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Egyptian vultures (Neophron percnopterus) wintering in north-western India
remains for several months (October to March) and with due course they have
become an inhabitant of a synanthropic site in Jorbeer, a livestock and other
animal carcasses dumping and disposing site in the outskirts of Bikaner city of
Rajasthan. The main purpose of this study was to isolate and identify E. coli
from critically endangered Egyptian vultures through conventional and
molecular methods along with determining their antibiotic resistance profile.
Bacteriological analyses were conducted on 38 freshly voided fecal samples,
leading to the isolation of E. coli in 30 samples which were identified by
biochemical tests and 16S rRNA sequencing. In the antibiogram study, out of
12 antibiotics two antibiotics namely norfloxacin and co-trimoxazole were
highly effective against most (93.33%) of the isolates. Highest resistance was
against cephotaxime (56.65%) followed by amoxyclav (43.33%). Antibiogram
showed a moderate spread of E. coli strains showing antibiotic resistance
among Egyptian vultures at Jorbeer, Bikaner.
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Introduction
Egyptian vultures wintering in north-western India
remain for several months (October to March), with
some of them assembling at a synanthropic site in
Jorbeer, located in the outskirts of Bikaner city and
used to dump livestock and other animal carcasses.
The key source of food for these vultures in shared
dumps is farm animal carcasses and stray animal
carcasses, which contain high levels of
antimicrobial resistance (Kang et al., 2004). This
species has been listed as critically endangered by
IUCN and in India, there has been a rapid decline in
the population with a 35% decrease each year since
1999 which has been attributed mainly to the use of
NSAIDs (diclofenac sodium in particular)

(Cuthbert et al., 2006). All bacteria including E.
coli isolated from vultures, internally or externally,
can potentially be the cause of diseases both in
wildlife, domestic animals and humans (Hubalek,
2004).
Escherichia coli (E. coli) is a common colonizer of
the gastrointestinal tract which belongs to the
family Enterobacteriaceae and is a short gram
negative, non-spore forming, peritrichous and
fimbriate bacillus which may have a capsule or a
microcapsule. Escherichia coli has been
extensively studied in various taxonomic classes of
mammals and bird species. The majority of
acquired virulence factors that differentiate
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pathogenic E. coli from harmless E. coli are
encoded on mobile genetic elements capable of
horizontal gene transfer or on elements that were
once mobile but now have become a stable part of
the genome with time (Kaper et al., 2004). The
selective pressure exerted by antibiotic exposure
has been proposed as a key factor in the
development and spread of antimicrobial resistance
in commensal E. coli which is a reliable indicator
of antimicrobial selection pressure (Fluckey et al.,
2007). The fact that antibiotic use increased by 30%
globally between 2000 and 2010 demonstrates the
rise in antibiotic use. A survey conducted in India
between 2005 and 2009 revealed a 40% rise in the
use of antibiotics (Ganguly et al., 2011). Due to its
natural history and habits, Egyptian vultures are
suitable for testing both virulence and antibiotic
resistance trends, but very little microbial studies
and antibiotic sensitivity profiling using this host
species have been conducted to date in this region
(India). Hence the present study was conducted to
detect the antibiotic resistance pattern of
Escherichia coli isolates from Egyptian vultures
from Bikaner, Rajasthan, India.

Material and Methods
Sampling
A total of 38 freshly voided faecal samples were
collected from Egyptian vultures from Jorbeer
conservation area, Bikaner (Raj.). The faecal
droppings were collected aseptically with the help
of sterile spatula in sterile collection bottles. For
further processing, the samples were transported to
the laboratory as soon as possible and incubated
overnight in nutrient broth for 24 hours.
Isolation and Identification of E. coli
Escherichia coli strains from faecal samples were
isolated and identified as described by Edward and
Ewing (1986) and Quinn et al. (2000).
Identification of the E. coli isolates was based on
culture and biochemical characteristics. For
genotypic confirmation, amplification of the 16S
rRNA genes was performed. Bacterial DNA was
extracted using method of Chen and Kuo (1993)
and 5’-GCTTGACACTGAACATTGAG-3’ was
used as the forward primer and 3’GCACTTATCTCTTCCGCATT-5’ as the reverse
primer in a polymerase chain reaction (PCR) as per
Khaled et al. (2010).

Antimicrobial susceptibility testing
The antibiotic susceptibility of 30 E. coli isolates
was determined by the disc diffusion method on
Mueller–Hinton agar (Hi Media) by Bauer et al.
(1966). A set of 12 antibiotics representative of the
main classes used in human and veterinary
medicine were used in the antibiogram study. The
surface of Mueller–Hinton agar plates was
inoculated by swabbing overnight broth cultures of
E. coli with turbidity adjusted to 0.5 McFarland
standards. Seven antibiotic discs were carefully
placed on the surface of one MHA plate with
enough space around each disc to allow diffusion of
the antibiotic and incubated at 37 °C for 16 to 18 h.
The inhibition zone around each disc was measured
in millimetres and results were interpreted
according to CLSI guidelines (CLSI, 2013).
Multiple antibiotic resistance (MAR) index was
determined according to the method described by
Krumperman (1983).

Results and Discussion
In the present study, out of 38 faecal samples
collected from Egyptian vultures from Jorbeer
conservation area, Bikaner (Raj.), 30 (78.94%) E.
coli isolates were identified using conventional and
molecular tests (Figure1, 2). The antibiotic
sensitivity test using 12 antibiotics was determined
for 30 isolates and the results of the antibiograms
are presented in Table 1. Two antibiotics namely
norfloxacin and co-trimoxazole were highly
effective against most (93.33%) of the isolates
followed by tetracycline (86.67%), ciprofloxacin
(83.33%),
gentamicin
(76.66%)
and
chloramphenicol (73.33%) (Figure 3,4). The
highest resistance was found against cephotaxime
(56.65%) followed by amoxyclav (43.33%) and
streptomycin (33.33%). Escherichia coli may have
a multi-resistant phenotype because of distant use
of antibiotics, which lead to evolution of a multiresistant organism which has spread to various
ecological niches. The sensitivity of E. coli isolates
to ciprofloxacin was recorded as 83.34% in present
study which is similar to observation made by
Sharada et al. (2008) who reported 83% E. coli
isolates from poultry in Bangalore sensitive to
ciprofloxacin. In the present study, no E. coli was
resistant to ciprofloxacin which is similar to the
observations made by Shrestha et al. (2011),
Borges et al. (2012) and Saidi et al. (2012). This
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Table 1: Antibiogram of E. coli isolated from Egyptian Vultures
SN

Antibiotic disc

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Norfloxacin(NX)
Co-Trimoxazole(COT)
Tetracycline(TE)
Ciprofloxacin (CIP)
Gentamicin(HLG)
Chloramphenicol (C)
Ampicillin(AMP)
Streptomycin(S)
Nalidixic acid(NA)
Kanamycin(K)
Amoxyclav (AMC)
Cephotaxime (CTX)

Sensitive
93.33
93.33
86.67
83.33
76.66
73.33
23.33
23.33
20
16.66
6.67
-

may be due to less use of ciprofloxacin and other
fluoroquinolones at farms or hospitals in the study
area since ciprofloxacin resistance in gram negative
bacilli is coincident with increased use of
fluorquinolones.
In contrary, high level of
resistance was reported from China against
ciprofloxacin by Gyles (2008). Kibret and Abera
(2011) in a study on E. coli from clinical sources in
Ethopia found high degree of sensitivity to
norfloxacin (90.6%) and gentamicin (79.6%) which
is almost similar to our results. Similarly Akond et
al. (2009) found 80% E. coli strains from poultry
and poultry environment in Bangladesh susceptible
to gentamicin and none of the isolates showed
resistance to norfloxacin. Similar to present study
Miles et al. (2006) reported 2.9% isolates from
avian samples resistant to chloramphenicol.
In the present study, 13.33% of E. coli isolates were
found resistant to nalidixic acid which is similar to
the observations made by Costa et al. (2008) and
Umar et al. (2018) who recorded 14% and 18.03%.
E. coli isolates obtained from wild animals and
Indonesian zoo birds respectively, resistant to
nalidixic acid. Contrary to present observation
Salehi and Bonab (2006) found 100% E. coli
isolates from broiler chickens with colisepticemia
resistant to nalidixic acid. Blanco et al. (2016)
detected the residues of fluoroquinolones in the
plasma of 92% nestling vultures feeding on
domestic livestock carcasses. In the present study,
20% E. coli isolates were resistant to ampicillin

Antibiogram pattern (%)
Intermediate
6.67
13.33
16.67
16.67
20
56.67
43.33
66.67
76.67
50
43.35

Resistant
6.67
6.67
6.67
20
33.34
13.33
6.67
43.33
56.65

which is similar to results obtained by Miles et al.
(2006) who reported 20.6% E. coli isolates from
broiler chickens and humans and Aksoy et al.
(2007) reporting 13.1% E. coli isolates from cattle
and sheep resistant to ampicillin. Contrarily, 100%
resistance was observed by Matin et al. (2017) from
faecal, liver and spleen samples of chicken and by
Sarker et al. (2019) in E. coli from broilers. About
50% of E. coli isolates from cloacal samples of
Canarian Egyptian vultures were resistant to
ampicillin and tetracycline which is in contrast to
present study. Whereas susceptibility to ampicillin
(23.33%) among E. coli isolates was almost similar
to that observed by Gyles (2008) (38%) from avian
population from Canada.
In present study, 56.62% of E. coli isolates were
found resistant to cephotaxime which is contrary to
observation made by Kar et al. (2015) who
observed 100% E. coli isolates from poultry faecal
and cattle milk samples resistant to cephotaxime.
Resistance to cephotaxime and ampicillin is also
suggestive of relatively high proportion of extended
spectrum β-lactamases (ESBL) producing E. coli
strains in Egyptian vultures in the present study
which could contribute to the spreading of such
ESBL producing strains as observed by Alcalá et
al. (2016). No resistance was found in E. coli
isolates for tetracycline in given study which is
similar to observation made by Allen et al. (2011)
from samples of landfills and natural habitats. On
contrary high percentage of resistance against
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Figure 1: Metabolic and biochemical reactions by Hi
E. coliTM Identification Kit.

Figure 2: 16S rRNA ribotyping of Escherichia coli
isolates from Egyptian vultures

Figure 3: Sensitivity pattern of E. coli isolates against
various tested antibiotics

tetracycline was observed by other scientists viz.
100% by Sarker et al. (2019) in E. coli from
broilers. A high level of resistance to tetracycline
(83.08%) and co-trimoxazole (76.92%) reported by
Sharada et al. (2008) and resistance to cotrimoxazole
(88%),
ciprofloxacin
(83%),
norfloxacin (78%) and tetracycline (77%) noted by
Kar et al. (2015) in E. coli isolates from poultry
faecal and cattle milk samples is in contrast to

present study. The E. coli isolates from poultry are
resistant to these drugs because of regular usage in
poultry industry for control of pathogenic avian
colibacillosis which is not commonly done in wild
birds like vultures.
Ammar et al. (2015) observed E. coli isolates from
avian samples in Egypt to be 100% resistant to
amoxyclav which is way higher than our
observation (43.33%). The resistance observed in
our study is much higher than the observation made
by Costa et al. (2008) in which resistance of E. coli
isolates from wild animal was in range of 4.5-7%.
Except for gentamicin an overall high resistance
(intermediate + resistant) was recorded for other
aminoglycosides i.e. streptomycin (76.68%) and
kanamycin (83.34%), in the present study. A higher
resistance of 60.4% in E. coli isolates from turkey
to streptomycin was seen by Cunha et al. (2014)
which is similar to present study. Salehi et al.
(2007) found out susceptibility to kanamycin for E.
coli isolates to be 11% which is almost similar to
our observation (16.67%). Horn et al. (2015)
determined that E. coli strains isolated from
necropsy samples and cloacal swabs of canaries
were resistant to gentamicin (4%) and 40% to
streptomycin. De Pontes et al. (2018) observed a
high resistance to aminoglycosides (74%), and
streptomycin (67%) in E. coli isolates from
cockatiels kept in captivity. Aminoglycosides, such
as amikacin or gentamicin, are clinically important
therapeutic agents for treatment of infections
particularly severe infections by Gram-negative
bacteria in human and veterinary medicine, but they
are less preferred in birds because of the toxicity
disadvantage (Flammer, 2006). However, carcasses
and other remains, frequently from diseased
animals treated with aminoglycosides, can be
consumed by vultures leading to the ingestion of
antimicrobial residues or resistant bacteria such as
E. coli. The difference in the prevalence of
antimicrobial resistance in wildlife living in natural
habitats in different geographic sites may reflect
different levels of general pollution in the local
environment. All the multidrug resistant E. coli
isolates were subjected to determination of MAR
(Multiple Antibiotic Resistance) index. Five
antibiotic resistant patterns with MAR index
ranging from 0.08-0.41 were obtained. In addition,
the results obtained showed the presence of eight
multidrug-resistant strains (MDR), which were
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Table 2: Multiple antibiotic resistance (MAR) index of E. coli isolates
S
N

MAR index
value type

Isolate I.D.

No. of
isolates

No. of antibiotics
to which isolates
were resistant

MAR
Index
value

1

MAR1

E1,E3,E4,E6,E7,E8,E9,E10,
E11, E12,E14,E15

12

1

0.08

2

MAR2

E16,E17,E19, E20,E21,E23,
E24,E27,E29, E30

10

2

0.16

3

MAR3

E22,E25,E26,E28,E18

5

3

0.25

4

MAR4

E5,E13

2

4

0.33

5

MAR5

E2

1

5

0.41

resistant to three or more antibiotics having MAR
index more than 0.2. The majority of the E. coli (12
isolates) were resistant to only one antibiotic (MAR
index of 0.08). The majority of isolates (73.3%) had
a MAR index of less than 0.2 while 26.7% isolates
had MAR index value more than 0.2 and were
considered as multiple drug resistant (Table 2)
suggesting exposure of the vultures to bacteria from
significantly contaminated sites. These results are
almost identical to the findings of Kelsey et al.
(2003), who found that 97% of E. coli isolates from
surface water were resistant to one or two
antibiotics, with only one isolate resistant to more
than two antibiotics. Multidrug resistance (MDR)
was detected in 18.8% of E. coli isolates from
healthy wildlife and livestock by Kabali et al.
(2021) which corroborates present study. On the
contrary, Adzitey, 2015 had only four isolates with
MAR index less than 0.2 out of 45 isolates of E.
coli. All E. coli isolates from fecal matter samples
of migratory birds in Bangladesh were found to be
multidrug resistant (MDR) by Islam et al. (2021)
which is in contrast to present study. Szmolka and
Nagy, 2013 described the role of antimicrobial
therapy in animals in the selection of multidrug
resistant populations of commensal E. coli that
could transfer those resistance genes in vivo to
pathogenic strains of E. coli or to Salmonella.

Significance

22 (73.3%) isolates
had less than 0.2
MAR index value
with less risk source
of MDR strains
08 (26.7%)
Isolates had 0.2 or
more than 0.2 MAR
index value with
high risk potential
source of spread of
MDR strains

Conclusion
In conclusion, considerable number of MDR E. coli
strains from Egyptian vultures in arid regions of
Rajasthan was observed that raises concern
regarding the use of antimicrobials in human and
veterinary medicine. Hence to protect the
populations of this threatened species it is necessary
to prevent the vultures from feeding largely on the
carcasses of farm animals or from different clinical
settings which contain high rates of antimicrobial
resistance as they can serve as a source of
antimicrobial-resistant bacteria and can spread them
to other species and into the environment, and
consequently may pose a risk to human and animal
health. The proper disposal of diseased and
subsequently medicated livestock carcasses through
burial or incineration can prevent the spillover of
veterinary antimicrobials in the scavenging
vultures.
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