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Introduction
Worldwide antibiotic resistance (AR) is a public health threat, 

places everyone at great risk.1 By 2050, it is anticipated that AR will 
cause 10 million deaths and US $60–100 trillion global economic 
loss if AR developing rate is constant as now.2 The rising bacterial 
resistance among Respiratory Tract Infections (RTI) has become a 
commonplace event. The resistance among RTIs causative pathogens 
of Streptococcus pneumoniae, Klebsiella pneumoniae, Pseudomonas 
aeruginosa and Escherichia coli contributes a significant cause of 
global morbidity and mortality as well.3–5 Additionally, inappropriate 
prescribing of antibiotics in RTIs has become a remarkable 
malpractice by prescribers.6,7 This practice further magnifies the 
emergence of antibiotic–resistant bacterial strains in addition to 
increased adverse effect, treatment cost, resource use and consultation 
with doctors.6,8 Difficulty in establishing bacterial etiology at the 
time of prescription in RTIs is another barrier to rational antibiotic 
prescribing in Bangladesh.9,10 The limited context specific surveillance 
data on antimicrobial sensitivity in Bangladesh further complicates 
antibiotic prescribing decisions by prescribers.10 The AR surveillance 
information has even paramount importance to develop local and 
national antibiotic guidelines. 

Establishing updated antibiotic guidelines is pivotally important 
to support clinician’s antibiotic prescribing decisions and to change 
the current irrational prescribing practices.1 And more importantly, 
evidence–based local antibiotic guidelines are no alternatives, 

because resistant microbes are increasingly being difficult to treat 
over time and it is being required more expensive or more toxic 
alternative antibiotics or higher doses, or both11 which could further 
facilitate the emergence and spread of antimicrobial– resistant micro–
organisms. In this regard, understanding of pathogen–specific (e.g. 
E.coli) AR pattern is worthwhile to research to inform practitioners 
to policymaker in planning, developing and implementing antibiotic 
stewardship programs in health care practices.1

From the molecular perspectives, resistance can be caused by three 
ways: natural bacterial resistance, genetic mutation, and transfer of 
resistance genes to another microorganism.11 A small DNA molecule 
called plasmid; physically separated from a chromosomal DNA and 
can replicate independently plays a major role in the mechanism 
of resistance development. Virulence genes and integrons are two 
important virulence factors carried by plasmid DNA contribute the 
spontaneous development of AR.11 Hence, plasmid profiling in E. coli 
may help to anticipate the presence of virulence factors; commonly 
responsible for bacterial resistance.11 

E. coli species are being increasingly resistant to commonly 
prescribed antibiotics in many settings.6 RTI caused by E. coli is even 
not uncommon although these species are very common in UTIs.4 The 
investigations of E.coli resistance pattern in RTIs are understandably 
scarce so far. However, the presence of virulence factors in E. coli 
isolated from infections rather than RTIs are evidenced.5,6 This study, 
therefore, aimed to investigate I) AR pattern and II) presence of plasmid 
DNA among E.coli isolates from RTIs patients in Bangladesh. This 
study designed in order to inform clinicians, pharmacist and health 
policymakers about sensitive and resistant antibiotics to treat RTIs 
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Abstract

The study aimed to investigate antibiotic resistance pattern and presence of plasmid DNA 
among Escherichia coli isolates from respiratory tract infections (RTIs). A total of 32 E.coli 
isolates were characterized by using selective media and biochemical tests. Kirby–Bauer 
disc diffusion method was used for antibiotic sensitivity testing. Plasmid DNA extraction 
was carried out using Bimboim and Doly method and detection was confirmed by agarose 
gel electrophoresis. Overall, 51% antibiotics were resistant and 46% were sensitive out of 20 
tested antibiotics. Cephalosporin antibiotics (4/7) were highly resistant (76%). Amoxicillin 
showed 100% resistance. The higher rate of resistance was observed for cefuroxime, 
ceftazidime, cephalexin, cephradine, gentamycin and nalidixic acid ranges with 75–80%. 
E.coli showed better sensitivity to nitrofurantoin (78%), levofloxacin (89%) and amikacin 
(100%). Amoxiclav, cefotaxime, ciprofloxacin and piperacillin/tazobactam antibiotics 
were sensitive to nearly 40% E.coli. 100% sensitivity observed for imipenem, meropenem, 
colistin, and amikacin. The plasmid profiling revealed that 92% E.coli harbored large 
plasmid DNA which justifies their emerging resistance to most of the antibiotics. This study 
concludes that nitrofurantoin, levofloxacin, cefotaxime, amoxiclav and amikacin antibiotics 
may be wise to prescribe to treat RTIs caused by E.coli. Further studies are recommended 
to explore the association between virulence factors and AR in E.coli isolated from RTIs.
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affected by E.coli and to indicate relevant future research in the light 
of exploring the molecular mechanism of resistance development in 
RTIs. 

Materials and methods
Different culture media and antibiotic disks were used for 

characterization and antibiotic sensitivity testing of bacterial isolates. 
The Nutrient agar(Merck, Germany), Mueller Hinton Agar(Merck, 
Germany), Mueller Hinton Broth (Merck, Germany), Eosin 
Methylene Blue agar(Merck, Germany), MacConkey Agar (Merck, 
Germany), Kligler’s iron agar (KIA) (Merck, Germany), Motility 
Indole Ornithine agar (MIO) (Merck, Germany), Simmons Citrate 
Agar(Merck, Germany), MR–VP (Merck, Germany), Catalase test 
(Merck, Germany), and commercial antibiotic discs (Merck KGaA, 
Darmstadt, Germany) were used in this experiment for biochemical 
characterization and antibiotic sensitivity of isolated E.coli species. 
Reagents used for plasmid DNA extraction were– 

i)	 Solution I (Lysozyme solution) (2mg per ml of lysozyme, 
50mM Glucose, 10mM EDTA, 25mM Tris HCl, pH 8.0).

ii)	 Solution II (Lysis Solution) (0.08g NaOH, 9ml autoclaved 
water, 1ml SDS)

iii)	 Solution III (High salt solution) (7.3605g potassium acetate, 
2.875ml of Glacial acetic acid were dissolved in 25ml of 
distilled water). Reagents used for Agarose Gel Electrophoresis 
were Agarose (Sigma Chemical CO., St Louis, MO), Tris–
borate EDTA buffer (TBE buffer) (Gibco–BRL), Tracking Dye 
(10X concentration), and Ethidium Bromide (3µg/ml).

Sample collection

A total of 32 sputum samples were collected from RTI patients 
admitted in Medinova Medical Services LTD in Bangladesh. 
Demographic information for the patients was recorded with informed 
consent. According to Gradwohl’s clinical laboratory methods 
and diagnosis,12 early morning sputum samples were collected and 
processed for analysis.

Bacterial culture

Samples were inoculated onto Nutrient agar plate followed by 
incubation at 37ºC for 24 hours. The colonies inoculated on Eosin 
methylene Blue agar were identified as E. coli based on green metallic 
sheen color. Moreover, E.coli showed flat, dry, pink colonies on 
MacConkey plates. The colonies were sub cultured on nutrient agar to 
obtain pure cultures.

Gram staining

The standard Gram Staining procedures were applied to perform 
gram staining for all isolates. A thin smear was prepared and the 
slide was air dried. Heat fixation was done by passing the slide over 
a flame. The smear was flooded with crystal violet and was allowed 
to stand for 45 seconds. The crystal violet was washed away with a 
gentle stream of water followed by adding Grams iodine (mordant). 
The smear was decolorized by adding 95% alcohol to the slide and 
was washed away after 10 seconds. Finally, the slide was flooded with 
the counter stain safran in allowed to stand for 1 minute. The slide 
was washed, dried and made ready to be visualized under bright field 
microscope.

Biochemical tests

The isolates were also distinguished by using traditional 

biochemical tests; Kligler’s Iron agar test, Motility–Indole–Ornithine 
test, citrate utilization test, Methyl Red– Voges Proskauer test, indole 
test, and catalase test.

Antimicrobial sensitivity testing

The Kirby–Bauer disk diffusion method was used to evaluate the 
AR pattern of 32 isolates using 20 different antibiotics. The isolates 
were cultured onto Mueller– Hinton agar (Merck, Germany) plates 
and standard antibiotic discs were placed on the surface of the 
inoculated agar plates. The antibiotic disks used were amoxicillin 
(25µg), amoxiclav (30µg) , cefixime (5µg), cefotaxime (30µg), 
ceftazidime (30µg), ceftriaxone (30µg), cefuroxime (30µg), 
cephalexin (30µg), cephradine (15µg), ciprofloxacin (5µg), 
colistin (15µg), gentamycin (30µg), amikacin (30µg), imipenem 
(10µg), meropenem (10µg), cotrimoxazole (30µg), piperacillin–
tazobactam (30–10µg), nitrofurantoin (300µg), nalidixic acid (30µg), 
levofloxacin (5µg) (Merck KGaA, Darmstadt, Germany) per disc. 
The plates were observed for the zone of inhibition after 24 hours. 
Antibiotic sensitivity of E.coli isolates was determined by measuring 
the diameter of each zone of inhibition following a standard chart and 
a guideline of Fluka–Sigma– Aldrich, 2015.13 

Plasmid profile analysis 

Plasmid DNA isolation was carried out by Bimboim and Doly 
(1979) method.14 One loopful of fresh culture was added to each 
McCartney bottle contained 5ml nutrient broth. 1.0ml of overnight 
culture was transferred to a 1.5ml eppendorf tube and was centrifuged 
at 13,000rpm for 10 minutes using a micro Centaur (D–7200) 
microcentrifuge. The supernatant was discarded. The pellet was 
thoroughly suspended in 100µl of Solution I and was kept at room 
temperature for 10 minutes. 200µl of Solution II was added and mixed 
gently. It was kept on ice for 5 minutes. 150µl of solution III (ice 
cold) was added and vortex mixed. The tube was kept on ice for 5 
minutes. The mixture was centrifuged for 10 minutes at 13,000rpm 
to get the pellet of chromosomal DNA. About 450µl of the clear 
supernatant containing the plasmid DNA was taken. Two volume 
(900µl) of ice–cold ethanol (95%) was added to each tube. It was 
kept at room temperature for 2 minutes for DNA precipitation. The 
precipitated DNA was collected by centrifugation at 13,000rpm for 
10 minutes. The supernatant was discarded. The pellet was air dried at 
room temperature. The dried DNA was dissolved in 50µl of TE buffer. 

Agarose gel electrophoresis of plasmid DNA

Electrophoresis was carried out with horizontal agarose gel. 
Agarose (0.8%) was dissolved in 1X TBE electrophoresis buffer and 
3µg/ml of Ethidium Bromide was added. The gel was placed in an 
electrophoresis chamber and submerged with 1X TBE buffer. Then 
2µl of loading dye was added to 10µl of each sample was mixed 
well and total 12µl samples were loaded into each well. A 1kbp 
molecular marker was used as a molecular weight standard and 7µl of 
the marker was loaded into the gel well. Electrophoresis was carried 
out at 70volts. The gel was then viewed on Gel Doc (Bio–Rad). The 
molecular weight was determined on the basis of its mobility and was 
compared with the mobility of the known molecular weight marker.15

Results and discussion
AR has become a crisis issue in the 21st century.1 Antibiotics 

misuse and shortages of existing effective antibiotics have magnified 
this crisis.2 RTIs are the most frequently occurred human infections 
and inappropriate use of antibiotics against these infections is globally 
more common and most frequent including Bangladesh. This leads to 
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the rise of resistant bacterial pathogens in RTIs. The resistant strains 
of RTI patients are consequently increasing hospitalizations, failure 
of treatment and mortality.5 Not only selective pressure but also the 
ability of bacteria to change their genetic cassette increases their 
immunity against antibiotics. These two phenomena may explain the 
rapid changes of the modality of AR among pathogenic bacteria.6 The 
resistance profile and plasmid profile of E.coli isolated from RTIs are 
under–researched. This study, therefore, focused two aspects of AR 
and plasmid DNA profiling among E. coli isolates from RTIs.

Antibiotic sensitivity and resistance pattern of E.coli

The study analyzed individual antibiotic sensitivity and overall 
sensitivity among different classes of antibiotics. It was shown that 
E. coli were highly sensitive (80–100%) to carbapenem antibiotics 
of meropenem, imipenem and colistin. E. coli also showed very 
good sensitivity against nitrofurantoin (78%) levofloxacin (89%) and 
amikacin (100%). However, only 24% E. coli showed sensitivity to 
cephalosporin antibiotics on average (Figure 1). Resistance profiling 
showed that 100% E. coli were resistant to amoxicillin and 60–85% 
E. coli showed resistance against other classes of antibiotics. Each 
of cephalosporin antibiotics of cefuroxime, ceftriaxone, cephradine, 
cefixime, cephalexin, ceftazidime showed resistance with 80%. 
Aminoglycoside antibiotics of gentamycin and amikacin were found 
to be resistant to 80% and 0% respectively. The sulfadrug antibiotic 
cotrimoxazole was resistant to 65% E.coli (Figure 1). Cefotaxime was 
resistant to 50% species which was comparatively better responded 
than other cephalosporin antibiotics. Amoxiclav was even resistant to 
nearly 60% E.coli (Figure 1). This resistance pattern was surprisingly 
threatening for the treatment of E. coli mediated RTIs. 

Figure 1 Antibiotic resistance and sensitivity pattern of E.coli.

Antibiogram reports showed that overall 46% (out of 20) 
antibiotics were sensitive, whereas 51% were resistant to E.coli 
(Table 1). However, there was significant sensitivity (17–100 %) 
differences among antibiotic classes (p–value <0.000). Cephalosporin 
antibiotics were highly resistant (76%) (Table 1). Penicillin antibiotics 
showed 64% resistance and aminoglycoside antibiotics resulted in 
33% resistance (Table 1). Amoxiclav, cefotaxime, ciprofloxacin and 
piperacillin/tazobactam antibiotics were sensitive to nearly 40% E. 
coli. 100% sensitivity observed for imipenem, meropenem, colistin, 
and amikacin. The higher rate of resistance (75–80%) was observed 
for cefuroxime, ceftazidime, cephalexin, cephradine, gentamycin and 
nalidixic acid. The findings of greatest cephalosporin resistance (76%) 
were similar with cephalosporin resistance data of Pakistan (90% of 
92 E.coli isolates), India (83% of 400 E.coli isolates) and Russia (77% 
of 42 E.coli isolates) (Figure 2).16 Although carbapenem antibiotics 
were 100% sensitive in the study isolates, however, 11% of 408 
isolates in India were resistant to against them.16 The fluoroquinolones 
resistance was comparatively lower in Bangladesh than India (47% 
vs. 84%). The similar contradictory AR trend was also noticed for 

aminoglycosides antibiotics in Bangladesh and in India with 33% 
and 61% respectively. Although less sample size in the study makes 
debatable the comparison of resistance data, however rising trends of 
AR in E. coli is obvious both in Bangladesh and India. In contrast, 
E.coli resistance rate was significantly lower in the Australia, South 
Africa, United Kingdom and United States (Figure 2).16

Table 1 Antibiotic sensitivity and resistance pattern of RTI patient to different 
antibiotic classes in Bangladesh

Antibiotic class % Sensitivity % Resistance

Penicillin 30 64

Cephalosporin 24 76

Fluoroquinolone 53 47

Carbapenem 100 0

Aminoglycosides 67 33

Sulfa drug 17 58

Average 46 51

p-value based on Pearson Chi2 test 0.00 0.00

Figure 2 Antibiotic resistance of Escherichia coli in different countries.16

This higher resistance may be due to imprudent use of antibiotics 
in patients with RTIs. Excessive use of cephalosporin antibiotics 
against RTIs are common in Bangladesh and this trend may contribute 
to developing E.coli resistant strains. This is supported by the fact that 
prescribers choose cephalosporin antibiotics to avoid patients’ risk of 
failure of response to low spectrum antibiotics.10 A systematic review17 
revealed that longer duration and multiple courses of antibiotics are 
also associated with higher rates of resistance. Individuals prescribed 
an antibiotic in RTI develop bacterial resistance to that antibiotic. The 
greatest effect is observed in the month immediately after treatment 
and it may persist for up to 12 months. This effect increases the 
possibility of individuals’ carriage of resistant organisms to first–line 
antibiotics and accelerates the conditions for increased use of second–
line antibiotics in the community.17 This phenomenon is predictable 
in terms of AR pattern of E.coli revealed in the context of the study.

The results of the study have significance at the point that RTI 
patients still may have a better response to some fluoroquinolone 
and aminoglycosides antibiotics given that patients are infected 
with E.coli. This study emphasized that nitrofurantoin, levofloxacin, 
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cefotaxime and amoxiclav antibiotics may be a wise prescription 
to treat RTIs caused by E.coli. The prescribers should be informed 
about this intervention for RTIs management especially to reduce 
blind prescription of 3rd to 4th generation cephalosporin antibiotics 
in Bangladesh. Moreover, it needs further investigations on large 
scale to validate and upgrade results of antibiotic sensitivity in RTIs. 
The strength of the study is an exploration of current antibiotic 
sensitivity pattern to RTI infection caused by E.coli which would 
be very informative to the prescribers in Bangladesh. This study 
provides a little evidence required by clinicians responsible for 
antibiotics prescription in RTIs to quantify the association between 
prescribing decisions and the occurrence of AR. It is recommended 
that prescribers should change their unnecessary and overprescribing 
attitude of broad–spectrum antibiotics in RTIs –the most important 
step so far to slow down the pace of rising AR in Bangladesh.

Plasmid profiling of E.coli isolates 

While the clinical impact of isolating bacteria with AR warrants 
further research, resistance is not just a feature of the infecting 
organism. It is also related to the individual’s bacterial gene pool. 
This is because plasmids carry resistance genes and which can be 
transferred between commensal organisms and potential pathogens.18 
The transmission of commensal organisms between individuals and 
overprescribing of antibiotics in many contexts frequently occur. Even 
a transient effect of antibiotic use on the carriage of resistant organisms 
by an individual could have a major impact in the population to 
develop an endemic level of resistance.18 Microbes and plasmid DNA, 
their relationship is neither parasitic nor mutualistic. Rather, plasmids 
provide a mechanism for horizontal gene transfer within a microbial 
population under a given environmental condition. Plasmids may 
carry genes that provide resistance to naturally occurring antibiotics.19 
This study was therefore designed to explore plasmid profile among 
studied E.coli isolates.

The plasmid profiling revealed that 92% (29/32) E.coli harbored 
large plasmid DNA (Figure 3), which justifies their emerging 
resistance to most of the antibiotics. This prevalence signifies that 
E.coli organisms in the study context are more likely to carry virulence 
and integron genes to their plasmids. The existence of virulence genes 
of iutA, fimA, and neuC in E.coli are even cited in some studies,20,21,22 
which may contribute to their rising AR. These are believed to be 
the important virulence factors in many infections including RTIs 
caused by E.coli.23 Further studies are thus recommended to explore 
the association of virulence factors of E.coli with AR in RTIs.

Figure 3 Plasmid profile of E. coli clinical isolates on 0.8% agarose gel. All the 
lanes (E1-E13) except E10 showing large plasmids of different sizes. Lane 1 shows 
1kbp DNA marker (Carl Roth).

Conclusion
The meropenem, imipenem, amikacin, colistin, and piperacillin–

tazobactam are highest sensitive antibiotics to E.coli. Nitrofurantoin, 

levofloxacin and amikacin antibiotics can be better prescribing 
options to treat RTIs caused by E.coli. Penicillin, cephalosporin, and 
fluoroquinolone antibiotics are getting highly resistant to E. coli in 
Bangladesh. The presence of large plasmid DNA in E. coli justifies a 
risk of emerging resistance to antibiotics. The findings warrant further 
association studies between virulence factors and AR in E.coli isolates 
from RTIs.
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