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 ABSTRACT 
 

Background and Aim: Salmonellosis is an important infectious zoonotic disease that makes it even more significant to 
identify and control the causative strains. Molecular methods, especially polymerase chain reaction (PCR), for virulence 
genes can help to quickly and accurately identify Salmonella strains. Accordingly, the purpose of this study was molecular 
identification based on sivH, hilA and sefA genes and serotyping of Salmonella strains isolated from livestock in Alborz 
province, Iran. 

Materials and Methods: The present study was conducted on 30 Salmonella strains isolated from livestock in Alborz 
province. Salmonella strains were isolated using morphological identification and differential and selective culture media. 
DNA was then extracted by boiling, and PCR was performed to detect the virulence genes of hilA, sivH, and sefA. The 
sensitivity and specificity of the primers used were determined using PCR.  

Results:  The PCR findings showed that 27 (90%) isolates had the hilA gene, 10 (33.3%) isolates had the sefA gene, and 24 
(80%) isolates had the sivH gene. Moreover, the highest frequency among serotypes was related to Salmonella typhimurium 
(10%). The sensitivity of ST11-ST15, hilA, sefA, and sivH primers were estimated at 0.0001, 1, 0.1, and 0.001 ng/mol, 
respectively. The specificity of primers for Salmonella strains was also confirmed. 

Conclusion:  Identifying livestock with salmonellosis and isolating pathogenic strains from other livestock are of the most 
important methods capable of reducing the prevalence of foodborne infection in consumers. This can be achieved by the 
PCR technique for virulence genes, especially hilA, which is more prevalent among Salmonella strains.  
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1 Introduction 

Salmonella infection (salmonellosis) is a foodborne 
disease with a global spread in humans. It is one of the 
major public health problems that are of particular 
importance not only in developing countries but also 
in developed countries (1). These diseases develop 
due to eating habits, food delivery methods, 
production time, storage and distribution of food, and 
cause great damage to public health and the food 
industry (2, 3). Variety in hosts, serotypes, and natural 
carriers has made salmonellosis the most common 

foodborne microbial disease in humans (4). Livestock 
and their products are the most important 
transmission sources of Salmonella serotypes and 
food poisoning in humans. Despite all the measures 
taken and health improvements, it is still a problem in 
the livestock industry (5, 6).  

Due to the importance of Salmonella strains in the 
occurrence of salmonellosis and its presence in 
various sources is a serious risk to humans, its rapid 
detection in various sources is of particular 
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importance (7, 8). Since methods based on culture and 
isolation are time-consuming, using methods capable 
of quickly detecting the presence of Salmonella in 
suspected specimens can effectively prevent disease 
and outbreaks (9, 10). Molecular methods are 
currently of the fastest and most sensitive diagnostic 
techniques (11). Polymerase chain reaction (PCR) is 
one of the most common molecular detection 
techniques. This method utilizes different genes 
involved in the pathogenicity of Salmonella strains (12, 
13). 

One of these genes is hilA, which encodes the 
central regulator of HilA, which is essential for the 
expression of components of the secretory system 
type III (TTSS). Salmonella species have pathogenicity 
islands (SPIs) that are critical to pathogenicity and 
encode TTSS pathogenic islands, which are able to 
inject bacterial effector proteins through bacterial and 
host membranes to interact with host cells (14). In 
addition, the hilA gene is required to invade epithelial 
cells and induce apoptotic macrophages. It also 
encodes invasive proteins and facilitates the 
penetration of Salmonella into intestinal epithelial 
cells by encoding regulatory and transcription proteins 
(15). The sivH is a specific gene in Salmonella enterica 
subsp. Enterica serovar Typhi is responsible for cell 
adhesion. In fact, this protein is related to the outer 
membrane of bacteria associated with intestinal 
colonization, which is also involved in invasion (14, 
16). Surface structures such as fimbriae are on the 
surface of Salmonella, which makes it possible to 
identify serotypes of a species (17). Types of surface 
structures include SEF21, SEF14, and SEF17, which is 
the fimbriae encoding gene SEF14, called sefA, which 
is essential for survival and proliferation within the 
large vacuole (17, 18). Other genes used in molecular 
detection of Salmonella include sefA, spv, fliC, invA, 
fljB, rfbJ (15, 19). 

Accordingly, this study aimed to investigate the 
presence of sivH, hilA, and sefA genes by PCR and 
serotyping of Salmonella strains isolated from 
livestock in Alborz province. 

 

2.Materials and Methods 

Salmonella Strains  

In this study, 30 required livestock samples were 
obtained from the microbial collection of the 
microbiology department of the Razi Vaccine and 
Serum Research Institute, Iran, as lyophilized 
powders. To enrich the bacteria, 0.5 mL of TSB 
medium containing horse serum was added to the 
lyophilized vials, and the suspension was cultured on 
McConkey agar medium. The media were then 
incubated at 37°C for 24 hours. 

Confirmation of Salmonella Strains 

Morphological and biochemical tests were used to 
confirm the prepared strains. Morphological 
identification was performed by gram staining, and 
biochemical identification was performed by 
Simmon's Citrate, MR/VP, lysine, urease, indole, and 
lactose tests. Standard strains, including Salmonella 
enteritidis RTCC 1621 (ATCC: 13706) and Salmonella 
typhimurium RTCC 1735 (ATCC: 14028), were selected 
as positive controls. 

Serotyping of Strains 

Serotyping of isolated Salmonella strains was 
performed based on the standard rapid slide 
agglutination method, using O and H antibodies. A 24-
hour suspension of bacteria in 9% normal saline was 
used on the slide, and the autoagglutination reaction 
was controlled by mixing one drop of antiserum. The 
occurrence of agglutination in less than two minutes 
was considered a positive reaction. First, a group set 
was determined using polyvalent antisera, and then 
multiple monovalent antisera were used. Serotypes 
were identified according to the Kauffman – White 
table. 

DNA Extraction 

The DNA extraction from bacteria was performed by 
boiling method. To this end, the strains were first 
cultured on a nutrient agar medium. After growth, 
some colonies were taken by sterile loop and 
dissolved in microtubes containing 500 μL of normal 
saline solution. The microtubes were centrifuged at 
1000 rpm for 5 minutes. Then, the supernatant was 
discarded, and 600 μL of TE1X (Tris EDTA buffer) was 
added to the precipitate. After placing in a water bath 
at 90°C for 10 minutes, the microtubes were 
immediately placed in an ice container for 5 minutes 
and centrifuged for 4 minutes at 1000 rpm. In the last 
step, 6-7 μL of proteinase k was added to each 
microtubes, and the extracted DNA was stored at -
20°C. The quantity and quality of the extracted DNA 
were measured by spectrophotometry and agarose 
gel electrophoresis, respectively (20). 

Polymerase Chain Reaction 

A general PCR procedure was performed to evaluate 
the presence of Salmonella genera using ST11 and 
ST15 primers. Moreover, specific PCR procedures 
were performed to evaluate the presence of hilA, sefA, 
and sivH genes using the primers listed in Table 1. The 
PCR procedure was performed using Taq DNA l 2.0X 
Master Mix RED during 30 thermal cycles. The PCR 
products were observed using 3% agarose gel 
electrophoresis. The standard strains of S. 
typhimuriom ATCC 1735 (RTCC 14028) and S. entritidis 
ATCC 1621 (RTCC 13706) were used as positive 
controls (21). 
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Table 1. Specifications of used primers 

Ref. CG% 
Fragmet 
Length 

Sequence Gene 

(22) 
50. 0 

429bp 
GCCAACCATTGCTAAATTGGCGCA ST11 

56. 0 GGTAGAAATTCCCAGCGGGTACTGG ST15 

(23) 
53. 3 

854bp 
F-CGGAGGCTTATTTGCGCCATGCTGAGGTAG 

hilA 
66. 7 R-GCATGGATCCCCGCCGGCGAGATTGTG 

(24) 
50. 0 

310bp 
F-GCAGCGGTTACTATTGCAGC 

sefA 
55. 0 R-TGTGACAGGGACATTTAGCG 

(14) 
52. 4 763bp 

 

F-CAGAATGCGAATCCTTCGCAC 
sivH 

47. 6 R-GTATGCGAACAAGCGTAACAC 

 

Determination of Gene Sensitivity 

Dilutions of 0.100-0.000001 ng/mL were prepared 
from primers. After DNA purification from S. 
typhimurium, S. aberdeen, S. enteritidis, and S. 
eastbuorne strains for ST, hilA, sivH, and sefA primers, 
respectively, the sensitivity of the primers was 
measured by PCR with different dilutions of the 
primer. 

Determination of Primer Specificity 

S. tsevie, Citrobacter freundii, E. coli, and Shigella 
strains were used to evaluate the specificity of 
primers. The standard strains of S. enteritidis RTCC 
1621 and S. typhimurium RTCC 1735 were also positive 
controls.  

 

3.Results 

Biochemical Confirmation of Strains 

Because Salmonella strains are lactose negative, the 
colonies of strains isolated in McConkey agar medium 
were the same color as the medium, confirming 
Salmonella. Gram-negative Salmonella bacilli were 
also observed in gram staining. Biochemical tests with 
the results of positive Simmon's Citrate, MR, and 
lysine and negative urease, VP, indole, and lactose 
confirmed the strains isolated as Salmonella. 

Serotyping Strains 

The standard and valid Salmonella serotyping 
method results are presented in Table 2. As seen, the 
highest frequency was related to S. enteritidis (10%), 
S. abortusovis (6.6%), and S. tsevie (6.6%). 

Table 2. The results of serotyping Salmonella strains 

Isolate 
number 

Serotype Frequency 
Isolate 

number 
Serotype Frequency 

1 S. duesseldrof 3.3  %  16 S. cubana 3.3  %  

2 S. Aberdeen 3.3  %  17 S. infantis 3.3  %  

3 S. enteritidis 10% 18 S. dublin 3.3  %  

4 S. ndolo 3.3  %  19 S. entritidis 10% 

5 S. adelaide 3.3  %  20 S. dublin 3.3  %  

6 S. typhimurium 3.3  %  21 S. daytono 3.3  %  

7 S. sandow 3.3  %  22 S. abortusovis 6.6  %  

8 S. derby 3.3  %  23 S. typhimurium 3.3  %  

9 S. eastbourne 3.3  %  24 S. tsevie 6.6  %  

10 S. typhimurium 3.3  %  25 S. angusten borg 3.3  %  

11 S. entritidis 10% 26 S. paratyphi B 3.3  %  

12 S. newport 3.3  %  27 S. dublin 3.3  %  

13 S. bovismorbifaciam 3.3  %  28 S. typhimurium 3.3  %  

14 S. anatum 3.3  %  29 S. tsevie 6.6  %  

15 S. dublin 3.3  %  30 S. abortusbovis 6.6  %  
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Identification of Virulence Genes by PCR 
Procedure 

The results of the PCR test showed that the control 
strains had all three genes studied. The two strains of 

S. ndolo and S. adelaide did not have any of the 
virulence genes studied. Overall, 27 (90%) isolates had 
hilA gene, 10 (33.3%) isolates had sefA gene and 24 
(80%) isolates had isoH gene (Figure 1). 

 

 

Figure 1. Frequency of hilA, sefA, sivH genes in different Salmonella serotypes 

 

Sensitivity of primers: Primers used for ST11-ST15 
gene had a sensitivity of 0.0001 ng/mL (Figure 2-A), 
while the hilA primer had a sensitivity of 1 ng/mL 

(Figure 2-B), the SivH primer had a sensitivity of 0.001 
ng/mL (Figure 2-C) and the sefA primer had a 
sensitivity of 0.1 ng/mL (Figure 2-D). 

 

  

  

Figure 2. PCR results to determine the sensitivity of ST11-ST15 (A), hilA (B), SivH (C) and sefA (D) primers (L: molecular ladder, 
other wells: dilutions of 100 ng to 0.00001 primer) 
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Specificity of Primers 

Primers used for ST11-ST15, hilA, sefA, and sivH 
genes were able to form bands in S. typhimurium, S. 

enteritidis, and S. tsevie. Still, no band was observed 
for C. freundii, E. coli and Shigella strains, indicating 
the specificity of the primers (Figure 3). 

 

  

  

Figure 3. PCR results to determine the specificity of ST11-ST15 (A), hilA (B), SivH (C), and sefA (D) primers (L: molecular ladder 
1: S. tsevie, 2: Citrobacter freundii, 3: E. coli, 4: Shigella, 5: positive control of S. typhimurium ATCC 14028, 6: positive control of 
S. 

4.Discussion 

Isolation, identification, control, and prevention of 
Salmonella strains in animal source foods are essential 
in public health. Among diagnostic methods, the PCR 
technique is a suitable tool for identifying food 
contaminated with Salmonella strains due to its 
sensitivity and high rapidity. Accordingly, the present 
study employed the PCR technique to detect three 
genes of hilA, sefA, and sivH among Salmonella strains 
isolated from livestock. The results showed the 
presence of the hilA gene in 90% of samples, the SefA 
gene in 33.3% of samples, and the sivH gene in 80% of 
samples.  

Many studies detected the virulence genes in 
Salmonella strains of different origins, which have 
reported various genes. Consistent with the present 
study results, in a study on the identification of 
Salmonella strains in clinical samples from Saudi 
Arabia using PCR based on hilA and invA genes, 23 
Salmonella strains were isolated from stool samples 
(25). Also, in line with the present study results, the 
prevalence, virulence genes, and antimicrobial 
resistance profiles of Salmonella serovars from retail 
beef in Selangor, Malaysia, by Thung et al., out of 240 
retail beef meat samples, 23 Salmonella strains were 
isolated. In their study, PCR screening via Salmonella-

specific hilA primers showed that the frequency of this 
virulence gene in strains without considering their 
serovars was 82.61% (23). In a study by Pathmanathan 
et al. on the simple and rapid detection of Salmonella 
strains using the hilA primer, 33 Salmonella strains 
from 27 serovars and 15 non-Salmonella species from 
8 different genera from Medical Research Institutes 
and the Medical University of Malaya were selected. 
All of the studied Salmonella samples had the hilA 
gene, while this gene was not observed in any non-
salmonella strains (26). 

In the present study, 90% of the samples had the 
hilA gene, which is close to the results of the 
mentioned studies. More studies should be done on 
animal samples about this gene. The type of host 
should also be considered. There may be differences 
in identifying this gene from all samples compared to 
the Malay study for the reasons mentioned above. 

In another part of the results of the present study, 
the SefA gene was observed in 33.3% of the samples. 
Since this gene encodes surface structures such as 
fimbriae on the surface of Salmonella, it is possible to 
identify serotypes of a species through these 
structures (17). In a study inconsistent with the 
present results by Borges et al., which is aimed to 

A B 

C 
D 
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identify virulence genes in S. enteritidis strains isolated 
from chickens in southern Brazil, the PCR results 
showed that 100% of the strains had hilA and SefA 
genes (14). In the study of Ranjbar et al. In 2020, out 
of 110 samples, 101 samples (91.81%) with 16S rRNA 
gene were positive for Salmonella, and 86 samples 
(85.14%) carried the sefA gene (27). Also, in line with 
the results of this study, in a study by Zahedi et al. that 
investigated the prevalence of S. enteritidis and S. 
typhimurium in marketed meat in Shahrekord, Iran, 
360 meat samples of cow, camel, sheep, goat, and 
chicken were collected from sale centers and tested 
for Salmonella contamination by culture, biochemical 
and PCR tests, followed by testing S. typhimurium and 
S. entertidis isolated on the bases of virulence genes 
invA, rfbj, fliC, fljB, spV, and sefA. Out of 54 Salmonella 
isolates, 24 isolates were S. typhimurium, 20 isolates 
were S. enteritidis, and 10 isolates belonged to other 
Salmonella serotypes. Based on PCR results, all strains 
had virulence genes (28).  

The results showed the presence of the SefA gene in 
80% of the samples. Also, in line with the present 
study, Webber et al., in a study in 2019, stated that all 
the studied species have the mentioned gene, and all 
the samples were Salmonella enterica subspp. 
Enterica (29). 

Generally, in the present study, 90% of the hilA 
gene, 33.3% of the SefA gene, and 80% of the sivH 
gene were reported in the studied strains, which 
indicates the suitability of these genes, especially the 
hilA gene, to identify Salmonella strains. 

5.Conclusion 

The results of this study and its comparison with 
other studies show that the genes hilA, sefA, and sivH 
are present in some Salmonella serotypes and cannot 
be used with certainty as diagnostic genes but can be 
used their presence in selecting serotypes for the 
production of biological products. 
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