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INTRODUCTION  
Enterobacteriaceae family is a diverse and extensive 

group of Gram-negative bacilli encompassing a wide 
range of species and genera.The most important 
pathogenic genera in this family that affect humans 
include Escherichiaspp , Klebsiella spp, Salmonella 
spp , Shigella spp , and Yersinia  spp(1). This large 
and heterogeneous family produces a set of antigenic 
structures and virulence factors that cause disease 
in humans and animals (2). Salmonella species are 
regarded as common foodborne infections due to their 
vast range of animal reservoirs, causing considerable 
global public health issues with significant economic 

Salmonella, a prominent foodborne pathogen, poses significant health risks, causing 
both intestinal and extra-intestinal infections. Recognizing the potential of lactobacilli 
as probiotics due to their ability to produce substances inhibiting multidrug-resistant 
bacteria, this study aimed to assess antibiotic resistance, pathogenic gene frequency, 
antibacterial effects of lactobacillus supernatant from kefir, and its impact on 
resistance and pathogenicity gene expression.
In Tehran hospitals, 150 isolates from 240 clinical samples were collected and 
identified as Salmonella typhimurium using biochemical and serotype tests. Antibiotic 
sensitivity was assessed, and the frequencies of antibiotic resistance genes (tetA, 
tetB, and floR) and pathogenicity genes (sipA, spvC, and invA) were investigated. 
Lactobacilli from kefir were isolated, and the minimum inhibitory concentration 
of lactobacillus supernatant was determined. The relationship between supernatant 
treatment and tetA and sip gene expression was examined using Real-time PCR.
Results revealed 38% of strains as Salmonella typhimurium serotype, displaying high 
resistance to ampicillin, tetracycline, and nitrofurantoin. Pathogenicity genes invA 
and sip exhibited high frequencies of 100% and 70.2%, respectively. Lactobacillus 
supernatant showed an MIC of 80 μg/ml, effectively reducing tetA and sip gene 
expression by 42.2% and 55.7%, respectively.
In conclusion, the study underscores the high antibiotic resistance in Salmonella 
typhimurium and suggests Meropenem, Trimethoprim Sulfamethoxazole, and 
Ampicillin-Sulbactam as effective treatments. Moreover, lactobacillus supernatant 
demonstrated significant potential against Salmonella typhimurium, highlighting 
lactobacilli as promising probiotics. This health-oriented strategy presents a viable 
solution for treating Salmonella infections and preventing their spread.

repercussions. These gram-negative bacteria are rod-
shaped, small, and lack capsules, but have surrounding 
flagella that measure 4.5-2.5 microns. Over 2700 
unique Salmonella species have been found to date in 
diverse places throughout the world (3, 4).

It is estimated that 16 million cases of typhoid fever, 
1.3 million cases of gastroenteritis, and 3 million 
deaths worldwide are attributed to salmonella. Studies 
have demonstrated that poultry serves as a significant 
reservoir of human salmonellosis. This is due to the 
bacterium’s ability to colonize the digestive system 
and cloaca of poultry, which are important sites for 
salmonella colonization. (5-7). 

Janda JM, Abbott SL. The changing face of the family Enterobacteriaceae (Order:“Enterobacterales”): New members, taxonomic issues, geographic expansion, and new diseases and disease syndromes. Clinical microbiology reviews 2021;34(2):10.1128/cmr. 00174-20.
 Park J-w, Lee H, Park SY, Kim TH. Epidemiological, clinical, and microbiological characteristics of carbapenemase-producing Enterobacteriaceae bloodstream infection in the Republic of Korea. Antimicrobial Resistance & Infection Control 2019;8(1):1-9.
 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 doi: 10.14202/vetworld.2019.504-521
 Golberg D, Kroupitski Y, Belausov E, Pinto R, Sela S. Salmonella Typhimurium internalization is variable in leafy vegetables and fresh herbs. International journal of food microbiology 2011;145(1):250-57.
Cox NA, Cason JA, Richardson LJ. Minimization of Salmonella contamination on raw poultry. Annu Rev Food Sci Technol 2011;2:75-95 doi: 10.1146/annurev-food-022510-133715.
Pui C, Wong W, Chai L, et al. Salmonella: A foodborne pathogen. International Food Research Journal 2011;18(2).
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Salmonella enteritidis and Salmonella typhimurium 
have been reported as two common serotypes isolated 
from different cases. Infection caused by these two 
requires treatment or even leads to hospitalization 
(8). The rapid emergence of antimicrobial resistance 
by microbial pathogens is a threat to public health. 
The emergence of microbial resistance is not a new 
phenomenon and the production of new antibiotics 
has become a challenge in disease control in poor 
and developing countries. In 2014, the World Health 
Organization (WHO) named antibiotic resistance as a 
major global threat. This organization has reported the 
increase of drug resistance in all parts of the world by 
reviewing the statistics of 114 countries (9). Salmonella 
species employ genes and pathogenic determinants 
for the invasion of host cells and the initiation of 
pathogenic processes. The invA gene is responsible 
for encoding the invasive protein invA, which plays 
a pivotal role in attacking intestinal epithelial cells, 
ultimately resulting in the onset of the disease.
Additionally, this gene contributes to the transportation 
of the invE protein. The invA gene facilitates the 
ingress of bacteria into epithelial cells and exhibits 
structural similarities to genes associated with flagella 
biosynthesis. Furthermore, the SipA protein assumes a 
crucial function in actin polymerization. Salmonella 
employs the type 3 secretion system (T3SS) to inject 
the 12 effector proteins encoded by the pathogenicity 
island 1 (SPI-1) into the host cell. These proteins, 
likely the first to be released by SipC and SipA, include 
SipA and SipC. The SipA and SipC proteins induce 
membrane roughness, promote invasion, and contribute 
to stabilization through their direct interaction with the 
actin cytoskeleton. Additionally, they play a regulatory 
role in actin movement and dynamics (10-12).

According to different research and publications, 
antibiotic resistance in Salmonella is becoming an 
increasing concern. Antibiotic-resistant nontyphoidal 
Salmonella infections are on the rise, according 
to the Centers for Disease Control and Prevention 
(CDC), with some strains resistant to key medicines 
such as ciprofloxacin, azithromycin, and ceftriaxone. 
Salmonella strains have also been reported to 

be resistant to a variety of antibiotics, including 
streptomycin, gentamicin, and sulfadimethoxine. 
Furthermore, a strain of extremely drug-resistant 
(XDR) Salmonella typhi has evolved that is resistant 
to all antibiotic classes except two (13). This trend 
emphasizes the necessity of combating antibiotic 
resistance in Salmonella with comprehensive tactics, 
such as the investigation of alternate control measures 
and the identification of efflux pumps, regulators, and 
inhibitors to tackle multidrug resistance.

Probiotics are live microorganisms that are similar 
to the beneficial microorganisms found in the human 
gut (14). Probiotics have been demonstrated to 
effectively alleviate symptoms of lactose intolerance 
by breaking down lactose with the production of 
the beta-D-glucosidase enzyme, thereby, preventing 
or minimizing occurrences of diarrheal diseases. 
Additionally, probiotics play a role in preventing 
and managing allergies, as evidenced by studies 
indicating that probiotics containing Lactobacillus GG 
may reduce the prevalence of atopic eczema in later 
stages of life. Beyond these applications, probiotics 
exhibit important properties such as anti-genotoxic, 
anti-mutagenic, and anti-cancer effects, along with a 
reduction in the production of carcinogenic or toxic 
metabolites. Epidemiological studies further support 
the use of probiotics in reducing the incidence of colon 
cancer through various mechanisms (15-17).

Kefir is a fermented milk beverage made by 
lactic acid bacteria, acetic acid bacteria, and yeast. 
Lactobacilli are among the most often encountered 
bacteria in kefir (18, 19). These microorganisms have 
been shown to reduce bacteria pathogenicity and hinder 
several virulence factors (20). The aim of this study is 
to investigate the impactof Lactobacilli Supernatant on 
antibiotic resistance genes and virulence in Salmonella 
Typhimurium.

MATERIALS AND METHODS
This research was descriptive-cross-sectional. 

240 stool samples from patients with diarrhea were 
collected from Imam Khomeini, Shahada Tajrish and 
Luqman Hospitals during the period of 1401 to 1402Table 1: The function of virulence genes in the pathogenic process of Salmonella bacteria

Gene function and role Gene 

Role in the invasion and invasion of intestinal mucosa and epithelial tissue InvA 

Actin polymerization, role in bacterial motility and spread SipA 

1. Helping the survival of bacteria inside the host cells

2. Helping the growth and reproduction of the pathogen in the host's body and in 
extra-intestinal places

3. Helping the systemic spread of the pathogen in the host's body (systemic
infection) 

SpvC 

Table 1. The function of virulence genes in the pathogenic process of Salmonella bacteria

Feasey NA, Dougan G, Kingsley RA, Heyderman RS, Gordon MA. Invasive non-typhoidal salmonella disease: an emerging and neglected tropical disease in Africa. Lancet 2012;379(9835):2489-99 doi: 10.1016/s0140-6736(11)61752-2
Organization WH. Antimicrobial resistance: global report on surveillance: World Health Organization, 2014.
Levy H, Diallo S, Tennant SM, et al. PCR method to identify Salmonella enterica serovars Typhi, Paratyphi A, and Paratyphi B among Salmonella Isolates from the blood of patients with clinical enteric fever. J Clin Microbiol 2008;46(5):1861-6 doi: 10.1128/jcm.00109-08
http://Yang S-M, Kim E, Kim D, et al. Rapid Real-Time Polymerase Chain Reaction for Salmonella Serotyping Based on Novel Unique Gene Markers by Pangenome Analysis. Frontiers in Microbiology 2021;12
D VTN, Venkitanarayanan K, Kollanoor Johny A. Antibiotic-Resistant Salmonella in the Food Supply and the Potential Role of Antibiotic Alternatives for Control. Foods 2018;7(10) doi: 10.3390/foods7100167
Ahn S-I, Kim MS, Park DG, Han BK, Kim YJ. Effects of probiotics administration on lactose intolerance in adulthood: A meta-analysis. Journal of Dairy Science 2023;106(7):4489-501.
Hamilton-Miller J. Probiotics and prebiotics in the elderly. Postgraduate Medical Journal 2004;80(946):447-51.
Toh ZQ, Anzela A, Tang ML, Licciardi PV. Probiotic therapy as a novel approach for allergic disease. Front Pharmacol 2012;3:171 doi: 10.3389/fphar.2012.00171
Kim DH, Jeong D, Kim H, Kang IB, Chon JW, Song KY, Seo KH. Antimicrobial Activity of Kefir against Various Food Pathogens and Spoilage Bacteria. Korean J Food Sci Anim Resour 2016;36(6):787-90 doi: 10.5851/kosfa.2016.36.6.787
de Oliveira Leite AM, Miguel MA, Peixoto RS, Rosado AS, Silva JT, Paschoalin VM. Microbiological, technological and therapeutic properties of kefir: a natural probiotic beverage. Braz J Microbiol 2013;44(2):341-9 doi: 10.1590/s1517-83822013000200001 
 Colautti A, Orecchia E, Comi G, Iacumin L. Lactobacilli, a Weapon to Counteract Pathogens through the Inhibition of Their Virulence Factors. J Bacteriol 2022;204(11):e0027222 doi: 10.1128/jb.00272-22
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in Tehran and were transferred to the laboratory at 
4°C using the appropriate method. The strains were 
cultured in TSB medium and then it was transferred 
to EMB and McConkey agar medium, warm staining 
was done from suspicious colonies and finally they 
were subjected to biochemical tests such as Oxidase, 
ONPG, MR-VP for final confirmation (21). For drug 
sensitivity determination, Mueller Hinton Agar culture 
medium used in performing the disk diffusion test by 
McFarland half solution for 20-24 hours (22). Based 
on the Kaufman-White method, the serotypes of 
Salmonella isolates can be identified, this method is 
based on the agglutination of bacteria with specific 
somatic (O) and flagella (H) antisera (23). After 
drug resistance, in order to check the frequency of 
antibiotic resistance genes and pathogenicity genes, 
molecular tests were performed. The existence of these 
genes was investigated by multiplex PCR against the 
antibiotic resistance genes tetA, tetG, and floR and 
the pathogenicity genes sipA, spvC, and invA and Gel 
Electrophoresis was done (24) (Table 2). 

The bacteria isolated from kefir were cultured 
and their extracts were obtained. In this research, 
microscopic and physicochemical methods were used 
for the initial identification of the obtained strain (25). 
The effects of these extracts on the selected strain 
were performed using the microdilution method, and 
then the effect of this treatment on the expression of 
the pathogenic gene sip and the resistance gene to the 
antibiotic tetracycline ( test) was done using Real-time 
PCR method. The results are interpreted using the ∆CT 

method. The quantification of the augmentation in 
gene copy numbers of specific genes in the presence of 
nanoparticles was computed by dividing the number of 
gene copies post-treatment by the number of copies pre-
treatment. The assessment of resistance is contingent 
upon this observed augmentation, a parameter that 
varies according to the specific antimicrobial substance 
under consideration.

All the methods were presented in supplementary 
file.

RESULTS
In this research, 150 isolates isolated from people 

suspected of intestinal disease from Imam Khomeini, 
Shahada Tajrish, and Luqman hospitals in Tehran 
were prepared and then subjected to morphological, 
biochemical, and antibiotic resistance studies by disc 
diffusion method, and of these, 57 samples The strain 
that was known as Salmonella typhimurium. (Table3). 
The frequency of resistance gene to tetracycline 
(tetA/B) and florfenicol (floR) antibiotics were checked 
by PCR method. Then the lactobacillus isolated from 
the cultured kefir and its supernatant were obtained and 
treated against the selected strain, and finally, changes 
in the expression of the pathogenicity gene (sipA) and 
the tetracycline antibiotic resistance gene (tetA) were 
determined using the Realtime PCR method (Figure 
1-2).

The Salmonella strains in this study showed high
antibiotic resistance, so that compared to ampicillin 
(100%), tetracycline (100%) and nitrofuranthion (84.2 

Table 2. Sequences of primers used in this research

PCR product sizePrimer sequencedesired gene

548AACCCGCCCTCTGGATCAAGTCAA
CAAATCACGGGCCACGCTGTATCfloR

210GCT ACA TCC TGC TTG CCT TC 
CAT AGA TCG CCG TGA AGA GGtetA

659TTG GTT AGG GGC AAG TTT TG 
GTA ATG GGC CAA TAA CAC CGtetB

321CGCGGCCCGATTTTCTCTGGA 
AATGCGGGGATCTGGGCGACAAGinvA

232ACAGCAAAATGCGGATGCTT 
GCGCGCTCAGTGTAGGACTC sipB/C

424ACTCCTTGCACAACCAAATGCGGA 
TGTCTTCTGCATTTCGCCACCATCAspvC

Table 3. Information of the strains isolated

Number of strains

SerotypesMale (total number 92)Female (total 
number 58)

Total number of 150 
pieces 

Salmonella typhimurium 362157 (38 percent)

Salmonella enteritidis5637  93 (62 percent)

Table 2. Sequences of primers used in this research

Table 3. Information of the strains isolated

Cappuccino JG, Welsh C. Microbiology: A Laboratory Manual: Pearson, 2019.
Patel JB. Performance Standards for Antimicrobial Susceptibility Testing: Clinical and Laboratory Standards Institute, 2017.
Brenner F, Villar R, Angulo F, Tauxe R, Swaminathan B. Salmonella nomenclature. Journal of clinical microbiology 2000;38(7):2465-67.
Clinical, Institute LS. Performance standards for antimicrobial susceptibility testing: Clinical and Laboratory Standards Institute Wayne, PA, 2017:106-12.
Talib N, Mohamad NE, Yeap SK, et al. Isolation and characterization of Lactobacillus spp. from kefir samples in Malaysia. Molecules 2019;24(14):2606.
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to 100%) the most showed resistance and compared 
to meropenem (1.1 to 1.8 percent), trimethoprim 
sulfamethoxazole (1.8 to 2.2 percent) and ampicillin-

sulbactam (3.5 to 4.3 percent) Showed. As can be 
seen, Salmonella Typhimurium serovar also showed 
high resistance to different classes of antibiotics, 

 

 

 

 Figure.1: Electrophoresis results of PCR products for tetA, tetB and floR genes, for isolates 1 to 57, M gene 

marker, + positive control (Salmonella typhimurium ATCC 14028 strain) and - negative control (distilled water). 

 

 

 

 

 

 

 

 

 

Fig1. Electrophoresis results of PCR products for tetA, tetB and floR genes, for isolates 1 to 57, M gene marker, + positive control (Salmonella 
typhimurium ATCC 14028 strain) and - negative control (distilled water).

Fig 2. Electrophoresis results of PCR products for sipA, invA and spvC genes, for isolates 1 to 57, M gene marker, + positive control (Salmonella 
typhimurium ATCC 14028 strain) and - negative control (distilled water).

 

figure.2: Electrophoresis results of PCR products for sip, invA and spvC genes, for isolates 1 to 57, M gene marker, 

+ positive control (Salmonella typhimurium ATCC 14028 strain) and - negative control (distilled water). 
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showing the highest resistance to ampicillin (100%), 
tetracycline (100%) and nitrofuranthion (84.2%). They 
also showed sensitivity to the antibiotic meropenem 
(1.8%), trimethoprim-sulfamethoxarol (1.8%), and 
ampicillin-sulbactam (3.5%)(Table 4).

The genetic data results indicate that the tetracycline 
resistance gene was most prevalent, with 86% of the 
strains carrying the gene. Additionally, a high frequency 
of the florfenicol resistance gene was observed, with 
56.1% (32) of the strains containing this None of the 
strains contained all three studied genes, but 54.4% 
(31) of the strains contained both tetracycline and 
florfenical resistance genes (Table 5).

The results of the genetic data show that the highest 
frequency of the pathogenicity gene in the studied 

strains was observed for the invA gene and all the 
strains (100%) had this gene, the frequency of the sip 
gene was 72.2% (40) and None of the strains (0%) had 
the spvC gene (Table 6). 

The results showed that bacterial growth was 
inhibited at a concentration of 160 μg/ml of the 
supernatant, and this concentration was considered as 
MIC, and a concentration of 80 μg/l was reported as 
sub-MIC (Table 7).

Results of tetA gene expression change in pre and post 
treatment with Lactobacillus supernatant by Real time 
PCR method evaluated by melting curves and ΔΔCT 
Method. The expression level, which is a measure 
of ΔΔCT, is obtained using the calculations of cycle 
thresholds (Ct) finally, to calculate the fold change, 

 

 

 

 

 

 

 

 

 

Table.4: The results of the frequency of antibiotic resistance of isolates 

 SALMONELLA 
TYPHIMURIUM  (75)  

SALMONELLA ENTERITIDIS 
(39)  

 

DENSITY Number Percent resistant Percent Antibiotics 

01 75 011 %  39 011 %  Ampicillin 

01-011  2 7/9 %  4 9/4 %  Ampicillin-sulbactam 

01-01  90 4/74 %  57 3/53 %  Amoxicillin-clavulanic 
acid 

91 01 5/90 %  74 1/70 %  Cefataxime 

01 20 1/95 %  24 1/27 %  Amy Panam 

01 9 9/7 %  5 7/5 %  Gentamicin 

91 75 011 %  39 011 %  Tetracycline 

7 1 04 %  20 5/22 %  Ciprofloxacin 

91 27 3/49 %  95 5/91 %  Nalidixic acid 

07 0 1/0 %  2 2/2 %  Trimethoprim 
Sulfomethoxazole 

91 4 5 %  20 5/22 %  Chloramphenicol 

911 07 9/25 %  24 1/27 %  Azithromycin 

911 41 2/14 %  039 011 %  Nitrofuranthion 

0 0 1/0 %  0 0/0 %  Meropenem 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5:  Frequency of antibiotic resistance genes in Salmonella typhimurium strains 

GENE NAME NUMBER PERCENT 

TETA 43 15 %  

TETB 0 1/0 %  

FLOR 92 0/75 %  

ALL GENES 1 1 %  

TET+FLOR 90 4/74 %  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. The results of the frequency of antibiotic resistance of isolates

Table 5. Frequency of antibiotic resistance genes in Salmonella typhimurium strains

Golowczyc MA, Mobili P, Garrote GL, Abraham AG, De Antoni GL. Protective action of Lactobacillus kefir carrying S-layer protein against Salmonella enterica serovar Enteritidis. Int J Food Microbiol 2007;118(3):264-73 doi: 10.1016/j.ijfoodmicro.2007.07.042
Golowczyc MA, Gugliada MJ, Hollmann A, et al. Characterization of homofermentative lactobacilli isolated from kefir grains: potential use as probiotic. J Dairy Res 2008;75(2):211-7
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the expression of the treated gene (0.579012607) 
should be subtracted from the control (1.00126) ) to 
be calculated, which was calculated as 0.578 in this 
research, which shows that the expression of resistance 
genes decreased by 42.2% during the treatment. As 
shown in Table 6-4, the statistical analysis of the 
obtained results was done and the relationship between 
the treatment and the obtained results was tested under 
the condition of P<0.05 and the results were confirmed. 
(Table 8) In order to calculate the average relative 
expression, the average of ΔΔCTs was first taken and 
the result was calculated with the formula of relative 
expression (Table 9) (Figure 3).

Results of sip gene expression change in pre and post 
treatment with Lactobacillus supernatant by Realtime 
PCR method evaluated by melting curves and ΔΔCT 
Method, the expression level, which is a measure of 
ΔΔCT, to calculate the fold change, the expression of 
the treated gene (0.443943) should be subtracted from 
the control (1.00098). in this study it was calculated 
as 0.443508, which shows that the expression of 

resistance genes decreased by 55.7% during the 
treatment. the statistical analysis of the obtained results 
was done and the relationship between the treatment 
and the obtained results was tested under the condition 
of P<0.05 and the results were confirmed. In order to 
calculate the average relative expression, the average 
of ΔΔCTs was first taken and the result was calculated 
with the formula of relative expression (Table 10, 11) 
(Figure 3).

DISCUSSION
The research findings indicate that Salmonella 

typhimurium constitutes a significant portion (38%) 
of isolates in individuals with intestinal infections. 
Notably, 63% of these isolates are found in men, 
emphasizing the prevalence of this strain in the male 
population. Antibiotic resistance patterns reveal 
high resistance to ampicillin, tetracycline, and 
nitrofuranthion, with multidrug resistance observed. 
Meropenem, trimethoprim-centosulfamethoxarol, and 
amoxicillin-sulbactam are suggested for treatment. 

Table 6. Frequency of sip, invA and spvC pathogenicity genes in Salmonella Typhimurium strains

 

 

 

 

 

 

 

Table.6: Frequency of sip, invA and spvC pathogenicity genes in Salmonella Typhimurium strains 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GENE NAME NUMBER PERCENT 

SPVC 1 1 %  

INVA 75 011 %  

SIP 41 2/51 %  

 

 

 

 

  

 

 

Table.6: The results of the minimum inhibitory concentration of treatment with lactobacillus supernatant against the 

selected strain 

SALMONLATIFI MORIUM CONCENTRATION OF TUNGSTEN OXIDE NANOPARTICLES 
(MICROGRAMS/ML) 

MIC 051 

SUB MIC 11 

INITIAL CONCENTRATION 2751 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7. The results of the minimum inhibitory concentration of treatment with lactobacillus supernatant against the selected strain

 

 

 

 

 

 

 

 

 

Table.7: Mean relative expression for tetA gene 

STANDARD DEVIATION (SD) MEAN RELATIVE EXPRESSION  

100100/1 0 Control 

10179/1 753102515/1 treatment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8. Mean relative expression for tetA gene

Table 9. Mean relative expression for sip gene

 

 

 

 

 

 

 

 

Table.8: Mean relative expression for sip gene 

STANDARD DEVIATION (SD) MEAN RELATIVE EXPRESSION  

1795/1 0 Control 

10010/1 44295/1 treatment 
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Genetic analysis indicates a high frequency of 
tetracycline resistance genes and pathogenicity 
genes, particularly invA. The inhibitory potential 
of lactobacillus supernatant against Salmonella is 
demonstrated, leading to decreased expression of 
tetracycline resistance and sip pathogenicity genes.

Comparing with other studies, Nosrati et al. (2012) 
found a high prevalence of Salmonella typhimurium 
and Salmonella enteritidis in food samples, 
emphasizing the risk from food sources in salmonella 
infections (26). Nazari Moghadam et al. (2023) aimed 
to investigate the prevalence of virulent antibiotic-
resistant Salmonella spp. strains in Iranian poultry 

markets, highlighting the importance of monitoring 
this pathogen in food sources (27). Ribeiro et al. 
(2011) observed an increase in antimicrobial resistance 
among Salmonella Enterica, emphasizing the impact 
on public health (28). Dantas et al. (2020) highlighted 
the persistence and pathogenic potential of Salmonella 
in poultry slaughterhouse, indicating resistance to 
tetracycline and the role of biofilm production (29). 
Gomez et al. (2022) underscored the resistance of 
Salmonella isolates in poultry and pork to various 
antimicrobials, emphasizing the need for control in 
meat production chains (30).

The studies by Golowczyc et al. in 2007 and 2008 

 

 

 

 

 

 

 

 

 

 

 

Figure.3: : Mean relative expression plot for tetA and sip gene 

 

 

 

Fig 3. Mean relative expression plot for tetA and sip gene 

 

 

 

 

 

 

 

 

 

Table.9: Calculation of relative expression and statistical analysis of data obtained from Real-time PCR reaction for 
tetA gene 

House (16S rRNA) 

 
Name   CT CT Average ( CT )  Treat   25.71 25.53 25.62  Non-Treat   25.91 25.88 25.895  

       

Gene (tetA)  

 
Name   CT CT Average ( CT )  Sample 1 Treat   26.29 26.23 26.26  Sample 2 Treat   26.41 26.37 26.39  Sample 3 Treat   26.16 26.09 26.125             Sample 1 Non-Treat   25.89 25.63 25.76  Sample 2 Non-Treat   25.87 25.78 25.825  Sample 3 Non-Treat   25.61 25.69 25.65  

      

ΔΔCT Method  

 
Name   ΔCT  ΔΔCT Fold change  Sample 1 Treat   0.64 0.775 0.584388624  Sample 2 Treat   0.77 0.84 0.558643569  Sample 3 Treat   0.505 0.75 0.594603558             Sample 1 Non-Treat   -0.135 0.015 0.989656656  Sample 2 Non-Treat   -0.07 0.08 0.946057647  Sample 3 Non-Treat   -0.245 -0.095 1.068065408  Avg Fold change   0.5792119   

  

T-Test  

 
P-value Significant or Not     

0.00081171 Significant  
  

Table 10. Calculation of relative expression and statistical analysis of data obtained from Real-time PCR reaction for tetA gene

Nosrati S, Azar S, Dezfoulian M, Tabaraee B, Fallah F. Prevalence of Salmonella typhimurium, enteritidis typhimurium serotypes in the foods in Mofid children's Hospital. Res in Med 2012;36:43-48.
 Nazari Moghadam M, Rahimi E, Shakerian A, Momtaz H. Prevalence of Salmonella Typhimurium and Salmonella Enteritidis isolated from poultry meat: virulence and antimicrobial-resistant genes. BMC Microbiol 2023;23(1):168 doi: 10.1186/s12866-023-02908-8 
Ribeiro VB, Lincopan N, Landgraf M, Franco BD, Destro MT. Characterization of class 1 integrons and antibiotic resistance genes in multidrug-resistant Salmonella enterica isolates from foodstuff and related sources. Brazilian Journal of Microbiology 2011;42:685-92.
Dantas ST, Camargo CH, Tiba-Casas MR, et al. Environmental persistence and virulence of Salmonella spp. Isolated from a poultry slaughterhouse. Food Research International 2020;129:108835.
Ruvalcaba-Gómez JM, Villagrán Z, Valdez-Alarcón JJ, et al. Non-antibiotics strategies to control Salmonella infection in poultry. Animals 2022;12(1):102.


Salman Imran Hammadi et al Pers M J

48

emphasized the inhibitory power of Lactobacillus kefir 
strains against Salmonella, suggesting their potential 
as probiotics (31, 32). Jr. et al. (2018) demonstrated the 
probiotic potential of Lactobacillus deliverurans strain 
Z1 in protecting mice from Salmonella infection (33). 

The increase in antibiotic resistance in Salmonella 
has led to the exploration of alternative approaches 
to control and prevent enteric bacterial infections. 
Studies have highlighted the potential role of 
probiotics, particularly Lactobacillus strains, including 
Lactobacillus plantarum, Lactobacillus salivarius, 
Lactobacillus amylovorus, and Lactobacillus kefiri, 
to protect against Salmonella infection through 
interference with its growth and virulence properties 
(34, 35). The antagonistic activity of Lactobacillus 
strains has been shown to inhibit the growth of 
Salmonella typhimurium in vitro, with significant 
growth inhibition rates observed. The inhibitory 
effects are attributed to various factors, including 
the production of antimicrobial metabolites such as 

lactic acid and bacteriocins (36). Lactobacillus strains 
have been found to exhibit adhesion capacities, auto 
aggregation, and coaggregation with Salmonella, 
leading to decreased adherence and invasion of host 
cells by Salmonella (32). Additionally, the production 
of antimicrobial metabolites, including lactic acid and 
bacteriocins, contributes to the inhibition of Salmonella 
growth and virulence properties.Additionally, research 
has shown that Salmonella spp. isolated from food 
sources exhibit resistance to various antibiotics, 
emphasizing the need for alternative control measures 
(13, 37).

In the context of antibiotic resistance, the tetA gene, 
which confers resistance to tetracycline, and the sip 
gene, associated with Salmonella pathogenicity, 
have been subjects of interest. The effect of kefir 
lactocacillus in preventing the expression of these 
genes, as well as its impact on antibiotic resistance 
in Salmonella, presents a promising avenue for 
further research and potential application in infection 

Table.10: Calculation of relative expression and statistical analysis of data obtained from Real-time PCR reaction 
for sip gene 

House (16S rRNA) 

 
Name   CT CT Average ( CT )  

Treat   18.74 18.42 18.58  
Non-Treat   18.64 18.88 18.76  

        
     

Gene (sip)  

 
Name   CT CT Average ( CT )  

Sample 1 Treat   19.71 19.85 19.78  
Sample 2 Treat   20.33 20.11 20.22  
Sample 3 Treat   20.08 19.87 19.975  
           
Sample 1 Non-Treat   18.97 18.91 18.94  
Sample 2 Non-Treat   19.03 19.14 19.085  
Sample 3 Non-Treat   18.85 19.07 18.96  

      

ΔΔCT Method  

 
Name   ΔCT  ΔΔCT Fold change  

Sample 1 Treat   1.2 1.02 0.493116352  
Sample 2 Treat   1.64 1.315 0.401925495  
Sample 3 Treat   1.395 1.195 0.436786448  
           
Sample 1 Non-Treat   0.18 -0.055 1.038859103  
Sample 2 Non-Treat   0.325 0.09 0.939522749  
Sample 3 Non-Treat   0.2 -0.035 1.024556823  
Avg Fold change   0.4439428   

  

T-Test  

 
P-value Significant or Not  

0.001127783 Significant  
 
 

 

 

 

 

 

Table 11. Calculation of relative expression and statistical analysis of data obtained from Real-time PCR reaction for tetA gene
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Golowczyc MA, Mobili P, Garrote GL, Abraham AG, De Antoni GL. Protective action of Lactobacillus kefir carrying S-layer protein against Salmonella enterica serovar Enteritidis. Int J Food Microbiol 2007;118(3):264-73 doi: 10.1016/j.ijfoodmicro.2007.07.042 
Abatemarco Júnior M, Sandes SHC, Ricci MF, Arantes RME, Nunes Á C, Nicoli JR, Neumann E. Protective Effect of Lactobacillus diolivorans 1Z, Isolated From Brazilian Kefir, Against Salmonella enterica Serovar Typhimurium in Experimental Murine Models. Front Microbiol 2018;9:2856 doi: 10.3389/fmicb.2018.02856
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Golowczyc MA, Mobili P, Garrote GL, Abraham AG, De Antoni GL. Protective action of Lactobacillus kefir carrying S-layer protein against Salmonella enterica serovar Enteritidis. Int J Food Microbiol 2007;118(3):264-73 doi: 10.1016/j.ijfoodmicro.2007.07.042
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control and prevention. Furthermore, the diversity 
of antimicrobial resistance genes in kefir and yogurt, 
including antibiotic target protection and antibiotic 
efflux mechanisms, has been investigated, shedding 
light on the complex interplay between probiotics and 
antibiotic resistance (35). 

In conclusion, Salmonella typhimurium poses a 
considerable risk in causing intestinal infections, with 
antibiotic resistance and multidrug resistance being 
major concerns. The use of alternative antibiotics and 
the potential of probiotic interventions, particularly 
with lactobacillus strains, are suggested for effective 
treatment and prevention. The comparison with other 
studies emphasizes the widespread prevalence of 
Salmonella strains and the urgent need for control 
measures in various sources, including food, animals, 
and the environment. The interplay between antibiotic 
resistance in Salmonella, the role of specific genes such 
as tetA and sip, and the potential of kefir lactocacillus in 
preventing antibiotic resistance and pathogenicity gene 
expression represents a dynamic and evolving area of 
study. Further research in this field holds promise for 
the development of innovative strategies to address 
antibiotic resistance and enhance infection control and 
prevention measures.
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