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Abstract Human infections with non-typhoidal Sal-
monella (NTS) serovars are increasingly becoming a threat
to human health globally. While all motile Salmonellae
have zoonotic potential, Salmonella Enteritidis and Sal-
monella Typhimurium are most commonly associated with
human disease, for which poultry are a major source. De-
spite the increasing number of human NTS infections, the
epidemiology of NTS in poultry in India has not been fully
understood. Hence, as a first step, we carried out epi-
demiological analysis to establish the incidence of NTS in
poultry to evaluate the risk to human health. A total of
1215 samples (including poultry meat, tissues, egg and
environmental samples) were collected from 154 com-
mercial layer farms from southern India and screened for
NTS. Following identification by cultural and biochemical
methods, Salmonella isolates were further characterized by
multiplex PCR, allele-specific PCR, enterobacterial repe-
titive intergenic consensus (ERIC) PCR and pulse field gel
electrophoresis (PFGE). In the present study, 21/1215
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(1.73 %) samples tested positive for NTS. We found
12/392 (3.06 %) of tissue samples, 7/460 (1.52 %) of
poultry products, and 2/363 (0.55 %) of environmental
samples tested positive for NTS. All the Salmonella iso-
lates were resistant to oxytetracycline, which is routinely
used as poultry feed additive. The multiplex PCR results
allowed 16/21 isolates to be classified as S. Typhimurium,
and five isolates as S. Enteritidis. Of the five S. Enteritidis
isolates, four were identified as group D Salmonella by
allele-specific PCR. All of the isolates produced different
banding patterns in ERIC PCR. Of the thirteen macro re-
striction profiles (MRPs) obtained by PFGE, MRP 6 was
predominant which included 6 (21 %) isolates. In conclu-
sion, the findings of the study revealed higher incidence of
contamination of NTS Salmonella in poultry tissue and
animal protein sources used for poultry. The results of the
study warrants further investigation on different type of
animal feed sources, food market chains, processing plants,
live bird markets etc., to evaluate the risk factors, trans-
mission and effective control measures of human Sal-
monella infection from poultry products.
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Introduction

Salmonellosis continues to be a major public health prob-
lem globally. Salmonellosis is caused by two species of
Salmonella (Salmonella enterica and Salmonella bongori),
which are etiological agents for diarrhoeal and systemic
infection in humans. Human infections with non-typhoidal
Salmonella (NTS) are frequently associated with the con-
sumption of contaminated food [1]. This can result in
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diarrhoeal disease, bacteraemia and extraintestinal focal
infection in infants such as meningitis, and may also result
in more serious complications among the elderly and im-
munocompromised patients [2]. S. enterica serovar En-
teritidis (S. Enteritidis) is a major public health problem
globally and is the most common serotype among the NTS
in the US [3]. Poultry and their products are the most
frequently implicated reservoirs of NTS in the human food
chain. India is one of the largest producers of poultry in the
world. Among the foods of animal origin, chicken meat
and eggs are widely accepted, are not subject to a religious
taboo, and are the only available animal protein source to a
vast majority of poor people in India. Increased trade and
globalization of the modern poultry industry has resulted in
new and more complex opportunities for the spread of
Salmonella [4, 6]. More than 2500 serotypes of Salmonella
have been reported to date [5], but only about 10 % of
these have been isolated from poultry.

The distribution of Salmonella serotypes from poultry
varies geographically and temporally, although several
serotypes are consistently found at a high incidence [6]. In
recent years, concern about poultry eggs and meats con-
taminated with Salmonella has gained significant attention
because of the high occurrence of antimicrobial-resistant
bacteria connected with human illness [7-9]. A high
prevalence of antimicrobial resistant Salmonella in poultry
and foods of animal origin has been reported earlier from
India [10, 11]. During the last few years, the National Egg
Co-ordination Committee (NECC), Govt. of India has
taken steps to promote egg as a source of good quality
protein and the consumption of egg has increased notice-
ably. There are mass poultry production regions in several
parts of the country especially in southern states, Tamil
Nadu and Andhra Pradesh. Though the consumption has
been promoted, no effective measures are taken to monitor
the quality of the poultry meat and egg reaching the mar-
ket. Molecular subtyping of Salmonella isolates is an in-
valuable epidemiological tool that can be used to track the
source of infection and to determine the epidemiological
link between isolates from poultry and human sources.
Pulsed-field gel electrophoresis (PFGE) and other DNA
based characterization techniques like ERIC PCR, Multi-
plex PCR and Allele specific PCR provides information
that can be used to evaluate epidemiological associations
with a high degree of confidence. In India, other than some
limited studies on the incidence of salmonellosis, no sys-
tematic studies have been conducted to establish the epi-
demiology and characterize NTS in poultry [12—-14]. This
study describes the isolation, characterization and epi-
demiology of NTS in poultry and their products in
Southern India using conventional culture methods and
molecular techniques.
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Materials and Methods
Sample Collection

A total of 1215 samples were collected from 154 com-
mercial layer farms from Southern India and screened for
the presence of Salmonella. The samples comprised:
poultry tissue samples (liver, ovary, intestinal contents,
spleen and yolk from dead birds), poultry products (meat,
egg, feed, fishmeal, meat and bone meal) and environ-
mental samples (water, drag swab, boot swab, muconium
and fecal samples).

Isolation

The drag swab, boot swab, muconium, fecal, egg, feed,
fishmeal and meat and bone meal were subjected to pre-
enrichment with buffered peptone water (25 g in 225 ml of
buffered peptone water) and incubated at 37 °C for 24 h.
Tissue samples were directly inoculated into selective en-
richment broth. One ml of pre-enrichment culture was
transferred to 10 ml of tetrathionate broth for selective
enrichment and incubated at 37 °C for 24 h. The main
purpose of selective enrichment broth was selective inhi-
bition of bacteria other than Salmonella, so that Salmonella
can be isolated in the selective plating media. A loopful of
inoculum from enrichment broth was streaked onto bril-
liant green agar (BGA) and incubated at 37 °C for 24 h and
observed for the development of characteristic colonies.
The highly Salmonella suggestive pink colour colonies
were picked out from BGA and streaked onto desoxy-
cholate citrate agar, MacConkey agar and Salmonella dif-
ferential agar and incubated at 37 °C for 24 h and the
colony character was observed. The colonies which were
highly suggestive of Salmonella were subjected to further
identification and characterization. Suspected colonies of
Salmonella from MacConkey agar plates were inoculated
into brain heart infusion broth and incubated at 37 °C for
6 h. One to two drops of actively grown broth culture was
subjected for motility test by hanging drop method under
compound microscope. The colonies from BHI agar plates
were stabbed into TSI slants and incubated at 37 °C for
24 h and observed for acid, gas and H,S production. The
first step in eliminating non-Salmonella organism was done
by urease test. The isolates which produced acid butt and
alkaline slant with or without H,S in TSI slants were se-
lected and stabbed into urease agar slant incubated 37 °C
for overnight and observed. The isolates also tested for
indole production, MR—VP test, and utilization carbohy-
drates namely lactose, arabinose, maltose, sorbitol and
dulcitol. The culture which was identified as Salmonella by
the above tests was further confirmed by Hi-Salmonella
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identification kit procured from Hi-Media, Mumbai and the
results were interpreted according to the interpretation
chart supplied by the manufacturer.

Antibiogram (Kirby—Bauer Method)

The antibiotic sensitivity of all isolates was carried out using
a previously described method [15]. The commonly used
antimicrobial discs namely amoxicillin (Am) 30 mcg/disc,
chloramphenicol (C) 30 mcg/disc, ciprofloxacin (Cf)
30 mcg/disc, co-trimoxazole (Co) 25 mcg/disc, enrofloxacin
(Ex) 10 mcg/disc, gentamicin (G) 30 mcg/disc, norfloxacin
(Nx), 10 mcg/disc and oxytetracycline (O) 30 mcg/disc
were used. The sensitivity pattern of all the Salmonella
isolates was determined using Muller Hinton Agar plates
(Himedia Pvt., Ltd., Mumbai) incubated at 37 °C for 16 h.
The zone of the inhibition of the isolates were measured
using high sensitivity zone scale (Hi-Media Pvt., Ltd.,
Mumbai). The pattern of sensitivity/resistance determined as
per the disc manufacturers guidelines (Hi-Media Pvt., Ltd.,
Mumbai).

Molecular Characterization

The isolates identified at genus level as Salmonella by
biochemical tests were subsequently characterized further
using the following tests: multiplex PCR, allele-specific
PCR, enterobacterial repetitive intergenic consensus
(ERIC) PCR, and pulse field gel electrophoresis (PFGE).

Genomic DNA was extracted from isolates using the
Ready Template Genomic DNA purification kit (Heleni
Biomolecules, Chennai). A multiplex PCR method devel-
oped by [16] was used, with modifications in the primer
sets. The sets of primers used in the multiplex PCR assay
were Pef A-Fwd-5'-TTC CATTATTGCACTGGGTG-3,
PefA-Rev-5'-AAGCCACTGCGAAAGATGCC-3’,  that
were selected based on the 5-3' conserved region of the
fimbrial virulence gene (pefA). The pefA gene amplifies
both in S. Typhimurium and S. Enteritidis. However, these
two serovars were differentiated using an additional primer
(F-5'-AAGTTGTTCAGCTGGGTACC-3') targeting the
gene kpnl which is present in S. Typhimurium but not in S.
Enteritidis.

The allele-specific PCR was used to differentiate group
D Salmonella from group B Salmonella as well as from
non-Salmonella organisms based on amplification of the
rfbS gene which is present only in group D Salmonella.
Allele-Specific PCR analysis of Salmonella isolates was
performed according to the method of [17] using the fol-
lowing primers, Fwd-5-TCACGACTTACATCCTAC-3’
and Rev-5-CTGCTATATCAGCACAAC-3'. ERIC PCR
analysis for intra-serotype typing of Salmonella isolates in
this study was performed according to the method of [18]

using the following primer set ERICI-5'-ATG-
TAAGCTCCTGGGGATTCA  C-3', ERIC2-5-AAG-
TAAGTGACTGGGGTGAGC G-3'. PFGE was performed
to study the genetic relatedness of the Salmonella isolates
using the Xbal-restriction enzyme as described by [19].
The normalization, recognition and assignment of the
bands were performed with the software programme FIN-
GERPRINTING II (Bio-Rad) using Dice-UPGMA
algorithm.

Results
Incidence of NTS in Poultry and Their Products

In the present study 21/1215 (1.73 %) of samples were
confirmed as positive for Salmonella (Table 1). Tissue
samples showed highest isolation of NTS (12/392), fol-
lowed by poultry products (7/460), and environmental
samples (2/363). Among the tissue samples, the recovery of
NTS was highest in liver samples (5/104, 4.80 %), and
among poultry products viz., poultry feed, meat and bone
meal (7/73, 9.60 %). The isolation was high in layer chicks
below 3 weeks of age (4/55, 7.27 %) followed by layer
chickens below 40 weeks of age (4/111, 3.60 %) and layer
chickens above 40 weeks of age (4/226, 1.77 %). Tissue
samples collected from affected birds revealed the high
incidence of NTS in winter 17/607 (2.80 %) than summer
4/608 (0.65 %).

Antibiogram of Salmonella Isolates

The antibiotic sensitivity of 21 salmonella isolates was
determined using a selection of most commonly used an-
tibiotics in poultry industry in India. The percentage of
isolates regarded as sensitive to each antibiotic was as
follows: ciprofloxacin (100 %), enrofloxacin (90 %), nor-
floxacin (81 %), chloramphenicol (62 %), amoxicillin
(62 %), co-trimoxazole (38 %), and gentamicin (9 %).
Notably, all the isolates were resistant to oxytetracycline.

Molecular Characterization
Multiplex PCR

Based on the results of multiplex PCR, 16 isolates that
yielded two distinct products of 363 and 497 bp length
were categorized as Salmonella Typhimurium (isolates no.
S2, S44, S87 S99, S100, S102, S184, S185, S186, S255,
S380, S381, S711, S714, S931 and S932). Five isolates
(S585, S586, S759, S791 and S828) which yielded a single
product of 497 bp were categorized as S. Enteritidis
(Fig. 1).
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Table 1 Non-typhoidal

Salmonella (NTS) isolates Type of sample No. of No. pf isolates Sample wise isolation
obtained from poultry, poultry samples obtained percentage
products and environmental Poultry tissue samples
samples
Yolk 21 01 4.76
Liver 104 05 4.80
Ovary 96 02 2.08
Intestinal content 103 02 1.94
Spleen 11 -
Pooled organs 57 02 35
Total tissue samples 392 12 3.06
Poultry products
Egg 213 - -
Feed 67 05 74
Meat sample 174 - -
Meat and bone meal 06 02 333
Total poultry products 460 07 1.52
Environmental samples
Muconium 12 - -
Water 73 - -
Drag swab 58 01 1.72
Boot swab 61 - -
Fecal sample 159 01 0.62
Total environmental samples 363 02 0.55
Total 1215 21 1.73

Fig. 1 Multiplex PCR assay of non typhoid salmonella (NTS)
isolates targeting pefA and kpnl genes. NTS isolates obtained from
poultry and their products were subjected to multiplex PCR targeting
a conserved region of the fimbrial virulence gene (pefA) and kpnl gene
to distinguish between S. Typhimurium and S. Enteritidis. Lanes -3
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Salmonella isolates (S759, S 791 and S828) showing a single PCR
product of 497 bp was confirmed as S. Enteritidis. Lanes 4, 5
Salmonella isolates (S931 and S932) showing two distinct bands of
363 and 497 bp were confirmed as S. Typhimurium. Lane M 250 bp
DNA ladder
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Allele-Specific PCR Five isolates of S. Enteritidis con-
firmed by multiplex PCR were further characterized by
allele-specific PCR, which showed that 4/5 S. Enteritidis
isolates belonged to group D Salmonella (S586, S759 S791
and S828) with a single 720 bp product.

ERIC PCR

ERIC PCR was carried out in order to assess the level of
variation between the isolates. All of the isolates produced
eight different banding patterns (ERIC 1-8) ranging from
two to six bands with the fragments ranging from 150 to
2000 bp. Six isolates showed ERIC profile 1 (S2, S44, S87,
S184, S381, and S759) and only one isolate each showed
ERIC profile seven and eight (S828 and S185 respectively).
The remaining profiles had two to four isolates (S99, S100,
S102, S186, S255, S380, S585, S586, S711, S714, S791,
S931 and S932).

PFGE

PFGE was used to study the degree of genetic relatedness
of the Salmonella strains by Xbal digestion of genomic
DNA. The 21 Salmonella isolates could be ascribed to one
of 11 macrorestriction profiles (MRPs), each of which
contained up to 13 restriction fragments with a molecular
size ranging from 40 to 700 kb. Five of the MRPs (MRPI,
MRP2, MRP3, MRP4 and MRP5) contained two isolates
each (10.5 %), MRP 6 contained four isolates (21 %) and
remaining 6 profiles contained a single isolate. The den-
drogram of the 19 isolates produced four clusters based on
40-60 % similarity (Fig. 2). Cluster I contained four iso-
lates comprising two MRPs; Cluster II, three isolates (two
MRPs); Cluster III, two isolates (two MRPs) and cluster IV
consisted of ten isolates comprising six MRPs.

Discussion

Infection with bacteria of the genus Salmonella is respon-
sible for a variety of acute and chronic diseases in poultry.
Infected poultry flocks are also among the most frequently
implicated reservoirs of Salmonellae that can be transmit-
ted through the food chain to humans. Poultry producers
are facing with intensifying pressures from public health
authorities, elected officials and consumers regarding food
safety issues. The isolation of Salmonella is reported more
often in poultry products than from any other animal source
[20]. In earlier years, the marketing of eggs, meat and its
products in India was mainly depending upon domestic
market. In the current scenario, the population of both layer
and broilers are increasing rapidly and hence the poultry
industry needs to export these products to other countries.

The importing countries also showing interest to import
poultry products from countries like India, since it is eco-
nomical. But those importing countries willing to import
egg, meat and its product from India have certain norms
and one of the important criteria is that the product should
be free from Salmonella and the flock from which the meat
or egg is obtained should also be free from Salmonella. For
the creation of Salmonella free conditions, surveillance of
Salmonella and rapid detection of Salmonella is absolutely
mandatory. The existence of various serovars and mole-
cular epidemiological pattern of Salmonella infection need
to be studied.

This study tested poultry tissue samples, products and
environment samples collected from 154 commercial layer
farms in South India and found 1.73 % of the samples
tested to be positive for NTS. Previous studies conducted in
south India in 1996 and 2008 reported 2.7 and 2.6 % in-
cidence respectively [13, 14]. The exact reason for this
difference is not clear; it is possible that a difference in the
sampling, choice of farms, and methodology employed
may be responsible. It is also possible that the low inci-
dence of NTS in the present study compared with earlier
studies could be due to improved biosecurity measures and
periodical surveillance. However, further detailed studies
on the correlation of levels of biosecurity and incidence of
NTS are needed.

The present study found higher levels of NTS isolation
from tissue samples and poultry products compared with
the environmental samples. Similar observations of higher
incidence of Salmonella from poultry and poultry products
compared to other sources were also made in the UK [20,
21]. Among the tissue samples tested in the present study,
the recovery of NTS was higher in liver. Chicken liver
continues to be a popular organ meat and dishes made with
chicken liver are a delicacy in south India. Chicken livers
have previously been implicated as a source for human
Salmonella infections. For example, a multistate outbreak
of human Salmonella Heidelberg infections in USA was
linked to “kosher broiled chicken livers” [22].

The present study found a higher incidence of Sal-
monella in chicks than older birds. The incidence of Sal-
monella was found to be much higher in chicks below
3 weeks of age (7.27 %) than layer chicken below
40 weeks (3.6 %) and above 40 weeks of age (1.78 %). It
is well known that younger chicken are relatively more
susceptible to Salmonella than older birds [6]. The higher
level of NTS recovery from chicks could be due to their
higher susceptibility. The study found higher incidence of
NTS in winter (2.80 %) than summer (0.66 %). A potential
possibility for the lower NTS isolation in summer could be
due to the dis-infecting ability of higher temperatures in
summer. Average summer temperatures in south India
typically are between 35 and 40 °C. In contrast, increased

@ Springer



324

Indian J Microbiol (July—Sept 2015) 55(3):319-326

Fig. 2 PFGE profiling of non-
typhoid salmonella (NTS)
isolates NTS isolates obtained
from poultry and their products
were subjected to PFGE

PFGE

-40
60
80

=100

profiling to study the degree of
genetic relatedness. Isolates
generated restriction fragments
with molecular size ranging

from 40 to 700 kb fragments,
representing 11 distinct macro
restriction profiles. Dendrogram
showing similarities of Xbal
digested macro restriction
profiles of NTS isolates
generated by bio-rod finger

printing with the band matching
coefficient of Dice and the
UPGMA clustering

contamination and prolonged persistence of Salmonella in
feed may have contributed to higher NTS recovery during
winter season. Similar observations were reported in a
previous study [23] in which higher incidence of Sal-
monella in 0-21 days age group of birds (5.47 %) than
birds older than 3 weeks was found. The study also re-
ported higher incidence of Salmonellosis in rainy and
winter season.

Several factors such as ingredients used in preparing
feed have been implicated to be the major source of con-
tamination and depending upon the nature of feed, the in-
cidence could vary [24]. The incidence of Salmonella in
poultry feed and feed ingredients were found to be 9.6 % in
this study. The incidence of Salmonella in poultry feed and
feed ingredients are known to be highly variable ranging
from 0 to 78 % [25, 26]. Various factors including source
and quality of feed ingredients, storage conditions could
contribute to this variation. The recovery of Salmonella in
meat and bone meal alone was 33.33 % whereas the inci-
dence in the compound feed was 7.5 %. Higher incidence
of Salmonella in meat and bone meal could be due to
improper sterilization of these ingredients and suggest that
they may be the major source of Salmonella in compound
feed.

The isolation of Salmonella from environmental sam-
ples such as drag swab, boot swab was 0.55 %. This
number is relatively low compared to an earlier study
which reported that the frequency of isolating Salmonella
in the environmental samples ranged widely from 7.9 to
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95.7 % [27]. Various factors including methods of sample
collection, number of samples tested and level of bio-se-
curity in poultry farms could contribute to the differences
in the levels of Salmonella detection in the environmental
samples. Out of the 154 poultry farms screened in the
present study, 11 farms were found to be positive for NTS
incidence that had overcrowding, poor farm hygiene, lack
of adequate biosecurity measures and infestation of rodents
and insects. Mice, wild birds, ants and snakes are known to
play important role in the transmission of Salmonella
among birds, flocks and farms [28-30]. Hence, there is an
association between the farm hygiene and incidence of
NTS in poultry farms.

Industrialization of poultry production and the wide-
spread use of nontherapeutic antimicrobial growth pro-
moters have increased the risk of emergence of antibiotic
resistance strains. As a consequence, a reduced effective-
ness of several classes of antibiotics for treating infections
in humans and livestock is becoming a major problem [31].
High resistance of NTS isolates to oxytetracycline ob-
served in this study could due to its extensive and indis-
criminate usage in poultry feed as a growth promoter. In
contrast NTS isolates showed higher sensitivity to less
commonly used antibiotics such as ciprofloxacin, en-
rofloxacin and norfloxacin.

The molecular techniques to genotype Salmonella iso-
lates are often more discriminatory and rapid and have
largely replaced phenotypic methods, such as serotyping
and phage typing for epidemiological investigations in
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many laboratories [32-34]. Genotyping of Salmonella is a
rapidly expanding field and many new methods have been
developed in recent years. However, it is increasingly be-
coming evident that a single method might not work for all
isolates and it is necessary to find out a method or com-
bination of methods capable of differentiating clones of a
particular serovar or phage type.

Differentiation of S. Typhimurium and S. Enteritidis
could be made based on the presence in the former and
absence in the latter of a restriction site for the enzyme
Kpnl in the pefA gene [16]. To differentiate S.
Typhimurium and S. Enteritidis, we have used PCR with a
primer set targeting Kpnl enzyme target sequence in pefA
gene.

Allele specific PCR has been widely used to differenti-
ate the group D Salmonella from other groups and non
Salmonella [17, 35, 36]. By allele specific PCR, four iso-
lates were identified as S. Enteritidis and one isolate (S585)
could not be identified possibly due to the loss or absence
of the specific sites for primer binding in the chromosomal
DNA.

ERIC PCR uses ERIC sequences as PCR primer binding
sites to study the distribution of repetitive sequences [37]
and is a useful tool for fingerprinting Salmonella genomes
[37]. In this study eight ERIC profiles were identified and
different isolates obtained from the same flock showed
similar banding pattern. Similarly an earlier study [38]
studied strain differentiation of Indian Salmonella isolates
by ERIC PCR and identified 21 molecular types from 24
strains of the four serovars (S. Dublin, S. Abortusequi, S.
Choleraesuis and S. Bareilly). EIC PCR profiling showed
the genetic diversity among NTS isolates in south India.
Salmonella with different genotypes could vary in their
pathogenicity and it would be useful to map association
between genotype and pathogenicity.

PFGE has been shown to be an accurate and repro-
ducible method for genotyping of S. enterica subsp. en-
terica serovar Abortusovis (SAO) and S. Gallinarum and
provides useful information in support of traditional epi-
demiological investigations [39]. We found identical PFGE
profiles among S. Enteritidis strains isolated from one re-
gion which were considerably different from the profiles of
isolates obtained from a different location. These findings
indicate that PFGE profiling could be used in epi-
demiological investigation to establish genetic diversity of
NTS isolates which may be useful as an epidemiological
tool to track human salmonellosis outbreaks.

In conclusion this study isolated NTS from poultry and
associated products and environmental substrates in
southern India. Multiplex PCR with Salmonella serovar
specific primers could be used for better characterization of
NTS in poultry and related products. The poultry industry
employs many people in India, and provides a source of

low cost animal protein which plays an important role in
the social and cultural lives of millions of people in India.
People who work and live closely with the poultry are
conceivably at a higher risk of acquiring the NTS infection.
In addition to the organized poultry sector, small scale
family poultry production is practiced by some rural
households where each family keeps 5-20 hens which are
mostly looked after by women and children. Therefore it is
also essential to study the incidence of NTS in backyard
poultry to evaluate the risk of infection of children and
women. Hence, there is an urgent need to systematically
evaluate risk factors of human infections with NTS in India
in order to develop intervention strategies to control this
important food borne zoonosis.
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