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1- INTRODUCTION

Salmonella bacteria are a major cause of intestinal diarrhea in dogs and cats, significantly impacting the
health of these pets. These bacteria are found in the intestines of many animals, including dogs and cats, and are
excreted in their feces, increasing the risk of transmission to other animals or even humans through food or
contaminated water. Salmonella is also found in a variety of animals, including reptiles and birds, and can be
transmitted to dogs and cats through the consumption of contaminated food or through direct contact with infected
animals. Common symptoms of infection include diarrhea, fever, and stomach cramps, and in some cases, infection
can lead to serious complications such as dehydration. All Salmonella strains contain the SPI-1 Island, which
provides the ability to cause disease [1].

The invasion gene (invA, which encodes a type 3 secretion system protein, is one of the pathogenic plasmids carried
by SPI-1., and the Salmonella iron transporter C gene (sitC), one of the genes encoding iron acquisition, are among
other virulent genes found in the Salmonella serotype. [2] Determining the genetic diversity of Salmonella bacteria
is vital to understanding how they spread and how to control them. Recent studies indicate that genetic diversity can
affect the severity of infection and the response of animals to treatment, making continued research in this area
necessary. An important source of environmental contamination from Salmonella is the release of the pathogen in
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the feces of healthy carrier animals. Due to their proximity to other animals and their owners, Salmonella with
dangerous resistance genes are excreted in the feces of animals with clinical diseases such as diarrhea caused by
immunosuppression without diarrhea [3, 4].

The implications of genetic diversity among Salmonella isolates for treatment and prevention strategies in veterinary
medicine include several aspects, including understanding antibiotic resistance and vaccine development. Different
isolates also exhibit different symptoms or respond differently to treatments. Therefore, advanced diagnostic
techniques are required to accurately identify isolates.

2- MATERIALS AND METHODS

2.1. Sample Collection

Between May 2023 and August 2024, 40 rectal samples were taken from dogs of various breeds that had diarrhea
and were between the ages of two months and five years. The Diwaniyah Governorate's several regions were the
sites of the study. In the lab, the samples were gathered and refrigerated in sterile plastic containers.

2.2. ldentification of isolates:

For 24 hours, swabs were incubated aerobically at 37°C after being pre-enriched with buffered peptone water. A
loopful of BPW culture was inoculated into Rapapport-Vasiliadis broth, then tetrathionate broth, and incubated at
42°C for 18 hours to enrich the culture. After 24 hours at 37°C, the tetrathionate broth culture was re-sprouted onto
xylose-lysine agar (XLD agar). Subcultures of typical presumptive Salmonella colonies were made from each
sample and incubated at 37°C for 24 hours on MacConkey agar (MCA). Biochemical tests (urease and triple sugar
iron agar tests) and serotype determination of somatic (O) and capsular (Vi) antigens using Salmonella O poly A-I
antiserum were performed following standard procedures to identify samples as Salmonella.

2.3. Polymerase chain reaction (PCR) testing for virulence gene detection

Using the Promega DNA Bacterial Extraction Kit, according to the manufacturer's US instructions, Salmonella-
associated DNA was extracted from the selected samples. Using the specific primers listed in Table 2.1, it was
possible to test for the presence of the three virulence genes invA and sitC. Each PCR reaction contained positive
controls from the kit, while negative controls used sterile distilled water. 1.5% agarose was used to analyze the PCR
products under ultraviolet (UV) light.

Table (2) nucleotide sequences of the primers utilized in the investigation, as well as the amplification
product’s size

. .~ . Product
Gene name Oligo sequence (5°-3") (primer) Size( bp)
= CTGGCGGTGGGTTTTGTTGTCTTCTA
TT
InvA R AGTTTCTCCCCCTCTTCATGCGTTAC S02
CcC
= CAGTATATGCTCAACGCGATGTGGG
e TCTCC
290
CGGGGCGAAAATAAAGGCTGTGATG
R
AAC
Eric 1 ATGTAAGCTCCTGGGGATTCAC 250-1000
Eric 2
AAGTAAGTGACTGGGGTGAGC
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3- RESULTS AND DISCUSSION

This study revealed the prevalence of some genes responsible for the pathogenesis of Salmonella enterica,
particularly InvA and sitC. These genes encode a type 3 secretion system protein in the inner membrane that helps
bacteria invade host epithelial cells [5, 6].

It is noteworthy that 10 (40%) of the 40 cultured rectal swabs showed positive Salmonella growth. All 10 (100%) of
the Salmonella isolated tested positive for type A PCR (Figure 1). One (10%) of the isolates tested positive for type
C PCR (as shown in Table 3-1), indicating that the InvA gene is likely the most common invasive gene carried by
Salmonella associated with diarrhea in dogs. The InvA gene is considered the gold standard and diagnostic for
identifying Salmonella because it contains sequences exclusive to the genus. The results showed a high prevalence
of the invA gene of 100%, which was confirmed by the findings of [7], who used tetramerization to evaluate the
prevalence of Salmonella infection in apparently healthy cats and dogs in Iran. They found prevalence rates of 18%
and 22%, respectively. This finding also contradicts the results of [7]. On the other hand, iron uptake is dependent
on the sitC gene [8]. Approximately 10% of the isolates examined contained sitC. This unexpected result differs
from previous studies [9] that investigated the gene distribution in animal-derived Salmonella isolates and reported
an 85-100% sitC detection rate. The potential presence of sitC on virulence plasmids [10], which may or may not be
present in all plasmid-bearing serovars, suggests that sitC is present on virulence plasmids. The serotype
determination performed in this study was insufficient; the isolates may represent rare sitC-deficient serovars, but
further testing is needed to confirm this. Even if other genes (such as iron) encoding iron acquisition were not
confirmed in our investigation [11], it is likely that the isolates did so because iron is a limiting nutrient for bacterial
growth. The invA gene, which is considered the global standard for identifying Salmonella genotypes, contains its
own sequences. All isolates contained the inv A gene, indicating that invA is the primary invasive gene carried by
Salmonella associated with diarrhea in dogs raised in Irag, specifically in the Diwaniyah Governorate [12]. All
Salmonella were found to contain the invA gene on the virulence plasmid [SPI-1 [13], so this result should not be
surprising. Salmonella invasion genes are usually identified by searching for the invA gene [14]. PCR methods are
more effective than traditional methods for diagnosing salmonella infections in pets, offering speed and accuracy.
However, costs and available resources must be considered when choosing the appropriate diagnostic method.

Table (3) shows the prevalence of Salmonella spp. bacteria isolated from dogs and cats with diarrhea.

Number of Samples Type 0f sample Positive Culture Positive Percentage %
Culture
20 Dogs 7 13 %385
20 Cats 3 17 %15
40 10 30 %40

Sit ¢

Inv A
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Figure (1) shows the prevalence of genes responsible for the invasion of Salmonella bacteria in the intestines of dogs

and cats infected with diarrhea.

3.1. RAPD-PCR Analysis of Sallmonella spp. Isolates:

The RAPD-PCR tree depicts the genetic relationships among 10 Sallmonella spp. isolates, as shown in Figure (1).
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Based on the RAPD-PCR dendrogram tree and gel electrophoresis, the results are as follows:

2.1.1. Cluster:

The dendrogram tree showed that the Sallmonella isolates can be divided into three distinct clusters (I, 1V, V).

1.1.2. Polymorphic Variants:

The dendrogram tree indicates the level of genetic similarity or diversity among isolates. The horizontal distance
between branch points represents the degree of genetic variation among isolates and shows the presence of
polymorphic variants within each of the three clusters. The number of polymorphic variants (genetic variants)

among isolates can be estimated as shown in Table (3).

Table (4): Cluster analysis and polymorphism variations for Salmonella isolates using RAPD-PCR .

Isolate No. Cluster No. No. polymorphic variants
S6,52,54 | 1
S57,51,S9 \Y 1
$3,55,58,S10 v 2
Total =10 3 4

Ladder S1 S2

1000 pb

500 pb

100pb

S7

S8 [Hie9

st gy

Figure (2): Gel electrophoresis image showing the results of RAPD-PCR (random amplified polymorphic

polymerase chain reaction) analysis for 10 samples of Salmonella bacteria.
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Figure (3) describe RAPD-PCR dendrogram tree analysis for Eric gene in Salmonella spp. isolates using
(Paleontological Statistics).The cluster analysis using (algorithm Ward's technique) revealed four cluster variations
among 8 polymorphic variants in 20 salmonella isolates.

The study underscored the importance of continuous surveillance of Salmonella outbreaks in animals and
emphasized the need for more judicious use of antibiotics in veterinary medicine to control the emergence of
resistant strains [15].

4- CONCLUSION

Domestic dogs serve as a reservoir for invasive Salmonella, which causes intestinal diarrhea in humans,
necessitating strict hygiene measures to prevent transmission to humans, Dietary Habits: Dogs More likely to
consume a varied diet, including raw meat and commercial pet food that may be contaminated. While cats typ While
cats generally consume a more consistent diet, often comprising commercial cat food, which is likely to be less
susceptible to contamination.
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