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Abstract Antimicrobial resistance (AMR) pattern and

virulence genes of extended-spectrum beta-lactamase

(ESBL) producing Escherichia coli from foods of animal

origin were evaluated. Based on combination disc method

and ESBL E test, 42 of the 213 E. coli isolates were con-

firmed as ESBL producers where a high presence was

observed in raw foods (60.62%), environmental samples

(46.73%) and ready to eat foods (42.99%) of which

31(26.49%), 3(6.97%) and 7(15.21%) samples harbored

ESBL E. coli, respectively. Higher contamination rates

were observed in samples collected from meat vendors

(54.36%), milk vendors (48.88%) and egg vendors

(45.20%) of which 16.1%, 11.11% and 2.05%, respectively

were ESBL E. coli. Among the 42 ESBL isolates, 85.71%

(36/42) were multidrug-resistant. On polymerase chain

reaction (PCR) analysis, expression of beta-lactamase

genes viz., blaCTXM was noted in 69.04% (29/42) ESBL

isolates, blaTEM in 66.66% (28/42) and blaOXA-1 in

19.04% (8/42) isolates, while blaSHV was not detected in

any of the isolates. Other AMR genes viz., blaAmpC, sul1,

sul2, tet(A), tet(B), catI, dhfrI, aac(3)-IIa(aacC2), aph(30)-
Ia(aphA1), qnrB, qnrS were detected by PCR in 39, 28, 29,

3, 9, 5, 17, 11, 6, 6 and 33 isolates, respectively. None of

the isolates harbored chloramphenicol (floR) and plasmid-

mediated quinolone resistance (PMQR) (qnrA) genes.

However, 21 isolates were positive for class I integron

(int1), 5 for EPEC (eae) and 9 for ETEC (lt) while none

were carrying bfp or stII genes. All ESBL producing

isolates formed a single group when subjected to enter-

obacterial repetitive intergenic consensus (ERIC PCR)

genotyping. The presence of multidrug-resistant ESBL

E. coli in street foods of animal origin raises the issues of

food safety and public health.

Keywords AMR genes � ESBL E. coli � PCR � Street
food � Virulence

Introduction

Street food vending is one of the most popular and fast-

growing sectors in many developing countries including

India. These foods are not only appreciated for their unique

flavors and convenience but they also have a vital role in

maintaining the nutritional status of the low-income urban

populations and are source of livelihood for the poor

entrepreneurs (WHO 1996). Street-vended foods pose a

serious public health threat due to lack of knowledge about

the microbial status of raw materials, foods and their

handlers; inappropriate protection from flies, pest and

rodents; lack of basic food safety measures; inadequate

public awareness about health hazards present in the foods

and lack of sufficient resources for inspection and labora-

tory analysis of food samples (WHO 1996). In spite of the

many benefits of street-vended foods, they may also act as

a potential vehicle for foodborne pathogens such as

Escherichia coli, Staphylococcus aureus, Listeria mono-

cytogenes, Clostridium perfringens, Salmonella spp., and

Bacillus cereus during preparation, post-cooking and other

handling stages (Paudyal et al. 2017; Noor 2019). Micro-

biological quality of several street foods such as raw fish,

chilly, avocado, cooked potato, panipuri, chaats, eggrolls,

samosa, kachori, puchkka, alu chop, vegetable momo, pork
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momo, alu-cheura, vegetable chowmein, jhal-muri, mutton

momo, sya-faley and chicken sold at the street of various

countries have been assessed where[ 31% samples were

contaminated with E. coli, Salmonella, P. aeruginosa, S.

aureus, Klbesiella spp.and Campylobacter spp. with the

viable bacterial load of[ 1.7 9 105 CFU/g (Sharma and

Mazumdar 2014; Kharel et al. 2016; Eromo et al. 2016;

Siddabathuni 2019; Birgen et al. 2020). Amongst these,

E. coli is a common foodborne pathogen and appears fre-

quently in many of the street-vended foods all over the

world including India (Siddabathuni 2019). Antimicrobial

resistance is now an emerging global health problem and

many patients succumb to death due to drug-resistant

organisms and the unavailability of appropriate antibiotics.

Development of antimicrobial resistance due to indis-

criminate use of antimicrobials in food production chain,

especially in poultry rearing is becoming a major concern

with food products of animal or poultry origin are con-

sidered as one of the source of antibiotic resistance dis-

semination. Nevertheless, foods of plant origin, particularly

salads and ready-to-eat street foods/meals also play a sig-

nificant role in dissemination of antibiotic resistance and

are becoming a major concern (Campos et al. 2015).

Multidrug resistant and ESBL producing E. coli have been

isolated from raw meat, vegetable salad, egg surface,

unpasteurized milk, raw fish and water by various workers,

indicating serious public health issues (Rasheed et al. 2014;

Odonkor and Addo 2019; Silva et al. 2019). Extended-

spectrum beta-lactamase (ESBL) producing E. coli have

been isolated from foods of animal origin and veg-

etable salad, as well (Bhoomika et al. 2016; Siddabathuni

2019). ESBL producing E. coli inactivates beta-lactam

antibiotics containing oxyimino group, especially 3rd and

4th generation cephalosporins and monobactam (except

cephamycins or carbapenems) (Guenther et al. 2011). They

are also resistant to other class of antibiotics like fluoro-

quinolones, aminoglycosides, trimethoprim, sulfonamide,

chloramphenicol, and tetracycline (Abayneh et al. 2018)

which leaves only a few antibiotics for therapy. Therefore

the health professionals do not have other options than to

use the last resort antibiotics like carbapenems which

recently leads to the development of resistance against

carbapenems too (Dagher et al. 2018). ESBL producing

E. coli was prevalent in several food animal species at farm

level and in products thereof (Apostolakos et al. 2019). In

India, many researchers have reported the occurrence of

ESBL producing E. coli in hospital settings (Oberoi et al.

2013; Rath et al. 2014; Singh et al. 2016). However, lim-

ited reports are available from food-producing animals and

their products (Ghatak et al. 2013; Karet al. 2015; Bhoo-

mika et al. 2016; Pruthvishree et al. 2018; Senthil Murugan

et al. 2019). In fact, very few studies demonstrated the

AMR and virulence genes in E. coli isolates recovered

from foods of animal origin particularly from ready to eat

food sold at Indian streets. Therefore, the present work was

undertaken to determine the AMR and virulence profile of

E. coli isolate circulating in foods of animal origin sold at

the street and its associated environment.

Materials and methods

Collection and processing of samples

A cross-sectional study was carried out from September

2015 to May 2017, in which a total of 430 samples com-

prising foods of animal origin and the associated environ-

ment from different roadside food vendors located in Delhi

and Bareilly cities were collected by adopting all aseptic

precautions. In this study, samples were collected ran-

domly only once from each vendor at different localities of

Delhi namely, New Delhi, Old Delhi, Hazarat Nizamuddin

and Anand Vihar; and from Delapeer, Air Force station,

Sahdana, Rajendra Nagar and Izatnagar localities in

Bareilly, depending on the availability of food articles with

the vendors. For convenience and as per the degree of

processing, the samples were categorized as environmental

[consisting of hand swab (HS), table swab (TS), cloth swab

(CS) and plate swab (PS)]; raw foods (consisting of raw

chicken, raw egg, raw milk, raw paneer and raw fish);

ready to eat foods (consisting of lassi, rasmalai, burfi,

pedha, curd, rasgulla, salad, chutney and masala); and

cooked foods (consisting of chicken gravy, omelette,

cooked fish, boiled egg and boiled milk).

To collect swab samples, each swab was kept in a

screw-capped tube or test tube containing 10 mL sterile

maintenance medium (0.9% NSS ? 0.1% peptone) (Vai-

dya et al. 2007). Moistened swabs were rubbed for 30 s on

l0 9 10 cm area of table, plate, and cloth individually,

while an entire surface area of hand (palm) was covered for

hand swab samples. The individual swab then transferred

to respective tubes containing maintenance medium.

Approximately 50–100 g of each food sample was col-

lected separately in a sterile polythene bag. All the samples

were then transported in a cold chain to Food Borne

Infection Laboratory, Division of Veterinary Public Health,

IVRI and processed as soon as possible or kept at 4 �C till

further processing.

Isolation and phenotypic identification of ESBL

producing E. coli isolates

All the samples were processed for isolation and identifi-

cation of E. coli on MacConkey and Eosin Methylene Blue

agar followed by Gram staining and biochemical charac-

terization (Indole, MR-VP and Citrate Utilization test) by
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standard procedures. For initial screening of ESBL pro-

duction, all the confirmed E. coli isolates were streaked on

to the MacConkey agar plate supplemented with 2 mg/L

cefotaxime (Costa et al. 2009). Isolates showing growth on

these plates were then screened for susceptibility to 3rd and

4th generation cephalosporins and monobactam by disc

diffusion assay using commercially available discs (BD

BBLTM, USA) of cefpodoxime (CPD 10 lg), ceftazidime

(CAZ 30 lg), cefotaxime (CTX 30 lg), cefepime (FEP

30 lg) and aztreonam (ATZ 30 lg). Control strains such as
E. coli (ATCC 25922) and K. pneumoniae (ATCC 700603)

were used during ESBL detection. The isolates exhibiting

reduced susceptibility to any of these antibiotics were

further subjected to combination disc method and ESBL

E-test (CLSI 2015; Kar et al. 2015).

Phenotypic detection of antimicrobial resistance

All the phenotypically confirmed ESBL producing E. coli

isolates were screened for different antibiotics by disc

diffusion assay. Commercially available antibiotic discs

(BD BBLTM,USA) viz., ampicillin (10 lg), amoxicillin–

clavulanic acid (AMC 20/10 lg), carbenicillin (CB

100 lg), cefoxitin (FOX 30 lg), ceftriaxone (CRO 30 lg),
chloramphenicol (C 30 lg), ciprofloxacin (CIP 5 lg),
doxycycline (D 30 lg), gentamicin (GM 10 lg), kanamy-

cin (K 30 lg), nalidixic acid (NA 30 lg), sulfadiazine (SD
250 lg), sulfamethoxazole and trimethoprim (SXT 23.75/

1.25 lg) and tetracycline (TE 30 lg) were tested against

these isolates and results were expressed as sensitive,

intermediately resistant or resistant (CLSI 2015).

Detection of antimicrobial resistance and putative

virulence genes by PCR

All the phenotypically confirmed isolates were subjected to

PCR for amplification of antimicrobial resistance and vir-

ulence genes. The DNA was extracted from each E. coli

isolate by standard heat lysis protocol and analyzed for the

presence of major beta-lactamase genes such as blaTEM,

blaCTX-M, blaSHV, blaOXA-1 and blaampC; plasmid-mediated

quinolone resistance (PMQR) determinants such as qnrA,

qnrB, and qnrS; class I integron [int1]; sulphonamide

resistance [sul1 and sul2]; tetracycline resistance

[tet(A) and tet(B)]; chloramphenicol resistance (catI and -

floR); trimethoprim resistance (dhfrI) and gentamicin

resistance [aac(3)-IIa(aacC2) and aph(3)-Ia(aphA1)]

genes. Multiplex PCR was performed for determination of

virulence genes of Shiga toxin producing E. coli/entero-

hemorrhagic E. coli (STEC/EHEC; stx 1, stx 2), enter-

opathogenic E. coli (EPEC: eaeA, bfp) and enterotoxigenic

E. coli (ETEC: lt, stII) while uniplex PCR for hemolysin

(hlyA) and enteroaggregative E. coli (EAEC: aggR).

The uniplex and multiplex PCR assays were performed

in a reaction mixture comprising 2.5 lL of 10X Taq buffer

with 25 mM MgCl2, 2.5 lL of 2 mM each dNTP, 10 pmol

each primer, 1 U of dream Taq polymerase (Thermo Sci-

entific, USA), 2 lL DNA template and nuclease-free water

to make volume up to 25 lL. The details of primer used,

cycling conditions and expected product size are listed in

Table 1. The PCR cycling conditions for all the reactions

were set at 94 �C for 5 m, followed by 30 cycles of 94 �C
for 30 s, annealing temp. for 30 s and 72 �C for 30 s and a

final step at 72 �C for 7 m. The annealing temperature for

respective primer pair is presented in Table 1. Agar gel

electrophoresis was carried out in 1.5% agarose gel con-

taining 2 ll ethidium bromide (10 mg/mL) in tris-borate

buffer and was visualized with a UV transilluminator and

documented (UVP, UK). The PCR product of blaTEM and

blaCTX-M genes were sequenced from Eurofins India Ltd.

for further confirmation of the results.

Statistical analysis

The data were statistically analyzed using the Statistical

Package for Social Sciences (SPSS v20) software package.

Data frequencies and cross tabulations were used to sum-

marize descriptive statistics. The chi-square test was per-

formed on the data at a level of significance of 5%. The

null hypothesis was that the type of sample among the

particular source of sample did not influence the E. coli

occurrence. The Pearson chi-square value was adopted for

denoting significance. P B 0.05 was assigned as

significant.

Phylogenetic analysis of the ESBL producing E. coli

isolates by ERIC PCR

All the ESBL producing E. coli isolates were subjected to

enterobacterial repetitive intergenic consensus (ERIC)-

PCR as described by Versalovic et al. (1991). Details of

primers, cyclical conditions and amplification size are

given in Table 1. The PCR reaction mixture was the same

as described earlier except 30 pmol of each primer. The

amplicons were analyzed on 2% agarose gel and images

were analyzed using the Doc-It�LS Image Acquisition

Software (UVP, UK). By comparing differences in the

banding pattern, phylogenetic relationship among the iso-

lates was established. The similarity was calculated by the

dice coefficient using the unweighted pair group method

with arithmetic mean (UPGMA) method.
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Table 1 Primer sequence used for corresponding gene in PCR assay

SI.

No

Gene Primer Annealing temperature

(�C)
Product size

(bp)

References

1 blaTEM F-ATGAGTATTCAACATTTCCG

R-CTGACAGTTACCAATGCTTA

55 867 Bhattacharjee et al. (2007)

2 blaCTXM F-CAATGTGCAGCACCAAGTAA

R-CGCGATATCGTTGGTGGTG

60–65a 540 Dutta et al. (2013)

3 blaSHV F-TCGCCTGTGTATTATCTCCC

R-CGCAGATAAATCACCACAATG

52 768 Maynard et al. (2004)

4 blaOXA-1 F-GCAGCGCCAGTGCATCAAC

R-CCGCATCAAATGCCATAAGTG

60 198 Maynard et al. (2004)

5 blaAmpC F-CCCCGCTTATAGAGCAACAA

R-TCAATGGTCGACTTCACACC

57 631 Shahid et al. (2012)

6 sul1 F-CGGCGTGGGCTACCTGAACG

R-GCCGATCGCGTGAAGTTCCG

65 433 Kerrn et al. (2002)

7 sulI2 F-CGGCATCGTCAACATAACC

R-GTGTGCGGATGAAGTCAG

60 722 Maynard et al. (2004)

8 qnrA F-ATT TCTCACGCCAGGATTTG

R-GATCGGCAAAGGTTAGGTCA

56 516 Ciesielczuk et al. (2013)

9 qnrB F-GATCGTGAAAGCCAGAAAGG

R-ATGAGCAACGATGCCTGGTA

56 476 Ciesielczuk et al. (2013)

10 qnrS F-GCAAGTTCATTGAACAGGGT

R-TCTAAACCGTCGAGTTCGGCG

56 428 Ciesielczuk et al. (2013)

11 tet(A) F-GTGAAACCCAACATACCCC

R-GAAGGCAAGCAGGATGTAG

60 888 Maynard et al. (2004)

12 tet(B) F-CCTTATCATGCCAGTCTTGC

R-ACTGCCGTTTTTTCGCC

60 774 Maynard et al. (2004)

13 catI F-AGTTGCTCAATGTACCTATAACC

R-

TTGTAATTCATTAAGCATTCTGCC

60 547 Maynard et al. (2004)

14 floR F-CGCCGTCATTCCTCACCTTC

R-GATCACGGGCCACGCTGTGTC

60 215 Maynard et al. (2004)

15 dhfrI F-AAGAATGGAGTTATCGGGAATG

R-GGGTAAAAACTGGCCTAAAATTG

60 391 Maynard et al. (2004)

16 aac(3)-IIa
(aacC2)

F-CGGAAGGCAATAACGGAG

R-TCGAACAGGTAGCACTGAG

60 740 Maynard et al. (2004)

17 aph(3)-
Ia(aphA1)

F-ATGGGCTCGCGATAATGTC

R-CTCACCGAGGCAGTTCCAT

60 600 Maynard et al. (2004)

18 Int1 F-GGTCAAGGATCTGGATTTCG

R-ACATGCGTGTAAATCATCGTC

60 481 Levesque et al. (1995)

19 ERIC F-ATGTAAGCTCCTGGGGATTCAC

R-AAGTAAGTGACTGGGGTGAGCG

50 104–1750 Versalovic et al. (1991)

20 stx1 F-CAGTTAATGTGGTGGCGAAGG

R-CACCAGACAATGTAACCGCTG

62 348 Cebula et al. (1995)

21 stx2 F-ATCCTATTCCCGGGAGTTTACG

R-GCGTCATCGTATACACAGGAGC

62 584 Cebula et al. (1995)

22 eae F-TCAATGCAGTTCCGTTATCAGTT

R-GTAAAGTCCGTTACCCCAACCTG

62 482 Vidal et al. (2004)

23 bfp F-GGAAGTCAAATTCATGGGGGTAT

R-GGAATCAGACGCAGACTGGTAGT

62 254 Vidal et al. (2004)

24 lt F-GCACACGGAGCTCCTCAGTC 62 218 Vidal et al. (2004)
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Results and discussion

Presence of ESBL producing E. coli in street-vended

foods and associated environment

Several researchers indicated the presence of ESBL pro-

ducers in foods of animal origin such as chicken meat and

raw milk (Ghatak et al. 2013; Bhoomika et al. 2016;

Senthil Murugan et al. 2019), which calls for a focus on

their occurrence and dissemination in food-producing ani-

mals. Unfortunately, this knowledge is inadequate from

India. Therefore, for determining the AMR and virulence

genes in E. coli isolates, a total of 430 street-vended foods

of animal origin and associated environmental samples

were processed for isolation of E. coli where 213 (49.53%)

samples were found positive/contaminated based on cul-

tural, morphological and biochemical characterization

(Table 2). Of these 213 isolates, 42 (19.71%) were ESBL

producers based on the results of a combination disc

method and ESBL E test. Noticeably, more than 40% food

samples from different parts of India were found to be

contaminated with E. coli wherein[ 10% isolates were

ESBL producers (Bhoomika et al. 2016). However,\ 10%

ESBL producing isolates of E. coli has also been reported

earlier (Abayneh et al. 2018). A higher prevalence of

73.58% ESBL producers were observed in human clinical

samples in North East India (Bora et al. 2014).

In the present study, high presence of E. coli was

observed in raw food samples (60.62%), followed by

environmental samples (46.73%) and ready to eat foods

(42.99%), of which, 31(26.49%), 3(6.97%) and 7(15.21%)

samples harbored ESBL producers, respectively (Table 2).

Fortunately, only one cooked food sample harbored ESBL

producing E. coli. Presence of ESBL producing E. coli in

ready-to-eat foods and cooked foods is of public health

significance. It has been proven from the earlier studies that

the foods are a transmission vector for ESBL producing

bacteria, probably from reservoirs, food animals and food

handlers and once infected it can cause an outbreak (Lav-

illa et al. 2008; O’Connor et al. 2017). Among different

food vendors, higher contamination of E. coli was observed

in samples collected from meat vendors (54.36%), fol-

lowed by milk vendors (48.88%) and egg vendors

(45.20%) with ESBL producing E. coli showing a similar

trend with 16.1%, 11.11%, and 2.05%, respectively. On

comparison of samples collected from two cities, it was

noted that higher occurrence of ESBL producing E. coli in

samples from Delhi (17.54%) than Bareilly (6.96%).

Usually, raw foods and environment play an important role

in the contamination of a final food product and the same

was observed in the present study also. Bhoomika et al.

(2016) also noted the higher occurrence of E. coli in raw

milk samples (81.11%), followed by chicken meat

(66.32%) and chevon meat (46.34%), while Sharma and

Bist (2010) reported 75% prevalence in chevon, pork and

poultry meat from Mathura city of India.

Phenotypic and PCR based detection

of antimicrobial resistance and putative virulence

genes

Antibiotic resistance in E. coli is of particular concern

because of its diverse origin, common inhabitance of ani-

mal and human intestine, a frequent cause of urinary tract

infections, diarrhea and other infections, and ease with

which the organism acquires and transfers antibiotic

resistance determinants not only within strains of E. coli

but also with other species of bacteria (Osterblad et al.

2000). While analyzing the drug resistance profile of 42

ESBL isolates of the present study, it was of concern to

Table 1 continued

SI.

No

Gene Primer Annealing temperature

(�C)
Product size

(bp)

References

R-TCCTTCATCCTTTCAATGGCTTT

25 stII F-AAAGGAGAGCTTCGTCACATTTT

R-AATGTCCGTCTTGCGTTAGGAC

62 129 Vidal et al. (2004)

26 hlyA F-AGCTGCAAGTGCGGGTCTG

R-

TACGGGTTATGCCTGCAAGTTCAC

62 569 Wang et al. (2002)

27 aggR F-GTATACACAAAAGAAGGAAGC

R-ACAGAATCGTCAGCATCAGC

52 254 Ratchtrachenchai et al.

(1997)

a95�C 9 5 m/95 �C 9 30 s—65 �C 9 30 s—72 �C 9 30 s (5 cycles) 95 �C 9 30 s—62 �C 9 30 s—72 �C 9 30 s (10 cycles)/95 �C 9 30

s—60 �C 9 30 s—72 �C 9 30 s (15 cycles)/95 �C 9 30 s—58 �C 9 30 s—72 �C 9 30 s (15 cycles)/72 �C 9 7 m
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note that, 36 (85.71%) isolates were resistant to C 3 class

of antimicrobials indicating multi-drug resistant (MDR)

E. coli. Further, these isolates were absolutely resistant to

ceftriaxone, cefepime, cefotaxime, ceftazidime, aztreonam,

ampicillin and carbenicillin. The details of the phenotypic

and genotypic antimicrobial resistance and virulence pro-

file of ESBL producing E. coli isolates are described in

Table 3. It is alarming to note that, the E. coli isolates of

the previous study showed complete sensitivity against

sparfloxacin and ciprofloxacin (100%) followed by nitro-

furantoin (87.5%, 92.00%), chloramphenicol (87.5%,

88.00%) and tetracycline (100%, 80.00%) (Dubal et al.

2009). However, the present study isolates showed resis-

tance against other antibiotics as well, like sulfadiazine

(97.61%), cefpodoxime (95.25%), nalidixic acid (80.95%),

tetracycline (78.57%), ciprofloxacin (57.14%), sul-

phamethoxazole and trimethoprim (76.19%), doxycycline

(69.04%), kanamycin (40.47%), chloramphenicol

(21.42%), amoxicillin–clavulanic acid (19.04%) and gen-

tamicin (14.28%). However, all the isolates were sensitive

to cefoxitin (Table 3). Similar findings were also noted

earlier (Kar et al. 2015; Abayneh et al. 2018).

Screening for the presence of ESBL genes revealed the

predominance of a blaCTXM gene in 69.04% (29/42) ESBL

isolates, followed by blaTEM gene in 66.66% (28/42) and

blaOXA-1 gene in 19.04% (8/42) isolates, while blaSHV was

not detected in any of the isolate (Table 3). Besides these

genes, other AMR genes such as blaampC was detected in

39 (92.85%) ESBL isolates followed by sulfonamide-re-

sistant sul1 and sul2 genes in 28 (66.66%) and 29 (69.04%)

isolates, respectively. In a study conducted by Tekiner and

Ozpinar (2016), a total of 250 food samples of animal

origin were screened for ESBL-producing Enterobacteri-

aceae in which 55 were phenotypically positive while in a

genotypic analysis, 53 isolates showed the presence of

blaTEM, 36 for blaCTXM, and 19 for blaSHV genes. The

sequence obtained for blaTEM genes (KX465109,

KX465110, and KX465114) and blaCTX-M genes

(KX465112, KX465113, and KX465114) were submitted

to GenBank. Overdevest et al. (2011) also reported a lower

percentage by genotypic tests i.e. 30.2% as against 42.74%

by phenotypic tests. They also stated that, the prevalence of

ESBL genes differed among the 4 meat groups: 71 (79.8%)

in chicken, 4 (4.7%) in beef, 1 (1.8%) in pork, 2 (9.1%) in

mixed or ground meat and 1 (11.1%) in other types of meat

where blaCTX-M-1 (58.1%) was the most common genotype

in chicken meat followed by blaTEM-52 (14%) and blaSHV-

12 (14%) and blaCTX-M-1 (62.5% of ESBL) in other types of

meat. On the other hand, Kar et al. (2015) also revealed

blaSHV, blaCTXM and blaTEM genes in 17, 13 and 9 out of

18 ESBL E. coli isolates besides 9 isolates carried sul-

fonamide resistance gene (sul1) and 2 carried the blaAmpC

gene.

In addition to the presence of beta-lactamase genes, the

isolates of the study also carried other AMR genes, namely

trimethoprim resistance gene (dhfrI) in 17 (40.47%) iso-

lates, aminoglycoside resistance genes aac(3)-IIa (aacC2)

and aph(3)-Ia(aphA1) in 11 (26.19%) and 6 (14.28%)

isolates; tetracycline resistance genes tet(A) and tet(B) in 3

(7.14%) and 9 (21.42%) isolates; chloramphenicol resis-

tance gene catI in 5 (11.90%); plasmid-mediated quino-

lones resistance (PMQR) genes (qnrB and qnrS) in 6

(14.28%) and 33 (78.57%) isolates, respectively (Table 3;

Fig. 1). However, none of the isolates harbored genes

responsible for chloramphenicol (floR) and plasmid-medi-

ated quinolone resistance (PMQR) (qnrA) with the excep-

tion of Int1 gene in 21 (50%) isolates (Table 3). Contrast to

our findings, Ahmed et al. (2010) reported dfr1, dfr17,

dfr12 and dfr9 in 40.3%, 28%, 17.3% and 0.3% isolates

with an overall of 93% (260/279). They also detected

tetracycline resistant genes in 86.8% (172/198)

[tet(A) (18%) and tet(A ? B) (11%)] and chloramphenicol

resistant catI gene in 73.5% (75/102) isolates. Mobile

genetic elements such as transposons, plasmids, and class 1

integrons play a vital role in dissemination of multiple

antibiotic resistances as well as virulence markers (Singh

et al. 2005). ESBLs genes are usually located on large

plasmids, and these also carry other AMR genes (Rawat

and Nair 2010).

In the present study, only five isolates were found to be

carrying eae gene (11.90%) (atypical EPEC); nine carrying

lt gene (21.42%) (atypical ETEC), while none carrying bfp

or stII genes. It is interesting to note that, the isolates

carrying antimicrobial genes possess fewer virulence

characteristics, which may probably be due to acquiring of

AMR genes in place of virulence genes in these isolates; an

observation that needs to be further investigated and

elaborated in future studies. Similar findings have been

reported by other researchers in the past. Franz et al. (2015)

reported 17.1% pathogenic variants from 170 ESBL-pro-

ducing E. coli isolated from wastewater and surface water

where only 8.3% constituted potential gastrointestinal

pathogens (4.1% EAEC, 1.8% EPEC, 1.2% EIEC, 1.2%

ETEC and no STEC). In another study, 7.2% (8/111) and

0.7% (1/141) of ETEC and EAEC isolates showed resis-

tance to ceftriaxone and cefotaxime, respectively (Kim

et al. 2014) and astA, tsh and iucD genes were present in 4,

3 and 3 isolates, respectively among 18 ESBL producing

E. coli isolates and none carried characteristic virulence

genes of STEC (stx1, stx2), EPEC (eaeA) or hlyA (Kar

et al. 2015). To know the virulence profile in non ESBL

E. coli isolates, we also screened remaining 171 isolates for

detection of virulence gene by PCR wherein 1.75% (3/

171), 2.92% (5/171), 1.75% (3/171) and 0.58% (1/171)

isolates content stx1, eae, lt, aggR genes, respectively.
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Analysis of ERIC PCR

All the 42 ESBL producing strains were characterized by

ERIC PCR to determine the genetic diversity and phylo-

genetic relationship among the isolates. All the isolates

were found typable by ERIC PCR and produced amplicons

of 104–1750 bp with a total of nine different distinct

types/clades. A comparison of the clustering patterns

generated nine distinct types/clades with discriminatory

power (D value) of 0.82. All the isolates under study

formed two main clusters (A and B) with the heterogeneity

of 71.2%. The two main clusters further divided into sub-

clusters and formed 6 clades (B, A3, A4, A5, A6, and A7)

(Fig. 2). Clade (B) was formed by a single isolate of raw

chicken (DE8). Eight isolates of raw chicken (DE2, DE3,

DE4, DE5, DE6, DE11, DE87, and DE115) were grouped

in clade A4. Two isolates, one isolate from chutney and

one from plate swab were grouped in clade A5. In clade B,

one isolate of raw chicken (DE8) and in clade A3, one

isolate of hand swab (DE120) was grouped. It is interesting

to note that, maximum number of isolates, including six

from raw milk (DE88, DE90, DE101, DE102, DE104 and

DE107); 5 from paneer (DE52, DE53, DE54, DE55 and

DE58); three from raw chicken (DE7, DE10, DE13); two

each from salad (DE36 and DE119) and chutney (DE34

and DE78); one each from raw kabab (DE116), raw fish

(DE83), boiled egg (DE35), hand swab (DE121) and

table swab (DE80) were grouped in clade A6. Further, all

five isolates from paneer samples were grouped closely in

clade A6. In clade A7, four isolates from raw milk (DE99;

DE100; DE105 and DE108) and two isolates from salad

(DE37 and DE38) were grouped together. These clustering

patterns could imply a common source of origin of these

isolates.

The similarities between the ERIC profiles among iso-

lates from diverse sources as identified in clades B, A5, A6,

and A7 indicates that ERIC PCR fingerprints were effec-

tive in differentiating the isolates from various sources.

Further, 100% typeability of ERIC PCR reaffirms the fact

that this technique is very reliable in genotyping of isolates

and hence is a useful tool in food microbiology. ERIC-PCR

has been reported as an effective tool in typing E. coli

isolates from various sources including animals (Wan et al.

2011) and water (Casarez et al. 2007). Oltramari et al.

(2014) genotyped 95 E. coli isolates from milk and

reported high genetic diversity among the isolates. They

further reported common clustering of isolates from four

milk samples processed in four different dairies, suggesting

a single clone contaminant per milk sample and hence a

common source of contamination. The relatedness between

isolates from different sources reveals that there is a need

to follow proper hygiene measures along with good man-

ufacturing practices so as to prevent contamination of the

raw materials used in the preparation of street-vended

foods. This would reduce the transmission of these patho-

gens to humans thus reducing the risk of food-borne

illnesses.

Conclusion

It is concluded from the present findings that the street-

vended foods and their environment may be the potential

source of ESBL producing and multidrug resistance E. coli

1       2      3       4     5       6     7       8      9 10    11   12     13    14     15    16    17    18    19   

100 bp

500 bp

1000 bp

Fig. 1 Agarose gel electrophoresis of PCR products with represen-

tative E. coli isolates carrying the various tested resistant genes. Lane

1 (DE2): blaTEM (867 bp), lane 2 (DE4): blaCTXM (540 bp), lane 3

(DE3): blaOXA-1 (198 bp), lane 4 (DE3): blaampC (631 bp), lane 5

(DE5): sul1 (433 bp), lane 6 (DE6): sul2 (722 bp), lane 7, 14: 100 bp

plus ladder, lane 8 (DE35): aac(3)-IIa(aacC2) (740 bp), lane 9

(DE36): aph(30)-Ia(aphA1) (600 bp), lane 10 (DE10): dhfrI (391 bp),

lane 11 (DE13): catI (547 bp), lane 12 (DE105): tet(A) (888 bp), lane

13 (DE87): tet(B) (774 bp), lane 15 (DE107): qnrB (476 bp), lane 16

(DE8): qnrS (428 bp), lane 17 (DE101): eae (482 bp), lane 18

(DE102): lt (218 bp), lane 19 (DE104): int1(481 bp)
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Fig. 2 Phylogenetic analysis of ESBL E. coli isolates isolated from

street-vended foods of animal origin and associated environment. The

unweighted pair group with arithmetic mean method (UPGMA) was

used to summarize the similarity of ERIC PCR profile of the strain in

a dendrogram
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harboring multiple AMR and virulence genes. Raw food

(60.62%), environmental samples (46.73%) and ready to

eat foods (42.99%) were found to be major source of

E. coli, of which, 31(26.49%), 3(6.97%) and 7(15.21%)

samples harbored ESBL producers, raising food safety and

public health concern. However, due to effective cooking

practices followed in India, only one cooked sample har-

boring ESBL producing E. coli. Owing to the ease in

acquiring and transferring antibiotic resistance determi-

nants and difficulties in treating the patients infected with

MDR ESBL producing E. coli, a continuous surveillance of

street foods and associated environment for foodborne

pathogens and their antimicrobial and virulence profiling is

necessary.
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