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INTRODUCTION 

Escherichia coli is the normal flora of the 

gastrointestinal tract of humans and warm-blooded animals. 

Most E. coli strains are not pathogenic, but several strains 

have gained disease-causing genes that have enabled them 

to cause diseases in humans and animals. They can cause a 

variety of intestinal and extra-intestinal diseases such as 

meningitis, neonatal, gastroenteritis, septicemia, wound 

infections and urinary tract infections (UTIs) [1-3]. 

 UTIs are the most common after the respiratory tract 

infections. Annually, approximately 150 million people 

suffer from UTIs around the world. Many bacteria are 

capable of causing UTIs, but among them, E. coli is known 

as the most common cause of UTI involving approximately 

90% of these infections. Clinical signs of the infection are 

urinary frequency, dysuria, blood in the urine, and dirt in 

the urine [4]. 

Data from gene library of E. coli showed that it 

comprised different phylogenetic groups and that specific 

bacteria genes or DNA fragments could be specific markers 

for phylogenetic classification of E. coli [5-6]. 

Three selected markers, ChuA, YjaA, and TSPE4.C2 

are used for phylogenetic classification of E. coli. The gene 

chuA is essential for transformation of E. coli O157: H7 

EHEC, yjaA gene was the first identified in the full genome 

of E. coli K-12, but its function is still unknown, and 

TSPE4.C2 was obtained from the gene library of E. coli [5, 

7, 8]. 

More than fifty years have passed since antibiotics were 

used in the quick and efficient treatment of diseases. During 

this period, many bacteria have developed resistance to 

antibiotics, and new generations of antibiotics were 

introduced to the market. For this purpose, one of the most 

critical issues in the treatment of infectious diseases is the 

resistance of pathogenic bacteria to the antibiotics. The 

basis for appropriate treatment of UTIs is choosing high 

performance and inexpensive antibiotics. The indis-

criminate use of antibiotics has resulted in high levels of 

antibiotic resistance of E. coli in many parts of the world.  

The objective of this study was to develop a 

phylogenetic classification of the E. coli isolates obtained 

from the individuals with UTIs and to evaluate the 

antibiotic resistance among them. 

  

MATERIAL AND METHODS 

This cross-sectional study included 100 E. coli isolates 

from UTIs collected from the outpatients and hospitalized 

patients whom samples were sent to five laboratories, Al-

Zahra Hospital, Dr. Ashtiyani, Razi, Afrah, and Dr. Afrayi 

in Rasht city during February 2015 through January 2016. 

To obtain single colonies, the samples were cultured on the 

EMB and Blood agar medium cultures and incubated for 24 

h at 37°C. 
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The culture media, TSI, SIM, and MR-VP were used to 

detect and confirm the identity of E. coli. The isolates were 

tested for their antimicrobial susceptibilities by the Kirby-

Bauer disc diffusion technique according to the Clinical and 

Laboratory Standards Institute (CLSI) guideline using the 

antibiotics (CLSI 2015), ceftazidime (30µg), cefazoline 

(30µg), imipenem (10µg), ceftriaxone (30µg), cefotaxime 

(30µg), piperacillin (10µg), nalidixic acid (30µg), 

ciprofloxacin (5µg), cefoxitin (30µg). Two strains, E. coli 

ATCC 25922 and E. coli ATCC 35218 were used as the 

reference to control the quality of the applied antimicrobial 

agents (CLSI 2015). 

Bacteria were cultured on the LB medium (Luriabrath), 

and for this purpose, a single clone of the bacteria was 

inoculated in LB medium according to instructions of the 

manufacturer (MIRMEDIA, Iran) and kept at 37°C for 12 

to 16 h. 

For molecular assessment of the isolated strains, the 

bacteria DNA was extracted using a DNA extraction kit 

(Cinnagen, Tehran, Iran). The quality of extracted DNA 

was evaluated by running 3µl of extracted DNA mixed with 

1µl power load dye on 1% agarose gel. A multiplex PCR 

assay was used for typing and phylogenetic grouping of E. 

coli. The master PCR mix comprised 3μL of 10PCR 

buffer, 3μL of 25mM MgCl2, 3μL of 10mM dNTP mix, 

0.5μL of Taq DNA Polymerase, 9.5μL of MilliQ water and 

1μL of each of the forward and reverse primers. Finally, 

4µL of each DNA template was added to the tubes to make 

up the final reaction volume of 25μL. In this study, specific 

primers for chuA, yjaA genes and TSPE4.C2 segment were 

used (Table 1). After PCR, the products were sequenced 

(Macrogen Company, Korea). 

 

RESULTS 

The patients’ age ranged from 2 month old children to 

79-years-old elderlies. All 100 samples were tested using 

biochemistry tests, and results showed that the isolated 

bacteria were Gram-negative, catalase positive and oxidase 

negative. In TSI medium, the isolates were Acid/Acid (A/A) 

(yellow/yellow) and H2S negative. In SIM medium, the 

motility and indole were positive and H2S negative. Also, 

MR was positive, and VP, Simon citrate and urea results 

were negative. As a result, the identity of the isolated 

bacteria was confirmed as E. coli. 

The antibiogram test showed the highest rate of 

antibiotic resistance against cefotaxime (84%), piperacillin 

and cefixime (80%), and the lowest against imipenem (8%), 

chloramphenicol and gentamicin (12%) (Fig. 1). 

The PCR bands in 83 isolates (83%) revealed gene chuA, 

in 66 (66%) yjaA gene, and in 76 (76%), the TSPE4.C2 

fragment. According to the results, Figure 2 shows the PCR 

bands for the three genes. 

 

Table1. Nucleotide sequences of used primers 

References Amplicon Size (bp) Primer sequence Genus 

[6] 279 
F: GACGAACCAACGGTCAGGAT 

R: TGCCGCCCAGTACCAAAGACA 
chuA 

[6] 211 
F: TGAAGTGTCAGGAGACGCT 

ATGGAGAATGCGTTCCTCAAC R: 
yjaA 

[6] 152 
F: GAGTAATGTCGGGGCATTCA 

CGCGCCAACAAAGTATTAACG R: 
TSPE4.C2 

 

 

Fig. 1. The pattern of antibiotic resistance among tested isolates  

Group D showed the higher resistance to the antibiotics; group A showed the highest susceptibility; and group B2 showed the moderate 

level of multidrug resistance 
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Fig. 2. The amplified fragment of isolates in 1% agarose gel  

The size of chuA gene is 279 bp, yjaA gene 211 bp, and TSPE4.C2 152 bp. Lane M is 100 bp ladder; the lanes 1 to 7 are PCR products of 

7 strains form 100 strains 

 
 

PCR results showed that 64 cases (64%) of strains 

belonged to the phylogenetic group B2, 24 (24%) to the 

phylogenetic group D, and 12 (12%) to the phylogenetic 

group A. the phylogenetic group B1 was not observed 

among the strains. According to the results, the isolates 

from group D showed the higher resistance to the 

antibiotics, whereas the highest susceptibility was noticed 

among the isolates belonging to group A, and a moderate 

level of multidrug resistance was observed among the 

strains of group B2. 

 

DISCUSSION 

At present, the clinical management of UTI is one of the 

primary concerns worldwide due to the increased resistance 

of E. coli infections to commonly used antimicrobial agents. 

The resistance of E. coli to antibiotics showed to be related 

to their phylogenetic grouping [9]. The objective of this 

study was to describe the phylogenetic groups of E. coli 

based on the Clermont et al. (2000) method and to 

determine the relationship between these phylogroups and 

antibiotic resistance patterns. 

The results of the study showed that 64%, 24%, 12% 

and 0% of strains were in the phylogenetic groups of B2, D, 

A, and B1, respectively. Distribution of strains in our study 

in the phylogenetic groups is consistent with the results and 

pattern of Clermont et al. (2000). They showed that most 

extra-intestinal pathogenic strains were in group B2, and 

then group D. It should be noted that the strains belonging 

to the phylogenetic group B1 was not found among the 

studied strains in the present study, being similar with the 

research of Grude et al. (2009) conducted in Russia (2007), 

and study of Sawma-Aouad et al. (2009) in Lebanon, in 

which none of the strains belonged to group B1 [10-11]. 

The findings are consistent with the results obtained in 

the study of Bashir et al. (2012) in Faisalabad, Pakistan on 

59 UPEC isolates from patients, and one study by Abdi et 

al. (2014) on E. coli isolated from UTIs in Sistan region. 

These were also consistent with the study of Iranpour et al.  

(2015) who studied the phylogenetic typing of strains of E. 

coli isolated from UTIs, and with the study conducted by 

Zhao et al. (2009) in China on 202 strains of E. coli isolated 

from UTIs [12-15]. 

The present study results are consistent with those of the 

study of Moreno et al. (2006) and Johnson et al. (2005) in 

the United States in which groups A and D were dominant. 

Asadi et al. (2010) through phylotyping showed that the 

most common phylogenetic E. coli groups in southern Iran 

were D, A, and B1 with the frequencies of 70%, 23.3%, and 

6.7%, respectively; they did not find group B2. The 

variation in prevalence of the phylogenetic groups in 

different studies might be attributed to the health status, diet 

and genetic factors of the host, and environmental, social, 

and geographic conditions of sampling areas [16-19]. 

Evaluation of antibiotic resistance profile of UPEC 

strains showed that the strains from phylogenetic group D 

were significantly resistant to the majority of antibiotics 

compared to other phylogenetic groups. In addition, a 

moderate level of multidrug resistance was observed among 

the strains from group B2, while a low frequency of 

multidrug resistance was noticed among the isolates 

belonging to group A. Our findings were in agreement with 

the results of two separate studies in India and Sweden [20-

21], but not with the studies conducted in southern Iran in 

cities of Shiraz and Bushehr [19, 14]. This issue might be 

due to bacterial characteristics in different geographic 

regions or use of antibiotics. 

Our findings showed that group B2 was the most 

common phylogenetic group and the most resistant strain to 

generally used antibiotics among patients with UTI. Similar 

studies in other geographical regions are required to 

provide a better understanding of the prevalence and 

geographic distribution of E. coli phylogenetic groups. The 

routine monitoring of antibiotic resistance patterns will also 

help clinicians to prescribe the most effective antibiotic and 

to prevent further increase of antimicrobial drug resistance. 

 
ACKNOWLEDGEMENT 

The authors would like to thank all individuals who 

contributed to this study. We especially appreciate the 

 [
 D

O
I:

 1
0.

29
25

2/
Jo

M
M

ID
.5

.1
.2

.1
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
m

m
id

.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

6-
12

 ]
 

                               3 / 4

http://dx.doi.org/10.29252/JoMMID.5.1.2.17
http://jommid.pasteur.ac.ir/article-1-137-en.html


Classification of E. coli from UTIs 

J Med Microbiol Infec Dis                                                 20                                                         2017 Vol. 5 No. 1-2 

cooperation of Razi lab, Al-Zahra hospital, Dr. Ashtiyani 

lab and Dr. Afrah lab of Rasht city. 

 
CONFLICT OF INTEREST 

The authors declare that there are no conflicts of interest 

associated with this manuscript. 

 

REFERENCES 

1.  Petkovsek Z, Elersic K, Gubina M, Zgur-Bertok D, Starcic 

Erjavcc M. Virulence potential of Escherichia coli isolates from 

skin and soft tissue infections. J Clin Microbiol. 2009; 47 (6): 

1811-7. 

2.  Rijavec M, Muller-Premru M, Zakotnik B, Zgur- Bertok D. 

Virulence factors and biofilm production among Escherichia 

coli strains causing bacteremia of urinary tract origin. J Med 

Microbiol. 2008; 57 (11): 1329-34. 

3.  Saeed MA, Haque A, Ali A, Mohsin M, Bashir S, Tariq A, 

Afzal A, Iftikhar T, Sarwar Y. Relationship of drug resistance to 

phylogenetic groups of E. coli isolates from wound infections. J 

Infect Dev Ctries. 2009; 3 (9): 667-70. 

4.  Soleimani N, Aganj M, Ali L, Shokoohizadeh L, Sakinc T. 

Frequency distribution of genes encoding aminoglycoside 

modifying enzymes in uropathogenic E. coli isolated from 

Iranian hospital. BMC Res Notes. 2014; 7: 248. 

5.  Bonacorsi SP, Clermont O, Tinsley C, Le Gall I, Beaudoin JC, 

Elion J, Nassif X, Bingen E. Identification of regions of the 

Escherichia coli chromosome specific for neonatal meningitis 

associated strains. Infect Immun. 2000; 68 (4): 2096-101. 

6.  Clermont O, Bonacorsi S, Bingen E. Rapid and simple 

determination of the Escherichia coli phylogenetic group. Appl 

Environ Microbiol. 2000; 66 (10): 4555-8. 

7.  Blattner FR, Plunkett GI, Bloch CA, Perna NT, Burland V, 

Riley M, et al. The complete genome sequence of Escherichia 

coli K-12. Science. 1997; 277 (5331): 1453-62. 

8.  Torres AG, Payne S. Haem iron-transport system in 

enterohaemorrhagic Escherichia coli O157:H7. Mol Microbiol. 

1997; 23(4): 825-33. 

9.  Johnson JR, Kuskowski MA, Owens K, Gajewski A, Winokur 

PL. Phylogenetic origin and virulence genotype in relation to 

resistance to fluoroquinolones and/or extended-spectrum 

cephalosporins and cephamycins among Escherichia coli 

isolates from animals and humans. J Infect Dis. 2007; 188 (5): 

759-68. 

10. Grude N, Potaturkina-Nesterova N I., Jenkins A, Strand L, 

Nowrouzian F L, Nyhus J, Kristiansen BE. A comparison of 

phylogenetic group, virulence factors and antibiotic resistance in 

Russian and Norwegian isolates of Escherichia coli from urinary tract 

infection. Clin Microbial Infect. 2007; 13 (2): 208-11. 

11. Sawma-Aouad G, Hashwa F, Tokajian S. Antimicrobial 

resistance in relation to virulence determinants and phylogenetic 

background among uropathogenic Escherichia coli in Labanon. J 

Chemother. 2009; 21 (2): 153-8. 

12. Bashir S, Haque A, Sarwar Y, Ali A, Anwar MI. Virulence profile 

of different phylogenetic groups of locally isolated community 

acquired uropathogenic E. coli from Faisalabad region of Pakistan. 

Ann Clin Microbiol Antimicrob. 2012; 11: 23-9. 

13. Abdi HA, Ghalehnoo MR. Virulence genes, genetic diversity, 

antimicrobial susceptibility and phylogenetic background of 

Escherichia coli isolates. Int J Enter Pathog. 2015; 3: 25692. 

14. Iranpour  D, Hassanpour M, Ansari H, Tajbakhsh S, Khamisipour 

GR, Najafi A. Phylogenetic Groups of Escherichia coli Strains from 

Patients with Urinary Tract Infection in Iran Based on the New 

Clermont Phylotyping Method. BioMed Res Int. 2015, Article ID 

846219. 

15. Zhao L, Chen X, Zhu X, Yang W, Dong L, Xu X, Gao S, Liu X. 

Prevalence of virulence factors and antimicrobial resistance of 

uropathogenic Escherichia coli in Jiangsu province (China). Urology. 

2009; 74 (3): 702-7. 

16. Moreno E, Prats G, Sabate M, Perez T, Johnson J R, Andreu A. 

Quinolone, fluoroquinolone and trimethoprim/sulfamethoxazole 

resistance in relation to virulence determinants and phylogenetic 

background among uropathogenic Escherichia coli. J Antimicrob 

Chemother. 2006; 57: 204-11. 

17. Johnson JR, Kuskowski MA, Gajewski A, Soto S, Horcajada JP, 

Jimenez de Anta MT, et al. Extended virulence genotypes and 

phylogenetic background of Escherichia coli isolates from patients 

with cystitis, pyelonephritis, or prostatitis. J Infect Dis. 2005; 191 (1): 

46-50. 

18. Asadi S, Solhjoo K, Kargar M, Rezaeian A. Phylogenetic groups 

of Escherichia coli stains Isolated from urinary tract infection in 

jahrom city, southern Iran. J Microbiol World. 2011; 13 (4): 245-50. 

19. Derakhshandeh A, Firouzi R, Moatamedifar M, Motamedi A, 

Bahadori M, Naziri Z. Phylogenetic analysis of Escherichia coli 

strains isolated from human samples. Mol Biol Res Com. 2013; 2 (4): 

143-9. 

20. Hussain A, Ranjan A, Nandanwar N, Babbar A, Jadhav S, Ahmed 

N. Genotypic and Phenotypic Profiles of Escherichia coli Isolates 

Belonging to Clinical Sequence Type 131 (ST131), Clinical Non-

ST131, and Fecal Non-ST131 Lineages from India. Antimicrob 

Agents Chemother. 2014; 15 (12): 7240-9. 

21. Karami N, Wold AE, Adlerberth I. Antibiotic resistance is linked 

to carriage of papC and iutA virulence genes and phylogenetic group 

D background in commensal and uropathogenic Escherichia coli from 

infants and young children. Eur J Clin Microbiol Infect Dis. 2017; 36 

(4): 721-9. 

 

 [
 D

O
I:

 1
0.

29
25

2/
Jo

M
M

ID
.5

.1
.2

.1
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
m

m
id

.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-0

6-
12

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               4 / 4

http://dx.doi.org/10.29252/JoMMID.5.1.2.17
http://jommid.pasteur.ac.ir/article-1-137-en.html
http://www.tcpdf.org

