Archives of Razi Institute, Vol. 77, No. 5 (2022) 1741-1747

Original Article

Copyright © 2022 by < ,# >

Razi Vaccine & Serum Research Institute
DOI: 10.22092/AR1.2022.357983.2129

Molecular Detection of Some Virulence Genes in Sa/monella
Species Isolated from Clinical Samples in Iraq

Farhan Abbas, H1 "

1. Department of Biology, College of Sciences, Mustansiriyah University, Baghdad, Iraq

Received 28 February 2022; Accepted 22 May 2022
Corresponding Author: hanaafarhan75@uomustansiriyah.edu.iq

Abstract

Salmonella species (spp.) are a major source of diarrheal diseases everywhere and one of the most dangerous
foodborne bacteria. The present study aimed to detect the occurrence of the most important virulence genes in
Salmonella enterica (S. enterica) among bacteria isolated from stool in Baghdad hospitals, Irag. In total, 50
swab stool samples were collected from patients suffering from food poisoning, attending to different hospitals
in Baghdad. The isolates were identified using morphological tests and were confirmed by the Vitek-2 system
(BioMe’rieux, France). A genomic DNA kit (Qiagen, Germany) was utilized to extract DNA from the isolates.
Molecular detection of five virulence genes, including invA, papC, spvC, stn, and fimH, was performed using
Polymerase Chain Reaction (PCR). Out of 50 swab samples, 40% (20 samples) were confirmed as S. enterica.
Moreover, the prevalence of virulence genes determined by the PCR demonstrated that all 20 S. enterica isolates
carried at least one gene from those associated with biofilm formation. The invA, stn, and fimH were the most
predominant genes existing in all 20 S. enterica isolates. The prevalence of papC and spvC virulence genes was
75% (15 out of 20) and 65% (13 out of 20), respectively. The current data support the occurrence of Salmonella
spp. exhibiting a broad range of virulence genes in stool samples from patients who had food poisoning, which
indeed makes these bacteria a significant threat to public health.
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1. Introduction

Salmonella species (spp.) are a major source of diarrheal
diseases everywhere and one of the most dangerous
foodborne bacteria (1). They are gram-negative facultative
anaerobe pathogens and the second most known
predominant foodborne bacteria due to their broad
prevalence besides their efficiency in making extensive
infections (2). Salmonella settles down the intestine of
many animals, such as dogs, cats, and birds (3). In poultry,
the bacterium is considered an effective carrier facilitating
the dissemination of different Salmonella serovars to
humans through eating contaminated meals (4). Pigs and
poultry are among the main animals accountable for
Salmonella dissemination to people (5).

Salmonella outbreaks are indeed a leading factor for
illness and death in cows and sub-clinically afflicted
animals. As a result, cows serve as a significant
reservoir for human illnesses (6). It has been
established that the occurrence of virulence genes,
which play a crucial influence in the incidence of
serious invasions, contributes to the pathogenicity of
bacteria inside the host organism (7). Salmonella’s
distinct virulence genes, including inv, spv, stn, fim,
pap, pef, viz, and sop, are associated with adhesion and
the invasion of host cells. They are also involved in
bacterial demonstration and survival (8).

The invA and stnh gene sequencings have a central role
in the identification of Salmonella, discovering new
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species, and giving a wide scope of analysis. Gene
sequencing is a rapid technique for bacterial
identification of unknown phenotypes (9). Although
Enterobacteriaceae have emerged as the most
questionable pathogens of critical health care interest,
little is known about their virulence genes, which
contribute to their pathogenesis (2).

Recently, advanced molecular techniques have been
developed for the detection of foodborne microbes
depending on nucleic acid amplification due to their
rapidity, specificity, and sensitivity (10). In light of
these facts, the current study aimed to detect the
occurrence of the most important virulence genes in
Salmonella enterica (S. enterica) among bacteria
isolated from stool in different hospitals in Baghdad.

2. Materials and Methods

2.1. lsolation and Identification of Salmonella
Isolates

A total of 50 swab stool samples were collected
between June 2019 and March 2020 from patients
suffering from food poisoning, who attended to
different hospitals (Medical City hospital, Al-Zahra
hospital, Al-Yarmouk hospital, and Ibn Balady
hospital) in Baghdad, Irag. The isolates were cultured
on the Xylose lysine deoxycholate (XLD) agar,
Hektoen enteric (HE) agar, and Salmonella-Shigella (S-
S) agar (Himedia, India). Afterward, they were
incubated at 37°C for 24 h and then, identified using the
biochemical Vitek-2 system (BioMe rieux, France).
2.2. Extraction of DNA

To extract DNA from the isolates, a genomic DNA
kit (Qiagen, Germany) was applied, according to the

manufacturer’s recommendations in the leaflet. Briefly,
a volume of 200 pl of each isolate was suspended equal
to 0.5 McFarland standard, 10 pl of proteinase K was
added to it with 200 ul of lysis solution, and it was
incubated for 10 min at 56°C. After the incubation
period, 200 pl of absolute ethanol was added.
Afterward, the samples were washed three times and
centrifuged. The elution solution (with 100 pl) was
then added to elute the DNA. The extracted DNAs
were preserved at —80°C for further usage as a template
in the polymerase chain reaction (PCR).
2.3. Molecular Detection of Virulence Genes

Specific primer sequences of five virulence genes,
including invA, papC, spvC, stn, and fimH, were
amplified by the PCR. Table 1 shows primer
sequences and product sizes. Primers were utilized for
the PCR amplification using a 25 pl volume for the
reaction. The PCR mixture contained 12.5 pl of
Master mix, 1 pl (0.6 pmol) of F and R each primer,
and 3 pl of DNA template. Finally, the volume was
completed by adding 25 pl of nuclease-free water
(Promega, USA). The amplification reaction was
performed in a TechNet-500 thermocycler (USA).
The PCR products were analyzed using
electrophoresis with 1% agarose gel stained with 0.5
pg/ml ethidium bromide at 7 V/Cm for 90 min and
DNA ladder (100 bp, Promega, USA). The gel was
photographed under a UV transilluminator.
2.4. Statistical Analysis

The data were analyzed using the Graph Pad Prism 8
software for each S. enterica. in biological test
replication. The probability level was set at P<0.05 to
identify significant differences.

Table 1. List of primers or Polymerase Chain Reaction amplification

Gene Sequence Product size (bp)  Annealing temperature ("C) Reference
) GTGAAATTATCGCCACGTTCGGGCAA
VA TCATCGCACCGTCAAAGGAACC 284 55 (11)
GACGGCTGTACTGCAGGGTGTGGCG
PaC  ATATCCTTTCTGCAGGGATGCAATA 328 63 (12)
ACTCCTTGCACAACCAAATGCGGA
SPVC 1GTCTTCTGCATTTCGCCACCATCA 571 53 (13)
< 116 TGT CGC TAT CAC TGG CAA CC 517 59 -
ATT CGT AAC CCG CTC TCG TCC
ity 1GC AGA ACG GAT AAG CCG TGG S0 o 14

GCA GTC ACC TGC CCT CCG GTA
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3. Results

3.1. Isolation and Identification

The phenotypic results of Salmonella spp. on
different cultured media, including the XLD agar, HE
agar, and S-S agar, showed that out of 50 swab
samples, 40% (20 samples) were confirmed as S.
enterica followed by the biochemical Vitek-2 system
(BioMe'rieux, France). Figure 1 shows the
morphological properties of the tested isolates on
different cultured media.
3.2. Prevalence of Virulence Genes

As for the detection of virulence genes, the PCR
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demonstrated that all 20 S. enterica isolates carried
at least one gene from those associated with biofilm
formation. The invA, stn, and fimH were the most
predominant genes existing in all 20 S. enterica
isolates. The prevalence of papC and spvC
virulence genes was 75% (15 out of 20) and 65%
(13 out of 20), respectively. Table 2 shows the
molecular characterization of the studied virulence
genes in Salmonella isolates. Furthermore, figure 2
depicts the amplified studied virulence genes in
Salmonella isolates by using agarose gel
electrophoresis.

Figurel. Identification of Salmonella isolates. (A) Salmonella enterica on XLD agar. (B) Salmonella enterica on HE agar. (C)

Salmonella enterica on S-S agar

Table 2. Molecular characterization of some virulence genes in Salmonella isolates

Tested virulence genes S_o urce of No. of examined isolates NO'.Of positive Percentage
isolates isolates %
invA Stool 20 20 100%
stn Stool 20 20 100%
fimH Stool 20 20 100%
papC Stool 20 15 75%
spvC Stool 20 13 65%
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Figure 2. Gel electrophoresis for invA, stn, fimH, papC, and spvC genes

4, Discussion

Salmonella is an opportunistic pathogen that is
commonly implicated in foodborne disease outbreaks.
Its ubiquitous distribution poses a significant threat to
public health (15). In this study, 20 out of 50 stool swab
samples were positive for S. enterica, accounting for
20% of the total. These findings were consistent with
previous research findings, including (8, 16, 17).
Traditional strategies are widely accepted as basic
techniques for detecting foodborne bacterial diseases.
They are widely utilized due to their ease of use and
safety, and they can provide information on the type,
size, and behavior of food microorganisms (18, 19).
Unfortunately, however, these techniques require
plenty of personnel and takes a couple of days to
perform; therefore, they are frequently inefficient.

According to table 2, S. enterica isolates exhibited
100% of virulence genes (invA, stn, and fimH), which is
the same as the previous research findings done by (8,
20). The invA gene has been proposed as an indicator
for the molecular analysis of Salmonella serotypes
identification whereas the stn gene is in charge of

enterotoxin generation (20). According to the findings
of a previous study carried out by Uchiya, Kamimura
(21), fimH is indeed an adhesive protein that is essential
in bacterial adherence to host cell receptors throughout
the host tissue infarction (22).

The stn gene seems critical in determining the
virulence and intensity of invasion inside particular
hosts.

Since it is present in all serotypes of Salmonella spp., st
n is employed for the

detection and characterization. It is also critical due to
causing Salmonella enterotoxicity (23).

According to Robertson, Yoshida (24), the value of
such evidence is a concern for public healthcare and
dietary quality organizations, since erroneous or absent
metadata significantly diminishes the value of genomic
information. The data gathered from multiple studies
might be used to create better techniques for
eliminating pathogens inside food webs, thereby
decreasing foodborne illnesses in the animal-food cycle
and maintaining a successful program monitoring (25).
The virulence of the acquired Salmonella isolates is
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correlated to a set of genes that seem essential for the
entrance, colonization, and dissemination inside the
host body.

A study by Mezal, Sabol (26) indicated that all
isolates were positive for the majority of virulence
genes present in S. enterica, which is consistent with
the findings of the present study (27, 28). Salmonella
represents the second most common foodborne illness
in the United States and Europe (29). As a result,
awareness of the development of infections is
becoming extremely essential to study the occurrence
of Salmonella in the environment and its virulence
patterns. According to the best of the researchers’
knowledge, there is little information about the
molecular detection of virulence genes in S. enterica
isolated from clinical samples in lIraq. Therefore,
further studies must understand the virulence genes of
these bacterial isolates using rapid molecular diagnostic
methods  fundamental  for  operative clinical
management.

The current data support the occurrence of Salmonella
spp. exhibiting a broad range of virulence genes in
stool samples from patients who had food poisoning,
which indeed makes these bacteria a significant threat
to public health. The risk of these dangerous pathogens
being transmitted to people necessitates continuous
supervision of the supply chain and modified food
production, as well as special attention to antimicrobial
therapy. More investigation is necessary to offer
precise information regarding the prevalence rate of
Salmonella in food and feces, as well as sanitary
approaches to minimize the spread of infection.

Authors' Contribution

Study concept and design: H. F. A.

Acquisition of data: H. F. A.

Analysis and interpretation of data: H. F. A.

Drafting of the manuscript: H. F. A.

Critical revision of the manuscript for important
intellectual content: H. F. A,

Statistical analysis: H. F. A.

Administrative, technical, and material support: H. F.
A.

Ethics

The present study was approved by the Ethics
Committees of the Iragi Ministry of Health and the
Mustansiriyah University.

Conflict of Interest

The authors declare that they have no conflict of
interest.

Acknowledgment

The author is thankful to the Department of Biology,
College of Sciences, Mustansiriyah  University
(Baghdad, Iraq) for their support and Medical City
hospital, Al-Zahra hospital, Al-Yarmok hospital, and
Ibn Balady hospital in Baghdad, Irag.

References

1. Alarawi FA, Saeed EM. Isolation, Antibiogram and
Molecular Detection of Mannheimia and Pasteurella
Associated with Pneumonia in Sheep in Al-Madinah
Region, Saudi Arabia. Int J Vet Sci. 2021;10(2):135-40.

2. Abouelkhair A, Hussein A.  Molecular
Characterization of Different Salmonella Enterica
Serotypes Isolated From Frozen Meat in Minoufiya
Governorate. J Curr Vet Res. 2019;1(2):63-8.

3. Galanis E, Lo Fo Wong DM, Patrick ME, Binsztein
N, Cieslik A, Chalermchikit T, et al. Web-based
surveillance and global Salmonella distribution, 2000-2002.
Emerg Infect Dis. 2006;12(3):381-8.

4. Hald T, Aspinall W, Devleesschauwer B, Cooke R,
Corrigan T, Havelaar AH, et al. World Health Organization
Estimates of the Relative Contributions of Food to the
Burden of Disease Due to Selected Foodborne Hazards: A
Structured Expert Elicitation. PLoS One.
2016;11(1):0145839.

5. Greger M. The human/animal interface: emergence
and resurgence of zoonotic infectious diseases. Crit Rev
Microbiol. 2007;33(4):243-99.

6. Van TTH, Yidana Z, Smooker PM, Coloe PJ.
Antibiotic use in food animals worldwide, with a focus on
Africa: Pluses and minuses. J Glob Antimicrob Resist.



1746 Farhan Abbas / Archives of Razi Institute, Vol. 77, No. 5 (2022) 1741-1747

2020;20:170-7.

7. Sotohy S, Khalifa E. Molecular Characterization of
Some Virulence Genes of Salmonella enterica Serotype
Sandow and Saintpaul Isolated from Environment of Dairy
Farms at Assiut Province, Egypt. J Vet Sci Technol.
2018;009.

8. Awad A, Gwida M, Khalifa E, Sadat A.
Phenotypes, antibacterial-resistant profile, and virulence-
associated genes of Salmonella serovars isolated from retail
chicken meat in Egypt. Vet World. 2020;13(3):440-5.

9. Kaabi H, Al-Yassari A. 16SrRNA sequencing as
tool for identification of Salmonella spp isolated from
human diarrhea cases. J Phys Conf Ser. 2019;1294:062041.

10. Zhang Y, Hu X, Wang Q, Zhang Y. Recent
advances in microchip-based methods for the detection of
pathogenic bacteria. Chin Chem Lett. 2022;33(6):2817-31.

11. Oliveira SD, Rodenbusch CR, Ce MC, Rocha SL,
Canal CW. Evaluation of selective and non-selective
enrichment PCR procedures for Salmonella detection. Lett
Appl Microbiol. 2003;36(4):217-21.

12. Birosova E, Siegfried L, Kmet'ova M, Makara A,
Ostro A, Gresova A, et al. Detection of virulence factors in
alpha-haemolytic Escherichia coli strains isolated from
various clinical materials. Clin  Microbiol Infect.
2004;10(6):569-73.

13. Khaltabadi Farahani R, Ehsani P, Ebrahimi-Rad M,
Khaledi A. Molecular Detection, Virulence Genes, Biofilm
Formation, and Antibiotic Resistance of Salmonella
enterica Serotype enteritidis Isolated from Poultry and
Clinical Samples. Jundishapur J Microbiol. 2018;11(10):
69504.

14. Tiba MR, Yano T, Leite Dda S. Genotypic
characterization of virulence factors in Escherichia coli
strains from patients with cystitis. Rev Inst Med Trop Sao
Paulo. 2008;50(5):255-60.

15. Erdem B, Ercis S, Hascelik G, Gur D, Aysev AD.
Antimicrobial resistance of Salmonella enterica group C
strains isolated from humans in Turkey, 2000-2002. Int J
Antimicrob Agents. 2005;26(1):33-7.

16. Ben Aissa R, Al-Gallas N, Troudi H, Belhadj N,
Belhadj A. Trends in Salmonella enterica serotypes isolated
from human, food, animal, and environment in Tunisia,
1994-2004. J Infect. 2007;55(4):324-39.

17. Tolba K. Microflora in locally processed frozen
meat. Vet Med J Giza. 1994.

18. Law JW, Ab Mutalib NS, Chan KG, Lee LH. Rapid
methods for the detection of foodborne bacterial pathogens:

principles, applications, advantages and limitations. Front
Microbiol. 2014;5:770.

19. Zhao X, Lin CW, Wang J, Oh DH. Advances in
rapid detection methods for foodborne pathogens. J
Microbiol Biotechnol. 2014;24(3):297-312.

20. Ahmed HA, El-Hofy FI, Shafik SM, Abdelrahman
MA, Elsaid GA. Characterization of Virulence-Associated
Genes, Antimicrobial Resistance Genes, and Class 1
Integrons in Salmonella enterica serovar Typhimurium
Isolates from Chicken Meat and Humans in Egypt.
Foodborne Pathog Dis. 2016;13(6):281-8.

21. Uchiya Kl, Kamimura Y, Jusakon A, Nikai T.
Salmonella Fimbrial Protein FimH Is Involved in
Expression of Proinflammatory Cytokines in a Toll-Like
Receptor 4-Dependent Manner. Infect Immun. 2019;87(3).

22. Kuzminska-Bajor M, Grzymajlo K, Ugorski M.
Type 1 fimbriae are important factors limiting the
dissemination and colonization of mice by Salmonella
Enteritidis and contribute to the induction of intestinal
inflammation during Salmonella invasion. Front Microbiol.
2015;6:276.

23. Mahmoud MAM, Megahed G, Yousef MS, Ali
FAZ, Zaki RS, Abdelhafeez HH. Salmonella Typhimurium
Triggered Unilateral Epididymo-Orchitis and
Splenomegaly in a Holstein Bull in Assiut, Egypt: A Case
Report. Pathogens. 2020;9(4).

24. Robertson J, Yoshida C, Kruczkiewicz P, Nadon C,
Nichani A, Taboada EN, et al. Comprehensive assessment
of the quality of Salmonella whole genome sequence data
available in public sequence databases using the
Salmonella in silico Typing Resource (SISTR). Microb
Genom .2018;4(2).

25. Bosch A, Gkogka E, Le Guyader FS, Loisy-Hamon
F, Lee A, van Lieshout L, et al. Foodborne viruses:
Detection, risk assessment, and control options in food
processing. Int J Food Microbiol. 2018;285:110-28.

26. Mezal EH, Sabol A, Khan MA, Ali N, Stefanova R,
Khan AA. Isolation and molecular characterization of
Salmonella enterica serovar Enteritidis from poultry house
and clinical samples during 2010. Food Microbiol.
2014;38:67-74.

27. Jajere SM. A review of Salmonella enterica with
particular focus on the pathogenicity and virulence factors,
host specificity and antimicrobial resistance including
multidrug resistance. Vet World. 2019;12(4):504-21.

28. Rito E, Recker T, Betts R, Lee A, Loisy-Hamon F,
Gkogka E, et al., editors. Foodborne Viruses: Detection,



Farhan Abbas / Archives of Razi Institute, Vol. 77, No. 5 (2022) 1741-1747 1747

Risk Assessment, and Control Options in Food Processing. F, Morganti M, et al. Detection of Salmonella enterica in
IAFP European Symposium on Food Safety; 2019: IAFP. pigs at slaughter and comparison with human isolates in
29. Bonardi S, Alpigiani I, Bruini I, Barilli E, Brindani Italy. Int J Food Microbiol. 2016;218:44-50.



