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ethidium bromide. The amplified DNA fragments were visualized and photographed under UV 

transilluminator in Gel Doc (BIORAD) (BioRad Laboratories, USA). 

 

Table 7: The function of virulence genes and the primer information 

Genes Function Primers Primer sequence (5’-3’) Amplicon 

size (bp) 

avrA Regulates epithelial 

cell apoptosis, inhibit 

inflammation in the 

host cell and helps 

Salmonella to 

proliferate 

avrAF CCTGTATTGTTGAGCGTCTGG 422 

avrAR AGAAGAGCTTCGTTGAATGTCC 

bcfC Fimbrial usher 

protein that involved 

in biogenesis 

bcfCF ACCAGAGACATTGCCTTCC 467 

bcfCR TTCTGATCGCCGCTATTCG 

gipA Facilitates growth 

and survival of 

Salmonella in Peyer’s 

patches of host’s 

intestine 

gipAF ACGACTGAGCAGGCTGAG 518 

gipAR TTGGAAATGGTGACGGTAGAC 

invA Triggers 

internalization that is 

required for the 

invasion process. 

invA-F TTG TTA CGG CTA TTT TGA CCA 521 

invA-R CTG ACT GCT ACC TTG CTG ATG 

mgtC Helps Salmonella to 

survive inside 

macrophage 

mgtCF TGACTATCAATGCTCCAGTGAAT 677 

mgtCR ATTTACTGGCCGCTATGCTGTTG 

sefA Encodes fimbrial 

structural proteins 

sefA-F GCA GCG GTT ACT ATT GCA GC 330 

sefA-R TGT GAC AGG GAC ATT TAG CG 

siiD Encodes hypothetical 

type-I secretion 

protein 

siiD F GAATAGAAGACAAAGCGATCATC 655 

siiD R GCTTTGTCCACGCCTTTCATC 
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Table 7 (Continued) 

Genes Function Primers Primer sequence (5’-3’) Amplicon 

size (bp) 

sodC1 Encoded superoxide 

dismutases 

sodC1F CCAGTGGAGCAGGTTTATCG 424 

sodC1R GGTGCGCTCATCAGTTGTTC  

sopB Encodes effector 

protein that helps 

the Type III 

secretion system 

sopBF TCAGAAGRCGTCTAACCACTC 517 

sopBR TACCGTCCTCATGCACACTC  

sopE1 Type III secretion 

effector protein 

sopE1F CGGGCAGTGTTGACAAATAAAG 422 

sopE1R TGTTGGAATTGCTGTGGAGTC 

spvC Plasmid virulence 

protein promotes 

rapid growth and 

survival of 

Salmonella within 

the host 

spvCF ACTCCTTGCACAACCAAATGCGGA 467 

spvCR TGTCTTCTGCATTTCGCCACC  

ssaQ Type III secretion 

system protein that 

provides virulence 

to Salmonella 

ssaQF GAATAGCGAATGAAGAGCGTCC 455 

ssaQR CATCGTGTTATCCTCTGTCAGC 

 

Association between antibiotic resistance and virulence genes 

 To identify the relationship between the antibiotic resistance and virulence genes, 

association tests were performed using SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA). 

The Pearson's chi-square and the exact test were performed to determine whether there is an 

association between the antibiotic resistance characteristics (susceptible/resistant) and the 

virulence genes (presence/absence). In addition to this, Šidák statistical test was performed to 

avoid the multiple comparison associated problem. Šidák adjusted p-values were performed to 

reduce Type I error.
197
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Results 

Sources of Salmonella isolates and their characteristics against antibiotics  

A total of 54 Salmonella isolates, including 27 antibiotic resistant and 27 pan-susceptible 

were selected for this study. Majority of the (n= 42, 78%) Salmonella isolates, used in this study, 

were isolated from stool samples of Salmonella-infected patients (Figure 3). Of 42 Salmonella 

isolates from stool samples, 23 (55%) were pan-susceptible and 19 (45%) exhibited resistance 

property against one or multiple antibiotics. Twelve out of fifty-four Salmonella isolates were 

isolated from blood (n=9, 17%), and urine (n=3, 5%) samples of the Salmonella-infected patients 

(Figure 3). Six (67%) of the nine Salmonella isolates from blood samples, and two (67%) of the 

three Salmonella isolates from urine samples showed antibiotic resistance property against one or 

multiple antibiotics (Figure 3). 

Serotyping and Antibiotic resistance patterns testing 

 The data for serotyping and antibiotic resistance patterns of all 54 Salmonella isolates 

were obtained from TDH. Twenty-seven (50%) of the Salmonella isolates were pan-susceptible 

and the remaining twenty-seven (50%) isolates showed resistance property against one or 

multiple antibiotics including, AMP, AUG, AXO, CHL, CIP, COT, FIS, GEN, NAL, STR, TET, 

and TIO. The resistance patterns of the 27 Salmonella isolates, collected from TDH, were shown 

in Figure 4. All 27 Salmonella isolates were resistant to at least two antibiotics, and of these, 26 

(96%) were resistant against three or multiple antibiotics. As shown in Figure 4, the top three 

antibiotics, that are being resistance among 27 Salmonella isolates, are STR (n=15, 56%), TET 

(n=15, 56%), and FIS (n=15, 44%). Of all the Salmonella isolates tested, 8 (30%), 7 (26%), and, 

6 (22%) were resistant to AMP, NAL, and CHL respectively (Figure 4). The findings of this 

study revealed a lower level of resistance characteristics of Salmonella isolates used in this study 
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against CIP (n=2, 7%), COT (n=2, 7%), AUG (n=1, 4%), AXO (n=1, 4%), TIO (n=1, 4%), and, 

GEN (n=1, 4%) (Figure 4). In this study, none of the Salmonella isolates showed resistance 

property against FOX and KAN. 

 

Figure 3: Sources of Salmonella isolates and their antibiotic resistance/susceptible 

characteristics. A) All sources of Salmonella isolates used in this study, B) Salmonella isolated 

from blood samples, B1) Antibiotic resistance characteristics of the Salmonella isolated from 

blood samples, C) Salmonella isolated from urine samples, C1) Antibiotic resistance 

characteristics of the Salmonella isolated from urine samples, D) Salmonella isolated from stool 

samples, and, D1) Antibiotic resistance characteristics of the Salmonella isolated from stool 

samples. 
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Figure 4: Antibiotic resistance distribution for the 14 antibiotics tested for all Salmonella isolates 

(n= 27) collected from TDH. Among all 27 Salmonella isolates, 15, 15, and 12 Salmonella 

isolates were resistant against STR, TET, and FIS respectively.  

 

 

Virulotyping 

In this study, the prevalence of the virulence genes has been identified by amplifying the 

target genes in multiplexed and single PCR assays. The agarose gel electrophoresis images of the 

amplicons of the PCR assays were presented here in Figure 5.  
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Figure 5: Agarose gel electrophoresis showing the amplicons of virulotyping PCR.  A) Lane 1: 

DNA ladder; lane 2: no-template control; lane 3-22: sopB (517 bp) virulence gene; lane 23-30: 

sodC1 (424 bp) virulence gene. B) Lane 1: DNA ladder; lane 2: ssaQ (455 bp), and siiD (655 bp) 

virulence gene; lane 3-4: sopE1 (422 bp) virulence gene; lane 5-9: spvC (467 bp) virulence gene; 

lane 10-14: bcfC (467 bp) virulence gene. C) Lane 1: DNA ladder; lane 2-22: gipA (518 bp) 

virulence gene; lane 23-27: avrA (422 bp) virulence gene. D) Lane 1: DNA ladder; lane 2-17: 

avrA (422 bp), and mgtC (677 bp) virulence genes amplified from extracted DNA of Salmonella 

isolates using gene-specific primers in PCR assays. 

 

Figure 6 presented the overall distribution of the targeted virulence genes in Pan-

susceptible and one or multiple antibiotics resistant Salmonella isolates. In this study, PCR 

assays carried out for the identification of the invA gene in 54 Salmonella isolates, revealed its 

presence in all the isolates (Figure 7) by amplifying 521 bp PCR product. The second most 

prevalent virulence gene, sopB, identified by the presence of 517 bp amplicon size, has been 

observed in 51 (94%) out of 54 Salmonella isolates (Figure 7). The findings from this present 

study exhibited the presence of the virulence genes, siiD, and bcfC in 40 (74%) of the 54 
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Salmonella isolates (Figure 7). The remaining targeted virulence genes of SPI regions, namely, 

avrA, ssaQ, and mgtC, have been observed in 32 (59%), 15 (27%), and 31 (57%) Salmonella 

isolates respectively (Figure 7). As shown in Figure 7, the virulotyping PCR identified the 

presence of prophage genes, gipA, sodC1, and sopE1, in 24 (44%), 31 (57%), and 17 (32%) 

Salmonella isolates respectively. This study identified spvC, the virulence gene located on the 

Salmonella virulence plasmid, in 11 (20%) of the 54 Salmonella isolates (Figure 7). The PCR 

assay, carried out for the detection of the sefA genes, has revealed its presence in eight (15%) of 

the 54 Salmonella isolates (Figure 7). The virulence genes gipA and ssaQ have been mostly 

identified in the pan-susceptible Salmonella isolates, whereas sefA virulence gene was mostly 

detected among the antibiotic-resistant Salmonella isolates (Figure 7).  

 

 
 

Figure 6: The overall distribution of virulence genes in Salmonella isolated analyzed in this 

study. A) Pan- susceptible, and B) one or multiple antibiotics resistant Salmonella isolates. Red 

and green colors represent the presence and absence of the virulence genes respectively. 
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Figure 7: Prevalence of virulence genes in Salmonella isolates. A) all Salmonella isolates (n=54), 

B) pan-susceptible Salmonella isolates (n= 27), and C) one or multi-drug resistant Salmonella 

isolates (n=27). 
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Association between antibiotic resistance and virulence genes 

The Pearson's chi-square and the Exact test statistics were presented in Table 8. Pearson's 

chi-square was used to determine whether there was a significant association between the 

virulence genes and drug-resistant characteristics of Salmonella. Pearson’s chi-square statistics 

exhibited that the virulence genes, gipA [χ2 (df=1) = 4.80, P = 0.028], siiD [χ2 (df=1) = 3.47, P= 

0.062], sopB [χ2 (df=1) = 3.18, P = 0.075], and ssaQ [χ2 (df=1) = 11.17, P <0.001] were 

significantly associated with the drug-resistant characteristics of Salmonella. Table 8 showed that 

there were a small number of counts in some cells. In addition, the sample size of this study is 

small. Therefore, the Exact test statistics should be appropriate in this analysis. The Exact test 

statistics established that gipA gene [χ2 (df=1) = 4.88, P =0.054], and ssaQ gene [χ2 (df=1) = 

12.16, P =0.002] were significantly associated with antibiotic-resistant characteristics of 

Salmonella. The virulence gene gipA (n=16, 67%), and ssaQ (n=13, 87%) were more likely to be 

present in pan-susceptible Salmonella. Table 9 showed a statistical analysis of the Šidák adjusted 

p-value for Pearson's chi-square and Exact chi-square. Šidák adjusted p-values were performed 

to reduce Type I error
197

. Šidák statistical tests exhibited that only ssaQ virulence gene was 

associated with antibiotic-resistant characteristics of Salmonella [χ2 (df=1) = 12.16, P Šidák adjusted 

= 0.019] (Table 9). 
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Table 8: Association between antibiotic resistance and virulence genes in Salmonella isolates 

Virulence 

gene 

Absence/ 

Presence 

Antibiotic 

susceptible 

(%) 

Antibiotic 

resistance 

(%) 

Association  

(Pearson's 

χ2) 

P value 

(Pearson's 

χ2) 

Association  

(Exact χ2) 

P 

value 

(Exact 

χ2) 

arvA 0 10 (45%) 12 (55%) 0.31 0.579 0.31 0.782 

1 17 (53%) 15 (47%) 

bcfC 0 9 (64%) 5 (36%) 1.54 0.214 1.56 0.352 

1 18 (45%) 22 (55%) 

gipA 0 11 (37%) 19 (63%) 4.80 0.028 4.88 0.054 

1 16 (67%) 8 (33%) 

mgtC 0 12 (52%) 11 (48%) 0.08 0.783 0.08 1.000 

1 15 (48%) 16 (52%) 

sefA 0 25 (54%) 21 (46%) 2.35 0.126 2.44 0.250 

1 2 (25%) 6 (75%) 

siiD 0 10 (71%) 4 (29%) 3.47 0.062 3.56 0.119 

1 17 (42%) 23 (58%) 

sodC1 0 12 (52%) 11 (48%) 0.08 0.783 0.08 1.000 

1 15 (48%) 16 (52%) 

sopB 0 3 (100%) 0 (0%) 3.18 0.075 4.34 0.236 

1 24 (47%) 27 (53%) 

sopE1 0 20 (54%) 17 (46%) 0.77 0.379 0.78 0.559 

1 7 (41%) 10 (59%) 

spvc 0 20 (47%) 23 (53%) 1.03 0.311 1.04 0.501 

1 7 (64%) 4 (36%) 

ssaQ 0 14 (36%) 25 (64%) 11.17 <0.001 12.16 0.002 

1 13 (87%) 2 (13%) 

Absence =0 

Presence =1 
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Table 9: Šidák adjusted analysis for multiple comparison  

Virulence 

gene 

Association 

(Pearson's 

χ2) 

P value 

Pearson's 

χ2 

Šidák 

adjusted P 

value for 

Pearson's 

χ2 

Association 

(Exact χ2) 

P value 

Exact χ2 

Šidák 

adjusted P 

value for 

Exact χ2 

arvA 0.31 0.579 0.999 0.31 0.782 

 

1.000 

bcfC 1.54 0.214 0.929 1.56 0.352 0.991 

gipA 4.80 0.028 0.272 

 

4.88 0.054 0.458 

mgtC 0.08 0.783 1.000 0.08 1.000 1.000 

sefA 2.35 0.126 0.771 

 

2.44 0.250 0.957 

siiD 3.47 0.062 0.508 

 

3.56 0.119 0.751 

sodC1 0.08 0.783 1.000 0.08 1.000 1.000 

sopB 3.18 0.075 0.574 4.34 0.236 0.948 

sopE1 0.77 0.379 0.995 

 

0.78 0.559 0.999 

spvc 1.03 0.311 0.983 

 

1.04 0.501 0.999 

ssaQ 11.17 <0.001 0.009 

 

12.16 0.002 0.019 
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Discussion 

The current study presents the overall distribution of antibiotic resistance and the 

virulence genes in selected culture-confirmed Salmonella isolates from salmonellosis cases 

reported in Tennessee from 2013 through 2015. A total of 26 out of 27 antibiotic-resistant 

Salmonella isolates exhibited resistance characteristics against at least three or more antibiotics. 

Thus, the findings of this study indicate the abundance of MDR Salmonella isolated from 

Salmonella-infected patients of Tennessee from 2013 through 2015. The high abundance of 

MDR Salmonella isolates pointed out the antimicrobial resistance trends and its severity in 

human salmonellosis. In addition, the results are of high significance because the Salmonella 

isolates, analyzed in this study, were resistant to conventional antibiotics, such as TET, STR, 

AMP, CHL, etc. These antibiotics are commonly used for the treatment of several infections 

since these antibiotics are inexpensive and easily available. Therefore, these findings point out 

the public health concern in therapeutics by limiting the treatment choices for antibiotics 

selections. The present study revealed a high level of resistance against STR (n=15, 55.6%), TET 

(n=15, 55.6%), and FIS (n=15, 44.4%), a moderate level of resistance against AMP (n= 8, 

29.6%), NAL (n= 7, 25.9%), and, CHL (6, 22.2%), and a lower level of resistance against CIP 

(n=2, 7.4%), COT (n=2, 7.4%), AUG (n=1, 3.7%), AXO (n=1, 3.7%), TIO (n=1, 3.7%), and, 

GEN (n=1, 3.7%). A previously reported study by Adesiji et al.
198

 also reported the findings 

similar to the current study. Adesiji et al. reported the similar level of resistance characteristics of 

Salmonella against TET (66.7%), and a high level of resistance against NAL (53.3%).
198

 

Conversely, a study, conducted in Nigeria,
199

 reported a high level of resistance characteristics of 

Salmonella isolates against COT (54%), AUG (54%), and a low frequency of resistance to NAL 

(3%) as well as CIP (3%). The high rate of resistance to TET, STR, and FIS could be due to the 
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long usage span of these antimicrobials in human and veterinary medicines. Although antibiotics 

are not usually recommended to treat salmonellosis, however, in severe events like bacteremia, 

antibiotics are mandatorily recommended for treatment purpose. NAL, a broad-spectrum and 

quinolone group antibiotic, is most frequently used to treat salmonellosis. NAL binds with DNA 

gyrase enzymes and inhibits the bacterial DNA replication.
200,201

 The current study revealed the 

resistance characteristics to NAL in 7 of 27 (25.9%) antibiotic-resistant Salmonella isolates. 

Therefore, the finding of this study points out the emergence of antibiotic resistant patterns for 

those antibiotics which are used frequently in general. 

In addition to antibiotic resistance characteristics, this study revealed the presence of 

several virulence genes in culture-confirmed Salmonella isolated from Salmonella-infected 

patients of Tennessee. Several virulence genes of Salmonella have been known to provide the 

bacteria with a wide-range of pathogenicity.
202

 Studies suggested that the virulence genes are 

highly conserved in all Salmonella serovars.
203-206

 Most of the virulence genes of Salmonella are 

located either in the Salmonella pathogenicity islands (SPIs) or on the virulence plasmid.
207-209

 In 

this study, the invasion gene, invA, has been observed in all 54 Salmonella isolates. This finding 

is expected, and in agreement with previously reported studies,
203,204,206

 since, the invA gene is 

conserved in all Salmonella serotypes. Likewise, the invA gene, the sopB gene is also considered 

as conserved in all Salmonella serotypes.
205 

The current study revealed that the presence of the 

sopB gene in 51 (94.4%) of the 54 Salmonella isolates. The virulence gene sopB secretes effector 

protein (called sopB effector protein) that plays a crucial role in bacterial 

enteropathogenicity.
210,211

 The sopB effector protein, an inositol-phosphatase, is known to 

interfere with the host cell’s phosphatidylinositol signaling pathway.
210,211

 This may induce a 
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secretory mechanism of the host cell that subsequently leads to diarrhea.
210,211

 In the presence of 

sopE1 virulence effector protein, sopB protein facilitates Salmonella in the invasion process.
212

  

The current study revealed the presence of siiD (located at SPI-4), and bcfC (located on a 

fimbrial gene cluster) virulence genes in 40 (74.1%) of the 54 Salmonella isolates. In addition to 

this, the present study detected the virulence gene avrA in 32 (59.3%) of 54 Salmonella isolates. 

In general, Salmonella is known as acid tolerant bacteria due to its ability to tolerate a high acidic 

environment.
213

 Studies revealed that the acidic environment can induce the production of certain 

virulence proteins, including avrA effector protein.
214

 The avrA effector protein, a cysteine 

protease encoded by avrA gene, has been known to play important roles to regulate epithelial cell 

apoptosis, inhibit inflammation in the host cell and facilitate bacterial proliferation.
215-218

 In 

addition to this, avrA protein facilitates intracellular survival of Salmonella.
217

 The current study 

revealed the presence of the virulence genes mgtC and sodC1 in 31 (57.4%) of 54 Salmonella 

isolates. It has been reported that mgtC effector protein helps Salmonella to survive inside 

macrophage and facilitates the bacterial growth under adverse condition, such as magnesium 

deprived environment.
219

 The virulence gene gipA encodes gipA protein, has been identified in 

24 (44.4%) of 54 Salmonella isolates. It has been reported that the gipA protein helps Salmonella 

to grow and survive in Peyer’s patches of the host’s intestine.
220

 In addition, GipA protein is 

known to play a crucial in the intracellular survival of Salmonella.
220

  

In the current study, a significant association was found between the gipA virulence gene 

and drug resistant Salmonella in both Pearson's χ2 and Exact χ2 tests (as presented in Table 9). 

However, the Šidák adj P value for both Pearson's χ2 and Exact χ2 showed non-significant 

association between the gipA gene and antibiotic resistant Salmonella indicating the small cell 

size in any of the four cells in 2x2 table of virulent genes (presence/absence) vs antibiotic 
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resistance (presence/absence). This study points out the need of further research with a large 

sample size to explore the true relationship between gipA virulence gene and antibiotic resistant 

Salmonella serotypes. Current study also identified that 24.1% (13 of 54) Salmonella isolates 

harbored ssaQ gene that encodes ssaQ proteins. The ssaQ gene is known to provide virulence 

property to Salmonella. Studies suggested that the Salmonella isolates, carrying the mutated 

ssaQ gene, exhibit impaired Type III secretion systems of bacteria, and, thus, loses it virulence 

property.
221,222

 The present study revealed that ssaQ virulence gene was significantly associated 

with the bacterial drug resistance characteristics, as described in Table 9. Both the Šidák adj test 

for Pearson's χ2 and Šidák adj test for Exact χ2 exhibit the significant association between ssaQ 

virulence gene and antibiotic resistant Salmonella serotypes. Many foodborne pathogens, 

including several Salmonella serotypes, are known to transmit virulence
223-225

as well as antibiotic 

resistance genes
190,226,227

 in both vertical and horizontal gene transfer mechanism. Therefore, 

presence of virulence genes and antibiotic resistant characteristics in same Salmonella serotypes 

indicate the need for further research in large scale to explore the true association between them. 

All the Salmonella isolates analyzed in the current study were identified as highly invasive and 

enterotoxigenic. Therefor routine surveillance is much needed. 

 

Conclusion 

 This study presents a comprehensive assessment on the overall distribution of antibiotic 

resistance and virulence characteristics, as well as the association of virulence genes with drug 

resistance characteristics of Salmonella isolated from Salmonella-infected patients of Tennessee 

during 2013 through 2015. The results from this study strongly recommend routine monitoring 

drug resistance property of Salmonella in Tennessee, since, the Salmonella isolates analyzed in 



 

85 
 

this study showed resistance against conventional antibiotics, including, TET, STR, AMP, and 

CHL etc. In addition, the Salmonella isolates, analyzed in the present study, showed resistance 

against NAL that is most frequently used to treat salmonellosis. All the Salmonella isolates 

harbored several virulence genes. The virulence gene ssaQ exhibited a significant association 

with the drug-resistant characteristics of Salmonella. Further investigation with a large sample 

size is required to better understand the association of virulence genes with drug-resistant 

characteristics of Salmonella. To conclude, the results of this study point out the importance of 

routine monitoring program for Salmonella in Tennessee.  
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Chapter 5 

DISCUSSION AND CONCLUSIONS 

This dissertation describes the studies carried out in the context of the epidemiology of 

Salmonella. Chapter 1 presents a review of the literature identifying the available evidence on 

human salmonellosis caused by S. Newport, S. Javiana, and S. Mississippi. Although the sources 

of S. Newport have been well reported, data are lacking for human S. Javiana infection. S. 

Newport and S. Javiana infections have been previously identified in Tennessee. The sources of 

S. Mississippi infection are not well characterized since S. Mississippi infection is rare 

throughout the world.  

 In Chapter 2, we describe a systematic literature review of human S. Javiana infection 

based on available scientific evidence. This comprehensive systematic review provides insight 

into the potential risk factors associated with S. Javiana infection in humans reported to date. 

This systematic review points out that food and non-foodborne (such as animal contact) 

exposures are responsible for the transmission of human S. Javiana infection as evident from the 

current literature. The current study observed S. Javiana infection to be associated with the 

consumption of fresh produce (tomatoes and watermelons), herbs (paprika-spice), and dairy 

product (cheese). Drinking contaminated well water has also been identified as one of the 

potential risk factors of human S. Javiana infection. In addition to the food and waterborne 

exposure, animal contact has also been demonstrated to be equally associated with human S. 

Javiana infection. The risk factors of human S. Javiana infections, identified in the current study, 

provide helpful insight into the risk management of transmission of S. Javiana infection. The 

strategies targeting prevention of human S. Javiana infection should include three factors, 
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namely, a) the consumption of treated drinking water, b) safe animal contact, and c) safe food 

processing and handling procedures.  

Chapter 3 identified potential risk factors associated with human NTS infection caused by 

any of the three serotypes, namely, serotypes S. Newport, S. Javiana, and S. Mississippi. Data 

used in chapter 3 analysis were collected from the Foodborne Diseases Active Surveillance 

Network (FoodNet) and TDH. These data consist of both demographic and exposure information 

for the Salmonella infected patients of Tennessee during 2015 through 2017. This study found 

that foodborne exposures, including consumption of frozen pizza and powdered baby formula, as 

well as animal exposures, such as visiting a farm, contact with the dog, and contact with pet 

treats or chews were associated with the human S. Newport, S. Javiana, and S. Mississippi 

infection. These study findings are in agreement with previous studies that found that S. 

Newport, S. Javiana, and S. Mississippi infections are mostly associated with animal exposure. 

Educating people regarding the disease prevalence and sources of infection may help to reduce 

the disease burden to some extent. Public awareness regarding the modes of transmission of NTS 

infection would play a crucial role in keeping people from contracting salmonellosis by 

practicing proper precautionary measures, including hand washing, kitchen hygiene, and proper 

hygienic care of pets. 

Chapter 4 provides an overall picture on the distribution of antibiotic resistance and 

virulence characteristics, as well as the association between them. The Salmonella isolates, used 

in this analysis, were received from the Foodborne Diseases Active Surveillance Network 

(FoodNet) and TDH. The findings of this study signify routine monitoring of antibiotic 

resistance characteristics of Salmonella in Tennessee, given, the Salmonella isolates assessed in 

this study demonstrated antibiotic resistance. The Salmonella isolates, analyzed in this study, are 
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