
results showed that UPEC isolates harbored different
VFs. Moreover, we did not find a strong connection
between VFs and AMR in UPEC isolates. Further
studies are needed to better understand the relation-
ship between different VFs and AMR at a molecular
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level, as the most UPEC isolates simultaneously ex-
press several VFs and AMR.
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To oupomnaBoyoévo oteléxn Escherichia coli (UPEC) sival pia amd Tig KUpLEG altieg oupoAol-
pwéewv (UTls). Ztdxog TnG mapoloag eAéTng Atav n SlEpevivnon TNG AVTIMIKPOPBIOKAG avTo-
X< (AMR), n cuxvétnTa oplopévwy yovidiwv Aotpoydvou dpdong (VGs) Kat n TUXOV CUCKETION
TOUG. ZUVOAIKA GUAEXONKav 300 Seiypata ovpwv amod acBeveic pue umopia oupoAoipwéng.
Ta Seiypata e€eTaoTNKAV HE TIG KAACIKEG BlOXNUIKEG Kal LIKpoBlohoyikég ueBddoug, evw n
TAUTOTIOINON Kal 0 éAEYXOC ELAICONGCIAC TWV ATTOOVOUUEVWY MIKPOOPYAVIOUWYV EYIVE HE
TO nuiavTomoinuevo cuotnua VITEK2 (bioMerieux). Ztn cuvéxela, mpoodlopioTNKE TO TIPOPIA
yovidiwv Aoipoydvou dpdaong (papAH, papC, papEF, papG, fimH, and fyuA) Twv amopovouue-
vwv UPEC kal éywve Slepelvion TuXOV CUOXETION TOUG E TO AVTIOTOLXO TTPO®IA TNG AVTIUL-
KPOBIAKAC AVTOXNG ME OTATIOTIKEG HEBOSOUC. MeTaly Twv Selypdtwy, 201 (67%) ¢dwaoav
BeTik6é amotéheopa otnv KaAépyeta. O pikpoopyaviouog E. coli amopovwOnke amd 60
(29,85 %) deiyupata, akoAouBoUpEVOC Ao TOUC Pikpoopyaviououg Klebsiella pneumoniae
42 (20,90%), Staphylococcus aureus 38 (18,9%), Enterobacter spp. 29 (14,43%), Pseudomonas
aeruginosa 10 (4.98%), Proteus mirabilis 15 (7.46%) kat Aoimoi pikpoopyaviopoi 7 (3.48 %).
Ta anmoteAéopata avtifloypdupatog yia 15 avtilotikwy mou egetdotnkav €6ei&av 6ti OAa
Ta anopovwuéva oteéxn E. coli ftav moAvavBektikd (MDR). H cuvnBéotepn avTtipikpoiakn
avtoxn mapatnEnOnke évavtl oTPENMTOpUKIvNG (100%), Kavapukivng (98,3%) Kat apmKIANVNG
(96,7%). Ta peyaAutepa moocooTd svaloOnoiag mapatnendnke o pepomevéun (96,4%), vi-
TPOoPoupavToivn (93,4%) Kkat meveéun (85%). Ta VGs mou avixvelBnkav YeTa&l Twv amo-
povwoewv UPEC Atav: fimH (88,3%), papAH (85%), papC (85%), papG (80%), fyuA (80%) kai
papEF (60%). H otatiotiki avaluon €6eiée ot1 Sev umapxel loxupr ouoxétion petadu VGs
kat AMR ota oteléxn E. coli TNG HENETNG. ZUPTEPACUATIKA, Ta Yovidla Aotpoydvou dpdong
Kal N avTipikpoBlakn avtoxn gival aveaptnTeg IG10TNTEC Kal UTOPOUV va HETAPEPBOUV
XWPLOTA o€ AAAa BakTAipla. ATTAIToUVTal TTEPAITEPW UEAETEG YA TNV KAAUTEPN KATAVONON
NG OX€0NG META&L SLAPOPETIKWY TTAPAYOVTWV Aolpoydvou dpdong (VFs) kat AMR o€ poplako
enimedo, kKaBW¢ ta meploodTEPA amopwvouueva otedéxn UPEC ekgpdlouv tautoxpova
mOAANA VFs kat mToAuavTtoxn.

Né€eic kAe1bia
ovpormaloyovo Escherichia coli, UPEC, avtyukpofioxi ovtoyi,
7 YoVIoia, A01L0yOVoD dpdong, AoIuwdn Tov OVPOTOINTIKOD GVGTHUOTOS
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