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Abstract

This study was aimed at identifying Salmonella enterica sub species enterica serotypes by amplification
of salmonella genus specific 16S ribosomal RNA gene (16SrRNA) in foods of animal origin in and
around Udaipur city. Food samples (total, n=632) of animal origin i.e. meat (n=206) milk (n=215) and
egg (n=211) were purchased randomly from various retails shops located in the study area. Of the 632
samples, 10 isolates (1.58%) were positive for salmonella by conventional culture method specified by IS
5887 (Part 3):1999. DNA isolated from all the ten isolates was followed by molecular confirmation by
polymerase chain reaction of 16SrRNA gene. The PCR products were subjected to agarose gel
electrophoresis and all the ten isolates were found to be positive for 16SrRNA gene. This shows that PCR
can be used as an alternative to the conventional methods of salmonella detection in food samples. The
study showed that 16SrRNA primers are highly specific and sensitive for salmonella detection and the
results can be obtained within 4-5 hours’ time. 16sSRNA based PCR will be rapid and effective method for
the surveillance of salmonella in foods of animal origin. Thus PCR offer a rapid and good diagnostic tool
for routine monitoring of salmonellae in food samples compared to the conventional culture method.
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Introduction

Foodborne illnesses are defined by the world health organization as diseases of infectious or
toxic nature caused by consumption of contaminated foods or water. The burden of foodborne
diseases is substantial: every year almost 1 in 10 people fall ill and 33 million of healthy life
years are lost. Diarrhoeal diseases are the most common illnesses resulting from unsafe food,
550 million people falling ill each year, including 220 million children under the age of 5
years. Salmonella is one of the 4 key global causes of diarrhoeal diseases. The gravity of the
disease can be best contemplated by the fact that between 1996 and 2006 more than 50,000
confirmed cases of nontyphoidal salmonella infections have been reported annually in U.S, an
average of 4.7 infections per 10,000 persons per year (Tsai, et al. (2007) %, Jones et al. 2008)
(231 In 2009 among 17,468 laboratory-confirmed cases of infections identified by food borne
diseases active surveillance network, most were salmonella (CDC (2010) 1. An estimated
93.8 million cases (90% CI, 61.8-131.6 million) of gastroenteritis caused by Salmonella
species occur globally each year and of these, nearly 80.3 million cases are foodborne
(Majowicz et al., 2010) [*¢1.Salmonella needs special concern in developing world because of
the poor hygienic conditions that favor it’s spread (Nagappa et al. (2007) [*8 and also due to
low socio-economic status.

Among various pathogens causing foodborne illness salmonella is one of the most serious
pathogen and is responsible for numerous food borne outbreaks reported worldwide (Thakur
and Bajaj(2006) 8. Salmonella, a member of family Enterobacteriaceae with 2579 serovars
(Grimont and Weill (2007) [ is rod-shaped, Gram-negative bacteria and most of them are
considered as human or animal pathogens. Salmonella relies on multiple virulence factors,
many of which are clustered within Salmonella pathogenicity islands (SPIs) to cause a disease,
and a total of 19 SPI have been described with SPI-1 to SP-5 being present in most serovars
and others were being less widely distributed (Foley et al. (2008)[]. The 16SribosomalRNA
(16SrRNA) is one of the Salmonella pathogenicity island I (SPI-1) virulence genes (Ziemer and
Steadham (2003) [,
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The use of 16SrRNA gene sequencing within the regulatory
workflow May help to reduce the time and labor involved in
the identification and differentiation of Salmonella enterica
isolates.

Strains in Salmonella enterica subspecies enterica serogroup |
cause approximately 99 percent of salmonella infections in
humans and warm blooded animals (Popoff and Le Minor
(1997) 291, Salmonella infections in human beings are mostly
from contaminated foods as pork, beef, poultry meat, egg,
milk, milk products and contaminated water. Among these
contaminated poultry, meat and eggs are the most frequently
implicated sources of outbreaks of human salmonellosis
(Breytenbach (2004) ™. So, the food safety and regular
screening of foods of animal origin is atmost important to
avoid salmonella infection in human beings. Eventhough
conventional methods of isolation and identication of
Salmonella from food sample is perfect it is tedious and time
consuming.

Nowadays, these conventional methods are replaced by most
rapid and reliable PCR techniques. Several PCR-based assays
have been developed for rapid detection of Salmonella spp.
(Rahn et al. (1992) 22, Dobhal et al. (2014) ). PCR of 16S
ribosomal RNA (16SrRNA) gene can be used to detect and
discriminate between Salmonella and non-Salmonella species
(Ziemer and Steadham (2003) ¥ and when coupled with
standard microbiological procedure, it is a rapid and sensitive
technique for the detection of salmonella (Lin and Tsen
(1996) 1231,

Materials & Methods

Samples

A total of 632 food samples of animal origin (meat, n=206;
egg, n=211 and milk,n=215) were collected randomly from
markets during a period of one year from March, 2017 to
February,2018. Meat, egg & raw milk samples were obtained
from various retail shops and dairies located in and around
Udaipur city, Rajasthan. The samples were transported under
complete aseptic conditions in an icebox within 2 h to the
Department of Veterinary Public Health, CVAS, Navania
(Udaipur). The samples were analyzed immediately after the
receipt of the samples.

Isolation and biochemical characterization Salmonella
species

Processing of meat, egg and milk samples for isolation for
Salmonella spp. was done according to IS 5887 (Part 3) 112
1999. Briefly, each of 25 g meat sample was cut into fine
pieces where as 25 ml each of egg and milk samples were
homogenized separately with 225 ml of Buffered Peptone
Water (BPW) (HiMedia, India) in a sterile polythene bag to
obtain 1 part sample + 9 part Buffered Peptone Water and was
shaken approximately for 2 min followed by incubation at
37°C+ 1°C for 24 hours for pre-enrichment. Following
incubation, 0.1 ml of inoculum from this pre-enrichment was
transferred into 10 ml of Rappaport-Vassiliadis (RV) medium
(Hi-media, Mumbai) for enrichment and further incubated at
420 C for 24 hr. Then a loopful of the inoculum from RV
broth was streaked on Xylose Lysine Deoxycholate (XLD)
agar. The plates were incubated at 37° C + 1° C for 24 hr for
the development of growth of Salmonella spp. Characteristic
pink or red colonies with or without black centre on XLD
agar were characterized biochemically by Indole (1), Methyl
Red (MR), Voges Proskeur (VP), Citrate(C),Triple Sugar
Iron(TSI) and Urease test. The results were interpreted and
validated as per Bacteriological Analytical Manual for

Salmonella (2007) M. The colonies showing Salmonella
specific IMVIC pattern (-+-+) were inoculated on TSI slant.
Slants with characteristic TSI reactions were further tested for
urease enzyme production by inoculating urea agar slant. All
the urease negative isolates were considered as biochemically
confirmed and further subjected to molecular characterization.

Molecular Characterization

DNA isolation

DNA isolated from all the ten biochemically confirmed
isolates using HiMedia TM Bacterial Genomic DNA
Purification Kit following the manufacturer’s instructions
supplied along with the kit with suitable modifications.
Briefly, 1.5 ml of overnight broth culture was pelleted by
centrifugation at 15,000 rpm for 2 minutes. The supernatant
was discarded and pellet was resuspended in 180 pl of lysis
solution AL. After adding 200 pl lysis solution C; it was
vortexed for 15 seconds and then incubated at 55° C for 10
minutes. Then 200 pl of ethanol (95-100%) was added to the
lysate and mixed thoroughly by vortexing for 15 seconds. The
lysate so obtained was transferred into Spin Column and
centrifuged at 10,000 rpm for 1 minute. The flow-through
liquid was discarded and placed in a new 2 ml collection tube.
Then 500 pl of prewash solution was added to the spin
column and centrifuged at 10,000 rpm for 1 minute. The flow
through was again discarded and same collection tube was
used. A volume of 500 pl of diluted wash solution was added
to column and centrifuged at 15,000 rpm for 3 minutes and
spin again at same speed for the additional 1 minute to dry the
column. The HiElute spin column was placed on fresh tube
and 100 pl of elution buffer which was kept in water bath at
65° C for 30 minutes. The column was incubated at room
temperature for 5 minutes followed by centrifugation at 10000
rpm for 1 minute. The spin column was then removed and the
collected DNA was stored at -20° C for further use.

The concentration of DNA isolated was estimated
spectrophotometrically in Biospectrometer,(eppendorf, USA)
using following formula.

DNA concentration (ug/ pl) = [OD2go x dilution factor x 50
mg/ml}/1000

The purity was checked as ratio of OD2g and ODzgo and the
integrity of the purified DNA was assessed by running it in
0.7% agarose gel.

Polymerase chain reaction of 16SrRNA

Genomic DNA isolated from salmonella isolates were used in
the PCR. Published primers targeting genus specific region of
16SrRNA gene of Salmonella enteric subspecies enterica by
Lin and Tsen (1996) (1 were used in the present study. The
details of the primer is given in table 1. PCR was conducted
in 25 ul reaction volume containing 1 pl of genomic DNA
from the salmonella isolates, 10.5ul master mix, 0.5 pl of
primers specific for 16SrRNA and 10.5 ul of nuclease free
water. The cycling conditions for amplification were as
follows; initial denaturation at 95°C for 5 mins followed by 30
cycles of denaturation at 94°C for 30 sec, annealing at 42°C
for 30 sec and extension at 72°C for 30 sec. followed by a
final extension step at 72°C for 10 minutes. The amplified
products were electrophoresed for the presence of desired
bands on 0.9 % agarose gel and visualized and documented in
a UV transilluminator. A 100 bp DNA ladder & 1 kb ladder
(Thermoscientific, Lithuania) were used as markers for
determining the molecular weight of PCR products (Nair et
al. (2002) (191,
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Table 1: Details of the primers used in the present study

Primer Sequence

Expected product size| Tm value

16S rRNA (forward)|(5° TGT TGT GGT TAA TAA CCG CA 3")

574 bp 47.68

16S rRNA (reverse)

(5> CAC AAATCC ATC TCT GGA 3°)

45.77

Results and Discussion

Salmonella is considered as the most prevalent foodborne
pathogen worldwide (Sanchez-Vargas et al. (2011) [,
Carasso et al. (2012) Bl has long been recognized as an
important zoonotic microorganism of economic significance
in animals and humans predominantly in the developing
countries. Consumption of raw or unsafe food, cross-
contamination, improper food storage, poor personal hygiene
practices, inadequate cooling and reheating of food items, and
a prolonged time lapse between preparing and consuming
food items were mentioned as contributing factors to an
outbreak of salmonellosis in humans (Kéferstein (2003)
14 Carasso et al. (2012) Bl The  ubiquity
of Salmonella isolates creates a persistent contamination
hazard in all raw foods and also in animal-origin food
products, which are often implicated in sporadic cases and
outbreaks of human salmonellosis (Macowiz et al. (2010) (61,
Tadesse ( 2014) ?°1, Foodborne transmission is recognized as
the major cause of Salmonella infections, with many food
sources and supplies implicated in these infections (Majowicz
et al. (2010) 161, So it is very important to regularly screen the
food items especially the foods of animal origin to study the
prevalence of salmonellosis in human and animal population
of a region. Conventional bacterial culture methods are still
used most commonly to identify Salmonella and require at
least 3-11 days (Tate et al. (1992) 7). Wallece et al. (1999)
(31, These methods are time consuming and labour intensive
and may have low sensitivity for the identification of samples
with low initial numbers of Salmonella, as may often be seen
in sub-clinically infected chickens, resulting in false-negative
test results. Therefore, there is a need for the development of
rapid and accurate detection methods for Salmonella species
as these organisms are causing severe economic losses as a
result of infections of humans, animals and birds.

The rapid, cost-effective, and automated diagnosis of food-
borne pathogens throughout the food chain continues to be a
major concern for the industry and public health. Because of
these requirements, the PCR became a powerful tool in
microbiological diagnostics during the last decade
(Sachse(2003) 31, Polymerase chain reaction allows the
detection of Salmonella species in food within a maximum of
12 h from the receipt of food samples. In the present study,
ten salmonella isolates were obtained from the 632 (1.58%)
samples screened. Then all the isolates were found to be
positive for salmonella by cultural (fig.1) and biochemical
methods(Fig 2). But the results of cultural and biochemical
test will be always ambiguous as the organism shares most of
cultural and biochemical properties with the genus proteus in
the Family Enterobacteriaceae. But the PCR targeting the
16srRNA gene have excellent discriminative power to
discriminate salmonella from proteus. (Lin and Tsen. (1996)
(151 16SrRNA genus specific sequence can be used for the
detection of Salmonella in food samples. All the ten isolates
which are confirmed by biochemical test showed
amplification of 16SrRNA gene (574bp) using the primer set
16SrRNA(F-5> TGT TGT GGT TAA TAA CCG CA 3’ and
R- 5" CAC AAA TCC ATC TCT GGA 3’) Fig 3.

Previous studies have also shown that this PCR is rapid and
reproducible in identification of isolates (Gallegos-Robles et
al. 2008) M. These results showed the amplification of

16SrRNA can potentially be applied for identification of
Salmonella spp. Various primers sets targeting Salmonella
16SrRNA genes are already available (Hellberg et al. 2012)
(111 Recent study on the molecular epidemiology and in vitro
antimicrobial susceptibility of Salmonella isolated from
poultry in Kashmir valley, India showed that all the isolates of
Salmonella were tested by genus-specific polymerase chain
reaction (PCR), using the 16S ribosomal RNA (rRNA)
primers ( Mir et al. (2010) 17,

In India, salmonellosis is endemic and its importance as
potential zoonosis needs no emphasis as it causes heavy
economic losses every year (Rahman (2002) 4, Salmonella,
a major public health problem in India is noted to be in
increasing trend (Bhattacharya and Dash (2007) [l. Shahane
et al. (2007) 2. Proper characterization of Salmonella
isolates is essential for investigations of Salmonella outbreaks
as non-typhoidal Salmonella strains have reached epidemic
proportions in many countries despite improvements in
sanitation and hygiene (Threlfall and Frost (1990) 2°, In view
of limited adherence to high standards of hygiene, the
probability of bacterial contamination of food at various
stages of processing is always very high (Benslam et al.
(2010) . Regular screening and monitoring of food at
various stages of food processing is very essential to avoid
food borne infections. The study showed that 16sRNA based
PCR will be rapid and effective method for the surveillance of
salmonella in foods of animal origin. Thus PCR offer a rapid
and good diagnostic tool for routine monitoring of salmonella
in food samples compared to the conventional culture method.

* BGA: Brilliant Green Agar, **XLD: Xylose Lysine Deoxycholate
Agar, ***SSA: Salmonella Shigella Agar

Fig 1: Cultural characteristic of isolates on different selective media
for salmonella

IMViC test TSI reaction Urease test

* IMVIC reaction for Slamonella is: -/+/-/+ ** TSI reaction:Acid
butt, alkaline slant, H2S production *** Urease negative

Fig 3: PCR amplification of 574 bp of 16SrRNA gene using
Salmonella genus specifc primers.
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M1 is 100bp ladder M2 is 1 kb ladder in Plate A & Plate B.
L1to L5 in Plate A are isolates S98, S115, S158, S221, S306
L1 to L5 in Plate B are isolates S410, S453, S485, S522, S570

Fig 3: PCR amplification of 574 bp of 16SrRNA gene using Salmonella genus specifc primers

Conclusion

In the present study, prevalence of salmonella was found to be
1.58% in the foods of animal origin in the study area. Based
on the methods and results of the present study we can
conclude that for the surveillance and monitoring of
salmonella in food samples the PCR prove to be a rapid
efficient and sensitive technique as compared to conventional
culture methods.
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