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In present study, 160 horses were screened for enteric Salmonella and their
antimicrobial resistance pattern in Bikaner. Presence of InvA gene in faecal
samples was used as marker for Salmonella shedding. Antimicrobial resistance
analysis against 10 different antibiotics was done on 11 isolates of Salmonella
enterica. The results revealed that the Salmonella isolates were sensitive to
ceftriaxone + tazobactum (100 per cent), cefoperazone (81.81 per cent), and
cefuroxime (81.81 per cent). All (100 per cent) the strains were found resistant to
penicillin-G and 72.73 per cent isolates were resistant to tetracycline. Six isolates
exhibited multiple drug resistance against 3 to 9 antibiotics with Multiple
Antibiotic index ranging from 0.10 to 0.90. MAR, index of 0.70 was found in
maximum number of isolates (3) which were resistant to seven different
antimicrobials.

Introduction

Horses are at high risk of nosocomial
salmonellosis infection in veterinary teaching

Salmonellosis is caused by enteric or systemic
infection with bacteria of Salmonella spp.
Horses can be affected with salmonellosis
without showing any apparent clinical signs
and symptoms, and transient shedding of
organisms in faeces. Such latent carriers can
turn into a clinical case under stress condition.
Case fatality rate of salmonellosis in equines
is up to 60 per cent (Constable et al., 2017).
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hospitals because of exposure to a common
source of Salmonella organisms (e.g.,
contaminated feed) or by lateral transmission
from infected animals (Kim et al., 2001). In
some instances, these facilities have been
forced to close temporarily (> 3 months)
because of serious outbreaks of clinical
disease caused by Salmonella infection in
horses (Ernst et al., 2004). In the past few
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decades, emergence of antibiotic resistance
among different species of bacteria is on the
rise (Davies and Davies, 2010). The problem
is compounded when it occurs in pathogenic
bacteria like Salmonella enterica having
public health significance. Bikaner city have a
good equine population and in past no study
have been carried out to know the status of
antibiotic resistance against salmonellosis in
horses in this area. Therefore, the present
study was conducted to know the antibiogram
profile of Salmonella enterica isolated from
horses of Bikaner to evaluate and monitor the
extent of antibiotic resistance in the isolates of
this region. Multiple Antibiotic Resistance
(MAR) index was also calculated which has
been shown to be a cost effective and valid
method of bacteria source tracking.

Materials and Methods
Collection of samples

Rectal swabs were taken in triplicate over a
period of 24 hours by using transport swab
containing cary-blair medium from 160
horses belonged to different stud farms and
veterinary hospitals of Bikaner area in
Rajasthan state.

Sample processing

Salmonella were detected using selective
enrichment faecal cultures. For this, faecal
swab samples were used to inoculate faecal
material into 10 ml of mannitol selenite broth,
which were incubated overnight at 37 C. The
swabs were then streaked onto xylose lysine
deoxycholate (XLD) agar plates and
incubated at 37°C for 18-24 hours for
isolation and identification of Salmonella pure
colonies. On XLD agar plates colony
morphology of Salmonella was appeared as
red colonies with black centres (Plate. 1), and
on microscopic examination gram-negative,
rod-shaped bacterial cells after gram’s
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staining. For confirmatory diagnosis isolated
pure colonies of Salmonella were further
incubated for 24 hours at 37 "C in nutrient
broth for DNA extraction and characterization
by highly conserved 457 bp nucleotide
sequence within the invasion gene (invA) of
Salmonella spp. by polymerase chain reaction
(PCR) assay (Plate. 2).

In-vitro chemotherapeutic sensitivity

In the present investigation, all Salmonella
spp. isolates were subjected to resistotyping
with 10 different antibiotics. In-vitro
antibiotic sensitivity pattern of the isolates
were determined by disc diffusion method of
Bauer et al., (1966). The Salmonella spp.
isolates were tested against commonly used
antibiotics  viz.  cefoperazine  (CPZ),
cefuroxime (CXM), ceftriaxone/tazobactum
(CIT), penicillin (P), amoxycillin/clavulanic
acid (AMC), ampicillin/sulbactum (A/S),
streptomycin ~ (S),  erythromycin  (E),
tetracycline (TE) and gentamicin (GEN).

Test bacteria broth culture swabbed on Muller
Hinton agar plates with sterile cotton swabs.
When broth culture was dried, the antibiotic
discs were placed with the help of automatic
disc dispenser in front of flame. These petri
dishes were incubated for 15-20 hours and
observed for zone of inhibition. Diameters of
zone of inhibition (mm) were observed and
results were interpreted as sensitive,
intermediate and resistant based on the CLSI
guidelines.

MAR (Multiple Antibiotic
Index Study

Resistance)

The MAR Index of an isolate is defined as
a/b, where ‘a’ represents the number of
antibiotics to which the isolate was resistant
and ‘b’ represents the number of antibiotics to
which the isolate was subjected (Jayaraman et

al., 2012).
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Identification of MDR

Resistance)

(Multi  Drug

Multi Drug Resistance is defined as resistance
to more than two classes of antibiotics among
all the tested antibiotics. The Multi Drug
Resistance (MDR) characters of the isolates
were identified by observing the resistance
pattern of the isolates to the antibiotics.

Results and Discussion

The detailed results of antibiotic sensitivity
test of Salmonella isolates are given in table
1. The results of antibiogram showed that all
(100 per cent) of the isolates were resistant to

penicillin-G followed by tetracycline (72.73
per cent), amoxycillin + clavulanic (54.55 per
cent), gentamicin (45.45 per cent), ampicillin
+ sulbactum (36.36 per cent), erythromycin
(36.36 per cent), streptomycin (36.36 per
cent), cefoperazone (9.09 per cent) and
cefuroxime (9.09 per cent) (Fig. 1).

Ceftriaxone + tazobactum were found most
effective against Salmonella spp. during in-
vitro study with sensitivity in all isolates (100
per cent). Cefoperazone and cefuroxime were
found reasonably effective as both the
antibiotics showed 81.81 per cent sensitive
against Salmonella isolates.

Table.1 Antibiotic sensitivity patterns of Salmonella isolates of horse origin

S.No. Antibiotics Sensitive Intermediate Resistant

1. Ceftriaxone + tazobactum 11(100.00) 00 (00.00) 00 (00.00)

2. Cefoperazone 09(81.81) 01 (09.09) 01 (09.09)

3. Ampicillin + sulbactum 06(54.54) 01 (09.09) 04 (36.36)

4, Cefuroxime 09(81.81) 01 (09.09) 01 (09.09)

5. Streptomycin 05(45.45) 02(18.18) 04(36.36)

6. Amoxycillin + clavulanic 02(18.18) 03 (27.27) 06(54.54)

7. Penicillin-G 00 (00.00) 00 (00.00) 11(100.00)

8. Tetracycline 00(00.00) 03(27.27) 08(72.73)

9. Erythromycin 04(36.36) 03(27.27) 04(36.36)

10 Gentamicin 03(27.27) 03(18.18) 05(45.45)

Table.2 Multiple Antibiotic Resistance index of Salmonella enterica isolates
S.No. isolates No.of antibiotics to which MAR index=a/b
isolate is resistant(a)

1 Salmonella enterica 1 1/10=0.10
2 Salmonella enterica 1 1/10=0.10
3 Salmonella enterica 1 1/10=0.10
4 Salmonella enterica 2 2/10=0.20
5 Salmonella enterica 2 2/10=10.20
6 Salmonella enterica 3 3/10=0.30
7 Salmonella enterica 4 4/10=0.40
8 Salmonella enterica 7 7/10=0.70
9 Salmonella enterica 7 7/10=0.70
10 Salmonella enterica 7 7/10=0.70
11 Salmonella enterica 9 9/10=0.90
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Fig.1 Percentage antibiotic sensitivity patterns of Salmonella isolates of horse origin
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Plate.1 Salmonella species: red colonies, with black centers on XLD agar

Plate.2 Amplification of a 457bp fragment of Salmonella genus specific InvA gene in apparently

healthy horses

(P* = +ve Control; C* = -ve Control; L = Ladder)
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These result are comparable to the findings of
earlier workers who determined different
resistance patterns among Salmonella strains
of equine origin and other animals in India
(Agarwal et al., 2004; Chandra et al., 2006;
Gaind, 2007; Singh et al., 2007; Singh et al.,
2009; Khan et al.,, 2015; Kalambhe et al.,
2016; Kulkarni et al., 2019), might be
attributable to change in antimicrobial drug
therapy in equids. Growing resistance towards

antimicrobial drugs has been prevalent
worldwide among members of
Enterobacteriaceae from animal origin

especially in Salmonella sp. The high
resistance to penicillin-G and tetracycline
antibiotics might be due to over use of drugs
or transmission of resistant strains of
Salmonella from other sources i.e. human,
other animals and environment etc. in the
absence of hygienic practices.

Multiple drug resistance was recorded in 6
(54.54 per cent) out of the 11 isolates which
showed resistance against 3 to 9 antibiotics
(table 2). The multiple drug resistance Index
calculated ranged from 0.10 to 0.90 with 0.70
being the predominant MAR index in 3
isolates (table 2).

Multiple antibiotic resistance (MAR) has been
attributed to the presence of plasmids which
contain one or more resistance genes, each
encoding a single antibiotic resistance
phenotype (Daini et al., 2005). Findings of
the present study were in accordance with
Singh et al., (2012), Khan et al., (2015) and
Kalambhe et al., (2016) who also reported
multiple drug resistance against 3 to 9
antimicrobials in several Salmonella isolates
of animal and human origin in India.
Emergence of multiple drug resistant
Salmonella strains has often been held
responsible for frequently occurring outbreaks
and hyper-endemicity of salmonellosis in
India (Singh et al., 2006). India has become
home for multiple drug resistant strains of
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different  Salmonella  serotypes.  The
phenomena namely the localization of
resistance genes on conjugative plasmids, co-
integrate formation which gave rise to new
plasmids and the localization of resistance
genes on transposes has led to the efficient
spread of multiple drug resistance in
Salmonella (Helmuth, 2000).

In conclusion the present study revealed that
ceftriaxone + tazobactum is the best effective
antibiotic to treat Salmonella infection in
horses. The susceptibility pattern of
Salmonella isolates of horses from different
sources of Bikaner region showed that they
were highly resistant to penicillin-G and
tetracycline.
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