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Purpose: Uropathogenic Escherichia coli (UPEC) strains are a common cause of transplant

rejection, morbidity, and mortality among kidney transplant recipients. The virulence of

UPEC strains differs based on their pathogenicity islands (PAIs) and susceptibility to

antibiotics. The present study evaluates the clonal relationship and antibiotic susceptibility

of UPEC PAI-genotypes among Escherichia coli (E. coli) isolates from kidney transplant

patients.

Patients and methods: A total of 115 Escherichia coli (E. coli) isolates were collected

from kidney transplant recipients with acute urinary tract infections (UTIs). Isolates were

typed based on the presence of PAI-markers, and random amplified polymorphic DNA

(RAPD). The disk diffusion method was performed for the antibiotic susceptibility pattern

of isolates.

Results: According to the PAI-specific virulence markers, 69 (60%), 21 (18.3%), and 25

(21.7%) isolates were identified as genotypes related to UPEC 536, UPEC J96, and UPEC

CFT073 strains, respectively. PAI III536 genotypes were the most prevalent genotype in this

study. The findings showed a high-sensitivity to imipenem (93.9%) and nitrofurantoin

(91.3%) and a low-sensitivity to trimethoprim/sulfamethoxazole (36.5%). Clonal association

and similar antibiotic susceptibility pattern were seen in the PAI-related genotypes.

Conclusion: Due to a similar pattern of antibiotic susceptibility of these clonal groups and

increased resistance to some important antibiotics such as trimethoprim/sulfamethoxazole in

the treatment of urinary tract infections, especially in kidney transplant patients, the spread of

these clones should be considered as a serious concern.

Keywords: uropathogenic Escherichia coli, kidney transplantation, pathogenicity islands,

random amplified polymorphic DNA

Introduction
Bacterial infections are the most serious post-transplantation complications in kidney

transplant recipients, resulting in transplant rejection, morbidity, and mortality.1,2 An

impaired immune system resulting from exposure to immunosuppressive therapies

increases the susceptibility of these patients to infections.3 Uropathogenic E. coli

(UPEC) is a very common etiologic agent of urinary tract infections (UTIs) among

transplant recipients. Additionally, UPEC infections are the most common nosocomial

and community-acquired UTIs worldwide.4–6 UPEC strains attach to bladder epithelial

cells, initiate cystitis, and progress to pyelonephritis.7 Pyelonephritis may furthermore

affect renal grafts, can lead to life-threatening urosepsis.2 The pathogenicity of UPEC
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strains is due to virulence factors that contribute to the

establishment and development of the infection.

Furthermore, antibiotic-resistance of bacteria causes recur-

rent UTIs after transplantation in some patients.8 Recent

studies show increasing antibiotic resistance of bacteria is

dependent on increasing virulence of bacteria. The expres-

sion of some antibiotic resistance genes can be affected by

regulators of virulence genes.9–11 Major virulence factors of

UPEC and their regulators usually encoded by pathogenicity

islands (PAIs). Accordingly, the difference in the type of

PAIs may affect the antibiotic susceptibility pattern of the

bacteria. UPEC different PAIs were described in three 536,

J96, and CFT073 strains; Four PAIs in 536 strains and two

PAIs in J96 and CFT073 strains.12 The virulence factors

which can be used for identification various PAIs of UPEC,

include alpha-hemolysin, P-fimbriae, S-fimbriae, CS12 fim-

briae, F17-like fimbrial adhesion, Prs-fimbriae, cytotoxic

necrotizing factor 1, aerobactin, yersiniabactin, and other

iron-siderophore systems.13

Thus, the simultaneous investigation of the PAI-

genotypes and antibiotic susceptibility of UPEC strains

may be helpful in identifying and monitoring high-risk

clones. Given the importance of UPEC infection in kidney

transplantation, we aimed to evaluate antibiotic suscept-

ibility and the clonal relationship of UPEC isolates in

kidney transplant recipients, based on the distribution of

PAI-markers and whole genomic RAPD-PCR typing.

Materials and methods
Sample collection and bacterial isolation
A total of 115 UPEC isolates were collected from patients

who were referred to the Nephrology centers of three

selected hospitals in Tehran, Iran. All patients had been

received a kidney transplant during the past year and

referred to hospitals because of symptoms of acute UTI.

Patients were referred to the laboratory by their physician

to carry out urine analysis and urine culture.

The midstream urine samples had been obtained from

patients by laboratories and cultured in standard microbial

media. The isolates had been collected from samples with

105 colony-forming units (CFU), in culture. The isolates

were obtained from laboratories and confirmed again in

this survey using API 20E gallery tests (Biomerieux,

USA). Multiple samples from the same patient and none-

UPEC isolates were ignored. The age, sex, and simulta-

neous blood culture results of the patients were extracted

from laboratory records.

Bacterial DNA extraction
The isolates were cultured in Luria-Bertani broth over-

night, and the DNAwas extracted using a DNA extraction

kit (Bioneer, South Korea), according to the kit protocol.

To ensure extraction efficiency, 4 μl of extracted DNA

samples were electrophoresed on 0.8% agarose gel

(Merck, Germany) to detect related bands. Also, to obtain

the concentration and purity of DNA, optical density (OD)

of the samples 260/280 wavelengths was measured using

a nanodrop system (Thermo, USA).

Detection of PAIs according to virulence

markers
A polymerase chain reaction (PCR) assay was carried out

for the detection of prsX, hek, sfaA, ybtA, cnf1, iucA, and

sat genes, as well as for the PAI IJ96 marker, using

specific primers. Each of these genes is specific for PAIs

of UPEC and are used as a marker for their identification.

PCR amplification was performed using a 25-μL mix-

ture, containing 12.5 μL of ready-to-use MasterMix

(Fermentas, Germany), 9.5 μL of distilled water, 1 μL of

15-pmol forward and reverse primers, and 1 μL of DNA

template (200 ng). PCR amplifications were performed in

30–35 cycles using a thermal Mastercycler system

(Eppendorf, Germany). The primer sequences and size of

the amplicons of PAI-markers and their encoded virulence

factors have been described in Table 1 (PCR thermal

conditions listed in Table S1). Electrophoresis was carried

out in a 1.5% agarose gel (Merck, Germany), using

a 50 bp DNA ladder (Fermentas, Germany). One positive

PCR amplicon for each gene was submitted to a sequence

service provider (Bioneer, South Korea). A Basic Local

Alignment Search Tool (BLAST) was performed for each

sequence using the National Centre for Biotechnology

Information’s (NCBI) online services.

Antibiotic susceptibility
The antibiotic susceptibility test was carried out by the

Kirby-Bauer disk diffusion method. The suspension of 0.5

MacFarland (1.5×108 CFU/ml) was used for preparing each

isolate and samples were cultured on Mueller-Hinton agar

media (Merck, Germany), the antibiotic disks were placed on

agar surface and plates were incubated in 37 °C overnight.

The antibiotic disks; Nitrofurantoin (300 μg), Ampicillin

(10 μg), Cefazolin (30 μg), Cefotaxime (30 μg), Imipenem

(10 μg), Gentamicin (10 μg), Ciprofloxacin (5 μg), and
Trimethoprim/Sulfamethoxazole (1.25/23.75 µg) (Mast,
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England) were used in this study according to protocols of

the Clinical and Laboratory Standards Institute (CLSI 2017).

RAPD-PCR analysis
The RAPD-PCR method was applied to determine the clonal

relationships of the UPEC isolates. In this method, short

primers are used which randomly bind to complementary

sequences of DNA, and amplification is performed between

the primers. Accordingly, a pattern of amplified fragments

with different sizes is formed for each isolate. These patterns

are similar in genetically related isolates.14

Amplifications were conducted in a 25-μL reaction mix-

ture, containing 1 μL of DNA template (200 ng), 11 μL of

ready-to-use Long PCR MasterMix (Fermentas, Germany),

11 μL of distilled water, and 2 μL of two 20-pmol Decamer

primers (5ˊ-CCGCAGCCAA-3ˊ15 and 5ˊ-AACGCGCAAC

-3ˊ). The amplification conditions were as follows: one cycle

for fiveminutes at 95 °C, 15 cycles for oneminute at 95 °C, for

one minute at 33 °C, and for 90 seconds at 72 °C, followed by

15 cycles for oneminute at 95 °C, for oneminute at 38 °C, and

for 90 seconds at 72 °C, and a final extension for five minutes

at 72 °C.

Electrophoresis of the products was performed in a 1%

agarose gel (Merck, Germany) in the presence of a 1-kb

DNA ladder (Fermentas, Germany). The RAPD patterns

were analyzed using the Gel-Compare II software, version

6.6 (Applied Maths, Belgium), and the dendrogram was

drawn. Isolates with more than 90% similarity, based on

the Dice coefficient and UPGMA method, were considered

as common type.

Statistical analysis
Chi-squared and Fisher’s exact tests were performed for

analysis of the categorical data, and ANOVAwas used for

continuous data using the Statistical Package for the Social

Sciences (SPSS) software, version 22.0 (IBM, USA).

A P-value of less than 0.05 was considered significant.

Results
Distribution of the UPEC isolates and

related PAIs
The UPEC isolates that had been obtained from urine

culture of kidney transplant recipients were confirmed

according to microbiological methods. In total, 83

(72.2%) isolates were collected from female patients

while 32 (27.8%) isolates were obtained from male

patients. Based on the laboratory records, 63 (54.8%)

patients were above 50 years, while 52 (45.2%) patients

were within the age range under 50 years (52±14).

According to the laboratory records of blood culture,

E. coli was detected in nine (7.8%) patients.

Table 1 Primers, target virulence factors, and PAI markers

Target Primers (5ˊ to 3ˊ) Size (bp) Gene product

prsX (PAI I536) F: TCACAGGGGAGTCTTCACCA

R: GCGGGTCCGGATGATTATGT

874 bp F17 like adhesion

Hek (PAI II536) F: AGCCTGAACGTGACAACGAT

R: TCAGACCAGCGTTTCCTGTC

415 bp Hek adhesion

sfaA (PAI III536) F: GTGTTGCGACAAATGCGTCT

R: CCAGGCGTTGACTTACCTGT

454 bp S fimbriae

ybtA (PAI IV536) F: AACCCACTTAACGGCTCAGG

R: TTCCTGCATTCGTTCAGCCT

355 bp Yersiniabactin

PAI IJ96 F: TCGTGCTCAGGTCCGGAATTT

R: TGGCATCCCACATTATCG

400 bp -

cnf1 (PAI IIJ96) F: TGGTTTGGCGACAAATGCAG

R: TACTTCCCCCAGCCGTATGA

686 bp Cytotoxic necrotizing factor 1

iucA (PAI ICTF073) F: ACGGACAGAGTACGGATGGA

R: CCTGCGTGAAAAAGCGTTGA

492 bp Aerobactin

Sat (PAI IICFT073) F: GGTCAAGGCCATCGAGTTCA

R: TATCGATCTGGTCAGCGCAC

389 bp Secreted autotransporter toxin
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The UPEC PAI-genotypes were identified according to

the virulence PAI markers; prsX, hek, sfaA, ybtA, PAI IJ96

marker, cnf1, iucA, and satAwere detected in 20 (17.4%), 11

(9.6%), 30 (26.1%), 8 (6.9%), 3 (2.6%), 18 (15.6%), 13

(11.3%), and 12 (10.4%) isolates, respectively. According

to the presence of aforementioned PAI-markers; 69 (60%),

21 (18.3%) and 25 (21.7%) isolates were identified as UPEC

536, J96 and CFT073 related genotypes. UPEC 536 related

genotypes were more common than other genotypes in kid-

ney transplant recipients with UTIs. Also, four (3.5%) III536

genotypes and five (4.3%) CFT073 related genotypes were

isolated from patients who suffered E. coli-related sepsis.

Due to statistics, no significant correlations were found

between distribution UPEC genotypes of the sex and age

range of the patients (Table 2).

Antibiotic susceptibility pattern of UPEC

isolates
The antibiotic susceptibility test showed that the 103

(89.6%), 102 (88.7%), 91 (79.1%), 81 (70.4%), 80

(69.8%), 71 (61.7%), 69 (60%) and 36 (31.3%) of UPEC

isolates were susceptible to Nitrofurantoin, Imipenem,

Ampicillin, Cefazolin, Gentamicin, Cefotaxime,

Ciprofloxacin and Trimethoprim/Sulfamethoxazole respec-

tively. According to in vitro findings, Nitrofurantoin and

Imipenem were more effective antibiotics for treatment of

UPEC isolates, while Ciprofloxacin and Trimethoprim/

Sulfamethoxazole had the least therapeutic effect. Two iso-

lates (1.7%) were resistant to all antibiotics used in this

study. UPEC J96 related genotypes showed higher resis-

tance to most antibiotics rather than 536 and CFT073 gen-

otypes. The total antibiotic susceptibilities of UPEC isolates

according to PAI-genotypes are presented in Table 3.

Phylogenetic analysis
The dendrogram (Figure 1) represents five clusters (A-E).

The UPEC isolates with common genotypes showed more

similarity in the RAPD pattern. The UPEC I536, II536,

and IV536 genotypes were situated in cluster A, while

cluster B includes III536 genotypes. UPEC ICFT073 and

IICFT073 related genotypes were placed in clusters C and

D, respectively. Subsequently, all UPEC J96 related geno-

types stayed in cluster E. Considering the Dice Coefficient

of 90%, 25 clonal groups were constructed. In total,

A closer genetic relationships were found in the RAPD

results among UPEC isolates that were categorized in the

same genotypes. Moreover, these isolates showed more

similarity in terms of antibiotic susceptibility. The antibio-

tic susceptibility pattern of all isolates integrated into the

dendrogram is shown in Figure 1.

Discussion
The synchronic study of the distribution of PAIs, phyloge-

netic relationships, and antibiotic susceptibility of UPEC

genotypes in UTIs among kidney transplant recipients is

quite rare. Some studies about the distribution of PAIs in

UPEC reported PAI IV536 as the most prevalent PAI in

isolates from UTIs.16–19 In the present study, UPEC 536

related genotypes were the most common genotypes fol-

lowed by CFT073 related genotypes, and UPEC III536

genotypes were the most frequent.

The standard treatment and antibiotic therapy for UPEC

are complicated in kidney transplant patients. The intolerance

of patients to some antibiotics, drug toxicity, and the

acquisition of antibiotic resistance can make treatment of

these patients quite challenging. Therefore, it is important to

select an effective antibiotic agent to treat UTIs. Recently,

increasing rates of antibiotic-resistant UPEC isolates, espe-

cially to Trimethoprim/Sulfamethoxazole were reported

repeatedly.20–23 The high resistance to Trimethoprim/

Sulfamethoxazole and Ciprofloxacin, as well as the effective-

ness of Carbapenems and Nitrofurantoin, were seen in our

study.Using an effective antibiotic regimen based on antibiotic

susceptibility test is an important factor for a confine of the

emergence of resistance to various antibiotics.24

Trimethoprim/Sulfamethoxazole and Fluoroquinolones com-

monly are used for the treatment of UTIs and gastrointestinal

Table 2 Distribution of UPEC genotypes among kidney transplant patients, according to sex and age

Strains Patients Sex Age

Male Female P-value* <50 years (n=52) >50 years (n=63) P-value**

UPEC 536 69 (60%) 18 (15.6%) 51 (44.3%) 0.67 27 (23.5%) 42 (36.5%) 0.12

UPEC J96 21 (18.3%) 7 (6.1%) 14 (12.2%) 0.59 12 (10.4%) 9 (7.9%) 0.33

UPEC CFT073 25 (21.7%) 7 (6.1%) 18 (15.7%) 1.0 13 (11.3%) 12 (10.4%) 0.50

Notes: *Correlation of UPEC genotypes with gender of patients. **Correlation of UPEC genotypes with age range of patients
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bacterial infections in developing countries.25–28 Furthermore,

Trimethoprim/Sulfamethoxazole is used as a prophylaxis for

most kidney transplant patients. Antibiotic pressure also plays

an important role in the development of resistant clones.

Therefore, there may be causes of increased resistance to

these antibiotics in bacterial isolates, especially in kidney

transplant patients.

The genetic characteristics of bacteria can contribute to

the resistance to various antibiotics. There are some reports

about the association between UPEC’s PAIs and virulence

genes with antibiotic resistance. Estrada et al29 showed an

association of iutA/sat genes with quinolone resistance and

iutA/cnf1/hlyA genes with amoxicillin/clavulanic acid resis-

tance in UPEC. These virulence genes are encoded by

UPEC different PAIs. Calhau et al,17 reported association

presence of PAI I536, PAI II536, PAI III536 and PAI IIJ96

with susceptibility to amoxicillin/clavulanic acid, cefotax-

ime, ceftazidime, ciprofloxacin, gentamicin, trimethoprim/

sulfamethoxazole, ampicillin, and cefalotin. They also

showed PAI I536, PAIII536 and PAI IIJ96 are absent in

ciprofloxacin resistant, and PAI I536 and PAI IIJ96 are

absent in trimethoprim/sulfamethoxazole resistant isolates.

In the present study, UPEC 536 and UPEC J96 related

isolates were more resistant than CFT073 related genotypes

to all antibiotics used (Table 3). UPEC CFT073 was sug-

gested by Vejborg et al30 to be a highly virulent UPEC

strain, associated with both pyelonephritis and urosepsis.

Given the high virulence of UPEC CFT073 and the lower

the antibiotic resistance of the CFT073 related genotypes in

the present study, it is likely that antibiotic resistance may be

further reduced in virulence of isolates. Based on the blood

culture results and clinical records, sepsis reported in nine

patients, from whom four UPEC III536 genotypes and five

CFT073 related genotypes were isolated. Dobrindt et al31

showed that S-fimbriae, encoded by PAI III536, is asso-

ciated with isolates causing sepsis and meningitis; this

may be attributed to the increased potential of UPEC

III536 genotypes for sepsis in kidney transplant patients.

Thus, considering the simultaneous infection in the urinary

tract, UPEC can be regarded as a cause of sepsis in these

patients.

The RAPD-PCR analysis revealed that the isolates,

which were categorized in the same PAI-genotypes,

showed more similarity. Also, these isolates showed simi-

lar antibiotic susceptibility patterns too. In the present

study, seventy-six UPEC isolates that were distributed in

25 clonal groups, were similar in terms of PAI-genotype

and antibiotic resistance pattern. Based on some clonalT
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Figure 1 Genetic relationships and antibiotic susceptibility patterns of UPEC isolates. The susceptibility patterns of UPEC isolates to different antibiotics presented in front of

the position of each isolate in the dendrogram. The isolates that are similar in regard to RAPD-PCR is more similar in terms of antibiotic susceptibility. Representative isolates

for each cluster have been marked with Genbank accession numbers.
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studies UTIs caused by E. coli usually originate from the

normal flora of the colon; this is, in fact, the cause of

genetic differences in isolates from different patients.32,33

However, sexual contact, the consumption of contami-

nated foods and especially urinary tract catheterization

may be the transmission routes of UPEC between different

peoples.34–36 Duo to kidney transplant patients have

a history of hospitalization and catheterization, may these

isolates originate from non-flora sources.

Conclusion
PAI III536 genotypes were dominant in UPEC genotypes

which were isolated from kidney transplant patients; these

findings suggest that these patients may be more vulnerable

to infection with these genotypes. Furthermore, isolates with

similar PAIs exhibited more relation in RAPD patterns and

antibiotic susceptibility, which confirm the clonal association

of these isolates. The genetic relationship of some UPEC

isolates was demonstrated in the present study. The isolates

in the same clonal group carried common PAI makers and

showed very similar antibiotic susceptibility patterns.

Moreover, remarkable resistance was shown to some com-

mon antibiotics such as Trimethoprim/Sulfamethoxazole in

these isolates. Due to the importance of antibiotic suscept-

ibility in the treatment of urinary tract infections, especially

in kidney transplant patients, the screening and control of

these clones will be critical.
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Table S1 PCR conditions and accession number of submitted sequences of PAI markers to GenBank

Virulence
gene

Pathogenicity
island

PCR thermal conditions Accession number of marker
genes

prsX PAI I536 (94 °C; 45 sec, 59 °C; 45 sec, 72 °C; 45 sec) ×30 MH932676

hek PAI II536 (94 °C; 45 sec, 59 °C; 30 sec, 72 °C; 30 sec) ×35 MH932677

sfaA PAI III536 (94 °C; 45 sec, 58 °C; 30 sec, 72 °C; 30 sec) ×35 MH932678

ybtA PAI IV536 (94 °C; 45 sec, 56 °C; 30 sec, 72 °C; 30 sec) ×35 MH932679

PAI IJ96 marker PAI IJ96 (94 °C; 45 sec, 54 °C; 30 sec, 72 °C; 30 sec) ×35 MH973623

cnf1 PAI IIJ96 (94 °C; 45 sec, 60 °C; 30 sec, 72 °C; 30 sec) ×35 MH932680

iucA PAI I CFT073 (94 °C; 45 sec, 58 °C; 30 sec, 72 °C; 30 sec) ×30 MH932681

satA PAI II CFT073 (94 °C; 45 sec, 58 °C; 30 sec, 72 °C; 30 sec) ×35 MH932682
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