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Abstract 
Background: Extended-spectrum β-lactamases (ESBLs) are enzymes capable 
of hydrolyzing extended-spectrum cephalosporins, penicillins and monobactams 
but inactive against cephamycins and carbapenems. The ESBL-producing organ-
isms are a breed of multidrug-resistant pathogens. Objectives: This study was 
aimed to determine the susceptibility pattern of ESBL-producing Escherichia 
coli to ciprofloxacin, amikacin and imipenem. Methods: A total of 75 
ESBL-producing E. coli, were obtained from the tertiary care hospitals of 
Bangladesh and were studied for susceptibility pattern from October, 2010 to 
December, 2011. These isolates were identified by double disc synergy test 
(DDST) and were confirmed phenotypically as ESBL-producer by phenotypic 
confirmatory disc diffusion test (PCDDT). Minimum inhibitory concentra-
tions (MICs) of ciprofloxacin, amikacin and imipenem among ESBL-producing 
E. coli were determined using agar dilution method. Results: Out of 75 DDST 
positive ESBL-producing E. coli, 71 (94.67%) were also positive by PCDDT. 
All ESBL-producing E. coli, were susceptible to imipenem. About 92.95% 
ESBL-producing E. coli were susceptible to amikacin but only 14.08% were 
susceptible to ciprofloxacin. Conclusion: In this study, ESBL-producing E. 
coli, showed high resistance to ciprofloxacin. Imipenem and amikacin were 
most effective against ESBL positive strains. 
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Disc Diffusion Test, Minimum Inhibitory Concentrations 

 

1. Introduction 

Bacterial antibiotic resistance has become a major clinical concern worldwide. 
The use of second and third generation cephalosporins has led to the selection of 
Gram-negative organisms are resistant to β-lactamase stable cephalosporins. 
This resistance is attributed to the production of extended-spectrum β-lactamases 
(ESBL). These enzymes are plasmid mediated and they confer resistance to oxyi-
mino-cephalosporins (cefotaxime, ceftriaxone, ceftazidime etc.) and to monobac-
tams (aztreonam), but they are not active against cephamycins (e.g. cefoxitin and 
cefotetan) and carbapenems (e.g. meropenem or carbapenem) [1]. The majority of 
ESBL-producing organisms are Klebsiella spp. and Escherichia coli. Other or-
ganisms reported to harbour ESBLs include Enterobacter spp., Proteus mirabilis, 
Serratia marcescens, Salmonella spp., and Pseudomonas aeruginosa [2]. 

Several phenotypic methods for detection of ESBLs have been proposed includ-
ing; Double disc synergy test (DDST), Phenotypic confirmatory disc diffusion test 
(PCDDT), E-test ESBL strips, Three dimensional test, Vitek system, The Cica Beta 
Test 1. Phenotypic methods are based upon the resistance that ESBLs confer to 
oxyimino-beta-lactams (e.g. ceftriaxone, cefotaxime, ceftazidime and aztreonam) 
and the ability of a beta-lactamase inhibitor, usually clavulanate, to block this re-
sistance [3]. Till now there is no gold standard test for detection of ESBLs [4]. 

ESBL positive isolates show false susceptibility to extended-spectrum cepha-
losporin in standard disc diffusion method, rendering it difficult to reliably 
detect ESBL production by the routine DDST [5]. PCDDT is a sensitive proce-
dure for detection of ESBL [6]. 

The ESBL-producing organisms are a breed of multidrug-resistant pathogens. 
Infections caused by these organisms are associated with higher rate of mortali-
ty, morbidity as well as health care costs [7]. It is essential to report ESBL pro-
duction along with the routine sensitivity reporting, which will help the clini-
cians in prescribing proper antibiotics [8]. 

Minimum inhibitory concentrations (MICs) are considered “the gold stan-
dard” for determining the susceptibility of organisms to antimicrobials. Results 
generated from agar dilution method are quantitative, in that they provide the 
minimal concentration of an antimicrobial required to inhibit the growth of the 
test organism (MIC), as well as providing a qualitative description (e.g. suscepti-
ble, intermediate and resistant). The aim of agar dilution method is to determine 
the lowest concentration of the assayed antimicrobial that inhibits the growth of 
the bacterium being tested (MIC) [9]. MIC provides the physician with a precise 
concentration of drug to guide the choice of both the drug and the dose [10]. 

Antibiotic options in the treatment of these organisms are extremely limited 
including carbapenem, fluoroquinolone and aminoglycoside [11]. 

The purpose of this study was to determine susceptibility patterns of ESBL 
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producing Escherichia coli to ciprofloxacin, amikacin and imipenem. 

2. Materials and Methods 
2.1. Study Samples 

The study group comprised of a total of 75 ESBL-producing Escherichia coli ob-
tained from urine, pus, wound swab & blood that were received in the Depart-
ment of Microbiology & Immunology, Bangabandhu Sheikh Mujib Medical Uni-
versity, Dhaka, Bangladesh during the period of October, 2010 to December, 2011. 

2.2. Test for Presence of ESBL 

Screening for ESBL was carried out by DDST as described by Jarlier et al. [12]. 
The test is based on the synergy between a cephalosporin and clavulanic acid. 
The synergy effect is detected when a disc of amoxicillin/clavulanic acid (20/10 μg) 
is placed 30 mm apart (center to center) from a disc containing a third genera-
tion cephalosporin. Extension of the edge of the cephalosporin zone on the side 
exposed to the disc containing clavulanic acid caused by synergy, indicate the 
presence of an ESBL. 

2.3. Phenotypic Confirmatory Disc Diffusion Test (PCDDT)  
for ESBL Production 

ESBL detection was performed as recommended by CLSI confirmatory proce-
dure PCDDT using cefotaxime (30 μg) and ceftazidime (30 μg) discs alone and 
in combination with clavulanic acid (10 μg). A ≥ 5 mm increase in zone diame-
ter for cefotaxime and ceftazidime in combination with clavulanic acid versus its 
zone when tested alone, confirmed an ESBL-producing organism [13]. E. coli 
ATCC 25922 was used as the negative control and in house ESBL-producer E. 
coli was used as the positive control (Figure 1). 

2.4. Antimicrobial Susceptibility Test  
Agar Dilution Method 
Antimicrobial susceptibility testing of the ESBL producing isolates was done by 
agar dilution method and as per recommendations of the Clinical and Labora-
tory Standards Institute (CLSI) [13]. E. coli ATCC 25922 was used as control. 

3. Result 

Out of 75 DDST positive E. coli, 71 (94.67%) were also found positive by PCDDT. 
Regarding MIC breakpoints of ciprofloxacin, 10 (14.08%) ESBL producing E. 

coli were sensitive, 2 (2.82%) were intermediate sensitive and 59 (83.10%) were 
resistant to ciprofloxacin. 

Regarding MIC breakpoints of amikacin, 68 (95.78%) ESBL-producing E. coli, 
were sensitive and 3 (4.22%) were resistant to amikacin. 

Regarding MIC breakpoints imipenem, all ESBL isolates (71 ESBL-producing 
E. coli), were sensitive to imipenem. 
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Figure 1. Phenotypic confirmatory disc diffusion test (ESBL positive strain). Citation: 
Sarker JN, Bakar SMA, Barua R, Sultana H, Anwar S, Saleh AA and Sultana SA. Suscepti-
bility Pattern of Extended-Spectrum β-Lactamase (ESBL) Producing Escherichia coli, 
Klebsiella spp. and Enterobacter spp. to Ciprofloxacin, Amikacin and Imipenem. Journal 
of Scientific Research & Reports 2015; 8(1): 1-9. 

 
Table 1. Susceptibility pattern of ESBL-producing Escherichia coli against ciprofloxacin, amikacin & imipenem by agar dilution 
method (n = 71). 

Susceptibility pattern of ESBL-producing Escherichia coli against 

Ciprofloxacin Amikacin Imipenem 

S (≤1 μg/ml) IS (2 μg/ml) R (≥4 μg/ml) S (≤16 µg/ml) IS (32 µg/ml) R (≥64 µg/ml) S (≤1 µg/ml) IS (2 µg/ml) R (≥ 4 µg/ml) 

10 (14.08) 2 (2.82) 59 (83.10) 68 (95.78) - 3 (4.22) 71 (100) - - 

Note: Figures in parentheses indicates percentage. S = Sensitive, IS = Intermediate sensitive, R = Resistant. 
 

Antibiotic susceptibility test results by agar dilution method revealed very 
high susceptibility to imipenem (100%) followed by amikacin (95.78%). Resis-
tance to ciprofloxacin was very high (83.10%) (Table 1). 

4. Discussion 

The prevalence of ESBL-producing organism is increasing worldwide. In addition 
resistance to cephalosporins, ESBL-producing organisms are also exhibiting re-
sistance to fluoroquinolones group of drugs limiting further therapeutic options 
[3]. 

In this study, out of 75 DDST positive E. coli, 71 (94.67%) were confirmed as 
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ESBL-producer when tested by PCDDT. The result of this study was consistent 
with the study by Ingviya et al., (2003) [5] in Thailand, who showed that among 
100 DDST positive Escherichia coli; 96 (96.0%) Escherichia coli were proved as 
ESBL-producer by PCDDT. 

In this study, 85.92% ESBL-producing Escherichia coli showed high MICs 
value against ciprofloxacin (2 μg/ml to 128 μg/ml) indicating high level resis-
tance to ciprofloxacin. Similar findings were observed by Hassan et al. [14], who 
found 85% ESBL-producing Escherichia coli were resistant to ciprofloxacin. This 
less susceptibility may be due to widespread indiscriminate use, their oral route of 
administration, easy availability and affordability of ciprofloxacin over the country 
[14]. Rising MIC values of ciprofloxacin may lead to prolonged treatment, delayed 
recovery or post-treatment failure. The result of this study was not consistent with 
the study by Inviya et al. [5], in Thailand, who reported 47% ESBL-producing E. 
coli were resistant to ciprofloxacin. These findings suggest that sensitivity of 
ESBL-producing bacteria to ciprofloxacin is gradually decreasing. 

About 95.78% ESBL-producing Escherichia coli in this study were sensitive to 
amikacin. Similar findings were described by Soriozano et al., [15] in Spain and 
Liao et al., [16] in Taiwan, who found 100% ESBL-producing Escherichia coli 
were sensitive to amikacin. This result indicates that amikacin can be considered 
as drug of choice in the treatment of infections caused by ESBL-producing or-
ganisms. 

In this study, 100% ESBL-producing Escherichia coli were sensitive to imipe-
nem (MIC 0.125 μg/ml to 0.25 μg/ml). Similar findings were observed by Liao et 
al. [16], Soriozano et al. [15], Ingviya et al. [5], who found 100% sensitivity to 
imipenem against ESBL-producing Escherichia coli. Carbapenems (e.g. imipe-
nem) are known to be stable against ESBL enzymes and effective in the treat-
ment caused by ESBL-producing bacteria [17]. 

In conclusion, treatment of choice for infections caused by ESBL-producing 
organism can be the imipenem and amikacin, as ESBL-producing organism is 
highly sensitive to these two drugs. ESBL-producing organisms in this study ex-
hibited high resistance to ciprofloxacin. It should be given if they show in vitro 
susceptibility. 
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