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ABSTRACT 

The inappropriate use of antibiotics in the poultry industry for prophylaxis and 

growth promotion has contributed to the development and spread of antibiotic 

resistance in zoonotic pathogens. This study aimed to understand the prevalence 

of pathogenic Escherichia coli (E. coli) in chicken faeces and their antibiotic 

susceptibility profiles. Forty-five E. coli isolated from the chicken faeces were further 

tested for virulence genes associated with diarrheagenic E. coli and extended-

spectrum β-lactamase (ESBL) genes blaCTX, blaTEM, blaSHV and Metallo-beta-lactamase 

gene blaNDM. Results showed that eaeA and astA genes were detected in 60% of the 

isolates, followed by bfpA in 57.8%, lt in 26.7% and st gene in 2.2% of the isolates. 

Further, 15.5% of the isolates produced ESBL phenotypically whereas genotypically, 

one isolate was positive for blaCTX, one for blaTEM, and one for the blaSHV gene. Twelve 

isolates (26.7%) harbored gene blaNDM. High levels of resistance were observed 

against cefepime (93.3%), ertapenem (78.9%), meropenem (73.6%), tetracycline 

(88.9%), and cotrimoxazole (75.6%). This study highlights the importance of poultry 

as a source of human pathogenic multidrug-resistant (MDR) E. coli and their 

environmental dissemination.   

 

  

 

 

 

 

 

 

 

 
INTRODUCTION 

Escherichia coli is a common inhabitant of the intestinal tract of humans and animals and 

can be easily disseminated into different ecosystems through the food chain and water 

supplies [1, 2]. E. coli, being a part of the endogenous microbiota of animals and birds, 

can acquire resistance against antibiotics used in livestock [3]. The poultry industry is 

one of the fast-growing food production businesses worldwide. It is estimated that the 

global poultry population will reach 8.5 billion by 2030 [4]. Poultry meat is the low-cost 

common source of animal protein among the meat-consuming population. Hence, to 

fulfil their increasing demand, animal husbandry has met with extensive use of 

antibiotics [5]. The global consumption of antibiotics used for poultry will increase by 

67%, from 63,151 tons in 2010 to 105,596 tons in 2030, primarily by BRICS (Brazil, Russia, 

India, China, and South Africa) countries [6]. The major reason behind this increase is 

the unregulated use of antibiotics employed to promote poultry growth and to control 

various infectious diseases in the poultry industry [7]. As a result, there is a high 

antibiotic selection pressure leading to bacterial resistance in poultry and consequently, 

their faecal flora contains a relatively high proportion of resistant bacteria [8-10]. 
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The drug-resistant and animal intestinal bacteria such as E. coli can be transmitted to 

humans through direct contact with infected birds at various stages like slaughtering, 

handling, processing, packaging, storing, and decomposing the carcasses, as well as the 

consumption of contaminated poultry meat [11]. In addition, E. coli often carries 

multiple drug-resistant plasmids and under stress, they readily transfer those plasmids 

to other bacteria present in the intestine by horizontal gene transfer mechanisms [12].  

E. coli causing diarrhoea in humans carry distinct virulence genes that enable their 

detection by polymerase chain reaction (PCR), and these genes are used as targets to 

identify different pathogroups of E. coli in food [13]. These include the astA encoding 

enterotoxin EAST1 of enteroaggregative E. coli (EAEC) heat-stable enterotoxin (EAST1), 

bfpA encoding bundle forming pilus of enteropathogenic E. coli (EPEC), ipaH encoding 

invasion plasmid antigen gene of enteroinvasive E. coli (EIEC), lt and st genes encoding 

a heat-labile toxin and a heat-stable toxin, respectively of enterotoxigenic E. coli (ETEC), 

and stx1 and stx2 encoding Shiga-toxin1 and 2 of enterohaemorrhagic E. coli (EHEC) [13, 

14]. There is a lack of evidence supporting the relationship between E. coli causing 

gastroenteritis in humans and the multidrug-resistant virulent genes of E. coli isolated 

from poultry [15]. Hence, identification of the virulence genes by screening 

diarrheagenic E. coli (DEC) pathotypes is crucial to understand the risk of human 

infections from these food sources. We hypothesize that since there are very few studies 

from India about screening the prevalence of diarrheagenic E. coli from chicken faeces 

[16,17] and without reliable evidence to estimate the antibiotic consumption in livestock, 

the links between antibiotic consumption and resistance patterns are poorly 

investigated. To test this hypothesis, the present study is carried out to understand the 

use of antibiotics in the poultry industry in and around Deralakatte, Mangalore, 

determine the occurrence of DEC from chicken faces, and study the antibiotic resistance 

pattern of the obtained isolates. 

 

MATERIALS AND METHODS 

Study setting  

A prospective observational study was conducted on chicken faeces collected from 30 

different chicken farms (broilers, egg-layers and mixed) situated in the Deralakatte 

suburb of Mangalore, India. A total of 50 chicken faeces samples were collected 

between April and September 2019. 

  

Data collection from the survey of poultry farms  

The knowledge, attitude, and perspectives of farmworkers and managers were assessed 

towards certain aspects such as management of poultry farms in terms of cleanliness 

and sanitation, awareness about zoonotic infections, use of antibiotics in poultry and 

drug resistance. The assessment was done through a structured questionnaire-based 

survey, randomly collected every week from different farms. The farmworkers or 

poultry handlers were requested to take up the survey and answer the questions as per 

their knowledge. Participation was entirely voluntary, and participants were informed 

about the confidentiality of the information collected. Written informed consent was 

obtained from each participant. The questionnaire was designed in the English 

language. It was translated to the farmworkers in the preferred local language (Hindi 

or Kannada) if they were found having difficulty in understanding or writing in 

English. The study design was approved by the central ethics committee NITTE 

(Deemed to be University), Ref: NU/CEC/2018/0175, dated 19/01/2018. 
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Sample collection, processing and identification of Escherichia coli  

Approximately 15 g of fresh faecal droppings were collected each week randomly in a 

sterile plastic container. Ten grams of the sample was mixed with 90 ml of sterile 

normal saline (0.85% NaCl) and homogenized. Another 5 g sample was inoculated into 

selective pre-enrichment trypticase soy broth (TSB) (HiMedia, Mumbai, India). Ten 

microliters of the homogenized specimen and the pre-enriched sample were cultured 

onto Eosin methylene blue agar (EMB) and MacConkeyagar (MAC) plates (HiMedia, 

Mumbai, India). All the plates were incubated at 37ºC for 24 h. 

The isolates were identified by standard microbiological techniques such as colony 

morphology, Gram staining, oxidase reaction from the colony, and standard 

biochemical reactions (Indole, methyl red, Voges-Proskauer, citrate utilization, urease, 

triple sugar iron agar test and mannitol motility test) for E. coli as described in the 

Bergey's manual [18]. All the confirmed isolates were subcultured onto trypticasesoy 

agar (TSA) (HiMedia, Mumbai, India) and incubated at 370C for 24 h to yield pure 

growth. The pure isolated colonies were preserved in Luria Bertani (LB) broth 

(HiMedia, Mumbai, India) with 30 % glycerol and stored at -20°C for further molecular 

work. 

  

Antibiotic susceptibility testing 

Each confirmed isolate was tested using the standard Kirby-Bauer disk diffusion 

technique [19] on Muller-Hinton agar (MHA) (HiMedia, Mumbai, India) as 

recommended by the Clinical and Laboratory Standards Institute (CLSI) 2017 

guidelines [20]. A panel of antibiotics (HiMedia, Mumbai, India) used as per CLSI 

guidelines for E. coli susceptibility testing which included ampicillin (30 µg), amikacin 

(30 µg), amoxyclav (20/10 µg), ceftazidime (30 µg), ceftazidime clavulanic acid (30/10 

µg), ceftriaxone (30 µg), cefotaxime (30 µg), cefuroxime (30 µg), cefepime (30 µg), 

cefoperazone sulbactam (75/15 µg), cotrimoxazole (25 µg), chloramphenicol (30 µg), 

ciprofloxacin (5 µg), imipenem (10 µg), meropenem (10 µg), ertapenem (10 µg), 

erythromycin (15 µg), gentamicin (10 µg), tigecycline (15 µg), tetracycline (30 µg) and 

piperacillin-tazobactam (100/10 µg). The zones of inhibition were measured and 

interpreted as sensitive or resistant. E. coli ATCC 25922 (USA) was used as a positive 

control. The multiple antibiotic resistance (MAR) index was determined as the ratio of 

the total antibiotics used to the number of antibiotics to which the bacterium was 

resistant [21]. 

  

Detection of extended-spectrum beta-lactamase (ESBL) and metallo-- lactamase 

(MBL) 

Screening of ESBL isolates was done by phenotypic confirmatory disk diffusion test 

(PCDDT) as described by the CLSI guidelines and Indernath S et al. 2018 [22]. Initially, 

based on antibiogram analysis, the isolates exhibiting resistance to at least one of the 

cephalosporin antibiotics such as ceftazidime (30 µg), cefotaxime (30 µg) or ceftriaxone 

(30 µg), were presumed to be positive for ESBL production. Later to confirm, strains 

were tested using ceftazidime (30 µg) alone and in combination with inhibitor 

clavulanic acid (30/10 µg). An isolate was phenotypically confirmed as an ESBL 

producer when the difference in the zone of inhibition of the drug and the inhibitor was 

 5 mm compared to the cephalosporin alone [CLSI 2017].  
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The strains were also confirmed for ESBL by Triple ESBL detection strip Ezy 

MIC
TM

(MIX+/MIX) (HiMedia, Mumbai, India) as per the manufacturer’s instructions. 

The upper half of the ESBL detection strip designated as ‘MIX+’ is coated with 

ceftazidime, cefotaxime and cefepime plus the inhibitor clavulanic acid, while the lower 

half of the strip designated as ‘MIX’ is coated with the same antibiotics in a reverse 

concentration gradient, but without an inhibitor. The strip was placed on the MHA 

plate inoculated by the test bacterium and minimum inhibitory concentrations (MICs) 

were read from the MIX and MIX+ ends of the strip. The isolate was considered ESBL-

positive if the MIX/MIX+ value was ≥ 8 µg/ml. 

Detection of metallo-β-lactamase (MBL) production was done using the E-strips 

(HiMedia, Mumbai, India) containing only meropenem (4-256 µg/ml) at one side and a 

combination of meropenem with EDTA (1-64 µg/ml) on the other side. MHA plate was 

inoculated with the test bacterium by lawn and the E-strip was placed in the centre of 

the inoculated plate. After overnight incubation at 37°C, MBL production was defined 

when the zone of inhibition ratio of meropenem alone and meropenem + EDTA was ≥ 8 

mm. A representative image of ESBL and MBL detection is shown in Figure 1. 

 

Figure 1. A) ESBL detection by phenotypic confirmatory disk diffusion test. CAZ: ceftazidime; CAC: 

ceftazidime + clavulanic acid. B) Triple ESBL detection by E-strip method. C) MBL detection by E-strip 

method. 
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Table1. List of primers used in the study. 

Primers         Oligonucleotide sequences (5’-3’) Product size (bp) Reference 

blaCTX F: ACGTTAAACACCGCCATTCC 

R: TCGGTGACGATTTTAGCCGC 

356 [24] 

blaSHV F: ATTTGTCGCTTCTTTACTCGC 

R: TTTATGGCGTTACCTTTGACC 

1018 [25] 

blaTEM F: CTCACCCAGAAACGCTGGTG 

R: ATCCGCCTCCATCCAGTCTA 

569 [24] 

blaNDM F: CAACTGGATCAAGCAGGAGA 

R: TCGATCCCAACGGTGATATT 

291 [26] 

astA (EAEC) F: GCC ATC AAC ACA GTA TAT CC 

R: GAG TGA CGG CTT TGT AGT CC 

106 [27] 

bfpA (EPEC) F: AAT GGT GCT TGC GCT TGC TGC 

R: GCC GCT TTA TCC AAC CTG GTA 

324 [28] 

eaeA (EPEC) F: GAC CCG GCA CAA GCA TAA GC 

R: CCA CCT GCA GCA ACA AGA GG 

384 [13] 

ipaH (EIEC) F: CGGTCAGCCACCCTCTGAG 

R: CTTGACCGCCTTTCCGATACC 

613 [29] 

stx 1 (STEC) F: ACACTGGATGATCTCAGTGG 

R: CTGAATCCCCCTCCATTATG 

614 [28] 

stx 2 (STEC) F: CCATGACAACGGACAGCAGTT 

R: CCTGTCAACTGAGCAGCACTTTG 

779 [28] 

lt (ETEC) F: GGCGACAGATTATACCGTGC 

R: CCGAAATTCTGTTATATATGTC 

696 [28] 

st (ETEC) F: TTAATAGCACCCGGTACAAGCACG 

R:  CTTGACTCTTCAAAAGAGAAAATTAC 

147 [28] 

 

DNA extraction and PCR 

DNA was extracted using the crude method. E. coli isolates preserved in LB broth with 

glycerol were subcultured onto fresh MAC. After overnight incubation at 37°C, pure 

colonies from each plate were inoculated into 5 ml of LB broth and incubated at 37°C 

for 24 h. The overnight broth was centrifuged at 10,000 rpm for 10 min. The supernatant 

was discarded, and 50 µl pellet of this culture was added to 450 µl of 1X TE (Tris-HCl 

and EDTA) buffer. After vortexing, it was incubated at 95°C – 97°C in a dry bath for 15 

min and kept on ice for 10 min. The DNA thus obtained was stored at -20°C [23]. Purity 

and the DNA concentration measured using Nano Drop® spectrophotometer (ND-1000, 

Thermo Fisher Scientific). DNA concentration between 150-200 ng was used for PCR. 

The isolates were tested for the virulence genes astA for the presence of 

enteroaggregative E. coli (EAEC), bfpA and eaeA gene for enteropathogenic E. coli 

(EPEC), ipaH gene for enteroinvasive E. coli (EIEC), lt and st gene for enterotoxigenic E. 

coli (ETEC) and stx 1&stx 2 for enterohaemorrhagic E. coli (EHEC). Previously 

confirmed isolates with gene sequencing, were used as a positive control for DEC. 

Distilled water was used everywhere as the negative control. The isolates were also 

screened for antibiotic resistance genes blaCTX, blaSHV, blaTEM and blaNDM by PCR. For ESBL 

genes, Klebsiella pneumoniae ATCC 76003 was used as a positive control and for blaNDM, 

Klebsiella pneumoniae ATCC 2146 was used as the positive control. The primer sequences 

used in this study and their references are shown in Table-1 [24- 29]. 
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PCR was carried out in a 30 µl reaction mixture containing 10X buffer, 200 mM of 

dNTPs, 10 pM each of forward and reverse primers, and 1.0 unit of Taq DNA 

polymerase enzyme. Taq DNA polymerase buffer, dNTPs, and Taq Polymerase and 

primers were obtained from GeNei, Bangalore, India through Juniper life sciences Pvt. 

Ltd. Amplification was carried out in an Eppendorf Master cycler nexus GX2 (Thermo 

Fisher Scientific, Waltham, MA, USA) with an optimized PCR program [27]. Resulting 

PCR products (10 µl) were mixed with 5 µl of loading dye and analyzed by 

electrophoresis in 1.5% agarose gel (HiMedia, Mumbai, India) containing 1x Tris-

acetate EDTA (1X TAE buffer) and 5 µl of ethidium bromide and visualized in a gel 

documentation system (Bio-Rad, USA). 

  

Statistical analysis 

Antibiotic resistance data were treated as a binary variable (1= susceptible; 2= resistant). 

Descriptive statistics were performed. The data were analyzed using SPSS (Version 20.0, 

IBM Corp., Armonk, NY, USA) software and the collected information was 

summarized using frequency and percentage for qualitative data. 

 

RESULTS  

Analysis of data collected from poultry farms 

Table 2 highlights the information obtained through the questionnaire-based survey 

undertaken from 30 different poultry farms. These were broiler chicken farms mainly 

for meat or mixed layer farms that kept other livestock, including ducks, birds, sheep, 

pigs, etc., but two were sole egg layer farms. The results highlighted that 18 (60%) farm 

workers belonged to the age group of 20-40 years and majority of them had education 

until primary and secondary school. When asked, the workers agreed that they wash 

their hands frequently and maintain a hygienic environment by cleaning the farms 

daily. Many participants had adequate knowledge about use of antibiotics in poultry 

industry and agreed that antibiotics are widely used for prophylaxis and as growth 

promoters and could also notify the most commonly used antibiotics in their farm were 

tetracyclines, fluoroquinolones, and colistin but others were unaware of the generic 

antibiotic names. Complete detail about the survey has been provided in Table 2. 

Information about antibiotics used has been given in Table 3. 

 

Prevalence of Escherichia coli and antibiotic-resistant pattern 

Of chicken faeces samples, 45 (90%) confirmed E. coli strains were isolated. Only one E. 

coli isolate was selected from one sample for further investigations to prevent 

duplication of results. There were 7 (15.21%) E. coli isolates, which were positive for 

phenotypic detection of ESBL. Isolates were highly resistant to cefepime (93.3%), 

tetracycline (88.9%), ertapenem (78.9%), cotrimoxazole (75.6%), meropenem (73.6%), 

piperacillin-tazobactam (65.7%), and ciprofloxacin (57.8%) (Figure 2). The resistance 

pattern proves that the isolates were resistant to fourth generation cephalosporins, 

carbapenems, and beta-lactam drugs. Resistance to fluoroquinolones was observed in 

57.8% of isolates and, 65% of the isolates were also resistant to piperacillin-tazobactam, 

a beta-lactam inhibitor. There were no isolates that were susceptible to one drug from 

any three classes of antibiotics. There was no correlation observed between the 

antibiotic resistance pattern and the type of farm from where the samples were 

collected. 
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Table 2. Characteristics of 30 chicken farmworkers based on structured questionnaire survey on antibiotic usage in 

the poultry industry. 

Sl. No. Variables Farm results (n=30) 

1. Type:                     Broiler 16 (53.3 %) 

   egg layer  2 (6.6 %) 

   Mixed 12 (40 %) 

2. Age between: 
 

  

   20-30 years 10 (33.3%) 

   30-40 years 8 (26.6%) 

   40-50 years 5 (16.6%) 

   above 50 years 7 (23.3%) 

3. Sex:                         male 26 (86.6%) 

   female 4 (13.3%) 

4. Education level: 
 

  

   below primary school 17 (56.6%) 

   up to secondary school 11 (36.6%) 

   above secondary school/ diploma/ graduate 2 (6.6%) 

5. handwashing every time handling poultry and meat: 
 

  

   Yes 30 (100 %) 

   No  0 (0) 

6. Cleaning: 
 

  

   Daily 14 (46.6%) 

   once in three days 8 (26.6%) 

   weekly  8 (26.6%) 

   monthly 0 (0) 

7. Other livestock kept: 
 

  

   Yes 15 (50%) 

   No 15 (50%) 

8. Knowledge about zoonotic infections: 
 

  

   Yes 15 (50%) 

   No 15 (50%) 

9. Knowledge about use of antibiotics in humans and animals: 
 

  

   Yes 17 (56.6 %) 

  No  13 (43.3%) 

10. 

 

Knowledge about drug resistance caused by indiscriminate 

use of antibiotics: 

  

 

 

  Yes  1 (3.3%) 

  No 29 (96.6%) 

11. 

  

Knowledge about different types of Antibiotic usage in farm 

chickens and any particular names:  

  

  Yes, but don’t know the names of antibiotics 10 (33.3%) 

  Yes, and knows names 

 

7 (23.3%) 

  No knowledge at all 13 (43.3%) 

12. For what purpose antibiotics are used in poultry:   

  As growth promoters 5 (16.6%) 

  For treatment of sick poultry 2 (6.6%) 

  For prophylaxis 10 (33.3%) 

13. Source of antibiotics used:    

   Veterinary store 12 (40%) 

   Local vendors 9 (30 %) 

   Don’t know 9 (30%) 

14. Source of prescription of the antibiotics used:    

   Veterinary Doctor 12 (40%) 

   Animal health workers 4 (13.3%) 

   Self 0 (0) 

   Unknown sources 5 (16.6%) 

   Don’t know 9 (30%) 
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Table 3. Details of antibiotics used in the chicken farms obtained through structured questionnaire Survey. 

 

 

Figure 2. Graph showing the antibiotic resistance pattern towards a set of antibiotics used for Escherichia coli isolates from chicken faces. Resistance 

percentage is mentioned above each antibiotic. 

 

Prevalence of ESBL and MBL genes 

All the isolates were tested for blaCTX, blaSHV, and blaTEM (Figure 3). Although seven 

isolates were positive for phenotypic detection of ESBL, only a few showed genotypic 

confirmations by PCR. One isolate was positive for blaCTX, one for blaTEM, and one for 

the blaSHV gene. The isolate, which was phenotypically detected negative, was 

confirmed to be positive when tested by PCR. There were no isolates that were positive 

for all three ESBL genes tested. There was no correlation observed between ESBL 

detection and types of farms.  

Metallo-beta lactamase-encoding gene blaNDM was detected in 12 (26.67%) E. coli isolates. 

Out of which, eight isolates were susceptible to imipenem, and the rest were resistant. 

All the 12 isolates exhibited resistance to meropenem and ertapenem. 

 

Sl. No.  Class of antibiotics Name of the drugs Number of chicken farms using the antibiotics (%) 

1 Tetracyclines doxycycline, tetracycline 6 (20) 

2 Macrolides erythromycin 2 (6.6) 

3 Polymyxins colistin 2 (6.6) 

4 Penicillin ampicillin, amoxicillin 1 (3.3) 

5 Quinolones norfloxacin 1 (3.3) 

6 Fluoroquinolones ciprofloxacin 3 (10) 

7 Aminoglycosides neomycin, gentamicin, streptomycin 1 (3.3) 

8 Sulphonamides sulfamethoxazole, sulfadimethoxine 1 (3.3) 

9 
Farms using combination of different 

antibiotics 
combination of above drugs 

9 (30%) of farms out of total 30 are using a 

combination of 2 or 3 drugs from different classes of 

antibiotics. 
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Figure 3. PCR images for ESBL genes. (a) blaCTX gene. Lane M: 100 bp DNA ladder; lane 1: positive control; 

lane 2: negative control; lane 3 and 4: Escherichia coli isolates. (b) blaSHV gene. Lane M: 100 bp DNA ladder; 

lane 1: positive control; lane 2: negative control; lane 3 and 4: Escherichia coli isolates. (c) blaTEM gene. Lane M: 

100 bp DNA ladder; lane 1: negative control; lane 2: positive control; lane 3,4 and 5: Escherichia coli isolates. 

 

Prevalence of diarrheagenic Escherichia coli 

Figure 4 shows the representative images of DEC pathotypes. Analysis of virulence 

gene composition revealed presence of astA gene of EAEC in 27 (60%) E. coli isolates out 

of 45. bfpA and eaeA gene of EPEC were positive for 26 (57.8 %) and 27 (60%) of E. 

coli isolates respectively. lt gene of ETEC was positive for 12 (12.67%) of the isolates, 

and the st gene of ETEC was detected in only one isolate (2.22%) of E. coli. ipaH gene of 

EIEC, stx-1 & stx-2 genes of EHEC was not found in any of the isolates tested. There 

were 16 (35.6%) isolates, which were positive for both astA and bfpA genes. Hence, the 

most prevalent type of DEC from this study were the EAEC and EPEC pathotypes. 

Among EPEC, 17 (37.78%) isolates were positive for both eaeA and bfpA genes together. 

At the same time, 10(22.22%) isolates were positive only for eaeA and not for the 

bfpA gene, which means our study reports a high prevalence of typical EPEC over 

atypical EPEC. 
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Figure 4. PCR assay for DEC pathotypes. (a) astA gene of EAEC. Lane M: 100 bp DNA ladder; lane PC: 

positive control; lane NC: negative control; lane 1, 2 and 3: positive isolates; lane 4: negative isolate. (b) bfpA 

gene of EPEC. Lane M: 100 bp DNA ladder; lane PC: positive control; lane 1, 3, 4 and 5: positive isolates; lane 

2 and 6: negative isolates. (c) lt gene of ETEC. Lane M: 100 bp DNA ladder; lane NC: negative control; lane 2, 

3 and 4: positive isolates; lane 1: negative isolate. (d) eaeA gene of EPEC. Lane M: 100 bp DNA ladder; lane PC: 

positive control; lane NC: negative control; lanes 1, 2, 3 and 4: positive isolates; lane 5: negative isolate. (e) st 

gene of ETEC. Lane M: 100 bp DNA ladder; lane NC: negative control; lane 1: positive isolate; lane 2: negative 

isolate. (f) blaNDM gene for metallo-beta-lactamase. Lane M: 100 bp DNA ladder; lane PC: positive control; 

lane NC: negative control; lane 1 and 2: positive isolates; lane 3: negative isolate. 

 

Table 4. Multiple antibiotic resistance (MAR) indices of Escherichia coli isolates from chicken faeces. 

No. of Antibiotics MAR index No. of isolates (%) 

4 0 0 

5 0.24 1 (2.63) 

6 0 0 

7 0.33 2 (5.26) 

8 0.38 1 (2.63) 

9 0.43 3 (7.89) 

10 0.48 8 (21.05) 

11 0.52 6 (15.79) 

12 0.57 5 (13.16) 

13 0.62 5 (13.16) 

14 0.67 3 (7.89) 

15 0.71 2 (5.26) 

16 0 0 

17 0.81 2 (5.26) 

 

Multidrug resistance in Escherichia coli isolates 

Of the 45 isolates, 38 (84.44%) were resistant to more than four antibiotics tested with a 

MAR index of > 0.24, and there were no isolates that were resistant to a minimum of 

four antibiotics tested (Table 4). Out of the 21 antibiotics tested, two isolates were 

resistant to 17 (77.27%) antibiotics, and two isolates were resistant to 15 (68.18%) 
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antibiotics. Eight isolates were resistant to 10 (45.45%) antibiotics tested. No isolate was 

resistant to all the antibiotics, and none of the isolates were susceptible to all the 

antibiotics tested. 

 

DISCUSSION 

This study is the first of its kind from this part of south India, which was undertaken to 

check the prevalence of multidrug-resistant DEC from chicken faeces using PCR. There 

are few studies from north India, but their main focus was on Shiga- toxigenic E. coli 

(STEC) [16, 17, 30]. A study from South Africa shows that DEC's pathotypes can cause 

diarrhoea in domestic farm animals, such as chickens depicting its potential for wide 

circulation and distribution amongst animals and humans [31]. Our study shows a high 

prevalence (90%) of E. coli isolated from chicken faeces samples. A similar study from 

Bangladesh has reported a 100% prevalence rate from poultry faeces [32]. However, 

more studies from India have reported a high prevalence of multidrug-resistant E. 

coli from poultry, being 51% [33] and 97.9% [34]. 

There was a low prevalence of ESBL producers from our study, accounting for 15.21%. 

Contrary to a previous study from north India, which has reported a high prevalence of 

ESBL-producing E. coli from broiler chickens [35]. Favoring our results, another study 

from Odisha, India, reported a low prevalence (5.06%) of ESBL-producing E. coli from 

poultry [36]. It is quite surprising that few isolates that were negative for phenotypic 

detection showed the presence of ESBL genes when analyzed by molecular technique. 

This finding shows the need for routine genotypic confirmations for beta-lactamase 

genes harboring isolates that can easily circulate in the environment and result in 

multidrug-resistance. 

The study isolates were tested for 21 antibiotics and the results showed a high 

prevalence i.e. 84.44% of multi-drug resistance (MDR) E. coli isolated from chicken 

faeces. There were 31 (68.8 %) isolates, which were resistant to 10 to 15 antibiotics, 9 

(20 %) isolates resistant to 5 to 10 antibiotics, and 5 (11.11 %) isolates that were resistant 

to 15 to 20 antibiotics. The least resistance was seen in only five isolates. According to 

the CDC definition, an MDR strain was resistant to at least one drug from three 

different classes of antibiotics and extreme drug-resistance (XDR) as the one that was 

resistant to one or more antibiotics from all major classes of antibiotics [37]. This study’s 

resulting drug resistance pattern alarms the presence of highly drug-resistant enteric 

pathogens prevalent in farm chickens. When they enter the food chain, humans will 

become passive carriers of these pathotypes.  

 In the present study, resistance to carbapenems, the drug of choice for treating multi-

drug-resistant beta-lactam positive strains, leaves the health authorities with no 

alternating treatment option. The high resistance towards carbapenems (ertapenem and 

meropenem) shows possibility of cross contamination by humans and vice-versa. A 

study by Kock et al. proves the possible contamination of carbapenem-resistant-

Enterobacteriaceae (CRE) between livestock, its environment and humans where, 

blaNDM gene was located on different plasmids analyzed by multi-locus sequencing 

technology (MLST) types ST10 and ST156 [38]. 

In 2006, the European Union restricted antibiotics use in poultry due to evidence of 

emerging multi-drug resistance, ultimately disseminating in humans [39]. In 2005, 

fluoroquinolones were prohibited in the USA as resistance was seen in humans and 

animals, and fluoroquinolones were used as an effective drug for respiratory diseases 

[40]. The present study also reveals high resistance to fluoroquinolones, which is a 
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concerning issue. According to a study from the University of Minnesota, the 

emergence of resistance to fluoroquinolones was observed, a drug of choice for 

treating E. coli infections [41]. Also, it is essential in conditions where resistance to 

trimethoprim-sulfamethoxazole and extended-spectrum beta-lactams was observed. 

The prevalence of DEC varies globally among different locations, regions, and countries. 

EPEC is the most commonly isolated pathotype of diarrheagenic E. coli. The virulent 

gene is involved in the expression of bundle forming pilus (bfpA) toxin, which causes 

acute and chronic watery diarrhoea, especially the atypical EPEC, which causes 

diarrhoea in domestic animals. EAEC is also associated with acute and persistent 

diarrhoea. The ipaH gene of EIEC is similar to Shigella spp., responsible for inducing 

dysentery in humans. STEC infections are rare in India, but few studies proved high 

chances of their emergence in the future [28]. stx1 and stx2 genes of EHEC or STEC 

mainly cause hemolytic uremic syndrome. Our study shows that poultry is the leading 

carrier of the astA gene of EAEC (60%), followed by the bfpA (57.8%) and eaeA (60%) 

genes of EPEC. A similar result for EPEC was noted in Burkina Faso's study, 

accounting for a 37 % prevalence of EPEC and only a 6% prevalence rate for EAEC 

from chicken faeces samples [14].   

The present study mainly highlights the occurrence of EPEC and EAEC pathotypes of 

DEC from the Deralakatte suburb of Mangalore city, which demands a big-scale 

investigation on pathotypes of E. coli to be detected in other areas. The outcome of the 

questionnaire-based survey highlights the regular use of antibiotics in poultry for 

therapeutic and prophylactic purposes. Though the workers were not aware of the 

antibiotic's generic or common names when asked but produced the vials of antibiotics 

used for poultry. Among frequently used antibiotics, quinolones, penicillin, and 

tetracyclines were the most commonly used as per the survey (Table 3). A study from 

Sudan shows results similar to the present study, where the most frequently used 

antibiotics for animal farming were quinolones and tetracyclines [42]. In the present 

study, in addition to quinolones and tetracyclines, high resistance was observed for 

carbapenems and fourth-generation cephalosporin, i.e., cefepime. However, there is no 

evidence if these antibiotics were used for disease prevention or as a growth promoter.  

Limitations of the present study include a brief study period with a smaller number of 

samples. The survey was conducted only on 30 chicken farms that demand future 

studies to explore more farms. Despite these limitations, this study delivers adequate 

knowledge about the high prevalence of EAEC and EPEC from chicken faeces in this 

rural part of Mangalore. 

 

CONCLUSION 

Our data suggested that diarrheagenic E. coli, mainly EAEC and EPEC from the study 

farms may act as reservoirs of antibiotic drug resistance which may be mobilized into 

human populations. Survey data suggested that maintaining personal and farm 

hygiene, cleaning cages/ egg-laying trays/ slaughter areas and providing clean feed will 

reduce infections among poultry and farmworkers. Finally, there should be public 

awareness towards restricting the excessive and non-therapeutic use of medically 

important antibiotics in the poultry industry. There should be programs and policies 

created by different organizations to work towards achieving better health outcomes 

which will help achieve a one health approach. 
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