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Background and objectives: Salmonella enterica (S. enterica) is an important food-borne pathogen that
causes many public health problems, molecular characterizations and fingerprinting of the recovered
strain are very important for epidemiological surveillance. Therefore, food of animal origins collected
from various marketplaces located in Riyadh, KSA, were tested to evaluate the incidence, molecular char-
acterizations, and fingerprinting of Salmonella species using multiplex-PCR and Pulsed-Field Gel
Electrophoresis (PFGE).
Methods: Three hundred and fifty food samples (125 minced poultry meat, 110 ground beef meat, and
115 hamburgers beef meat) were collected from markets placed in Riyadh, KSA, from the period of
June 2019 to October 2019. Also, 25 strains of Salmonella species isolated from humans who suffer from
food poisoning and gastrointestinal disturbance were collected from hospitalized patients situated in
Riyadh from the period of May 2019 to October 2019. Typical bacteriological practices for culturing
and identification of Salmonella from the collected food samples, as well as molecular detection and char-
acterizations using multiplex-PCR and fingerprinting of the recovered Salmonellae species using PFGE
were carried out.
Results: Thirty-seven strains of S. enterica subspecies (10.57%) were isolated, mostly from chicken sam-
ples 19 (15.2%). Identical chromosomal restriction patterns had been observed between the strains of
Salmonella Typhimurium recovered from food of animal origins and the strains recovered from outpa-
tients’ clinics.
Conclusions: The study concluded that chickens are the main natural reservoir host of Salmonella infec-
tion for human being as the genetic similarity and the degree of relatedness between the recovered
strains of S. enterica from food samples and from outpatients clinics using PFGE revealed a high degree
of identity (similarity index up to 99%). Therefore the regulations for handling chicken products should
be updated to reduce Salmonella infections.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

S. enterica is a very significant food-borne microorganism that
leads to many public health problems for man and animals
(Shaw et al., 2018). It is the second bacterial food-borne illness
affecting human, especially by consumptions food samples origi-
nated from chickens animal (Evans et al., 2015; Persed and
Lejeune, 2018). Spreading of S. enterica from domestic and wild
animals to human cause food poisoning and severe illnesses, such
as diarrhea, fever and general fatigue (Rimet et al., 2019). Sal-
monella infections had been increased in the Kingdom of Saudi
Arabia (KSA), and most of the frequent serotypes recovered from
cases of food-borne infections or gastrointestinal tract infections
were identified as Salmonella Typhimurium and Salmonella Enteri-
tidis; this finding substantiates the report of the (CDC, 2011, 2014;
USDA-FSIS, 2015).

Standard bacteriological techniques for isolation and serotyping
of Salmonella Typhimurium and Salmonella Enteritidis required
several days for complete identification (Gast, 2013), which is con-
sidered problematic, especially for epidemiological surveillance
and disease outbreak (Rimet et al., 2019). Molecular diagnosis is
more reliable, accurate, and time-consuming for the diagnosis of
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food-borne pathogens and is recommended especially for epidemi-
ological surveillance than other conventional methods (HuaZou
et al., 2016; Imre et al., 2005). The invA gene is more commonly
used for diagnosis Salmonella as it’s primarily associated with all
Salmonellae except Salmonella Litchfield and Salmonella Senften-
berg (Hara-Kudo et al., 2005; Malorny et al., 2003; Soliman et al.,
2018). Serotyping of Salmonella Typhimurium and Salmonella
Enteritidis had been improved by several multiplex PCR directly
from the food samples or after pre-enrichment on Rappaport-
Vassiliadis media (Alzwghaibi et al., 2018; Dele Ogunremi et al.,
2017). During the outbreak of food poisoning caused by S. enterica,
molecular characterizations and fingerprinting are very important
to evaluate the genetic similarity between the recovered strains of
S. enterica from food samples patients suffering from gastrointesti-
nal tract disturbance such as diarrhea, fever, severe illnesses, and
general fatigue is very important for epidemiological surveillance
(CDC, 2019) to detect the main source of infection and the degree
of food contaminations (USDA-FSIS, 2015).

The genetic relatedness between S. enterica isolates recovered
from a different sample using pulsed field gel electrophoresis
(PFGE) remains the furthermost reliable, accurate molecular meth-
ods for epidemiological studies during the outbreaks (Gatto et al.,
2006; Long et al., 2010). Through the PFGE, the whole genome of
the recovered strain was cut into several bands of characteristic
molecular weight for each strains generating specific chromosomal
patterns for each strain. The degree of similarity of such chromoso-
mal patterns determines the genetic relatedness between the
strains (Long et al., 2010).

Therefore, this study aimed to evaluate the incidence of Sal-
monella Enteritidis and Salmonella Typhimurium in food samples
collected from KSA, using standard microbiological techniques,
molecular serotyping of the recovered strains, and fingerprinting
of the recovered strains of Salmonella using PFGE to evaluate the
degree of similarity between the strains recovered from foodstuff
and outpatients suffering from diarrhea, fever, food poisoning,
and general fatigue.
2. Materials and methods

2.1. Samples collection

Three hundred and fifty food samples (125 minced poultry
meat, 110 ground beef meat, and 115 hamburgers beef meat) were
collected from markets located in Riyadh, KSA, from June 2019 to
October 2019. Also, 25 strains of Salmonella species recovered from
human suffering from food poisoning and gastrointestinal distur-
bance were collected from different outpatient clinics located in
Riyadh from the period of May 2019 to October 2019.
2.2. Standard bacteriological and serotyping identification of S.
enterica

Standard bacteriological and serotyping identification of S.
enterica from food samples using ISO/TR6579 -3 (2014) were car-
ried out using a laboratory blender (Stomacher 400) for homoge-
nization of food samples in buffered peptone water and
incubated 25 g of the examined specimens were mixed in 225 ml
of the peptone water and incubated for16 hours at 37 �C. Then
0.1 ml was injected in 10 ml of Rappaport-Vassiliadis and selenite
cystine broth as a selective pre-enrichment broth. One ml from
each pre-enrichment broth was sub-cultured into xylose lysine
deoxycholate and MacConkey agar media. Non-lactose fermenting
colonies were identified by using specific monovalent and polyva-
lent antisera against somatic, flagella, and virulence antigens. Pos-
itive colonies, as well as one milliliter of a selective broth culture of
2

Rappaport-Vassiliadis were used for molecular identification using
multiplex-PCR.

2.3. Susceptibility testing

All Salmonella strains isolated from both food specimens and
outpatient clinic were tested by Kirby Bauer method to evaluate
the sensitivity of the recovered isolates against a wide range of
antibiotics (penicillin G P10, ampicillin AMP10, amoxicillin-
clavulanic acid AMC 30, ciprofloxacin CIP5, gentamicin CN10, cef-
tazidime CAZ30, chloramphenicol C 30, erythromycin E15,
sulphamethoxazole-trimethoprim SXT 25, nalidixic acid NA30,
oxytetracycline OT30, vancomycin VA 30, norfloxacin NOR 10).
The result was interpreted according to CLSI (CLSI, 2015).

2.4. Molecular characterization of Salmonella

2.4.1. DNA extraction
The DNA of the suspected colonies was extracted by boiling

methods in Tris-EDTA buffer using heat block at100�C/20 min after
washing off the suspected colonies with phosphate buffer saline
(Alzwghaibi et al., 2018). After centrifugation at
14000 rpm/10 min, 5 ll from the supernatant can be applied as
a template for multiplex PCR. The DNA from the pre-enriched
broth and the suspected Salmonella isolates collected from outpa-
tient clinics were extracted by DNA extraction Kits from Thermo
Fisher Scientific.

1. Molecular identification and serotyping of the isolated S. enter-
ica using Multiplex-PCR.

The genomic DNA of the suspected colonies were being tested
by three primer pairs for molecular identification and molecular
serotyping, the first primer pair targeting a specific sequence for
all species of Salmonella (Dele Ogunremi et al., 2017; Moussa
et al., 2012; Soumet et al., 1999) using ST11&ST15. The second pri-
mer pair amplifies a specific sequence within the sefA gene-specific
for Salmonella Enteritidis (Soumet et al., 1999) using Sef167-Sef478
primers. The third primer pair amplify specific sequence within the
flic gene-specific for Salmonella Typhimurium (Moussa et al., 2012)
using (Fli15&Typ04) primers.

2.4.2. Pulsed field gel electrophoresis
Tryptic soy agar plates were applied for growing the isolates at

37 �C for one successive day. Two and a half ml of PIV buffer were
thoroughly mixed with the bacterial cells. Five hundred ml of these
suspensions were mixed with 500 ml of 1.6% low melting point
agarose. This agar-cell suspension mixture was directly dissemi-
nated into the bores of the plug molds and allowed to solidify at
4 �C for 30 min. The plugs were moved into tubes comprising
1 ml of 1X Lysis buffer (6 mM Tris-HCl [pH 7.4]; 1 M NaCl;
10 mM EDTA [pH 7.5]; 0.5% Brij 58; 0.2% deoxycholate; 0.5%
sodium lauroyl sarcosine; 0.5 mg/ml lysozyme; 10 mg/ml RNase
A) and incubated at 37 �C in a water bath. The lysis buffer was
replaced with 1 ml ESP buffer (10 mM Tris-HCl (pH 7.4); 1 mM
EDTA; 100 mg/ml Proteinase K; 1% SDS), the combination was incu-
bated at 50 �C/overnight in a water bath. Bacterial plugs were
washed 4 times with 5 ml TE for 30 min each wash at room tem-
perature (Long et al., 2010). The plug slices of 3 � 5 mm-wide were
placed in a 1.5 ml microcentrifuge tube containing 200 ml of 1X
restriction buffer (NE Buffer with 50 U of XbaI-digested restriction
enzyme, and incubated overnight at room temperature. Plug slices
were washed for 30 min with 0.5X TBE and subsequently inserted
on the well of 1% agarose gel, and the wells were overlaid with 1%
LMP agarose dissolved in 0.5X TBE. After solidification, the gel was
run.



Table 2
Antimicrobial sensitivity test of the recovered Sal-
monella enterica.

Antibiotics resistance %

Ampicillin (A10, 10 mg) 25%
Chloramphenicol (C30, 30 mg) 35%
Cefotaxime (CTX30, 30 mg) 20%
Colistine Sulphate (CL10, 10 mg) 85%
Ciprofloxacin (CF5, 5 mg), 50%
Flumequine (UB30, 30 mg) 60%
Gentamicin (G10, 10m g) 75%
Nalidixic acid (NA30, 30 mg) 70%
Norfloxacin (Nor10, 10 mg) 85%
Neomycin (N30, 30 mg) 45%
Penicillin-G (P10, 10 I.U) 95%
Oxytetracycline (O30, 30 mg) 5%
Streptomycin (S10, 10 mg) 50%
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3. Results

3.1. Results of standard bacteriological and serotyping identification of
Salmonella from food samples

Thirty-seven strains of Salmonella species (10.57%) out of 350
examined food samples (minced poultry meat 125, ground beef
meat 110, and hamburger 115 samples) were isolated (Table 1).
Most of the strains recovered from chicken samples, 19 (15.2%),
serotyping of such strains revealed, 8 strains (6.4%) Salmonella
Enteritidis, 4 strains (3.2%) Salmonella Typhimurium, 4 strains
(3.2%) Salmonella Gallinarum, and 3 strains (2.4%) Salmonella Pullo-
rum (Table 1). Thirteen strains (11.31%) of S. enterica were isolated
from hamburger, typing of such strains revealed 5 strains (4.35%)
Salmonella Typhimurium, 3 strains (2.61%) Salmonella Newport, 3
strains (2.61%) Salmonella Agona, and two strains (1.74%) Sal-
monella Dublin Dublin as shown in Table 1.

Five strains of S. enterica (4.55%) were isolated from ground
minced meat; serotyping of such strains revealed 3 strains
(2.73%) Salmonella Typhimurium and 2 strains (1.82%) Salmonella
Dublin as shown in Table 1.

3.2. Antibiotic susceptibility test of the recovered S. enterica

The recovered strains showed 95% tolerance to penicillin and
85% resistance to both colistin sulphate and norfloxacin. While
the degree of resistance to gentamicin, nalidixic acid, and flume-
quine were 75%, 70%, and 60% correspondingly, as revealed in
Table 2. Molecular serotyping of All the strains of Salmonella (25
strains) collected from outpatients by multiplex-PCR were identi-
fied as Salmonella Typhimurium.

3.3. Molecular identification and serotyping of the recovered
Salmonella isolates by multiplex-PCR

Magnification of 429 bp fragments specific for all members of
Genus Salmonella were observed with all strains previously identi-
fied as Salmonella by standard microbiological techniques. Ampli-
fication of 559 bp fragments sequence of the flic gene were
observed with the strains of Salmonella Typhimurium. In contrast,
the strains of Salmonella Enteritidis showed amplification of 559 bp
fragments specific fore sefA gene as presented in Fig 1. Molecular
serotyping of All the strains of Salmonella (25 strains) collected
from outpatients by multiplex-PCR revealed amplification of
429 bp and 559 bp fragments of Salmonella Typhimurium (Fig. 1).

1. Genetic fingerprinting of the recovered S. enterica subspecies by
Chromosomal DNA analysis using PFGE.
Table 1
Incidence of Salmonella enterica recovered from food samples:

Types of Food samples Food samples

Total number Positive for Salmone

Minced poultry meat 125 19 (15.2%)

Ground beef meat 110 5 (4.55%)

Hamburger 115 13 (11.31%)

Total 350 37 (10.57%)
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Restriction digestion of the recovered strains by PFGE using
XbaI- restriction enzyme revealed 24 chromosomal digestion pat-
terns as shown in Figs. 2 and 3. The XbaI- restriction enzyme
digests the DNA of the studied S. enterica into 11 to 12 fragments
of different molecular weight. Meanwhile, Salmonella Typhimur-
ium strains isolated from food samples and from outpatients
showed identical chromosomal restriction patterns.

Moreover, the digested fragments of the chromosomal DNA of
all strains of Salmonella generated by XbaI- restriction enzyme
revealed a number of identical bands similar in their molecular
weight (shared bands) in all strains indicating the remarkable sim-
ilarity of the tested strains. However, these sharing bands differed
in their intensity as the concentration of the DNA templates differs
in each sample (Figs. 2 and 3).

The phylogenetic analysis of the examined S. enterica sub-
species with pulsed field gel electrophoresis revealed five major
clusters according to the degree of similarity between the strains.

The first cluster contains two groups of each of 5 strains, all of
them belonging to Salmonella Enteritidis; the strains of this cluster
were isolated from food samples collected from chickens. The sec-
ond clusters contain two groups (12 strains), all of the previously
identified as Salmonella Typhimurium and all of them isolated from
food samples, and it’s of value to say that some of such strains
showed identical chromosomal patterns to each other with simi-
larity index up to 100% as shown in Fig. 4. The third clusters con-
tain two groups (5 strains of them are Salmonella Typhimurium)
of identical chromosomal patterns to each other with a similarity
index up to 99%, all of them isolated from outpatients clinics. The
strains of the second and third cluster previously identified as Sal-
monella Typhimurium and isolated from food samples and human
showed identical chromosomal patterns to each other with a sim-
ilarity index up to 98%, indicating. The fourth showed one group of
Salmonella enterica subspecies

lla Salmonella enterica subspecies Number of isolates

Salmonella Enteritidis 8 (6.4%)
Salmonella Typhimurium 4 (3.2%)
Salmonella. Gallinarum 4 (3.2%)
Salmonella. Pullorum 3 (2.4%)
Salmonella Typhimurium 3 (2.73%)
Salmonella Dublin 2 (1.82%)
Salmonella Typhimurium 5 (4.35%)
Salmonella Dublin 2 (1.74%)
Salmonella Newport 3 (2.61%)
Salmonella Agona 3 (2.61%)
Salmonella enterica 37 (10.57%)



Fig. 1. Multiplex-PCR showing amplification of 429 base pair fragments of Salmonella species, 312 base pair fragments of Salmonella Enteriditis and 559 bp fragments of
Salmonella Typhimyrium.

Fig. 2. PFGE separation of restriction fragments of the Salmonella enterica digested genome from food of animal origin and from human samples collected from outpatient
clinics with Xbal-digested restriction enzyme.

Fig. 3. PFGE separation of restriction fragments of the Salmonella enterica digested genome from food of animal origin and from human samples collected from outpatient
clinics with Xbal-digested restriction enzyme.
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one strain (salmonella Dublin) isolated from food and the fifth clus-
ters also showed one group of one strain (Salmonella Newport) iso-
lated from food (Fig. 4).
4. Discussion

Salmonella enterica is an essential food-borne pathogen that
causes many public health problems. Molecular diagnosis is more
4

reliable, accurate, and time-consuming for the diagnosis of food-
borne pathogens and is recommended especially for epidemiolog-
ical surveillance than other conventional methods (HuaZou et al.,
2016; Imre et al., 2005). The study was aimed to evaluate the inci-
dence of Salmonella Enteritidis and Salmonella Typhimurium in
food samples collected from KSA, using standard microbiological
techniques. Therefore, three hundred and fifty food samples (125
minced poultry meat, 110 ground beef meat, and 115 hamburgers



Fig. 4. A dendrogram showing the degree of similarity between Salmonella enterica recovered from food of animal origin and clinical isolates recovered from outpatient
clinics.
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beef meat) were tested. Thirty-seven strains of S. enterica (10.57%)
were recovered from the tested food specimens, and most of the
isolates recovered from chickens 19 (15.2%) strain out of 125
examined minced poultry meat as shown in Table 1, the same
result had been reported by Cortez et al., (2008) and Velusamy
et al., (2010), they isolated 10% Salmonella species from foot sam-
ples. However, the incidence of Salmonella in the examined food
samples collected from Riyadh, KSA were lower than the preva-
lence rate (18%) of Salmonella isolated from food samples reported
in the USA (USDA-FSIS, 2015).

Chickens samples showed a high incidence of Salmonella isola-
tion 19 strains (15.2%) if it compared with hamburger 13 strains
(11.31%) and ground beef meet 5 strain (4.55%), these explain the
variation between the incidence according to the sample types as
chickens considered as a natural reservoir host for Salmonella
(CDC, 2011, 2014; Rimet et al., 2019; USDA-FSIS, 2015). The meth-
ods of isolation and previous enrichment play an essential role in
the isolation of Salmonellae (Moussa et al., 2012). Serotyping of
the strains isolated from chickens revealed 8 strains (6.4%) Sal-
monella Enteritidis, 4 strains (3.2%) Salmonella Typhimurium, 4
strains (3.2%) Salmonella Gallinarum, and 3 strains (2.4%) Sal-
monella Pullorum as presented in Table 1 the results confirm that
chickens and chicken product are the main sources of Salmonellae
that causing severe gastroenteritis and food-borne infection of
human worldwide (Abd El Halim et al., 2017; CDC, 2014; Rimet
et al., 2019).

Ground beef meat, minced meat, hamburger, and all meat prod-
ucts are responsible for Salmonella food poisoning by the ingestion
of contaminated foods (CDC, 2019). The incidence of S. enterica
from hamburger showed a high degree of Salmonella isolation
and 13 strains (11.31%) were isolated, while only five strains of S.
enterica (4.55%) were isolated from the minced meat.

Serotyping of the strains isolated from hamburger revealed 5
strains (4.35%) Salmonella Typhimurium, 3 strains (2.61%) Sal-
monella Newport, 3 strains (2.61%) Salmonella Agona and two
strains (1.74%) Salmonella Dublin Dublin while, serotyping of such
strains revealed 3 strains (2.73%) Salmonella Typhimurium, and 2
strains (1.82%) Salmonella Dublin as shown in Table 1.

Fingerprinting of the Salmonella strains isolated from food and
from outpatient clinics by PFGE using XbaI- restriction enzyme
5

revealed 24 chromosomal digestion patterns as shown in Figs. 2
and 3. The phylogenetic analysis of the recovered 24 chromosomal
digestion patterns of the examined S. enterica subspecies with
pulsed field gel electrophoresis revealed five major clusters accord-
ing to the degree of identity between the strains. Identical chromo-
somal patterns had been observed between the strains of
Salmonella Typhimurium isolated from food samples and the
strains isolated from outpatient clinics. These findings are con-
firmed by the identity matrix where the similarity between the
strains recovered from human and ground meat beef was 99.1%,
while with poultry meat was 98.7–97.9, as shown in Fig. 4.
5. Conclusions

The study concluded that chickens are the main natural reser-
voir host of Salmonella infection for human being as the genetic
similarity and the degree of relatedness between the recovered
strains of S. enterica from food samples and outpatients clinics
using PFGE revealed a high degree of identity (similarity index
up to 99%). Therefore the regulations for handling chicken products
should be updated to reduce Salmonella infections.
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