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ABSTRACT

This study was aimed to analyze the antimicrobial resistance profile of bacterial isolates from fecal
and cloacalswab samples collected from healthy broiler chickens in Chennai. Fresh fecal droppings
were collected in sterile containers and cloacal swabs were collected using nylon swabs and brought
to the laboratory with cold chains. Bacterial strains were isolated from the collected samples using
standard bacterial culture methods. Antimicrobial susceptibility of the isolates was screened using
Kirby-Bauer disk diffusion method. Extended spectrum B-lactamase (ESBL), metallo-B-lactamase
(MBL), and AmpC B-lactamaseproducers were identified using Combination Disk Method. A total of
58 bacterial strains were isolated from fresh fecal droppings and 84 from cloacal swabs collected from
broiler chickens. Escherichia coli (117) was the predominantly isolated bacteria followed
byKlebsiellapneumoniae(17). Bacterial isolates showed 100% resistance to ampicillin, followed by
piperacillin (97.8%), polymixin-B (87.3%), piperacillin-tazobactam (85.2%), tetracycline (77.4%),
andnalidixic acid (65.4%). These isolates showed highest susceptibility to fosfomycin (96.4%). ESBL
production was found among 59.1% of the isolates and AmpC pB-lactamase production was noted
among 43.6% of the isolates. None of the bacterial isolates were tested positive for MBL production.
This study finding revealed that fecal waste of broiler chickens contains B-lactamase producing
multidrug-resistant bacterial strains.

Key words: Broiler chicken, antimicrobial resistance, extended spectrum f-lactamase, metallo-g-
lactamases, Escherichia coli.

1. Introduction

Poultry is one of the most widespread food industries and broiler chicken is the most
commonly farmed species worldwide with over 90 billion tons of chicken meat produced per
year (1). Antibiotics have been used in poultry for the prevention of disease, such as feed
proficiency enhancers and growth promoters (2). Multiple combinations of antibiotics were
used for the animal feeding process,releasing large quantities of antibiotics and entertain the
cycle of biotransformation andbioaccumulation of antibiotics in the environment (3).Animal
farms account for over one-half of all antibiotics used and it was estimated that 131,109 tons
of antibiotics were used in 2013 and it will bereaching over 200,000 tons by 2030
(4).Furthermore, it is estimated that antibiotic utilization will be increased as 67% by the year
2030 and with almost twice this increase in countries such as China, Brazil, India, South
Africa, and Russia (5, 6). Indiscriminate usage of essential human medicine antimicrobials in
animal production is accelerating the emergence of multidrug-resistant (MDR) bacterial
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pathogens (7, 8). Discharge of antibiotic resistant genes from poultry to soil and aquatic
environments can propagate by horizontal gene transfer (HGT) to indigenous bacteria (9).A
study reported that poultry is a source of ESBL producing bacterial isolates which can be
spread into the natural environment as well as our food chain (10). Bacterial isolates from
healthy  broilerchickens  have  significant  resistance  prevalence  top-lactam
antibiotics,especially tothe third and fourth generationcephalosporins,andthese bacteria can
spread to humans and other animals (11, 12).Among poultry bacterial pathogens belonging to
Enterobacteriaceae, avian pathogenic Escherichia coli (APEC) isolates displayed a high level
of resistance to ampicillin, amoxicillin, and tetracycline (13).In this study, bacterial strains
isolated from fecal and cloacal samples collected from broiler chickens in Chennai were
screened for their antimicrobial resistance (AMR) profile.

2. Materials and Methods

Sample Collection and Bacterial Isolation

Fecaland cloacalsamples were collected from commercially available broiler chicken shops in
Chennai. Pre-sterilized air-tightened containers were used for collection of fecal samples and
a nylon swab was used for collection of cloacal swab samples. After immediate collection,
samples were brought to the laboratory in the cold chain. For the isolation of bacterial
strains, a loop full of fecal samples and cloacalswabs were inoculated on MacConkey Agar
and 5% sheep blood agar platesand incubated at 37°C for 18-24h. Isolated colonies were
identified based on the standard bacterial culture and biochemical tests (14).

Antibiotic Susceptibility Test

Antibiotic susceptibility profile of the bacteria was screened using Kirby-Bauer disc diffusion
method (15) wusing the antibiotics viz. amikacin (30mcg), ampicillin (30mcg),
chloramphenicol (30mcg), ciprofloxacin (5mcg), ertapenem (30mcg), fosfomycin (200mcg),
gentamicin (10mcg), meropenem(10mcg), nalidixic acid (30mcg), nitrofurantoin (300mcg),
piperacillin (100mcg), piperacillin-tazobactam (100/10mcg), polymixin-B(300 units), and
tetracycline (30mcg) (Himedia, India).

Combination Disk method for ESBL, MBL and AmpC

The cefotaxime (30ug) and cefotaxime — clavulanic acid (30pg/ 10 pg) discs were placed
20mm apart on the MHA agar surface. Similarly, ceftazidime (30ug), ceftazidime —
clavulanic acid (30pg/ 10 ug) were also placed for detection of ESBL production using
Combination Disk Method (CDM). In this method, an overnight culture suspension of the
bacterial isolate was adjusted to 0.5 McFarland’s standard and lawn culture was made on the
surface of Muller Hinton Agar (MHA) plates. Imipenem(10ug) alone and in combination
with EDTA (750ug) were used for detection of MBL production. Cefoxitin (30 pg) and
cefoxitin-cloxacillin (30 pg/ 200 pg) discs were used for AmpC production.After overnight
incubation at 37°C, an increased zone of inhibition more than 5mm was interpreted as
positive for B-lactamaseproduction.

3. Results
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In this study, a total of 46 fresh fecal droppings and 60 cloacal swabs were collected from
broiler chickens in Chennai. Among the collected samples, 142 gram-negative bacterial
strains were isolated. Out of them, 58 (40.8%) bacterial isolates were obtained from fecal
samples and 84 (59.1%) were obtained fromcloacal swabs.Among the 142 isolates, 117
(82.4%)were E.coli, 17 (11.9%) K.pneumoniae,3 (2.1%) Proteus vulgaris, 3 (2.1%)
P.mirabilis, 1 (0.7%) Enterobacter sp.and1(0.7%)Morganella sp. (Fig.1).

All isolates were screened for antibiotic resistance profile using standard antibiotics. It was
noted that bacterial isolates showed high level of resistance to ampicillin (100%),followed by
piperacillin/tazobactam  (97.9%),piperacillin ~ (93.9%),polymixinB  (81.6%),tetracycline
(79.6%),meropenem (65.3%), gentamicin (55.1%),ertapenem (53.1%) and nalidixic acid
(53.1%). The isolates were found to be highly susceptible to fosfomycin (97.9%) followed by
chloramphenicol (69.4%), amikacin (67.3%), nitrofurantoin (59.2%) and ciprofloxacin
(57.1%) (Fig.2).

E.coli showed high level of resistance to ampicillin(97.6%) followed by piperacillin (92.8%),
piperacillin/tazobactam (95.2%), tetracycline (80.9%), polymixin B (78.5%),meropenem
(69%),gentamicin  (54.7%) and ertapenem(52.3%) and high level of susceptibility to
fosfomycin(97.6%) followed by amikacin  (69%),nitrofurantoin  (66.6%) and
ciprofloxacin(57.1%).  K.pneumoniaeshowed = 100%  resistance ~ to  ampicillin,
piperacillin,piperacillin/tazobactam, and  polymixinB  followed by tetracycline
(80%),ertapenem(60%) and 100% susceptibility to fosfomycin. P.vulgarisshowed 100%
resistance to ampicillin, piperacillin/tazobactam, polymixin B, and piperacillin and 100%
sensitivity toamikacin, fosfomycin and tetracycline.P.mirabilis showed 100% resistance to
ampicillin,ciprofloxacin, ertapenem, gentamicin,meropenem,piperacillin/tazobactam,
polymixin B, and piperacillinand 100% sensitivity to amikacin,chloramphenicol,fosfomycin,
nalidixic acid and nitrofurantoin (Fig. 2).Phenotypic detection of pB-lactamases revealed that
49 isolates showed positive for ESBL production. Of them,42 (85.7%) wereE.coli,5(10.2%)
were K.pneumonia,andeachl (2%) wasP.vulgaris andP. mirabilis. All p—lactamase producing
isolates possessed MDR profile against at least 4 antibiotics used in this study.Out of 49
isolates, 46(97.9%) showed positivity forAmpC productionand among them 41(97.6%) were
E.coli, and5(10.2%) wereK. pneumoniae(Fig.3).
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Fig.1: Percentage of bacterial species isolated from fecal and cloacal samples from
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Fig. 2: Antibiotic resistance profile of bacterial isolates from fecal and cloacal swab
samples collected from broiler chickens in Chennai
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Fig. 3: Positivity of ESBL and AmpCproduction among bacterial isolates from fecal and
cloacal swab samples collected from broiler chickens
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4. DISCUSSION

Antimicrobial drugs are used for treating infectious diseases in animals and humans.In animal
husbandry, particularly poultry farms, antimicrobials are widely used to increase
productivity. However, the uncontrolleduse of antimicrobials in livestock and poultry is one
of the major reasons forthe emergence and spread of antibiotic resistant bacteria. It is also
posed arisk to public health through potential transfer of AMR genes to human pathogens,
through contact with animals or through the food chain. AMR therefore presentsa threat to
animal and human health and economy (16). In our study, the AMR pattern ofbacterial
isolates from fecal and cloacal swab specimens collected from broiler chickens was analyzed.
The most common bacterial species isolated in this study wasE.coli followed
byK.pneumoniae. Other bacterial species such as P. vulgaris, P.mirabilis, Enterobacter sp.,
and Morganella sp. were isolated in low levels. In a study from Saudi Arabia,E. coli was the
predominantly isolated bacteria from chicken farms. Other than
E.coli,Salmonellasaprophyticus, S. epidermidis, Proteus sp., Enterococcus sp., Klebsiella sp.,
Bacillus sp., Pseudomonas sp. and Micrococcus sp.were also identified in their study in
samples collected from chickens(17).However, in this current study, none of the Salmonella
sp.was isolated from both fecal and cloacal swab specimens. A study by Roy et al.(18)
reported that E.coliwas the most prevalent bacterial isolate frompoultry chickens.

In this current study, while analyzing the overall antibiotic resistant profile of Gram-negative
bacterial pathogens, it was noted that bacterial isolates showed high levels of resistance to
beta-lactam antibiotics such as penicillin and piperacillin. More than 50% of resistance rate
was found topolymixin B, tetracycline, meropenem, gentamicin, ertapenem, and nalidixic
acid. This AMR profile reveals that beta-lactam antibiotics, carbapenems, and
aminoglycosides and tetracycline antibiotics are highly used in poultry farms. In poultry
farms located in Northern America, tetracycline, bacitracin, tylosin, salinomycin,
virginiamycin,and bambermycin are often used. Around 30% to 90% of the antibiotic dose
consumed is released in the urine and feces. Hence, sewage disposal system is one of the
main routes for antibiotics entering into the environment and contaminatedthe water system
(19). A study by Diarraet al. (19) reported that bacterial isolates from poultry farms showed a
resistance rate of more than 43% to ampicillin, amoxicillin-clavulanic acid, ceftiofur,
cefoxitin and ceftriaxone antibiotics.

Amsaveniet al.(20) reported the high positivity of ESBL producingE.coli isolates from
poultry farms. In this study, high positivity of ESBL production was noted among
E.coliisolates. It was also noted that K. pneumoniae, P. vulgaris, and P. mirabilis exhibited
low levels of ESBL positivity. Since none of our study isolates showed positive for MBL
production, other carbapenemases could be responsible for the ertapenem resistance observed
in this study isolates. Positivity of MBL producing bacteria isolated from healthy broiler
chickens might be the major concern in health,so the transmission might occur between
poultry bacteria with human pathogens (21).Another study reported a low level of MBL
production among bacterial strains isolated from poultry farms(7). Furthermore, in this
study,AmpC positivity was observed among 25.3% of the isolates. The AmpC positivity in
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this study is higher than a study by Chika et al.in 2016 (22) reported 18.4% of the
AmpCproduction of bacterial strains from poultry. From the findings of this study, it is
concluded that the bacteria isolated from fecal and cloacal swab specimens collected from
health broiler chickens in Chennai have multidrug-resistance profile. Furthermore, the high
positivity ESBL production could be the major factor for bacterial resistance to cephalosporin
antibiotics.

Conflict of interest: None to declare.

References

1.

10.

11.

Food and Agriculture Organization of the United Nations. FAOSTAT: Live Animals
Data. (2017). Available from: http://www.fao.org/faostat/en. Accessed on 29%
November 2020.

He Y, Yuan Q, Mathieu J, Stadler L, Senehi N, Sun R, et al. Antibiotic resistance
genes from livestock waste: occurrence, dissemination, and treatment. NPJ Clean
Water2020;3:1-1.

Manzetti S, Ghisi R. The environmental release and fate of antibiotics. Mar. Pollut.
Bull.2014;79:7-15.

Van Boeckel TP, Glennon EE, Chen D, Gilbert M, Robinson TP, Grenfell BT, et al.
Reducing antimicrobial use in food animals. Science 2017, 357, 1350-1352.

Li YX, Zhang XL, Li W, Lu XF, Liu B, Wang J. The residues and environmental
risks of multiple veterinary antibiotics in animal faeces. Environ. Monit. Assess.
2013;185:2211-20.

Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, et al.
Global trends in antimicrobial use in food animals. PNAS 2015;112:5649-54.

Chika E, Charles E, Ifeanyichukwu I, Thaddeus G, Malachy U, Chika E, et al.
Detection of metallo-p-lactamase (MBL) among carbapenem-resistant gram-negative
bacteria from rectal swabs of cow and cloacae swabs of poultry birds. Ann. Med.
Health Sci. Res. 2017; 7: 51-56.

Van TT, Yidana Z, Smooker PM, Coloe PJ. Antibiotic use in food animals
worldwide, with a focus on Africa: Pluses and minuses. J. Glob. Antimicrob. Resist.
2020;20:170-7.

Von Wintersdorff CJ, Penders J, Van Niekerk JM, Mills ND, Majumder S, Van
Alphen LB, et al. Dissemination of antimicrobial resistance in microbial ecosystems
through horizontal gene transfer. Front. Microbiol. 2016;7:173.

Chishimba K, Hang’Ombe BM, Muzandu K, Mshana SE, Matee MI, Nakajima C, et
al. Detection of extended-spectrum beta-lactamase-producing Escherichia coli in
market-ready chickens in Zambia.Int. J. Microbiol. 2016;2016:1-5.

Shrivastav A, Sharma RK, Sahni YP, Shrivastav N, Gautam V, Jain S. Study of
antimicrobial resistance due to extended spectrum beta-lactamase-producing
Escherichia coli in healthy broilers of Jabalpur. Vet. World. 2016;9:1259.

897

http://annalsofrsch


http://www.fao.org/faostat/en

Annals of R.S.C.B., Vol. 24, Issue 1, 2020, pp. 892- 898
Received 18April2020; accepted 23June2020

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Blaak H, van Hoek AH, Hamidjaja RA, van der Plaats RQ, Kerkhof-de Heer L, de
RodaHusman AM, et al. Distribution, numbers, and diversity of ESBL-producing E.
coli in the poultry farm environment. PloS one. 2015;10:e0135402.

Nhung NT, Chansiripornchai N, Carrique-Mas JJ. Antimicrobial resistance in
bacterial poultry pathogens: a review. Front. Vet. Sci.2017;4:126.

Cheesbrough M. District Laboratory Practice in Tropical Countries, 2nd ed., Part 2,
Cambridge University Press, London, 2000.

Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic susceptibility testing by a
standardized single disk method. Am J ClinPathol 1966; 45:493-6.

ASEAN Ministers of  Agriculture and Forestry, (39) 2017.
http://asean.org/storage/2016/10/Annex-29-JPS-39th-AMAF-final.pdf

Al-Ghamdi MS, EI-Morsy F, Al-Mustafa ZH, Faiz M, Al-Ramadhan M. Bacterial
organisms isolated from healthy chicken in the Eastern province of Saudi Arabia and
their pattern of resistance to antimicrobial agents. Sci. J. King Faisal Univ. Basic
Appl. Sci. 2001;2:14-21.

Roy SR, Rahman MB, Hassan J, Nazir KN. Isolation and identification of bacterial
flora from internal organs of broiler and their antibiogram studies. Microbes and
Health 2012;1:72-5.

Diarra M.S, Malouin F. Antibiotics in canadian poultry productions and anticipated
alternatives. Front.Microbiol, 2014; 5, 282.

Amsaveni S, Porteen K, Selvaraju G, Bharathi MV, Sekar M. Screening of E. coli
Isolates of Poultry Origin for Extended Spectrum Betalactamases (ESBL)
Resistance.Int. J. Livest. Res. 2018; 8: 299-306.

Chika E, Ifeanyichukwu I, Carissa D, Thomas A, Okoro O, Joshua E, et al.
Occurrence of metallo-beta-lactamase-producing Enterobacteriaceae from a Local
poultry farm in Abakaliki, Nigeria. Int. J. Appl. Pharm. Biol. Res.2016 ;1:70-5.
Kahraman BB, Sigirci BD, Celik B. Detection of extended-spectrum f-lactamase and
AmpC B-lactamase producing Escherichia coli isolates from chickens. Kafkas Univ.
Vet. Fak. Derg.. 2016;22:591-6.

898

http://annalsofrsch



