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Abstract

Salmonellosis is a gastroenteric infectious disease that produces significant harmful effects on human and animal health. In pigs, Salmonella
choleraesuis mainly causes enteritis and the manifestations begin 36 hours after infection with erosions, and edema of the cecal mucosa, at 64
hours later the intestinal wall is thickened and diffuse classification underlying the erosion is observed. The necrotic membrane is affected at
96 hours and at 128 hours the intestinal wall is inflamed. It commonly affects pigs from weaning to 3 or 4 months of age, the septicemic form
is the most common that can occur. Conventional diagnosis (bacterial isolation) of this microorganism is laborious and requires investing a lot
of time, and special sterility conditions in the laboratory, since it is based on bacterial culture and the identification of the main biochemical
characteristics of the microorganism. In the present study, the usefulness of molecular methods as a safe and rapid tool for the identification
of salmonella variants of epidemiological importance in human and animal health has led to the development of laboratory techniques that
allow a clear differentiation between the common flagellated variants of salmonella and non-flagellated variants, in addition to distinguishing
subspecies between strains that possess flagella.

The objective that was raised was to develop oligonucleotides different from those reported to identify Salmonella choleraesuis. The main
methodology consisted in the development of specific oligonucleotides, based on the regions of the genomic sequence of the Salmonella chol-
eraesuis flagellum that are more conserved and whose similarity between serotypes estimated to be around 99.9%. Several tests were carried
out that verified the effectiveness of the designed oligonucleotides and the serotype Salmonella choleraesuis could be diagnosed with great
efficiency.
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lates could be classified into a single serotype: Salmonella choleraes-
uis, these serotypes were subsequently sub classified into 7 groups
based on DNA similarity and host range (Silva, et al. [2]). In 1999,
Jean Paul Euzéby proposed the designation of Salmonella enterica,

Introduction

Daniel Elmer Salmon a Veterinarian who is credited with being the
first to investigate bacterial diseases, in 1885 he discovered the first

strain of Salmonella in the intestine of a pig with swine cholera, which
was later called Salmonella choleraesuis (Boyen, et al. [1]). At that
time there were multiple types of Salmonella that were taxonomically
accepted, however, as a result of subsequent research in genetics popu-
lation indicating a high degree of DNA similarity, all Salmonella iso-
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thus replacing the species of the genus Salmonella, from Salmonella
choleraesuis to Salmonella enterica. Among Salmonella enterica
serotypes, more than 2,600 serotypes have been reported worldwide.
All these or the majority cause 80% of the confirmed cases of salmon-
ellosis in Europe (EFSA [3]), in France specifically during 2009, 38.9%
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of isolates were of Salmonella in humans and 13% in food and animals
that corresponds to Salmonella typhimurium (Bugarel [4]).

Salmonella Typhimurium and Salmonella enteritidis have a wide
range of hosts (around 18) and can infect a considerable number of
animal species; some others, such as S. abortusovis which affects
sheep and goats, S. pullorum and S. gallinarum which affects poultry,
S. choleraesuis which affects pigs, S. dublin which affects cattle and
S. arizonae which has been isolated from reptiles, are the most high-
ly adapted to specific animal species, but occasionally infect humans
(Chiu, et al. [5,2]). The intestinal tract of almost all animal species is
the main reservoir of Salmonella enterica and has been isolated from
feces, water, food and products of animal origin (Silva, et al [2]). The
bacteria can remain viable in feces for up to months (Ochoa, et al. [6]).
They are bacteria classified as Gram negative, they essentially have 3
layers: the cytoplasmic membrane (inner membrane), the peptidogly-
can cell wall (murein) and an outer membrane. The space between the
two membranes is called the periplasmic space and comprises the cell
wall (Wray, et al. [7]).

The cytoplasmic membrane is composed of phospholipids and
proteins, where the synthesis of phospholipids, peptidoglycan and
lipopolysaccharides takes place, it is also the anchoring site of DNA
during replication and has an important role in cell division (Wray, et
al. [7]). The presence of this pathogen can be confirmed by different
methods, being the bacterial isolating the most effective, but with a
lot of time investment. There are other insensitive methods such as
serological ones, but they are rapid diagnostic methods. In general,
the identification of microorganisms is done through stool samples
and in the case of disseminated disease, through blood. Biochemical
tests help us to identify the presence of Salmonella and distinguish be-

tween serotypes, using serological tests for somatic, flagellar and cap-
sular antigens (Levy et al. [8]). Serological tests include agglutination
tests and enzyme-linked immunosorbent assays (ELISA).

ELISA tests can be used to screen for pathogens in bulk milk or in
pig muscle tissue samples. Serological tests detect only a limited num-
ber of serotypes, serology is often of limited use in individual animals,
since antibodies do not appear until a few weeks after infection and
may also be present in uninfected animals (Chen, et al. [9]). On the
other hand, molecular methodologies are more precise and faster, al-
though their use is rare, the case of PCR is a technique that has con-
tributed to the development of medicine, in such a way that treatments
are effective when there is identified the presence of the pathogen.

Methodology

A complete cycle farm was located with frequent diarrhea problems
in piglets and which also presented decay. Subsequently, stool samples
were collected in different places, a part was sent to the Microbiology
and Public Health laboratory of the FMVZ of the BUAP in the Zoo-
technical Post for bacterial isolation. The other part was used to obtain
genomic DNA using a commercial Axygen® multisample kit following
the manufacturer’s protocol, later the DNA was quantified by spectro-
photmetry and its integrity was observed in 1% agarose gels with 1X
TBE as a running buffer. For the design of the oligonucleotides, the
Perlprimer v1.1.21 program was used and the conserved regions of
two specific flagellar genes (FliA and FljB) were considered as a ref-
erence, the specificity of the oligonucleotides was corroborated by an
alignment with all the sequences of the genes reported for all organ-
isms in GenBank. The following table (Table 1) shows some character-
istics of the designed oligonucleotides.

GenBank Access Sense Antisense Amplicon
TGAACAAATCCCAGTC- TCCTGTCGCTTCATCG-
U17177.1 CGCA TAATCTG 1003 pb
CTGGACGCTAAACG- ACGTAGCCACTCTT-
AB010947.1 TATTGATGTG CATAGTTAGTC 209 pb

The standardization of the mean temperature (TM) for the alignment
of the oligonucleotides was carried out using an end-point thermo-
cycler with Thermo® brand gradients, which served to establish an
amplification protocol for multiplex PCR, in which they were included
the two pairs of primers for the specific sequences of interest and DNA
samples of Salmonella typhimurium, Salmonella choleraesuis and
Salmonella senftenberyg already identified and reconfirmed by means
of bacterial cultures. The first two bacteria present flagella (the oligo-
nucleotides were specifically designed for these serotypes, the third
was used as an internal control since this serotype does not have a
flagella and ensures the correct and adequate amplification of the PCR
products). The following are the thermal cycler conditions for PCR
(Table 2). Subsequently, the amplicons were subjected to horizontal
electrophoresis in 1.5% agarose gels with 1X TBE and a molecular
weight marker as a reference standard on a 100 bp scale.

Temperature Time Cycles
94° C 3 minutes 1
94°C 30 seconds
60° C 30 seconds 25
72°C 1 minute
72°C 10 minutes 1

The expected size of the bands for the classification of the genes was
1003 bp for FIjB and 209 bp for FliA. Salmonella tiphymurium only
expresses the FliA gene, so only a 209 bp band was expected, while
Salmonella choleraesuis expresses both FliA and FljB and would

%

Int ] Vet Med. 2022;1(1):1-4. DOI: 10.51626/ijvm.2022.01.00005

amplify two bands, one of 209 bp and the other of 1003 bp. Salmonella
senftenberg is a bacterium that does not have a flagellum, therefore, it
does not express either of the two genes and therefore does not amplify
any band, so it was used as an internal negative control.

Results

The expected fragment sizes for the corresponding amplified regions
were 1003 and 209 base pairs (Figure 1). In lane M, the Molecular
Weight Marker is shown in a ladder from 100 to 3000 bp. The ST lane
shows the amplicon for Salmonella thyphimurium, the SCS lane the
one corresponding to Salmonella choleraesuis, and SS the amplified
one for Salmonella senftenberg. N represents the negative control
(no DNA). Figure 1 shows that Salmonella typhimurium and Sal-
monella choleraesuis amplify a 209 bp fragment and only Salmonella
choleraesuis amplifies the 1003 bp fragment and while Salmonella
senftenberg used as internal negative control does not amplify either
of the two fragments, this because the oligonucleotides are specific for
flagellar genes that Salmonella senftenberg does not possess. From
the stool samples that were collected on the farm, the DNA was isolat-
ed and PCR was performed for diagnostic purposes, two samples were
identified as positive that were also corroborated by bacterial isolation,
which confirmed the efficacy of our diagnosis, in addition to be able to
do it in a short time (approximately 7 hours).

Figure 2 shows an image of an agarose gel with the banding patterns
that served for the diagnosis. All the tests that were carried out by PCR
were corroborated by bacterial isolates for each of the samples, and
Escherichia coli strains were also found in these isolates.
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MP ST ST SCSSCS SS N

1003 pb

209 pb

Figure 1: Digital image of a 1.2% agarose gel with 1X TAE, the amplification
pattern for the three Salmonella serotypes is shown; ST, S. typhimurium, SCS,
S. cholerasuis and SS, S. senftenberg. MP, molecular weight marker and N,
negative control.

M1 M2 M3 M4 M5 SCS ST C MP

Figure 2: Digital image of a 1.5% agarose gel, 1X TBE. The first lane shows
the molecular weight marker (MP), from lanes 2 to 6 (M1, M2, M3, M4, M5)
samples of animals suspected of salmonellosis, samples M2 and M3 were iden-
tified as positive for Salmonella choleraesuis (the two bands are observed; one
of 1003 and the other of 209 bp), in lane 7 a typified sample of Salmonella
choleraesuis (SCS) used as positive control is presented, in lane 8 Salmonella
typhimurium (ST) as control of Salmonella with flagella, in lane 9 the negative
control (C) and in lane 10 molecular weight marker (MP).

Discussion

Molecular techniques such as PCR offer alternatives to improve de-
tection quickly in the diagnosis of diseases, also offering high sensitiv-
ity and specificity. The identification of salmonellae represents a major
problem for those engaged in microbiological diagnostics, due to the
large number of existing serotypes. Most diagnoses are made through
serological tests such as ELISA and Dot-blot tests that use antibodies
for detection, these tests are of great help especially when the bacteria
cannot be isolated due to the existence of a treatment with antibiot-
ics or due to the lack of implements to carry out a microbiological
diagnosis. However, these tests are very slow to perform and not very
sensitive compared to molecular methodologies Some authors such
as (Haque, et al. [10]) developed a nested PCR using the oligonucleo-
tides reported by (Song, et al. [11]) and by (Frankel [12]). However,
the methodology used for a nested PCR requires two amplification
processes, which increases the time and costs of the diagnosis.

The oligonucleotides that we use in this work were designed with
the objective of detecting two specific genes of the flagellum (multiple
PCR). Several pairs of oligonucleotides have been proposed based on
non-flagellar gene sequences such as hilA and invA, but which de-
tect many serotypes such as; S. typhi, S. typhimurium, S. choleraes-
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uis, S. paratyphi A, S. paratyphi B, S. enteritidis, S. gallinarum and S.
pullorum (Cardona-Castro, et al. [13,14]). The existence of the large
number of Salmonella serotypes complicates the specificity of the pro-
posed oligonucleotides. In the tests that were carried out in this work,
the effectiveness of the designed oligonucleotides could be verified,
since serotypes that have a flagellum can be discriminated from those
that do not, and in turn, separate different serotypes that occur very
frequently. As contaminants in products of animal origin and that are
not always pathogenic [15,16].

Conclusion

During the study it was determined that the samples collected and
analyzed by PCR were very useful to corroborate the effectiveness
of the oligonucleotides. In the tests carried out, some samples, both
positive and negative, could be diagnosed with great effectiveness. It
is worth mentioning that all this was confirmed by bacterial isolates,
showing similarity in the results, so the effectiveness of the methodol-
ogy is high to identify Salmonella choleraesuis in pigs.
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