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Multidrug resistant strains of Escherichia coli are becoming a major challenge in treatment of 
patients with urinary tract infection. Developing effective screening methods for selection of 
antimicrobial resistant strains is necessary. In this study, we have compared descriptively results of 
E-test with Disk diffusion agar method in selection of multidrug resistant strains of E. coli among 
patients with urinary tract infection. In disk diffusion test, 19 of 256 urine collections were resistant 
to 5 antibiotics used in the study. Later E-test was performed on these 19 collections with the same 
5 antibiotics. In E-test, 10.5% of the specimens were sensitive to Bacterim, 21.1% to gentamicin, 
47.7% to nitrofurantoin, 10.5% to ciprofloxacin and 10.5% to Ceftazidime. Results indicate that 
performing E-test on strains that were resistant in disk diffusion test may increase specificity in 
determination of multidrug resistant strains of E. coli in patients with urinary tract infection. This 
antibiotic susceptibility study showed difference between E-test and disk diffusion agar in 
assessing the antibiotic susceptibility and found E-test accuracy and its superiority to disk diffusion 
in detecting multidrug resistance. 
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INTRODUCTION 
 
Urinary tract infections (UTI) are the most common 
nosocomial infections which accounts for 40% of 
hospital acquired infections (Gales et al., 2000; Talebi 
and Golestanpour, 2009). Escherichia coli is the most 
frequently found bacteria in both community and 
hospital acquired UTIs (Daza et al., 2001; Farrell et al., 
2003). In recent years antimicrobial resistance has 
emerged explosively in many diverse bacterial types 
largely as a consequence of unrestrained antimicrobial 
use in medicine (Johson et al., 1999). This affects the 
management of UTI by increasing prevalence of 
multidrug resistant strains of E. coli (Rafay and Nsanze, 
2003). Therefore developing methods for accurate 
identification of multidrug resistant strains of E .coli is 
mandatory (Giamarellou and Poulakou, 2009; Katz et 
al., 2004). In  recent  years several methods have been 
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developed for antimicrobial susceptibility testing. Disk 
diffusion agar is a traditional and routine method of 
antimicrobial sensitivity testing. E-test provides a rapid 
and convenient means for determining minimal inhibit-
tory concentration (MIC) for a variety of antimicrobial 
agents. Studies have shown that E-test shows good 
agreement with reference “agar dilution” susceptibility 
testing methods (Rosser et al., 1999). 

MIC determining methods like E-test, although 
provide quantitative measurement of antimicrobial 
sensitivity (Erfani et al., 2008) because of their cost and 
limited availability in developing countries, their appli-
cation is not as frequent as disk diffusion method (Khan 
and Zaman, 2006; Rahbar et al., 2006). Although, 
previous reports have compared E-test with disk 
diffusion in determining antimicrobial susceptibility, 
differences in their capabilities for selection of multidrug 
resistant strains of E. coli in UTI has not been fully 
encountered. In this study we have compared E-test 
and disk diffusion results in finding out multidrug 
resistant strains of E. coli in urinary tract infections. The 
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Table 1. Distribution of resistant specimens in different hospital wards. 
 

Hospital ward Frequency percent 
OP and G 1 5.3 
Urology 3 15.8 
Nephrology 2 10.5 
CCU 1 5.3 
Hospital clinic 1 5.3 
ICU 1 5.3 
Surgery 2 1 5.3 
Endocrinology 2 10.5 
Renal transplantation 2 10.5 
Social support 2 10.5 
Medical treatment 1 2 10.5 
Unidentified 1 5.3 
Total 19 100 

 
 
 
aim of this study was to investigate effectiveness of 
performing E-test in multi- antibacterial resistant strain 
of E. coli, determined by disk diffusion method in 
urinary tract infections. 
 
 
MATERIALS AND METHODS 
 
256 urinary specimens from patients with hospital acquired E. coli 
induced urinary tract infections were collected. Patients were 
from 10 different wards of Shariati Hospital affiliated by Tehran 
University of Medical Sciences. The study protocol was approved 
in ethics committee of Tehran University of Medical Sciences. An 
antibiogram was carried out using five antibiotics: 
 
Trimetoprim sulfometoxazole, nitrofurantoin, ciprofloxacin, 
gentamicin, and ceftazidime. 
 
First antimicrobial susceptibility was carried out with disk diffusion 
agar as a routine method. In this method bacterial suspensions 
were prepared using 0.5 McFarland methods. Then the bacteria 
transferred on Muller Hinton agar plates. Antibiotic disks were 
placed on the surface of the plate using sterile forceps. The 
degree of resistance or susceptibility was determined by mea-
suring the inhibited growth areas around the disk after 24 h of 
incubating the plates in 37 according to NCCLS guidelines. 
Specimens showing resistance to all five antibiotics were 
selected for determining susceptibility with E-test as second 
method. For E-test also a bacterial suspension using the 0.5 
McFarland methods was prepared and bacteria transferred to 
Muller Hinton agar plates. The E-test strip for each antibiotic was 
placed on the surface of the plate (Erfani et al., 2008). The 
triangle inhibited growth areas were studied after 24 h incubation 
in 37°C. 

The susceptibility of E. coli was determined as MIC using the 
reference table provided by producer of the E-test strips (AB. 
Biodisk, solna, Sweden) and was converted to three sensitivity 
classes (sensitive, intermediate, resistant) according to 
breakpoints of NCCLS guidelines. Thereafter results of E-test 
antimicrobial sensitivity compared with multidrug resistant 
reported by Disk diffusion method descriptively. 
 
 
RESULTS 
 
In present study, 19 specimens from of 256 urine 
collections were resistant to all five antibiotics in Disk 
Diffusion agar test. The  distribution  of  these  resistant 

collections in different hospital wards is presented in 
Table 1. E-test was carried out on these 19 specimens. 
Results of E-test for different antibiotics are summarized 
in Table 2. E-test showed the following differences with 
disk Diffusion method: 
 
i) In sensitivity testing for TMP-SMX, 2 of 19 strains 
(10.5%) were sensitive to this antibiotic in comparism to 
disk diffusion which all 19 specimens were resistant to 
TMP-SMX. 
ii) In sensitivity testing for “gentamicin” 4 of 19 strains 
(21.1%)  were sensitive, 3 of 19 (15.3%) were in 
intermediate group of susceptibility,  in comparism to 
disk diffusion which all 19 specimens were resistant to 
gentamycin. 
iii) In sensitivity testing for “nitrofurantoin” 9 of 19 
strains (47.7%) were sensitive, 6 of 19 (31.6 %) were in 
intermediate group, in comparism to disk diffusion 
which all 19 specimens were resistant to 
“nitrofurantoin”. 
iv) In sensitivity testing with “ciprofloxacin”, 2 of 19 
strains (10.5%) were sensitive, in compare to disk 
diffusion which all 19 specimens were resistant to 
“ciprofloxacin”. 
v) In sensitivity testing with “ceftazidime” 2 of 19 strains 
(10.5 %) were sensitive, 1 of 19 (5.1%) in intermediate 
group, in compare to disk diffusion which all 19 
specimens were resistant to “ceftazidime”.  
 
 
DISCUSSION 
 
Increasing emergence of multidrug resistant bacteria 
impose a challenge for their selection and appropriate 
treatment (Rossolini and Mantengoli, 2008). Over 
prescription of different classes of antibiotics in hospital 
and community acquired infections, is proposed as a 
possible mechanism for their development (Johson, 
1999). Therefore optimizing laboratory methods for 
finding resistant strains is crucial. 

Disk diffusion agar is a common qualitative method 
for determining antibiotic sensitivity. Because of its 
possible limitations, MIC based methods like E-test has  
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Table 2. Results of antibiotic susceptibility testing with disk diffusion and E-test methods. 
 

Method Disk diffusion  E-test 
Antibiotic S R (%) R (%) I (%) S (%) 
Trimetoprim 
sulfometoxazole 0 19(100) 2 (10.5) 0 17 (89.5) 

Gentamycin 0 19(100) 4 (21.1) 3 (15.8) 12(63.2) 
Nitroforantoin 0 19(100) 9 (47.7) 6 (31.6) 4 (21.1) 
Ciprofloxacin 0 19(100) 2 (10.5) 0 17 (89.5) 
Ceftazidime 0 19(100) 2 (10.5) 1 (5.3) 16 (84.2) 

 

R: Resistance, S: sensitive, I: intermediate. 
 
 
 
been developed (Mnoharan et al., 2003). Previous 
studies have shown that E-test is a good alternative to 
reference methods like agar dilution and Broth 
microdilution methods (Katz et al., 2004, Kelly 
etal.,1999). In present study E-test shows sensitive 
strains of E. coli that were resistant to all five antibiotics 
in disk diffusion test. This difference was higher in 
sensitivity testing for “nitroflorantoin”. 47.5% of strains 
that was reported as resistant in disk diffusion were 
sensitive to “nitroflorantoin”. This result is consistent 
with previous reports where most of bacteria were 
sensitive to “nitroflorantoin” (Erfani et al., 2008; Barry et 
al., 2001). 

Sahm et al. (2001) have found that 7.7% of multidrug 
resistant E. coli strains were resistant to 
“nitroflorantoin”, in comparism to TMP-SMX where 
86.6% of strains were resistant (Sahm et al., 2001). 
Disk diffusion and E-test had minimal differences in 
sensitivity test for “trimetoprim” sulfometoxazole and 
ciprofloxacin. While all specimens were resistant to 
these antibiotics in Disk diffusion test, 10.5% were 
sensitive to “trimetoprim” sulfometoxazole and cipro-
floxacin in E-test. Findings are in concordance with 
other studies, showing resistance to “bacterim” in most 
of the strains (Yilmaz et al., 2009). In previous studies 
different levels of agreement between E-test and disk 
diffusion in determining antimicrobial sensitivity have 
been reported, depending on types of specific orga-
nisms and antibiotics used in the studies (Katz et al., 
2004; Rahbar et al., 2006; Hsueh et al., 1997; Lo-Ten-
Foe et al., 2007). Erfani et al. (2008) found good 
agreement between two methods in sensitivity testing 
of E. coli for TMP- SMX and Nitrofurantoin in UTI. The 
agreement reported weak for gentamicin, ciprofloxacin 
and ceftazidime. 

Manoharam et al. (2003) study indicates that for 
TMP-SMX in susceptibility testing of “haemophilus 
influenza”, Disk diffusion shows a very major (2%) and 
minor(4%) interpretative errors when compared with 
reference method, while E-test  produced only minor 
interpretative errors (Mnoharan et al., 2003). These 
results undermine more accuracy in respect to reference 
methods for E-test in compare to Disk diffusion testing. 
While E-test has a more sensitivity and specificity in 
susceptibility testing, because of its cost and limited 
availability, disk diffusion has been suggested as a 
preliminary screening test before conduction of E-test 
(Katz et al., 2004). This two level antibacterial sensi-

tivity   testing   in  which  all  strains  that  are  multidrug 
resistant in disk diffusion method are retested by E-test 
method is supported by findings of present study. This 
strategy would provide effective antibacterial treatment 
for UTI patients while reducing incidence of drug 
resistant strains of E. coli. 
 
 
Conclusion 
 
These antibiotic susceptibility data revealed that there 
is an important difference between E-test and disk 
diffusion agar in assessing the antibiotic susceptibility. 
It seems that E-test is superior to disk diffusion in deter-
mining multidrug resistance more accurately. Therefore 
the E-test method is recommended for multidrug 
resistant E. coli in order to prevent spreading of 
antibiotic resistant bacteria. 
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