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Abstract 
Introduction: The severity of urinary tract infection (UTI) produced by uropathogenic Escherichia coli (UPEC) is due to the expression of a 

wide spectrum of virulence genes. E. coli strains were divided into four phylogenetic groups (A, B1, B2 and D) based on their virulence genes. 

The present study aimed to assess the relationship between virulence genes, phylogenetic groups, and antibiotic resistance of UPEC. 

Methodology: A total of 148 E. coli were tested for antimicrobial resistance against 10 drugs using the disk diffusion method. The isolates were 

screened by polymerase chain reaction (PCR) for detection of virulence genes and categorized into the four major phylogenetic groups. 

Results: Phylogenetic group B2 was predominant (33.8%), followed by D (28.4%), A (19.6), and B1 (18.2%). A higher prevalence of fimH 

(89.9%), fyuA (70.3%), traT (66.2%), iutA (62.2%), kpsMTII (58.8%), and aer (56.1%) genes were found in UPEC, indicating a putative role 

of adhesins, iron acquisition systems, and protectins that are main cause of UTIs. The most common antibiotic resistance was to cephalotin 

(85.1%), ampicillin (78.4%) and the least to nitrofurantoin (5.4%) and imipenem (2%). In total, 93.9% of isolates were multidrug resistant 

(MDR).  

Conclusions: This study showed that group B2 and D were the predominant phylogenetic groups and virulence-associated genes were mostly 

distributed in these groups. The virulence genes encoding components of adhesins, iron acquisition systems, and protectins were highly 

prevalent among antibiotic-resistant UPEC. Although the majority of strains are MDR, nitrofurantoin is the drug of choice for treatment of UTI 

patients in Ulaanbaatar. 
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Introduction 
The incidence of urinary tract infection (UTI) is 

estimated to be about 150–250 million cases worldwide 

[1]. UTIs are one of the inflammatory diseases 

produced by high multiplication of many pathogens in 

the urinary apparatus, resulting in alterations in the 

function of the urinary tract and kidneys [2]. UTI is 

particularly a major problem for females; nearly 50% of 

all women will experience at least one UTI in their 

lifetime and, of those, about 25% will have one or more 

recurrent infections [3]. In Mongolia, UTI status has not 

been described, but females between 20 and 40 years of 

age accounted for 60.3% of all patients with chronic 

pyelonephritis [4]. 

Strains of uropathogenic Escherichia coli (UPEC) 

are the primary cause of community-acquired UTIs 

(70%–95%) and a large portion of nosocomial UTIs 

(50%), accounting for substantial medical costs and 

morbidity worldwide [5,6]. The interaction between 

UPEC and epithelial cells is a multifactorial and 

complex phenomenon which involves several adhesins 

produced according to the stage of infection, while 

adherence to epithelial cells is essential for successful 

colonization and establishment. The expression of other 

genes encoding virulence factors contributes to disease 

severity [3,7]. The genes in the pathogenicity islands 

may also be virulence associated and encode a variety 

of different virulence factors, such as adherence factors 

(e.g., type 1 and P fimbriae), toxins (e.g., hemolysin and 

cytotoxic necrotizing factor), secretion systems, and 

siderophores (e.g., aerobactin and yersinabactin) [8-

10]. Some of the most important virulence genes of 

UPEC strains that are associated with severe UTIs are 

aerobactin (aer), P fimbriae (pap), type 1 fimbriae 
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(fimH), afimbrial adhesin I (afaI), hemolysin (hly), S 

fimbriae (sfa), adhesins, and fimbriae; however, other 

virulence genes such as kpsMT, traT, iutA, cvaC, ibe, 

fyuA, and usp are known to be involved in pathogenicity 

of this organism [11]. 

The number of multidrug-resistant strains of E. coli 

has progressively increased, causing treatment 

limitations [12,13]. Several studies have shown that 

antibiotic resistance in UPEC is increasing year by year 

[14-17]. Cephalosporins, fluoroquinolones, and 

trimethoprim-sulfamethoxazole are often used to treat 

community and hospital infections caused by E. coli 

and resistance to these agents is responsible for delays 

of inappropriate therapy with subsequently increasing 

morbidity and mortality [18]. Until the late 1990s, 

UPEC was relatively susceptible to first-line 

antibiotics; however, several surveillance studies 

during the 2000s across Europe and North and South 

America showed that between 20% and 45% of UPEC 

was resistant to first-line antibiotics including 

cephalosporins, fluoroquinolones, and trimethoprim-

sulfamethoxazole [19]. The knowledge of drug 

resistance patterns in a geographical area and the 

formulation of an appropriate hospital antibiotic policy 

will go a long way in the control of these infections. 

Therefore, it is necessary to know the antibiotic 

susceptibility pattern of pathogenic E. coli to select the 

correct antibiotics for proper treatment of infections 

caused by it [20]. 

Phylogenetic analyses showed that E. coli strains 

were divided into four phylogenetic groups (A, B1, B2 

and D) based on their genetic polymorphisms [21]. It is 

known that the expression of virulence genes and 

phylotypes varies with geographical location [17,22]. 

The present study aimed to describe the profile of 

UPEC from Mongolian women (or patients) with UTIs 

by the identification of virulence genes, phylogenetic 

group, and resistance to antibiotics. 

 

Methodology 
Bacterial strains 

A total of 148 E. coli strains were isolated from the 

urine cultures of patients that presented to the 

bacteriological laboratory of the First Central Hospital 

and National Center for Communicable Diseases, 

Ulaanbaatar city, from July 2012 through April 2013. 

Identification of these strains was performed 

biochemically with the VITEK 2 Compact System and 

API 20E system (BioMerieux, Marcy-l'Etoile, France). 

Strains were stored at -20°C in skim milk with glycerol 

until they were used. 

 

Antibiotic susceptibility testing 

The disk diffusion method was used to determine 

antibiotic susceptibility of the isolates on Muller-

Hinton agar (Difco, Franklin Lakes, USA). Each isolate 

was tested for antibiotic susceptibility using a panel of 

the following antibiotics: ampicillin (AMP) 10 μg, 

cefuroxime (CXM) 30 μg, gentamicin (GEN) 10 μg, 

nitrofurantoin (NIT) 300 μg, ciprofloxacin (CIP) 5 μg, 

imipenem (IPM) 10 μg, ceftazidime (CAZ) 30 μg, 

cephalotin (CEF) 30 μg, cefoxitin (FOX) 30 μg, and 

trimethoprim/sulfamethoxazole (SXT) 1.25/23.75 μg 

(BioLab, Budapest, Hungary). The plates were 

incubated at 37°C for 24 hours, and inhibitory zone 

diameters were measured. Interpretation of results 

followed criteria recommended by Clinical Laboratory 

Standard Institute (CLSI) [23]. 

 

DNA extraction 

E. coli isolates were grown in Luria-Bertani agar 

(Difco, Franklin Lakes, USA) at 37°C overnight. 

Bacteria were resuspended in sterile distilled water and 

boiled at 95°C for 10 minutes. After centrifugation, the 

supernatants were stored as DNA template at -20°C 

until they were tested by polymerase chain reaction 

(PCR) [24]. 

 

PCR method to determine virulence genes 

PCR was performed with the Accupower PCR 

Premix (Bioneer, Daejeon, South Korea) according to 

the manufacturer’s instructions. Triplex PCR was used 

to identify 15 virulence genes of UPEC: hlyA (1177 bp), 

kpsMTII (272 bp), ibeA (170 bp), cvaC (680 bp), traT 

(290 bp), papGII (190 bp), fimH (508 bp), iutA (300 bp), 

papC (200 bp), afa/draBC (559 bp), sfa/focDE (410 

bp), papGIII (258 bp), usp (1,000 bp), fyuA (880 bp) 

and aer (602 bp). PCR primer sequence for each 

virulence gene was taken from Johnson and Stell [25], 

Yun et al. [13], and Yamamoto et al. [26]. The PCR 

steps were as follows: initial denaturation at 95°C for 

12 minutes, followed by 25 cycles of denaturation at 

94°C for 30 seconds, annealing at 66°C for 30 seconds, 

extension at 68°C for 3 minutes, followed by a final 10-

minute extension at 72°C. After amplification, the PCR 

products were separated by electrophoresis in a 2% 

agarose gel, stained in ethidium bromide solution, and 

visualized with a GelDoc 2000 gel documentation 

system (BioRad, Hercules, USA). 

 

Phylogenetic analysis 

The E. coli strains were categorized into the four 

major phylogenetic groups (A, B1, B2 and D) by triplex 

PCR following the protocol proposed by Clermont et al. 
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[21], using two virulence genes (chuA, encoding the 

heme transporter protein in E. coli O157:H7 and yjaA, 

initially identified in the genome of E. coli K-12) and 

one DNA fragment TspE4.C2 [21]. 

 

Statistical analysis 

Statistical analysis was performed using Fisher’s 

exact test and Chi-square test. The level of significance 

was set at p < 0.05. 

 

Results 
Phylogenetic analysis 

Phylogenetic grouping was as follows: B2, 50 

(33.8%) strains; D, 42 (28.4%) strains; A, 29 (19.6%) 

strains; and B1, 27 (18.2%) strains. 

 

Virulence genes 

Higher prevalence (above 50%) was observed for 

the fimH, fyuA, traT, iutA, kpsMTII, and aer genes 

(89.9%, 70.3%, 66.2%, 62.2%, 58.8%, and 56.1%, 

respectively). The papC, papGII, afa/draBC, usp, 

sfa/focDE, hlyA, ibeA, papGIII, and cvaC genes 

registered prevalence lower than 25% (20.3%, 17.6%, 

15.5%, 12.8%, 8.8%, 8.1%, 4.7%, 1.4%, and 0.7%, 

respectively). Some isolates harbored the adhesive 

genes either singly or in combination. The prevalence 

of genes coding individually for fimbrial adhesions, pap 

and sfa, was 39.3% (58/148) and 8.8% (13/148), 

respectively. The prevalence of the afa gene coding for 

afimbrial adhesion was 15.5% (23/148). Six strains 

possessed both pap and sfa genes, while two isolates 

harbored both pap and afa genes. Table 1 shows the 

distribution of virulence genes with respect to the 

phylogenetic groups. 

Most of the virulence genes were associated with 

the phylogenetic group B2. The fimH, kpsMTII, and 

traT genes were widely distributed among all groups 

(A: 93.1%, 48.2%, 62.1%; B1: 85.1%, 55.6%, 66.7%; 

B2: 96%, 68%, 72%; and D: 83.3%, 57.1%, 62%, 

respectively). The cvaC and ibeA genes were found 

only in the B2 group. The papC, papGII, iutA, fyuA, 

aer, hlyA, ibeA, and usp genes were positively 

associated with group B2. With respect to negative 

associations, hlyA and sfa/focDE were less prevalent in 

the D group, the iutA and afa/draBC genes were 

significantly negatively associated with the B group, 

and the usp gene was negatively associated with the A 

group. 

 

Antibiotic resistance 

The disk diffusion method indicated that antibiotic 

resistance was above 50% to CEF (85.1%), AMP 

(78.4%), and SXT (70.9%) in the UPEC strains. 

Sensitivity values above 50% were found to GEN 

(57.4%), CIP (58.1%), CAZ (66.2%), CXM (76.4%), 

FOX (93.9%), NIT (94.6%), and IPM (98%).  

In this study 93.9% (139 cases) of isolates were 

considered multidrug resistant (MDR), and 45.9% (68 

cases) of the investigated strains were resistant to at 

least seven of the examined antibiotics. Isolates 

susceptible to all studied antibiotics were not observed. 

Six isolates were resistant to all studied antibiotics. 

These strains were distributed among phylogenetic 

groups as follows: A, 2 strains; B1, 1 strain; D, 2 strains; 

and B2, 1 strain. Among these, five or six virulence 

Table 1. Relationships among phylogenetic group and virulence genes. 

Gene 

Phylogenetic group (n, %) 

Total A 

(n = 29) 

B1 

(n = 27) 

B2 

(n = 50) 

D 

(n = 42) 

papC 7 (24.1%) 2 (7.4%) 16a (32%) 5 (11.9%) 30 

papGII 6 (20.7%) 2 (7.4%) 14a (28%) 4 (9.5%) 26 

papGIII 1 (3.4%) 0 1 (2%) 0 2 

sfa/focDE 3 (10.3%) 4 (14.8%) 6 (12%) 0b 13 

fimH 27 (93.1%) 23 (85.2%) 48 (96%) 35 (83.3%) 133 

afa/draBC 7 (24.1%) 0b 8 (16%) 8 (19%) 23 

iutA 19 (65.5%) 11b (40.7%) 39a (78%) 23 (54.8%) 92 

fyuA 17 (58.6%) 16 (59.3%) 44a (88%) 27 (64.3%) 104 

aer 13 (44.8%) 13 (48.1%) 35a (70%) 22 (52.4%) 83 

kpsMTII 14 (48.3%) 15 (55.6%) 34 (68%) 24 (57.1%) 87 

cvaC 0 0 1 (2%) 0 1 

traT 18 (62.1%) 18 (66.7%) 36 (72%) 26 (61.9%) 98 

hlyA 2 (6.9%) 2 (7.4%) 8a (16%) 0b 12 

ibeA 0 0 7a (14%) 0 7 

usp 0b 1 (3.7%) 15a (30%) 3 (7.1%) 19 
aP < 0.05; b Negative association. 
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genes were often detected per strain. There was no 

significant difference in the phylogenetic group 

composition with respect to antibiotic resistance (Table 

2). 

Statistical analysis revealed the existence of the 

following associations: UPEC strains positive for papC 

and papGII genes were more resistant to AMP and 

SXT; for kpsMTII gene were more resistant to AMP; for 

traT gene were more resistant to CXM; for usp gene 

were more resistant to CIP than the isolates negative for 

these genes (p < 0.05) (Table 3). 

Resistance to GEN, CIP, and CXM were 

significantly associated with all the genes encoding 

siderophore, aerobactin (iutA, aer). Furthermore, 

isolates positive for sfa/focDE genes were more 

sensitive to AMP than were isolates negative for 

sfa/focDE genes; isolates positive for afa/draBC genes 

were more sensitive to CIP than were isolates negative 

for afa/draBC genes. 

 

Discussion 
Cell morphology and molecular biology studies 

have revealed that UPEC express several surface 

structures and secrete protein molecules, some of which 

are cytotoxic, peculiar to the strains of E. coli causing 

UTIs [27]. In the present study, we aimed to detect the 

virulence genes, phylogenetic group, and antibiotic 

resistance of UPEC in Mongolia. 

The distribution of virulence genes and the 

phylogenetic group are different among countries. For 

example, in Russia [28], UTI isolates belonged more 

often to phylogenetic group A. In Spain and the United 

States, lower percentages of phylogenetic group D were 

reported [7]. In the present study, the predominant 

Table 2. Prevalence of resistance among various phylogenetic groups of uropathogenic E. coli isolates. 

Antibiotics by glass Antibiotics 

Phylogenetic group (n, %) 

Total A 

(n = 29) 

B1 

(n = 27) 

B2 

(n = 50) 

D 

(n = 42) 

Aminoglycosides GEN 13 (44.8%) 9 (33.3%) 22 (44%) 19(45.2%) 63 

Beta-lactams 

AMP 23 (79.3%) 21 (77.8%) 36 (72%) 36(85.7%) 116 

CEF 21 (72.4%) 24 (88.9%) 45 (90%) 36 (85.7%) 126 

FOX 4 (13.8%) 1 (3.7%) 2 (4%) 2(4.8%) 9 

CXM 5 (17.2%) 9 (33.3%) 6 (12%) 15 (35.7%) 35 

CAZ 7 (24.3%) 10 (37%) 16 (32%) 17 (40.5%) 50 

Sulfonamides SXT 17 (58.6%) 21 (77.8%) 34 (68%) 33 (78.6%) 105 

Quinolones CIP 10 (34.5%) 11 (40.7%) 21 (42%) 20 (47.6%) 62 

Carbapenem IPM 1 (3.4%) 1 (3.7%) 1 (2%) 0 3 

Nitrofurans NIT 4 (13.8%) 2 (7.4%) 0 2 (4.8%) 8 

GEN: gentamicin; AMP: ampicillin; CEF: cephalotin; FOX: cefoxitin; CXM: cefuroxime; CAZ: ceftazidime; SXT: trimethoprim/sulfamethoxazole; CIP: 

ciprofloxacin; IPM: imipenem; NIT: nitrofurantoin. 

 

 
Table 3. Association between virulence genes and antibiotic resistance. 

Genes 
Antibiotic resistance (n) 

CEF AMP SXT GEN CIP CAZ CXM FOX NIT IPM 

papC 27 20 26a 12 8 8 4 2 0 2 

papGII 25 16a 23a 12 7 7 4 1 0 2 

papGIII 1 2 2 1 1 0 0 0 0 0 

sfa/focDE 10 6b 8 6 4 2 1 2 0 2 

fimH 114 103 93 59 57 48 33 8 8 2 

afa/draBC 18 16 13 9 5b 6 6 0 1 0 

iutA 79 72 69 46a 45a 36 27a 5 4 2 

fyuA 91 84 76 48 48 39 28 5 5 2 

aer 74 66 63 43a 42a 33 25a 4 4 2 

kpsMTII 76 63a 60 32 36 27 20 6 4 2 

cvaC 1 0 0 0 0 0 0 0 0 0 

traT 84 77 71 44 40 36 28a 5 5 1 

hlyA 11 7 10 4 3 4 2 1 0 1 

ibeA 7 6 5 4 5 2 1 0 0 0 

usp 17 16 16 12 14a 10 5 1 0 1 
aP < 0.05; b Negative association; CEF: cephalotin; AMP: ampicillin; SXT: trimethoprim/sulfamethoxazole; GEN: gentamicin; CIP: ciprofloxacin; CAZ: 

ceftazidime; CXM: cefuroxime; FOX: cefoxitin; NIT: nitrofurantoin; IPM: imipenem. 
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phylogenetic group was B2 (33.8%), followed by D 

(28.4%), A (19.6%), and B1 (18.2%). Comparing to 

researchers’ results from China, geographically located 

closest to our country, Luo et al. [29] and Cao et al. [30] 

reported the most common phylogenetic group in the 

UPEC isolates was B2 and D. Our results support these 

findings. Phylogenetic group A, associated with 

commensal strains, represented 19.6% of isolates, 

which was higher than in some studies [31,32], 

suggesting that the gastrointestinal tract is the main 

reservoir of strains that may be able to colonize the 

urinary tract, in accordance with previous observations. 

UPEC strains encode a number of virulence genes 

that enable the bacteria to colonize the urinary tract and 

persist in the face of highly effective host defense [33]. 

Surface virulence factors of UPEC include a number of 

different types of adhesive factors, of which the 

presentation of adhesive molecules is the most 

important determinant of pathogenicity [33]. The 

percentage frequency of each gene was detected, and 

the fimH gene had the highest presence rate (89.9%), 

followed by papC (20.3%), papGII (17.6%), afa/draBC 

(15.5%), sfa/focDE (8.8%), and papGIII (1.4%). Tiba 

et al. conducted a study on the genetics of virulence 

genes of pathogenic E. coli from patients with cystitis. 

The frequency of virulence genes fimH, papC, sfa, and 

afa was 97.5%, 32.7%, 27.8%, and 6.2%, respectively 

[34]. In another study by Usein et al., the prevalence 

rates of fimH, sfa/foc, papC, and afa in Romanian adults 

with UTI was 86%, 23%, 36%, and 14%, respectively 

[35]. The higher number of samples having pap and sfa 

genes together as compared with other combinations 

could be due to the localization of these genes on the 

same pathogenicity island of UPEC strains [36]. In our 

study, the combination of pap/sfa genes was more 

frequently detected than pap/afa genes, which is similar 

to previous studies [36,37]. 

Cellular morphology and molecular biology studies 

have revealed that UPEC express siderophore 

production peculiar to the strains of E. coli causing 

extraintestinal infections [38]. The majority of 

infectious E. coli strains possess multiple systems for 

ferric ion uptake, a relatively low affinity aerobactin 

system and two high affinity systems, yersiniabactin 

and enterobactin [39]. The prevalence of siderophore 

receptors were as follows: iutA, fyuA, and aer were 

present in 62.2%, 70.3%, and 56.1% of the samples, 

respectively. The expression of iutA and aer genes was 

significantly more prevalent in the GEN-, CIP-, and 

CXM-resistant E. coli strains than in these antibiotic-

susceptible E. coli strains. Comparing across groups, 

the virulence genes were found in the strains of 

phylogenetic groups D and B1, and most frequently in 

group B2. Our results are confirmed in other studies 

[7,40]. 

In this study, we considered UPEC strains and their 

sensitivity patterns to different groups of antibiotics that 

are commonly administered to treat the infections. The 

studied UPEC isolates showed a high resistance to CEF 

(85.1%) and AMP (78.4%) and a high sensitivity to 

IPM (98%) and NIT (94.6%). The data from studies in 

India [41], Iran [42], and Mexico [43] also 

demonstrated the low resistance to NIT and high 

resistance to AMP. Considering the relative antibiotic 

resistance rate, NIT can be recommended for the 

treatment of UTIs. In Mongolia, fluoroquinolones and 

extended-spectrum cephalosporins are commonly used 

for treatment of UTIs and other infections. Therefore, 

AMP, CEF, and CIP resistance rates may be elevated 

due to the wide usage of these antibiotics. According to 

the findings of the current study, UPEC strains showed 

high sensitivity to NIT. Sensitivity to NIT may result 

from the lower frequency of the use of this drug. 

Fluoroquinolones, including CIP, are not recommended 

as first-line antibiotics for the treatment of UTIs, but 

they are generally used for empirical therapies. In the 

present study, 41.9% of the UPEC strains showed 

resistance to CIP. These results correspond to those of 

other studies conducted by López-Banda et al. [7] and 

Giray et al. [44], who reported 62.3% and 47% 

resistance in E. coli to CIP, respectively. 

A high incidence of MDR strains was also detected 

among the present isolates. Of the UPEC strains, 93.9% 

demonstrated MDR phenotype and showed resistance 

to three or more of the tested antibiotics. Similar results 

were obtained from other studies [41]. The rate of MDR 

in UPEC isolates was 92.5% in India [41]. In another 

study on UTIs in Iran, the rate of MDR E. coli isolates 

was 82.1% [31]. MDR causes major consequences such 

as the empirical therapy of the E. coli infections, as well 

as a possible co-selection of antimicrobial resistance, 

which is mediated by the MDR plasmids [41]. 

 

Conclusions 
In the present study, groups B2 and D were the 

predominant phylogenetic groups among UPEC strains 

in Mongolia, and virulence-associated genes were 

mostly distributed in these groups. The virulence genes 

encoding components of adhesins, iron acquisition 

systems, and protectins were highly prevalent among 

antibiotic-resistant UPEC. Although the majority of 

strains are MDR, nitrofurantoin is the drug of choice for 

treatment of UTI patients in Ulaanbaatar. 
 



Munkhdelger et al. – Detection of virulence factors of UPEC     J Infect Dev Ctries 2017; 11(1):51-57. 

56 

Acknowledgements 
We thank the staff in the Laboratory of Microbiology, First 

Central Hospital, and National Center For Communicable 

Diseases Ulaanbaatar, Mongolia, for the help with sample 

collection. This study was supported by grants SSA-061/14 

from the Mongolian Foundation for Science and Technology. 

We would like to express our gratitude to the Mongolian 

National University of Medical Sciences for supporting this 

study. 

 

 
References 
1. Asadi S, Kargar M, Solhjoo K, Najafi A, Ghorbani-Dalini S 

(2014) The association of virulence determinants of 

uropathogenic Escherichia coli with antibiotic resistance. 

Jundishapur J Microbiol 7: e9936. 

2. Millan Y, Hernandez E, Millan B, Araque M (2014) 

Distribution of phylogenetic groups and virulence factors in 

CTX-M-15 beta-lactamase-producing uropathogenic 

Escherichia coli strains isolated from patients in the 

community of Merida, Venezuela. Rev Argent Microbiol 46: 

175-181. 

3. Dhakal BK, Kulesus RR, Mulvey MA (2008) Mechanisms and 

consequences of bladder cell invasion by uropathogenic 

Escherichia coli. Eur J Clin Invest 38 Suppl 2: 2-11. 

4. Dashiimaa L, Khosbayar T, Gelegjamts Kh, Malchinkhuu Ch 

(2010) The clinical features and antibiotic susceptibility of 

causative bacters of pyelonephritis of children in Mongolia. J 

Mongolian Med 3: 153-155. 

5. Foxman B (2003) Epidemiology of urinary tract infections: 

incidence, morbidity, and economic costs. Dis Mon 49: 53-70. 

6. Kudinha T, Kong F, Johnson JR, Andrew SD, Anderson P, 

Gilbert GL (2012) Multiplex PCR-based reverse line blot assay 

for simultaneous detection of 22 virulence genes in 

uropathogenic Escherichia coli. Appl Environ Microbiol 78: 

1198-1202. 

7. López-Banda DA, Carrillo-Casas EM, Leyva-Leyva M, 

Orozco-Hoyuela G, Manjarrez-Hernández ÁH, Arroyo-

Escalante S, Moncada-Barrón D, Villanueva-Recillas S, 

Xicohtencatl-Cortes J, Hernández-Castro R (2014) 

Identification of virulence factors genes in Escherichia coli 

isolates from women with urinary tract infection in Mexico. 

Biomed Res Int 2014: 959206. 

8. Lindberg S, Xia Y, Sonden B, Goransson M, Hacker J, Uhlin 

BE (2008) Regulatory interactions among adhesin gene 

systems of uropathogenic Escherichia coli. Infect Immun 76: 

771-780. 

9. Wiles TJ, Kulesus RR, Mulvey MA (2008) Origins and 

virulence mechanisms of uropathogenic Escherichia coli. Exp 

Mol Pathol 85: 11-19. 

10. Johnson JR (1991) Virulence factors in Escherichia coli 

urinary tract infection. Clin Microbiol Rev 4: 80-128. 

11. Momtaz H, Karimian A, Madani M, Safarpoor Dehkordi F, 

Ranjbar R, Sarshar M, Souod N (2013) Uropathogenic 

Escherichia coli in Iran: serogroup distributions, virulence 

factors and antimicrobial resistance properties. Ann Clin 

Microbiol Antimicrob 12: 8. 

12. Sun J, Hu J, Peng H, Shi J, Dong Z (2012) Molecular and 

physiological characterization of fluoroquinolone resistance in 

relation to uropathogenicity among Escherichia coli isolates 

isolated from Wenyu River, China. Chemosphere 87: 37-42. 

13. Yun KW, Kim HY, Park HK, Kim W, Lim IS (2013) Virulence 

factors of uropathogenic Escherichia coli of urinary tract 

infections and asymptomatic bacteriuria in children. J 

Microbiol Immunol Infect 47: 455-461. 

14. Johnson JR, Kuskowski MA, O'Bryan TT, Colodner R, Raz R 

(2005) Virulence genotype and phylogenetic origin in relation 

to antibiotic resistance profile among Escherichia coli urine 

sample isolates from Israeli women with acute uncomplicated 

cystitis. Antimicrob Agents Chemother 49: 26-31. 

15. Johnson JR, Johnston B, Kuskowski MA, Colodner R, Raz R 

(2005) Spontaneous conversion to quinolone and 

fluoroquinolone resistance among wild-type Escherichia coli 

isolates in relation to phylogenetic background and virulence 

genotype. Antimicrob Agents Chemother 49: 4739-4744. 

16. Kamenski G, Wagner G, Zehetmayer S, Fink W, Spiegel W, 

Hoffmann K (2012) Antibacterial resistances in uncomplicated 

urinary tract infections in women: ECO.SENS II data from 

primary health care in Austria. BMC Infect Dis 12: 222. 

17. Kawamura-Sato K, Yoshida R, Shibayama K, Ohta M (2010) 

Virulence genes, quinolone and fluoroquinolone resistance, 

and phylogenetic background of uropathogenic Escherichia 

coli strains isolated in Japan. Jpn J Infect Dis 63: 113-115. 

18. Lautenbach E, Patel JB, Bilker WB, Edelstein PH, Fishman 

NO (2001) Extended-spectrum beta-lactamase-producing 

Escherichia coli and Klebsiella pneumoniae:risk factors for 

infection and impact of resistance on outcomes. Clin Infect Dis 

32: 1162-1171. 

19. Foxman B (2010) The epidemiology of urinary tract infection. 

Nat Rev Urol 7: 653-660. 

20. Sharma S, Bhat GK, Shenoy S (2007) Virulence factors and 

drug resistance in Escherichia coli isolated from extraintestinal 

infections. Indian J Med Microbiol 25: 369-373. 

21. Clermont O, Bonacorsi S, Bingen E (2000) Rapid and simple 

determination of the Escherichia coli phylogenetic group. Appl 

Environ Microbiol 66: 4555-4558. 

22. Agarwal J, Mishra B, Srivastava S, Srivastava R (2013) 

Genotypic characteristics and biofilm formation among 

Escherichia coli isolates from Indian women with acute 

cystitis. Trans R Soc Trop Med Hyg 107: 183-187. 

23. Kammler M, Schon C, Hantke K (1993) Characterization of 

the ferrous iron uptake system of Escherichia coli. J Bacteriol 

175: 6212-6219. 

24. Farshad S, Emamghorashi F (2009) The prevalence of 

virulence genes of E. coli strains isolated from children with 

urinary tract infection. Saudi J Kidney Dis Transpl 20: 613-

617. 

25. Johnson JR, Stell AL (2000) Extended virulence genotypes of 

Escherichia coli strains from patients with urosepsis in relation 

to phylogeny and host compromise. J Infect Dis 181: 261-272. 

26. Yamamoto S, Terai A, Yuri K, Kurazono H, Takeda Y, 

Yoshida O (1995) Detection of urovirulence factors in 

Escherichia coli by multiplex polymerase chain reaction. 

FEMS Immunol Med Microbiol 12: 85-90. 

27. Raksha R, Srinivasa H, Macaden RS (2003) Occurrence and 

characterisation of uropathogenic Escherichia coli in urinary 

tract infections. Indian J Med Microbiol 21: 102-107. 

28. Grude N, Potaturkina-Nesterova NI, Jenkins A, Strand L, 

Nowrouzian FL, Nyhus J, Kristiansen BE (2007) A 

comparison of phylogenetic group, virulence factors and 

antibiotic resistance in Russian and Norwegian isolates of 

Escherichia coli from urinary tract infection. Clin Microbiol 

Infect 13: 208-211. 



Munkhdelger et al. – Detection of virulence factors of UPEC     J Infect Dev Ctries 2017; 11(1):51-57. 

57 

29. Luo Y, Ma Y, Zhao Q, Wang L, Guo L, Ye L, Zhang Y, Yang 

J (2012) Similarity and divergence of phylogenies, 

antimicrobial susceptibilities, and virulence factor profiles of 

Escherichia coli isolates causing recurrent urinary tract 

infections that persist or result from reinfection. J Clin 

Microbiol 50: 4002-4007. 

30. Cao X, Cavaco LM, Lv Y, Li Y, Zheng B, Wang P, hasman H, 

Liu Y, Aarestrup FM (2011) Molecular characterization and 

antimicrobial susceptibility testing of Escherichia coli isolates 

from patients with urinary tract infections in 20 Chinese 

hospitals. J Clin Microbiol 49: 2496-2501. 

31. Iranpour D, Hassanpour M, Ansari H, Tajbakhsh S, 

Khamisipour G, Najafi A (2015) 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: 846219. 

32. Takahashi A, Kanamaru S, Kurazono H, Kunishima Y, 

Tsukamoto T, Ogawa O, Yamamoto S (2006) Escherichia coli 

isolates associated with uncomplicated and complicated 

cystitis and asymptomatic bacteriuria possess similar 

phylogenies, virulence genes, and O-serogroup profiles. J Clin 

Microbiol 44: 4589-4592. 

33. Bien J, Sokolova O, Bozko P (2012) Role of uropathogenic 

Escherichia colivirulence factors in development of urinary 

tract infection and kidney damage. Int J Nephrol 2012: 681473. 

34. Tiba MR, Yano T, Leite Dda S (2008) Genotypic 

characterization of virulence factors in Escherichia coli strains 

from patients with cystitis. Rev Inst Med Trop Sao Paulo 50: 

255-260. 

35. Usein CR, Damian M, Tatu-Chitoiu D, Capusa C, Fagaras R,  

Tudorache D, Nica M, Le Bouguenec C (2001) Prevalence of 

virulence genes in Escherichia coli strains isolated from 

Romanian adult urinary tract infection cases. J Cell Mol Med 

5: 303-310. 

36. Shetty AV, Kumar SH, Shekar M, Shetty AK, Karunasagar I 

(2014) Prevalence of adhesive genes among uropathogenic 

Escherichia coli strains isolated from patients with urinary 

tract infection in Mangalore. Indian J Med Microbiol 32: 175-

178. 

37. Rahdar M, Rashki A, Miri HR, Rashki Ghalehnoo M (2015) 

Detection of pap, sfa, afa, foc, and fimadhesin-encoding 

operons in uropathogenic Escherichia coliisolates collected 

from patients with urinary tract infection. Jundishapur J 

Microbiol 8: e22647. 

38. Vagrali MA (2009) Siderophore production by uropathogenic 

Escherichia coli. Indian J Pathol Microbiol 52: 126-127. 

39. Hancock V, Ferrieres L, Klemm P (2008) The ferric 

yersiniabactin uptake receptor FyuA is required for efficient 

biofilm formation by urinary tract infectious Escherichia coli 

in human urine. Microbiology 154: 167-175. 

40. Kim CS, Kim ME, Cho YH, Cho IR, Lee G (2010) Virulence 

characteristics and phylogenetic background of ciprofloxacin 

resistant Escherichia coli in the urine samples from Korean 

women with acute uncomplicated cystitis. J Korean Med Sci 

25: 602-607. 

41. Mukherjee M, Basu S, Mukherjee SK, Majumder M (2013) 

Multidrug-resistance and extended spectrum beta-lactamase 

production in uropathogenic E. Coli which were isolated from 

hospitalized patients in Kolkata, India. J Clin Diagn Res 7: 

449-453. 

42. Neamati F, Firoozeh F, Saffari M, Zibaei M (2015) Virulence 

genes and antimicrobial resistance pattern in uropathogenic 

Escherichia coli isolated from hospitalized patients in Kashan, 

Iran. Jundishapur J Microbiol 8: e17514. 

43. Arredondo-Garcia JL, Amabile-Cuevas CF (2008) High 

resistance prevalence towards ampicillin, co-trimoxazole and 

ciprofloxacin, among uropathogenic Escherichia coli isolates 

in Mexico City. J Infect Dev Ctries 2: 350-353. 

doi:10.3855/jidc.195. 

44. Giray B, Ucar BF, Aydemir SS (2012) Characterization of 

uropathogenic Escherichia coli strains obtained from urology 

outpatient clinic of Ege medical Faculty in Izmir. Turk J Med 

Sci 42: 1328-1337. 

 
Corresponding author 
Dr. Sarantuya Jav  

Department of Molecular Biology and Genetics, School of 

Pharmacy and Biomedicine Mongolian National University of 

Medical Sciences 

Zorig Street, Post office-48, Post box-111 

Ulaanbaatar 14210, Mongolia 

Phone: 976-99092771 

Fax: 976-11319065 

Email: sarantuya.j@mnums.edu.mn 

 

Conflict of interests: No conflict of interests is declared.

 


	Introduction
	Methodology
	Bacterial strains
	Antibiotic susceptibility testing
	DNA extraction
	PCR method to determine virulence genes
	Phylogenetic analysis
	Statistical analysis

	Results
	Phylogenetic analysis
	Virulence genes
	Antibiotic resistance

	Discussion
	Conclusions
	Acknowledgements
	References
	Corresponding author


