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[bookmark: _Hlk210671529]ABSTRACT
The experiment was conducted from July to December 2024 at the Veterinary Clinical Complex (VCC), PGIVER, Jaipur, to study the occurrence and molecular detection of Salmonella spp. in clinically suspected dogs using PCR-based diagnostics. Salmonellosis remains a significant public health concern and one of the most common zoonotic diseases globally, affecting both animals and humans. A total of 200 faecal swab samples were collected from diarrheic dogs that were presented for treatment at the veterinary clinical complex, PGIVER, Jaipur, between July and December 2024. Genomic DNA was extracted and subjected to polymerase chain reaction (PCR) targeting the invA gene, a highly conversed and specific marker for Salmonella detection. PCR conditions were optimised using positive and negative controls. Of the 200 samples, 16(8%) yielded the expected 796 bp amplicon, confirming the presence of Salmonella. The findings highlight the utility of PCR as a rapid, sensitive and specific tool for the diagnosis of Salmonella spp. in dogs, particularly in clinical cases where conventional culture techniques may be time-consuming. Early and accurate identification of the pathogen can guide timely therapeutic interventions, reduce the risk of transmission to humans and assist in formulating preventive strategies. Furthermore, the 8% positivity rate observed suggests a notable occurrence of Salmonella in diarrheic dogs, underlining the importance of routine screening in veterinary clinical practice. This study also contributes valuable epidemiological data from the Jaipur region and reinforces the role of molecular diagnostics in veterinary medicine.	Comment by ELITE X2: conserved
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1. INTRODUCTION
Salmonellosis is a globally important zoonosis, posing significant public health and economic challenges (Verma et al., 2007; Ojha et al., 2024; Zhang et al., 2013). These ubiquitous organisms are found in a wide range of hosts, including mammals, birds, reptiles, and insects. Over the years, their prevalence in dogs and cats has been extensively studied (Marks et al., 2011). Dogs are recognised as a potential reservoir of Salmonella species. Additionally, multiple human salmonellosis outbreaks have been linked to exposure to contaminated dry dog food and dog treats (Yukawa et al., 2022). Pet animals are usually fed with discarded raw animal parts and treats, which can be frequently contaminated with Salmonella (Pathak and Kaphle,2019). The close bond between dogs and their owners can potentially heighten the risk of human exposure to bacterial pathogens (Sanchez- jimenez et al., 2004; Lowden et al., 2015) Often shading the pathogen asymptomatically shades, thereby contributing to its environmental dissemination and zoonotic transmission (Xu et al., 2021, Eng et al., 2015). Human salmonellosis linked to pets has been reported for many years, and the emergence of antimicrobial-resistant Salmonella strains in pets has become a growing public health concern. Companion animals, such as cats and dogs, can be potential sources of zoonotic diseases, particularly posing a risk to children (Hashemi et al., 2016). Transmission of salmonella occur via contaminated food and water (Hoelzer et al., 2011). It is a significant pathogen of concern in many low-moisture foods because of its ability to survive for extended periods under dry conditions  (Lambertini et al., 2016). Gastroenteritis is the most common manifestation of Salmonella infection worldwide, followed by bacteraemia and enteric fever (Majowicz et al., 2010; Kiflu et al.,2017). Several studies have evaluated the prevalence of Salmonella organisms in the feces of companion animals (KuKanich et al., 2011). Veterinarians and public health officials have identified Salmonella shedding by dogs as a potential source of infection for dog owners and their communities. (Finley et al., 2007). The vast majority of Salmonella infections in humans are transmitted through food, with Salmonella enterica and Salmonella Typhimurium responsible for most cases (Kadry et al., 2019). Traditional methods such as culture and biochemical identification, though considered the gold standard, are time-consuming and may fail in cases involving low bacterial loads or partially treated animals (Lee et al., 2015; Adzitey et al., 2024; Kenney et al., 2025). The invA gene, encoding a protein essential for bacterial invasion into host cells, has been established as a highly specific molecular marker for detecting salmonella spp. via PCR (Rahn et al., 1992; Mohammed, 2022), rapid and sensitive crucial for effective clinical management and public health surveillance. The gene is essential for invading host cells and is located in Pathogenicity Island 1 (SPI-1). It plays a key role in virulence and is commonly used as a molecular marker for detecting Salmonella in diagnostic tests.  Educating pet owners and veterinarians about the zoonotic risks of Salmonella and promoting responsible antibiotic practices can significantly help in minimizing the risk of transmission (Solis et al., 2022; Bataller et al., 2020). This study was a molecular detection of the invA gene in faecal samples from clinically suspected dogs in Jaipur, Rajasthan, thereby evaluating the occurrence of Salmonella infection in diarrhoeic dog cases and ascertaining the utility of molecular diagnostics in routine veterinary practice.	Comment by ELITE X2: revise	Comment by ELITE X2: italicize scientific names of all bacteria

2. MATERIALS AND METHODS
Faecal swabs (n=200) were collected from dogs exhibiting clinical signs suggestive of gastrointestinal infection, including anorexia, dehydration, fever and diarrhoea, presented to the Veterinary Clinical Complex, PGIVER, Jaipur during July 2024 -December 2024. These samples were collected aseptically using sterile cotton swabs (Himedia®) and preserved in 1% phosphate saline (PBS). All samples were immediately transported in a deep freeze till further processing (-20°C). 

         2.1.  DNA extraction
Genomic DNA was extracted using the Phenol-chloroform method (Sambrook and Russell, 2006). After enzymatic lysis using proteinase K and SDS, DNA was purified through phenol chloroform isoamyl alcohol extraction followed by isopropanol precipitation. The DNA was air dried, resuspended in nucleus free water and stored at -20°C.

a.  PCR amplification
Conventional PCR was carried out targeting the invA gene (Paião et al., 2013). The primer pair used was: 



	Table 1. Details of the primer specific for the invA gene


	Inv-A forward
	Forward:5′-CGG TGG TTT TAA GCG TAC TCT T-3′


	Inv-A reverse
	Reverse: 5′-CGA ATA TGC TCC ACA AGG TTA-3′




This primer set amplifies at 796 bp fragment specific to Salmonella spp. ( Fratamico, 2003).



	
Table 2. Master mix for conventional PCR amplification

	Sr. No.
	Stock Solution
	Quantity per sample (µl)

	1.
	10 X buffer
	1µl

	2.
	2mM of dNTP mix
	1µl

	3.
	Forward Primer
	0.5µl

	4.
	Reverse primer
	0.5µl

	5.
	Taq DNA polymerase (5U/µl)
	0.4µl

	6.
	DNA
	2.0µl

	7.
	Nuclease free water
	4.6µl

	
	Total
	10µl



A commercial Salmonella strain (Himedia®) served as the positive control, while nuclease-free water was used as the negative control.

b. PCR conditions
PCR conditions were optimized for specificity:




	Table 3. PCR cycle condition

	Sr. No.
	Steps
	Temperature
	Time

	1
	Initial Denaturation
	95°C
	5 minutes

	2
	Denaturation
	95°C
	1 minute

	3
	Annealing
	60°C
	1 minute

	4
	Extension
	72°C
	1 minute

	5
	Cycle Repeats
	35 cycles
	

	6
	Final Extension
	72°C
	7 minutes

	7
	Hold 
	4°C
	



PCR products were resolved on a 1.5% agarose gel electrophoresis in TAE buffer and stained with ethidium bromide. Visualization was done under UV light using a gel documentation system (Vilber Lourmat Fusion Solo S).

3. RESULTS AND DISCUSSIONS
Out of the 200 faecal samples collected from diarrheic dogs and analyzed using conventional PCR, 16 samples (8%) were found positive for Salmonella spp., confirmed by the amplification of a 796 base pair (bp) fragment of the invA gene. This gene, known for its conserved nature and essential role in bacterial invasion of host cells, serves as a highly specific marker for the molecular identification of Salmonella. The 8% positivity rate observed in this study is consistent with previous reports by Singh et al. (2009), Salih et al. (2018), Rakib et al. (2015), Mekky et al. (2021), Adzitey et al. (2024), Thapliyal et al. (2024) and Aishbani et al. (2025), who documented similar prevalence rates of Salmonella in canine populations using PCR-based detection. 
The accuracy of the PCR assay was supported by the absence of amplification in the negative control samples, which rules out non-specific binding or contamination. Meanwhile, the positive control yielded the expected 796 bp product, further validating the test procedure. These results highlight the high specificity and reliability of PCR in detecting Salmonella infections, particularly when targeting the invA gene.
Compared to conventional bacterial culture methods, PCR offers significant advantages. Traditional culture is time-consuming, requiring several days for isolation and identification, and may fail to detect Salmonella in cases of low bacterial load or prior antibiotic use. PCR, on the other hand, is rapid, sensitive and capable of detecting even minute quantities of bacterial DNA, making it especially useful for timely clinical diagnosis and intervention.
This study underscores the importance of incorporating molecular diagnostics in routine veterinary practice for early detection and control of zoonotic pathogens like Salmonella. The findings not only provide valuable epidemiological data from the Jaipur region but also emphasize the potential public health risks posed by infected companion animals, supporting a One Health approach to disease surveillance and management.
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Figure 1. Lane from right to left: M=marker (1kb), 1 to 7 Samples, PC=Positive control, NC=Negative control

4. CONCLUSION
Early identification of Salmonella infections in dogs is crucial from a One Health standpoint, as infected companion animals can act as reservoirs, transmitting the bacteria to humans—especially children, the elderly, and immunocompromised individuals (Yildiz and Demirbilek, 2024). In this study, the presence of Salmonella spp. was confirmed in 8% of diarrheic dogs presented at the veterinary clinical complex in Jaipur using a PCR-based approach targeting the invA gene, which is a reliable and widely accepted molecular marker due to its high specificity and sensitivity. The use of molecular techniques, particularly PCR, proved to be an efficient diagnostic method, allowing for rapid detection of the pathogen, even in cases where bacterial load may be low or animals have undergone prior antimicrobial treatment. These results reinforce the importance of incorporating molecular diagnostics into routine veterinary screenings to ensure early intervention and minimize the public health risks associated with zoonotic transmission. Moreover, the findings emphasize the necessity for regular monitoring, enhanced laboratory capabilities, and greater awareness among pet owners and veterinary professionals, particularly in densely populated urban areas where the potential for disease spread is significantly higher.
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