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Abstract                                                                                                                                    

Background: Wide spread use of ciprofloxacin in treatment of urinary tract infections (UTIs)  

led to increased level of resistance in clinical isolates of Escherichia  coli (E. coli). This 

organism is one of  the most frequently isolated causative agents of urinary tract infections 

(UTIs), and it is responsible for  about  50%  of  nosocomial  UTIs as well as 70-95% of 

community- acquired infections. Uropathogenic Escherichia coli (UPEC) is a causative agent of 

vast majority of UTIs, including cystitis, pyelonephritis, and infectious complications, which  

may  result in acute renal failure in healthy individuals as well as in renal transplant patients.                                                                                            

Objective: To study the phenotypic and genotypic characterization of Escherichia coli carrying 

chromosomal-mediated quinolone resistance determinants isolated from hemodialysis patients. 

Materials and methods: This is a descriptive cross-sectional study, conducted during the 

period from July 2014 to August 2016 at Ibn Sina Specialized Teaching Hospital (Khartoum). 

100 E. coli strains were isolated from urine specimens and the minimum inhibitory concentration 

(MIC) of ciprofloxacin (CIP) against E. coli was  measured. E. coli strains were  subjected  to 

PCR to amplify gyrA, gyrB, parC and parE genes of quinolones resistance determining region of 

E. coli. DNA sequencing of amplified product was carried out and the molecular characterization 

of E. coli resistance to CIP were analyzed.                                                                                                                                   

Results: 100 E. coli strains were isolated from the urine samples. The sensitivity pattern of 

ciprofloxacin for E. coli isolates was 82% resistant, 2% intermediate and 16% sensitive. In the 

quinolone resistance-determining region (QRDR) of gyrA, gyrB, parC, and parE, types of point 

mutations were detected. Mutations in parC gene were found in all strains with gyrA mutations. 

Mutations in gyrA were detected in all strain tested. High-level FQ-R frequently was associated 

with single gyrA mutations in all species of E.coli in this study.                                                                                                                       

Conclusion: E. coli isolates causing UTI were highly resistant to ciprofloxacin and harbor 

mutations in the QRDRs of gyrA, gyrB, parC and parE genes.                                                                 
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Introduction                                                                                                                                  
 

About  40% of women and  12%  of  men  experience  at least one symptomatic UTI  during 

their life  time,  and  approximately  25%  of  affected  women show recurrent UTI  (RUTI) and 

33% occurs in children. Urinary  tract  infection is an important cause of mortality and morbidity 

in hemodialysis patients. More than 500 individuals, per million populations, per year, reach  

end-stage  renal  failure in Sudan. The cost of such  treatment for end-stage kidney    disease  is 

high   and   needs attention for reducing it.   Fluoroquinolones, such   as ciprofloxacin, is   now   

recommended    as  empirical   treatment  for  UTIs due  to  E. coli, especially  catheter- 

associated  UTIs1.                                                                                                                                                  

However, the increased use  of fluoro-quinolones  has  resulted  in  the  rapid emergence of  

fluoro-quinolone resistant E. coli and other uropathogens,  raising  concerns  about  whether  

fluoro-quinolones should remain  the  drugs  of  choice  for  UTIs.  Resistance  to quinolones in  

E. coli  is  commonly  mediated  by  mutations  in  quinolone resistance  determining  regions 

(QRDRs) of DNA gyrase and topoisomerase IV.  There   is  a need to  investigate  the relation  

between  the  phenotypes  and  genotypes of  E. coli resistant to fluoro-quinolone  in 

hemodialysis patients. Phenotypic  tests  remain  useful  for the presumptive  identification  of  

pathogenic  E. coli. Studies have reported that antimicrobial resistance among uropathogenic E. 

coli is influenced by phenotypic features2.                                                                                                              

Molecular-based technologies have revolutionized what can be used to aid confirmation of the 

presence of specific gene sequences. DNA sequencing is the gold standard method for the 

detection of these mutations; however, this method is expensive, laborious, and time consuming. 

In spite of a  large number  of studies  conducted  for  the  investigation of E. coli  in  UTIs in 

Khartoum, little  information  regarding this issue  in  hemodialysis  patients was provided.                                                                                                                                 

This study was planned to investigate the phenotypic and molecular characterization of 

ciprofloxacin resistant E. coli isolated from hemodialysis patients. 

 

Materials and methods      
 

This was a descriptive, cross-sectional hospital and laboratory based study conducted during the 

period from July 2014 to August 2016. The study population was patients attending Ibn Sina 

Specialized Teaching Hospital (Khartoum). Inclusion criteria were hemodialysis patients The 

software used for the analysis of data was the Statistical Package for Social Sciences (SPSS) 

program (version 14). Frequencies, percentages, tables and graphs were used for presentation of 

the data. All patients were informed about the aim of the study and a verbal consent was 

obtained. Permission to collect the specimens was taken from Ibn Sina Specialized Teaching 

Hospital (Khartoum), and approval to conduct the study was granted by the University of 

Science and Technology (Omdurman, Sudan). Confidentiality of information was maintained. 

Results of samples collected were dispatched to all patients investigated and some sample results 

were handed to physicians for prescription purposes. Demographical data were collected from all 

patients using a direct interviewing questionnaire covering demographic information regarding 

name, age, sex, residence, occupation, and clinical symptoms.                                                                      
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Sampling was a non- probability purposive, convenience type. Sample size was100 E. coli 

strains isolated from urine specimens of hemodialysis patients.                                                            

Procedure:  Clean-catch urine samples obtained from patients were transmitted and processed in 

the medical microbiology laboratory. Samples were  inoculated on cysteine lactose electrolyte-   

deficient (CLED) medium. After overnight incubation at 37°C for 24-48 hours, colonies were  

counted to check significant growth. Colony count of 105/ml (>300 colonies) of urine were  

regarded as significant for bacteriuria. The colonial morphology was observed and a Gram stain 

was made to identify the isolates. The isolated E. coli was identified by the biochemical tests: 

indole, methyl red, Vogues Proskaur, citrate, urease, Kligler iron agar, and oxidase tests.                                                                                                          

Minimum  inhibitory  concentrations  (MICs ) for  all isolates to ciprofloxacin was determined 

by E-test strips (Hi Media Laboratories, Mumbai, India). E-test was performed as per 

manufacturer’s instructions. 4-5 colonies  were  suspended  in 5 ml sterile normal saline to an 

equivalent turbidity of a 0.5 V. The MIC of ciprofloxacin for E. coli was categorized into 

susceptible, intermediate, and resistant. 

Molecular detection: The DNA for all E. coli isolates were extracted using the method the 

Standard Operating Procedure for Genomic DNA Isolation (Gram negative). PCR DNA        

gene amplification was employed to examine the presence and diversity of specific suspected 

resistance mechanisms among all ciprofloxacin resistant strains of E. coli. All PCR          

reaction mixtures contained 0.5µM forward and reverse primers, 10µL 5xTaq Master Mix       of 

thermo stable MgCl2, Tween 20, Nonidet P40 and stabilizers (Jena Bioscience, Jena,   

Germany). 50 ng of template DNA was prepared and distilled water was added to make up a 

total volume of 50 µL.                                                                                                                     

E. coli isolates were examined to determine the nature of some possible contributing factors in 

quinolone resistance (i.e. chromosomal mutation).The quinolone resistance-determining   

regions (QRDR)  of the gyr A, gyr B (DNA Gyrase) and par C, par E (topoisomerase IV)      

were amplified by PCR to detect mutations via sequencing. Primer sets for gyrA and  parC were 

designed according to Mammeri and his colleagues 3.                                                                                        

The PCR  cycling  conditions  began  with an initial  denaturation at 94°C for 5 minutes, 

followed  by 30 cycles  consisting of  denaturation  at  94°C for 15 seconds, annealing at 49°C 

for 30 seconds, and extension at 72°C for 60 seconds, with a final extension at 72°C for 1 

minute, and final extension at 72°C for7minutes.                                                                                                                                                       

PCR amplification for the gyrB gene was carried out by using pairs of primers according                          

to Wirthetal, 2006). PCR cycling  was  initiated  by an activation cycle at 94°C  for 2min, 

followed by 35 cycles, each consisting of a denaturation step at 94°C for 1min, primer- 

annealing step at the temperature for 1min and an extension step at 72°C for 1 min., and       final 

extension at 72°C for 5 minutes. PCR products  were  purified  using  purification kit  and  

sequencing  with  both forward  and  reverse primers (Macrogen Laboratories, Seoul, South 

Korea).                                                                                                                                                                        

The DNA sequences were analyzed as per standard genome sequencing of  E. coli K-12          

and GenBank database using the  basic BLAST suite  of nucleotide, DNA sequence      

alignment search programs (Blast, National Center for Biotechnology Information), Gene    EL  
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Mark database, BioEdit Package software (BioEdit sequence alignment Editor), and                               

Clustal W. software (Table 1). 

Table (1): Primer set for the detection of chromosomal quinolone resistance genes 

 

Primer 

 

Primer sequence  (5'-3') 

 

PCR Product size 

  

GyrA-F 

GyrA-R 

CGACCTTGCGAGAAAT 

CGACCTTGCGAGAAAT 

 

626 bp 
  

GyrB-F 

GyrB-R 

TCGGCGACACGGATGACGGC 

ATCAGGCCTTCACGCGCATC 

 

911 bp 

ParC-F 

ParC-R 

AGCGCCTTGCGCTACATGAAT 

GTGGTAGCGAAGAGGTGGTT 

 

939 bp 
 

ParE-F 

ParE-R 

TACCGAAGCTGTTCCTTGTGG 

GGCAATGTGCAGACCATCAG 

 

240 bp 
 

 

Agarose gel is casted by melting the agarose in the presence of the desired buffer until a clear, 

transparent solution is achieved. The melted solution is then poured into a mold and allowed to 

harden. Upon hardening, the agarose forms a matrix, the density of which is determined by the 

concentration of the agarose. When an electrical field is applied across the gel, DNA (which is 

negatively charged at neutral pH) migrates towards the anode.                                                                                           

The safe stain DNA is visualized by fluorescence under  ultraviolet light with  long wave, the gel 

trays supplied are UV transparent  therefore the gel need not to be removed from the mould to be 

visualized  and photographed using digital camera. 
 

Results 

A total of one hundred clinical isolates of E. coli were collected from patients with renal 

hemodialysis. E. coli was isolated from patients at different age groups. 46 patients (46%) were 

males and 54 (54%) were females.                                                                                                     

As shown in Fig. (1), MIC was determined for all E. coli strains isolated. The sensitivity 

reference range of ciprofloxacin was considered as 0.002–32 mcg/ml.                                                           

82 strains (82%) of E. coli isolated were found resistant (MIC ≥4 mcg/ml) to ciprofloxacin. Also 

16 strains (16%) were found susceptible (MIC ≤1 mcg/ml).                                                                      

In Table (2), 80 E.coli isolates (80%) showed a highest ciprofloxacin MIC (≥32mcg/ml).         
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While 2 E.coli isolates (2%) showed a lowest ciprofloxacin MIC (0.006 mcg/ml).  

 

  

 

Fig. (1):  E-test ciprofloxacin MIC pattern 

 

Table 2: Ciprofloxacin MIC pattern of E. coli isolates 

 

MIC (mcg/ml) ≥32 6 3 1 0.064 0.047 0.032 0.012 0.006 0.002 Total 

Frequency 80 2 2 2 2 4 4 2 2 0 100 

 

 

Chi square test was used to analyze the correlation between MIC and ciprofloxacin sensitive 

strains. There was a significant correlation between MIC and ciprofloxacin sensitivity (p = 

0.04999). 

Molecular detection by PCR had revealed the existence of the genes gyrA, gyrB, parC and par E. 

The encoded bands for these genes were as follows: 

a) 6 positive bands of gyrA gene detected at 626bp and DNA (Molecular marker used was from 

1000 to100bp). 

b) 4 positive bands of gyrB gene detected at 911bp and DNA (Molecular marker used was from 

1000 to100bp). 

c) 7 positive bands of parC gene detected at 939bp and DNA (Molecular marker used was from 

1000 to100bp). 

d) 4 positive bands of parE gene detected at 240bp and DNA (Molecular marker used was from 

1000 to100bp).                                                                                                                                      

Out  of  the 82 ciprofloxacin resistant E.coli  isolates, 35 were randomly  selected for further 

sequencing including the  QRDR (nucleotides 199 to 319 of the  corresponding E. coli 

sequence); and excluding the primer sequences. 9 of these isolates had the pattern GyrA,                                         
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9 had the pattern GyrB, 7 had the pattern ParC, and 10 had the pattern ParE.                                                                  

The putative fluoroquinolone  resistance  mutations  is  the nucleotide alterations (nucleotide 

substitutions, deletions, or insertions) that would result in a change  in  the amino acid sequence 

in the protein product of the gene. In  a few cases, some non-synonymous nucleotides were 

found. These nucleotides  differences were silent  with  respect  to fluoroquinolone  resistance. 

 The most  common  mutations  detected were  substitutions  and  deletions leading to premature  

termination  of  protein  synthesis. In the gyrA  one isolate (49) had triple mutations at position 

241 sub T→ C , at position 286 sub C→T & at  position 300 delete CC. eight isolates 

(52,6,4,5,32,51,39,66) had a CC deletion at position 300 that led to premature termination Fig(2).  

 

  
Fig(2) GyrA DNA sequence alignments of the QRDR from nine isolates of  E.coli. Dots indicate 

nucleotide positions identical to the corresponding E.coli k-12 (conserved region).  
 

 

 
Fig. (3): GyrB DNA sequence alignments of the QRDR from two isolates of  E.coli. Dots 

indicate nucleotide positions identical to corresponding E.coli k-12 (conserved region).  

 

 
Fig. (4): ParC DNA sequence alignments of the QRDR from six isolates of  E.coli. Dots indicate 

nucleotide positions identical to corresponding E.coli k-12 (conserved region).                          
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Fig. (5): ParE. DNA sequence Alignments of the QRDR from six isolates of  E.coli. Dots 

indicate nucleotide positions identical to corresponding E. coli k-12 (conserved region).  
 

 

Four different mutations were found in ParC. These were isolates (51) at position 220, C → T, at 

position 242, A → G and at position 290 ,T → G. and isolate (32) at position 208, T → G. No 

parC mutations  were  observed  without mutations in gyrA (Fig. 4). 

 

Table (3): The relationship between mutations  of  the  quinolone resistance determining  regions 

and antibiotic  resistance patterns in  E. coli isolates 

 

Isolates              

frequency 

GyrA 

gene 

GyrB 

gene 

ParC 

gene 

ParE 

gene 

Ciprofloxacin 

MIC(mcg/ml) 

      52 + –  –         ≥32 

      49 +  – –         ≥32 

      6 +  – –         ≥32 

      4 +  – –         ≥32 

      5 +   –         ≥32 

      32 +  + +         ≥32 

      51 + + + +         ≥32 

      39 +   –         0.032 

      66 + – – +         ≥32 

 

(+) = Mutation          (–) = No mutation 
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The relationship between mutations of QRDRs target genes and antibiotic resistance patterns in 

E.coli isolates are shown in Table (3).  

A total of nine isolates showed mutations in QRDRs target genes were  detected  in 

ciprofloxacin-resistant E. coli  isolates. The majority of these isolates  showed single mutation in 

gyrA gene (52, 6, 4, 5, 32, 51, 39 and 66) MIC≥32 (mcg/ml) and one isolate (49) MIC≥32 

(mcg/ml) had triple mutations. isolates of  E.coli. Double mutations of gyrB was found in 

strain(52) MIC ≥32 (mcg/ml). Single  mutation  in  ParC  was  also  only  found  in  the isolate  

(32)  MIC≥32 (mcg/ml), triple  mutations was found in isolate (51) MIC≥32 (mcg/ml). isolates 

(32and 66) MIC≥32 (mcg/ml)  showed single mutation in ParE  gene  and  double mutations  of 

parE  gene  was  also  only  found  in  the  isolate (51) MIC≥32 (mcg/ml). 

 

Discussion         
 

This  study was   focused  on  the antimicrobial resistance patterns of E. coli isolates in 

Khartoum State. Antimicrobial   resistance  rates  vary among  regions and  countries, with  

increasing  rates  in  many  parts of the  world. In  a  recent   study   in  Sudan, antimicrobial 

sensitivity of E. coli  isolated  from   cases of urinary  tract   infections were studied against 

ciprofloxacin. Fluoroquinolones  are  effective  antimicrobial  agents used for the  treatment  of  

a wide variety  of  bacterial   infections and  have been shown   to be  a good  alternative  for  

empirical  treatment  of  UTI with good efficacy4.                                                                             

High rates of E. coli isolates not susceptible to fluoroquinolones  had been   reported  in many 

countries such as Thailand (>50%), China (≥70%), and India (>80%). In the  present  study, 

isolates from Sudanese patients revealed relatively  high resistance  rates (82%) against 

ciprofloxacin. The  high  rates of  resistant in our study had been hypothesized to be related to 

the inappropriate use of fluoroquinolones. Also, prolonged   use of  low doses of   

fluoroquinolones   has been   shown to be the  most significant  risk factor for acquisition of 

resistance as previously  described  by  Chenia and his colleagues5.                                                                                                     

The  data  in the current  study  revealed  that QRDRs mutations in gyrA were more highly 

correlated  with FQ  MIC of E.coli for all tested FQ genes tested. The majority  of  the  isolates  

carried  a single  mutation  in  gyrA. Mutations at  positions (241,286 and 300) had  been  shown  

to  confer  high levels of fluoroquinolone resistance as compared to mutations at other positions 

within the QRDR. It is known  that  individual substitutions  in  the  QRDR increase  the  MIC 

quinolones. Singh et al. study concluded  that  mutation  in  gyrA  is  required  for  high-level  

quinolone resistance regardless  of  the  presence  of  mutations  in  parC. Consistent  with  

previous  studies, low-level fluoroquinolone resistance  in  E. coli is  associated  with a single  

alteration  in the  GyrA protein while high-level resistance  required double mutations6.                                                                                                                                  

However, in  all  other species  in this study, there were isolates exhibiting a single alteration in 

gyrA gene and high-level fluoroquinolone resistance. Other mechanisms  implicated  in  

fluoroquinolone resistance, which might be  responsible  for  the differences in MICs values for  

fluoroquinolones  observed  among  the  isolates with the same types of mutation in  all  genes  

were  not considered  in the   present study. Changes  in  permeability  and  active efflux are    
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mechanisms that cannot  be  excluded  and  may  enhance   development of resistance and 

contribute to the selection of  fluoroquinolone-resistant isolates in the  course of treatments with 

these antibiotics. parC gene is a secondary target  for quinolone  resistance7.                                                                                                                                                        

Point  mutations  in  ParC  at  the  positions 208, 220, 242 and  290  were  found in  isolates (32, 

51) of  E. coli  isolates  respectively; and observed  among the isolates, in accordance with 

previous studies. No parC mutations were  found  without  gyrA mutations  in  any  E. coli   

isolates. With regard to parE of  E. coli  isolates showed  a single  mutation  in  ParE  at position 

210, 252 isolates (32, 33) and  double mutation at position238, 261(51) associated with high 

levels  of  resistance to  fluoroquinolones  increased  the MIC values  of  ciprofloxacin. There 

was emergence  of double mutation in gyrB at position  347, 401 in the isolate (52) outside the 

QRDR  regions associated with  high  levels  of  resistance  to ciprofloxacin. Mutations in gyrB 

and parE  are  much fewer than  mutations in gyrA or parC8.                                                                  

Alterations  in  both gyrA  and parC often  show  high  level resistance  and  are  reported  more  

frequently  than  alterations  in gyrB or parE 9.                                                                                            

Although a single mutation in DNA gyrase is sufficient for resistance to quinolones, 

accumulation  of  multiple  mutations  (single and double mutations) in the  QRDR  regions  of  

the  gyrA, gyrB, parC  and  parE  genes  appears to be a major contributor to high-level  

ciprofloxacin resistance (MIC≥32mg/l). The results  of  this study clearly indicate  that 

resistance  to ciprofloxacin, which was  introduced  as first-line therapy only in 1990, has 

increased rapidly, with alarmingly high MIC values and new mutational patterns in E. coli. 

Conclusion: E. coli isolates causing UTI showed a high resistance rate to ciprofloxacin resulting 

from mutations prevailing on the quinolone-resistance determining region of gyrA, gyrB, parC 

and parE genes.                                                                                                              

Recommendations:                                                                                                                                              

1. Regular surveillance of ciprofloxacin resistance determinants investigations  are  essential in 

order to follow up the progress of resistance development and spread in our hospital settings 

and community.                                                                                                                                                       

2. To preserve  the  potency and prevent the development of resistance, quinolone antibiotics 

usage  should  be  rational.                                                                                                                              

3. Ciprofloxacin  must  not  be used  for empirical therapy  of  UTI. 
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