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A B S T R A C T 
 

Escherichia coli (E. coli) is a normal inhabitant of the gastrointestinal tract of 
vertebrates, including humans. Phylogenetic analysis has shown that E. coli is composed of 
four main phylogenetic groups (A, B1, B2 and D). Group A and B1 are generally 
associated with commensals, whereas group B2 is associated with extra-intestinal 
pathotypes. Most enteropathogenic isolates, however, are assigned to group D. In the 
present study, a total of 102 E. coli strains, isolated from human samples, were used. 
Phylogenetic grouping was done based on the Clermont triplex PCR method using primers 
targeted at three genetic markers, chuA, yjaA and TspE4.C2. Group A contained the 
majority of the collected isolates (69 isolates, 67.64%), followed by group B2 (18 isolates, 
17.64%) and D (15 isolates, 14.7%) and no strains were found to belong to group B1. The 
distribution of phylogenetic groups in our study suggests that although the majority of 
strains were commensals, the prevalence of enteropathogenic and extra-intestinal 
pathotypes was noteworthy. Therefore, the role of E. coli in human infections including 
diarrhea, urinary tract infections and meningitis should be considered. 
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INTRODUCTION 
 

Escherichia coli, a normal inhabitant of the gastrointestinal tract, is the most common 
enteric organism causing various intestinal (diarrhea) and extra-intestinal (urinary tract 
infection, prostatitis, bacteremia, septicemia, and neonatal meningitis) human infections 
[1-4]. Phylogenetic analyses have revealed that E. coli strains are composed of four main 
phylogenetic groups (A, B1, B2, and D) [5, 6]. Strains of each of the four groups have 
different phenotypic features, causing their ability to exploit different sugars, antibiotic-
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resistance profiles and growth rate-temperature relationships [7]. The distribution 
(presence/absence) of a variety of genes thought to enable a strain to cause extra-intestinal 
disease also varies among strains of the four phylo-groups [8]. Several studies have shown 
the relation between phylogeny and pathogenicity of E.coli strains [9-13]. Bearing in mind 
that most commensal strains belong to A and B1 groups [14], and that the virulent extra-
intestinal strain belongs mainly to group B2 and, to a lesser extent to group D [13], a great 
deal can be obtained by phylogenetic group determination of unknown E.coli strains. 

Several techniques can be performed to determine phylogenetic group, such as 
multilocus enzyme electrophoresis (MLEE) [15], ribotyping, random amplified 
polymorphic DNA analysis [5], fluorescent amplified-fragment length polymorphism 
(FAFLP) analysis [16], PCR phylotyping using the presence/absence of three genomic 
DNA fragments [17], analysis of variation at mononucleotide repeats in intergenic 
sequences [18], and multilocus sequence typing (MLST) [19, 20]. MLST is now clearly the 
“gold standard” technique [21], but it is costly and time-consuming. PCR phylotyping 
technique was described by Clermont et al [17] and is based on a triplex PCR using a 
combination of two genes (chuAand yjaA) and an anonymous DNA fragment designated 
TSPE4.C2 [17]. This method, whose results strongly correlate with those obtained by other 
standard methods, is an excellent technique for rapid and inexpensive assigning of E. coli 
strains in different phylogenetic groups [17, 22]. 

Up to now, there have been very few published studies on phylogenetic group 
determination of human E.coli in Iran. Therefore, the objective of this study was to 
determine the distribution of phylogenetic groups of E. coli isolated from 102 patients of 
Shiraz hospitals using the Clermont triplex PCR method. 

 
 

MATERIALS AND METHODS 
 
Collection, identification and storage of E. coli strains: A total of 102 E. coli strains 

were isolated from patients (males/females with different ages) referred to various 
hospitals of Shiraz. Samples were collected with informed consent from different sites and 
fluids of the body including urine, meninge, wound and internal organs. In order to isolate 
E. coli, samples were directly inoculated on MacConkey agar (Merck-Germany) plates. 
After overnight incubation at 37°C, lactose fermenting colonies were streaked on EMB 
agar (Merck- Germany). Typical E. coli colonies (with metallic green color) were tested 
for oxidase presence, citrate utilization, L-lysine decarboxylase, motility, glucose and 
sucrose fermentation, indole production, tryptophan deamination, hydrogen sulfide 
production and urea hydrolysis. Isolated strains which exhibited a biochemical profile for 
E. coli were grown in LB broth (Merck- Germany), and kept as stock in a 25% glycerol 
solution at -70°C for long-term storage. 

 
DNA extraction: DNA template preparation was performed by the boiling method as 

follows. First, a few colonies were resuspended in 250 μl sterile distilled water. The cells 
were lysed by heating at 95oC for 10 min. After heating, they were immediately put on ice 
for 5 min. The supernatant was then harvested by centrifugation at 12,000 rpm for 5 min, 
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transferred to fresh centrifuge tubes and kept at -20°C. The supernatant was used as a 
source of template for amplification [23]. 

 
Triplex PCR: Phylogenetic classification of E. coli isolates was done by using a 

previously reported triplex PCR-based phylotyping technique [17, 22]. Briefly, the 
genomic DNA of bacterial strains was amplified by triplex PCR using primers targeted at 
three markers, chuA, yjaAand TspE4.C2. The primer pairs used for PCR amplification 
were: ChuA.1 (5`-GAC GAA CCA ACG GTC AGG AT-3`) and ChuA.2 (5`-TGC CGC 
CAG TAC CAA AGA CA-3`), YjaA.1 (5`-TGAAGTGTCAGGAGACGCTG-3`) and 
YjaA.2 (5`-ATG GAG AAT GCG TTC CTC AAC-3`), and TspE4.C2.1 (5`-GAG TAA 
TGT CGG GGC ATT CA-3`) and TspE4.C2.2 (5`-CGC GCC AAC AAA GTA TTA CG-
3`), which generate 279-, 211-, and 152-bp fragments, respectively. The amplifications 
were performed in a total volume of 25 μl, each reaction mixture containing 11.25 μl 
distilled H2O, 2.5 μl 10X buffer (supplied with Taqpolymerase) (CinnaGen Co., Iran), 0.75 
μl MgCl2 (CinnaGen Co., Iran), 1 μl dNTPs (each deoxynucleoside triphosphate at a 200 
mM concentration) (CinnaGen Co., Iran), 1 μl of each primer (20 pmol) (CinnaGen Co., 
Iran), 2.5 U of Taq polymerase (CinnaGen Co., Iran) and 3 μl of DNA template. A 
negative control (reaction lacking the template DNA) was included in all performed 
amplifications. Thermal cycler (MJ Mini, BIO-RAD-USA) conditions were as follows: 
initial denaturation at 94°C for 4 min, 30 cycles of 5 s at 94°C and 10 s at 57°C, and a final 
extension of 5 min at 72°C. Amplification products were separated in 2% agarose gels 
containing ethidium bromide [24]. After electrophoresis, the gel was photographed under 
UV light. The results allowed the classification of isolates into either one of the four major 
phylogroups (A, B1, B2, or D) [23]. All amplification procedures were repeated at least 
three times. Phylogenetic grouping was done on the basis of the presence or absence of the 
3 DNA fragments as follows: chuA–, TspE4.C2–, group A; chuA–, yjaA–, TspE4.C2+, 
group B1; chuA+, yjaA+, group B2; chuA+, yjaA–, group D. Because two possible profiles 
can be obtained for the groups A, B2, and D, each was subdivided as follows: chuA–, 
yjaA–, TspE4.C2–, group A subgroup A0; chuA–, yjaA+, TspE4.C2–, group A subgroup 
A1; chuA+, yjaA+, TspE4.C2–, group B2 subgroup B22; chuA+, yjaA+, TspE4.C2+, group 
B2 subgroup B23; chuA+, yjaA–, TspE4.C2–, group D subgroup D1; chuA+, yjaA–, 
TspE4.C2+, group D subgroup D2 [22]. 

 
 

RESULTS 
 

A total of 102 E. coli strains isolated from patients were assigned to three phylogenetic 
groups (i.e. A, B2 and D) and six subgroups (i.e. A0, A1, B22, B23, D1 and D2). According 
to multiplex PCR-based phylotyping, group A contained the majority of the collected 
isolates (69 isolates, 67.64%), followed by group B2 (18 isolates, 17.64%) and D (15 
isolates, 14.7%). No strains were found to belong to group B1. Most strains of group A (64 
isolates, 92.75%) belonged to the subgroup A0 and the others (5 isolates, 17.24%) were 
assigned to subgroup A1. Ten isolates (55.55%) of group B2 belonged to subgroup B23, and 
eight isolates (44.44%) to subgroup B22. Also, most strains of group D (13 isolates, 
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86.66%) fitted in subgroup D1 and the others (2 isolates, 13.33%) in the D2 subgroup (Fig. 
1).   

 
 

 
Figure 1: Triplex PCR based phylogenetic profile of E.coli isolates. Lane M contained 100 bp marker; Lane 
5,7,8,9,12 and 13, subgroup B23; Lane 2 and 10, subgroup B22; Lane 1,6 and 14, subgroup D1; Lane 3 and 
11, subgroup A1; Lane 4, subgroup A0. 

 
 

DISCUSSION 
 

E.coli strains belong to four main phylogenetic groups [7], each of which exhibit 
ecological specialization and differ in their propensity to cause disease [25]. Hence, 
knowledge of the structure of bacterial populations is a prerequisite to understanding the 
epidemiology of infectious diseases. It is of clinical interest too, as group A and B1 are 
generally associated with commensals, most enteropathogenic isolates are assigned to 
group D, and extra-intestinal pathotypes are associated with group B2 [26]. Most E.coli 
strains that cause neonatal meningitis and septicemia belong to the B2 and D groups [4]. 
Duriez et al [14] determined the phylogenetic group of 168 commensal E.coli strains 
isolated from the stool of three geographically distinct human populations and showed that 
strains from phylogenetic groups A and B1 were the most common, followed by 
phylogenetic group D strains. Bingen-Bidois et al. [27] showed that groups B2 and D were 
the most prevalent phylogenetic groups in urosepsis strains of human E. coli. Obata-
Yasuoka et al [28] assessed the prevalence of phylogenetic groups in 88 vaginal E. coli 
isolates and revealed that the majority of strains belonged to group B2. Moreno et al [29] 
compared urine and fecal E.coli isolates from the same hosts and showed that urine clones 
exhibited a significantly higher prevalence of group B2 than fecal-only clones. Bukh et al. 
[30] showed that two-thirds of 1533 E. coli isolates in Danish patients with community-
acquired bacteraemia (CAB) were classified into phylogenetic group B2. Groups A and D 
were comparable in size, whereas B1 was the least abundant. Bashir et al. [9] analyzed 
phylogenetic groups in 59 uropathogenic E.coli isolates and revealed that group B2 was the 
most dominant followed by groups A, B1 and D. Smati et al. [31] assessed the relative 
proportions of E. coli phylogroups from the stool of 100 healthy individuals and observed 
that most isolated phylogroups belong to group A and B2.These differences in distribution 
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of the phylogenetic groups among the strains of geographically distinct populations in 
different studies may be due to the health status of the host, geographic climatic conditions, 
dietary factors, the use of antibiotics, or host genetic factors, in addition to the differences 
arising from different sampling areas.  Some E. coli strains may also be primarily adapted 
to the gut conditions of certain populations [14]. Based on the results, the majority of 
strains were commensals, although the prevalence of enteropathogenic and extra-intestinal 
pathotypes was noticeable. Therefore, the role of E. coli in human infections including 
diarrhea, urinary tract infections, septicemia and meningitis should be considered for 
further research. 
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