
ORIGINAL RESEARCH ARTICLE

Genetic diversity and antibiogram profile of
diarrhoeagenic Escherichia coli pathotypes isolated
from human, animal, foods and associated
environmental sources

Pankaj Dhaka, MVSc1, Deepthi Vijay, MVSc1, Jess Vergis, MVSc1,
Mamta Negi, PhD1, Manesh Kumar, MVSc1, Vysakh Mohan, MVSc1,
Swapnil Doijad, PhD2, Krupali V. Poharkar, PhD2, Satyaveer Singh
Malik, PhD1, Sukhadeo Baliram Barbuddhe, PhD2 and
Deepak B. Rawool, PhD1*

1Division of Veterinary Public Health, ICAR-Indian Veterinary Research Institute, Izatnagar, Uttar Pradesh,
India; 2ICAR Research Complex for Goa, Old Goa, Goa, India

Introduction: Infectious diarrhoea particularly due to pathogenic bacteria is a major health problem in

developing countries, including India. Despite significant reports of diarrhoeagenic Escherichia coli (DEC)

pathotypes around the globe, studies which address genetic relatedness, antibiogram profile and their

correlation with respect to their isolation from different sources are sparse. The present study determines

isolation and identification of DEC pathotypes from different sources, their genetic characterisation,

antibiogram profile and their correlation if any.

Materials and methods: A total of 336 samples comprising diarrhoeic stool samples from infants (n�103),

young animal (n�106), foods (n�68) and associated environmental sources (n�59) were collected from

Bareilly region of India. All the samples were screened by using standard microbiological methods for

the detection of E. coli. The identified E. coli were then confirmed as DEC pathotypes using polymerase

chain reaction�based assays. Those DEC pathotypes identified as Enteroaggregative E. coli (EAEC) were

further confirmed using HEp-2 adherence assay. All the isolated DEC pathotypes were studied for

their genetic diversity using pulsed-field gel electrophoresis (PFGE), and antimicrobial susceptibility

testing was performed by using disc diffusion method as per Clinical Laboratory Standards Institute

guidelines.

Results and discussion: Of the four DEC pathotypes investigated, EAEC was found to be the predominant

pathogen with an isolation rate of 16.5% from infants, 17.9% from young animals, 16.2% from foods and

3.4% from the associated environmental sources. These EAEC isolates, on further characterisation, revealed

predominance of ‘atypical’ EAEC, with an isolation rate of 10.7% from infants, 15.1% from young animals,

16.2% from foods, and 3.4% from the associated environmental sources. On PFGE analysis, discrimination

was evident within DEC pathotypes as 52 unique pulsotypes were observed for 59 recovered DEC pathotypes.

However, a few EAEC isolates were found to be clonal (clusters A, B, C, D, F, G, and H) irrespective of their

source of isolation, suggests sharing and/or circulation among different sources. Further, a high antibiotic

resistance pattern was observed among isolated DEC pathotypes as almost 86.4% of isolates were found to be

resistant against ]3 tested drugs.
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I
nfectious diarrhoea remains a major global public

health hurdle particularly in developing nations.

Children under 5 years of age continue to be the

victims of diarrhoea. Diarrhoea shares about 10.5% of

the total under-5 mortality, which in turn has remained as

one of the main blockades for achieving the millennium

development goal(s) (1).

Worldwide, there are many reports on the isolation

and identification of diarrhoeagenic Escherichia coli

(DEC) pathotypes viz, enteroaggregative Escherichia coli

(EAEC), shiga-toxin producing E. coli (STEC), entero-

pathogenic E. coli (EPEC), enterotoxigenic E. coli (ETEC)

and diffusely adherent E. coli (DAEC) from diarrhoeal

cases of infants as well as young animals. Among the DEC

pathotypes, EAEC along with the well-established ETEC

and EPEC pathotypes causes a substantial health burden

of infant diarrhoeal cases and they have also been isolated

from a variety of animal species (2�4). Mostly, DEC

outbreaks are often found to be associated with direct

contact with infected animals or indirectly through con-

sumption of vegetables, fruits and water contaminated

with infected animal faeces (5).

In 2010, India accounted for 0.212 million deaths due to

infant diarrhoea which constituted a huge share (12.6%) of

global under-5 mortality burden (1). DEC pathotypes are

widely distributed among humans, animals, foods, and

environmental sources in different geographical regions of

India (6). Despite significant reports of DEC pathotypes

from across the globe including India, there is paucity of

studies revealing the relatedness and/or diversity of the

isolates recovered from various sources. Besides this, the

problem of antimicrobial resistance in pathogenic and

commensal bacteria is aggravated by the adoption of

mobile genetic elements conferring resistance from their

environmental counterparts (7). Moreover, in concor-

dance with global reports, multiple antibiotic-resistant

E. coli isolates were also reported from different parts of

Indian subcontinent (8). The objectives of the present

study were to isolate and identify DEC pathotypes from

diarrhoeal cases of human infants, young animals, foods

and associated environmental sources, with an aim to

study their correlation with regard to genetic characterisa-

tion using pulsed-field gel electrophoresis (PFGE) and

their antibiotic sensitivity profiling.

Methods

Sample collection and area of study

A total of 103 stool samples from children of age groups

55 years were randomly collected from a district govern-

ment hospital and five other private paediatric hospitals in

the Bareilly region; situated in the northern part of Uttar

Pradesh, India. Most of the stool samples were collected

within 24 h of onset of diarrhoea and also before the start

of any antimicrobial treatment. The institutional review

board of the Hospitals approved the study and consent was

obtained from the parents wherever possible. Samples were

collected only from those infants who fulfilled the World

Health Organization criteria of acute diarrhoeal disease

(9). Through the detailed case history reports of the

hospitals and personal interactions with the patients, we

found that a majority of the clinical cases were from semi-

urban settings and were mostly associated with farming or

companion�animal interface either through animal hus-

bandry practices or by having pets in their home.

Diarrheal faecal samples (106) from young domestic

animals (0�6 months of age) comprising canine (n�68),

bovine (n�29) and caprine (n�9) were collected from

private farms and veterinary polyclinics of Bareilly region.

Subsequently, a total of 68 food samples (infant food

formulae, vegetables, fish, milk, meat and their products)

and 59 environmental samples (animal feed, drinking

water, sewage waste and soil) adjacent to the animal and

human dwellings were also collected from Bareilly region.

The details of the samples are presented in Supplementary

Table 1 and the areas of sampling are presented in

Supplementary Fig. 1.

The diarrhoeic stool samples were collected aseptically

using Cary-Blair transport medium swabs (HiMedia,

Mumbai, India), whereas foods (infant food formulae,

vegetables, fish, milk, meat and their products), animal feed,

drinking water, sewage waste and surrounding soil of animal

farms were collected in suitable aseptic containers. All the

samples were transported to a laboratory under chilled

conditions and were processed within 24 h of collection.

Reference strains

The DNA of DEC pathotypes (EAEC, ETEC, EPEC, and

EHEC) was kindly provided by Dr. Chobi Debroy, National

E. coli Referral Centre, Pennsylvania State University, USA.

Isolation of diarrhoeagenic E. coli
The diarrhoeal stool/faecal samples from human infants and

young animals including foods and associated environmental

samples were screened for E. coli using standard microbio-

logical and molecular methods (10). The faeces/stool, foods

(infant food formulae, vegetables, fish, meat and their

products), animal feed, soil samples (approximately 5 g),

and liquid samples such as milk, drinking water, and sewage

waste (approx. 5 ml) were accordingly inoculated in nine

parts of the E. coli enrichment (EE) broth, followed by

incubation at 378C for 18�24 h. A loopful of enriched

inoculum was then plated onto eosin methylene blue (EMB)

agar plates. Inoculated plates were then incubated at 378C for

24 h. Colonies revealing the characteristic metallic sheen

colonies on EMB agar (3�5 colonies for each sample) were

subjected to biochemical tests for the identification of E. coli

(11). Colonies exhibiting indole, methyl-red, and catalase

tests as positive, Voges�Proskauer and citrate tests as

negative, and giving fermentation of glucose and lactose

sugars, were confirmed as E. coli isolates.
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Identification of diarrhoeagenic E. coli pathotypes

All the confirmed E. coli isolates recovered from different

sources were subjected to standardized polymerase chain

reaction (PCR) assays for the detection of DEC pathotypes.

The primers used are listed in Supplementary Table 2.

The oligonucleotides used in present study were syn-

thesised from Eurofins Genomics (Bengaluru, India).

The eae gene was targeted for the identification of EPEC

and/or EHEC. Further, bfp gene was targeted for the

detection of EPEC pathotype and stx1 and/or stx2 genes

for EHEC pathotype. The ETEC were detected by targeting

LT and/or ST genes. The detection and characterisation of

‘typical’ and ‘atypical’ EAEC isolates were attempted by

targeting plasmid borne (aggR, aatAA/cvd432) and chro-

mosomal (aaiA, astA, irp2, pilS, pic, ecp) genes (12�17).

E. coli DH5a DNA was taken as negative control. The

optimized PCR protocol for 25 mL reaction mixture

included 2.5 mL of 10� PCR buffer (100 mM Tris�HCl

buffer, pH 8.3 containing 500 mM KCl, 15 mM MgCl2,

and 0.01% gelatin), 400 mM of 10 mM deoxyribonucleotide

phosphates (dNTPs), 2.0 mM of MgCl2, 0.4 mM of each

primer set, 0.3 units of Taq DNA polymerase (3B Black Bio,

Spain), and 3 mL of DNA template and sterilized MilliQ

water to make up the reaction volume. The details of

cycling conditions for targeted genes are listed in Supple-

mentary Table 3. PCRwas performed in the Eppendorf pro

thermal cycler (Eppendorf, Germany).

The PCR products were separated by gel electrophoresis

in 1.5% agarose (Sigma, USA) containing ethidium

bromide in Tris�acetate�EDTA (TAE) buffer and visua-

lized by UV transilluminator and digitally recorded by gel

documentation system (UVP GelSeq Software). Materials

contaminated with ethidium bromide were disposed as per

the local guidelines.

Confirmation of EAEC pathotype using HEp-2 cell

adherence assay

‘Typical’ and ‘atypical’ EAEC identified by PCRwere also

assayed by HEp-2 adherence assay for further confirma-

tion (17). Thus, the isolates revealing ‘stacked brick

appearance’ in HEp-2 cell culture assay were considered

as confirmed EAEC pathotype (Supplementary Fig. 2).

Pulsed-field gel electrophoresis

PFGE was performed according to CDC PulseNet pro-

tocol (18). Briefly, agarose-embedded DNA was digested

with 50 U of XbaI for 3 h in a water bath at 378C. DNA

fragments were separated by electrophoresis in 0.5� Tris�
borate�EDTA buffer at 148C for 18 h on a CHEF-II

Mapper system (Bio-Rad Laboratories, USA), with a

pulse time of 2.2�54.2s at a constant voltage of 6 V/cm.

The gel was stained with ethidium bromide and visualized

with the Alpha Innotech (AlphaImager HP). The dendro-

gram was prepared by using the default values of the

Phoretix 1D pro software (v12.2) which gives Rf vector

with a value 0.05 with minimum Rf 0 and maximum Rf 1.

The similarity index of the isolates was calculated using the

Dice correlation coefficient with a band position tolerance

of 1% and an optimization of 1%. The unweighted-pair

group method using average linkages (UPGMA) was used

to construct a restriction profile dendrogram. The E. coli

ATCC 25922 strain was used as standard-type culture

on every gel run to compare both the images during

dendrogram preparation. A standard molecular weight

ladder (The Pulse MarkerTM 50�1,000 kb; Sigma, cat. no.

D2416) was used for comparison of the fingerprints over

gels. In addition, reproducibility of the PFGE patterns was

also verified by running same isolates twice.

Antimicrobial sensitivity test

Antimicrobial susceptibility testing was performed by

using disc diffusion method as per the guidelines provided

by Clinical Laboratory Standards Institute (CLSI) (19).

The antimicrobials included in the present study were

selected based on the information gathered from local

veterinarians, paediatric clinicians, and available literature.

The antimicrobials included were ampicillin (Amp, 10 mg),

co-trimoxazole (Cot, 25 mg), cefotaxime (Ctx, 30 mg),

imipenem (10 mg), ceftriaxone (Ctr, 30 mg), ciprofloxacin

(Cip, 05 mg), and tetracycline (TE, 30 mg) (HiMedia

Laboratories Ltd, Mumbai, India). E. coli ATCC 25922

was used as a quality control strain and the interpretations

were carried out as per the CLSI standards (19).

Statistical analysis

The antimicrobial resistance data of the recovered isolates

from human, animal, food, and environmental sources

were statistically analysed by employing chi-squared test

using SPSS software, 22.0 version.

Results

Isolation and identification of E. coli by cultural and

biochemical methods

A total of 336 samples collected from various sources

were screened for the DEC pathotypes. On microbiolo-

gical and biochemical analyses, a total of 61 isolates from

human diarrhoeal cases (n�103), 59 isolates from animal

diarrhoeal cases (n�106) and 56 isolates from food and
associated environmental sources (n�127) were con-

firmed as E. coli isolates
.

Identification of DEC pathotypes

The results of the isolated and identified DEC pathotypes

from various sources along with the respective amplifica-

tion of target genes are presented in Table 1.
From human infants, EAEC was found to be the

predominant pathotype with an overall isolation rate of

16.5%, of which ‘atypical’ EAEC were 10.7% and ‘typical’

EAEC were 5.8% (Table 1). The other DEC pathotypes

isolated and identified were 1.0% each of EPEC and

ETEC (Table 1). Also in animals, EAEC was found to be

the predominant pathotype. In bovine and canines, an
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overall isolation rate of 24.1 and 13.2% was observed for

‘atypical’ EAEC, whereas ‘typical’ EAEC were isolated

only from canines with an isolation rate of 4.4% (Table 1).

The other isolated and identified DEC pathotypes from

animals were EHEC (3.8%) and EPEC (1.9%) (Table 1). In

foods and associated environmental sources, ‘atypical’

EAEC pathotype revealed the predominance, with an

isolation rate of 10.2%. Besides this, two environmental

associated source samples, animal feed, and sewage waste

yielded EPEC pathotype (Table 1).

PFGE analysis

PFGE patterns revealed diverse genetic profiles among

and between the EAEC, EPEC, and EHEC pathotype iso-

lates recovered from humans, animals, foods, and asso-

ciated environmental sources (Fig. 1). Of the 59 DEC

pathotypes analysed, 52 unique pulsotypes for 54 DEC

pathotypes were observed, whereas five DEC pathotypes

were untypeable. At a genetic similarity of ]70%, eight

clusters were formed, designated as A�H with two to three

isolates per cluster. Of these eight clusters, seven clusters

were represented by various EAEC isolates. EAEC isolates

of cluster C (H316 and H325) and cluster F (A206 and

A207) were exhibiting 100% identical PFGE profiles, and

the isolates of both clusters were recovered from similar

sources. Similarly, at 70% genetic similarity, EAEC isolates

from cluster A (E065 and E066) and cluster B (A258,

A265, and A266) were also isolated from similar sources.

On the contrary, EAEC isolates from cluster D (A219 and

H121), cluster G (A216 and A082), and cluster H (H322

and A185) were exhibiting 70% genetic similarity in their

respective cluster although their sources of isolation were

Table 1. Details of the DEC pathotypes recovered from

different sources along with their target gene amplification.

Isolate ID Source Pathotype(s) Virulence gene(s)

Human infant isolates

H005 Human infant ETEC LT

H008 Human infant EAEC irp2, ecp, irp2

H010 Human infant EAEC ecp, aaiA

H058 Human infant EPEC eae, bfp

H115 Human infant EAEC aaiA, irp2

H121 Human infant EAEC aggR, aatAA/cvd, ecp

H123 Human infant EAEC aggR, aatAA/cvd, aaiA,

irp2, ecp

H124 Human infant EAEC aggR, aatAA/cvd, aaiA,

ecp

H138 Human infant EAEC aggR, aatAA/cvd, pilS,

irp2, ecp

H140 Human infant EAEC aggR, aatAA/cvd, irp2

H197 Human infant EAEC astA, ecp, irp2

H198 Human infant EAEC astA, ecp, irp2

H313 Human infant EAEC astA, irp2, ecp

H314 Human infant EAEC aggR, aatAA/cvd, irp2,

ecp

H316 Human infant EAEC aaiA, astA, irp2, ecp

H319 Human infant EAEC ecp, irp2, astA

H322 Human infant EAEC irp2, ecp

H324 Human infant EAEC aaiA, irp2

H325 Human infant EAEC irp2

Young animal isolates

A099 Canine EHEC eae, stx1

A103 Canine EHEC eae, stx1

A105 Canine EHEC eae, stx2

A109 Canine EAEC aggR, aatAA/cvd, aaiA,

astA, ecp

A187 Canine EAEC astA, irp2, ecp

A206 Canine EAEC irp2

A207 Canine EAEC aaiA, irp2

A209 Canine EPEC eae, bfp

A210 Canine EAEC aggR, aatAA/cvd, aaiA,

astA, ecp

A216 Canine EAEC irp2, ecp

A219 Canine EAEC irp2, ecp

A258 Canine EAEC ecp, irp2

A262 Canine EAEC ecp, aaiA

A265 Canine EAEC ecp, aaiA

A266 Canine EAEC astA, ecp

A278 Canine EPEC eae, bfp

A279 Canine EAEC aggR, aatAA/cvd, aaiA,

astA, irp2, pic

A082 Bovine EAEC astA, ecp

A084 Bovine EAEC irp2, ecp

A183 Bovine EAEC ecp, irp2

A189 Bovine EAEC astA, irp2, ecp

A185 Bovine EAEC aaiA, irp2

A217 Bovine EAEC astA, ecp

Table 1 (Continued )

Isolate ID Source Pathotype(s) Virulence gene(s)

A223 Bovine EAEC astA, irp2, ecp

A101 Caprine EHEC eae, stx1

Foods and environmental isolates

E015 Poultry meat EAEC aaiA, irp2

E017 Fish EAEC ecp, irp2

E019 Fish EAEC aaiA, irp2

E022 Mutton EAEC PilS

E023 Chevon EAEC ecp, aaiA

E065 Milk EAEC aaiA, irp2

E066 Milk EAEC aaiA, irp2

E087 Milk handler EAEC aaiA, irp2, ecp

E089 Milk handler EAEC aaiA, astA, irp2

E029 Vegetable EAEC irp2

E166 Vegetable EAEC ecp, irp2

E074 Animal feed EPEC eae, bfp

E075 Animal feed EAEC AaiA

E280 Sewage EAEC aaiA, irp2

E283 Sewage EPEC eae, bfp
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different (Fig. 1). Interestingly, EAEC and EHEC isolates

of cluster E (E166 and A103) were also exhibiting 70%

genetic similarity (Fig. 1).

Antibiogram profile
The present study results of antibiotic sensitivity profile of

DEC pathotypes recovered from various sources are

Fig. 1. PFGE profile of DEC pathotypes isolated from different sources. The genotypic patterns generated by PFGE were

analysed using the Phoretix 1D pro software (Total Lab, UK). The clustering was performed by UPGMA and the dice correlation

coefficient.

Genetic diversity and antibiogram profile

Citation: Infection Ecology and Epidemiology 2016, 6: 31055 - http://dx.doi.org/10.3402/iee.v6.31055 5
(page number not for citation purpose)

http://www.infectionecologyandepidemiology.net/index.php/iee/article/view/31055
http://dx.doi.org/10.3402/iee.v6.31055


presented in Table 2. Overall, the recovered DEC patho-

types revealed a high degree of antimicrobial resistance

against ampicillin (91.5%), tetracycline (88.1%), cefotaxime

(86.4%), co-trimoxazole (74.6%), ceftriaxone (69.5%), and

ciprofloxacin (45.8%). However, all the DEC pathotypes

isolates were found sensitive for imipenem.

DEC isolates from human infants (n�19) showed

the highest resistance against ampicillin and cefotaxime

each (94.7%), followed by tetracycline (84.2%), ceftriax-

one (78.9%), co-trimoxazole (73.7%), and ciprofloxacin

(68.4%). Also, the DEC isolates from animals (n�25)

exhibited a high resistance pattern, wherein the highest

resistance was observed against ampicillin (96.0%), fol-

lowed by tetracycline (88.0%), cefotaxime (84.0%), co-

trimoxazole (80.0%), ceftriaxone (64.0%), and ciprofloxacin

(52.0%). Whereas DEC isolates recovered from foods

and associated environmental sources (n�15) revealed

highest resistance against tetracycline (93.3%), followed

by ampicillin and cefotaxime each (80.0%), co-trimoxazole

and ceftriaxone each (66.7%); however, these isolates

were comparatively less resistant to ciprofloxacin (6.7%).

Further, the observed antimicrobial resistance pattern

among the recovered isolates from different sources was

statistically evaluated using chi-squared test (Table 3).

A significant relationship was not observed for most of the

antibiotics to which the recovered isolates were found

resistant, except for ciprofloxacin antibiotic, wherein

EAEC isolates recovered from human versus environ-

mental and animal versus environmental sources were

found statistically significant.

Correlation of PFGE and antibiotic sensitivity profiles

of EAEC isolates

On comparison of antibiogram and PFGE profiles, all

the EAEC pathotype isolates that clustered together in
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Table 3. Statistical analysis for resistance pattern among

human, animal, and environmental isolates using chi-squared

test

p-Value for different

combinations

Antibiotics (a) (b) (c) Inference

Ampicillin 0.842 0.185 0.102 All non-significant

Ciprofloxacin 0.272 0.000 0.004 Set (a) � non-significant

Set (b) and (c) �

significant

Co-trimoxazole 0.620 0.656 0.346 All non-significant

Ceftriaxone 0.282 0.420 0.864 All non-significant

Tetracycline 0.717 0.412 0.586 All non-significant

Cefotaxim 0.266 0.185 0.747 All non-significant

(a) Human versus animal isolates; (b) human versus

environmental isolates; (c) animal versus environmental isolates.
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their respective clusters (A�H) on PFGE analysis were

exhibiting almost similar antibiotic resistance profile for

three or more tested antimicrobials agents and were

showing more than 70% resistance similarity (Table 4).

Discussion
Escherichia coli, the common ‘laboratory workhorse’,

diverges from commensal flora of warm-blooded animals

to highly adaptive pathotypes. To the best of our knowl-

edge, this appears to be the first study in Indian context

highlighting the genetic diversity and antimicrobial sensi-

tivity profile of DEC pathotypes recovered from various

sources such as diarrhoeal cases of human infants and

young animals, including foods and associated environ-

mental sources.

In this study, the isolation of DEC pathotypes from

diarrhoeic infants and young animals is in concordance

with the earlier reports from Indian subcontinent and also

across the globe (16). The majority of isolates recovered

in the present study from human infants (10.7%), young

animals (15.1%), and from foods and environmental

sources (10.2%) were ‘atypical’ EAEC. However, the

detection rate of EAEC was higher compared to earlier

studies from the Indian subcontinent (20). The highest

isolation rate of EAEC pathotype isolates in the present

study might be attributed to the study area and/or to its

inherent biofilm-forming tendency both, in vivo and

in vitro (21). The bio?lm formation promotes persistent

colonization of EAEC strains, probably by presenting

a barrier to the penetration of antibiotics and host

antibacterial factors (15). EAEC pathotype in particular

is responsible for causing acute as well as persistent

diarrhoea among children 55 years in developing

countries. Moreover, it is an emerging cause of diarrhoea

in animals (22).

In the present study, the predominance of ‘atypical’

EAEC strains from different sources might be because,

most of the researchers have targeted ‘typical’ EAEC

(AggR regulon-positive) strains in epidemiological studies

while ‘atypical’ EAEC (AggR regulon-negative) strains

might have been excluded (23). However, even though the

‘atypical’ EAEC isolates do not carry the virulence

plasmid associated aggR regulon, still were found to cause

diarrhoea and also have been reported as an enteric

pathogen of food-borne outbreaks (24). Also, with regard

to their biofilm formation, significant differences were not

observed between the ‘typical’ and ‘atypical’ EAEC

strains (15). Thus, the recovery of ‘atypical’ EAEC strains

from diarrhoeal cases of human infants and young

animals in the present study highlights the need for further

understanding of the pathogenicity of ‘atypical’ EAEC

which yet has not been clearly defined.

There are a number of reports on DEC pathotypes

from India and across the globe; however, there is a

paucity of studies which reveals their relatedness with

respect to their sources of isolation. Hence, to explore the

likelihood of exposure and magnitude of genetic diversity

Table 4. Correlation of PFGE and antibiogram profile of DEC pathotypes isolates

Antibiogram of the DEC pathotypes in clusters

PFGE clusters DEC pathotypes AMP CIP COT CTR IPM TE CTX Resistant % similarity

A E065 S S R S S R S 100% (7/7)

E066 S S R S S R S

B A258 R S R R S R R 1 and 2: 71.4% (5/7)

A265 R R R R S R S 1 and 3: 85.7% (6/7)

A266 R R R R S R R 2 and 3: 85.7% (6/7)

C H316 R R R R S R R 100% (7/7)

H325 R R R R S R R

D A219 R R R R S R R 100% (7/7)

H121 R R R R S R R

E E166 R R R S S R R 85.7% (6/7)

A103 R R R R S R R

F A206 R R R R S R R 100% (7/7)

A207 R R R R S R R

G A082 R R R S S R R 100% (7/7)

A216 R R R S S R R

H H322 R R R R S R R 85.7% (6/7)

A185 R S R R S R R

R, resistant; S, sensitive; AMP, ampicillin; CIP, ciprofloxacin; COT, co-trimoxazole; CTR, ceftriaxone; IPM, imipenem; TE, tetracycline;

CTX, cefotaxim.
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among DEC pathotypes, all the recovered DEC patho-

types were subjected to PFGE typing, which still remains

as the gold standard test for the detection of genotypic

diversity (25, 26).

Overall, a diverse genetic profile was obtained among

and between EAEC, EPEC and EHEC pathotypes

recovered from various sources. Similar type of genetic

diversity within and among DEC pathotypes was observed

for E. coli pathotypes (27). In general, the highly adaptive

nature of E. coli with a short generation time interval

including easy acquisition of mobile genetic elements

under selection pressure furnishes greater degree of genetic

diversity among E. coli strains. To analyse the diverse

PFGE data, Tenover and his colleagues proposed guide-

lines, wherein minor band differences should not be

regarded as major genetic shifts and that only isolates

differing by seven or more bands (approximately B50%

similarity) should be regarded as unrelated, while those

differing by four to six bands (approximately �70%

similarity) should be regarded as possibly related (25).

Thus, based on these guidelines, at a genetic similarity of

70% and/or more, we observed eight clusters designated as

A�H, and of these eight clusters, seven clusters were

represented by EAEC isolates recovered from either

similar or different sources (Fig. 1). Of all the clusters,

EAEC isolates of cluster C and F revealed 100% identical

PFGE profile and, moreover, the isolates in the respective

cluster were recovered from similar sources. It infers that

these isolates have either been maintained or circulated

within similar source of origin. Similar findings have also

been reported by few researchers, wherein isolates with

identical PFGE patterns were considered to be of the same

clonal origin (25). On the other hand, while characterising

EAEC isolates from different parts of the world, a highly

heterogeneous DNA pattern among the EAEC strains has

been observed with PFGE (28). Moreover, while char-

acterising 58 E. coli O104:H4 strains, 40 PFGE patterns

were observed which divided (EAEC) into two main

clusters with a similarity index of 64% (29). Despite the

vast genetic diversity among E. coli, we cannot exclude the

hypothesis that animals, their foods and surrounding

environmental source remain a major route of transmis-

sion in case of E. coli infection in humans (21). Thus, based

on these reported facts, EAEC isolates recovered in the

present study were either shared or circulated within

similar sources (EAEC isolates of cluster A, B, C, and F),

however, their probability of sharing between different

sources (EAEC isolates of clusters D, G, H) cannot be

ruled out.

Escherichia coli is used as a sentinel for monitoring

antimicrobial drug resistance in faecal bacteria since it is

found more frequently in a wide range of hosts and also

acquires resistance easily (30). Surveillance data indi-

cate that resistance in E. coli is consistently high for

antimicrobial agents that are routinely used in human

and veterinary medicine (8). In the present study, the

antibiotic sensitivity profile revealed a high rate of

antimicrobial resistance amongst majority of DEC patho-

type isolates. Of the total 59 DEC isolates, 51 isolates

(86.4%) were found to be resistant to ]3 tested drug

classes. Irrespective of the source of isolation, all the DEC

pathotypes were resistant against all the tested drugs

except imipenem. Similar multidrug resistant (MDR)

strains of E. coli have been reported worldwide from

diarrheal stool samples of children, animals, foods, and

other sources (8). In developing countries, the incidence

of MDR E. coli has increased in the recent years and up

to 75% incidence rate have been reported from India

(31, 32). Generally, the overuse or misuse of antibiotics in

human and veterinary medicine could be a major factor

for this increased antimicrobial resistance (7). Moreover,

the exchange of transferable plasmids encoding MDR

genes was observed among DEC isolates from diarrhoeal

stool and surface water in developing countries, which

strengthens the probability of widespread circulation of

MDR DEC in the environment sources (33).

Further, a significant relationship was not observed for

most of the antibiotics to which the recovered isolates

were found resistant, except for ciprofloxacin antibiotic,

wherein EAEC isolates recovered from human versus

environmental and animal versus environmental sources

were found statistically significant. The fluoroquinolones

are considered as the first-line drugs for the treatment of

diarrhoea (32, 34). Thus, in view of above observations, it

seems that ciprofloxacin-resistant EAEC isolates are been

either directly or indirectly contributed by humans and

animals to the environmental sources. In the present

study, on comparison of antibiogram and PFGE profile,

all the clustered MDR EAEC isolates (clusters A, B,

C, D, F, G, and H) exhibited almost similar antibiotic

resistance profile for more than three tested antimicro-

bials agents. This finding also supports that the clustered

EAEC isolates are closely associated; however, further

studies with more numbers of isolates, including relevant

studies such as monitoring plasmid profile, or investigat-

ing frequently associated antimicrobial resistance genes

among EAEC strains may provide a useful marker for

future epidemiological and interventions studies.

In conclusion, among all the sources investigated,

EAEC pathotype in particular ‘atypical’ strains was

found to be the predominant pathogen. On PFGE

analysis, the diversity was evident within isolated DEC

pathotypes; however, a few EAEC isolates were found to

be clonal, suggesting that these EAEC isolates might have

been shared or circulated between human and animals,

including foods and associated environmental sources.

Besides this, a high degree of antimicrobial resistance

profile was observed for majority of the recovered DEC

pathotype isolates. Thus, in the light of the present study

and public health perspective, addressing the problem of
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antibiotic resistance among EAEC strains with due

emphasis to the epidemiological triad is a potential area

for future research work.
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