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ABSTRACT 

 

 
Background and Objectives: Uropathogenic Escherichia coli (UPEC) is divided into different phylogenetic groups that 

differ in their antibiotic resistance patterns, serogroups and pathogenicity. This study aimed to investigate the prevalence of 

phylogenetic groups of UPEC isolates and their relationship with serogroups and virulence factors in patients with UTIs. 

Materials and Methods: Of the 412 urine samples tested a total of 150 UPEC were isolated and confirmed with PCR using 

16S rRNA gene. Antibiotic resistance of the isolates was tested using disk diffusion method and the isolates were divided into 

phylogenetic groups by the quadruplex PCR method. The prevalence of serogroups and virulence genes were investigated 

using multiplex PCR. 

Results: 87 (58%) of the isolates belonged to phylogroup B2. Virulence genes fimH (95.3%), aer (49.3%) and serogroups 

O8 (22.3%), O25 (21.5%) showed the highest prevalence. The lowest drug resistance was observed against imipenem (4.6%) 

and meropenem (3.3%). The prevalence of multidrug-resistant and extended-spectrum beta-lactamases isolates were 60% 

and 61.3%, respectively. We also found a significant relationship between phylogenetic groups, serogroups and virulence 

factors among our isolates. 

Conclusion: The high abundance of phylogenetic group B2, serogroups O8 and O25, and virulence genes fimH and aer 

indicate their importance in the pathogenesis of UPEC in this country. 

 
Keywords: Urinary tract infections; Uropathogenic Escherichia coli; Phylogenetic groups; Serogroup; Drug resistance; 

Virulence factors 

 
INTRODUCTION 

 
Uropathogenic Escherichia coli (UPEC) is the 

main causative agent (75-90%) of urinary tract in- 

fections (UTIs) (1). UPECs are diverting from their 

commensal status in gastrointestinal (GI) tract, grow 

and persist in the urinary tract and may carry diverse 

virulence factors and pathogenic strategies, which 

allow them to infect and cause infection in the uri- 

nary tract (2). The high incidence of UTI highlights 

the importance of investigating the virulence proper- 

ties of UPEC. 
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Today, UTIs have become very difficult to treat 

due to their high antimicrobial resistance of UPEC 

against commonly used antibacterial drugs and caus- 

ing a serious challenge in management of the infec- 

tion (3). Extended-spectrum β-lactamases (ESBLs) 

are plasmid-encoded enzymes that are resistant to 

penicillins, broad-spectrum cephalosporins, and 

monobactams. In addition, ESBL-producing iso- 

lates are resistant to aminoglycosides, quinolones, 

tetracyclines, nitrofurantoin, and trimethoprim-sul- 

famethoxazole. The multidrug-resistant (MDR) 

phenotype is due to the presence of large plasmids 

that usually carry resistance genes for β-lactams, 

quinolones,   aminoglycosides,   and   cotrimoxazole 

(4). Broad-spectrum antibiotics are commonly used 

in the treatment of UTIs; however, the inappropri- 

ate and excessive use of these antibiotics has led to 

a widespread increase in antimicrobial resistance in 

recent years. The emergence of resistant strains leads 

to treatment failure of UTI and causes serious clini- 

cal complications (5). 

Clermont et al. In 2000, developed a triple PCR 

method using chuA, yjaA genes, and DNA fragment 

TspE4.C2, which divided E. coli into four main phy- 

logenies groups A, B1, B2, and D (6). In 2013, these 

researchers  developed  an  improved  phylogenetic 

group by adding a new gene called arpA to their pre- 

vious three markers, resulting in a quadruple PCR 

by which E. coli strains were divided into eight phy- 

logenetic groups A, B1, B2, C, D, E, F, and clade (7). 

E. coli contains surface antigens, O (lipopolysac- 

charide), H (flagellum), and in some cases K (cap- 

sule), contribute to serological typing (8). Variation 

in the structure of the O antigen makes O-serotyp- 

ing an important component in the typing of E. coli 

strains in taxonomic and epidemiology fields and has 

made it an essential tool in prevalence and surveil- 

lance research. In the 1940s, Fritz Kaufmann and 

colleagues developed the E. coli serotyping scheme, 

and so far, 187 O antigens have been identified and 

numbered 1 to 187. Serogroups O31, O47, O67, O72, 

O94, and O122 are no longer known, so there are 

currently 181 O antigens in E. coli (9). In previous 

studies, it has been reported that UPEC strains most 

belong to serogroups O1, O2, O4, O6, O7, O8, O15, 

O16, O18, O21, O22, O25, O75, and O83 (10, 11). 

E. coli genome consists of the core nucleus ge- 

nome and the mobile gene pool, which are involved 

in determining whether a bacterium is a pathotype 

or ecotype. UPEC isolates require the help of viru- 

lence genes to colonize or invade host cells, escape 

or disrupt the host immune system, damage host 

tissue, and/or stimulate inflammatory responses (9). 

UPEC strains have significant genetic diversity that 

gives bacteria the ability to colonize and persist in 

the patient's urinary tract, especially in highly im- 

munocompromised individuals. These virulence fac- 

tors include both structural (Fimbriae, pili, curli and 

flagella) and secretory (toxins and iron sequestering 

systems), which are related to the colonization and 

persistence of bacteria in the urinary system. In addi- 

tion, E. coli strains that cause UTIs have been shown 

to have a higher prevalence of virulence genes than 

commensal E. coli strains (1, 12). 

To the best of our knowledge, this study is the first 

complete effort that aims to determine the phyloge- 

netic groups, the prevalence of serogroups, import- 

ant virulence factors and antibiotic resistance of 

UPEC strains isolated from outpatients with UTIs in 

Baghdad, Iraq. Efforts was also made to identify any 

relationship that may exists between these factors. 
 

 
 

MATERIALS AND METHODS 

 
Bacterial culture and identification. In this study, 

midstream urine samples were taken from 420 pa- 

tients with community-acquired (CA) UTI referred to 

Ibn Balady hospital, Baghdad during two years 2018 

and 2019. One hundred and fifty of these samples 

yielded UPEC. Among patients, 90 were females aged 

between 4 months and 78 years (median, 42 years) 

and 60 patients were males aged between 1 year and 

70 years (median, 51 years). The microscopic obser- 

vation of urine (presence of more than three pus cells 

in each microscopic field) and Gram staining was 

considered as an early sign of UTI infection. Urine 

samples were cultured separately on nutrient agar, 

blood agar, and eosin methylene blue (EMB) (Merck, 

German) medium and plates with a growth of more 

than 105   colony forming units (CFU) per ml were 

considered as positive samples for UTI. An uninocu- 

lated culture medium was used as a negative control 

in all sample processing. Presumptive identification 

of UPEC strains were done Analytical Profile Index 

(API 20E) kit (bioMerieux, France) and confirmed 

using PCR (16S ribosomal RNA gene). The identified 

isolates were cultured in Lysogeny broth (LB) (Mer- 

ck, German) and after incubation for 18-24 hours, 

kept in 20% glycerol at -70°C until they were tested. 
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Antimicrobial resistance. Antibiotic resistance 

was determined by the disk diffusion method accord- 

ing to the criteria of the European Committee for 

Antimicrobial  Suspension  Test (EUCAST)  version 

6.0. According to the size of the growth inhibition of 

each antibiotic disk on Muller-Hinton agar (Merck, 

German) and based on the CLSI (2020) standard, the 

results were recorded as resistant or sensitive. The 

standard strain of E. coli ATCC25922 was used as 

quality control. Strains with resistance to three or 

more classes of antibiotics were defined as MDR. 

The production of ESBL using the double-disk syn- 

ergy test was phenotypically confirmed according to 

EUCAST guidelines (8). An augmentin (amoxicillin/ 

clavulanate) disc with third-generation cephalosporin 

discs (cefotaxime, ceftazidime) was placed 20 mm 

from center to center on the Muller-Hinton agar plate 

on opposite sides of the center plate. The plates were 

incubated for 18-24 hours at 37°C. All strains with 

a zone inhibition diameter of ≥ 5 mm from the edge 

of the third-generation cephalosporin inhibition zone 

toward the augmentin disc were positively interpreted 

for ESBL production. According to CLSI instructions, 

Klebsiella pneumoniae ATCC 700603 was used as 

positive control and E. coli ATCC 25922 as a negative 

control for the ESBL test (13). In all, 11 classes of an- 

tibiotics including 19 antibiotics (Bioanalyse, Turkey) 

were used. These included macrolides (erythromycin, 

ER; 10 μg), quinolones (nalidixic acid, NA; 30 μg), 

penicillins (ticarcillin, TI; 75 μg, ampicillin, AM; 25 

μg, piperacillin, PI; 30 μg, amoxicillin / clavulanate 

(augmentin, AMC); 20 μg/10 μg), cephalosporins 

(cefepime, CPM; 30 µg, cefotaxime, CTX; 30 µg, 

ceftazidime,  CAZ;  30  μg),  carbapenems  (imipen- 

em, IPM; 10 μg, meropenem, MEM; 10 μg), fluoro- 

quinolones (norfloxacin, NOR; 10 μg, ciprofloxacin, 

CIP; 5 μg), nitrofurans (nitrofurantoin, NIT; 300 μg), 

aminoglycoside (amikacin, AK; 30 μg, gentamicin, 

GEN; 10 μg), chloramphenicol (chloramphenicol, C; 

30 μg), sulfonamides (co-trimoxazole, COT; 30 μg) 

and monobactam (aztreonam, ATM; 30 μg). 

 
DNA  extraction  and  confirmation of  E.  coli. 

DNA extraction was performed according to the in- 

structions of the Genomic DNA Minikit (Invitrogen, 

USA), and the purity of the DNA was measured by 

spectrophotometer (Eppendorf, German) at a wave- 

length of 260 nm. All primers (Merck, German) used 

in this study were blasted at the NCBI site. The 16S 

ribosomal RNA gene was used to confirm the iden- 

tity of the isolates. Classification of UPEC strains 

into phylogenetic groups was performed by the qua- 

druplex PCR method presented by Clermont et al. in 

2013. Since the annealing temperatures of the PCR 

program for serogroups and virulence primers were 

somewhat similar, serogroups and virulence prim- 

ers were divided into four groups and multiplex PCR 

(Bio-Red, German) was used to detect their preva- 

lence. The PCR products were analyzed in 1%-1.5% 

agarose gel of electrophoresis. The primers sequence 

and annealing temperature of each set are described 

in Table 1. 

 
Statistical analyses. Data were analyzed using 

SPSS22 software (IBM, Armonk, NY, USA). The re- 

lationship between phylogenetic factors, serogroups, 

virulence genes, and antibiotic resistance was exam- 

ined by Chi-squares or exact Fisher test. Statistically, 

P values less than 0.05 were considered significant. 
 

 
 

RESULTS 

 
Study population. Distribution of identified UPEC 

isolates; in women and men was 90 (60%) and 60 

(40%),  respectively. A significant relationship  was 

observed between the prevalence of UPEC and the 

patient's gender (P <0.001). The prevalence of UPEC 

isolates based on patient gender and age showed that 

UPEC isolates were higher in women than men in 

all age groups, except in age group 40-50 years. UTI 

showed its highest incidence in age groups 0-10 years 

(42%) and 20-30 years (28%) old. 

 
Antibiotic resistance. The results of antibiotic resis- 

tance showed resistance to different antibiotics rang- 

ing from meropenem (3.3%) to erythromycin (92.6%). 

Among the nineteen antibiotics studied, eleven includ- 

ed: erythromycin, ticarcillin, ampicillin, piperacillin, 

co-trimoxazole, nalidixic acid, amoxicillin-clavu- 

lanate, cefepime, cefotaxime, ceftazidime, and azt- 

reonam were showed above 50% resistance. Ninety 

strains (60%) were resistant to three classes or more of 

antibiotics and were regarded as multi-drug resistant 

(MDR). The level of resistance to all classes of antibi- 

otics was significantly higher among MDR strains than 

non-MDRs (Fig. 1A). Ninety-two (61.3%) of strains 

were ESBL positive. Strains resistant to co-trimoxaz- 

ole, ceftazidime, and aztreonam were found to carry 

significantly more ESBL resistance genes (Table 2). 
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Table 1. The primer sequences used for phylogenetic grouping, serogrouping and detection of virulence factors, and their 

annealing temperature. 

 

Set Primer name Primer sequence (5’-3’) Size of 

prod-uct (bp) 
Ref. Annealing 

temper-ature (°C) 
A ChuA F: GAC GAA CCA ACG GTC AGG AT 279 (6) 54 

  R: TGC CGC CAG TAC CAA AGA CA    
 YjaA F: TGAAGTGTCAGGAGACGCTG 211 (14)  
  R: ATG GAG AAT GCG TTC CTC AAC    
 TspE4.C2 F: GAG TAA TGT CGG GGC ATT CA 152 (6)  
  R: CGC GCC AAC AAA GTA TTA CG    
 AceK F: AACGCTATTCGCCAGCTTGC 400 (7)  
  R: TCTCCCCATACCGTACGCTA    
B ArpAgpE F: GATTCCATCTTGTCAAAATATGCC 301 (7) 50 

  R: GAAAAGAAAAAGAATTCCCAAGAG    
 trpAgpC F: AGTTTTATGCCCAGTGCGAG 219 (7)  
  R: TCTGCGCCGGTCACGCCC    
 trpBA F: CGGCGATAAAGACATCTTCAC 489 (7)  
  R: GCAACGCGGCCTGGCGGAAG    
C fimH F: TGCAGAACGGATAAGCCGTGG 508 (15) 62 

  R: GCAGTCACCTGCCCTCCGGTA    
 hly F: AACAAGGATAAGCACTGTTCTGGCT 1177 (15)  
  R: ACCATATAAGCGGTCATTCCCGTCA    
 afa F: GCTGGGCAGCAAACTGATAACTCTC 750 (15)  
  R: CATCAAGCTGTTTGTTCGTCCGCCG    
D papC F: GTGGCAGTATGAGTAATGACCGTTA 200 (15) 60 

  R: ATATCCTTTCTGCAGGGATGCAATA    
 aer F: TACCGGATTGTCATATGCAGACCGT 602 (15)  
  R: AATATCTTCCTCCAGTCCGGAGAAG    
 cnf1 F: AAGATGGAGTTTCCTATGCAGGAG 498 (15)  
  R: CATTCAGAGTCCTGCCCTCATTATT    
E O1 F: GTGAGCAAAAGTGAAATAAGGAACG 1098 (16) 55 

  R: CGCTGATACGAATACCATCCTAC    
 O2 F: AGTGAGTTACTTTTTAGCGATGGAC 770 (16)  
  R: AGTTTAGTATGCCCCTGACTTTGAA    
 O6 F: GGATGACGATGTGATTTTGGCTAAC 783 (16)  
  R: TCTGGGTTTGCTGTGTATGAGGC    
 O7 F: CTATCAAAATACCTCTGCTGGAATC 610 (16)  
  R: TGGCTTCGAGATTAAACCTATTCCT    
 O8 F: CCAGAGGCATAATCAGAAATAACAG 448 (16)  
  R: GCAGAGTTAGTCAACAAAAGGTCAG    
 O16 F: GGTTTCAATCTCACAGCAACTCAG 302 (16)  
  R: GTTAGAGGGATAATAGCCAAGCGG    
 O75 F: GAGATATACATGGGGAGGTAGGCT 511 (16)  
  R: ACCCGATAATCATATTCTTCCCAAC    
F O21 F: CTGCTGATGTCGCTATTATTGCTG 209 (16) 56 

  R: TGAAAAAAAGGGAAACAGAAGAGCC    
 O4 F: TTGTTGCGATAATGTGCATGTTCC 664 (16)  
  R: AATAATTTGCTATACCCACACCCTC    
 O15 F: TCTTGTTAGAGTCATTGGTGTATCG 183 (16)  
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Table 1. Continuing... 

 

 R: ATAAAACGAGCAAGCACCACACC  

O18 F: GTTCGGTGGTTGGATTACAGTTAG 551 (16)  
 R: CTACTATCATCCTCACTGACCACG    

O22 F: TTCATTGTCGCCACTACTTTCCG 468 (16)  
 R: GAAACAGCCCATGACATTACTACG    

O25 F: AGAGATCCGTCTTTTATTTGTTCGC 230 (16)  
 R: GTTCTGGATACCTAACGCAATACCC    

O83 F: GTACACCAGGCAAACCTCGAAAG 362 (16)  
 R: TTCTGTAAGCTAATGAATAGGCA    

16S rRNA F: AGAGTTTGATCMTGGCTCAG 919 (17) 62 

 R: CCGTCAATTCATTTGAGTTT    

 
 

Table 2. Prevalence of antibiotic resistance among ESBL- positive and ESBL- negative UPEC strains. Only statistically sig- 

nificant values (p <0.05) are shown. 

 

Antibiotics Total resistance 

R (%) 
ESBL 

R (%) 
Non- ESBL 

R (%) 
P-Value 

Erythromycin 139 (92.6) 81 (58.2) 58 (41.7)  
Ticarcillin 133 (88.6) 92 (69.1) 41 (30.8)  
Ampicillin 132 (88) 88 (66.6) 44 (33.3)  
Piperacillin 132 (88) 85 (64.3) 47 (35.6)  
Co-trimoxazole 130 (86.6) 90 (69.2) 40 (30.7) 0.021 
Nalidixic acid 129 (85) 76 (58.9) 53 (41)  
Amoxicillin / clavulanate 127 (84.6) 71 (55.9) 56 (44)  
Cefepime 95 (63.3) 54 (56.8) 41 (43.1)  
Cefotaxime 88 (58.6) 40 (45.4) 48 (54.5)  
Ceftazidime 83 (55.3) 64 (77.1) 19 (22.8) 0.011 
Aztreonam 80 (53.3) 55 (68.7) 25 (31.2) 0.017 
Nitrofurantoin 68 (45.3) 33 (48.5) 35 (51.4)  
Chloramphenicol 63 (42) 40 (63.4) 23 (36.5)  
Norfloxacin 38 (25.3) 21 (55.2) 17 (44.7)  
Gentamicin 36 (24) 18 (50) 18 (50)  
Ciprofloxacin 35 (23.3) 20 (57.1) 15 (42.8)  
Amikacin 16 (10.6) 9 (56.2) 7 (43.7)  
Imipenem 7 (4.6) 5 (71.4) 2 (28.5)  
Meropenem 5 (3.3) 4 (80) 1 (20)  

 

Prevalence of phylogenetic groups, serogroups, 

and virulence factors. 87 (58%) strains belonged to 

phylogenetic group B2 followed by phylogroups A 

(33 strains; 22%), C (12 strains; 8%), D (8 strains; 

5.3%), E (6 strains; 4%), F (2 strains; 1.3%) and clade 

(2  strains; 1.3%).  Phylogenetic  group  B1  was  not 

found among the UPEC strains in this study. 

More than 92% of the strains belonged to 14 sero- 

groups. Serogroup O8 (31 strains; 22.3%) accounted 

for the most prevalent serogroup among the strains. 

Serogroups  O6,  O18,  and  O75  were  not  present 

among the strains. 

All virulence genes were found among the strains. 

fimH (143 strains; 95.3%) and afa (21 strains; 14%) 

showing the highest and lowest frequencies among the 

strains. 

 
Antibiotic resistance and phylogenetic groups. 

Phylogenetic groups B2 and A showed at least one re- 

sistant strain to all antibiotics studied (Table 3). The 
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Table 3. Comparison of antibiotic resistance patterns between different phylogenetic groups. The statistically significant val- 

ues (p <0.05) are shown in bold numbers. 

 
Antibiotics Phylogenetic groups 

 

 B2 87 (58%) A 33 (22%) C 12 (8%) D 8 (5.3%) E 6 (4%) F 2 (1.3%) Clade 2 (1.3%) 
Erythromycin 81 (93.1) 29 (87.8) 11 (91.6) 7 (87.5) 5 (83.3) 2 (100) 2 (100) 
Ticarcillin 75 (86.2) 31 (93.9) 10 (83.3) 8 (100) 5 (83.3) 2 (100) 1 (50) 
Ampicillin 79 (90.8) 27 (81.8) 10 (83.3) 6 (75) 5 (83.3) 2 (100) 2 (100) 
Piperacillin 75 (86.2) 30 (90.9) 11 (91.6) 7 (87.5) 5 (83.3) 2 (100) 1 (50) 
Co-trimoxazole 77 (88.5) 27 (81.8) 12 (100) 7 (87.5) 2 (33.3) 2 (100) 2 (100) 
Nalidixic acid 75 (86.2) 25 (75.7) 11 (91.6) 8 (100) 6 (100) 1 (50) 2 (100) 
Amoxicillin / clavulanate 74 (85) 29 (87.8) 9 (75) 5 (62.5) 6 (100) 2 (100) 1 (50) 
Cefepime 56 (64.3) 17 (51.5) 7 (58.3) 6 (75) 4 (66.6) 2 (100) 2 (100) 
Cefotaxime 51 (58.6) 18 (54.5) 6 (50) 5 (62.5) 4 (66.6) 1 (50) 2 (100) 
Ceftazidime 48 (55.1) 15 (45.4) 7 (58.3) 4 (50) 4 (66.6) 2 (100) 2 (100) 
Aztreonam 47 (54) 21 (63.6) 5 (41.6) 3 (37.5) 3 (50) 1 (50) - 
Nitrofurantoin 42 (48.2) 16 (48.4) 4 (33.3) 4 (50) 2 (33.3) - - 
Chlorampheni-col 34 (39) 12 (36.3) 5 (41.6) 3 (37.5) 4 (66.6) 1 (50) 2 (100) 
Norfloxacin 22 (25.2) 8 (24.2) 5 (41.6) 2 (25) 1 (16.6) - - 
Gentamicin 19 (21.8) 9 (27.2) 3 (25) 2 (25) 3 (50) 1 (50) - 
Ciprofloxacin 20 (22.9) 8 (24.2) 4 (33.3) 2 (25) 1 (16.6) - - 
Amikacin 10 (11.4) 3 (9) - 1 (12.5) 2 (33.3) - - 
Imipenem 4 (4.5) 2 (6) 1 (8.3) - - - - 
Meropenem 1 (1.1) 4 (12.1) - - - - - 

 
 

highest prevalence of ESBL strains in phylogenetic 

groups is shown in B2 and D. Distribution of the phy- 

logenetic groups among the ESBL-positive and ES- 

BL-negative strains are given in Fig. 2A. 

The distribution of MDR strains were the highest in 

phylogenetic groups D, A, E and C. The prevalence of 

MDR strains was less prevalent in the phylogenetic 

group of B2. The rate of MDR / non-MDR strains was 

equal in F and clade groups Fig. 1B. 

 
Antibiotic resistance and serogroups. Strains be- 

longing to serogroup O15 showed the highest level 

of resistance to almost all antibiotics tested.   Sim- 

ilar  pattern  was  found  among  serogroups  O8  and 

O25 that were resistant to all antibiotics, except 

imipenem and serogroup O21 which was also resis- 

tant to all antibiotics except meropenem (Table 4). 

ESBL-positive strains had the highest prevalence 

among serogroups O8, O15, O21, O22 and O25. ES- 

BL-negative strains on the other hand had the highest 

prevalence among serogroups O1, O4, O7 and O16 

(Fig. 2B). 

 
Antibiotic  resistance and  virulence  genes.  All 

strains carrying afa and aer genes were sensitive to 

meropenem.  Statistically,  a  significant relationship 

was observed between genes fimH, papC, hly and afa 

with antibiotic resistance (Table 5A). Most of the vir- 

ulence genes were the highest prevalence among ES- 

BL-positive strains Fig. 2C. 

 
Phylogenetic and virulence genes. The distribu- 

tion of virulence genes among phylogenetic groups 

showed that strains belonging to phylogenetic groups 

B2 and D carried all virulence genes tested in this 

study. On the other hand, strains belonging to phylo- 

genetic group A, that was the second most prevalent 

group. F and clade had the lowest prevalence of viru- 

lence genes (Table 5B). 

 
Phylogenetic / serogroups and virulence genes. 

Phylogenetic groups B2 and A were found among all 

serogroups except O83 (Table 6A). Among virulence 

genes fimH gene was present in all strains belonging 

to serogroups O2, O16, O21, O15, O4, O22, and O83. 

The highest frequency of remaining virulence genes 

was PapC (O22), cnf1 (O4), hly (O15), aer (O21, 

O22), afa (O4) Table 6B. 
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Fig. 1. Prevalence of multidrug resistance (MDR) between strains resistant to different antibiotics (A) and phylogenetic groups 

(B). 

 
DISCUSSION 

 
Here we investigated the prevalence of antibiot- 

ic resistance among the UPEC strains isolated from 

patients with CA-UTI. The highest sensitivity of the 

strains was found against amikacin, meropenem, and 

imipenem which is consistent with other findings in 

Ethiopia (14), Iraq (15), and Turkey (12, 18). In con- 

trast, high resistance was found against erythromy- 

cin, ticarcillin, ampicillin, and piperacillin, a finding 

which is commonly reported for UPEC strains in Iraq 

(15, 19), Romania (4), Turkey (12), Thailand (20), and 

India (21) and it could be partly due to the common 

use of these antibiotics for treatment of UTI in these 

countries.   The high level of ESBL-positive UPEC 

in our study is of great concern and we found sim- 

ilar results in less developed countries (22-24). The 

results of multidrug resistance showed that 60% of 

the strains were MDR. The prevalence of MDR-UP- 

EC strains in some countries such as Mexico 92.7% 

(25), Thailand 62% (23), China 77.2% (26) and south- 

ern Iraq 94% (15) was higher than our result, while 

Nepal 51% (2) and Turkey 34.6% (12) reported lower 

results than ours. In recent years, there has been an 

increase in drug resistance of E. coli strains around 

the world. Numerous factors are involved which in- 

clude improper and repeated use of antibiotics, hor- 

izontal transfer of resistance genes, and mutations. 

The difference in ESBL levels between our study and 

other studies may also be due to differences in local 
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Fig. 2. Distribution of ESBL-positive strains among phylogenetic groups (A), serogroups (B), and virulence genes (C). 

 
antibiotic prescribing policy, abuse of broad-spec- 

trum antibiotics, especially penicillin and third-gen- 

eration cephalosporins, geographical differences and 

sample type (outpatient/inpatient) (18, 27, 28). 

The prevalence of MDR-UPEC rate in Iraq was 

considered almost an intermediate compared to oth- 

er countries, however, it is reported that Asian and 

African countries recorded the highest MDR-UPEC 

rates while the United States and European countries 

have the lowest rates (29). The use of prophylactic an- 

tibiotics in UTIs caused by ESBL-producing UPEC 

is not recommended because they contribute to the 

emergence and spread of antibiotic-resistant strains. 

Excessive use of antimicrobials in general medicine, 

agriculture, or veterinary medicine is among the 

main factors associated with the increasing in the 
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Table 4. Prevalence of antibiotic resistance strains among different serogroups. The statistically significant values (p <0.05) 

are shown in bold numbers. 

 
Antibiotics Serogroups 

O1           O2           O7 O8           O16 O21 O15 O4        O22 O25 O83 

8 (5.7%) 12 (8.6%) 8 (5.7%) 31 (22.3%) 3 (3.1%) 14 (10%) 17 (12.2%)  7 (5%) 7 (5%) 30 (21.5%) 2 (1.4%) 
 

Erythromycin 8 (100) 11 (91.6) 7 (87.5) 28 (90.3) 3 (100) 13 (92.8) 17 (100) 7 (100) 3 (42.8) 27 (90) 1 (50) 
Ticarcillin 8 (100) 9 (75) 6 (75) 30 (96.7) 3 (100) 12 (85.7) 12 (70.5) 6 (85.7) 7 (100) 27 (90) 2 (100) 
Ampicillin 8 (100) 11 (91.6) 5 (62.5) 28 (90.3) 3 (100) 12 (85.7) 17 (100) 7 (100) 3 (42.8) 26 (86.6) 1 (50) 
Piperacillin 8 (100) 9 (75) 8 (100) 30 (96.7) 3 (100) 13 (92.8) 12 (70.5) 6 (85.7) 7 (100) 27 (90) 1 (50) 
Co-trimoxazole 6 (75) 8 (66.6) 8 (100) 26 (83.8) 3 (100) 13 (92.8) 15 (88.2) 5 (71.4) 7 (100) 26 (86.6) 2 (100) 
Nalidixic acid 6 (75) 7 (58.3) 6 (75) 29 (93.5) 2 (66.6) 14 (100) 14 (82.3) 7 (100) 2 (28.5) 29 (96.6) 2 (100) 
Amoxicillin/clavulanate 7 (87.5) 11 (91.6) 6 (75) 27 (87) 2 (66.6) 13 (92.8) 16 (94.1) 4 (57.1) 3 (42.8) 28 (93.3) - 
Cefepime 6 (75) 6 (50) 5 (62.5) 16 (51.6) 1 (33.3) 11 (78.5) 7 (41.1) 4 (57.1) 5 (71.4) 21 (70) 1 (50) 
Cefotaxime 6 (75) 9 (75) 5 (62.5) 14 (45.1) 2 (66.6) 8 (57.1) 8 (47) 3 (42.8) 3 (42.8) 20(73.3) - 
Ceftazidime 7 (87.5) 6 (50) 5 (62.5) 15 (48.3) 1 (33.3) 7 (50) 7 (41.1) 2 (28.5) 5 (71.4) 19 (63.3) - 
Aztreonam 5 (62.5) 8 (66.6) 4 (50) 15 (48.3) 1 (33.3) 5 (35.7) 10 (58.8) 1 (14.2) 1 (14.2) 21 (70) 1 (50) 
Nitrofurantoin 3 (37.5) 6 (50) 2 (25) 11 (35.4) 1 (33.3) 3 (21.4) 10 (58.8) 2 (28.5) 3 (42.8) 13 (43.3) 1 (50) 
Chlorampheni-col 5 (62.5) 7 (58.3) 4 (50) 12 (38.7) 1 (33.3) 3 (21.4) 6 (35.2) 2 (28.5) 3 (42.8) 14 (46.6) - 
Norfloxacin - - 4 (50) 14 (45.1) - 1 (7.1) 5 (29.4) - - 12 (40) - 
Gentamicin 3 (37.5) 5 (41.6) 3 (37.5) 7 (22.5) - 2 (14.2) 5 (29.4) - - 8 (26.6) - 
Ciprofloxacin - - 4 (50) 11 (35.4) - 2 (14.2) 5 (29.4) - - 10 (33.3) - 
Amikacin 3 (37.5) 3 (25) - 3 (9.6) - 1 (7.1) 1 (5.8) - - 4 (13.3) - 
Imipenem - - 1 (12.5) - - 1 (7.1) 1 (5.8) - 2 (28.5) - - 
Meropenem - 1 (8.3) - 1 (3.2) - - 1 (1.8) - 1 (14.2) 1 (3.3) - 

 

 

prevalence of bacterial resistance to antibiotics in a 

society (30). On the other hand, some factors may be 

related to the host, including risk factors associated 

with urinary catheterization, previous hospitaliza- 

tion, previous antibiotic treatment, age and previous 

urinary tract infection (31). In addition, according 

to the guidelines of the World Health Organization, 

the inappropriate use of antibiotics has been shown 

to play an important role in the emergence of MDR 

bacteria. For instance, in the United States alone 

during 2014, more than 266 million antimicrobial 

prescriptions were given, about 30 percent of which 

were later described as unnecessary. Similarly, in 

United Kingdom, 69% of all prescriptions contained 

antimicrobials, and more than 20% were described 

as inappropriate. In Iraq, about 70% of all medical 

prescriptions contain antibiotics, but there is insuffi- 

cient data considering the real need to use them and 

their health consequences (19). 

In our study, phylogenetic group B2 had the highest 

prevalence among the UPEC strains with strains be- 

longing to group A being the second most prevalent 

among the strains. These results are consistent with 

other studies in Iran (32) and Iraq (15). Commensal 

strains may become virulent by random functional 

point mutations adaptive for pathogenic environ- 

ments and a genomic deletion that enhances patho- 

genicity. In furtherance to that, it is unclear whether 

E. coli strains should be defined as commensals or 

pathogens based wholly on the source of the speci- 

men and/or phylogenetic group they belong to since 

phylogroup A can cause extraintestinal infections in 

immunocompromised hosts (33, 34). In our study, 

phylogenetic groups F and clade had the lowest 

frequency compared to other phylogenetic groups. 

Cryptic clades are primarily associated with periph- 

eral E. coli; therefore, the observed results may be 

related to the lack of practicing good hygienic mea- 

sures. In addition, the lack of phylogenetic group B1 

is probably because strains of this group are consid- 

ered as commensal strains (4). As stated by Clermont 

et al. (2013), unallocated strains are likely to be the 

result of large-scale recombination events from two 

different groups or genome flexibility due to gene 

loss and amplification (7). The different distribution 

of phylogenetic groups in different studies may de- 
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Table 5. Association of strains carrying different antibiotic-resistant and virulence genes (A) and prevalence of strains carrying 

different virulence genes within each phylogenetic group (B). 

 
Virulence genes 

 

  fimH 

143 (95.3%) 
PapC 

64 (42.6%) 
cnf1 

27 (18%) 
hly 

26 (17.3) 
aer 

74 (49.3%) 
afa 

21 (14%) 
Erythromycin 133 (95.6) 58 (41.7) 27 (19.4) 24 (17.2) 68 (48.9) 20 (14.3) 

Ticarcillin 126 (94.7) 51 (38.3) 22 (16.5) 24 (18) 63 (47.3) 20 (15) 
Ampicillin 126 (95.4) 54 (40.9) 24 (18.1) 24 (18.1) 67 (50.7) 19 (14.3) 
Piperacillin 126 (95.4) 53 (40.1) 23 (17.4) 26 (19.6) 64 (48.4) 18 (13.6) 

Co-trimoxazole 127 (97.6) 57 (43.8) 23 (17.6) 23 (17.6) 68 (52.3) 16 (12.3) 
(A) Nalidixic acid 123 (95.3) 55 (42.6) 22 (17) 22 (17) 66 (51.1) 19 (14.7) 
Antibiotics Amoxicillin / clavula-nate 119 (93.7) 50 (39.3) 23 (18.1) 23 (18.1) 60 (47.2) 17 (13.3) 

 Cefepime 91 (95.7) 39 (41) 20 (21) 16 (16.8) 47 (49.4) 14 (14.7) 

 Cefotaxime 83 (94.1) 34 (38.6) 18 (20.4) 17 (19.3) 41 (46.5) 13 (14.7) 

 Ceftazidime 77 (92.7) 35 (42.1) 17 (20.4) 15 (18) 38 (45.7) 10 (12) 

 Aztreonam 75 (93.7) 36 (45) 16 (20) 17 (21.2) 36 (45) 6 (7.5) 

 Nitrofurantoin 65 (95.5) 27 (39.7) 9 (13.2) 9 (13.2) 31 (45.5) 11 (16,1) 

 Chloramphenicol 57 (90.4) 26 (41.2) 14 (22.2) 11 (17.4) 27 (42.8) 7 (11.1) 

 Norfloxacin 37 (97.3) 18 (47.3) 8 (21) 9 (23.6) 18 (47.3) 3 (7.8) 

 Gentamicin 31 (86.1) 17 (47.2) 9 (25) 9 (25) 13 (36.1) 4 (11.1) 

 Ciprofloxacin 34 (97.1) 17 (48.5) 8 (22.8) 7 (20) 16 (45.7) 2 (5.7) 

 Amikacin 13 (81.2) 8 (50) 4 (25) 6 (37.5) 7 (43.7) 2 (12.5) 

 Imipenem 7 (100) 4 (57.1) 2 (28.5) 1 (14.2) 2 (28.5) 1 (14.2) 

 Meropenem 5 (100) 1 (20) 1 (20) 1 (20) - - 

 B2       
(B) A 85 (97.7) 57 (65.5) 23 (26.4) 21 (24.1) 66 (75.8) 18 (20.6) 
Phylogenetic groups C 32 (96.9) 1 (3) - - - - 

 D 12 (100) 4 (33.3) 2 (16.6) 2 (16.6) 3 (25) - 

 E 8 (100) 1 (12.5) 2 (25) 3 (37.5) 1 (12.5) 2 (25) 

 F 3 (50) 1 (16.6) - - 1 (16.6) 1 (16.6) 

 Clade 1 (50) - - - 1 (50) - 

  2 (100) - - - 1 (50) - 

 

Table 6. Distribution of phylogroup (A) and virulence genes (B) among different serogroups. 

Serogroups 

O1            O2           O7           O8 O16 O21 O15 O4        O22 O25 O83 

8 (5.7%) 12 (8.6%) 8 (5.7%) 31 (22.3%)  3 (3.1%)  14 (10%) 17 (12.2%) 7 (5%) 7 (5%) 30 (21.5%) 2 (1.4%) 
 

 B2 3 (37.5) 7 (58.3) 3 (37.5) 18 (58) 2 (66.6) 12 (85.7) 14 (82.3) 4 (57.1) 5 (71.4) 12 (40) - 
A 1 (12.5) 4 (33.3) 1 (12.5) 9 (29) 1 (33.3) 1 (7.1) 2 (11.7) 1 (14.2) 2 (28.5) 9 (30) - 

(A) C 1 (12.5) 1 (8.3) 3 (37.5) 1 (3.2) - - - - - 6 (20) - 
Phylogenetic D - - 1 (12.5) 1 (3.2) - - 1 (5.8) 2 (28.5) - 1 (3.3) 2 (100) 
Groups E 1 (12.5) - - 1 (3.2) - 1 (7.1) - - - 1 (3.3) - 

 F 1 (12.5) - - 1 (3.2) - - - - - - - 

 Clade 1 (12.5) - - - - - - - - 1 (3.3) - 

  

fimH 
 

7 (87.5) 
 

12 (100) 
 

8 (87.5) 
 

28 (90.3) 
 

3 (100) 
 

14 (100) 
 

17 (100) 
 

7 (100) 
 

7 (100) 
 

29 (96.6) 
 

2 (100) 
(B) papC 2 (25) 6 (50) 5 (62.5) 7 (22.5) 1 (33.3) 9 (64.2) 9 (52.9) 2 (28.5) 5 (71.4) 13 (43.3) - 
virulence cnf1 3 (37.5) 3 (25) 2 (25) 3 (9.6) 1 (33.3) 4 (28.5) 5 (29.4) 3 (42.8) - 3 (10) - 
genes Hly 2 (25) 3 (25) - 2 (6.4) 1 (33.3) 4 (28.5) 7 (41.1) 2 (28.5) - 4 (13.3) - 

 Aer 3 (37.5) 5 (41.6) 4 (50) 18 (58) 1 (33.3) 10 (71.4) 8 (47) 2 (28.5) 5 (71.4) 11 (36.6) - 

 Afa - 1 (8.33) - 7 (22.5) - 3 (21.4) 3 (17.6) 3 (42.8) - 1 (3.3) - 
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pend on differences in the geographical area, patient 

health status, use of antibiotics and differences in re- 

search design and sample size of studies (20, 35). 

In the present study, fourteen serogroups associated 

with UTI constituted more than 92% of the strains 

with serogroups O8, O25, and O15 having the highest 

prevalence suggesting the spread of three dominant 

clonal groups of UPEC in Baghdad. In other studies 

serogroups O25 and O15 (Iran) (8, 17), O8, O25 and 

O21 (Iraq) (16) and O6 (India) (21) showed the high- 

est prevalence. Momtaz et al. (17) in Iran reported 

that serogroups O25 and O15 had the highest prev- 

alence whereas serogroups O75, O18 with one strain 

each having the lowest prevalence. In our study, O83 

had the lowest prevalence and strains of this sero- 

group had only fimH gene, indicating that this sero- 

group may be less important in developing UTI in 

Baghdad. The presence of different serogroups in 

different countries could be related to autochthonous 

bacteria that are part of the intestinal biota which 

may incidentally cause UTI (36). 

Identification of virulence factors encoded by 

UPEC is of particular importance in the pathogen- 

esis and the severity of UTIs in the host. Virulence 

factors can also be used as targets for the develop- 

ment of vaccines and drugs against infection (37). 

UPEC strains have different abilities to cause UTI 

depending on the type of virulence genes carried by 

plasmids, pathogenicity islands, transposons, and 

bacteriophages (9). The distribution of virulence 

genes among our UPEC strains showed that fimH 

and aer genes were the most common genes similar 

to those reported in Thailand (20, 30), Iraq (15) and 

Ethiopia (37). A comparison of the prevalence of vir- 

ulence genes among UPEC in our student and those 

isolated in southern Iraq showed that aer, papC, cnf1 

and hly genes were more prevalent in Baghdad (15). 

The presence of fimH gene among a high percentage 

of UPEC strains in our study may be due to the key 

importance of this gene in the early infection stage. 

fimH is responsible for identifying the surface recep- 

tors on bladder cells. This gene helps colonization of 

bacteria in the urinary tract and protects it against 

rinsing by the urine stream. The amount of iron in 

the urinary tract is limited, and the acquisition of suf- 

ficient iron is a vital requirement for the survival of 

UPEC (38). The UPEC supplies the iron it needs by 

encoding the aer gene, a gene that is strongly asso- 

ciated with pyelonephritis, cystitis, and bacteremia 

and is involved in bacterial survival and colonization 

(38, 39). Differences in the prevalence of virulence 

factors, including fimH and aer in UPEC in our study 

and other studies such as Iran (40) and Turkey (18) 

could be due to geographical differences, climate, 

public health, diet, sampling techniques, etiquette, 

and traditions. However, negative PCR does not al- 

ways mean the absence of virulence gene because 

mutation of the gene may lead to negative PCR (37). 

Due to the expression of the fimH gene in most UPEC 

strains, it can be considered as a potential candidate 

for the development of a vaccine against UTI. In fact, 

some studies suggest that anti-fimH antibodies can 

act to prevent UPEC colonization in the urinary sys- 

tem (9). 

The findings of this study show that UPEC strains 

with high pathogenic potential are common in pa- 

tients with UTIs in Baghdad and measures should 

be taken to combat these pathogens through the de- 

sign and implementation of prevention and control 

strategies. If possible, it is better to study samples 

from wider community in different parts of the city 

and different provinces. Also, it is desirable to study 

more  virulence  factor  genes.  These  findings may 

help to understand the pathogenicity of clonal groups 

of UPEC in this country to rationalize a proper man- 

agement of UTI patients, thus reducing the misuse of 

antibiotics. 
 

 
 
CONCLUSION 

 
Our results showed that the prevalence of differ- 

ent phylogenetic groups within serogroups of UPEC. 

The high prevalence of phylogenetic group A among 

our strains not carrying many virulence genes sug- 

gest that host factors can be more important a factor 

for development of UTI by E. coli in this country. 

The high prevalence of antibiotic resistance among 

UPEC is also pointing as a serious challenge of treat- 

ment of UTI in this country. 
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