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Salmonella typhiin stool samples of patients
suffering from typhoid fever. In addition, to
the identification of virulence genes fimH
and csgA, which provide the ability for
Salmonella typhi to adhere and help in the
formation of biofilms.

Methodology: 250 stool samples were
collected in plastic containers from patients
visiting hospitals in Al- Diwaniyah city who
were suffering from typhoid fever. The
samples were then transferred to the
laboratory and cultured in a mediums
supported the growth of Salmonella. The
diagnosis was made using a range of
diagnostic and biochemical tests, in addition
to Vitek system and serological tests. After
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the extraction of DNA, the virulence genes
fimH and csgA of Salmonella typhi isolates
were studies using PCR techniques.
Results: According to the results showed
that 176 (69.6%) stool samples showed a
positive result for growth on culture media
used in the study, while 76 (30.4%) showed
a negative result for culture. and out of 174
positive stool samples of typhoid patients,
20 (11.4%) stool samples contained
Salmonella typhi. Analysis the results of the
PCR method to detect the genes showed
that 100% of the isolates contained the fimH
gene, and 35% of Salmonella typhi isolates
contained the csgA gene.
Conclusions: Salmonella typhi was found to
be a pathogen because it resulted in
infection, it was isolated from 11.4% of
typhoid fever patients, fimH is the most
dominant gene with a 100% rate, and the
gene csgA has a rate of 35%.
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Introduction

Salmonella typhi is a bacterial pathogen that is Gram-negative, rod-shaped, anaerobic, non-spore
forming and non-enveloped [1]. It is the primary cause of typhoid fever, which is associated with
people of low socioeconomic status and lack of general hygiene [2]. Since humans are these
bacteria's main host, infection can spread from one person to another, infection can also happen
when they are in the environment and come into direct contact with them [3]. Consuming street
food, dairy products and ice cream increases risk of infection and transmission, as does not
practicing basic personal hygiene and hand washing [4]. The bacteria enter the body through
digestive system by consuming food and water contaminated with the feces of patients and
carriers of this bacteria [5]. Salmonella typhi enters intestinal epithelium after ingestion and then
moves on to other organs like the liver, spleen and gallbladder, ten to fourteen days after ingestion
infection symptoms appear as headache, fever, intestinal and stomach pain, muscle discomfort,
and diarrhea [6]. Salmonella have a number of virulence factors, including flagella, cilia, and
pathogenic islands, which allow them to cause infection and cause pathogenesis [7]. One of the
most important virulence factors that enables these bacteria to cause pathogens is the cilia and
hairy appendages that help them to adhere to and colonize the host during infection [8]. Among
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the most crucial elements that aid Salmonella in colonizing host cells and adhering to different
surfaces are cilia and type | filamentary appendages. These appendages are encoded by fim
operon, which encodes a set of proteins. [9]. The encoded gene fimH binds to host cell receptors
that have mannose residues, which are crucial for adhering to target cell receptors, one of the key
components that aids bacteria in adhering to and invading host tissues is this protein [10]. Another
virulence factor of these bacteria is the presence of the curly fibers in the membrane of Salmonella
that play an important role in the adhesion of bacteria and the initiation of the formation of
biofilms by these microbes, these curly fibers consist of two operons, namely, the csgD-E-F-G and
the csgB-A-C operons [11]. These fibers form an integral part of the adhesion mechanism of the
microbes and enable them to invade the host cells and evade the host's immune system [12]. In
addition, presence of the csg operon in Salmonella has been linked with the formation of biofilms
that help the microbes withstand the effects of antibiotics; therefore, this gene has an impact on
the health of the public [13]. The csgA gene is a key gene associated with adhesion and biofilm
formation, thus enabling bacteria to survive and persist in the host environment [14]. Therefore,
due to the importance of this bacterium and the pathogens it causes, this study aimed to isolate and
diagnose Salmonella typhi from stool samples of patients suffering from typhoid fever and
investigating the presence of virulence genes represented by fimH and csgA genes using
polymerase chain reaction technology. These genes allow the organism to adhere and form
biofilms, increasing its survival and continuity. Studying spread of these genes in Salmonella typhi
can help in understanding the mechanisms that help it colonize host cells and perpetuate the
infection.

Methodology
Ethical approval

According to the guidelines provided by the ethics committees at Al-Furat Al-Awsat Technical
University, general ethics were adhered for the purpose of implementing the study's objectives
regarding the collection of stool samples from patients without compromising their health.

Sample collection

250 stool samples were taken from patients who visited Al- Diwaniyah Teaching Hospital and
Children's and Maternity Hospital in Al-Diwaniyah City, between (1/8/2024 to 1/12/2024). Sterile,
tightly sealed plastic containers were used to collect stool samples, and each patient's details were
noted on the container. After that, samples were transferred to the microbiology laboratory for the
purpose of performing the culture process.

Cultivation in vitro

Selenite F broth medium, which is a rich medium used to isolate Salmonella ssp. from stool
samples because it promotes its growth and inhibits growth of other microbial species, was
prepared in accordance with the manufacturer's instructions (Himedia), and inoculated with stool
samples, after that the tubes were incubated for 24 hours at 37°C [15]. Following that, each stool
sample was cultured from Selenite F broth medium by filling the wire loop with the sample and by
Streaking on culture media equipped by Oxoid Company. These included Salmonella-Shigella
(SS) agar, Xylose Lysine Deoxycholate (XLD) agar, and MacConkey agar, after that the plates
were incubated for 24 hours at 37°C [15; 16; 17].

Isolation and diagnosis

Salmonella isolates were isolated and identified based on the morphological characteristics of
colonies on the culture media used in the study. The ability of Salmonella to ferment lactose was
examined using MacConkey agar, and Salmonella were distinguished from Shigella using Xylose
Lysine Deoxycholate (XLD) and Salmonella-Shigella (SS) agar, which are differential media.
Microscopic features, such as the shape of bacterial cells under a microscope and examining the
result of their reaction with Gram stain were also used in the diagnosis. A range of biochemical
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tests were also used, including catalase and oxidase tests, in addition to a set of IMVIC tests such
as indole testing, growth on simmon citrate medium, and methyl red voges-Proskauer [15]. Also, a
growth test on urea medium and the Triple Sugar Iron test (TSI)\ were carried out [16; 17]. The
vitek test kit (Biomerieux) for Gram-negative bacteria was used to confirm the diagnosis and
precisely identify Salmonella isolates because it is a confirmatory test that yields accurate results,
the diagnosis was made in accordance with the Kkit's manufacturer’s instructions.

Serotyping identified of Salmonella ssp.

Serological diagnosis was carried out on bacterial isolates exhibiting Salmonella traits, by using
serum antibodies O and H made by (Oxoid). Young, pure colonies were taken from bacterial
isolates, and put on a glass slide, a drop of serum containing antibodies was added to them, they
were mixed and the outcome was noted. The absence of a clump or aggregation was regarded as a
negative result and the absence of the antigen, whereas the formation of a clump was seen as
evidence of the antigen's presence [18] [19].

DNA extraction

The PrestoTM Mini gDNA Bacteria Kit was used to extract DNA from Salmonella typhi isolates
under investigation and examine the genes in accordance with the manufacturer's instructions. The
purity and concentration of extracted DNA were then measured using a nanodrop (USA) device,
which measures concentration and purity at 260/280 nm absorption.

Primers

The design of primers used to examine the (fimH and csgA) genes in Salmonella typhi bacterial
isolates was based on [20][ 21] and as indicated in table (1).

Table (1) shows the gene sequences used in the study

Gene Name Sequences 5'-3' Size Product
fimH F | TGCAGAACGGATAAGCCGTGG
R| GCAGTCACCTGCCCTCCGGTA 508bp
F | GCAATCGTATTCTCCGGTAG
C9A  R| GATGAGCGGTCGCGTTGTTA 418bp

Prepared PreMix Kit

The kit included AccuPower® PCR premix was used to prepare the reaction mixture, and the
polymerase chain reaction was prepared according to the manufacturer's instructions (Bioneer,
Korea).

Conditions of PCR Thermocycler

Polymerase chain reaction was carried out using the thermal cycler (BioRad/USA) in order to
examine the genes (fimH and csgA), as indicated in table (2).

Table (2) Steps of the PCR reaction for the genes under study

PCR ste
Initial Final
Denaturati = Denaturation = Annealing | Extension | Cycles @ extension Hold
Genes on
fimH 95 -5 min 95 -30 sec 65 -30sec | 72-30 sec 72-5min
35 4°C

CSgA 95 -5 min 95 -30 sec 51- 30 sec | 72-30 sec 72-5min
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Electrophoresis

To determine the results of polymerase chain reaction of the (fimH and csgA) genes in Salmonella
typhi, electrophoresis was carried out using agarose gel medium, after loading genes in to a 1.5%
concentration agarose gel, the gel was submerged in a Tris/Borate/EDTA solution. Then the
device was turned on after the cover was firmly put in place, with a voltage differential of 100
volts and a current of 80 amps, the transfer occurred for an hour.

Analysis of statistic
The chi-square test (y32) was used to statistically analyze of the data based on [22].
Results

Isolation and diagnosis

This study examined the frequency of Salmonella typhi isolates that cause typhoid fever in
patients based on the diagnosis of the specialist physician. In addition to examining virulence
genes represented by the fimH and csgA genes, which are crucial components that enable bacteria
to adhere to and invade host cells. Following the collection of 250 stool samples from typhoid
fever patients, isolation and diagnosis results revealed that 174 (69.6%) of the total stool samples
showed bacterial growth on the culture media used in the laboratory. While 76 (30.4%) samples
had a negative culture result because no bacterial growth was visible on culture media, according
to table (3), which shows the percentages of microbial culture on the culture media.

Table (3) shows the result of culturing stool samples on culture media

Bacterial growth on culture media = Number | Percentage

Positive culture cases 174 69,6%
Negative culture cases 76 30, 4%
Total 250 100%
X2 76.83
P value <0.0001*

* Highly significant difference at P<0.01

M Positive culture cases B Negative culture cases

Figure (1) Distribution of culture-positive and culture-negative stool samples

The microbial diagnosis was carried out based on morphological features of the bacterial colonies
on selective and differential culture media used in the study to investigation of Salmonella
isolates. The bacterial isolation results were obtained were obtained after culturing stool samples
on cultures media, on MacConkey agar medium, Salmonella colonies were colorless and did not
ferment lactose. While Salmonella colonies appeared as colorless colonies with a black center on
Salmonella-Shigella (SS) agar medium as a result of producing hydrogen sulfide H2S, They differ
and distinguished from Shigella species because despite growing on Salmonella-Shigella (SS)
agar medium, they do not produce hydrogen sulfide. And the culture results revealed that the
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Salmonella colonies were red when grown on Xylose Lysine Deoxycholate (XLD) medium, and
colony centers appeared black due to the production of H2S. After pure colonies were taken from
bacterial cells isolated, treated with Gram stain and examined under a microscope, the results of
microscopic analysis revealed that they appeared as rod-shaped cells that tested negative for Gram
stain.

As shown in table (4), which displays the tests used to identify Salmonella isolates, the results of
the biochemical tests show that the traits displayed by the isolated bacterial cells consistent with
those of Salmonella. Following the addition of drops of hydrogen peroxide, colonies displayed
bubbles, indicating that it was capable of producing catalase enzyme, in contrast, the colonies
displayed a negative result for the oxidase test, as no color change transpired following the
reagent's addition. As for the IMVIC test kit, the isolates gave a negative result for the indole
because the addition of kovacs reagent did not produce a red ring at the top of the middle. The
methyl red test yielded a positive result, indicating that the medium turned red as a result of the
fermentation of sugar, additionally, voges-proskauer test produced a negative result. As for the
growth test on simmon’s citrate medium and use of citrates as the sole source of carbon and
energy, colonies showed a positive growth result on this medium, as evidenced by the medium's
color changing from green to blue. Also the colonies incapacity to change medium color from
yellow to pink was demonstrated by the negative growth results of the colony culture on urea
medium, this indicates that the medium's color has not changed due to an inability to produce
urease enzyme. On the other hand, when grown on Triple Sugar Iron (TSI) medium, bottom of the
medium turned yellow and surface appeared red, in the tubes holding the medium, the colonies
also showed black coloring, which indicated the production of hydrogen sulfide. All isolates
(99%) were identified as Salmonella by the VITEK test, a confirmatory test known for its
accuracy. The suspected isolates were confirmed to be Salmonella typhi by serological testing
with O and H antigens, which identify the antigens present in these isolates.

Table (4) Biochemical tests used to diagnose Salmonella typhi

Bacteria Tests Result
Gram stain -
Catalase +
Oxidase -
Indol -
Salmonella typhi Methyl red +
Voges-Proskauer -
Simmon’s Citrate +
Urease production -
H2S Production +
Triple Sugar Iron (TSI) +

(+): Positive (-): Negative

After completed of the diagnostic procedure, it was discovered that out of the 174 stool samples
that tested positive for culture, 20 isolates of Salmonella typhi were isolated from the stool
samples of patients who had typhoid fever. The percentage for this bacterium was 11.4%, while
the remaining percentage was for other bacterial genera, the statistical analysis's findings revealed
highly  significant  variations, as indicated in table (5) and figure (2).
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Table (5) Percentage of Salmonella typhi isolated from stool samples

Organisms Number Percentage %
Salmonella typhi 20 114
Other Microorganisms 154 88.5
Total 174 100
X2 206.3
P value <0.0001*

* Highly significant difference at P<0.01

100
920
80
70
60
50
40
30

x

10

Percentage

Salmonella typhi Other Microorganisms

Organism

Figure (2) shows the prevalence of Salmonella typhi isolated from stool samples
Molecular characterization of virulence genes

The presence of fimH gene was investigated in the bacterial isolates, which is one of the genes that
helps Salmonella typhi to adhere and enter host cells and cause infection. To detect the fimH gene,
all Salmonella typhi isolates obtained from patient stool samples underwent polymerase chain
reaction (PCR) testing. According to results from PCR analysis, UV light exposure, and fimH
gene amplification, the fimH gene was found in the Salmonella typhi isolates at a rate of (100%),
with a product size of (508 bp), it was discovered this gene was to be present in every Salmonella
typhi isolates. This is shown in figure (3), which showing the fimH gene electrophoresis results.
As for the csgA gene, by using PCR technology, the production of csgA gene was also examined
in every isolate. Salmonella typhi isolates were found to contain this gene at a rate of 35% and
with a product size of 418 bp based on the results of amplifying this gene after transferring it on a
1.5% agarose gel, a potential difference of 80 amps, and a voltage of 100 for an hour, it was found
that only 7 isolates contained csgA gene, as shown in figure (4), which shows the result of csgA
gene electrophoresis.
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Figure (3): Agarose gel electrophoresis of fimH gene in Salmonella typhi isolates with
product size 508bp

Figure (4): Agarose gel electrophoresis of csgA gene in Salmonella typhi isolates with product
size 418bp

According to table (6) and figure (5), which display percentages of distribution of these genes, the
statistical analysis revealed highly significant differences at the P<0.01 level. Indicating that the
fimH gene is widely distributed in the isolates of Salmonella typhi, indicating its role in the
adhesion process and assistance in invading the host, in contrast to the csgA gene, which appeared
at a lower percentage in Salmonella typhi isolates.

Table (6) Distribution of virulence genes in Salmonella typhi isolates.

Genes Number of positive Percentage (%0)
isolations
fimH 20(20) 100
CSgA 20(7) 35
X? 24.54
P value <0.0001*

* Highly significant difference at P<0.01
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Figure (5) shows the prevalence of virulence genes in Salmonella typhi
Discussion

Salmonella is a pathogen that has a big influence on public health. It is an opportunistic bacterium
that causes infection, and its spread is a threat to health [23]. Thus, the purpose of this study was
to investigate its spread and to investigate the factors that contributes to its pathogenesis.
According to the study's findings, 174 stool samples from typhoid fever patients had positive
growth results (69.6%), whereas only 76 samples (30.4%) had no bacterial growth on the culture
media for the samples initial culture. This rate of bacterial growth after culture of stool samples
gives a clear proof that stool samples collected from the patients contain live bacteria. Regarding
the stool samples that did not exhibit any microbial growth on the culture media used, this could
be because the patients may had taken antibiotics prior to the test, which inhibits bacterial growth
and prevents it from appearing on cultures media. Alternatively, it could be because other
pathogens were present that the culture media used in this study were unable to detect. Salmonella
typhi accounted for 11.4% of the total number of culture-positive stool samples which amounted
to 174 samples, according to the diagnostic procedures of bacterial colonies that emerged on the
differential and selective cultures media used to isolate Salmonella typhi and the ensuing
biochemical and confirmatory tests. This isolation rate was in line with that of [24], who
discovered that 12.0% of stool samples contained Salmonella typhi, [25] reported an isolation rate
of 14.6% for this bacterium, which was comparable to our findings. Our findings were higher than
those of [26], who discovered that Salmonella typhi was isolated from stool samples at a rate of
4.2%, also our findings were different from those of [27], who reported a higher isolation rate of
Salmonella typhi reaching 72.5% than we obtained. When comparing our findings to those of
other studies, the disparity in isolation rates could be attributed to variations in the number of
samples examined, location of the study, ultimately, and the type of patients from whom the
samples were obtained. In addition, some patients may taking antibiotics that have an effect on
eliminating bacteria and thus affect the result of bacterial isolation. These results are consistent
with [28] who indicated that the differences in prevalence of Salmonella depend on the type of
patient, size of samples and geographic location.

PCR technique was used in molecular detection of the fimH and csgA genes in Salmonella typhi
because it is an important molecular method for understanding the mechanisms that enable
pathogens to cause infection. The results obtained when investigating virulence genes in
Salmonella typhi isolates showed that the fimH gene was found in all isolates at a rate of 100%.
The high frequency of fimH in Salmonella typhi indicates that the gene plays a vital role in the
virulence of the bacteria in initializing infection, adhesion, and entry host cells and causing
disease. This agrees with findings by [29], who identified fimH as an important factor in
pathogenesis, with fimH aiding pathogens in their adherence to epithelial tissue. This is due to
fimH being an adhesive protein, which enables pathogens to bind with their receptors [30]. These
results were consistent with what was found by [31] who found that the fimH was present in 100%
of Salmonella strains isolated from stool samples, while results of our study different from those
of [32] in Dhi Qar Governorate, as he found that this gene was found only in 20% of Salmonella
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isolates. As for csgA gene, this gene is responsible for the formation and production of curly fibers
that play an fundamental role in adhesion and creation of biofilms, it was established that this gene
is present in 35% of salmonella typhi because there was a variation in the possession of this gene
by the isolates. Our results were different from those in [33], where they found that all Salmonella
typhi isolates they studied had this gene. The absence of this gene in some isolates may be due to
genetic mutations, which alter the gene expression of csg genes [34]. Our results show that some
isolates of Salmonella typhi carried both genes, indicating that these isolates have capacity to both
adhere and form biofilms, with the adhesion process being significantly influenced by fimH gene.
As for csgA gene, it is responsible for the curly proteins that are essential for movement,
colonization and survival, it also plays a part in the formation of biofilms by improving the
surface-to-cell interactions that occur according to [35]. Therefore, compared to the isolates that
do not contain these genes together, these isolates are more virulent and pathogenic, which allows
the bacteria to survive, persist, resist environmental conditions and resist the effects of antibiotics.
According to [36] Salmonella ability to cause severe infections and invade the host's tissues and
cells is largely due to the virulence genes that possess. As a result, we discover that these genes
are significant molecular virulence factors that contribute to Salmonella typhi pathogenicity, by
identifying them can understand the mechanisms that facilitate infection and implement
prevention measures.

Conclusion

We conclusion from the findings of this study, since Salmonella typhi was isolated from stool
samples of typhoid fever patients, stool samples are a primary source for isolating Salmonella
typhi and examining infections in the laboratory. According to the study, fimH gene essential for
attachment and infection was present in all isolates, whereas 35% had the gene csgA, this implies
that the isolates percentages of this gene differ. Additionally, it was discovered that some isolates
have both genes, indicating that they are more persistent and alive. Therefore this study suggests
conducting public awareness efforts in order to prevent infection through better hygiene
behaviors, such as hand washing and food and beverage hygiene. Additionally, it recommends
routine laboratory tests, including stool samples culture, to monitor the bacteria's progress and
control the infection. Our research also recommends examining another virulence genes that these
bacteria possess and correlating the presence of these genes to antibiotic resistance.
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