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ABSTRACT

Objective: Non-typhoidal Salmonella (NTS) is a major foodborne pathogen in both developed and developing coun-
tries. The study was undertaken to determine the prevalence, serotype distribution and antimicrobial resistance profiles
of NTS isolates from livestock and food samples collected in and around Kolkata during 2012-2013.

Materials and methods: A total of 500 samples (animal, poultry and raw food) from 12 different places randomly col-
lected in and around Kolkata were processed as per standard procedures and analyzed for NTS. Serotyping of the iso-
lates was done followed by determination of antimicrobial resistance profiles and Minimum inhibitory concentrations
following disc diffusion and E-test methods.

Results: A total of 53 (10.6%) NTS isolates were recovered, with highest isolation from chicken (40%), followed by beef
and poultry cloacal samples (22% each). Total 11 Salmonella serovars were identified with predominance of Salmonella
enterica serovar Typhimurium (S. Typhimurium) (30.2%) followed by S. Kentucky (22.6%), S. Idikan (15.1%) and other
serovars. This is the first report of isolation of S. Idikan from India. Thirty-two (60.4%) isolates were pan susceptible to
all drugs tested. Percentage distribution of resistant NTS against antimicrobials were: nalidixic acid (24.5%), ampicillin
(17%), amoxicillin (17%), streptomycin (15.1%), tetracycline (11.3%), chloramphenicol (9.4%), co-trimoxazole (9.4%) and
ciprofloxacin (5.7%). Only one isolate (S. Senftenberg) was resistant to both fluroquinolones and third generation cepha-
losporins. Multidrug resistance (>3 classes of antimicrobials) was observed in 13.2% NTS isolates.

Conclusion: High prevalence of NTS in poultry and meat samples in Kolkata poses a potential risk of foodborne disease
in humans. J Microbiol Infect Dis 2016,6(3): 113-120
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INTRODUCTION specific animal reservoirs such as S. Gallinarum in
poultry, S. Abortus-ovis in sheep, S. Dublin in cattle
and S. Choleraesuis in pigs. These animal-adapted
serotypes show a much higher predilection for caus-
ing invasive disease in humans [1]. Contaminated
raw foods (meat, eggs, milk) and infected animals
are important sources of human infections [1,3-5].
In general, antimicrobial therapy is not recommend-
ed for gastroenteritis caused by NTS in humans,
however, it is indicated for invasive salmonellosis
[1,2]. Therapeutic and non-therapeutic use of vari-
ous antibiotics in food-producing animals has led to
the emergence of antimicrobial resistance (AMR)
among NTS, which is a global concern and has re-
stricted the availability of antimicrobials for human
use [1,2]. Data on the prevalence of NTS in livestock
animals and their products provides epidemiologi-

Non-typhoidal Salmonella (NTS) are one of the
most important zoonotic bacterial foodborne patho-
gens of humans that cause diarrhoea, bacteraemia
and focal suppurative infections [1]. According to the
Centers for Disease Control (CDC, Atlanta), approx-
imately 1.2 million ilinesses due to NTS, with 23,000
hospitalizations and 450 deaths are reported annu-
ally in the United States alone [2]. However, the ac-
tual disease occurrence is often underestimated in
many developing countries like India due to lack of
an effective surveillance system. Among more than
2500 serovars (serotypes) of Salmonella enterica,
some serovars like Salmonella enterica serovar Ty-
phimurium (S. Typhimurium) and S. Enteritidis have
a broad host range, while some are associated with
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cal insight and help to predict the probable disease
burden of that region due to the zoonotic nature of
the organism. Knowledge on the current trend of
antimicrobial resistance profiles of the NTS would
help in formulating appropriate treatment (empiri-
cal) policies, which would prevent emergence and
transmission of the resistant strains.

Several studies on the prevalence and AMR
profiles of NTS from animals and foods of animal or-
igin have been documented from all over the world
including India [4-8]. However, there is scarcity of
data from the eastern part of India. Only two re-
ports were available from Kolkata which described
isolation and antibiotic susceptibility pattern of NTS
from poultry specimens (carcass, meat and organs)
and the other study documented the molecular
characterization of NTS isolates from chicken vis-
cera, meat and egg shell collected from local shops
[9,10]. With this background information, the pres-
ent study was undertaken with the aim to determine
the prevalence, serotype distribution and AMR pro-
files of NTS isolates from livestock and food sam-
ples collected from various (around 12) places in
and around Kolkata.

MATERIALS AND METHODS

Ethics statement

The present study was reviewed and approved by
the Animal Ethical Committee of National Institute
of Cholera and Enteric Diseases (NICED), Kolkata.

Sample size and period

This is a cross-sectional descriptive study. A total of
200 livestock samples comprising of poultry cloacal
swabs (n=50), goat rectal swabs (n=50) and cattle
rectal swabs (n=100) as well as 300 raw food sam-
ples comprising of chicken (n=50), mutton (n=50),
beef (n=50), pork (n=50), unpasteurized poultry
eggs (n=50) and unpasteurized milk (n=50) col-
lected randomly over eight month period from July
2012 to February 2013 were included in this study
for further analysis (Table 1).

Study area

The poultry cloacal swabs and rectal swabs from
animals (goat and cattle) were sampled from live-
stock reared in 16 private local farms, located 50-
100 km away from the main city of Kolkata. The
poultry samples were collected from 2 farms each
in Singur, Bhadreswar and Habra; the cattle and
goat rectal samples from 2 farms each in Singur,
Bhadreswar, Habra, Bally and Dankuni (Figure 1,

A-E). The total number of livestock around Kolkata
was not known. Selection of the farms and live-
stock was done on the basis of the free choice of
the owner who cooperated during our study. Two
different farms were visited on each of 8 months.
Random sampling was done. Five to ten samples
per category were collected from each of the 10
animal farms and 6 poultry farms. Ten rectal swabs
from cattle were collected from each of the 10 dif-
ferent animal farms visited (10x10=100 samples).
Ten goat rectal swabs were collected from each of
4 farms (10x4=40) and 5 samples from each of 2
other farms (5x2=10). Six animal farms were com-
mon from where cattle and goat rectal swabs were
obtained. Similarly, 10 poultry cloacal swabs were
collected from each of 4 poultry farms (10x4=40)
and 5 samples from each of two other poultry farms
(5x2=10). Each animal/poultry was sampled only
once. The rectal swabs from pigs could not be col-
lected in this study due to the lack of cooperation
from piggery farm owners.

The food samples including raw meat, whole
eggs and whole milk were randomly selected and
purchased from 10 retail shops, 14 butcher shops
and 6 supermarkets located at 7 different places
within the city of Kolkata which included Beliaghata,
Belgachia, Shyambazar, Sealdah, Colootola street,
Burrabazar and NewMarket (Figure 1, F-L). Each of
the 30 shops was sampled once during the study
period and approximately 10 samples were collect-
ed from each shop. The farms from which the ani-
mals were brought to the retail/ butcher shops and
the supermarkets for sale was not known.

Sample collection and transport

All livestock samples (rectal and cloacal swabs)
were collected under the proper guidance and su-
pervision of the farm owners. Sterile cotton swab
was inserted by a veterinarian into the animal rec-
tum using sterile gloves and rotated twice along the
wall of the intestine without causing any harm to the
animals. In case of cloacal samples, both the wings
of the birds were held with one hand so that the tail
portion remained in upper direction. Sterile cotton
swab was then inserted into the cloacae and rolled
inside the cloacae several times. Both the rectal
and cloacal swabs were transported in Cary-Blair
transport medium (Difco, Maryland, USA) at room
temperature to the NICED laboratory for further in-
vestigations.

In case of food samples, around 25-30 g of raw
meat, 20-30 ml unpasteurized milk and whole eggs
were collected aseptically twice a week, packed
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carefully in sterile polyethylene bags or falcon tubes,
labeled properly with date, place of collection, origin
etc and transported to the NICED laboratory imme-
diately placing inside a thermo flask containing ice
cubes.

Sample processing for isolation of NTS

All the samples were processed according to stan-
dard protocol: Isolation of Salmonella spp. from
food and animal feaces [11]. Briefly, 25 g of the
meat samples were homogenized with 225 ml of
buffered peptone water (BPW) (Difco Maryland,
USA) for pre-enrichment in the ratio of 1in10 and in-
cubated at 37° C for 18-24 hours. After incubation,
1 ml of pre-enrichment broth culture was inoculated
aseptically into Selenite Cysteine broth (SC) (Difco,
Maryland, USA) and 100 pl into Rappaport Vassili-

adis Soy peptone broth (RVS) (Merck, Germany) for
selective enrichment. Further the inoculated SC and
RVS broths were incubated at 37°C for 18 hours
and at 41.5°C for 24 hours respectively. The over-
night enriched samples were inoculated onto Mac-
Conkey Agar (MAC), Xylose Lysine Deoxycholate
Agar (XLD) and Hektoen Enteric Agar (HEA) (Difco
Maryland, USA) for colony selection.

In case of egg and milk samples, one ml each
of milk and egg sample (edible portion of egg af-
ter breaking open the shell aseptically) were trans-
ferred into 9 ml of BPW in the ratio of 1 in 10. The
rectal/ cloacal swabs were directly inoculated into
BPW followed by incubation at 37°C for 24 hours.
Rest of the procedures was similar to those men-
tioned earlier.

Table 1. Distribution of non-typhoidal Salmonella (NTS) isolates (n=53) among study samples collected in and around

Kolkata during July 2012 to Feb 2013.

Samples  Positive Distribution of NTS as per Kauffmann-White Scheme
SI.  Types of the study ——
No. samples processed samples NTS serovars NTS Antigenic formulae of
(n) n (%) (n) serogroup the serovars
A. Livestock samples 200 16 (8)
1. Poultry (cloacal swab) 50 11 (22) Idikan (8) G 1,13,23:i: 1,5
Kentucky (2) C,-C, 8,20:i: z,
Typhimurium (1) B 1,4,[5],12:i:1,2
2. Cattle (rectal swab) 100 5(5) Teko (2) H [1],6,14,[25]: d: e,n,z,,
Enteritidis (1) D, 1,9,12: g m: -
Typhimurium (1) 4;B 1,4,[5],12:i: 1,2
Weltevreden (1) E, 3,{10{15}: r: z,
3. Goat (rectal swab) 50 0 (0) no isolation (0) -
B. Food samples 300 37 (12.3)
1. Chicken 50 20 (40) Typhimurium (12) B 1,4,[5],12:i: 1,2
Bareilly (4) C, 6,7,14:y: 1,5
Cerro (1) K 6,14,18:z,,z,.: [1,9]
Infantis (1) C, 6,7,14:r: 1,5
Kentucky (1) C,-C, 8,20:i: z,
Virchow (1) C, 6,7,14:r: 1,2
2. Beef 50 11 (22) Kentucky (9) C,-C, 8,20: i: z,
Salmonella spp. (2) F 11: -:- (untypable)
3. Mutton 50 5(10) Bareilly (2) C, 6,7,14:y: 1,5
Typhimurium (2) B 1,4,[5],12:i: 1,2
Senftenberg (1) E, 1,3,19: g,[s],t:-
4. Pork 50 0 (0) no isolation (0) -
5. Milk 50 1(2) Enteritidis (1) D, 1,9,12: g,m: -
6. Poultry egg 50 0 (0) no isolation (0) -
Total 500 53(10.6)
J Microbiol Infect Dis www.jmidonline.org Vol 6, No 3, September 2016
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A: Singur; B: Bhadreswar; C: Habra; D: Dankuni; E: Bally
F: Beliaghata; G: Belgachia; H: Shyambazar; I: Sealdah
J: Colootola street; K: Burrabazar; L: NewMarket

Figure 1. Study sites in and around Kolkata from where
samples have been collected during July 2012 to Feb
2013.

A-E, Farms from where livestock were sampled;

F-L, Raw food samples collection centers.

Isolation and identification of NTS

The presumptive identification of NTS was based
on colony characters i.e., non-lactose fermenting
colonies on MAC, red colonies with black centres
on XLD agar and green colonies with black centres
on HEA & set of standard biochemical tests which
included triple sugar iron, lysine iron agar, manni-
tol fermentation, motility, indole, citrate and urease
tests.[12] Confirmation was done by serotyping the
isolates using Salmonella poly- and monovalent
O and H antisera (Denka Seiken Pvt. Ltd, Tokyo,
Japan). The Salmonella serotype was determined
following White- Kauffmann-Le Minor scheme [13].

Antimicrobial susceptibility test and
determination of Minimum Inhibitory
Concentrations (MIC)

The isolates were tested for their antimicrobial sus-
ceptibility using following 17 antimicrobial discs (BD,
Maryland, USA); ampicillin, chloramphenicol, tetra-
cycline, co-trimoxazole, nalidixic acid, ciprofloxacin,
norfloxacin, ofloxacin, amikacin, gentamicin, strep-
tomycin, ceftazidime, cefotaxime, ceftriaxone, az-
treonam, azithromycin and amoxyclav, on Mueller-
Hinton agar by Kirby-Bauer disk diffusion method.
MICs of drugs to which the isolates were resistant,
were determined by E-test (AB biodisk, Solna, Swe-
den) following manufacturer’s instructions. Results
were interpreted according to Clinical and Laborato-

ry Standards Institute (CLSI) guidelines. Escherich-
ia coli ATCC 25922 was used as control strain [14].

RESULTS

Prevalence of NTS in livestock and food samples

Out of 500 samples processed, 53 samples were
found to be contaminated with NTS (Table 1). In
livestock, NTS prevalence was 8% (16 out of 200)
and it was more frequently isolated from poultry clo-
acal (22%) samples than cattle (5%) and goat (0%)
rectal swab samples. The total prevalence of NTS in
food samples was 12.3% (37 out of 300) with high-
est contamination found in chicken (40%), followed
by beef (22%), mutton (10%) and milk (2%). No Sal-
monella were isolated from pork and poultry eggs.

Distribution of NTS serovars

Among the 53 NTS isolated, 11 different serovars
were identified. Distribution of serovars showed that
chicken samples harboured 6 different serovars, fol-
lowed by 4 serovars in cattle rectal swab, 3 serovars
each in mutton and poultry clocal swabs samples
and 1 serovar each in milk and beef samples. Two
isolates from beef samples were untypable (Table
1). The predominant serovar among all samples
was S. Typhimurium (n=16, 30.2%) followed by S.
Kentucky (n=12, 22.6%), S. Idikan (n=8, 15.1%)
and S. Bareilly (n=6, 11.3%). Seventy-five percent
of S. Typhimurium and S. Kentucky were recovered
from chicken and beef samples respectively. S. Idi-
kan isolates were recovered only from poultry cloa-
cal samples and was the predominant serovar in
this category. Rare serovar like S. Teko was isolated
from cattle rectal samples.

Antimicrobial resistance profiles of NTS
serovars

The percentage of AMR in NTS isolates and the
MICs of antimicrobials are shown in Table 2. The
most common antimicrobial to which the different
serovars of Salmonella were resistant was nalidixic
acid (n=13, 24.5%); followed by ampicillin (n=9,
17%), amoxyclav (n=9, 17%), streptomycin (n=8,
15.1%), tetracycline (n=6, 11.3%), chlorampheni-
col (n=5, 9.4%) and co-trimoxazole (n=5, 9.4%).
Lower resistance were observed for ciprofloxacin,
norfloxacin, ofloxacin and gentamicin (n=3, 5.7%).
Only one isolate (S. Senftenberg) was observed
to be resistant to third generation cephalosporins
(ceftazidime, cefotaxime, ceftriaxone) and aztreo-
nam. All isolates were susceptible to amikacin and
azithromycin. Overall 60.4% (n=32) of the isolates
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were pan susceptible to all antimicrobials tested,
while 39.6% (n=21) isolates showed resistance to at
least one antimicrobial. Altogether seven resistance
profiles were found among the NTS isolates (Table

3). Multidrug resistance (resistance to 3 or more

classes of antimicrobials) was observed among 7
(13.2%) isolates comprising 3 different serovars
S. Typhimurium (n=4), S. Kentucky (n=2) and S.
Senftenberg (n=1) (Table 3).

Table 2. Antimicrobial resistance and the minimum inhibitory concentrations (MICs) of antimicrobials among NTS iso-
lates from the study samples, Kolkata during July 2012 to Feb 2013.

Antimicrobials® MIC range Distribution of various NTS serovars among AMR Distribution of AMR in
(Disk potency in ug)  in yg/mL Isolates (n=53) NTS Isolates n (%)

g . 0 6 g £

L T T % B ¥ T 7 B B> B2 B % B % B % B %)

(16) (12) (8) (6) (2) (2) (2) (1) (1) (1) (1) (1)

Na (30) >256 7 2 0 0 1 0 O 1 1 1 0 O 13 (24.5)
A (10) >256 6 0 8 0 0 0 0 OO 1 0 O 9(17.0)
Amc (30) >256 0o o0 8 0 0 0 0O O O 1 0 O 9(17.0)
S (10) 64 4 2 0 0 0O O O 1 0 1 0 O 8 (15.1)
T (30) 32->256 4 2 0 0 O O O O O O O O 6 (11.3)
C (30) 32->25%6 4 0 O O O O O O O 1 0 O 5(9.4)
Q (25) >32 4 0 0O 0 O O 0 O 1t 0 0 O 5(9.4)
Gm (10) 16 6 2 0 0 O O O 1t 0O 0 0 O 3(5.7)
Cip (5) >32 6 2 0 0 0O O O O 0 1 0 O 3(5.7)
Nor (10) 24->26 0 2 0O O O O O O O 1 0 O 3(5.7)
Ofx (5) >32 6o 2 0 0 0O O O O O 1T 0 O 3(5.7)
Ctx (30) >256 0o 0o 0 0 o0 0O OO O 1 0 O 1(1.9)
Caz (30) 16 0o 0o 0 00 0O 0O O 1 0 O 1(1.9)
Cro (30) >256 0o 0 0 0 0O 0O OO O 1 0 O 1(1.9)
Atm (30) 96 6 0 0 0 0O OO0 OO 1 0 O 1(1.9)
An (30) 2-8 6 0 0 0 0O OO O O O 0 O 0(0.0)
Azm (15) 2-8 6 0 0 0 00O OO O 0 0 O 0(0.0)

aA: ampicillin; Amc: amoxyclav; An: Amikacin; Atm: aztreonam; Azm: azithromycin; C: chloramphenicol; Caz: ceftazi-
dime; Cip: ciprofloxacin; Cro: ceftriaxone; Ctx: cefotaxime; Gm: gentamicin; Na: nalidixic acid; Nor: norfloxacin; Ofx:
ofloxacin; Q: co-trimoxazole; S: streptomycin; T: tetracycline.

J Microbiol Infect Dis

www.jmidonline.org

Vol 6, No 3, September 2016



118 Sudhanthirakodi S, et al. Non-typhoidal Salmonella isolates from livestock and food samples

Table 3. Antimicrobial resistance profiles of NTS isolates from study samples, Kolkata

Sl. No. Antimicrobial resistance profile? Salmonella serotypes Source Number of isolates
1. ACSNaCipNorOfxCazCtxCroAtmAmc S. Senftenberg® Mutton 1
2. TNaCipNorOfxGmS S. Kentucky® Poultry cloacal swab 2
8, CTQSNa S. Typhimurium® Poultry cloacal swab
Chicken 3
4. GmSNa S. Cerro Chicken 1
. AAmc S. Idikan Poultry cloacal swab 8
6. QNa S. Infantis Chicken 1
7. Na S. Typhimurium Chicken 8
S. Enteritidis Milk 1

aA: ampicillin; Amc: amoxyclav; Atm: aztreonam; C: chloramphenicol; Caz: ceftazidime; Cip: ciprofloxacin; Cro: cef-
triaxone; Ctx: cefotaxime; Gm: gentamicin; Na: nalidixic acid; Nor: norfloxacin; Ofx: ofloxacin; Q: co-trimoxazole; S:

streptomycin; T: tetracycline.

PMultidrug resistant (resistance to 3 or more antimicrobial classes) isolates

DiISCUSSION

The prevalence of NTS in livestock and foods vary
greatly from region to region, even within the same
country, which is dependent upon the climatic con-
ditions, hygiene and management practices of farm,
handling, processing and storage of raw food. It may
also be affected by differences in sampling season,
sample type, sampling methods and isolation tech-
niques employed.

In the present study, the percentage of NTS
prevalence in poultry cloacal samples was 22%
which was higher than 14.7% isolation as reported
in previous study from India [7]. Studies from Tai-
wan reported 10.9% NTS isolation from the same
samples [15]. The isolation of NTS in cattle rectal
samples (5%) in this study was lower compared
to the earlier studies from India (9.7%) and Addis
Ababa (71.4%) [7,16].

The total NTS contamination in food samples
as observed in this study (12.3%) was higher than
the report from China (9.7%), but was lower than
the contamination rates reported from Romania
(22.9%) and the US (20.5%) [5,6,17]. Contamina-
tion with NTS in 40% of retail chicken samples in this
study was higher than the earlier reports from India,
conducted in different cities like Wardha and Patna,
reporting isolation of 28.3% and 23.7% NTS respec-
tively [8,18]. Contamination levels were found vari-
able as reported by numerous studies worldwide;
7.4% from China, 67.8% from Romania and 35%
from the US [5,6,17]. Salmonella prevalence in beef
samples (22%) was higher in this study than that re-

ported from China (16.8%), the US (6.0%) and the
western part of India (10.6%) [5,17,19]. For mutton
samples, the rate of contamination (10%) in this
study was lower than reports from earlier studies
in China (11.0%) and India (38.3%) [5,8]. Likewise,
earlier studies from Addis Ababa and India reported
higher rate of NTS isolation from milk samples, be-
ing 28.6% and 7.7% respectively [16,18]. No Salmo-
nella was isolated from either pork or poultry eggs
in this study, however, reports of NTS isolation from
these products have been frequently documented
earlier [3,5,6,17].

The distribution of Salmonella serovars identi-
fied in this study was heterogenous. Eleven differ-
ent serovars were identified among the 53 isolates,
and two isolates from beef samples remained un-
typable (Table 1). To the best of our knowledge, S.
Idikan isolates has not been earlier reported from
India from any samples, although it was previously
reported from poultry litter and food in Chad, Africa
[20]. Isolation of S. Teko, another rare serovar was
reported earlier only from India, in association with
betel leaves [21]. Worldwide Salmonella serovars
frequently isolated from poultry include S. Enter-
itidis, S. Infantis and S. Kentucky, [4,22,23] while
common serovars isolated from cattle include S. Ty-
phimurium, S. Montevideo and S. Dublin [4,16,22].

In this study, S. Typhimurium (n=12) and S.
Kentucky (n=9) were the predominant serovars iso-
lated from chicken and beef retail meat category
respectively. Similar results were reported by the
National Antimicrobial Resistance Monitoring Sys-
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tem, USA [22]. Other common serovars isolated
from meat samples from other countries include S.
Enteritidis, S. Derby, S. Infantis, S. Agona [5,6,17].
Since the number of isolates in each serovar was
very small, association between sources and the
Salmonella serovars could not be established in
this study.

Antimicrobial resistance in NTS is a global
concern. In the current study, 60.4% of the isolates
showed pan susceptibility. This was in contrast to
the reports from China, Romania and the US where,
93.5%, 91.9% and 84.0%, isolates, respectively,
showed resistance to at least one antimicrobial.
[5,6,17]. Resistance to nalidixic acid (24.5%) was
predominantly observed among the NTS serovars in
this study. This level observed was lower than those
reported by Mihaiu et al, in Romania (65.1%) but
higher than earlier reports by Murugkar et al, from
North-east India (17.9%) [6,7]. Resistance to cipro-
floxacin and third generation cephalosporins (cefo-
taxime, ceftazidime and ceftriaxone) was found in 3
(5.7%) strains and in 1 (1.9%) strain respectively, in
the current study. Higher resistance rates of 25.8%
and 42.95% for ciprofloxacin were reported from
China and Romania, respectively [5,6]. Variable
percentage resistance for third generation cephalo-
sporins was reported from China (1.6%), Romania
(11.4%) and the US (16%) [5,6,17]. This emerging
resistance to fluoroquinolones and third generation
cephalosporins is alarming since these are the cur-
rent drugs of choice for treating invasive salmonel-
losis in humans [24-27].

Multidrug resistance was found to be 13.2%
(n=7/53) in the present study. Higher values of
33.9%, 83.2% and 53.0%, were recorded from
China, Romania and the US, respectively [5,6,17].
Resistant NTS organisms were mostly isolated
from poultry cloacal and chicken meat samples
(Table 3). Poultry is found to be the most important
reservoir of NTS worldwide and have been impli-
cated in many foodborne outbreaks in humans [1].
Resistance was more commonly observed in S. Idi-
kan (n=8), S. Typhimurium (n=7) and S. Kentucky
(n=2) serovars (Table 3). These serovars (e.g.S.
Typhimurium, S. Kentucky) are more likely to be-
come multidrug resistant than other serovars (e.g.
S. Enteritidis) [4,22,23]. In this study, four isolates
of S. Typhimurium, although were multidrug resis-
tant (MDR; resistant to chloramphenicol, tetracy-
cline, co-trimoxazole, streptomycin and nalidixic
acid) but were susceptible to ampicillin. This is in

contrast to the typical multidrug resistance profile
of S. Typhimurium which shows resistance to am-
picillin in addition to other drug resistance [4,5,17].
It was interesting to note that S. Kentucky (n=2)
isolates from poultry cloacal swabs were MDR, but
the isolates from the beef samples were pan sus-
ceptible. MDR S. Senftenberg isolated from goat
meat showed resistance to both fluoroquinolones
(MIC of ciprofloxacin: >32 pg/mL; ofloxacin: >32 pg/
mL; norfloxacin: >256 pg/mL) and third generation
cephalosporins (MIC of cefotaxime: >256 pg/mL;
ceftriaxone: >256 pg/mL and ceftazidime: 16 pg/
mL) (Table 2). NTS serovars like S. Agona, S. Chol-
eraesuis, S. Enteritidis and S. Typhimurium show-
ing resistance to both these groups of drugs is on
a rise and have been reported from other countries
including India [24-27].

In conclusion, the study provides a brief insight
into the prevalence, common serovars and AMR
profiles of NTS isolates from livestock and food
samples in and around Kolkata. High rate of iso-
lation of NTS from poultry, chicken meat and beef
poses a potential risk of transmission of these or-
ganisms in humans. It was interesting to note that
although MDR was more common in NTS isolates
globally, it was less prevalent in Kolkata. Neverthe-
less, isolation of S. Senftenberg resistant to both
fluroquinolones and third generation cephalospo-
rins give an early warning signals for conducting ef-
fective surveillance and judicial use of antimicrobi-
als in food animals for containment of the resistant
bacteria.
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