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Abstract- The Shigella resistance locus (SRL), which is carried on the pathogenicity island (PAI), mediates resistance to the 
multi antibiotics in entrobacteriasea including Shigella and Escherichia coli.  Aims of this study were detection of multi-
antibiotic resistance in E. coli strains and the role of SRL PAI in this resistance. In the present study, 150 E.coli strain from 
stool samples and 50 E.coli strain from Urinary tract infection (UTI)  samples were analyzed for PAI detection by multiplex 
polymerase chain reaction, frequency of antibiotic-resistance and phylogenetic groups. Most of the strains (%80) harbored at 
least one SRL PAI genes encoding resistance to the investigated antibiotics. The highest rates of detected SRL PAI genes 
were TetA (%62) following by aadA and FecA(%60). The lowest rates of detected SRL PAI genes were OXA (%27). 
Significant differences were observed between frequency of antibiotic resistance in stool samples and Urinary tract 
infection samples. The highest rates of detected phylogenetic groups was group A (%33) and the lowest rates was group B2 
(%16). High frequency of PAIs and their relationships with antibiotic resistance in investigated samples highlight the 
important role of SRL PAIs in antibiotic resistance, especially in Urinary tract infection caused by E. coli and consistent with 
the hypothesis demonstrating the SRL PAI may be involved in the spread of multiple-antibiotic resistance in E. coli strains. 
 
Index Terms- E. coli, Pathogenicity Islands, antibiotic resistance, UPEC, DEC 
 
I. INTRODUCTION 
 
Escherichia coli is one of the predominant species of 
facultative anaerobes in the human gut and usually 
harmless to the host; however, a group of pathogenic 
E. coli has emerged that causes diarrheal 
\Diarrheagenic E. coli (DEC) 
(J. P, Nataro and J. B. Kaper 1998). Escherichia coli 
strains capable of causing disease outside the 
gastrointestinal tract belong to a diverse group of 
isolates referred to as extraintestinal pathogenic E. 
coli (ExPEC) 
(J. R, Johnson and T. A. Russo 2005 and   T. A, 
Russo and J. R. Johnson 2000)  Uropathogenic E. coli 
(UPEC), a prominent member of the ExPEC family, 
is responsible for up to 90% of uncomplicated UTIs 
in otherwise healthy individuals (L, Zhang and B. 
Foxman 2003 ) Wide spectrums of virulence factor 
including PAIs have been found in E.coli that may 
help bacterium colonize in the body tract and express 
some antibiotic resistance that may result in 
unresponsiveness to the standard treatment (M. 
Navidinia, et al 2013 and A. Linton, et al 1977). 
Although E. coli is generally known as a pathogen 
that responds well to antibiotics, nonetheless over the 
past decade, the reported cases about its resistance 
(Y. áenz, et al 2004) , 
especially against cephalosporins and cotrimoxazole 
has had a growing trend. Pathogenicity Islands (PAIs) 
are the specific regions of pathogenic bacteria 
genome which aren’t seen in nonpathogenic form of 
the same species. These genetic elements are usually 
longer than 10 Kb and associate with tRNA coding 

genes (J.B. Kaper,  et al 2004) PAIs are mobile 
genetic clusters in which carry the pathogenic genes, 
insertion sequences, integrases and transposases (H. 
arch, et al 1999) . These properties which are very 
similar to those of bacteriophages may help PAIs 
horizontally transfer between different species  
( J.Hacker, and  J.B, Kaper. 1999).  Nowadays, 
antibiotic resistance is considered as a medical 
problem. Antibiotic resistance occurs due to several 
reasons including transposons, chromosomal 
mutations and genetic exchanges 
( K . Rajakumar, C. Sasakawa, B. Adler 1996. D. 
O'sullivan, 1961 and P. Mohajeri, 2011).  
In different reports, SRL due to structural similarity 
has been named as a PAI-like element. Therefore, 
PAIs are apparently the important bacterial elements 
which have a remarkable role in resistance  
( S.A. Turner, et al 2001). 
Given the frequency and significance of urinary tract 
infections and diarrhea caused by E.coli and 
unavoidably increasing antibiotic resistance issue, the 
aims of this study were determine the frequency 
distribution and the role of pathogenicity island SRL-
PAI genes in relation to antibiotic resistance in UPEC 
and DEC. 
 
II. MATERIALS AND METHODS 
 
Sampling and culture: A total of 200 stool samples 
from patients diagnosed with diarrhea and 100 urine 
samples from patient with urinary tract infection 
collected and examined in Milad (Tehran, Iran) and 
Tohid Hospitals (sanandaj, Iran). The samples were 
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Table 1. Primers used in the study and PCR products size 

 
 
cultured on MacConkey agar as well as Sheep blood 
agar and incubated for 24h at 37 °C. 50 samples from 
patients with urinary tract infection and 150 stool 
samples of patients with diarrhea were chosen for 
further studies. Cultures with more than 105 CFU/mL 
were examined for further analysis. Disk Diffusion 
based on CLSI (Clinical and Laboratory Standards 
Institute) criteria was used so as to determination of 
resistance or susceptibility against antibiotics 
including TE, CTX, AM, CRO, TMP, NA, GM and 
CAZ. 
 
DNA extraction and multiplex PCR: one clone was 
picked and resuspended in Tryptic Soy Broth (TSB) 
and this process was repeated for other culters as 
well. After 16 hours incubation in shaking incubator 
at 37 °C, DNA extraction using boiling method was 
performed. In this way, 100 µl bacterial pellets were 
Table 1. Primers used in the study and PCR products 
size mixed with 400 µl distilled water and boiled at 
90 ° C for 10 min. after boiling, the mixtures were 
centrifuged at speed 5000 rpm for 5 min and the clear 
liquid supernatant was used as template in PCR. 
Amplification or by other mean detection of 

interested genes involving in pathogenesis and 
antibiotic resistance was done by two-set multiplex 
PCR. The primers used for this purpose have been 
listed in Table 1. Specificity of the primers has been 
checked by Primer 3 and NCBI primer Blast.  
In order to perform PCR, the final 25 µl of reaction 
mixture containing 3 µl template DNA, 1 µl Mgcl2, 
0.17 µl each primer, 1 unit Taq DNA polymerase, 0.5 
µl  dNTP mix, 2 µl 10X Buffer and 18 µl distilled 
water (GenetBio, China) was preheated in 96 ° C for 
5 minutes, and 35 cycle amplification consisting of 
denaturation at 94 ° C for 30s, annealing at 55 ° C 
(for fec and Cat genes) and 53 ° C (for aadA1, int, 
oxa-1, tetR and tetA genes) for 30s, extension at72 ° 
C  for 1 min and final extension at 72 ° C for 7 min 
was done using gradiant mastercycler (Eppendorf, 
Hamburg, Germany). PCR products were both 
analyzed and visualized by electrophoresis (100 V for 
1h) on 1% gel agarose and staining with DNA Green 
Viewer (Pars tous biotechnology, Iran). 
Statistical analysis: Collected data were analyzed 
using SPSS Statistics versions 16.0 for descriptive 
statistics (absolute and relative frequency, mean ± 
SD) and Chi-square analyses. P<0.05 was consider 
statistically significant. 
 
III. RESULTS 
 
Culture and selection of appropriate samples 
confirming UPEC and DEC were performed 
according to standard methods. Amplification of 
interested genes in 50 Uropathogenic Escherichia coli 
and 150 diarrhea Escherichia coli – Isolates was done 
in two-set multiplex PCR successfully. Significant 
statistical difference between the frequency of the 
studied genes in the Uropathogenic Escherichia coli 
and diarrhea Escherichia coli has been seen (X2 = 
60.0 df = 6 p <0.000). The frequency of fecA, TetR, 
TetA, oxa-1, aadA1, int and Cat in diarrhea 
Escherichia coli – Isolates were 35%, 14%, 14%, 3%, 
15%, 10% and 24%, while their frequency 
Uropathogenic Escherichia coli (UTI, UPEC) were 
29%, 46%, 17%, 21%, 29%, 24% and 17% 
respectively. The frequency of resistance to different 
antibiotics in Uropathogenic Escherichia coli and 
diarrhea Escherichia coli – Isolates has been shown in 
Figure 1. The highest prevalence of antibiotic 
resistance with 100% in the urine and 71% in 
diarrhea Escherichia coli – Isolates against 
tetracycline (TE) and the lowest resistance with 44% 
in the Uropathogenic Escherichia coli and 40% in 
diarrhea Escherichia coli – Isolates against 
ceftazidime (CAZ) was observed. Difference between 
the frequency of antibiotic resistance in 
Uropathogenic Escherichia coli and diarrhea 
Escherichia coli – Isolates was statistically significant 
(X2 = 10.0 df = 2 p< 0.007).   
The frequency of antibiotic resistance in 
Uropathogenic and diarrhea Escherichia coli – 
Isolates, Based on Disk Diffsion Method  
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Figure 1. The frequency of antibiotic resistance in 
Uropathogenic and diarrhea Escherichia coli – Isolates 

 
 

The highest and lowest resistance is seen to 
tetracycline (TE) and ceftazidime (CAZ) respectively.  
Antibiotic resistance according to fecB, aadA1, int, 
oxa-1, Cat, tetA, and tetR (SRL PAI) genes are 
shown in Figure 2. The highest frequency of 
antibiotic resistance with 62% was seen in samples 
positive for TetA gene following aadA and Fec with 
60%, while the lowest frequency with 27% was 
observed in samples positive for OXA gene. Between 
frequency of antibiotic resistance and gene frequency 
distribution was statistically different.  For OXA and 
Fec (X2 = 20.0 df = 7 p< 0.005), For OXA and TetR 
(X2 = 13.1 df = 7 p< 0.071), OXA and cat (X2 = 8.48 
df= 2 p< 0.014) and OXA and Fec (X2 = 4.82 df = 2 
p< 0.090). 
 

Figure 2. Frequency of antibiotic resistance situation in 
relation with SRL PAI genes. 

 
 

Also, the phylogenetic analysis in all samples showed 
that group A (% 33) has the highest frequency and the 
group B2 (% 16) has the least frequency (Figure 3). 
The frequency group B1 and D in the total sample 
was 25%. Nonetheless, frequency distribution of 
phylogenetic groups was different between urine and 
stool samples, so that the frequency of group B2 
 

Figure 3. Percent of phylogenic groups in studied samples. 

 

Group A was the most prevalent group.in urine 
samples was 25% but in the stool samples was 10%. 
Frequency distribution of studied genes according to 
phylogenetic groups has been shown in  Figure 4. 
Frequency distribution of genes was statistically 
different between phylogenetic groups (df = 3  X2= 
14.7  p=< 0.002).  
 

Figure 4. Frequency distribution of studied genes in 
phylogenetic groups.  

 
 

Frequency of genes was significantly different 
between phylogenetic groups. 

 
IV. DISCUSSION AND CONCLUSION 
 
Between 70% to 95% of community-acquired 
infections and 50% of nosocomial infections are 
caused by E.coli. Pathogenic E.coli is the cause of 
more than 80% of urinary 
tract infections ( F. Neamati et al 2015) . Also, 
about 1.7 to 5 billion cases of diarrhea occur per year 
that diarrheagenic Escherichia coli (DEC) has a 
significant contribution Organization WH. Diarrheal 
disease (fact sheet N 330, 2014. and B. Abdelmalak 
and J.Doyle 2012) . 
Little information about the details of the molecular 
biology of intestinal and extra-intestinal E. coli is 
available. Urinary E. coli can cause infections in 
other parts of the body, too.  Recent studies have 
shown that infection of other organs can cause by 
diarrheagenic E.coli that have spread to other organs. 
Since these infections can cause serious problems for 
the public health, identifying virulence factors 
including the genes which transfer through the 
pathogenicity islands is very important. On the other 
hand, the increasing trend of antibiotic resistance has 
made essential the study of molecular bases of the 
raised resistances. In this study, the frequency of the 
SRL PAI important genes, their role in resistance to a 
variety of common antibiotics and their relation to 
phylogenetic groups in stool and urine samples were 
studied by multiplex PCR. 
In the current study, using standard disc diffusion 
showed that the highest frequency of antibiotic 
resistance was against tetracycline (TEH) with 100% 
in the urine and 71% in stool samples, while the 
lowest frequency of antibiotic resistance was against 
Ceftazidime (CAZ) with 44% in the urine and 40% in 
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stool samples. In mohajeri’s study on 200 E.coli 
strains showed that the highest and lowest resistance 
was to Cotrimoxazole and Gentamicin with 62.5% 
and 15% respectively ( Mohajeri P et al  2011). In 
other research, the pattern of antibiotic resistance in 
Escherichia coli isolated from urinary tract infections 
represented the most resistance to amoxicillin (88%) 
and ampicillin (70.5%), while the most sensitivity to 
Amikacin (98%) observed ( Jabeen K, Znfar A, 
Hasan R. 2005). In this study, frequency of fecA, 
TetR, TetA, oxa-1, aadA1, int and Cat genes located 
in SRL PAI was studied using two-set Multiplex 
PCR. Our results showed that fecB with 33% in total 
samples (35% in urine and 29% in stool samples,) 
following by TetR and CAT (25% and 22.5% 
respectively) were the most frequent SRL PAI genes. 
These results were different with our study on 
shigella samples. In that study, TetA and TetR with 
62.5% of and fec with 25% were the most and least 
frequent genes (not published). These results reflect 
differences in distribution of these genes in E.coli and 
Shigella. As the PAIs are able to transfer virulence 
genes between bacterial species, existence of such 
prevalent genes in UPEC and DEC is remarkable.  
In this research, we also analyzed relation of the 
interested genes with susceptiblity and resistance to 
selected antibiotics. Our results showed that their 
prevalence of most of them in antibiotic resistance 
group is more than susceptible group. These results 
were a little different with our study which performed 
on Shigella samples. In that study, no relationship 
between frequency of TetA and TetR genes with 
increasing antibiotic resistance was observed which 
may be due to the small sample size (not published).  
Also, other studies have shown that resistance to 
some antibiotics such as Ampicillin, 
chloramphenicol, tetracycline, streptomycin is related 
to genes located PAIs (e.g. aadA1) ( M. Casalino, 
1994). Sally A. Turner and colleagues showed that 
deletion of SRL PAI from Shigella flexneri 2a 
chromosome Causes loss of resistance to 
streptomycin, ampicillin, chloramphenicol and 
tetracycline ( S.A. Turner, et al 2001)   . In Foroogh 
Neamati and colleagues’ research, 2 PAI gene 
markers (traT and pap) in UPEC were studied and 
their result as our study confirmed that PAIs are 
concern to antibiotic resistance ( F. Neamati et al 
2015) .   
Our phylogenic analysis showed that the group A 
with33%, group B1 and D with 25% was the most 
prevalent groups respectively. Group B2 was more 
prevalent in urinary samples. These results were 
corresponded to Abdollah Derakhshandeh et al ( A. 
Derakhshandeh et al 2013 and K. Jannine Bailey et 
al. 2010,)  and in contrast with Annette S. Bukh et al. 
2009 (R. James et al 2002) finding who reported 
group B2 as most prevalent group of E.coli. These 
contradictory results may be due to temperature and 
geographical differences, demographic features, as 
well as areas in where humans live and different 

strains of bacteria and differences in their 
pathogenicity. Finding of the current study showed 
that high frequency of studied genes located in PAIs 
and their relationships with antibiotic resistance in 
investigated samples highlight the important role of 
SRL PAIs in antibiotic resistance, especially in 
Urinary tract infection caused by E. coli. Also, the 
finding is consistent with the hypothesis 
demonstrating the SRL PAI may be involved in the 
spread of multiple-antibiotic resistance in E. coli 
strains. 
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