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Abstract 
 

Background: Urinary tract infection is the most common health problem affecting millions of people each year, 
mainly caused by a large genetically heterogeneous group of Escherichia coli called uropathogenic E. coli. This 
study investigates the genotypic analysis of E. coli strains isolated from patients with cystitis and pyelonephritis. 
 
Methods: During 2008-2009, 90 E. coli strains were analyzed, consisting of 48 isolates causing pyelonephritis in 
children and 42 isolates causing cystitis. Having identified the strains by standard methods, they were subtyped 
by pulsed field gel electrophoresis (PFGE) and their corresponding patterns were compared using dendrogram. 
 
Results: Sixty five PFGE profiles were obtained from the genome of E. coli strains by this genotyping method. 
Thirty six and thirty three patterns were obtained for pyelonephritis and cystitis, respectively. Most strains exhib-
ited twelve and thirteen bands and the patterns with eight or nineteen bands had the lowest rate. Genome sizes 
of the strains were between 1610-4170 kbp. 
 
Conclusion: With due attention to these results, genetic patterns showed that the strains had different clonalities 
and it could be suggested in some cases that the strains causing pyelonephritis or cystitis have common patterns 
and different diseases could be explained by different gene factors. 
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Introduction 
 
Urinary tract infections (UTI) including pyelonephritis 
and cystitis are the most common extra-intestinal in-
fections. Uropathogenic Escherichia coli (UPEC) is 
the most frequent agent causing UTI in adults and 
children.1-3 Accumulation of bacteria occurs in differ-
ent parts of the urinary tract tissues. UTI typing is 
based on the location of the tissue; if the colonization 
occurs in the lower urinary tract, it is called cystitis that 
happens in all ages and especially in females, com-
pared to males. Symptoms of cystitis include pain 
above the pubic, urinary urgency and dysuria. If the 
bacteria involve the upper part of urinary tract, it is 

called pyelonephritis or kidney infection, which is ac-
companied by fever, nausea, and vomiting and flank 
pain.4,5 Prevalence rate of the UTI usually depends on 
sex and age. In the neonatal period and first year of 
life, boys are more predisposed to these infections, due 
to birth defects and reflux vesicourethral. After 12 
months UTI infections are limited to the girls.5,6 

In the emergence of associated clinical syndromes, 
host and organism related factors could play an im-
portant role.3,7 Different virulence factors have been 
involved in the colonization stage and defeating the 
host defensive system which results in the invasion of 
urinary tract.8,9 Yet, none of these factors or any com-
bination of them is known to be able to be involved in 
various clinical syndromes. Also, it is not clear 
whether all UPEC strains are capable of causing both 
cystitis and pyelonephritis or certain strains are asso-
ciated with certain syndromes.4,7 In the last decade 
especially during 2003 to 2007, many scientists 
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were trying to identify genome and virulence fac-
tors of E. coli. Considering these studies and ac-
cording to the genetic diversity of the organism, no 
new virulence gene has been discovered yet and the 
pathogenesis of UTI remains unclear.10-12 So, the 
results of molecular studies can be helpful in selec-
tion of the strains and the dominant gene locations. 
In other words, among the existing genotyping 
methods in molecular epidemiological studies of 
bacterial isolates, pulsed field gel electrophoresis 
(PFGE) is superior and gold standard because of its 
high discriminatory power of the isolates.13-17 
Some researchers have used this technique to 
evaluate the patterns of UPEC. Ejrnaes et al. dem-
onstrated 15-20 distinct bands with fragments of 
50-1200 kbp in molecular typing of UPEC 
strains.18 The aim of the present study was to 
determine the genetic diversity of the E. coli, 
isolated from children with urinary tract infections 
including cystitis and pyelonephritis using PFGE, a 
method widely used for its progress in 
standardization of electrophoresis conditions. In 
addition, to provide a reliable method in 
differentiating the isolated strains and whether all 
UPEC strains are capable of causing both 
pyelonephritis and cystitis, PFGE patterns were 
used in this study. 
 
 
Materials and Methods 
 
E. coli strains were isolated from urine samples of 
children who presented at Motahary Hospital, 
Jahrom, Iran. UTI diagnosis was established by the 
hospital physicians based on the clinical symptoms 
and laboratory findings. E. coli isolates were identi-
fied by standard methods.19 As the cases considered 
in this study were only the patients with community 
acquired UTI, the exclusion criteria were recent anti-
biotic use during 28 days ago and nosocomial infec-
tions which were defined as infections that were noted 
48 h after admission or within 4 weeks after a previ-
ous discharge.20 Positive urine cultures were defined 
by a bacterial growth >105 colony forming unit/ml. 

This procedure was designed based on previously 
reported protocol by Ejrnaes et al. with some modifica-
tions.18 Briefly, the isolates were grown overnight on 
blood agar plates at 37oC. In order to protect the DNA 
against breakage and to allow the free flow of lytic 
solutions, the bacteria were incorporated into agarose 
plugs, as described below. About three loops of  

bacteria were washed in 1 milliliter saline to obtain an 
optical density of 0.7 at wavelength of 610 nm and 
resuspended in 1 milliliter TE buffer [10 mM Tris HCl 
(pH=8.00), 100 mM EDTA] and incubated at 50oC in a 
water bath for maximum 15 minutes. Chromosomal 
DNA was prepared in solid agarose plugs by mixing 1 
ml of bacterial cell suspension with an equal volume of 
2% low melting agarose (Fermentase, Lithuania). Fol-
lowing the overnight incubation at 54oC in lysis buffer 
[50 mM Tris HCl (pH=8.00), 50 mM EDTA, 1% 
laurylsarcosine, 1mg/ml of proteinase K], the DNA 
plugs were washed four times in TE buffer for 30 min-
utes at 50oC and three times in distilled water. One 
third of each plug was cut and transferred  to a tube 
containing XbaI restriction enzyme (Fermentase, 
Lithuania) according to the manufacture's instruction 
and remained overnight at 37oC. 

DNA preparations were put in the wells of an 
agarose NA (molecular grade, Amersham Biosci-
ence, Sweden), and covered with 0.5X TBE buffer 
(Trise base, Boric acid, EDTA, pH=8.3) and then 
were run in a homogenous electric field (Amersham 
Bioscience, Sweden). The electrophoretic conditions 
used were as follows; initial switch time: 5 seconds, 
second switch time: 20 seconds, final switch time: 
40 seconds, temperature: 12oC,  run time: 33 hours, 
angle: 120o, gradient 6 v/cm. In each set, 1000 bp 
lambda ladder (Biolabs, New England) was used as 
DNA marker. After electrophoresis, the gel was 
stained in ethidium bromide and then photographed.  

Photocapt software (Version 10.01, Vilber-
Loumart, France) was used to determine the molecu-
lar weights of the sample profiles. The sizes of DNA 
fragments were determined according to the DNA 
marker. In each profile, the bands were recorded as 
number 1 for present or zero for absent. Conse-
quently, the data set was used to calculate pair-wise 
similarity coefficient following the Jaccard method. 
To generate a dendrogram using average linkage pro-
cedure, the analysis of the similarity coefficients ma-
trices were performed using unweighted pair-group 
method analysis (UPGMA).21 To calculate correla-
tions among the variables, the standardized data ma-
trices were used. These correlations were subjected to 
Eigen Vector analysis to evince the first three utter-
most elucidative principal components. To study the 
patterns of variations which were observed among the 
isolates, the three principal components were plotted. 
The NTSYSpc software (Version 2.02i, Exeter soft-
ware, NY, USA) was used to conduct all the numeri-
cal analyses.  
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Results 
 
Ninty strains of E. coli were isolated from children 
with UTI, aged 1 month to 14 years ( mean 21.8±26.9 
months), 60 females (62.5%) and 36 males (37.5%). 
Among the patients, 42 (46.6%) of cases had cystitis 
and 48 (53.3%) of the cases were diagnosed as acute 
pyelonephritis. Pyelonephritis was more prevalent in 
girls in comparison with boys (63.2% vs. 36.4%, 
p=0.04).  

Genomic DNAs of 90 strains of UPEC were re-
stricted by XabI and analyzed by PFGE. All the 

strains were typable and reproducible banding pat-
terns were obtained when analysis was repeated 
twice. Totally, sixty five PFGE profiles were obtained 
from the genome of UPEC strains based on drawn 
dendrogram (Figure 1). They were named from S1 to 
S65. Patterns including the most abundant band pat-
terns were 13 and 12 in the 25.5% and 23.3% of iso-
lates, respectively and the patterns with 8 or 19 bands 
had the least percentage. Pattern P2 was the most re-
peated pattern throughout the samples (n=5, 5.5%). 
The size range of the bands was from 2 to 660 kbp. 
The 520 kbp fragment consistently was present in all 
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Fig. 1: A dendrogram showing relationships among E. coli isolates from children with pyelonephritis (P) and cystitis (C). 
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the pyelonephritic isolates, but not seen in the strains 
causing cystitis. On the contrary, the 310 kbp frag-
ment was detected in all of the cystitis causing 
strains, but not found in the pyelonephritic strains. 
The genome size of the strains causing cystitis and 
pyelonephritis were 1630-3740 kbp and for isolates 
were between 1610 and 4170 kbp, respectively. 

Thirty six PFGE profiles were obtained from the 
genome of E. coli strains causing pyelonephritis 
based on drawn dendrogram (Figure 2). Among 42 
isolates of UPEC causing cystitis, 33 genetic patterns 
were detected (Figure 3) and the number of bands 
ranged from 8 to 19 for the isolates causing pye-
lonephritis and 9 to 16 for those causing cystitis.  

Discussion 
 
E. coli is a microbial intestinal flora whose diversity 
cause large uncertainties in the identification of new 
genomes.7,11 It is not clear whether each syndrome of 
urinary tract infection is caused by certain isolates or 
similar strains originating from the same clonality.4 
Most strains of E. coli are not threats as long as living 
in the gut, but if they enter the other parts of body 
such as genital tract, appendix, gallbladder, eyes, res-
piratory tract and conjunctiva, they may cause bacte-
rial infection.22 UPEC could involve the upper and 
lower urinary tract infections in children and 
differentiating infections in these sites by systemic 
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Fig. 2: A dendrogram showing relationships among E. coli isolates from children with pyelonephritis (P). 
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and clinical signs or laboratory findings is not always 
helpful.6,23,24 Therefore, to provide a reliable method 
of distinguish the isolates and discovering dominant 
gene locations and whether all UPEC strains can 
cause pyelonephritis and cystitis, the genetic patterns 
of strains were evaluated in this study. 

Since the genetic characteristics show fewer 
changes,25,26 they can be used to check the genetic 
pattern. Among the genotyping methods, PFGE is the 
most common technique used to study the 
relationship between strains in different regions.27,28 
In fact, comparing pulsed field gel electrophoresis 
pattern is a useful method for obtaining the possible 
association between the isolates of a species.29 The 
development of PFGE typing methods based on  

fingerprinting of bacterial genome has given valuable 
tools to confirm the relationship among outbreak 
strains.27 In the current study, we applied PFGE fol-
lowed by XbaI restriction digestion of chromosomal 
DNA to determine the genetic relatedness among 
UPEC isolates. This enzyme is the most frequently 
used restriction enzyme for UPEC outbreaks,30,31 and 
was successfully applied here to discriminate between 
the isolates from the infected children in Jahrom, 
southern Iran and generated different bands with di-
verse molecular weights. Number of DNA bands 
were produced in this study by using the prenominate 
enzyme; for pyelonephritis strains were between 8 
and 19 bands and for strains causing cystitis were 
between 9 to 16 bands. Molecular weight bands were 

 
Fig. 3: A dendrogram showing relationships among E. coli isolates from children with cystitis (C). 
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also very different for each syndromes; 2 kbp to 660 
kbp. Since the samples were collected in a year and 
from different parts of population, these results were 
predictable. Other studies have shown different bands 
with high diversity of molecular weights. Kawamori 
et al. reported 19-24 DNA bands with molecular sizes 
of 30 to 500 kb, in molecular typing of Japanese E. 
coli isolates.32 Ejrnaes et al. reported 15-20 distinct 
bands with 50- 1200 kb molecular weights by PFGE 
typing of UPEC strains.18 In Northern Ireland, Wa-
tabe et al. in an epidemiologic study of E. coli iso-
lates, observed 15 DNA fragments using PFGE.29  

One of the other main PFGE applications is the 
estimation of bacterial genome size determined by 
adding the respective generated bands. By obtaining 
the different genome sizes of strains, the genetic 
diversity of the species can be traced. Previous stud-
ies using either PFGE or whole genome sequencing 
also have revealed a diversity of bacterial genome 
sizes, ranging from as low as 0.5 Mbp to as high as 
10 Mbp.33 In the present study, such sizes of the 
genome were widely different, that is, for the strains 
causing pyelonephritis, they were between 1610 and 
4170 kbp and for those causing cystitis they were 
between 1630 and 3740 kbp. These results could be 
compared with the previous ones conducted on 
different organisms.34,35 Determining the genome 
sizes of bacterial genomes as revealed by endonucle-
ase restriction enzyme, could provide an alternative pa-
rameter to be employed in taxonomic studies.34 Results 
obtained in our study indicated the high heterogeneity of 
E. coli strains. Genome size estimation can also help 
gain more knowledge about the genome structure of 
UPEC isolated form children in the studied region and 
in doing so, we can adopt more effective strategies in 
the identification of native strains. 

In the current work, 65 patterns for all the isolates 
(36 and 33 patterns for pyelonephritis and cystitis, 
respectively) based on drawn dendrogram were found 
(Figures 1-3). The highest percentage of strains with 
13 and 12 bands formed 25.2% and 23.3% of the 
samples respectively, and the least number of strains 
with the 19 and 8 bands formed 1.1% and the pattern 
No. 2 with 12 bands was repeated more than other 
pattern in this study. The similarities of the bands and 
patterns among different isolates can help detecting 
the location of dominant common genes of the patho-
genic strains. Patterns obtained in this study revealed 
extensive genetic heterogeneity of E. coli in the re-
gion. The best description for the diversities is that 
the isolates representing the outbreak strains are not 

the recent progeny of a single (or common) precursor 
and do not have the same genotypes. The patterns 
obtained in the present study were comparable with 
those in previous reported ones.28,36-38 

As demonstrated in some previous studies, host 
and organism related factors played an important 
role in the various clinical syndromes of urinary 
infections.3,7-8 Most strains of UPEC expressed 
several pathogenic factors simultaneously. Some of 
the main factors are common in clinical syndromes, 
but their distributions vary, for example the various 
distributions of P. fimberia caused urinary tract 
infections.39,40 Toxins and capsules are mainly 
associated with pyelonephritis,39,41 but Adhesin 
particularly in children were more or less 
associated with cystitis.1 Aerobactin system can be 
more seen among the strains causing 
pyelonephritis. This is probably related to the 
ability of E. coli strains to create cystitis, more than 
aggressive urinary tract infections because UPEC 
need fewer pathogenic factors to create cystitis. 
Generally, UPEC strains causing cystitis are 
different from those causing pyelonephritis,1,42 and 
the differences of virulence factors among the 
strains cause diverse genetic patterns. 

On the other hand, identical strains with the same 
virulence factors may have different geographical 
distributions which in turn cause different patterns 
(bands variation in number and size) of strains ac-
cording to the clinical symptoms of urinary tract in-
fections. Other reason that we could note for PFGE 
profiles alteration are mutations (insertion and dele-
tion of DNA), gene rearrangement, or loss of genetic 
information. Point mutations occur most frequently in 
a genome and often go unrecognized, unless they oc-
cur in a gene coding area that alter the phenotypic 
behavior of the isolates, or in a restriction site that can 
be visualized through restriction techniques. Insertion 
can be seen as a large band that can not move as far 
along through the gel. On the contrary, because of the 
small strands of DNA in deletions, the band will 
transfer through faster than in insertion state.43 In ad-
dition, the acquisition of new traits by horizontal gene 
transfer (HGT) is another driving force in the emer-
gence of new bacterial variants. A current concern 
involving HGT that greatly impacts the human popu-
lation is the transfer of antibiotic resistance genes be-
tween organisms which could produce different anti-
biogram patterns. The study of horizontal gene trans-
fer in bacteria is extremely important because it pro-
vides insight into how bacteria exchange their charac-
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terization, which is of great consideration in design-
ing treatments.44 

Technical difficulties of laboratory methods can be 
assumed as another reason for such observed varia-
tions. It also depends on other factors such as individ-
ual person, laboratory setting up and equipments, re-
agents, interruptions or distractions and unknown rea-
sons. In the present study specific pattern was not seen 
for each clinical syndrome, but some strains causing 
cystitis and pyelonephritis had identical genetic 
patterns (e.g. c1 and p28) which indicated that they 
arised from a clone. This may be due to common 
pathogenic factors in these two syndromes and in 
otherwise cases different clinical syndrome can be 
observed. Our results are comparable to some other 
reports. Rasko and colleagues showed that the isolates 
causing pyelonephritis possess special genes that only 
cause kidney infections, implying that strains causing 
cystitis and pyelonephritis are genetically different 
from each other and the genetic differences among 
factors cause different clinical syndromes. In contrast, 
Arthur et al. demonstrated that an acute pyelonephritis 
isolate could cause cystitis on reinfection. In another 
study, Guyer et al. found no significant differences 
between the groups uropathogenic isolates.4  

The other reason why the strains with identical 
genetic patterns may cause different syndromes could 
be the progression of UTI from bladder to kidney 
indicating that the pyelonephritic organisms must 
make at least a transient passage through the bladder 
to reach the kidney. In fact, pili genes coding 
expression could have a crucial role so that if these 
genes are expressed, the bacteria have rising 
movement and cause pyelonephritis and in otherwise 
cases they cause bladder infections. Therefore, the 
strains with identical genetic patterns could cause 
different diseases. In the current work, we have also 
identified cystitis and pyelonephritis-specific bands 

although we can not rule out the possibility that there 
are functional homologues that are not possible to be 
identified by the PFGE techniques 

To the best of our knowledge, this is the first re-
port of applying PFGE genotyping method to study 
the molecular epidemiology of UPEC infection and 
the genetic relationship between pyelonephritis and 
cystitis strains in Iran. In the present study, High 
genetic diversity of E. coli prevents the recognition of 
a special pattern in the creation of cystitis and 
pyelonephritis strains or any relationship between the 
corresponding strains, but in some cases the strains 
causing cystitis or pyelonephritis had identical 
genetic patterns which indicates that they arise from a 
clone and the different diseases could be the result of 
different gene factors. 

It should be noted that although PFGE is taken as 
the gold standard technique in epidemiological 
studies, using this method alone does not fully 
confirm the similarity of two isolates. Therefore, the 
use of a second strains typing method or supplemen-
tary epidemiological analysis is helpful to 
understand the dominant gene and more analysis of 
the strains and how the genetic differences cause 
different diseases.  
 
Acknowledgment 
 
This work was financed by research grant No# 86-17 
from Professor Alborzi Clinical Microbiology 
Research Center, Shiraz University of Medical 
Sciences. The authors wish to thank Dr.  Fatemeh 
Emmamghorashi for her critical assistance in sample 
collection and Dr. Hassan Khajehei for his critical 
editorial assistance. 
 
Conflict of interest: None declared. 

 
 
References 
 

 
 
 

1 Johnson DE, Lockatell CV, Russell 
RG, Hebel JR, Island MD, Stapleton 
A, Stamm WE, Warren JW. Com-
parison of Escherichia coli strains 
recovered from human cystitis and 
pyelonephritis infection in transure-
thrally challenged mice. Infect Im-
mun 1998;66:3059-65. [9632566] 

2 Najib KH, Fallahzadeh E, Fal-
lahzadeh MK, Fallahzadeh MH, Er-
jaee A. Renal scar formation in chil-
dren with recurrent urinary tract in-

fections. Iran Red Crescent Med J 
2009;11:93-5. 

3 Farshad SH, Emamghoraishi F, 
Japoni A. Association of virulent 
genes hly, sfa, cnf-1 and pap with 
antibiotic sensitivity in Escherichia 
coli strains isolated from children 
with community acquired uti. Iran 
Red Crescent Med J 2010;12:33-37. 

4 Rasko DA, Phillips JA, Li X, Mobley 
HLT. Identification of DNA sequences 
from a second pathogenicity island of 

uropathogenic Escherichia coli CFT 
073: probe specific for uropatho-
genic populations. J Infect Dis 2001; 
184:1041-9. [11574920] [doi.org/10. 
1086/323602] 

5 Sussman M. Urinary tract infection: 
A clinical overview. In: Sussman M. 
Molecular medical microbiology. 
United States of America, Academic 
press, 2001; p. 1510. 

6 Overturf GD. Urinary tract infection 
In: Jenson HB, Baltimore RS. 



Genotypic analysis of E. coli 
 

WWW.ircmj.com Vol 14 July 2012 415

Pediatric infection disease. 2nd ed-
tion. United States of America, 
Saunders Company, 2002; p.983. 

7 Marrs CF,  Zhang L, Faxman B, 
Wicher K, Kosciniski D.  Escherichia 
coli mediated urinary tract infection: 
are there distinct uropathogenic E. 
coli pathotypes. FEMS Microbiol Lett 
2005;252:183-90. [16165319] [doi. 
org/10.1016/j.femsle.2005.08.028] 

8 Ishitoya S, Yamamoto S, Kanamaru 
S, Kurazono H, Habuchi T, Ogawa 
O, Terai A. Distribution of afae ad-
hesins in Escherichia coli isolated 
from Japanese patients with urinary 
tract infection. J Urol 2003;169: 
1758-61. [12686827] [doi.org/10. 
1097/01.ju.0000057968.53213.b1] 

9 Farshad SH, Ranbar R, Japoni A, 
Hosseini M, Anvarinejad M, 
Mohammadzadegam R. Microbial 
susceptibility, virulence factors, and 
plasmid profiles of uropathogenic 
Escherichia coli strains isolated 
from children in jahrom, Iran. Arch 
Iran Med 2012;15:312-6. [22519382] 

10 Chen SL, Hung CS, Xu J, Reigstad 
CS, Magrini V, Sabo A,  Blasiar D, 
Bieri T, Meyer RP, Ozersky P, Arm-
strong JR, Fulton RS, Latreille JP, 
Spieth J, Hooton TM, Mardis ER, 
Hultgren SJ, Gordon JI. Identification 
of genes subject to positive selection 
in uropathogenic strains of Es-
cherichia coli: a comparative ge-
nomic approach. Proc Natl Acad Sci 
U S A 2006;103:5977-82. [16585510] 
[doi.org/10.1073/pnas.0600938103] 

11 Zhang L, Foxman B, Manning SD, 
Tallman P, Marrs CF. Molecular 
epidemiologic approaches to urinary 
tract infection gene discovery in 
uropathogenic Escherichia coli. In-
fect Immun 2000;68:2009-15. [1072 
2596] [doi.org/10.1128/IAI.68.4. 
2009-2015.2000] 

12 Bauer AP,  Ludwig W, Schleifer KH. 
A novel DNA microarray design for 
accurate and straightforward identi-
fication of Escherichia coli safety 
and laboratory strains. Syst Appl 
Microbiol 2008;31:50-61. [18262 
744] [doi.org/10.1016/j.syapm. 
2008.01.001] 

13 Arbeit RD. Laboratory procedures 
for the epidemiologic analysis of mi-
croorganisms In: Murray PR, Baron 
EJ, Pfaller MA, Tenover FC, Yolken 
RH. Manual of clinical microbiology. 
7th edition. Washington; ASM press, 
1999; p. 127. 

14 Sandt CH, Krouse DA, Cook CR, 
Hackman AL, Chmielecki WA, War-
ren NG. The key role of pulsed-field 
gel electrophoresis in investigation of 
a large multiserotype and multistate 
food-born outbreak of salmonella in-
fections centered in Pennsylvania. J 
Clin Microbiol 2006; 44:3208-12. 
[16954249] [doi.org/10.1128/JCM.0 

1404-06] 
15 Fitzgerald C, Helsell O, Nicholsen 

MA, Olsen SJ, Swerdlow DL, Fla-
hart R, Sexton J, Fields PI. Evalua-
tion of methods for subtyping cam-
pylobacter jejuni during an outbreak 
involving a food handler. J Clin Mi-
crobiol 2001;39:2386-90. [11427 
543] [doi.org/10.1128/JCM.39.7. 
2386-2390.2001] 

16 Gerner-Smith P, Kincaid J, Kubota 
K, Hise K, Hunter SB, Fair MA, Nor-
ton D, Woo-Ming A, Kurzynski T, 
Sotir MJ, Head M, Holt K, Swamina-
than B. Molecular surveillance of 
shiga toxigenic Escherichia coli 
0157 by Pulse Net USA. Journal of 
Food Protection 2005;68:1926-31. 

17 Healy M, Huong J, Bittner T, Lising 
M, Frye S, Raza S, Schrock R, 
Manry J, Renwick A, Nieto R, 
Woods C, Versalovic J, Lupski JR. 
Microbial DNA typing by automated 
repetitive -sequence -based PCR. J 
Clin Microbiol 2005;43:199-207. 
[15634972] [doi.org/10.1128/JCM. 
43.1.199-207.2005] 

18 Ejrnaes K, Sandvang  D, Lundgren  
B, Ferry S, holm S, monsen T, 
Lundholm R, Frimodt-Moller N. 
Pulsed field gel electrophoresis typ-
ing of Escherichia coli strains from 
samples collected before and after  
pivmecillinam or placebo treatment 
of uncomplicated community-
acquired urinary tract infection in 
women. J Clin Microbiol 2006; 
44:1776-81. [16672406] [doi.org/ 
10.1128/JCM.44.5.1776-1781.2006] 

19 Farmer JJ. Enterobacteriaceae: 
introduction and identification. In: 
Murray PR, Baron EJ, Pfaller MA, 
Tenover FC, Yolken RH. Manual of 
Clinical Microbiology. 7th edition. Wash-
ington; ASM Press, 1999; p. 438. 

20 Sohn KM, Kang CI, Joo EJ, Ha YE, 
Chung DR, Peck KR, Lee NY, Song 
JH. Epidemiology of ciprofloxacin 
resistance and its relationship to ex-
tended-spectrum β-lactamase pro-
duction in Proteus mirabilis bac-
teremia. Korean J Intern Med 
2011;26:89-93. [21437168] [doi.org/ 
10.3904/kjim.2011.26.1.89] 

21 Rohlf FJ. NTSYS-PC: Numerical 
taxonomy system and multivariate 
analysis system version 1.8. Exeter 
publications, New York. 1993. 

22 Ebrahimzadeh MA, Mahdavee MR, 
Vahedi M. Antibiotic resistance in E. 
coli isolated from urine: A2-years 
study isolated from patient with uri-
nary tract infections in Iran. J Cell 
Tissue Res 2005;5:445-8. 

23 Hoberman A, Charron M, Hickey 
RW, Baskin M, Kearney DH, Wald 
ER. Imaging studies after a first feb-
rile urinary tract infection in young 
children. N Eng J Med 2003; 
348:195-202. [12529459] [doi.org/ 

10.1056/NEJMoa021698] 
24 Mohkam M, Karimi A, Karimi H, 

Sharifian M, Armin S. Dalirani R, 
Abdollah Gorgi F. Urinary Inter-
leukin_8 in acute pyelonephritis of 
children. Iran J Kidney Dis 2008; 
2:193-6. [19377236] 

25 Foxman B, Riley L. Molecular epi-
demiology: focus on infection. Am J 
Epidemiol 2001;153:1135-41. [114 
15945] [doi.org/10.1093/aje/153.12. 
1135] 

26 Singh A, Goering RV, Simjee S, 
Foley SL, Zervos MJ. Application of 
molecular techniques to the study of 
hospital infection. Clin Microbiol Rev 
2006;19:512-30. [16847083] [doi. 
org/10.1128/CMR.00025-05] 

27 Alfizah H, Nordiah AJ, Rozaidi WS. 
Using pulsed field gel electrophore-
sis in the molecular investigation of 
an outbreak of Serratia marcescnes 
infection in an intensive care unit. 
Singapore Med J 2004;45:214-8. 
[15143356] 

28 Anvarinejad M, Farshad SH, Alborzi 
A, Ranbar R, Giammanco GM, Ja-
poni A. Integron and genotype pat-
terns of quinolones-resistant uropa-
thogenic Escherichia coli. African J 
Microbiol Res 2011;5:3765-70. 

29 Watabe M, Hogg GM, Millar BC, 
Crothers L, Rooney PJ, Loughrey A, 
Goldsmith CE, McMahon MAS, 
McDowell DA, Moore JE. Epidemiol-
ogical study of E. coli 0157: H7 iso-
lated in Northern Ireland using pulse 
field gel electrophoresis. Ulster Med 
J 2008;77:168-74. [18956798] 

30 Basim H. Pulsed field gel electro-
phories technique and its use in mo-
lecular biology. Turk J Biol 2000; 
25:408-18. 

31 Durmaz R, Otlu B, Koksal F, Hoso-
glu S, Ozturk R, Ersoy Y, Aktas E, 
Gursoy NC, Caliskan A. The optimi-
zation of a rapid pulsed field gel 
electrophoresis protocol for the typ-
ing of Acinetobacter baumannii, Es-
cherichia coli and Klebsiella spp. 
Jpn J Infect Dis 2009;62:372-7. 
[19762987]  

32 Kawamori F, Hiroi M, Harada T, 
Ohata K, Suqiyama K, Masud T, 
Ohashi N. Molecular typing of Japa-
nese Escherichia coli 0157:H7 iso-
lates from clinical specimens by 
multilocus variable number tandem 
repeat analysis and PFGE. J Med 
Microbiol 2008;57:58-63. [180656 
68] [doi.org/10.1099/jmm.0.47213-0] 

33 Bansal AK, Meyer TE. Evolutionary 
analysis by whole-genome compari-
sons. J Bacteriol 2002;184:2260-72. 
[11914358] [doi.org/10.1128/JB. 
184.8.2260-2272.2002] 

34 Ayure DMQ, Moreno ZRS, Gutierrez 
FAA, Morales JMB, Castano DM. Ge-
nome analysis of thirteen Colombian 
clostridial strains by pulsed field gel 



Anvarinejad et al. 
 

WWW.ircmj.com Vol 14 July 2012 416 

electrophoresis. Electronic Journal 
of Biotechnology 2006;9:542-50. 

35 Bautsch W, Grothues D, Tummler 
B. Genome Fingerprinting of Pseu-
domonas aeruginosa by two-
dimensional field inversion gel elec-
trophoresis. FEMS Microbiology 
Letters 1988;52:255-8. [doi.org/10. 
1111/j.1574-6968.1988.tb02606.x] 

36 Li Q, Sherwood JS, Logue CM. 
Characterization of antimicrobial re-
sistant Escherichia coli isolated from 
processed bison carcasses. J Appl 
Microbiol 2007;103:2361-9. [1804 
5421] [doi.org/10.1111/j.1365-2672. 
2007.03470.x] 

37 Bono JL, Smith TPL, Keen JE, 
Harhay GP, Mcdaneld TG, Mandrell 
RE, Jung WK, Besser TE, Smidt 
PG, Bielaszewska M, Karch H, 
Clawson ML. Phylogeny of shiga 
toxin producing Escherichia coli 
0157 isolated from cattle and clini-
cally ill humans. Mol Biol Evol 2012. 
[Epub ahead of print] [22355013] 
[doi.org/10.1093/molbev/mss072] 

38 Nikbin VS, Abdi Ali A, Feizabadi MM, 
Gharavi S. Pulsed Field Gel Electro-
phoresis and plasmid profile of Pseu-
domonas aeruginosa at two hospitals 
in Tehran, Iran. Indian J Med Res 
2007;126:146-51. [17932441] 

39 Yamamoto S. Molecular epidemiology 
of uropathogenic Escherichia coli. J 
Infect Chemother 2007;13:68-73. 
[17458672] [doi.org/10.1007/s101 
56-007-0506-y] 

40 Bien J, Sokolova O, Bozko P. Role 
of uropathogenic Escherichia coli 
virulence factors in development of 
urinary tract infection and kidney 
damage. Int J Nephrol 2012; 
2012:681473. [22506110]  

41 Tiba MR, Yano T, Leite DS. Geno-
typic characterization of virulence 
factors in Escherichia coli strains 
from patient with cystitis. Rev Inst 
Med Trop Sao Paulo 2008;50:255-
60. [18949339] [doi.org/10.1590/ 
S0036-46652008000500001] 

42 Ruiz J, Simon K, Horcajada JP, 
Velasco M, Barranco M, Roig G, 

Moreno-Martinez A, Martinez JA, 
Jimenez de Anta T, Mensa J, Vila J. 
Differences in virulence factors 
among clinical isolates of Es-
cherichia coli causing cystitis and 
pyelonephritis in women and prosta-
titis in men. J Clin Micobiol 2002; 
40:4445-9. [12454134] [doi.org/10. 
1128/JCM.40.12.4445-4449.2002] 

43 Tenover FC, Arbeit RD, Goering 
RV, Mickelsen PA, Murray BE, 
Persing DH, Swaminathan B. Inter-
preting chromosomal DNA restric-
tion patterns produced by PFGE. 
Criteria for bacterial strain Typing. J 
Clin Microbiol 1995;33:2233-9. 
[7494007] 

44 Schubert S, Darlu P, Clermont O, 
Wieser A, Magistro G, Hoffmann C, 
Weinert K, Tenaillon O, Matic I, De-
namur E. Role of Intraspecies Re-
combination in the Spread of 
Pathogenicity Islands within the Es-
cherichia coli Species. PLoS Pathog 
2009;5:e1000257. [19132082] [doi. 
org/10.1371/journal.ppat.1000257] 

 


