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ABSTRACT 

 

The plasmid spvABCD genes are arranged in an operon that involved in intracellular survival and replication of 
Salmonella. This study aimed to evaluate the molecular detection of virulence genes of S. gallinarum recovered 
from food substance and feces samples of Iranian poultry. Diagnosis of Salmonella from 51 food substance and 
feces samples of poultry was performed using culture. Virulence gene of Hq703462 was used for identification of 
S. gallinarum serovars using Real-Time PCR. For differentiation between two biovars, ratA, tepB and rhs genes 
were used by Multi-Plex PCR. In determining the presence and absence of two virulence genes (sdiA and spvC), 
PCR was used. The data analyzed by SPSS software version 22 using Chi-square test. PCR detected the virulence 
genes sdiA-274 bp and spvC-571 bp. The prevalence of sdiA and spvC genes were reported 100% and 61%, 
respectively. Prevalence of both spvC and sdiA genes contributed in antimicrobial resistance in S. gallinarum 
strains recovered from Iranian poultry was high.  
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INTRODUCTION 

 

Salmonella infection is one of the most significant 

causes of morbidity and mortality in the world 

and due to it is common between human and 

animals, the human food chain is known as the 

main source of infection [1]. At now, both S. 
gallinarum and S. pullorum are considered as 

biovars of Salmonella enterica subsp. enterica 

serovar[2] and because they belonged to 

serogroup D, having the common antigenic 

structure and similarity in genomic sequence [3], 

cannot differentiate them based on the serotyping 

method[4], rather the biochemical, and molecular 

tests used for differentiation[5]. Avian 

salmonellosis is divided into two forms; Fowl 

typhoid and pullorum disease which both have a 

main economic significance worldwide. Fowl 

typhoid is attributed to Salmonella enterica subsp. 

enterica serovar Gallinarum biovar Gallinarum (S. 

Gallinarum) can colonize and cause disease in 

various domestic and wild birds. And also, 

Pullorum disease is produced by Salmonella 
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enterica subsp. enterica serovar Gallinarum biovar 

Pullorum (S. Pullorum), which both can cause a 

significant morbidity and mortality in birds[6]. 

They can be transmitted via both horizontal and 

vertical ways[7]. Fowl typhoid (FT) there is as an 

endemic of poultry infection in various countries 

of Africa, Asia, South and Central 

America[6].These diseases lead to severe 

economic losses in many developing countries. 

 

The extensive use of antibiotics in poultry and its 

products has resulted in producing the MRD 

species which may be transmitted to human 

through the food chain and it became concern 

globally[8].  

 

Several virulence genes have been reported in 

Salmonella genus, the most of virulence genes of 

Salmonella are clustered in a region named 

Salmonella pathogenicity islands (SPI) that 

Scattered throughout the chromosome. In total, in 

most serovars, 19 SPI have been present [9]. 

 

In addition, Salmonella plasmid virulence (spv) 

locus which carries the spv genes were chiefly 

described in Salmonella Gallinarum-Pullorum[10]. 

Also, sdiA gene is related with biofilm formation in 

Salmonella spp, because, there are a few studies 

about the prevalence of S. gallinarum and 

mentioned virulence genes from Iran, this study 

aimed to evaluate the molecular detection of 

virulence genes of S. gallinarum strains recovered 

from food substance and feces samples of Iranian 

poultry. 

 

MATERIALS AND METHODS 

 
Isolation, diagnosis of Salmonella from fifty-one 

food substance and feces samples of poultry was 

performed during 2015-2017 using culture 

(ISO6579), in this process, 25 gr of feces was 

poured in a sterile bag and 225 gr of peptone 

water was added to it and mixed well and 

incubated overnight. Selenite cysteine (SC) broth 

and Tetrathionate broth base (TTB) were applied 

as the selective enrichment broth, and plating 

medium was xylose lysine desoxycholate agar 

(XLD) containing RVS broth (Rappaport-

Vassiliadis Soy Peptone). Further identification of 

isolates was conducted by colony morphology, 

microbial tests and biochemical characterizations 

(Lysine decarboxylase, Voges-Proskauer, Indole 

reaction, Beta-galactosidase reaction, Urease and 

H2S production). After that, isolates were 

serotyped with specific O and H Salmonella 

antisera (Mast Company) and classified based on 

the Kauffman White scheme. The genomic DNAs of 

the Salmonella isolates were extracted using the 

kit (Roche Applied Science) based on the process 

defined by Turki et al in 2014[11]. 
 

Diagnosis of S. gallinarum serovars by Real 

Time PCR technique 

 

Virulence gene of Hq703462 was used for 

identification of S. gallinarum serovars using Real-

Time PCR with the primers of Hq703462: F--

CGATATAGCTTACTGTGTCCCG, R- 

TCATGCACTACCACCATAACG,Prob-FAM-

ACATCCCTCATATCGGCGCGAAC-TAMRA[12]. 

 

Differentiate Salmonella entrica biovar 

gallinarum of pollorum using Tri Plex PCR of 

ratA, tepB and rhs genes  

 

For differentiation between two biovars, ratA, 

tepB and rhs genes were used by Multi-Plex 

PCR[13]. PCR was performed in final volume of 25 

μl with a reaction mixture comprising 1μl of each 

primers using primer pairs listed in Table 1, the 

PCR program was as follows; a cycle for initial 

denaturation at 95 ºC for 5 min, 40 cycles with 

denaturation at 94 ºC for 40 sec, annealing step at 

56 ºC for 30 sec, elongation stage at 72 ºC for 40 

sec and final extension step in 72 ºC for 7 min. 

 
 Table1: The sequences of pair primers used in this study  

 

Target 

gene 
Primer name 

Oligonucleotide Sequences 

 (5to3) 
Serovar 

Annealing 

Temperature 

 (ºC) 

Ref. 
PCR product  

size (bp) 

steB 
steB-F TGTCGACTGGGACCCGCCCGCCCGC 

gallinarum(D1) 56 [14] 636 
steB-R CCATCTTGTAGCGCACCAT 

rhs locus 
rhs-F TCGTTTACGGCATTACACAAGTA 

gallinarum +pullorum 56 [15] 402 
rhs-R CAAACCCAGAGCCAATCTTATCT 

ratA ratA-f GACGTCGCTGCCGTCGTACC 
gallinarum +pullorum 

56 [16] 
SG:1047 

SP:243 

 ratA-r TACAGCGAACATGCGGGCGG    
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In determining the presence and absence of two 

virulence genes (sdiA and spvC), PCR reaction was 

performed in a 25 final volume with a reaction 

mixture comprising 1 μl of each primer with the 

PCR program; A cycle for initial denaturation at 95 

ºC for 5 min, 30 cycles with denaturation at 94 ºC 

for 40 sec, annealing at 56 ºC for 30 sec, extension 

step at 72 ºC for 50 sec and final extension step in 

72 ºC for 10 min. The oligonucleotides primers 

were as follows; sdiA-F: AATATCGCTTCGTACCAC, 

sdiA-R: GTAGGTAAACGAGGAGCAG; spvC-F:-

ACTCCTTGCACAACCAAATGCGGA, spvC-R: 

TGTCTCTGCATTTCGCCACCATCA. Then data were 

analyzed by SPSS software (version 22.0; Chicago, 

Illinois, USA) using Chi-square test.  

   
RESULTS 

 

Real-Time PCR with the primers of Hq703462 

virulence gene confirmed the gallinarum serovars. 

Also, it differentiated Salmonella entrica biovar 

gallinarum of pollorum using Tri-Plex PCR of ratA, 

tepB and rhs genes. 

 

The bands achieved from PCR detection reflecting 

the virulence genes sdiA-274 bp and spvC-571 bp 

(Figure1). Multiple PCR technique presented that 

the prevalence of sdiA gene was reported 

51(100%), while this rate for spvC was 31(61%). 

 

 
 
Figure1: Result detection of virulence genes; spvA and 

sdiAby Multiplex PCR. Left to the right; M100; Marker 

100bp, wells 1-13; positive samples for sdiA gene with 

product size 274bp, wells 7 and 11; positive samples for 

spvC, wells 13,14 and 15 are positive control, wells 16,17 

and 18 are the negative control. 

 

DISCUSSION AND CONCLUSION 

 

Poultry is usually infected by an extensive range of 

Salmonella serovars[17]. The transmission of 

salmonellae through poultry products, 

particularly egg to humans is well confirmed[18]. 

As shown in the results section, the prevalence of 

sdiA gene was reported 100%, while this rate for 

spvC was 61%. In contrast to our results, a study 

conducted by Ammar and et al. reported the 

prevalence 5.8% for spvC gene[19].  

 

For our knowledge, the plasmid spvABCD genes 

are arranged in an operon, which SpvB and SpvC 

have been recognized as necessary effector 

proteins for the SPV virulence phenotype [20], and 

based on evidence, in the absence of spvC and spvB 

genes does not present a noticeable virulence 

phenotype, also spvC locus is involved in 

intracellular survival(intra-macrophage survival) 

and replication of Salmonella, furthermore, in 

some cases, it carries five resistance genes [7]. For 

that existence of this virulence factor in S. 
gallinarum serovars is important to confer 

antibiotic resistance. Interestingly, a study 

conducted in Iran presented that the increasing 

prevalence of spvC gene in S. Enteritidis 

strains[21]. 

 

On the other hand, owing to the role of sdiA in 

biofilm formation and relationship between 

biofilm and antibiotic resistance, similar to the 

spvC, possibly sdiA gene has a role in antibiotic 

resistance. In confirmation this fact, several 

studies from different parts of the world revealed 

that the resistant Salmonella serovars are also 

able to exhibit several virulence genes[22, 23-25]. 

 

Regarding obtained results of the current study; 

prevalence both spvC and sdiA genes contributed 

in antimicrobial resistance in S. gallinarum strains 

recovered from Iranian poultry were high which 

should be considered because they are 

transmitted through the food chain to humans and 

consequently transfer the antibiotic resistance to 

humans that should be considered. 
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