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ABSTRACT: Acute diarrhea is a public health problem and an important cause of morbidity and mortality, 

especially in developing countries. The etiology is varied, and among pathotypes - Escherichia coli are the most 

important.Our objectives were to determine drug susceptibility pattern  to different conventional and commonly 

available antibiotics of diarrheagenic E. coli (DEC) in fecal samples from children under five years old. DEC 

are detected by multiplex PCR. Among 68 DEC, 16 samples contain more than one pathogenic genes of DEC. 

Most of the strains are resistant to ampicillin, erythromycin, nalidixic acid and cephalexin. Azithromicin, Co-

trimoxazole and Ciprofloxacin are relatively more sensitive and the sensitivity pattern of mecillinam, 

ceftriaxone and gentamicin is quite satisfactory. Sample containing more than one pathogenic genes are 

resistant to multiple antibiotics. Differentiation between the diarrheagenicE. coli pathotypes is of great 

importance since they are involved in acute diarrheal diseases and may require specific antimicrobial 
chemotherapy. The high antimicrobial resistance observed in our study raises a broad discussion on the 

indiscriminate or improper use of antimicrobials, besides the risks of self-medication. 
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I. INTRODUCTION 
Diarrhea caused by E. coli infection is one of the major public health concerns in many developing     

countries and has contributed exceedingly to morbidity and mortality and increase in health costs. [1, 2]  

Resistance of antibiotics is very common in bacterial isolates all around the world.[3] Information on 
antimicrobial resistance patterns is important in choosing the appropriate antibiotic therapy. 

Supportive anti-dehydration treatment is the cornerstone of therapy and must be promptly started. Antimicrobial 

therapy is indicated to treat the moderate to severe disease to reduce the duration of illness for diarrhea [4] and on 

risk of complication.  

Escherichia coli are common members of the normal flora of the human intestine. [5, 6] E. coli is an important 

opportunistic pathogen that has shown an increasing antimicrobial resistance to most antibiotics. [5,7] 

Antimicrobial resistance in Esch. coli have been reported world-wide but susceptibility pattern vary region to 

region. [8] 

 Many diarrheal cases are not diagnosed, either because they are mild and self-limiting, in which the 

patient does not seek medical attention, or because, especially in developing countries, the medical and 

laboratory resources are not available [9]. The aim of this investigation was to determine susceptibility pattern of 
DEC to different conventional and commonly available antibiotics. 

 

II. MATERIALS AND METHODS 
 Stool samples from children (aged below 5 years) were collected from January 2011 to December 2011 

from outdoor and indoor patient department of Dhaka Medical College Hospital and Dhaka Shishu Hospital. 

Stool samples from patients who had not received antibiotic treatment at the time of collection of samples were 

collected using clean, dry, plastic, wide-mouth containers and taken to the department of Microbiology, Dhaka 

Medical College for bacterial analyses within 1 - 2 hours of collection. Characterization and identification of E. 

coli cultures were made on the basis of morphology, cultural characteristics and biochemical reactions. All the 
stool samples were cultured into MacConkey agar for primary isolation of common intestinal pathogens and 

incubated at 37°C for 24 hours. All colonies on MacConkey agar plates suspected to be E. coli (lactose 

fermenter, non-mucoid, 2-3 mm diameter, circular, smooth and convex) were further sub-cultured onto nutrient 

agar and incubated for another 24 hours. The cultures on nutrient agar plates were subjected to Gram’s-staining, 

motility, urease production, glucose, oxidase, sucrose, mannitol, lactose, indole and citrate utilization tests. All 

Gram-negative, rod-shaped, motile, indole-positive, urease-negative isolates that produced acid on Triple Sugar 

Iron agar slants were identified as species of the genus E. coli following standard procedures. [10] 
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Multiplex PCR for categorization of Esch. coli into ETEC, EPEC and EAggEC were done using 

primers for detection of lt or st gene for ETEC, bfp or eae gene for EPEC and aat gene for EAggEC. The PCR 

was carried out in various number of genes combinations. PCR assays were performed in a DNA thermal cycler 

(Eppendorf AG, Mastercycler gradient, Hamburg, Germany). Each PCR was carried out comprised of preheat at 

940C for 10 minutes followed by 36 cycles of denaturation at 940C for 1 minute, annealing at 600C for 45 

seconds, elongation at 720C for 2 minutes and final extension at 720C for 10 minutes. Amplified products were 

run on to horizontal gel electrophoresis on 1.5% (w/v) agarose gel (Bethesda Research Laboratories) at 100 v 

(50 mV) for 30 to 35 minutes and visualized with a UV transilluminator (Gel Doc, Major science, Taiwan) after 

ethidium bromide staining. If the pooled DNA template result was negative following gel electrophoresis, the 
sample was considered negative for DEC. Hundred bp DNA size standard (Bio-Rad, USA) was used as marker 

to measure the molecular size of the amplified products. Only the presence of the amplified product with correct 

size was interpreted as a test positive. 

 Susceptibility to antimicrobial agents of all identified DEC isolates was done by Kirby-Bauer modified 

disk diffusion technique.  [11] 

 The antimicrobial susceptibility assay was performed on Mueller-Hinton agar (Oxoid) by the disc-

diffusion method and growth inhibition zones were interpreted according to the Clinical Laboratory Standards 

Institute. [12] The identified DEC were tested against ampicillin (10 µg), cephalexin (30 µg), Gentamicin (10 µg), 

tetracycline (30 µg), cotrimoxazole (25 µg), nalidixic acid (30 µg), azithromycin (15 µg), ciprofloxacin (5 µg), 

mecillinam (10 µg), ceftriaxone (30 µg) and cefixime (30 µg). Escherichia coli ATCC 25922 was tested along 

with the isolates for quality control purpose. The result was documented according to performance range of 

inhibition zone of control strain.  
 

III. RESULT 
 In this cross sectional study, during one-year period, stool samples were collected from 200 patients 

aged 0 to 60 months and among them 114 (57%) were males and 86 (43%) were females. Among 200 stool 

samples, E. coli was isolated in 135 (67.50%). Among those E. coli isolates, 68 (50.37%) were identified as 

DEC by PCR. Of the 68 detected DEC, 40 (58.82%) were identified as EPEC, 24 (35.29%) as ETEC and 18 

(26.47%) as EAggEC. Out of these 68 DEC positive samples, 52 (76.47%) contained one pathogenic type of 

DEC and rest 16 (23.53%) samples contained more than one pathogenic strains of DEC. The result for 

antimicrobial susceptibility testing of the different groups of DEC strains is shown in Table 1. The trend of 
resistance was different among DEC types. The EPEC, ETEC and EAggEC strains were highly resistant to 

ampicillin, erythromycin and nalidixic acid. Moderately high resistance was detected towards cefalexin, 

azithromycin, co-trimoxazole and ciprofloxacin. The DEC isolates were least resistant to mecillinam, 

ceftriaxone and gentamicin. The antimicrobial susceptibility pattern of samples containing more than one 

pathogenic strains of DEC is depicted in Table 2. Sample containing EPEC+EAggEC combination were higly 

resistant to ampicillin, erythromycin, nalidixic acid, azithromycin and co-trimoxazole. ETEC+EAggEC 

containing samples were noticeably resistant to ampicillin, erythromicin, cefalexin, azithromycin, ciprofloxacin 

and gentamicin. Samples containg ETEC+EPEC combination were predominantly resistant to ampicillin, 

erythromicin, nalidixic acid and cefalexin. Sample containing ETEC+EPEC+EAggEC combination were 100% 

resistant to ampicillin, erythromicin and ciprofloxacin. Fig. 1 demonstrates the antibiotic sensitivity pattern of 

samples containing combinations of pathogenic strains.  

 

Table 1: Antimicrobial susceptibility pattern of different strains of DEC isolates containing one pathogenic     

strain. 

Name of the 

antimicrobials 

 

EPEC 

 

S 

(n= 28) 

 

R 

ETEC 

 

S 

(n=11) 

 

R 

EAggEC 

 

S 

(n=8) 

R 

Mecillinam 26 2 9 2 7  1 

 (92.9%) (7.1%) (81.8%) (18.2%) (87.5%) (12.5%) 

Ceftriaxone 25  3 10 1 7 1  

 (89.3%) (10.7%) (90.9%) (9.9%) (87.5%) (12.5%) 

Gentamicin 24 4 8 3 6  2  

 (85.7%) (14.3%) (72.7%) (27.3%) (75%) (25%) 

Ciprofloxacin 17 11 7 4 5  3  

 (60.7%) (39.3%) (63.6%) (36.4%) (62.5%) (37.5%) 

Co-trimoxazole 15 13 5 6 3 5 

 (53.6%) (46.4%) (45.5%) (54.5%) (37.5%) (62.5%) 

Azithromycin 15 13 7 4 4  4  

 (53.6%) (46.4%) (63.6%) (36.4%) (50%) (50%) 
Cefalexin 14 14 5 6 3  5  
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 (50%) (50%) (45.5%) (54.5%) (37.5%) (62.5%) 

Nalidixic acid  7 21 4 7 2 6 

 (25%) (75%) (36.4%) (63.6 %) (72.2%) (27.8%) 

Erythromycin 4 24  3 8 6 2 

 (14.3%) (85.7%) (27.3%) (72.7%) (72.2%) (27.8%) 

Ampicillin 1 27 3 8 0 8 

 (3.6%) (96.4%) (27.3%) (72.7%) (00.0%)   (100%) 

R – resistant,  

S - sensitive 

Data 

expressed 

as (n). 

     

 

Table 2: Antimicrobial resistance pattern of samples containing more than one pathogenic strains of DEC 

(n=16). 
Name of the 
antimicrobials 

EPEC+ 

(n=3) 

EAggEC 

 

ETEC + 

(n=4) 

EAggEC 

 
ETEC+ 

 

EPEC 

(n=6) 

ETEC+EPEC (n=3) +EAggEC 

 

 
R 

 
(%) 

 
R 

 
(%) 

 
R 

 
(%) 

 
R 

 
(%) 

Mecillinam 1 33.33 1 25 0 0.00 2 66.67 

Ceftriaxone 1 33.33 1 25 2 33.33 1 33.33 

Gentamicin 0 00 2 50 2 33.33 1 33.33 

Ciprofloxacin 1 33.33 2 50 1 16.67 3 100 

Co-trimoxazole 2 66.67 1 25 2 33.33 2 66.67 

Azithromycin 2 66.67 1 25 2 33.33 1 33.33 

Cefalexin 3 33.33 2 50 3 50 2 66.67 

Nalidixic acid 2 66.67 1 25 3 50 2 66.67 

Erythromycin 2 66.67 3 75 4 66.67 3 100 

Ampicillin 3 100 4 100 6 100 3 100 

 

 

 
Figure 1: Antimicrobial susceptibility pattern of samples containing more than one pathogenic strains of DEC 

(n=16). 

 

IV. DISCUSSION 
 Diarrheagenic E. coli strains are being recognized as an important pediatric enteropathogens 

worldwide. [13]In recent years, antibiotic resistance of diarrheagenic pathogens has reached alarming proportions 

worldwide. The misuse of antibiotics has been found to be the most important selecting force in the generation 

of  bacterial resistance to antimicrobial drugs. [14]  

 In the present study, resistance to ampicillin and nalidixic acid was shown by 96% and 75% EPEC, 
73% and 64% ETEC and 100% and 28% EAggEC respectively. Similarly, in Thailand isolated DEC showed 

high resistance to commonly used antibiotics such as ampicillin and nalidixic acid. [15]Azithromycin was 

resistant to 46% EPEC, 36% ETEC and 50% EAggEC. Gentamicin was more effective showing  resistance 14% 

by EPEC, 27% by ETEC and 25% by EAggEC. Regarding the aminoglycosides-gentamicin, low levels of 

intermediate resistance were found, corroborating data in the literature which suggest a good activity of these 

antimicrobials against enteric Gram-negative bacilli. Moreover, such drugs are considered as antimicrobials 

used in hospitals, and resistant bacteria originating from the community are not expected. [16] In present study, 
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46% EPEC, 55% ETEC and 65% EAggEC were resistant to co-trimoxazole. The levels of resistance observed 

for trimethoprim-sulfamethoxazole reflect the results from several studies by other authors who demonstrated 

high rates of resistance towards enteric E. coli against this drug. One explanation for this could be its 

widespread use in the treatment of diseases associated with Gram-negative bacteria, especially in children under 

two years of age with acute infectious diarrhea. 
[17] 

 Resistance to ciprofloxacin was shown by 39% EPEC, 36% 

ETEC and 38% EAggEC. The literature has reported varying rates of resistance against  ciprofloxacin, which 

can be explained by the high prescription of this  drug in some countries as a treatment for enteric infections 

caused by Gram-negative bacteria. [18, 19] Regarding mecillinam and ceftriaxone, 93% and 89% EPEC, 82% and 

91% ETEC are sensitive respectively and 88% EAggEC are sensitive to both of these two drugs. The most 

effective antibiotics are mecillinam and ceftriaxone. The observation may imply that the strains were likely to 
have originated from the community, which supports the observation of low levels of resistance to such drugs. 
[20] In present study, sample containing more than one pathogenic strain of DEC, are resistant to more than one 

antimicrobial drugs. The high antimicrobial resistance observed in our study raises a broad discussion on the 

indiscriminate or improper use of antimicrobials which becoming an alarming situation in drug resistance. 

 Monitoring drug resistance patterns of E. coli will give vital clues to clinicians regarding therapeutic 

regimens to be adopted against individual cases and will be an important tool to devise a comprehensive chemo-

prophylaxis.The development of newer antibiotics may offer a short term solution to the problem of resistance 

among diarrheagenic bacteria especially E. coli but more effective measures, such as health education and 

further research on the prevention of infections through quality sanitation. 
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