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Introduction
Antibiotics include a range of powerful medications that are 
used to treat diseases caused by bacteria as they destroy or slow-
down the growth of bacteria. For decades, the marked increase 
in antibiotic usage has accelerated the natural phenomena 
‘antibiotic resistance’. Antibiotic resistance happens when bac-
teria develop the ability to defeat the drug that is designed to 
destroy them. In fact, antibiotic resistance has been named as 1 
of the 3 most important health risks of 21st century by the 
World Health Organization.1 Health complications caused by 
resistant microbes includes increased mortality rate, treatment 
difficulties and prolonged time of infection. Moreover, antibi-
otic resistant organism causes deaths which are of around 
23 000 people annually in the United States.2

The impendence of antibiotic resistance is greater in devel-
oping countries because of the comprehensive misuse of anti-
biotics, lacking of inspection, poor quality of drugs etc.3 
Bangladesh being a developing country of Southeast Asia 
poses a global and regional threat having high risk of antibiotic 
resistance problem.4 The healthcare system of Bangladesh is 
very low that leads to chronic and repeated infections. Irrational 
prescribing by doctors, a habit of self-medication among 
patients5 and the indiscriminate use of antibiotics in agricul-
ture and farming in many areas of the country have also been 
found recently.6

Antibiotic resistance emerges not only in pathogenic and 
disease causing organisms but also commensal strains like 
Escherichia coli (E. coli) that is a member of the normal flora in 
the gastrointestinal tract of human and warm blood animals.7 
E. coli belongs to the family Enterobacteriaceae, is a Gram-
negative, rod shaped, non-sporulating, a non-fastidious, motile, 
and facultative anaerobic bacterium. E. coli is widely used as an 
indicator organism for the microbiological quality of water and 
food.8 E. coli is widely dispersed in the natural environment 
(water, soil, sometimes plants used as food) through human or 
animal excretion. It is transmitted via fecal–oral route.9 The 
existence of E. coli in nature is diverse, that range from exhibit-
ing commensalism to those causing diseases on human or ani-
mal hosts.10 The commensal E. coli when are exposed to 
antibiotics, are forced to develop different strategies to survive 
and grow in the toxic environment. Antibiotic resistant E. coli 
was found in healthy human stool, street food and drinks and 
surface.11 If E. coli, especially the pathogenic ones are present in 
open environment and factors that influence their survival rate 
are very troublesome issues in case of disease occurrence.10

E. coli can develop resistance mechanism mainly by both 
the efflux pumps interruption and the resistance genes 
located on plasmids.12 Plasmids are considered as the main 
vector in the procurement and propagation of multi-resist-
ant either phenotypically or genotypically.13 Horizontal 
gene transfer of plasmid encoded resistant genes is the prev-
alent mechanism at the origin of acquisition of antibiotic 
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resistance and plasmid-encoded antibiotic resistance 
encompasses most currently used clinically relevant classes 
of antibiotics.14

The present study was designed to understand the antibiotic 
resistance pattern and plasmid profiling of previously identified 
E. coli isolates15 from human sewage samples of poor hygienic 
regions of Chattogram city, Bangladesh to evaluate the misuses 
of commonly used antibiotics in those areas.

Materials and Methods
Bacterial strain

Eight E. coli strains15 were studied in this research. All the iso-
lates were previously isolated and identified from human sew-
age samples of 4 poor hygienic areas (Chittagong Railway 
station, Jhautola station, Akbarshah, Karnaphuli market) of 
Chattogram city, Bangladesh15 All the E. coli stains were iso-
lated with proper microbiological, biochemical and molecular 
methods and coded as Ec-CRS1 (E. coli Chittagong Railway 
Station 1), Ec-RS2 (E. coli Chittagong Railway Station 2), 
Ec-JHT3 (E. coli Jhautola station 3), Ec-AKS4 ( E. coli 
Akbarshah 4), Ec-AKS5(E. coli Akbarshah 5). Ec-AKS6 (E. 
coli Akbarshah 6), Ec-KPM7( E. coli Karnaphuli market 7), 
Ec-KPM8 (E. coli Karnaphuli market 8).15

Selection of antibiotic

In this study commercially available and most commonly used 
antimicrobial discs (Himedia Laboratory limited, Mumbai, 
India) were used for antibiotic resistance test. The following 
antimicrobial agents were tested against the identified E. coli 
isolates:15 Ampicillin (AMP)(25 μg), Azithromycin (AZM) 
(30 µg), Ciprofloxacin(CIP) (5 μg), Amoxicillin (AMX)
(30 μg),Ceftriaxone (CTR)(30 μg).

Antimicrobial susceptibility testing

Kirby-Bauer Disk diffusion method16 was performed to assess 
the antibiotic susceptibility of all the E. coli isolates using 
Mueller-Hinton agar plate according to the guidelines and rec-
ommendations of CLSI.17 The procedure involved measuring 
the diameter of the zone of inhibition that results from perva-
sion of the agent into the medium surrounding the disc.

Extraction of plasmid DNA and Plasmid profiling

To determine, whether the antibiotic resistance was plasmid-
mediated or not, these isolates were subjected to plasmid-
DNA extraction procedure and agarose gel electrophoresis. 
For plasmid DNA extraction high copy number protocol was 
followed according to FavorPrepTMPlasmid Mini Kit (Cat. 
No. -FAPDE 100). The isolated DNA samples were then 
electrophoresed in 1% agarose gels stained with ethidium 
bromide (0.5 μg/ml) and visualized under an ultraviolet 
transilluminator.

Results
Antimicrobial susceptibility test

Antibiotic pollution in various environmental setting is quite 
common and has been reported in several recent articles.18,19 
We hypothesized that,the E. coli strains studied in this research 
might be resistant to common antibiotics due to the abuse of 
antibiotics in poor areas in Bangladesh. To test the hypothesis, 
antibiotic sensitivity test was done against 5 commonly used 
antibiotics. The isolates were either sensitive or resistant but 
not intermediate. The test result revealed that, all the isolates 
were multidrug resistant as they showed resistance against 
amoxicillin, ampicilin and Ceftriaxone (Table 1). However, 
ciprofloxacin and azithromycin seems to be effective against 
these E. coli strains (Table 1). We assume that, availability and 
overuse of amoxicillin, ampicilin and Ceftriaxone in poor 
hygienic areas might be the reason for this differentiation. 
Table 1 interprets the detailed antibiotic response of the test 
isolates. Figure 1A illustrates the disc diffusion test of sample 
EC-CRS1 and sample EC-CRS2.

Plasmid profiling

To investigate the genomic relation behind the antibiotic 
resistance, plasmid profiling was done for all the identified E. 
coli strains. All the isolates of E. coli harbored single plasmids. 
Of the 8 isolates, 5 isolates contained more than 1 plasmid. The 
plasmid sizes ranged from approximately 1.5 to 15 kb, the most 
common plasmid of size approximately 11 to 12 kb being 
detected in all the E. coli strains (Figure 1B), Table 2.

Discussion
Our Laboratory has been focusing on antibiotic resistant bac-
teria since last 10 years. Previously, our lab had identified severe 
occurrence of antibiotic pollution in and around hospital set-
ting in Chattogram city, Bangladesh.20 In this study we have 
shown antibiotic resistance profiling of eight E. coli isolates 
which have been previously isolated from 4 poor hygienic areas 
of Chattogram city, Bangladesh. We have recently reported the 
probiotic activity of these isolates against diarrheal pathogen 
Shigella.15 However, all these isolates were identified from slum 
areas of Chattogram city, Bangladesh, where antibiotic misuses 
are common. In Bangladesh there are no guidelines of antibi-
otic uses, people can buy antibiotic from local shop without any 
proper prescription by doctor. As a consequence, people have 
access to get almost all common antibiotics and such activities 
influences us to conduct this research. In this study, we found 
all of the E. coli isolates were resistant to 3 of the 5 commonly 
used antibiotics. Surprisingly all the β-lactam ring containing 
antibiotics (ampicillin, ceftriaxone and amoxicillin) were 
resisted by the E. coli (Table 1). In an earlier research, our labo-
ratory has been identified similar antibiotic resistance pattern 
in E. coli isolated from hospital and dairy wastes21 but this 
research proven that antibiotic pollution has now been reached 
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Table 1.  Measurement of zone of inhibition by E. coli isolates against antibiotics. Zone of inhibition observed in 3 independent experiments has 
been measured and shown. Average zone of inhibition obtained from 3 independent experiments was considered to determine whether bacteria 
belong to resistant or sensitive.

Trial numbers CIP AMP CTR AZM AMX

Ec-CRS1 1st 30 0 11 20 0

2nd 27 0 12 15 0

3rd 28 0 12 17 0

Average 28.33 0 11.6 20 0

  Comments S R R S R

Ec-CRS2 1st 23 0 12 27 0

2nd 19 0 12 25 0

3rd 40 0 17 28 0

Average 27.33 0 15 27 0

  Comments S R R S R

Ec-JHT3 1st 29 0 13 13 0

2nd 15 13 20 11 11

3rd 17 12 19 12 0

Average 20.33 12 17.33 12 11

  Comments S R R S R

Ec-AKS4 1st 27.5 0 10 0 0

2nd 25 0 20 13 0

3rd 25 0 18 11 0

Average 25.33 0 18 12 0

  Comments S R R S R

Ec-AKS5 1st 30 0 8 20 0

2nd 33 0 12 31 0

3rd 35 0 10 26 0

Average 32.6 0 11 29 0

  Comments S R R S R

Ec-AKS6 1st 26 15 9 17.5 9

2nd 22 0 0 21 0

3rd 25 11 0 22 0

Average 25 13 9 21 9

  Comments S R R S R

Ec-KPM7 1st 15 0 10 27.5 0

2nd 20 0 0 20 0

3rd 20 0 12 22 0

Average 28.33 0 0 20 0

  Comments S R R S R

Ec-KPM8 1st 27 0 0 20 0

2nd 24 0 0 20 0

3rd 26 0 0 19 0

Average 25.6 0 0 20 0

  Comments S R R S R

Abbreviations: AMP, ampicilin; AMX, amoxicillin; AZM, azithromycin; CIP, ciprofloxacin; CTR, ceftriaxone; S, sensitive; R, resistant.
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Figure 1.  (A) Antibiotic sensitivity test by Kirby-Bauer Disk diffusion method. Picture of culture plates showed zone of inhibition by Ec-CRS1 and 

Ec-CRS2 against different antibiotics. (B) A, 1 kb DNA ladder; B, Identification of Plasmid DNA through gel electrophoresis (Lane M= DNA ladder, Lane 

1-8 shows band for Ec-CRS1, Ec-CRS2, Ec-JHT3, Ec-AKS4, Ec-AKS5. Ec-AKS6, Ec-KPM7, Ec-KPM8, respectively).
Abbreviations: AZM, azithromycin; AMX, amoxicillin; AMP, ampicilin; CIP, ciprofloxacin; CTR, ceftriaxone.

Table 2.  Antibiotic resistance and plasmid size of the E. coli isolates.

Sample ID Resistance pattern Plasmid size (Kb)

Ec-CRS1 AMP, CTR, AMX 14-15, 11-12

Ec-CRS2 AMP, CTR, AMX 11-12

Ec-JHT3 AMP, CTR, AMX, 1.5

Ec-AKS4 AMP, CTR, AMX 11-12

Ec-AKS5 AMP, CTR, AMX 14-15, 11-12, 2.5

Ec-AKS6 AMP, CTR, AMX 14-15, 11-12, 2.5

Ec-KPM7 AMP, CTR, AMX 11-12, 2.5

Ec-KPM8 AMP, CTR, AMX 11-12, 2.5
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to the common human environmental situation in Chatogram 
city, Bangladesh.

The most fearful fact of growing antibiotic resistance is that 
the resistance is transferable. So, if the resistant bacteria are 
allowed to spread in the environment, there is a huge feasibility 
of transferring the phenotype to other bacteria. They might be 
of same or distantly related species. People of developing coun-
tries often bear antibiotic-resistant fecal commensal organism. 
As mention above the sources these E. coli isolates were human 
sewage samples of poor areas where people have no basic 
knowledge about antibiotic uses. If any individual became sick 
in those areas they have access to get antibiotic from local inex-
perience heath personnel. As a result, numerous antibiotics are 
consumed unnecessarily by ordinary people which are partially 
metabolized and are excreted into the municipal sewage sys-
tem. Persistent exposure of various antibiotics to environmen-
tal setting expedites the development of superbug (multi drug 
resistant bacteria) which could be the greatest threat of public 
health in the 21st century.

Plasmid can mediate antibiotic resistance by several mech-
anisms. Some mechanisms are very popular among gram 
negative bacteria. E. coli produces 1 of the 3 enzymes (β-
lactamase) that are responsible for antibiotic alteration and 
degradation which render the antibiotics inactive. This 
enzyme is coded by both chromosome and plasmid. Another 
popular mechanism is the efflux of antibiotics that is respon-
sible for the presence of multicomponent pumps found in 
gram negative bacteria.22 To find the causes of antibiotic 
resistance, we were analysed the presence of Plasmid DNA in 
all E. coli isolates and we found that all the isolates contain 
plasmid with different molecular weight (approximately 1.5-
15 kb range, Figure 1B). Although, all the E. coli strains 
showed similar antibiotic resistance patterns some of their 
plasmids had different migration patterns on agarose gel elec-
trophoresis. For example, -plasmid of lane 1 (EcCRS1) to 
lane-8 (Ec-KPM8) had similar migration pattern on agarose 
gel electrophoresis whereas plasmid in lane-3 (Ec-JHT3) 
migrate more quickly than others (Figure 1B). That means 
isolates Ec-JHT3 have low molecular weight plasmid (1.5kb). 
lane 1 (Ec-CRS1), lane 4 (Ec- AKS4), lane 5 (Ec-AKS5), 
lane 6 (Ec-AKS6) Showed more than 1 bands indicating that 
these isolates have more than 1 plasmid. Presence of multiple 
plasmids in these multi drug resultant E. coli may act as pos-
sible sources to transfer highly resistant genes to pathogenic 
organisms and human that could be a threat for the treatment 
of disease by commercially available antibiotics.

Conclusion
The study highlighted the bitter truth that antibiotic resist-
ance is spreading faster day by day. It is a matter of great 
concern that the environmental samples are developing strong 
antibiotic resistance for various antibiotics. Antibiotics are 
used indiscriminately in Bangladesh due to lack of proper 

regulation and surveillance. This study will serve as a base 
that would recommend necessary initiatives to monitor and 
limit the practice of antibiotics, as well as proper surveillance 
following standardized protocol throughout the nation.
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