
Research Note: Characterization of antibiotic resistant phenotypes and linked
genes of Escherichia coli and Klebsiella pneumoniae from healthy broiler

chickens, Karnataka, India
Khyati Bhardwaj,* Suchitra Shenoy M,*,y,1 Shrikala Baliga,*,y Unnikrishnan B,z

B. Shantharam Baliga,x and Vasanth Kumar Shetty#

*Department of Microbiology, Kasturba Medical College, Mangalore, Manipal Academy of Higher Education,
Manipal, 576104, Karnataka, India; yManipal McGill Centre for Infectious Diseases, PSPH, Manipal, India;

zDepartment of Community Medicine, Kasturba Medical College, Light House Hill Road, Hampankatta, Mangalore,
575001, Karnataka, India; xDepartment of Pediatrics, Kasturba Medical College, Light House Hill Road,

Hampankatta, Mangalore, 575001, Karnataka, India; and #Animal Disease Diagnostic Laboratory, Government
Veterinary Hospital, Jail Road, Karangalpady, Mangalore, 575002, Karnataka, India
ABSTRACT The study was carried out to estimate
the burden and pattern of antibiotic resistance and to
identify antibiotic resistance genes with focus on ESBL
producers, plasmid mediated quinolone resistance, and
tetracycline efflux genes, in faecal bacterial isolates col-
lected from poultry farms of coastal Southern Karna-
taka, India. High resistance to fluoroquinolones was
observed with 94% Escherichia coli and 80% Klebsiella
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pneumoniae being resistant to both ciprofloxacin and
levofloxacin. All the Escherichia coli strains were resis-
tant to tetracycline (100%). qnrB (38%) was the most
common gene detected followed by qnrS (27%) and
qnrA (21.5%). All Klebsiella pneumoniae isolates resis-
tant to tetracycline harbored tetA gene. Most of the iso-
lates in our study had high MAR indices indicating
rampant use of antibiotics.
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INTRODUCTION

Antibiotic resistance is a ‘One Health’ issue with an
impact on human health, animal health, and the envi-
ronment. Antibiotics are frequently used for prophylaxis
and growth promotion in livestock. Such indiscriminate
use leads to the emergence of resistant bacterial strains.
These resistant bacteria can spread from farm animals
to handlers and the surrounding environment
(Laube et al., 2014). In poultry farms, when treatment is
required, often the antibiotics are mixed in the main
water source or feed and the whole batch is treated
because treating one bird alone is not practical.

India has one of the highest numbers of livestock in
the world and the unrestricted use of antibiotics is ram-
pant. Some previous studies done in North India have
reported resistance to critically important antibiotics
such as amoxiclav, cefotaxime, levofloxacin, and mero-
penem in Escherichia coli and Klebsiella pneumoniae
(Bhushan et al., 2017).
Many studies suggest that healthy food-producing ani-

mals also harbor Escherichia coli and Klebsiella spp that
are ESBL producers. Not only ESBLs but other plasmid-
mediated antibiotic resistance-conferring genes such as
qnr are increasingly being detected (Kar et al., 2015).
Karnataka, a state with intensive poultry farming, lacks

data regarding antibiotic use and antibiotic resistance in
the poultry farms. This study was therefore done to deter-
mine the antibiotic-resistant bacteria, study their suscepti-
bility pattern, and identify the genes responsible for
resistance to antibiotics in poultry in Southern Karnataka.
MATERIALS AND METHODS

Poultry Sample Collection, Bacterial
Isolation, Identification, and Farmer
Interview

By simple random sampling, 20 registered poultry
farms were selected from Southern Karnataka. All the
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Table 1. Poultry samples collected per age group, age-wise resistance pattern of isolates, and MAR indices.

Poultry
Age (Wk)

Number of
samples

Number of
farms sampled

Total number of isolates % Resistant to two or more antibiotics MAR index

E. coli Klebsiella E. coli Klebsiella E. coli Klebsiella

1 34 1 10 3 50 100 0.13 0.15
1 wk 32 3 31 2 96 50 0.18 0.15
2 wk 40 4 30 4 75 75 0.32 0.13
3 wk 32 3 23 2 71 100 0.37 0.12
4 wk 38 3 30 2 85 100 0.28 0.17
5 wk 48 4 32 3 66 66 0.28 0.11
6 wk 32 2 31 4 96 100 0.29 0.17
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farms sampled were comparable in size, housing on an
average 10 flocks (flock size >50) of the same age group
at a time (all-in all-out system). Clinically healthy live
broiler chickens of different ages (1 day old to 6 weeks
old) were sampled. One day old chicks had hatched on
the previous night of hatchery visit. Swabs from 1-day-
old chicks were collected from the main hatchery. 10 to
15 cloacal swabs (1−2 swabs from each flock) were ran-
domly collected from each farm to a total of 256 samples
(Table 1). The collection was done from January 2018
to June 2018.

The swabs were transported in saline and streaked on
HiCrome agar (HiMedia, India) using aseptic precau-
tions and incubated at 37°C for 24 hr. HiCrome agar
facilitated the direct identification of Escherichia coli
and Klebsiella pneumoniae based on different colors and
morphology of the colony. For quality control, E. coli
ATCC 25922 was used. Standard biochemical techni-
ques were used to confirm the identity of the colonies.
After swab collection, the head farmer of each farm was
orally interviewed to collect information about the
mode, duration, and reason of antibiotic use. A total of
20 farmers were interviewed.
Antibiotic Susceptibility Testing

All the E. coli and K. pneumoniae isolates were first
subjected to phenotypic identification of ESBLs pro-
ducers and fluoroquinolone resistance by culture on 2
media; cefotaxime (1 mg/L) incorporated MacConkey
agar and ciprofloxacin incorporated (1 mg/L) MacCon-
key agar. The isolates that were found resistant in both
the cultures were further subjected to routine antibiotic
susceptibility testing to twenty antibiotics by the Kirby
Bauer disk diffusion method. Clinical and Laboratory
Standards Institute guidelines were used to interpret the
results The tested antibiotics (Becton Dickinson,
Sparks, MD) were ampicillin (AMP,10mg), amoxicillin/
clavulanic acid (AMC,20/10 mg), ampicillin/sulbactam
(SAM,10/10 mg), amikacin (AK,30 mg), aztreonam
(AT,30 mg), ceftazidime (CAZ,30mg), ceftriaxone
(CTR,30 mg), cefotaxime (CTX,30mg), cefoxitin
(FOX,30 mg), chloramphenicol (C,30 mg), ciprofloxacin
(CIP, 5mg), levofloxacin (LVX,5 mg), trimethoprim-sul-
famethoxazole (SXT, 25 mg), ertapenem (ERT,10 mg),
imipenem (IMP,10mg), meropenem (MEM,10 mg),
piperacillin (PI,100 mg), piperacillin-tazobactam
(TZP,100/10 mg), tetracycline (TE,30 mg), tigecycline
(TGC,15 mg). Presumptive ESBL producers were fur-
ther tested for ESBL production by the combination
disc method. The following four discs were used −
ceftazidime, ceftazidime/clavulanic acid, cefotaxime,
and cefotaxime/clavulanic acid. An increase of
≥5 mm in the zone of inhibition of cephalosporin/
clavulanic acid combination disc as opposed to cepha-
losporins alone was considered as phenotypic confir-
mation of ESBL production. Klebsiella pneumoniae
ATCC 700603 and Escherichia coli ATCC 25922
were used as positive control and negative control for
ESBL detection respectively.
Molecular Detection of Antimicrobial
Resistance Genes

Bacterial isolates, across all the age groups, that
were phenotypically confirmed as ESBL producers,
fluoroquinolone-resistant, and tetracycline-resistant,
were further analyzed by PCR. Pure bacterial colo-
nies grown on blood agar (HiMedia, India) at 37°C
for 24 hr were used for DNA extraction by QIAamp
DNA mini kit (QIAGEN, Dusseldorf, Germany).
ESBLs - blaTEM, blaSHV and blaCTX-M (Sinha et al.,
2015), blaCTX-M-15 (Zowawi et al., 2014); plasmid-
mediated quinolone resistance - qnrA, qnrB, qnrS
(Huang et al., 2009) and tetracycline efflux - tet(A),
tet(B) (Kurnia et al., 2018) genes were analyzed by
PCR. The PCR reaction was as follows − 25 mL vol-
ume contained 12.5 mL KAPA Taq Hotstart 2X mas-
ter mix (Kapa Biosystems, Wilmington, MA, USA), 1
mL each primer, 2mL DNA template, and 8.5 mL
nuclease-free water. The PCR amplification was car-
ried out in the Rotor-Gene Q 5plex HRM platform
(QIAGEN, Hilden, Germany). The amplified prod-
ucts were run on 1.5% (w/v) agarose gel (HiMedia,
India) containing ethidium-bromide (0.5 mg/mL). Gel
documentation was done with the help of AlphaIm-
ager EC (ProteinSimple, San Jose, CA).
Statistical Analysis

Data analysis was carried out with SPSS, version 20.0.
The data was reported as frequencies and percentages.
Multiple antibiotic resistance (MAR) index was calcu-
lated for isolates from each age group as a/(b*c), where
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Figure. 1. Pattern of antibiotic resistance in E. coli and Klebsiella isolates against the tested antibiotics. The graph depicts the percentage of E.
coli and Klebsiella isolates that were resistant against the tested antibiotics.
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‘a’ represents aggregate antibiotic resistance score of all
isolates from an age group, ‘b’ is the number of antibiot-
ics tested and ‘c’ is the number of isolates obtained from
each age group. An MAR index >0.2 indicated high-risk
sources where bacteria were exposed to multiple
antibiotics.
RESULTS AND DISCUSSION

Prevalence of Bacterial Isolates

Out of the 256 chicken cloacal swab samples, a total of
187 E. coli and 20 K. pneumoniae were isolated. The
prevalence of E. coli was highest at 73% and ofKlebsiella
7.8%.
Antibiotic Use in Poultry Farms

All the farmers who were interviewed, agreed to the
use of antibiotics in feed and water as it was the stan-
dard practice across the district. The feed used in all
poultry farms was supplied by a single manufacturer
across the district. Tetracycline (250gm/ton of feed) was
added as a growth promoter. Also, a water additive con-
taining levofloxacin (10% w/w) was used in all farms as
a prophylactic measure against E. coli. Antibiotic use
started as soon as the chicks entered the farms. The pri-
mary reason for such antibiotic use was that a single
infected bird would infect the entire flock leading
to financial loss. Tetracyclines and fluoroquinolones
are widely misused as growth promoters and for
prophylaxis.
Antibiotic Susceptibility Testing

All 187 Escherichia coli isolates were found resistant
to tetracycline. Total of 176 (94%) Escherichia coli iso-
lates were resistant to both ciprofloxacin and levofloxa-
cin. 6% isolates were intermediate to both ciprofloxacin
and levofloxacin. None of the isolates were sensitive to
either ciprofloxacin or levofloxacin. It was observed that
out of the 10 isolates collected from 1d old chicks, 4 were
intermediate and 6 were found resistant to both cipro-
floxacin and levofloxacin. But as the age increased, only
resistant strains were found.
The high incidence of resistance to tetracycline and

fluoroquinolones may be attributed to the continuous
exposure of chickens (1−6 weeks old) to levofloxacin
(10% w/w) and tetracycline (250 gm/ton) in water and
feed. All farm workers in our study confirmed the use of
these 2 antibiotics in feed and water respectively.
Only 36 (19%) isolates were resistant to cefotaxime

and ceftazidime (Figure 1). Out of these 36, only 10
(27.7%) were confirmed as ESBL producers. Similar
results were obtained in a study done in Odisha, India
(Kar et al., 2015).
All the E. coli isolates were susceptible to carbape-

nems. Resistance to 2 or more antibiotics was found in
all E. coli isolates from 1-day-old to 6 weeks old chickens
with isolates from 3 wk and 5 wk exhibiting the most
resistance in 16 out of the 20 tested antibiotics. E. coli
isolates from 2 weeks old to 6 weeks old chickens had
MAR index >0.2 (Table 1). Resistance to fluoroquino-
lones can also lead to cross-resistance to other antibiotics
(Gouvêa et al., 2015).
The pattern of multi drug resistance found in our

study in most E. coli isolates was ciprofloxacin-
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levofloxacin-tetracycline in combination with other anti-
biotics. Prolonged exposure to antibiotics with increas-
ing age results in the emergence of multidrug resistance.
This was evidenced in the MAR (Multiple antibiotic
resistance) indices of E. coli isolates from 2 wk onward
(>0.2) indicating their origin from high-risk sources with
rampant use of antibiotics. Presence of fluoroquinolone
resistant isolates in 1-day-old chicks is an indication of
pre-existence of resistance at the source of eggs. As the
fluoroquinolone use increases in chickens, resistant iso-
lates are selected over sensitive isolates.

Among the Klebsiella isolates, 18 (90%) out of 20
showed resistance to ampicillin, followed by ciprofloxa-
cin, levofloxacin (80% each), and tetracycline (40%). All
the 20 Klebsiella isolates were resistant to multiple anti-
biotics (Figure 1). Only one of the Klebsiella isolates was
ESBL producer. None were resistant to the tested carba-
penems. Klebsiella spp across the age groups had MAR
index <0.2 (Table 1). Similar results were found in some
previous studies (Bhushan et al., 2017). Though most of
the Klebsiella isolates were resistant to 2 or more antibi-
otics across all the age groups, their MAR indices were
<0.2. This may possibly be because of the low numbers
of Klebsiella (n = 20) isolated from all the age groups.
Also, some isolates being resistant to some antibiotics
but sensitive to others may be because of possible admix-
ing of strains of different origins.
Molecular Detection of Antimicrobial
Resistance Genes

Out of the 176 (94%) E. coli isolates resistant to both
ciprofloxacin and levofloxacin, 38 (21.5%) harbored
qnrA, 67 (38%) harbored qnrB, and 48 (27%) were posi-
tive for qnrS genes. 23 (13%) carried both qnrA and
qnrS.

Out of the 16 fluoroquinolone-resistant Klebsiella iso-
lates, 15 (94%) carried qnrB while one carried qnrS.
qnrA was not detected in any of the isolates. Heavy use
of fluoroquinolones may be responsible for the preva-
lence of plasmid-mediated quinolone resistance, thus
playing a role in horizontal gene transfer.

All the 187 E. coli isolates were resistant to tetracy-
cline. 139 (74%) carried tetA gene while 25 (13%) car-
ried tetB gene. 23 (12%) were positive for both tetA and
tetB. All the 8 tetracycline-resistant Klebsiella carried
tetA gene.

Of the 10 ESBL producing E. coli, 4 carried the SHV
gene only, 1 had TEM along with SHV. 4 carried CTX-
M15 in addition to SHV and 1 carried CTX-M1 in addi-
tion to SHV. Among the 20 Klebsiella isolates, the only
ESBL producer harbored SHV, CTX-M15, and TEM.
Not only do the CTX-M15 provide resistance to
extended spectrum beta-lactams but mutations in SHV
and TEM alone can also confer resistance to broad spec-
trum beta-lactams.

Many studies suggest the possibility of transfer of
antibiotic resistance genes from poultry to humans in
close contact with it. A study in Netherlands showed
similar ESBL producing isolates were present in poultry
meat samples and handlers (Leverstein-van Hall et al.,
2011) A study conducted in six European countries
showed that E. coli isolates from animals, environment
and humans carrying blaCTX-M-1 and qnrS and qnrB
genes had identical RFLP patterns (Dolejska et al.,
2013)
Fluoroquinolones, third generation cephalosporins,

beta-lactams, and tetracyclines are important antimi-
crobials for human and animal treatment. High preva-
lence of multiple drug resistant isolates in broilers
starting from a day-old chick is highly indicative of anti-
biotic abuse in poultry. This needs to be addressed to
prevent critical antibiotics from becoming ineffective for
treatment. The presence of plasmid-mediated resistance
mechanisms in broilers could lead to the dissemination
of these determinants in the food chain and environment
also. One Health involves the interaction between
humans, animals and, the environment. To realize One
Health, it is imperative that antibiotic use should be
strictly limited to treatment purpose in both animals
and humans.
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