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 The emergence of drug resistance among diarrheagenic Escherichia coli in the pediatric 
population is an important cause of morbidity and mortality in developing countries. 

The present study was carried out to evaluate the occurrence of plasmid-encoded 
multidrug resistances in E. coli from diarrheal cases among children aged less than five 

years. Out of 50 stool samples from children with diarrhea, 31 samples were found to 

harbor E. coli. Most of the E. coli isolates were found to be resistant to ampicillin, 
tetracycline, ciprofloxacin, ceftriaxone, nalidixic acid, cotrimoxazole, azithromycin and 

to a lesser extent to gentamycin and chloramphenicol. Plasmid profiling revealed 

presence of multiple plasmids among antibiotic resistant isolates but there was no 
remarkable correlation between plasmid presence and antibiotic sensitivity patterns. 

Curing experiments revealed that large number of isolates lost their plasmids after 1% 

sodium dodecyl sulphate treatment. Isolates resistant to gentamycin, ciprofloxacin and 
azithromycin lost resistance towards respective antibiotics in most cases when treated 

with 1% SDS for 24 hours. Loss of plasmids due to treatment with SDS correlated with 

loss of resistance to antibiotics, suggesting that the observed multidrug resistance was 
plasmid-mediated. To conclude, the presence of E. coli strains resistant to commonly 

useful antibiotics in diarrheal pediatric patients is alarming and emphasizes the need for 

a more rigorous attention to this area.  
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INTRODUCTION 

 

 Diarrhea  possess a  very  serious  problem  in  developing  countries where it  is  the  leading  cause  of 

morbidity  and mortality  among  children  and  adult. It  ranks second  only  to  respiratory  diseases  and  is  a 

major  cause  of  morbidity  among  deadly diseases in some part of the world. According to the World Health 

Organization and UNICEF, there are about two billion cases of diarrheal disease worldwide every year, and 1.9 

million children younger than 5 years of age perish from diarrhea each year, mostly in developing countries 

[10]. Of all child deaths from diarrhea, 78% occur in the African and South-East Asian regions [10]. In 

Bangladesh, total number of child deaths due to diarrhea were 50,800 [8]. 

 Diarrhea causes dehydration and loss of salt and water from the body resulting electrolyte imbalance. 

Children are at greater risk than adults towards diarrhea because water constitutes a greater portion of the 

children’s body weight. Risk factors that predispose children to diarrhea include poverty, poor sanitation, lack of 

pure drinking water and increased exposure to infection. In developing countries, enteric bacteria and parasites 

are more prevalent than viruses and typically peak during the summer months [10]. Diarrheagenic E. coli strains 

are responsible for 30%-40% of cases of acute diarrhea in children and are being recognized as important 

pathogens [18]. In addition, it has been reported that 38% of diarrhea causes in children under 5 years of age are 

due to multidrug resistant diarrheagenic E. coli [26]. In another study, 70.6% of E. coli isolates from children 

under 5 years of age with diarrhea were found to be multidrug resistant [16]. The misuse of antibiotics has been 

reported in the treatment of acute diarrhoea among children under-five in Bangladesh [1] which might facilitate 

the development of multidrug resistant.  
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 It is proven that antimicrobial resistance genes emerge either by being mobilized from obscure strains or by 

evolving from obscure ancestral genes [3]. Bacterial plasmids are able to promote the dissemination of a variety 

of traits including drug resistance, virulence, and the metabolism of rare substances. The elimination of a 

plasmid (curing) from a bacterial culture is the best method to substantiate the relationship between a genetic 

trait and carriage of that specific trait in the plasmid [19, 25]. Multidrug-resistant bacteria has been recognized 

as an important public health problem particularly among children in developing countries [17]. Therefore, the 

objectives of present study were to investigate the prevalence and multidrug resistance of diarrheagenic E. coli 

among children under five years of age, plasmid profiling of the isolates to correlate with antibiotic sensitivity 

pattern and evaluation of plasmid-cured multidrug resistant strains for plasmid mediated resistance. 

 

MATERIALS AND METHODS 

 

Isolation and identification of E. coli: 

 50 fecal specimens were collected using rectal swab method from all children less than 5 years of age with 

diarrhea hospitalized at paediatrics ward in Sylhet MAG Osmani Medical College Hospital, Bangladesh from 

July to September in 2013. The study was approved by the Ethical Review Board of the Sylhet MAG Osmani 

Medical Collage Hospital, Bangladesh. The samples were  kept  in  a  clean,  dry,  disinfectant free  container  

and  were  free  from  urine. 10 fold dilutions were performed to culture the samples. After dilution, 1mL of 

sample was spread onto MacConkey Agar plate and kept at 37°C for 24 hours. Pink colored single colony which 

is lactose fermentative was collected from MacConkey agar plate by using sterile loop and cultured on the Eosin 

Methylene Blue (EMB) medium by streak plate technique. The plates were then incubated at 37°C for 24  hours. 

Dark blue-black colonies with metallic green sheen were considered positive for E. coli. Seven biochemical tests 

e.g., Voges-Proskauer (VP) test, Methyl Red (MR) test, Catalase test, Oxidase test, Lactose fermentation tests, 

Indole test and Citrate utilization test were performed for confirmation of E. coli.. 

 

Determination of antimicrobial sensitivity pattern: 

 Susceptibility of bacterial isolates to different antibacterial agents was determined in vitro  by employing a 

modified version of the Kirby-Bauer method [6]. Inoculum with an initial concentration of 0.5 McFarland 

standards was spread onto Mueller Hinton agar plates and incubated 37°C for 24 hours. Inhibition zone diameter 

values were measured and interpreted using standard recommendations of the Clinical and Laboratory Standard 

Institute [13]. Susceptibility was tested against ampicillin (25μg), azithromycin (30μg), ciprofloxacin (5 μg), 

ceftriaxone (30 μg), chloramphenicol (30 μg), cotrimoxazale (25μg), gentamicin (10 μg), nalidixic acid (30 μg), 

and tetracycline (30  μg),  (Hi-Media Laboratories Pvt. Limited, Mumbai). 

 

Isolation, purification and profiling of plasmid DNA: 

 Plasmid DNA was extracted using the alkaline SDS method [14]. The isolates were grown on Luria-Bertani 

(LB) agar plate overnight at 37°C. About 10-50 isolated colonies were suspended in 75 µL of lysis buffer (3% 

SDS, 50 Mm Tris-Base, pH 12.6) and incubated in a 55°C water bath for 1 hour for cell lysis. After the lysis, 50 

µL of phenol:chloroform (1:1) was added to the bacterial suspension. The solution was emulsified by shaking 

briefly and the emulsion was broken by centrifugation (14,000 rpm for 15 min).  Avoiding the precipitate at the 

interface, the upper aqueous phase (40 µL) was transferred to another set of 1.5 mL microcentrifuge tubes for 

electrophoresis. Electrophoresis was carried out in a horizontal gel apparatus in 0.7% agarose gel. 1 KB DNA 

ladders were included for the estimation of plasmid sizes. The gel was viewed on an Ultraviolet 

Transilluminator (UVP, High Performance transilluminater, USA). Gels were photographed by gel 

documentation and a canon camera (Canon EOS 1100D, Taiwan). 

 

Curing of plasmid by 1% SDS (w/v) treatment: 

 Curing of plasmids was performed by the method of Salisbury et al., 1972 [21]. Briefly, 10 gm of SDS was 

added in 100 ml of LB broth and the solution was steamed for 1 hour. Bacterial samples were grown in LB 

broth culture for 24 hours and 1 ml of 10% SDS solution (w/v) was added in 9 ml of broth culture. Cultures 

were incubated at 37°C for 250 rpm. After 3 hours and 24 hours of incubation, 0.1 mL of culture was subjected 

to antibiotic susceptibility testing.  

 

Results: 

Prevalence of E. coli in acute pediatric diarrheal patients and antibiotic susceptibility of isolates:  

 A total of 31 E. coli isolates were obtained from 50 acute pediatric patients from Sylhet regions in 

Bangladesh, were identified through routine bacteriological methods. The isolation rate of biochemically typical 

E. coli isolates from stool samples was 62%.  

 Table 1 shows that amongst the 31 E. coli isolates, the most active antibiotics were the chloramphenicol and 

Gentamycin. Three (9.67%) E. coli isolates were resistant to chloramphenicol, while two (6.45%) showed 
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intermediate susceptibility and twenty six (83.87%) were sensitive towards chloramphenicol. For gentamycin, 

twenty three (74.19%) were sensitive, only two (6.45%) were intermediately sensitive, while six (19.35%) were 

resistant to gentamycin. Most of the E. coli isolates were resistant to four antibiotics, namely ampicillin, 

ceftriaxone, nalidixic acid, and ciprofloxacin. All of the E. coli isolates were found resistant against ampicillin 

(100%). Twenty four (77.41%), twenty two (70.96%) and nineteen (61.29%) were found resistant to 

ceftriaxone, nalidixic acid and ciprofloxacin respectively. 
 

Table 1: Antimicrobial susceptibility pattern of E. coli isolated from acute diarrheal pediatric patients. 

S/N Antimicrobial Agent Symbol Disc Content (µg) Susceptibility (n=31) 

Resistant (%) Intermediate (%) Sensitive (%) 

1 Tetracycline TE 30 41.93% 9.67% 48.38% 

2 Ampicillin AMP 25 100% 0% 0% 

3 Azihtromycin AZM 30 29.03% 25.80% 45.16% 

4 Co-trimoxazole COT 25 45.16% 0% 54.83% 

5 Chloramphenicol C 30 9.67% 6.45% 83.87% 

6 Ceftriaxone CTR 30 77.41% 6.45% 16.12% 

7 Ciprofloxacin CIP 5 61.29% 0% 38.70% 

8 Gentamycin GEN 10 19.35% 6.45% 74.19% 

9 Nalidixic acid NA 30 70.96% 6.45% 22.58% 

 

Plasmid analysis: 

 Plasmid analysis of E. coli isolates revealed that plasmid bands occurred randomly in these isolates and 

none of these plasmids was found to be common in all the isolates. The sizes ranged from 100 bp to 12 kb 

among which 12 kb being detected in most of the plasmid-harbored E. coli isolates.  

 

Plasmid curing: 

 Plasmid curing experiments with 1% SDS for 3 hours and 24 hours were carried out to determine if the 

drug resistance observed in this study was plasmid mediated. It was found that 24 hour incubation period is 

more significant in curing plasmid than 3 hour incubation. After 24 hours SDS treatment, not only the zone of 

inhibition of some antibiotics were increased in Mueller-Hinton agar plate but also many new zone of inhibition 

appeared which were not visible with 3 hour treatment (Figure 1, Table 2, 3). Most of the isolates resistant to 

gentamycin, ciprofloxacin and azithromycin lost resistance towards respective antibiotics when treated with 1% 

SDS. All of the gentamycin-resistant isolates became susceptible to gentamycin when treated with 1% SDS. 

However, out of 9 azithromycin resistant isolates, six isolates were found susceptible to azithromycin and eleven 

susceptible isolates were obtained from 19 ciprofloxacin resistant isolates after 24 hour SDS treatment. 

 

A       B 

                                 
 

Fig. 1: Curing experiment of E. coli (S-33) for 3 hours and 24 hours. E. coli (S-33) were grown in LB broth 

culture for 24 hours and after addition of 1% SDS (v/v) again incubated at 37°C for 250 rpm. After 3 

hours (A) and 24 hours (B) of incubation, culture was subjected to antibiotic susceptibility testing in 

Mueller-Hinton Agar. 
 
Table 2: Curing of multidrug resistant E. coli isolates by 1% SDS treatment (after 3 hours incubation). 

Sample 

no. 

TE AMP AZM COT C CTR CIP GEN NA 

S-2 R R R - - R 10mm - R 

S-7 - R R R - R 10mm 13mm R 

S-8 - R - - - - 8mm - R 

S-11 11mm R - R - 8mm 7mm - R 

S-13 - R - - - R R - R 

S-14 - R R - - 8mm 10mm - R 

TE 

GEN

N 

TE 

GEN 
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S-17 - R 5mm - - 11mm 11mm - R 

S-18 - R - R - - 8mm - R 

S-19 R R 15mm R 6mm R R 12mm R 

S-20 R R R R - R R 12mm R 

S-24 10mm R - R - R 8mm 13mm R 

S-31 R R R - R R R - R 

S-32 - R - R - R R - R 

S-33 19mm R - R - R R 11mm R 

S-34 - R - - - R R - R 

S-35 - R - R - R R - R 

S-36 10mm R - - - R 8mm 14mm R 

S-38 - R - R - R 9mm - R 

S-41 10mm R - R - R - - - 

S-43 - R 9mm - - 11mm - - 9mm 

S-44 7mm R - R - R - - - 

S-50 R R R R R R R - R 

 

Table 3: Curing of multidrug resistant E. coli isolates by 1% SDS treatment (after 24 hours of incubation). 

Sample 

no. 

TE AMP AZM COT C CTR CIP GEN NA 

S-2 R R R - - R 11mma - R 

S-7 - R R R - R 11mma *13mm R 

S-8 - R - - - - 9mma - R 

S-11 9mm R - R - 8mm 8mma - R 

S-13 - R - - - R 8mma - R 

S-14 - R 12mmb - - 8mm 15mma - R 

S-17 - R 13mma - - R 12mma - R 

S-18 - R -  - - R - R 

S-19 R R 17mma R 6mm R R 13mma R 

S-20 8mma R R R - R R 13mma R 

S-24 R R - R - R *8mm 16mma R 

S-31 9mmb R 10mmb - 9mmb 11mmb R - R 

S-32 - R - R - R 12mmb - R 

S-33 25mma R - R - R R 15mma R 

S-34 - R - - - R 8mmb - R 

S-35 - R - R - R R - R 

S-36 15mma R - - - R 12mma 15mma R 

S-38 - R - 7mma - R *9mm - R 

S-41 8mm R - R - R - - - 

S-43 - R 10mma - - *11mm - - *9mm 

S-44 *7mm R - R - R - - - 

S-50 R R 8mmb R 9mmb R R - R 

*Indicates zone of unchanged zone of inhibition after 24 hours incubation. 
a indicates increasing of zone of inhibition after 24 hours incubation. 
b indicates appearance of zone of inhibition after 24 hours incubation. 

 

Discussion: 

 Antibiotic resistance among bacterial pathogens is now a common phenomenon in developing countries 

like Bangladesh [20]. In Bangladesh, there is clear evidence of abuse of antibiotics for which emergence of 

multi-drug resistant E. coli are continuously increasing [1]. In the present study, biochemically typical E. coli 

isolates were found from 62% stool samples which is very significant since previously E. coli were isolated 

from approximately 20-25% of pediatric patients in Bangladesh [7, 22].  

 Antibiotic sensitivity pattern of isolated E. coli revealed a high alarming condition where 48% of the 

isolates were resistant to more than four antibiotics and 29% of the isolates were resistant to more than six 

antibiotics. However, in a previous study, 40.6% of the diarrheagenic E. coli isolates were found to be resistant 

to more than four antibiotics and 5.2% were resistant to more than six antibiotics [12]. In another study,  70.6% 

of the diarrheagenic E. coli isolates from children under 5 years of age were found to be resistant to more than 

three antibiotics [16]. In recent studies, it was found that 90.6% of E. coli isolates exhibited multiple resistances 

to at least three antibiotics [23]. An increase in multidrug resistance with time was reported by Tadesse et al., 

2012 who demonstrated that Multidrug resistance in E. coli increased from 7.2% during the 1950s to 63.6% 

during the 2000s [24]. Amongst the nine antibiotics, the  highest  rate of  resistance was found against ampicillin  

(100%) and ceftriaxone (77.41%%) which was also reported in a study carried out in Iran [16]. It was found that 

70.96% of E. coli isolates were resistant to nalidixic acid. However, Aslani et al. in 2008 reported that, none of 

the diarrheagenic E. coli strains were resistant to nalidixic acid [5]. The present study suggests that resistance to 

nalidixic acid has increased in recent years. 

 Children with invasive diarrhea are normally treated with parenteral ceftriaxone [15]. It was interesting that 

most of our isolates were resistant to ceftriaxone (77.41%). The present study showed that most of the isolates 
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were sensitive to chloramphenicol and gentamycin. Almost similar result was observed by Albert et al., 2009 

who reveled that, more than 92% of the isolates were susceptible to Chloramphenicol and Gentamycin [2]. 

Chigor et al., 2010 also reported that all of the clinical E. coli isolates were sensitive to gentamicin and only 

6.8% were resistant to chloramphenicol [9]. These results urges the need for new, affordable, and safe oral 

antimicrobial drugs to treat enterobacterial infections in children.  

 Plasmid analysis revealed different plasmid bands occurred randomly in the 31 isolates. Faruque et al. in 

1992 analyzed 69 clinical isolates of E. coli and found 29 different plasmid bands [11]. None of these plasmids 

was found to be common in all the isolates indicating that none of these plasmids carried information for 

characteristics essential for the bacteria to survive in the environment and within the host. It was observed that, 

an isolate harboring 3 small plasmids bands showed resistant to four antibiotics, and also another isolates 

resistant to seven antibiotics contained only one plasmid band. In most of the cases, strains having similar 

antibiotic sensitivity patterns had different plasmid patterns, implying that plasmid may not have link with the 

resistance.  

 Plasmid curing experiment revealed that 24 hour treatment with 1% SDS cured most of the isolates resistant 

to gentamycin, ciprofloxacin and azithromycin suggesting that a part or all of their resistance genes must have 

been deleted by SDS action. It therefore appears that the observed multi-drug resistance to these antibiotics was 

plasmid-mediated. This finding agrees with that of Ash et al., 2002 [4] and Chigor et al., 2010 [9]. The findings 

of plasmid mediated multidrug resistance is significant because of the transmissibility of resistance genes and 

plasmids among enteric bacteria in the gut and may pose serious public health concern. 

 In conclusion, it can be said that if the current practice of the misuse of antibiotics is uphold, emergence of 

resistant E. coli strains to commonly useful drugs will follow and soon there will be no drug to treat life 

threatening systemic infections caused by resistant strains. 
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