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Abstract

Background: Salmonella spp. causes food poisoning in humans and is frequently transmitted from animals to humans. Food poisoning by Salmonella spp. is
characterized by acute gastritis, diarrhea and can be fatal. Salmonella spp. are important foodborne pathogens, causing food poisoning in humans and are often
transmitted from animals to humans. Chickens are considered one of the main reservoirs of Salmonella and play an important role in the transmission of
salmonellosis through contaminated chicken products. However, information on the prevalence and virulence characteristics of circulating Salmonella strains
in chickens in Hue city, Vietnam, is still limited. Therefore, this study aimed to isolate Salmonella spp. from chicken fecal samples and to investigate the
presence of selected virulence genes.

Materials and Methods: A total of 270 fecal samples were collected from chickens of different ages (1-13 weeks) showing clinical signs of salmonellosis,
including diarrhea, lethargy, reduced feed intake, ruffled feathers, and pale combs. The samples were cultured on HiCrome Salmonella Agar for Salmonella
isolation. Species identification was carried out, using 16S rRNA gene sequences and phylogenetic analysis. PCR was performed to determine virulence genes
in the identified strains.

Results: A total of 108 Salmonella isolates were obtained from 270 samples (40%). Using 16S rRNA sequencing and phylogenetic analysis, 15 out of 20
Salmonella spp. isolates were identified, of which six strains were identified as Salmonella pullorum, six strains were identified as Salmonella gallinarum,
three strains were identified as Salmonella typhimurium and other strains of Salmonella spp. PCR was performed to identify the virulence genes Stn, fimA,
invA, spvR, ivaB, spvC of the 15 strains, with the presence being 15/15 (100%), 9/15 (60%), 15/15 (100%), 10/15 (66.7%), 11/15 (73.3%) and 4/15 (26.6%),
respectively.

Conclusion: This study showed a relatively high occurrence of Salmonella spp. in chickens suspected of fowl typhoid (salmonellosis) in Hue City, Vietnam.
The high detection rates of virulence genes such as stn and invA, together with the presence of ivaB, spvR, and fimA, indicate that the isolated strains possess
considerable pathogenic potential, whereas spvC was detected at a lower frequency. These findings highlight the need for enhanced surveillance and control
of Salmonella infections in poultry production to reduce risks to animal health and food safety.
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chickens. This disease has caused significant economic losses
for the poultry industry.*® The disease is characterized by a
Salmonella is a common foodborne pathogen in humans and  nymper of clinical features such as anorexia, abdominal pain,
other animal species, including livestock and poultry.*? diarrhea, high mortality rate in chickens, reduced egg
Some strains such as S. enteritidis and S. typhimurium can  yroqduction in laying hens, reduced fertility and hatchability.

infect poultry and humans. Other Salmonella species suchas  Toxin genes such as stn, fimA, InvA, and spvR, spvC have
S. pullorum and S. gallinarum only cause typhoid in
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been widely published by many authors to detect virulence
genes in Salmonella spp.”® There are many methods to
identify bacterial species in the gut microbiota. Among them,
many reports have shown that molecular methods are useful
to address this challenge. Among all the sequencing
platforms, 16S rRNA sequencing technology provides
sufficient length (1500 bp) for informatics purposes and has
been wused for phylogenetic studies and bacterial
taxonomy.>1% Therefore, the objective of this study was to
identify Salmonella spp. The causative agent of typhoid in
chickens is based on 16S rRNA sequences, building a
phylogenetic tree and detecting some toxin genes of isolated
strains. This will serve as a foundation for further research on
the development of recombinant antigens to immunize
chickens, creating egg yolk antibodies against several toxins
of Salmonella spp. for use in the prevention and treatment of
avian typhoid.

2. Materials and methods

2.1. Bacterial strains

A total of 270 fecal samples were collected from chickens of
different ages (1-13 weeks) showing clinical signs of
salmonellosis, including diarrhea, lethargy, reduced feed
intake, ruffled feathers, and pale combs, from three wards in
Hue City.

A total of 270 fecal samples (10-50 g) were aseptically
collected from chickens suspected of salmonellosis and
transported to the Laboratory of Immunology and Vaccines,
Institute of Biotechnology, Hue University under refrigerated
conditions (2-8 °C) within 24 h. Sample collection and
handling followed the Vietnamese National Standard TCVN
8400-12:2011, and bacterial isolation was performed
according to TCVN 10780-1:2017. Briefly, samples were
homogenized by vortexing and pre-enriched in Luria Bertani
(LB) broth, followed by selective enrichment in Rappaport
Vassiliadis (RV) broth at 37 °C for 24 h. The cultures were
then streaked onto HiCrome™ Improved Salmonella Agar
and incubated at 37°C for 24 h. Presumptive Salmonella
colonies were identified based on their characteristic
morphology, typically appearing red to pink.

2.2. Genomic DNA extraction

Twenty suspected Salmonella spp. strains were randomly
selected and named (SalHuel-SalHue20). All were cultured
in Rappaport-Vassiliadis medium (Himedia, India) and
incubated at 37°C with shaking at 100 rpm for 14 hours. The
cell pellets were harvested by centrifugation at 10,000 rpm
for 5 minutes. DNA was extracted using the CTAB method
as previously described by Doyle and Doyle (1996) and
Sambrook and Russell,***2 briefly described as follows: 250
pL of CTAB buffer was added to the bacterial pellets,
followed by 5.0 puL of Proteinase-K (20 mg/mL), and then
incubated at 70°C for 10 minutes. Next, 2 volumes of
phenol/chloroform/isoamyl  alcohol — (25:24:1)  were

thoroughly mixed with the suspension and centrifuged for 5
minutes at 13,000 rpm at 4°C. The DNA was precipitated
with cold 100% ethanol, then dissolved in TE buffer (50 pL)
and stored at -20°C for further analysis.

2.3. Molecular detection of Salmonella spp.

Twenty fecal samples were collected from chickens
exhibiting typical clinical signs of salmonellosis, including
diarrhea, lethargy, reduced feed intake, ruffled feathers, and
pale combs. Bacterial isolates showing characteristic colony
morphology and typical biochemical properties of
Salmonella were selected for molecular identification. The
specific 16S rRNA gene region was amplified by PCR to
confirm the identity of the bacteria. The primer sequences
used for PCR amplification and the thermal cycling
conditions were applied according to previously described
methods.®*®  Successful amplification of the desired
sequences was visualized by resolving the PCR products in
2% agarose gel (Bioline, Japan) at 60 V for 35 min and
stained with 1 pL of 6x GelGreen® (Biosharp, China) for
each DNA sample. DNA bands were observed and
photographed using the runVIEW Mini system (Thistle
Scientific, UK).

2.4. 16S rRNA gene sequencing and phylogenetic analysis

The amplified DNA was purified with the Wizard PCR SV
Gel and PCR Clean-Up System kit (Promega, USA) and
sequenced at DNA Sequencing Limited Company, Vietnam.
Sequencing of PCR products was performed using the
BigDye Terminator version 3.1 Cycle Sequencing Kit
(Applied Biosystems, USA), and capillary electrophoresis
was done using 3130xI Genetic Analyzers (Applied
Biosystems, USA). The obtained sequences were compared
with the NCBI database using the BLASTn tool
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). In this comparison,
sequences of type strains most closely related to the
sequences of the isolates were determined. The sequences
were aligned using Clustal W. MEGA 11 was used for the
comparative analysis of molecular sequence data for
reconstructing the evolutionary histories of species and
inferring the nature and extent of selective forces shaping the
evolution of genes and species.

2.5. Detection of virulence genes in identified Salmonella
strains

After identifying the Salmonella strains, total DNA was
extracted following the procedure mentioned above.
Oligonucleotide primers were synthesized by Azenta Life
Sciences (Table 1). The amplification reactions were
performed in a final volume of 25 pL, containing 12.5 pL
MyTag HS Mix, 2X (Bioline, UK), 5 uL. DNA template, 5.5
pL Nuclease-Free Water, and 0.5 pL of each primer (20
pmol).

PCR was carried out using gradient temperature for each
primer pair (Table 1). The gradient temperature was set up
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for each primer at 5°C below melting temperature with 35 In terms of the morphology, all Salmonella spp. isolated were
cycles. The PCR condition included an initial denaturationat ~ Gram-negative and rod-shaped. The bacterial colonies
95°C for 2 min, followed by 35 cycles of amplification appeared pink to red on HiCrome Salmonella Agar (Figure
(denaturation at 95°C for 30 sec, annealing temperature at 1).
46.9°-50.8°C for 30 sec, and extension at 72°C for 45 sec),

and final extension at 72°C for 7 min.’>16 PCR products were
resolved on agarose gel, stained and observed as described
above.

2.5. Data analysis

Data were processed in Microsoft Excel 2021. The obtained
sequences were compared with the NCBI database via
BLAST search (http://blast.nchi.nlm.nih.gov/Blast.cgi).
Sequences were aligned using Clustal W. Comparative
analysis of sequence data was performed with MEGA 11.
Phylogenetic tree using partial sequencing of 16S rRNA gene
constructed with the Maximum Likelihood method with the
Tamura—Nei model was applied in MEGA 11, and branch
robustness was assessed using 1,000 bootstrap replicates.

3. Results
3.1. Characterization of Salmonella spp. isolates Figure 1: Salmonella spp. colonies on HiCrome Salmonella
Agar.

Table 1: PCR primers for the detection of virulence genes in identified Salmonella strains

'éz;%et Oligonucleotide sequences (5'- 3") E()k()gzzt;:isrlsz)e Reference
. F:CCTTTCTCC ATCGTCCTG AA
AMA | R. TGG TGT TAT CTG CCT GAC CA °12 (Cohen et al., 1996)°"
VA F-ACAGTGCTCGTTTACGACCTGAAT oa4 (Leeetal.,
R-AGACGACTGGTACTGATCGATAAT 2009)*?
F: CAGGTT CCT TCAGTATCGCA
SpVR 310

R: TTT GGC CGG AAATGG TCAGT
. F:GTT ATT TCAGCATAAGGAG ”
ivaB R ACT TGT CCG TGT TTT ACT C 599 (Chaudhary et al., 2015)
F:CTT TGG TCG TAA AAT AAG GCG
Stn R: TGC CCA AAG CAG AGAGAT TC
F: ACT CCT TGC ACA ACC AAATGCGGA (Phumkhachorn &

SPVC | R TGT CTT CTG CAT TTC GCC ACC ATCA 571 Rattanachaikunsopon, 2017

260
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3.2. Genomic DNA extraction and molecular detection of
Salmonella spp.

In this study, DNA quality was assessed by agarose gel
electrophoresis and clear, sharp and high molecular weight
bands without degradation were obtained, indicating the high
quality of purified DNA. Amplification of the 16S rRNA
gene of 20 isolates was carried out using a universal primer
pair (27F and 1492R). The PCR products were analyzed by
gel electrophoresis (2%), in which single fragments of about
1500 bp were observed (Figure 2).

- -

11 12 13 14 15 16 17 18 19 20 M

5 6 7 8 9 10 m

Figure 2: PCR amplification of 16S rRNA gene of 20
different isolates.

Lane M: DNA Marker with size of 50-2000 bp, Bioline; Lane
1-20 (SalHuel-SalHue20): 16S rRNA gene with size of 1500
bp.

To characterize the 16S rRNA, the PCR products were
sequenced by Sanger sequencing. The 16S rRNA sequences
obtained in this study showed a similarity of 98.32-99.90%

when compared with the 16S rRNA sequences of known
strains on the NCBI database. We successfully identified 15
out of 20 (75%) strains as Salmonella spp. Of these 15 strains,
six strains (SalHuel,8,9,14,15 and 20) were Salmonella
pullorum (40%); six strains (SalHue 2,3,6,7,10 and 12) were
Salmonella gallinarum (40%); three strains (SalHue5,16 and
17) were Salmonella typhimurium and other strains of
Salmonella spp. (20%) (Table 2).

The phylogenetic tree (Figure 3) confirmed the
taxonomic position of the isolated strains. The phylogenetic
tree demonstrated that the Salmonella isolates examined in
this study were divided into three major clades corresponding
to the serovars S. gallinarum, S. pullorum and S.
typhimurium. All major clades were supported by high
bootstrap values, indicating strong reliability of the genetic
clustering. Clade | consisted of S. gallinarum isolates
forming a distinct lineage with high genetic similarity.
Sequence analysis revealed that all six isolates exhibited 68—
100% similarity in the 16S rRNA gene compared with
reference strains of Salmonella enterica subsp. enterica
serovar Gallinarum (GenBank accession numbers:
OKO035700.1 and MN160602.1). Clade Il comprised S.
pullorum isolates. All six isolates exhibited 89-100%
sequence similarity to reference strains of Salmonella
enterica serovar Pullorum (GenBank accession numbers:
0OM988162.1, MF445124.1, MH352155.1), indicating close
genetic relatedness. Clade 111 comprised S. typhimurium
isolates and was strongly supported by high bootstrap values
(78-100%). The isolates within this clade exhibited 100%
sequence similarity to the reference strain Salmonella
enterica subsp. enterica serovar Typhimurium ATCC 13311.

Table 2: Percent identity with Genbank Accession number of 16S rRNA sequence of 15 isolates compared to those obtained

from BLAST search

Isolate Identified strains Percent identity (%) Genbank accession
No.

SalHue 1 Salmonella pullorum 98.74 MH352155.1
SalHue 2 Salmonella gallinarum 99,65 MN160602.1
SalHue 3 Salmonella gallinarum 99.53 MN160602.1
SalHue 5 Salmonella typhimurium 99.88 MH352194.1
SalHue 6 Salmonella gallinarum 98.61 MN160602.1
SalHue 7 Salmonella gallinarum 99.12 OKO035700.1
SalHue 8 Salmonella pullorum 96.76 MH352155.1
SalHue 9 Salmonella pullorum 99,88 MH352155.1
SalHue 10 Salmonella gallinarum 99.77 PQ577806.1
SalHue 12 Salmonella gallinarum 98.68 OK035700.1
SalHuel4 Salmonella pullorum 99.78 MH352155.1
SalHue 15 Salmonella pullorum 99.88 MH352155.1
SalHue 16 Salmonella typhimurium 98.28 MH346262.1
SalHue 17 Salmonella typhimurium 99.90 PQ288806.1
SalHue 20 Salmonella pullorum 98.32 MF445124.1
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Figure 3: Phylogenetic relationships among 15 Salmonella isolates based on 16S rRNA gene sequences. The phylogenetic tree
was constructed using the Maximum Likelihood method under the Tamura—Nei model implemented in MEGA 11, with branch
robustness assessed by bootstrap analysis using 1,000 replicates. Circular nodes indicate bootstrap support values (%). The
scale bar represents an estimated sequence divergence of 1%. Clades I, Il, and 1l are highlighted in green, blue, and yellow,

respectively

Table 3: Detection of virulence genes of identified Salmonella spp. strains by PCR

Isolate Identified strains Virulence genes
No. Stn fimA invA SpvR ivaB spvC
SalHue 1 Salmonella pullorum + + + - + -
SalHue 2 Salmonella gallinarum + + + - + -
SalHue 3 Salmonella gallinarum + - + + + -
SalHue 5 Salmonella typhimurium + + + - + -
SalHue 6 Salmonella gallinarum + + + + + +
SalHue 7 Salmonella gallinarum + - + + - +
SalHue 8 Salmonella pullorum + + + - - -
SalHue 9 Salmonella pullorum + - + + + +
SalHue 10 Salmonella gallinarum + + + - - -
SalHue 12 Salmonella gallinarum + - + + - -
SalHuel4 Salmonella pullorum + + + + + -
SalHue 15 Salmonella pullorum + - + + + -
SalHue 16 Salmonella typhimurium + + + + + +
SalHue 17 Salmonella typhimurium + - + + + -
SalHue 20 Salmonella pullorum + + + + + -
Percentage (%) 15/15 9/15 15/15 10/15 11/15 4/15
(100) (60) (100) (66.7) (73.3) (26.6)

+ Postive; - Negative

Notably, isolates within each clade exhibited high
sequence similarity to Salmonella reference strains available
in international databases, suggesting that the strains isolated

in Hue city are closely related to globally circulating lineages.
This observation implies that the local Salmonella population

may be influenced by widespread international strains and
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reflects the genetic conservation of these serovars within
poultry populations. Several minor branches displayed lower
bootstrap values (0.57-0.68), such as the isolate SalHuel7
identified as Salmonella typhimurium, indicating reduced
stability of phylogenetic relationships among closely related
isolates, which may be attributable to limited sequence
divergence.

3.3. Detection of virulence genes in identified Salmonella
strains

The virulence genes in 15 Salmonella spp. strains were
probed by PCR. The results showed that stn and invA toxin
genes were present in all strains (15/15). Meanwhile, the
ivaB, spvR, fimA and spvC toxin genes were present in 73.3%,
66.7%, 60% and 26.6% of the 15 strains respectively (Table
3).

4. Discussion

The 16S rRNA gene is most commonly sequenced to identify
Salmonella and discover new species.®>!” They are reliable
markers for analysis and construction of phylogenetic trees.'®
The Salmonella 16S rRNA gene sequence is highly
conserved and takes a long time to change and is therefore
widely used for species identification and genetic evolution
studies.!®?° The results of 16S rRNA gene sequencing of 15
isolated strains and the analysis of phylogenetic data showed
that six strains (SalHuel,8,9,14,15 and 20) shared high
sequence identity (96.78%- 99.88%) with Salmonella
pullorum strains (Genbank accession numbers MH352155.1;
MF445124.1; OM988162.1; MH352155.1); six other strains
(SalHue2,3,6,7,10 and 12) shared high sequence identity
(99.61%-99.77%) with Salmonella gallinarum strains
(Genbank accession numbers MN160602.1; OK035700.1;
PQ577806.1) and three strains (SalHue5,16 and 17) shared
high sequence identity (98.28%-99.9%) with Salmonella
typhimurium  strains  (Genbank accession  numbers
MH346262.1; PQ288806.1). Furthermore, a well-
characterized Salmonella typhimurium reference sequence
(GenBank accession number EU014686.1) was incorporated
as a control to confirm the correct branch assignment in the
phylogenetic tree.

However, the use of the 16S rRNA gene region as a
taxonomic marker also has certain limitations, among which
intragenomic gene redundancy is the most important. The
presence of multiple 16S rRNA gene copies within bacterial
genomes can bias abundance estimates based on gene copy
numbers, thereby leading to errors in microbial classification.
Another limitation is that the variable regions of the 16S
rRNA gene exhibit different degrees of sequence
heterogeneity, and even conserved regions show a certain
level of variability, which affects the design and selection of
PCR primers.?

As an alternative, the invA-specific gene is the
internationally recognized standard for detecting the

Salmonella genus.?? The InvA gene carries a unique gene
sequence of the genus Salmonella and is therefore commonly
used to detect Salmonella spp.?* This gene is responsible for
encoding a protein that helps Salmonella invade host
epithelial cells.??252¢ Fifteen Salmonella spp. were identified
and DNA extracted to perform PCR reactions to identify
virulence genes. In our study, all 15 strains carried the invA
gene (PCR product size was approximately 244 bp), a high
rate of invA gene carriage has also been reported by other
authors.?” %% Nguyen Thi Ngan et al. demonstrated that 20/20
(100%) Salmonella gallinarum pullorum isolates obtained
from eggs and chicken meat were positive for the virulence
genes stn and invA by PCR.3! Likewise, Indu Sharma and
Kashmiri Das (2020) identified the invA gene in 40/40
(100%) Salmonella isolates from chicken meat using PCR
amplification.®?

The combination of chromosomal and plasmid elements
is related to bacterial virulence factors. Salmonella strains
contain many different virulence genes, among which the stn
virulence gene encodes the important stn protein responsible
for causing gastroenteritis leading to fever, abdominal pain,
nausea, vomiting and diarrhea.® Virulence genes present in
Salmonella spp. strains are responsible for salmonellosis and
food poisoning in humans.?” The biological activity of stn
toxin plays an important role in the virulence of Salmonella
spp., causing acute gastroenteritis.® All Salmonella serotypes
carry the stn gene and this gene contains a unique sequence
considered suitable for detecting Salmonella strains in field
samples.3*%6 In this study, all 15 isolated Salmonella spp.
carried the stn gene with a predicted size of about 260 bp. The
stn gene was also present in all strains of Salmonella spp. in
previous works by others.”3%3" A study published in 2017 by
Zowail et al. reported that 100% (20/20) of Salmonella
isolates obtained from chicken internal organs carried the stn
gene.®

FimA is the gene encoding fimbriae in Salmonella spp.
Fimbria-mediated association with the intestinal epithelium
is a key step in the pathogenesis of enteric bacteria.*® In this
study, a 513 bp representing the fimA gene was detected in
9/15 (60%) Salmonella isolates. These findings are consistent
with previous reports.*® Many Salmonella isolates carried the
fimA gene containing a unique sequence and demonstrated
that this gene is suitable for PCR targeting to detect
Salmonella strains*. Several studies have reported that the
prevalence of the fimA gene in Salmonella isolates recovered
from chicken meat and internal organs reaches 100%.%?
However, Cohen et al. (1996) mentioned that Salmonella
gallinarum and Salmonella pullorum represent particular
cases with respect to fimbrial formation; while most
Salmonella serotypes produce type 1 fimbriae, which confer
diverse adhesive properties, S. gallinarum and S. pullorum
predominantly form type 2 fimbriae that lack adhesive
capacity.®® This observation is consistent with our findings,
in which the amplification rate of the fimA gene was 60%,
indicating that the gene is present at a relatively low
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frequency. This discrepancy may be attributed to the source
of isolation (chicken fecal samples) as well as
methodological limitations that may have resulted in failure
to detect the fimA gene in some isolates. Bacterial adhesion
is considered to be an important requirement for infection.
Evidence suggests that bacterial surface appendages such as
fimbriae or pili enable them to bind to specific receptors on
the epithelial or mucous cell surfaces of the intestine.*®
Although the virulence of several Escherichia coli fimbriae
is known, only type 1 fimbriae (fimA) are thought to play an
important role in Salmonella pathogenicity.*+*°

Amplifying the ivaB gene in fifteen isolates,
electrophoresis obtained a band of about 599 bp appearing in
11/15 (73.3%) strains. This result is similar to the previous
report.??2 The primers were designed based on the study by
Parichat Phumkhachorn and Pongsak Rattanachaikunsopon.
The invB primers were specifically designed to target the
invB gene region of Salmonella typhimurium, while showing
no specificity toward S. pullorum and S. gallinarum.
Consequently, the detected prevalence of the invB gene at
73.3% is considered appropriate.?? The function of this gene
is to act in the ivaB region, where the chromosome locus
contains specific structural genes for the expression of the Vi
(Virulence) antigen.*

The spvR gene was amplified in the isolate. The size of
the amplified DNA was 310 bp, appearing in 10/15 (66.7%).
The spvR gene encodes a protein that plays a role in the
virulence of the Salmonella plasmid, which is a 7.8 kb locus
consisting of 5 genes. The spvR gene is associated with some
Salmonella serotypes. At the same time, they have the
potential to increase the severity of enteritis and
infection.®>"47-43, Zavari et al. reported a 60% prevalence of
the spvR gene among S. typhimurium isolates from chickens,
whereas a lower prevalence (55%) was observed in 22
Salmonella isolates recovered from broiler chickens by
Lozano-Villegas et al.>05!

From the result of the amplification, PCR products
representing the spvC gene (571 bp) were found in 4/15
(26.6%) Salmonella isolates. The prevalence of this gene
among Salmonella isolates obtained from chickens has been
reported to be relatively low. Thuan Khanh Nguyen et al.
reported that the virulence gene spvC was detected in 54.70%
of the 75 Salmonella-positive samples.>> However, a lower
prevalence of the spvC gene was reported by Hamza M. Edid
et al., who did not detect this gene in any of the 26 Salmonella
isolates recovered from chickens (0%).*? Therefore, the
26.6% prevalence observed in the present study is consistent
with international reports.Gene spv (Salmonella plasmid
virulence) is a 7.8 kb locus consisting of 5 genes namely
SpVRAB 4853

5. Conclusion

In this study, Salmonella spp. was detected in 108 out of 270
chicken samples (40%) collected from chickens suspected of

having salmonellosis in Hue city, Vietnam. Molecular
analysis of the 15 Salmonella strains showed that all strains
carried major virulence genes such as stn and invA, while
most strains also carried fimA, ivaB, and spvR, whereas spvC
was detected at a lower frequency. The presence of multiple
virulence genes indicates that the circulating Salmonella
strains have the potential to cause significant disease in
poultry. These findings highlight the importance of
continuous monitoring and effective control measures to
reduce Salmonella infection in chickens and minimize
potential risks to animal health and food safety.
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