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Abstract

Salmonella is an enteric pathogen that can be transmitted zoonotically between humans
and animals, including companion cats and dogs. One of the virulence factors that enables
colonization of the gastrointestinal tract is the type 111 secretion system, as encoded in
Salmonella Pathogenicity Island 1 (SP-1), and one of the component proteins of this virulence
factor is the Invasive A protein (InvA). InvA is encoded by the invA gene, which is highly
conserved within Salmonella species, so amplification of this gene through polymerase chain
reaction (PCR) is often used to detect clinical isolates of Salmonella in humans, animals, and
contaminated food and water sources. This study utilized the invA PCR to determine the
prevalence of Salmonella in shelter dogs and feral cats. Additionally, PCR detection efficacy was
studied by utilizing different primer sets and the additive bovine serum albumin (BSA). Three
different primer sets, coined the “MC” primer set, “KC” primer set, and “VO” primer set, were
tested. The MC primer set detected the invA gene in 16 of 58 canine fecal samples and 6 of 56
feline fecal samples, the KC primer did not detect the invA gene in any canine fecal sample, and
the VO primer set detected the invA gene in 7 of 58 canine fecal samples. It was discovered that
the MC primer set was able to detect the invA gene at a lower DNA concentration than the other
two, which could contribute to the higher frequency of positive results obtained with that primer
set. The effects of BSA addition were observed in sample groupings from shelter dogs and feral
cats that were initially positive or negative for the invA gene in their first PCR, where the
presence of BSA influenced PCR results from the original samples. The addition of BSA caused
1 sample from both the canine and feline fecal samples that had initially returned as negative to
be positive for the invA gene; however, 1 sample from both the canine and feline fecal samples

that had initially returned as positive was not positive in the PCR with BSA. PCR is a sensitive



and specific tool to confirm the presence of invA, as indicative of Salmonella, and appropriate
adjustments, regarding the primer set characteristics and reaction mixture additives, should be
considered. Optimizing the PCR conditions will maximize the reliability of PCR as a diagnostic
tool to confirm Salmonella diagnoses and to guide treatment and preventative strategies.
Introduction

Salmonella is a Gram-negative bacterium transmitted through the consumption of fecal-
contaminated water, meats, or fresh produce (1). There are 2,637 serovars under the species
Salmonella enterica, including Salmonella enterica subsp. enterica serovar Typhimurium that
can be found in a variety of warm-blooded animals, which facilitates dissemination between
humans and animals (2). Once ingested, Salmonella colonizes the distal ileum and proximal
colon, where it can invade the enteric cells, using its type Il secretion system from SP-1, which
injects effector proteins across the two bacterial membranes and into the cytoplasm of the host
cell (3, 4). Salmonella toxins associated with diarrhea production are enterotoxin and cytotoxin
(5). Enterotoxin induces accumulation of fluid in the ileum, and cytotoxin inhibits protein
synthesis and leads to intestinal mucosal damage (6). Serovar Typhimurium produces non-
typhoidal disease referred to as salmonellosis that is characterized by symptoms of diarrhea,
stomach cramps, nausea, vomiting, and loss of appetite (7). Non-typhoidal salmonellosis can be
self-limiting, where complications due to the disease are treated with ciprofloxacin; however,
resistance to this has been emerging in Salmonella species (8). CDC estimates there are 1.3
million cases of salmonellosis, 12,500 hospitalizations, and 238 deaths every year in the U.S. as
of 2025 (9). The actual disease burden is likely underestimated due to the self-limiting nature of

salmonellosis (10).



Due to contamination being the source of transmission, the disease can be controlled by
increasing preventative measures, including the improvement of assessment tools for patients,
food, and water sources. Salmonella is commonly diagnosed with the Widal test method that
detects O and H antigens in a relatively rapid and inexpensive manner, but the test can cross-
agglutinate with other pathogens, so false-negatives and false-positives have been reported (11,
12). Enzyme-linked immunosorbent assay (ELISA) is another detection method that uses IgM
and 1gG antibodies against Salmonella surface molecules (11). ELISA is reported to have high
sensitivity and specificity to Salmonella surface antigens, but the expense of the materials may
be a concern in areas of limited resources (11, 13). Polymerase chain reaction (PCR) is a
sensitive and specific diagnostic tool, in which a segment of DNA extracted from various
sources can be amplified and visualized on an agarose gel where subsequent sequencing of the
gene can be used to confirm presence. The invasive A (invA) gene is widely used to detect
Salmonella via PCR as this protein is highly conserved within the type 11l secretion system in
Salmonella (4). Non-typhoidal Salmonella species are predominantly found in animals, and
shelter pets tend to have higher rates of prevalence than household pets. A study in 2017 found
the prevalence of Salmonella to be less than 1% in household cats and 2.5% in household dogs as
collected from 11 geographically dispersed veterinary testing laboratories between 2012 and
2014 (14). Meanwhile, the prevalence of Salmonella in diarrheic and non-diarrheic shelter cats in
Florida was reported in 2012 to be 6% and 4%, respectively, and a study in 2020 reported the
prevalence of Salmonella in shelter dogs in Texas to be 4.9% (15, 16). It is critical to refine PCR
diagnoses to accurately detect Salmonella in animals to identify them as possible sources of
bacterial shedding, proceed with appropriate treatment to limit zoonotic transmission to humans

and, and mitigate contamination of water and food sources.



Methods

The fecal samples were collected from shelter dogs in the Pima Animal Care Center and
from Trap Neuter Release (TNR) feral cats through the Southern Arizona Humane Society under
University of Arizona IACUC Protocol 2021-0746. These samples underwent DNA extraction
using the DNeasy PowerSoil Pro Kit (QIAGEN Inc., Germantown, Maryland) according to the
manufacturer’s instructions. Isolated DNA was stored at -20°C for the duration of this study. The
DNA extracts from canine and feline fecal samples were used in PCR amplification of the invA
gene with three separate primer sets to analyze their results for primer efficacy in detecting invA
in Salmonella (Figure 1).

The first primer set applied in this research, coined the “MC” primer set, was developed
by a previous study that identified the pathogens Giardia lamblia, Entamoeba histolytica, and
Salmonella in drinking water sources with a multiplex PCR (17). The forward and reverse
primers in the MC primer set were ordered and diluted from a concentration of 100 uM to 10 uM
to reduce the possibility of primers binding to each other, which would decrease the likelihood of
primer annealing to the DNA template. The MC primer set amplifies a fragment length of 293
base pairs (bp), relatively upstream in the invA gene (Figure 2). The second primer set, coined
the “KC” primer set, used in this experiment was originally designed in 1992 and notably, it has
been used in food safety detection of Salmonella, including a study of the molecular
characterization of Salmonella in ready-to-eat foods in 2022 and the prevalence of Salmonella in
chicken carcasses from a retail grocery store in 2024 (18, 19, 20) . The third primer set, coined
the “VO” primer set, was designed by the lab manager of the Dr. Kerry Cooper Laboratory. The
KC and VO primer sets amplify a fragment length of 284 bp, where the VO primer set amplifies

a fragment more upstream to the fragment amplified by the KC primer set with a 24 bp space



between the VO reverse primer and KC forward primer (Figure 2). The process of dilution was
performed on the second and third primer sets as it was for the first primer set. The sequences for
the forward and reverse primer sequences for each primer set, and their amplification conditions
are found in Table 1.

The PCR mixture is composed of 12.5 uL of GoTaq Master Mix (Promega Cooperation,
Madison, W1, contains Taq polymerase, dNTPs, MgCl», and reaction buffer), 9.5 uL of nuclease-
free water, 1 uL of forward primer (10 uM), 1 uL of reverse primer (10 uM), and 1 uL of DNA
template from the fecal sample DNA extract. Salmonella Typhimurium DNA served as the
positive control, and nuclease-free water was used for the non-template control in each set of
PCR reactions. Each PCR reaction was performed for 16-20 fecal samples at a time in a thermal
cycler, with one negative control per five fecal samples and one positive control in every round.

Overall, the project consists of an analysis of 58 fecal samples from shelter dogs and 56
fecal samples from feral cats. Canine fecal samples underwent individual PCRs with each primer
set and feline fecal samples were analyzed through PCR with only the MC primer set. The same
reaction mixture and amplification conditions were used for the feral cat samples as for the
shelter dog samples. The PCR samples were observed on a 1.5% agarose gel for a 293 bp band
for the MC primer set and for a 284 bp band for the KC and VO primer sets, indicating the

presence of the invA gene in the fecal samples (Figure 1).

Results
The experiment began by performing a PCR with the MC primer set on an S.
Typhimurium DNA extract at its original concentration and at a 1:10 dilution to confirm the
functionality of the primer set. The resultant gel is displayed in Figure 3, and due to the similar

band intensity between the samples at the original concentration and at the 1:10 dilutions, the



1:10 dilution was used as the positive control in all the sample preparations. The experiment
proceeded by performing a PCR on 58 canine fecal samples with the MC primer set at the
amplification conditions listed in Table 1. After PCR amplification, each PCR reaction was
loaded into a 1.5% agarose gel to visualize and assess the results for each of the samples.
Samples were considered invA positive if they displayed a 293 bp fragment that matched the
band for the positive control, based on the comparison to the 100 bp ladder scale of the gel. In
total, 16 of the 58 (27.6%) fecal samples were positive for the invA gene with the MC primer set,

as shown in Table 2.

To validate fecal samples that appeared as positive for the invA gene with the MC primer
set, 4 of the 16 positive samples were submitted for sequencing at Arizona Genetics Core. The
protocol for PCR clean-up was followed, according to the QIAquick PCR and Gel Cleanup Kit
(QIAGEN Inc., Germantown, Maryland), to extract the DNA from the reaction mixture of the 4
samples after amplification. The sequences for the 4 samples did not return as the invA gene, but
rather, the majority of the nucleotides in the sequences appeared as “N,” indicating that the
submitted DNA was of poor quality. This led to the concern of the MC primer set producing
false positive results for the invA gene due to possible cross-reactivity of the primers with other
antigenic genes that would appear as a band in the gel lanes. To confirm the positive results from
the MC primer set as the invA gene, the KC primer set was used on the same 58 fecal samples to
determine possible alignments between the results of the KC primer set and those of the MC
primer set. The same reaction mixture was prepared for each of the 58 fecal samples as allocated
in the MC primer set reactions, except KC FWD and KC RVS primers replaced the MC FWD
and MC RVS primers. The prepared reaction mixtures were performed at the amplification

conditions for the KC primer set stated in Table 1. After PCR amplification, each PCR reaction



was loaded into a 1.5% agarose gel to visualize and assess the results of the samples. Samples
were considered invA positive if they displayed a 284 bp fragment that matched the band for the
positive control, based on the comparison to the 100 bp ladder scale of the gel. The KC primer
set did not produce any positives from the canine fecal samples, indicating that invA DNA could
not be detected. Overall, there was no alignment of the PCR results between the KC primer set
and the MC primer set, which suggested a differing efficacy between the primer sets that

impacted the ability to amplify the invA gene in fecal samples.

The discrepancy in the results between the two primer sets inspired the decision to
sequence the positive Salmonella controls with both the MC primer set and KC primer set. The
results were visualized with a 1.5% agarose gel, and the PCR product bands were gel extracted,
according to the QlIAquick PCR and Gel Cleanup Kit (QIAGEN Inc., Germantown, Maryland).
The DNA extracts from both the MC positive control and the KC positive control were
submitted for Sanger sequencing to the Arizona Genetics Core. The Sanger sequencing results
were assessed through a NCBI Nucleotide BLAST, and the sequenced PCR product for both MC
and KC primer sets aligned with a portion of the invA gene in Salmonella enterica (Figures 4 and

5). These results confirm that both the MC and KC primer sets do detect the invA gene.

Once it was confirmed that both the MC and KC primer sets correctly returned positive
results for the invA gene, a PCR was conducted with the MC primer set on two of previously
positive fecal samples from the first MC primer set PCR. The PCR was performed in triplicate
for both samples by preparing three PCR reactions for each sample to increase the final DNA
concentration. The bands for the invA gene appeared in the lanes for both fecal samples as it had

previously, and then a DNA gel extraction with the QIAquick PCR and Gel Cleanup Kit



(QIAGEN Inc., Germantown, Maryland) for both samples was performed. Once the DNA
extracts were prepared, they were submitted for Sanger sequencing and those sequences were
subsequently BLASTed against the non-redundant database of the NCBI Nucleotide BLAST
website. Both sample sequences returned as having aligned with a fragment of the invA gene in

Salmonella enterica subspecies enterica.

The sequencing results for canine fecal samples aligning with the invA gene provided
confirmation to determine the DNA detection limits of the MC and KC primer sets as a possible
point of difference between the primer sets. The DNA concentration of the original S.
Typhimurium DNA extract was measured with a Qubit fluorometer using broad range limit and
the resulting concentration was determined to be 14.3 ng/pL. A 10-fold dilution series was made,
ranging from the original concentration (14.3 ng/pL) of the DNA extract to a dilution of 10®
(0.0000143 ng/uL). The dilutions acted as DNA templates, and they were added to their own
PCR mixture with either the MC or KC primer set. The PCR was performed using the conditions
listed in Table 1, according to the primer set, then a 1.5% agarose gel was used to visualize the
reactions. It appeared that both primer sets amplified the invA gene at a dilution of 10 (0.0143
ng/uL), but the MC primer set was able to amplify the invA gene at the subsequent dilution of 10

4(0.00143 ng/pL).

The VO primer set was introduced into this project to qualify the results from the MC and
KC primer sets. The VO primer set was used on the same 58 canine fecal samples and its
forward and reverse sequences and PCR amplification conditions are listed in Table 1. After

amplification with the VO primer set, the reactions were visualized on a 1.5% agarose gel, and it



appeared that 7 of the 58 (12.1%) fecal samples returned as positive for the invA gene. Four of

these 7 (57.1%) positive samples overlapped with the positive results of the MC primer set.

The project progressed from detecting the invA gene in shelter dog fecal samples,
indicating the presence of Salmonella, to testing feral cat fecal samples. A PCR with the MC
primer set was performed on 56 feral cat fecal samples, and 6 (10.7%) samples returned as
positive for the invA gene, as confirmed by gel visualization. These results opposed the
sequencing results for these feral cat samples, which were completed with MinlON in 2024 and
confirmed the presence of Salmonella in the majority of the samples. Due to this contrast, the
DNA concentrations of a select few of the feral cat samples were read with a Qubit fluorometer
to possibly correlate the minimal invA gene positive results to a lower DNA concentration in the
DNA extracts. All the tested DNA extracts had high DNA concentrations, ranging from 462

ng/uL to 1580 ng/uL.

Considering that the MC primer set was initially designed to detect Salmonella in water
samples, the fecal samples as the source of the DNA extracts were acknowledged as a variable in
the frequency of positive results through PCR. Fecal samples tend to have higher levels of
inorganic materials and inhibitors compared to water samples, which could interfere with Taq
polymerase interacting with the DNA template during PCR (21). As a final assessment of primer
efficacy of the MC primer set, a PCR with bovine serum albumin (BSA) was performed on 3
previously positive samples from shelter dogs, 3 previously negative samples from shelter dogs,
3 previously positive samples from feral cats, and 3 previously negative samples from feral cats.
BSA was added to interact with possibly interfering inorganic molecules and other inhibitors in

the fecal samples and enhance polymerase activity. The reaction mixture was composed of 12.5



pL of GoTaq Master Mix (Promega Cooperation, Madison, W1, contains Taq polymerase,
dNTPs, MgCly, and reaction buffer), 8.5 pL of nuclease-free water, 1 pL of BSA, 1 pL of
forward primer (10 uM), 1 pL of reverse primer (10 uM), and 1 pL of the DNA template from
the fecal sample DNA extract. The PCR was performed under the conditions listed in Table 1 for
the MC primer set, then a 1.5% agarose gel was used to visualize the reactions. The results from
this gel are summarized in Table 3, and there were notable differences in the number of
previously positive samples that returned as positive in the PCR with BSA. One sample from
both the canine and feline fecal samples that had initially returned as negative was positive for
the invA gene in the PCR with BSA; however, 1 sample from both the canine and feline fecal
samples that had initially returned as positive was not positive in the PCR with BSA. This
suggested that BSA can impact the number of positive results when added to the PCR mixtures
as it increased the amplification of a previously negative sample in both the canine and feline

groups, while decreasing the amplification of a sample that was previously positive.

Discussion

This research indicates that there is variability between primer sets in detecting the invA
gene, and the possibility of improving Salmonella diagnosis to extend beyond confirmation with
the invA gene. It has also offered insight into the distinctions between primer sets as dependent
on the source of the DNA extract. This is demonstrated as the MC primer set was designed to
screen for Salmonella in water samples, compared to its application in this study to fecal
samples. This can be considered if the fecal samples contain more inorganic materials and
inhibitors than the water samples, as the inorganic molecules and PCR inhibitors would inhibit
Taq polymerase from interacting with the DNA template (21). BSA is noted to increase the

efficiency of PCR by reducing interference by inorganic materials and tends to be more reliable



than other additives, such as glycerol and dimethyl sulfoxide (DMSO), but the results of this

study reveal a possible variable effect induced by BSA (22).

Another note to consider is primer strength and the ability of certain primers to detect
DNA at lower concentrations within a sample based on their intended design. Two components
of primer strength are GC content and melting temperature, as stated in Table 1, where GC
content greater than 50% may increase primer binding to non-target templates (23). The MC
primer set has the lowest GC content compared to the other primer sets, which may influence its
lower melting temperature and its ability to detect the invA gene at a higher frequency. Primer
efficacy is also influenced by the differing DNA detection limits of the MC primer set and the
KC primer set as the MC primer set was able to target the invA gene in fecal samples at a lower
DNA concentration than the KC primer set. This may also contribute to the differing results

between the primer sets.

The original DNA concentration of the DNA extract is an additional factor to consider in
PCR. The high DNA concentrations of the feline fecal samples refutes the possibility that a low
DNA concentration could have accounted for the low number of positives in the PCR results.
This supports the reasoning that the samples may not have had as much Salmonella as was
previously detected by sequencing, or that PCR may not be the most effective method to identify
Salmonella in fecal samples. High DNA concentration in the feline fecal samples could also
indicate that DNA from other organisms interfered with the invA PCR. Another possibility is that
the DNA extracts from which the DNA templates were pipetted were not completely
homogenous with DNA, therefore, a mechanical error in not vortexing the DNA extracts prior to

adding them to the PCR mixture may have played a role in the results.



In general, the invA gene may not be the most reliable gene to detect Salmonella as a
study confirmed several invA primer sets to be producing false-positive results with bacteria in
the Salmonella, Citrobacter, and Enterobacter genera (24). Even though the sequencing results
of this study confirmed the alignment of the invA amplified sequences from canine fecal samples
and feline fecal samples with Salmonella, the possibility of the invA primers binding to DNA
templates in other bacteria is concerning as the MC, KC, and VO primer sets were not tested
with other bacterial species. Another study performed an in-situ analysis of invA primers that
resulted in a false detection rate of 87.5% as the invA gene was detected in bacterial species other
than Salmonella (25). The researchers cited multiple events of horizontal gene transfer of SP-1
into other genera as possible evidence for invA detection in different bacteria (25). This would
indicate that the invA gene is not uniquely conserved to Salmonella and that amplification of
other genes in Salmonella would be better suited to PCR detection to limit cross-reactivity with
other genera. To increase the reliability of Salmonella detection, PCR with culturing and
multiplex PCR for simultaneous detection of multiple genes within a single reaction mixture
should be considered. Another option is to detect Salmonella positives through PCR, then culture
those presumptive positives on selective media for Salmonella. By ensuring accurate detection,
this can increase awareness of the actual prevalence of Salmonella in shelter dogs and feral cats

and encourage preventative measures to reduce transmission between humans and animals.



Table 1: Overview of each primer set

Tables

Primer Sequence GC Melting Size of Amplification
Set Content Temperature  Fragment Conditions
(%) (°O) Amplified
(bp*)
MC Forward (FWD) FWD - FWD - 58.4°C 293 bp Initial denaturation -
primer -GTTGTC 43.5% 95°C for 5 min
set (17) TTCTCTATT 35 cycles of:
GTC ACCGT Denaturation at
95°C for 30 sec
Reverse (RVS)-  RVS- RVS - 58.7°C e Primer
CGA AAT 41.7% annealing at
ACC GCC AAT 55°C for 30 sec
AAA GTT e Elongation at
CAG 72°C for 60 sec
Final elongation of 72
for 7 min
KC FWD - GTG FWD - FWD - 61.8°C 284 bp Initial denaturation -
primer AAATTATCG  50.0% 94°C for 3 min
set (18) CCACGT TCG 35 cycles of:
GGC AA Denaturation at
94°C for 1 min
RVS - TCA RVS - RVS - 59.9°C e Primer
TCG CACCGT  54.5% annealing at
CAA AGG 60°C for 1 min
AACC e Elongation at
72°C for 1 min
Final elongation of 72
for 7 min
VO FWD - ACA FWD - FWD - 62.9°C 284 bp Initial denaturation -
primer GTGCTCGTT  45.8% 94°C for 3 min
set TAC GACCTG 35 cycles of:
AAT Denaturation at
94°C for 1 min
RVS - AGA RVS - RVS - 61.2°C e  Primer
CGACTGGTA 41.7% annealing at
CTG ATC GAT 60°C for 1 min
AAT o Elongation at

72°C for 1 min

Final elongation of
72°C for 7 min

*bp = base pairs



Table 2: Summary of PCR results from different invA gene primer sets

Primer Set Frequency of Positive Frequency of Positive
invA Results from Shelter  invA Results from Feral
Dog Samples Cat Samples
MC Primer Set 16/58 (27.6%) 6/56 (10.7%)
KC Primer Set 0/58 ND*
VO Primer Set 7/58 (12.1%) ND*

*Not done (ND) = samples were not tested with these primer sets

Table 3: Bovine serum albumin addition PCR results

# of PCR positive results  # of PCR positive results

of previously positive of previously negative
samples with BSA samples with BSA
Shelter Dogs 2/3 1/3

Feral Cats 2/3 1/3
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Figure 1: Overview of DNA extraction and PCR amplification from fecal samples of shelter

dogs and feral cats. Created in BioRender
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Figure 2: Geneious display of MC, KC, and VO forward and reverse primers within the invA

gene of Salmonella enterica subsp. enterica serovar Typhimurium str. LT2, complete genome

Figure 3: Gel of Dilution Series of Positive Control S. Typhimurium DNA Extract (L = Ladder,
Neg. = Negative control, Original = Original S. Typhimurium DNA extract, 1:10 = 1:10 dilution

of DNA extract)



Salmonella enterica subsp. enterica serovar Typhimurium BM1 InvA gene, partial sequence
GenBank: LC388417.1
GenBank FASTA
Link To This View | Feadback

I 1o 20 El 40 s 60 70 0 30 L 120 130 M0 80 0 |70 B0 [0 200 [0 (220 (230|240 =l
|
_—e e —————0——"——=x
G5 wssarr- | Find:| Bl==SCE Qme=T A Tools + | Tracks » ¥, Download + ¥ 7 +
] |40 |se ] |78 |s0 s |t00 |uo |t20 130 |10 |1s@ 168 [t78 |19 [1se 00 |ae |20 | e | 2
Sequence oox
_
iGenes W o 100x
» » ] » » » » = » O » » InvA—— b »
|{U) BLAST Results for: Nucleotide Sequence \ W oo
Query 3944771
B e [ I ’ 1
€ |4 |se e |78 [s0 |50 |10 |ue |12 |13 140 |158 160 |t7e 188 |18 00 a8 |220 |20 240 | 24
LC388417.1: 29.255 (227 ) /' 3 Tracks shown: 3/5

Figure 4: Alignment of positive control sequence amplified with the KC primer set with S.

Typhimurium invA gene (bracketed in yellow)

Salmonella enterica subsp. enterica serovar 4,[5],12:i:- strain Z1323HSL0041 chromosome, complete genome
GenBank CP149216.1
GenBank  FASTA
Link To This View | Faedback

# 00K E00K  EOOK_ M J200K  [ADOK  [L600K  [LBOOK |ZM  @00K  (2ADDK REOOK  @BODK [AM (300K |3A00K @E00K EEO0K MM M200K [4A00K 4E00K | E0T2HT3

D2 cums - Fnd v |y @) IES-¥ 1B R Tooks = | 3 Tracks + ¥, Duwlond - F 7 -

kﬂiﬁﬁ i i [,z | 220420 20 T B 2k |Ezlzm |z21408 ZELEM 220500 iz K |ezzzm0 [EEZADD |222.600 |22z ZEF K [ez3.zo0 |223400 ZEREM
eaence oox
[renes L (@ LBox
—_— L
e
\carr - —_—_. .+ Ju] [« ]
) g
[ el S
(U7 Aligmment for group templates, DLAST Results foz: Wucleotide Seqoence TR oo
Dby 4137565
3 ) 1=
(U7 BIXST Remalts for: Wocleotide Sequence TR gow
Dy MR
T Cornis
R a0 |z [zz0.200 |220.400 230 £ B0 -2 | 22120 |221.408 ZELEM 2L g2z K |22z [z22A |222500 22200 1 |zz3.200 |223.400 ERrEm

CPI48216.1: 2200 734K (3,912 t) /I Tenchs whewe: 48

Figure 5: Alignment of positive control sequence amplified with the MC primer set with S.

Typhimurium invA gene (bracketed in yellow)



Citations
Feasey, N. A., Dougan, G., Kingsley, R. A., Heyderman, R. S., & Gordon, M. A. (2012).
Invasive non-typhoidal salmonella disease: an emerging and neglected tropical disease in
Africa. The Lancet, 379(9835), 2489-2499. https://doi.org/10.1016/s0140-
6736(11)61752-2.
. Guibourdenche, M., Roggentin, P., Mikoleit, M., Fields, P. I., Bockemdhl, J., Grimont, P.
A. D., & Weill, F.-X. (2010). Supplement 2003-2007 (No. 47) to the White-Kauffmann-
Le Minor scheme. Research in Microbiology, 161(1), 26-29.
https://doi.org/10.1016/j.resmic.2009.10.002.
. Zhang, S., Kingsley, R. A., Santos, R. L., Andrews-Polymenis, H., Raffatellu, M.,
Figueiredo, J., Nunes, J., Tsolis, R. M., Adams, L. G., & BaumlerA. J. (2003). Molecular
Pathogenesis of Salmonella enterica Serotype Typhimurium-Induced Diarrhea. Infection
and Immunity, 71(1), 1-12. https://doi.org/10.1128/iai.71.1.1-12.2003.
M. Lilic, Quezada, C. M., & Stebbins, C. E. (2010). A conserved domain in type IlI
secretion links the cytoplasmic domain of InvA to elements of the basal body. Acta
Crystallographica Section D: Structural Biology, 66(6), 709-713.
https://doi.org/10.1107/s0907444910010796.
Rumeu, M. T., Suarez, M. A., Morales, S., & Rotger, R. (1997). Enterotoxin and
cytotoxin production by Salmonella enteritidis strains isolated from gastroenteritis
outbreaks. Journal of applied microbiology, 82(1), 19-31. https://doi.org/10.1111/j.1365-

2672.1997.tb03293.x.



10.

11.

12.

Gut, A. M., Vasiljevic, T., Yeager, T., & Donkor, O. N. (2018). Salmonella infection —
prevention and treatment by antibiotics and probiotic yeasts: a review. Microbiology,
164(11), 1327-1344. https://doi.org/10.1099/mic.0.000709.

CDC. (2024, October 10). Symptoms of Salmonella Infection. Salmonella Infection
(Salmonellosis). https://www.cdc.gov/salmonella/signs-symptoms/index.html.

Crump, J. A,, Sjélund-Karlsson, M., Gordon, M. A., & Parry, C. M. (2015).
Epidemiology, Clinical Presentation, Laboratory Diagnosis, Antimicrobial Resistance,
and Antimicrobial Management of Invasive Salmonella Infections. Clinical microbiology
reviews, 28(4), 901-937. https://doi.org/10.1128/CMR.00002-15.

Scallan Walter, E. J., Cui, Z., Tierney, R., Griffin, P. M., Hoekstra, R. M., Payne, D. C.,
Rose, E. B., Devine, C., Namwase, A. S., Mirza, S. A., Kambhampati, A. K., Straily, A.,
& Bruce, B. B. (2025). Foodborne Iliness Acquired in the United States-Major
Pathogens, 2019. Emerging infectious diseases, 31(4), 669-677.
https://doi.org/10.3201/eid3104.240913.

Bula-Rudas, F. J., Rathore, M. H., & Maraqga, N. F. (2015). Salmonella Infections in
Childhood. Advances in pediatrics, 62(1), 29-58.
https://doi.org/10.1016/j.yapd.2015.04.005.

Kumar, P., & Kumar, R. (2017). Enteric Fever. Indian journal of pediatrics, 84(3), 227—
230. https://doi.org/10.1007/s12098-016-2246-4.

Harris, J. B., & Ryan, E. T. (2015). Enteric Fever and Other Causes of Fever and
Abdominal Symptoms. Mandell, Douglas, and Bennett’s Principles and Practice of
Infectious Diseases, 1, 1270-1282.e3. https://doi.org/10.1016/b978-1-4557-4801-

3.00102-8.



13.

14.

15.

16.

17.

18.

Alhajj, M., Zubair, M., & Farhana, A. (2023). Enzyme Linked Immunosorbent Assay. In
StatPearls. StatPearls Publishing.

Reimschuessel, R., Grabenstein, M., Guag, J., Nemser, S. M., Song, K., Qiu, J., Clothier,
K. A., Byre, B. A., Marks, S. L., Cadmus, K., Pabilonia, K., Sanchez, S., Rajeev, S.,
Ensley, S., Frana, T. S., Jergens, A. E., Chappell, K. H., Thakur, S., Byrum, B., Cui, J.,
... Okwumabua, O. (2017). Multilaboratory Survey To Evaluate Salmonella Prevalence
in Diarrheic and Nondiarrheic Dogs and Cats in the United States between 2012 and
2014. Journal of clinical microbiology, 55(5), 1350-1368.
https://doi.org/10.1128/JCM.02137-16.

Sabshin, S. J., Levy, J. K., Tupler, T., Tucker, S. J., Greiner, E. C., & Leutenegger, C. M.
(2012). Enteropathogens identified in cats entering a Florida animal shelter with normal
feces or diarrhea. Journal of the American Veterinary Medical Association, 241(3), 331-
337. https://doi.org/10.2460/javma.241.3.331.

Cummings, K. J., Mitchell, P. K., Rodriguez-Rivera, L. D., & Goodman, L. B. (2020).
Sequence analysis of Salmonella enterica isolates obtained from shelter dogs throughout
Texas. Veterinary medicine and science, 6(4), 975-979.
https://doi.org/10.1002/vms3.320.

Shankar, P., Mishra, J., Bharti, V., Parashar, D., & Singh, S. (2019). Multiplex PCR
assay for simultaneous detection and differentiation of Entamoeba histolytica, Giardia
lamblia, and Salmonella spp. in the municipality-supplied drinking water. Journal of
laboratory physicians, 11(3), 275-280. https://doi.org/10.4103/JLP.JLP_66 18.

Rahn, K., De Grandis, S. A., Clarke, R. C., McEwen, S. A., Galén, J. E., Ginocchio, C.,

Curtiss, R., 3rd, & Gyles, C. L. (1992). Amplification of an invA gene sequence of



19.

20.

21.

22.

23.

Salmonella typhimurium by polymerase chain reaction as a specific method of detection
of Salmonella. Molecular and cellular probes, 6(4), 271-279.
https://doi.org/10.1016/0890-8508(92)90002-f.

Soubeiga, A. P., Kpoda, D. S., Compaoré, M. K. A., Somda-Belemlougri, A., Kaseko, N.,
Rouamba, S. S., Ouedraogo, S., Traoré, R., Karfo, P., Nezien, D., Nikiéma, F., Kabre, E.,
Zongo, C., & Savadogo, A. (2022). Molecular Characterization and the Antimicrobial
Resistance Profile of Salmonella spp. Isolated from Ready-to-Eat Foods in Ouagadougou,
Burkina Faso. International journal of microbiology, 2022, 9640828.
https://doi.org/10.1155/2022/9640828.

Punchihewage-Don, A. J., Schwarz, J., Diria, A., Bowers, J., & Parveen, S. (2024).
Prevalence and antibiotic resistance of Salmonella in organic and non-organic chickens
on the Eastern Shore of Maryland, USA. Frontiers in microbiology, 14, 1272892.
https://doi.org/10.3389/fmich.2023.1272892.

Schrader, C., Schielke, A., Ellerbroek, L., & Johne, R. (2012). PCR inhibitors -
occurrence, properties and removal. Journal of applied microbiology, 113(5), 1014-1026.
https://doi.org/10.1111/].1365-2672.2012.05384 .x.

Henegariu, O., Heerema, N. A., Dlouhy, S. R., Vance, G. H., & Vogt, P. H. Multiplex
PCR: Critical Parameters and Step-by-Step Protocol. BioTechniques, 23(3), 1997, pp.
504-511. https://doi.org/10.2144/97233rr01.

Bustin, S. A., Mueller, R., & Nolan, T. (2020). Parameters for Successful PCR Primer
Design. Methods in molecular biology (Clifton, N.J.), 2065, 5-22.

https://doi.org/10.1007/978-1-4939-9833-3_2.



24. Resendiz-Nava, C., Esquivel-Hernandez, Y., Alcaraz-Gonzalez, A., Castaneda-Serrano,
P., & Nava, G. M. (2019). PCR Assays Based on invA Gene Amplification are not
Reliable for Salmonella Detection. Jundishapur Journal of Microbiology, In Press(In
Press). https://doi.org/10.5812/jjm.68764.

25. Joshi, Akanksha et al. “invA gene of Salmonella Pathogenicity Island-1: A dubious target

for Salmonella detection?”



