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Abstract

Escherichia coli is generally considered as a commensal inhabitant of gastrointestinal tract of humans and animals. The aim
of this study was to gain insight on the distribution of phylotypes and presence of genes encoding integrons, extended b-
lactamases and resistance to other antimicrobials in the commensal E. coli isolates from healthy adults in Chandigarh, India.
PCR and DNA sequencing were used for phylogenetic classification, detections of integrase genes, gene cassettes within the
integron and extended b-lactamases. The genetic structure of E. coli revealed a non-uniform distribution of isolates among
the seven phylogenetic groups with significant representation of group A. Integron-encoded integrases were detected in 25
isolates with class 1 integron-encoded intI1 integrase being in the majority (22 isolates). The gene cassettes identified were
those for trimethoprim, streptomycin, spectinomycin and streptothricin. The dfrA12-orfF-aadA2 was the most commonly
found gene cassette in intI1 positive isolates. Phenotypic assay for screening the potential ESBL producers suggested 16
isolates to be ESBL producers. PCR detection using gene-specific primers showed that 15 out of these 16 ESBL-producing E.
coli harboured the blaCTX-M-15 gene. Furthermore, molecular studies helped in characterizing the genes responsible for
tetracycline, chloramphenicol and sulphonamides resistance. Collectively, our study outlines the intra-species phylogenetic
structure and highlights the prevalence of class 1 integron and blaCTX-M-15 in commensal E. coli isolates of healthy adults in
Chandigarh, India. Our findings further reinforce the relevance of commensal E. coli strains on the growing burden of
antimicrobial resistance.
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Introduction

Escherichia coli, a commensal of the intestinal tract of vertebrate

gut, is one of most well studied model organisms and remains a

workhorse in molecular biology. Though a prominent member of

gut microbiota, the organism is causative agent of life threatening

diarrheal diseases, extra-intestinal infections and found to be

associated with systemic diseases such as inflammatory bowel

syndrome and colorectal cancer [1–5]. The composition and

genetic structure of E. coli is largely dependent on climate

conditions, dietary habits and host genetic factors. At present, E.
coli populations are structured in seven major phylogenetic groups

namely A, B1, B2, C, D, E and F. Strains responsible for extra-

intestinal infection are far more likely to be member of

phylogroups B2 or D than A or B1 [6]. Phylo-groups E and F

contains strains, of which O157:H7 is the best known member,

and form a sister group to phylo-group B2 respectively. The phylo-

group C is closely related but distinct from phylo-group B1 [7].

Much of the studies on antimicrobial resistance and integron

associated antimicrobial resistance has focused on pathogenic E.

coli, even though preponderance of data has clearly documented

the frequent presence of genes encoding extended-spectrum-b-
lactamases and class 1 integrons in commensal E. coli strains from

healthy human populations of diverse geographic locations [8–10].

In addition research has documented the exchange of the genes

which confer drug resistance between normal flora and pathogenic

E. coli and Salmonella and in turn the dissemination and the

development of multidrug resistance in bacterial population

[8,11,12].

Until now, data on the distribution of various phylotypes and

occurrence of antimicrobial resistance determinants in commensal

E. coli strains from healthy humans of Indian population are quite

scarce; this motivated us to embark on the present study.

Materials and Methods

Ethics statement
This study and its procedures were approved and were in

accordance with the guidelines of Institutional Bioethics Committee

(IBSC), clearance number IBSC/2012-2/19. All the participants
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were explained the purpose of the study. Participation of all was

voluntary and their written consent was obtained. The IBSC

committee approved the consent procedure, and the records of the

written consent are maintained in our lab.

Study design, sampling and E. coli identification
This study analyzed E. coli fecal samples of 102 healthy adults

of age 18–35 years (80 males and rest are female) collected during

the period of November 2012 to December 2013 from

Chandigarh, an urban city in Northern region of India with

humid subtropical climate. In the population under study 49

adults were either lacto-ovo-vegetarian or lactovegetarian and 53

were semi vegetarian that is they eat meat once a week. The

maximum volunteers were research scholars and remaining was

working class. None of the volunteers were suffering from any

systemic or diarrheal diseases. They had not been treated with any

antibiotics for at least 3 months preceding the collection of fecal

sample.

In order to harvest E. coli isolates, freshly voided stools were

collected from the subjects, placed into sterile sealable plastic

containers and transported to the laboratory for processing within

2–4 h of collection. Stool samples were streaked on MacConkey

agar (Difco, USA) and incubated aerobically for 18 h at 37uC.

One lactose fermenting pink colony per sample was randomly

picked. E. coli strains were further confirmed by complete 16S

rDNA sequencing coupled with standard biochemical test

obtained from National Institute of Cholera and Enteric Disease

(NICED), Kolkata, India (a WHO accredited laboratory). The

phylogenetic group of all 102 isolate was determined according to

Clermont et al. [7].

Antimicrobial susceptibility testing and Screening for
ESBL

All 102 isolates were tested for the susceptibility using the

standard Kirby-Bauer disk diffusion method against 6 classes of

antimicrobials at their breakpoint concentration in accordance

with the Clinical and Laboratory Standards [13]. The 6 classes of

antimicrobials used were aminoglycosides (kanamycin, gentamy-

cin, streptomycin), sulfonamides (sulphafurazole, co-trimoxazole),

tetracycline, fluroquinolones (nalidixic acid, ciprofloxacin), chlor-

amphenicol and beta-lactams (ampicillin, cefotaxime, ceftriaxone,

ceftazidime, azotreonam, cefepime imipenem meropenem). Iso-

lates that were not susceptible to anyone of the oxyimino-

cephalosporins were tested for ESBL production by the double

disc synergy test and the combination disk test in accordance with

the recommendations of the CLSI. Resistance to antimicrobials

belonging to $3 classes of antimicrobials was considered as

multidrug resistance (MDR). The isolates that showed resistance

towards the meropenem was checked for carbapenemase produc-

tion by modified Hodge test [14]. The antibiotic disks used were

purchased from HiMedia Lab. Ltd., India.

Identification of resistance genes
Isolates that screened positive for ESBL production were

subjected to molecular screening for five b-lactamase genes

namely, blaVEB-1, blaOXA-10, blaCTX-M, blaTEM and blaSHV.

DNA was isolated and PCR was performed using specific primer

pairs to screen for b-lactamase genes [15]. DNA sequencing of

resistance genes was performed to validate their identities and

further subgrouping. All Sequences were analyzed using the

BLAST software (http://www.ncbi.nlm.nih.gov/blast).

All the isolates that showed resistance or moderate susceptibility

to tetracycline, chloramphenicol and sulfonamides were checked

for the presence of genes encoding resistance to these antimicro-

bials. Tetracycline resistant samples were checked for presence of

tetA, tetB, tetC, tetD, tetE and tetG whereas chloramphenicol

resistant strains were examined for the presence of cat1, cat2, cat3
and cmlB [16]. Sulfonamides resistant samples were tested for

sul1, sul2 and sul3 [16].

Integron analysis and characterization of inserted gene
cassettes

PCR was performed to check the presence of class 1, 2 and 3

integrons in all 102 isolates using primers specific for the integron

integrase genes intI1, intI2 and intI3 [17]. Strains that were

positive for intI1 and/or intI2 gene/s were subsequently subjected

to PCR for amplification of the variable region of class 1 and class

2 integrons respectively [16]. Amplified products corresponding to

the gene cassettes within the integrons were then subjected for

nucleotide sequencing and confirmed by BLAST software.

Results

Phylogenetic grouping of E. coli
Our data reveal the predominance of phylogenetic group A (55

isolates) followed by phylogenetic groups B1 (24 isolates), D (7

isolates), F (7 isolates), B2 (4 isolates), C (3 isolates) and E (1 isolate).

One isolate remain unclassified as it was negative for all the genes

in quadruplex PCR.

Prevalence of antimicrobial resistance and distribution of
CTX-M extended-spectrum b-lactamases in E. coli from
fecal samples

Susceptibility test on all 102 isolates against 18 antimicrobial

drugs showed the carriage of multidrug resistance in 37 isolates.

Resistance was most frequently observed to ampicillin (57 isolates),

nalidixic acid (48 isolates), sulphafurazole (41 isolates), amoxyclav

(36 isolates), co-trimoxazole (32 isolates) and tetracycline (31

isolates). In contrast, resistance to ciprofloxacin, streptomycin,

azotreonam, kanamycin, gentamicin and chloramphenicol were

found in 26, 16, 14, 7, 5 and 2 isolates respectively (Figure 1A). It

should be highlighted that, resistance to the antimicrobials

belonging to the class of fluroquinolones and sulphonamides was

much higher than the aminoglycosides and chloramphenicol. 25

isolates were resistant to at least one of the third generation

cephalosporins used in the study. 14 isolates were resistant to all of

the third and fourth generation cephalosporins tested in this study.

Isolates resistant to cefotaxime, ceftriaxone and ceftazidime were

24, 16 and 17 respectively, whereas 14 isolates were resistant to

cefepime- a fourth generation cephalosporin. Resistance towards

carbapenems was not common, 6 isolates were resistant to

meropenem however, none of the isolate was positive in modified

Hodge test used to screen carbapenemase. No isolate showed

imipenem resistance.

We analyzed the antimicrobial resistance combination pattern

in special reference to classes of antimicrobial. The most common

resistance pattern were fluroquinolones-beta lactams (33 isolates),

sulfonamides-beta lactams (30 isolates) and sulfonamides- flur-

oquinolones (23 isolates)

Phenotypic assay (double disc synergy test and the combination

disk test) for screening the potential ESBL producers suggested 16

isolates to be ESBL producers. We determined that 15 out of these

16 ESBL-producing E. coli harbored the blaCTX-M-15 gene

(Table 1). blaTEM-1 enzyme was also identified in seven of these

blaCTX-M-15 producers. blaOXA-10, blaSHV-like and blaVEB-like were

not found in any of the isolates. Apart from resistance to beta
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lactams, ESBL producers showed higher resistance to fluoroquin-

olone, tetracycline and sulfonamide class of antibiotics (Figure 1B).

Integron and gene cassettes in E. coli isolates: Prevalence
of class I integrons

Previous studies have clearly evident the emergence of integron

associated antibiotic resistance in intestinal E. coli strains. We

observed the prevalence of class 1 integron (22 isolates) over class 2

integron (4 isolates) while rarely described class 3 was absent in our

commensal E. coli isolates. It should be noted that one isolate from

our study harbored both class 1 and 2 integron genes. Blast

analysis of sequenced products of variable region of class1 and

class 2 integrons demonstrated the presence of six different cassette

combinations for nine different genes. These genes encode for the

resistance to trimethoprim (dfrA1, dfrA5, dfrA7, dfrA12 and

dfrA17), aminoglycosides (aadA1, aadA2 and aadA5) and

streptothricin (satA1) (Table 1). Out of 22 intI1-positive isolates

7 carried dfrA12-orfF-aadA2 cassettes; three isolate harbored

dfr17-aadA5 gene cassette; one was found to contain dfrA1-

aadA1 cassette, two isolates contained dfrA5 and one had dfrA7.

All 4 intI2-positive strains showed the presence of cassette array

usually associated with the integron on Tn7: dfrA1-sat1-aadA1. In

our isolates, gene cassettes found in the integron conferred

resistance to trimethoprim, streptomycin and streptothricin.

Taken together, our analysis revealed that presence of integron in

commensal E. coli isolates from healthy subjects that are free of

recent antimicrobial exposure.

Detection of genes encoding resistance to tetracycline,
chloramphenicol and sulfonamide

Out of 41 tetracycline resistant or moderate susceptible isolates,

25 isolates were carrying tetA. 16 and 1 isolate was PCR positive

for tetB and tetD respectively. One of these isolate was carrying

both tetA and tetB. Both of the chloramphenicol resistant isolates

were carrying cat1 gene. Isolates that were resistant for either or

both co-trimoxazole and sulphafurazole were tested for three

allelic variation of the sul gene. The sul gene was found in 36

isolates. The sul2 was the most common gene present in 26

isolates, whereas sul1 was found in 18 isolates. 8 of these isolates

were carrying both sul1 and sul2 genes. No isolate was tested

positive for the presence of sul3. Further classification of sul allele

showed that 20 out of 25 integrase 1 and/or 2 positive isolates

carried atleast one sul gene. 16 out of 36 sul positive isolates were

not tested positive for the presence of any intI genes.

Discussion

In this work, we were driven by a desire to understand the

phylogenetic architecture and antimicrobial resistance pattern of

commensal E. coli from healthy population in Chandigarh, India.

In this connection, our data are in congruence with previous

reports and clearly witnessed the predominance of strains

belonging to phylotype A as well as prevalence of class 1 integron

and CTX-M-15 ESBL positive strains in healthy Indian popula-

tion [18–21].

It should be highlighted that our geographically distinct

population is significantly different in terms of percentage of

isolates in each phylogenetic groups [18–20]. We observed the

prevalence of E. coli strains belonging to phylogeny A and B1 over

other phylotype reflecting similar pattern as seen in case of other

population [18,22,23]. Interestingly, we found more D over B2

whereas earlier study describes more B2 phylotype than D [7,20].

This alteration could be explained in terms of differences in

dietary habits, environmental conditions or host genetic factors.

Our data further support the earlier reports where it was

concluded that in tropical climate phylogroup A dominate over

B1 and prevalence of B2 and D is very low, suggesting the role of

environmental factors in defining the genetic structure of E. coli in

a given population [19].

The prevalence of class I integron in our isolates is in agreement

with previous report where frequency of class 1 integron is

reported much more than class 2 [21]. In the class 1 integron-

positive isolates we found eight different gene cassettes in five

Figure 1. Antimicrobial resistance pattern as interpreted according to the CLSI guidelines (A) of 102 commensal E. coli (B) of isolates
positive for ESBL phenotype.
doi:10.1371/journal.pone.0112551.g001
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different combinations, namely dfrA12-orfF-aadA2, dfrA1-

aadA1, dfrA17-aadA5, dfrA5 and dfrA7. The presence of more

than one gene cassettes in 11 of the 22 class 1 integrons positive

samples support the literature suggesting that since 1990 there is a

prevalence of class 1 integrons carrying multiple gene cassettes

[24,25]. In 8 of the class 1 intergron positive isolates we could not

amplify cassette region, which may be due to lack of the 39-CS.

Unlike reports from Taiwan, Tunisia and Madagascar where

dfr17-aad5 combination is most frequently detected, most

common cassette found in our isolates is dfrA12-orfF-aadA2

[26–28]. This observation warrants further extensive follow up

evaluation in order to determine why some gene cassette

combinations are more prevalent than others and their percentage

distribution is different around the globe.

Interestingly, CTX-M-15 enzyme was first detected in entero-

bacterial isolates from patient hospitalized in New Delhi, India

[29]. Since then, increasing occurrence of this particular type of

ESBL has been reported in clinical E. coli isolates from different

parts of the world [30]. The prevalence of CTX-M-15 producers

in this study is strikingly high. As CTX-M-15 is known to have

peculiar association with community-onset E. coli infections [31]

therefore it may be concluded that CTX-M-15-producing E. coli
have already been established in our area. Phylogenetic B group

and serotype O25:H4 has been particularly associated with CTX-

M-15, but, in this study 9 of the 15 CTX-M-15 were from

phylogroup A and only isolate was of phylogenetic group B. It

should be noted that one isolate of phenotypically confirmed

ESBL do not have any ESBL encoding gene, this isolate probably

produce other ESBL enzyme that were not checked during this

study. In addition like earlier studies, we observed high prevalence

of fluoroquinolones resistance among ESBL-producing isolates

[32,33]. Many reasons have been suggested in literature for this

association but the most possible explanation is the presence of

genes of the two resistance mechanisms on the same plasmid. We

also observed that all six meropenem resistant isolates are

carbapenemase negative but ESBL producers. This acquired

resistance could be attributed to many factors including the

loosening of outer membrane porins in ESBL positive isolates

resulting in reduced carbapenem uptake [34].

Acquisition of tetracycline, sulphonamide and chloramphenicol

genes are also of concern. In contrast to earlier reports where tetB
is reported as the most common gene found [35,36], our

population observed the prevalence of tetA. One isolate tested

positive for both tetA and tetB. The difference in the distribution

pattern of tet gene suggest ecosystem-specific reservoir for

resistance gene. Our isolates showed the prevalence of sul2 gene

over sul1, the observed pattern of gene frequency distribution

(sul2.sul1.sul3) corroborate previous studies [37]. Though

literature has witnessed the sul1 gene as consistent marker for

the presence of class 1 integron, still we found 11 isolates that were

carrying the intI1 but not the sul1 gene [38]. Similar finding has

been reported earlier where it has been suggested that it is either

because of the loss of sul1 gene region from class 1 integrons or

that this gene is carried on another genetic context in the isolates

[39]. 14 isolates that were tested resistant or moderately

susceptible against the sulphonamides did not harbor any sul
gene pointing to the probability of other sul alleles in these isolates

or other resistance mechanism.

There are reports documenting ESBL positive E. coli isolates

primarily from clinical settings in India [40–42]. In this regard, our

study remains first report to reveal the status of commensal E. coli
strains from healthy Indian population and supports the emerging

theme of commensal flora mediated antibiotic resistance burden.

The simple, low-cost survey of resistance in commensal bacteria
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like this predicts that antimicrobial resistance and resistance

markers are circulating widely in the community and may reflect

resistance in circulating pathogens [43]. The data not only

underscore the importance of continued surveillance of antibiotic

resistance but will also provide information crucial in developing

locally appropriate guidelines for efficacious treatment of E. coli
and other bacterial infections in developing countries like India

where there are severely limited therapeutic options. Lastly, the

literature is replete with examples how genetic structure as well as

antimicrobial carriage of commensal E. coli strains is governed by

various environmental and host factors. In the light of the present

knowledge, future studies will be directed to evaluate the status of

E. coli strains from diverse geographical and socio-economic

Indian population.
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