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(Abstract A
Background: Diarrhoeal diseases are a major childhood health problem and an important cause of
morbidity and mortality, especially in developing countries. Objective: This study aimed to detect
Diarrhoeagenic Escherichia coli (DEC) by detecting virulence genes (It, st, bfp, and aat) and to determine
the antimicrobial susceptibility pattern of all identified DEC isolates in fecal samples. Methodology: This
cross-sectional study was carried out in the Department of Microbiology at Dhaka Medical College
Hospital, Dhaka, Bangladesh and Dhaka Shishu Hospital, Dhaka, Bangladesh from July, 2012 to June, 2013
for around one year. Identification of Diarrhoeagenic Escherichia coli (DEC) in fecal samples from children
under 5 years old was done by culture and standard biochemical tests. Virulence factor genes for DEC were
detected by Polymerase Chain Reaction (PCR). Susceptibility to antimicrobial agents of all identified DEC
isolates was observed by disc diffusion method. Results: Out of total 200 stool samples, E. coli was isolated
in 130(65.0%). The prevalence of DEC was 52(40.0%) and the most common was enterotoxigenic
Escherichia coli (55.8%) followed by enteropathogenic Escherichia coli (34.6%) and enteroaggregative
Escherichia coli (26.9%). Among 52 DEC, 12(23.1%) contained more than one pathogenic genes of DEC in
various combinations. Colistin, imipenem and amikacin were found to be the most effective against isolated
DEC. Most of the strains were resistant to ampicillin, erythromycin, tetracycline and nalidixic acid.
Conclusion: Differentiation between the Diarrhoeagenic Escherichia coli pathotypes is of great importance
since they are involved in acute diarrhoeal diseases and may require specific antimicrobial chemotherapy.
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deaths in children every year’. Among the bacterial
causes, Diarrhoeagenic Escherichia coli (DEC) is one

Introduction
Diarrhoeal diseases are one of the major public health

problems in developing countries and around 1.5
million deaths occur annually due to diarrhoea'. It is
consider as the second-highest cause of death among
under five years children and it also causes 525,000
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of the most important agent of childhood diarrhoea in
developing countries®. In Bangladesh, 41.33% cases of
acute diarrhoea in under five children are caused by
DEC*.

The classification of Diarrhoeagenic Escherichia coli
strains is based on their virulence properties and
comprises six groups: enterotoxigenic Escherichia coli
(ETEC), enteropathogenic Escherichia coli (EPEC),

enteroinvasive Escherichia coli (EIEC),
enterohaemorrhagic Escherichia coli (EHEC),
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enteroaggregative E. coli (EAEC) and diffusely
adherent Escherichia coli (DAEC)°. Cytolethal
distending toxin-producing E. coli (CDT-EC) have
also been described as diarrheagenic®. ETEC is the
most frequently isolated enteropathogen annually
affecting up to 400,000,000 children under 5 years of
age living in developing countries’. Enteropathogenic
Escherichia coli (EPEC) are one of the main causes of
persistent diarrhoea®. EAggEC is an increasingly
recognized enteric pathogen and is the cause of acute
or persistent diarrhoea in children and adults in both
developed and developing countries’.

Resistance of antibiotics is very common in bacterial
isolates all around the world". So information on
antimicrobial resistance patterns is important in
choosing the most appropriate antibiotic therapy.
Escherichia coli is one of the most important
opportunistic pathogen that has shown an increasing
antimicrobial resistance to most of antibiotics’.

A large proportion of Escherichia coli are multidrug
resistant (MDR) and they could be a source of spread
of these pathogens to their contacts'. Accurate
identification of DEC in a diagnostic laboratory setting
is important in understanding the disease spectrum,
tracing the sources of infection and routes of
transmission®. The objective of the present study was
to ascertain the association of various DEC with
diarrhoea in under 5 children in Bangladesh and also
aimed to see the antimicrobial susceptibility pattern of
the isolated organisms.

Methodology

Study Settings and Population: This cross-sectional
study was conducted from July 2012 to June 2013 in
the Department of Microbiology at Dhaka Medical
College, Dhaka, Bangladesh. Children aged 6 months
to 5 years with acute watery diarrhoea from Dhaka
Medical College Hospital, Dhaka, Bangladesh and
Dhaka Shishu Hospital, Dhaka, Bangladesh with or
without mucus and blood were included in this study.
Patients treated with antibiotics within last 7 days were
excluded from this study.

Study Procedure: Stool samples were collected from
200 children (under 5 years) of acute diarrhoea.
Samples inoculated on agar media and suspicious
colonies of Escherichia coli were identified by their
colony characteristics, Gram staining and standard
biochemical tests'>. Multiplex PCR for categorization
of Escherichia coli was done using primers for
detection of 1t and st gene for ETEC, bfp gene for
EPEC and aat gene for EAggEC". Susceptibility to
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antimicrobial agents of Escherichia coli isolates were
done by Kirby Bauer modified disk diffusion
technique using Mueller Hinton agar plates. The

antibiotics used were ampicillin, tetracycline,
ciprofloxacin, cotrimoxazole, nalidixic acid,
azithromycin, ceftriaxone, ceftazidime, cefixime,

cefuroxime, chloramphenicol, amikacin, imipenem,
amoxiclav and colistin'*.

Procedure of Culture: The samples were plated on
MacConkey agar media, incubated at 37° C for 24
hours. Suspicious lactose fermenting colonies of
Escherichia coli were further sub-cultured onto
Kligler-Iron agar, Motility-indole-Urea and Simmons
citrate agar media.

Procedure of Multiplex PCR: After conformation,
3-5 colonies of isolated bacteria were sub-cultured in
triptic soy broth. Bacterial pellets were prepared by
centrifuging the tryptic soy broth containing the
growth of bacteria at 6000 g for 10 minutes. The
pellets were resuspended with 300 pl of sterile
deionized water, vortexed until mixed, then heated at
100°C for 10 minutes in a heat block and immediately
placed on ice for 5 minutes and then centrifuged at
14,000 g at 4°C for 10 minutes. Supernatant was used
as DNA template. The primers were,

It- F: 5-TCTCTATGTGCATACGGAGC-3' and R:
5'-CCATACTGATTGCCGCAAT-3" for It gene of
ETEC, st- F:
5'-GCTAAACCAGTAGAGGTCTTCAAAA-3' and R:
5'- CCCGGTACAGAGCAGGATTACAACA-3' for st
gene of ETEC, bfp- F:
5-TTCTTGGTGCTTGCGTGTCTTTT-3' and R: 5'-
TTTTGTTTGTTGTATCTTTGTAA-3' for bfp gene of
EPEC, aat- F: 5'-CTGGCGAAAGACTGTATCAT-3'
and R: 5' CAATGTATAGAAATCCGCTGTTS5'-3' for
aat gene of EAggECH.

PCR was performed in a 25 pl reaction mixture
containing 2 pl extracted DNA, 12.5 pl mastermix and
loaded dye (Promega corporation, USA), 2 ul forward
primer and 2 pl reverse primer and 6.5 pl nuclease free
water. After a brief vortex, the tubes were centrifuged
for a few seconds. Each PCR was carried out
comprised of preheat at 94° C for 10 minutes followed
by 36 cycles of denaturation at 94° C for 1 minute,
annealing at 58° C for 45 seconds, elongation at 72° C
for 2 minutes and final extension at 72° C for 10
minutes. Amplified products were analysed on
electrophoresis on 1% agarose gel at 100 volt for 35
minutes. A 100 bp DNA ladder was used as a
molecular size marker in all gels. Gel was stained with
ethidium bromide. The amplified DNA bands were
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visualized by UV trans-illuminator.

Statistical Analysis: Data were compiled and
analysed using Microsoft Excel (2007); comparisons
were performed by Z test.

Ethical Clearance: All procedures of the present
study were carried out in accordance with the
principles for human investigations and also with the
ethical guidelines of the Institutional research ethics.
Ethical clearance to carry out this study was obtained
from The Ethical committee of Dhaka Medical
College, Dhaka, Bangladesh. Participants in the study
were informed about the procedure and purpose of the
study and confidentiality of information provided. All
the participants consented willingly to be a part of the
study during the data collection periods.

Results

Out of 200 suspected children, age varied from 6
months to 60 months as no sample was found from 0-6
months of age group. Among the study population, the
male to female ratio was 1.2:1 (Table-1).

Table 1: Age and sex distribution of study population (n=200)

Age Group Male Female Total

6 to 12 Months 54(27%) 49(24.5%)  103(51.5%)
13 to 24 Months 22(11%) 10(5%) 32(16%)
25 to 36 Months 14(7%) 11(5.5%) 25(12.5%)
37 to 48 Months 10(5%) 12(6%) 22(11%)
49 to 60 Months 10(5%) 8(4%) 18(9%)
Total 110(55.0%)  90(45.0%) 200(100.0%)

Male : Female = 1.2:1

E. coli were isolated by culture from 130 (65%)
samples. Diarrhoeagenic E. coli were identified in 52
(40%) samples by multiplex PCR (Figure I).

630 bp DNA band of
aat gene of EAggEC
500bp

367bp DNA band of
bfp gene of EPEC

367bp DNA band of
bfp gene of EPEC

147bp DNA band of
st gene of ETEC

Figure I: Photograph showing bands of amplified DNA of
DEC; lane 2: It gene of ETEC, lane 3: st gene; lane 4: 100bp
DNA ladder; lane 5,6: aat gene of EAggECH; lane 7: bfp gene
of EPEC
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Among isolated DEC, the most frequent pathotype
was ETEC (55.77%), followed by EPEC (34.62%) and
EAggEC (26.92%). Among 29 ETEC isolates,
13(44.83%) had only st gene, 11 (37.93%) had only /¢
gene and 5(17.24%) had both the genes together.
Among 52 DEC positive cases, 40(76.92%) contained
single gene and 12(23.07%) contained more than one
pathogenic genes of DEC in various combinations

(Table-2).

Table 2: Distribution of different genes in combination among
the isolated DEC (n=52)

Gene Combinations DEC Samples
It +st ETEC 4 (7.69%)
It +aat ETEC and EAggEC 1 (1.92%)
st + aat ETEC and EAggEC 1 (1.92%)
st + bfp ETEC and EPEC 1 (1.92%)
It + bfp ETEC and EPEC 2 (3.84%)
bfp + aat EPEC and EAggEC 1 (1.92%)
It +st+bfp ETEC and EPEC 1 (1.92%)
It + bfp + aat ETEC, EPEC and EAggEC 1 (1.92%)

Among the 52 isolated DEC, 50 (96.15%) were
sensitive to colistin followed by 49 (94.23%) to
imipenem, 45 (86.54%) to amikacin, 32 (61.54%) to
amoxiclav, 40 (76.92%) to ceftazidime and
co-trimoxazole. Resistance rate to ciprofloxacin,
tetracycline, nalidixic acid, ampicillin, erythromycin
were  29(55.77%), 43(82.69%), 32(61.54%),
47(90.38%) and 42(80.77%) respectively (Table-3).

Table 2: Antimicrobial Susceptibility Patterns of Isolated DEC

Name of Antibiotics Sensitive Resistant

Colistin 50(96.15%) 2 (3.85%)

Imipenem 49(94.23%) 3(5.77%)

Amikacin 45(86.54%) 7(13.46%)

Amoxiclav 32(61.54%) 20(38.46%)
Ceftazidime 40(76.92%) 12(23.08%)
Ceftriaxone 22(42.31%) 30(57.69%)
Cefixime 20(38.46%) 32(61.54%)
Cefuroxime 24(46.15%) 28(53.85%)
Ciprofloxacin 23(44.23%) 29(55.77%)
Azithromycin 27(51.92%) 25(48.08%)
Tetracycline 9(17.31%) 43(82.69%)
Nalidixic acid 20(38.46%) 32(61.54%)
Chloramphenicol 15(28.85%) 37(71.15%)
Ampicillin 5(9.61%) 47(90.38%)
Co-trimoxazole 40(76.92%) 12(23.08%)

Discussion

DEC is an important and unrecognized cause of
diarrhoea in infancy, not only in developing countries
but also in developed areas. Identification of E. coli
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pathotypes in association with diarrhoea is limited in
many developing countries because conventional
microbiological testing is unable to distinguish
between normal flora and pathogenic strains of E.
colil’.

Among DEC, ETEC was found as the most frequent £.
coli pathotype which correspond to 55.77%. As
contaminated food and water sources both contribute
to ETEC infections, inadequate safe water, poor food
hygiene and sanitation of our country might be the
reason for high prevalence of ETEC diarrhoea. ETEC
was also reported as the most frequent bacterial cause
of diarrhoea in other studies'™'°. On the contrary, some
reports from Bangladesh showed much lower rates of
ETEC among DEC". In this study, strains carrying
only the st gene were more prevalent (44.83%) than
those carrying genes for It (37.93%) or both the genes
together (17.24%) which are in accordance with other
reports*'®,

In the present study, EPEC (34.62%) was the second
most frequent type of DEC which correlates with
another study'. On the contrary, some studies have
reported much higher rate of 58.82% to 63.1% EPEC
as the most frequent type of DEC associated with
diarrhea'®*. Variation in the prevalence of ETEC toxin
types or different categories of E. coli may occur from
year to year and among different geographical areas.
Low rates of resistance to newer drugs like colistin and
imipenem were found in this study which may be also
due to the fact that injectable forms of these drugs are
not usually used without physician prescription. Until
now older antimicrobials like ampicillin, tetracycline,
erythromycin are frequently used to treat diarrhoea in
children though the drugs are found highly resistant.
The present study is in accordance with several other
studies that reported increasing resistance of DEC to
these commonly used antibiotics®' .

Diarrhoeal diseases are common in Bangladesh and as
the antibiotics are easily available and sold over the
counter, so anyone can get it without physician
prescription. So indiscriminate use of these
antimicrobials, self-medication, in-appropriate and
incomplete dose schedule, overprescribing and
improper selection of antibiotics in diarrhoea patients
might have helped in developing resistance to these
commonly used antibiotics.

Conclusion

This study determined the significance and the
association of DEC as important aetiological agents of
bacterial diarrhoea in children younger than 5 years.
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The patterns of high rates of resistance to commonly
used antimicrobials for treatment of diarrhoea imply
an urgency to control the extent of indiscriminate use
of various antimicrobial agents, regular monitoring of
antimicrobial resistance pattern and rational use of
various antimicrobial agents. The detection rate of
multiplex PCR assay is rapid, easy to perform and the
overall excellent specificity allows it for
characterization of DEC. Development of multiplex
PCR system at tertiary level hospitals is needed to
reduce the cost and workload to make a conclusive
diagnosis of diarrhoea.

Acknowledgements
The authors gratefully acknowledge the technical support provided by
Department of Microbiology, Dhaka Medical College, Bangladesh

Conflict of Interest
The authors declared no conflict of interest.

Financial Disclosure
This research did not receive any specific grant from funding agencies in
the public, commercial or not-for-profit sectors.

Authors’ contributions

Rabin N and Shamsuzzaman SM conceived and designed the study,
analyzed the data, interpreted the results, and wrote up the draft
manuscript. Yusuf MA, Shams F, Tarana MN contributed to the analysis
of the data, interpretation of the results and critically reviewing the
manuscript. Wasimuddin SM involved in the manuscript review and
editing. All authors read and approved the final manuscript.

Data Availability

Any inquiries regarding supporting data availability of this study should
be directed to the corresponding author and are available from the
corresponding author on reasonable request.

Ethics Approval and Consent to Participate

Ethical approval for the study was obtained from the Institutional
Review Board. As this was a prospective study the written informed
consent was obtained from all study participants. All methods were
performed in accordance with the relevant guidelines and regulations.

Copyright: © Rabin et al. 2024. Published by Bangladesh Journal of
Medical Microbiology. This is an open access article and is licensed
under the Creative Commons Attribution Non-Commercial 4.0
International License (CC BY-NC 4.0). This license permits others to
distribute, remix, adapt and reproduce or changes in any medium or
format as long as it will give appropriate credit to the original author(s)
with the proper citation of the original work as well as the source and
this is used for noncommercial purposes only. To view a copy of this
license, please See: https://creativecommons.org/licenses/by-nc/4.0/

How to cite this article: Rabin N, Shamsuzzaman SM, Yusuf MA,
Wasimuddin SM, Shams F, Tarana MN. Diarrhoeagenic Escherichia
Coli Isolated from Children with Acute Diarrhoea by Culture and
Multiplex PCR in Tertiary Care Hospitals of Dhaka, Bangladesh.
Bangladesh ] Med Microbiol, 2024;18(1):17-21

ORCID

Nadia Rabin: https://orcid.org/0000-0001-7369-8129

SM Shamsuzzaman: https://orcid.org/0000-0003-2886-8840

Md. Abdullah Yusuf: https://orcid.org/0000-0002-8551-7185

Sharif Mohammad Wasimuddin: https://orcid.org/0009-0009-1678-9281
Farhana Shams: https://orcid.org/0000-0002-2055-9130

Mst. Naznin Tarana: https://orcid.org/0009-0007-8765-7556

January 2024, Volume 18, Number 1




Diarrhoeagenic Escherichia Coli Isolated Children with Acute Diarrhoea

Rabin et al

Article Info

Received: 7 October 2023
Accepted: 2 December 2023
Published: 1 January 2024

References

1. WHO. Diarrhoeal disease. Available at: https://www.who.int/
news-room/fact-sheets/detail/diarrhoeal- disease

2. WHO. The top 10 causes of death. (2020) Available at:
https://www.who.int/news-room/fact-sheets/detail/the-top-10-cause
s-of-death

3. Elliot EJ. Acute gastroenteritis in children. British Medical Journal
2007 Jan 6;334:35-40.

4. Nessa K, Ahmed D, Islam J, Kabir FML, Hossain MA. Usefulness
of multiplex PCR for detection of diarrhoeagenic Escherichia coli in
a diagnostic microbiology laboratory setting. Bangladesh Journal of
Medical Microbiology. 2007;01(02):38-42.

5. Ljubovic AD, Hukic M, Bekic D, Zvizdic A. Frequency and
distribution of Diarrhoeagenic Escherichia coli strains isolated from
pediatric patients with diarrhea in Bosnia and Herzegovina. Bosnian
Journal of Basic Medical Sciences. 2009 May;9(2):148-55.

6. Clarke, S.C. Diarrhoeagenic Escherichia coli - an emerging
problem? Diagnostic Microbiology and Infectious Disease.
2001;41:93-98.

7. Walker RI, Steele D, Aguado T. Analysis of strategies to
successfully vaccinate infants indeveloping countries against
enterotoxigenic E. coli (ETEC) disease. Vaccine 2007 Mar
30;25(14):2545-66.

8. Abba K, Sinfield R, Hart CA, Garner P. Pathogens associated with
persistant diarrhea in children in low and middle income countries:
systemic review. BMC Infectious Disease 2009 June 10;9:88.

9. Nataro JP, Kaper JB. Diarrheagenic Escherichia coli. Clinical
Microbiology Reviews 1998 Jan;11(1):142-201.

10. S. Nys, LN. Okeke, S. Kariuki, G. J. Dinan, C. Driessen and E. E.
Stobberingh. Antibiotic resistance of fecal Escherichia coli from
healthy volunteers from eight developing countries. Journal of
Antimicrobial Chemotherapy 2004;54(5):552-555.

11. Oundo JO, Kariuki SM, Boga HI, Muli FW, Lijima Y. High
incidence of enteroaggregative Escherichia coli among food
handlers in three areas of Kenya: a possible transmission route of
traveler’s diarrhea. Journal of Travel Medicine 2008 Jan 1;
15(1):31-38.

12. Cheesbrough M. District Laboratory Practice in Tropical

Bangladesh J Med Microbiol 21

Countries (Part II). Cambridge University. Editions, Cambridge
University press, The Edinburgh Building, Cambridge, United
Kingdom 2004:50-120.

13. Nguyen TV, Le Van P, Le Huy C, Gia KN, Weintraub A.
Detection and characterization of diarrheagenic Esch. coli. from
young children in Hanoi, Vietnam. Journal of Clinical Microbiology
2005 Feb;43(2):755-60.

14. Clinical and Laboratory Standard Institute (CLSI). Performance
Standards for Antimicrobial Disc Susceptibility testing; Twenty-first
informational supplement. CLSI document M100-S21. Wayne, PA:
CLSI; 2011.

15. Qadri F, Saha A, Ahmed T, Al Tarique A, Begum YA,
Svennerhlm AM. Disease burden due to enterotoxigenic Esch. coli in
the first 2 years of in an urban community in Bangladesh. Infection
and Immunity 2007 Aug;75(8):3961-68.

16. Yang JR, Wu FT, Tsai JL, et al. Comparison between O
serotyping method and multiplex real time PCR to identify
diarrhoeagenic E. coli in Taiwan. Journal of Clinical Microbiology
2007 Nov;45(11):3620-25.

17. Roy S, Shamsuzzaman SM, Mamun KZ. Molecular Detection of
Diarrheagenic Escherichia coli from children with Acute Diarrhoea
in Tertiary Care Hospitals of Dhaka, Bangladesh. Asian Journal of
Medical Sciences 2014;5(2):59-66.

18. Pourakbari B, Heydari H, Mahmudi S, et al. Diarrhoeagenic E.
coli pathotypes in children with and without diarrhoea in an Iranian
referral paediatrics centre. Eastern Mediterranean Health Journal
2013 July;19(7):617-21.

19. Albert MJ, Faruque ASG, Faruque SM, et al. Controlled study on
Escherichia coli diarrhoeal infections in Bangladeshi children.
Journal of Clinical Microbiology 1995 April;33(4):973-77.

20. Arif Sk, Salih IFL. Identification of different categories of
diarrheagenicEscherichia coli in stool samples by using multiplex
PCR technique. Asian Journal of Medical Science 2010 Jan;2(5):
237-43.

21. Garcia PG, Silva VL, Diniz CG. Occurance and antimicrobial
drug susceptibility patterns of commensal and diarrhoeagenic E. coli
in fecal microbiota from children with and without diarrhea. Journal
of Microbiology 2011 Feb; 49(1):46-52.

22. Albert MJ, Rotimi VO, Dhar R, Pacsa AS, Molla AM.
Diarrhoeagenic Escherichia coli are not a significant cause of
diarrhoea in hospitalized children in Kuwait. BMC Microbiology
2009 April;9(1):62.

January 2024, Volume 18, Number 1




