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Summary

Summary

The present study is designed to determine the importance of interleukin-
17A and interleukin-1p immunological and genetic polymorphisms among
patients with typhoid fever infection in Babylon province. A total of 263
clinical samples were collected from the blood of patients with typhoid fever
who attended Al-Hillah Surgical Teaching Hospital and private laboratories
in AL-Hillah / Babylon province, during the period from February to August
2021. Only 50 (19%) of 263 patients tested positive for Salmonella typhi
infection using blood culture, biochemical tests, and the VITEK-2 compact

system.

According to the findings, clinical samples were divided into 50 (19%)
positive blood cultures for Salmonella.typhi and 213 (81%) negative cultures

for S typhi.

The mean age of the patients was 36.66 + 12.32 years old, with a range of
15-65 years old, and 50 control individuals were included in this study. The
study shows the percentage distribution of the two study groups based on
gender that there were 32 (64%) of cases for males and 18 (36%) of cases

for females' susceptibility to typhoid fever infection.

The study proved that the isolates had a high resistance rate for penicillins:
Ticarcillin, Ticarcillin/Clavulanic Acid, Piperacillin were 100% and
Piperacillin/Tazobactam were 28%; for Monobactam: Aztreonam was 76%;
for Aminoglycosides: Amikacin was 80%, Gentamicin was 100% and
Tobramycin 92%; for Carbapenems: Meropenem was 24% and Imipenem
was 8% ; for (Quinolones and fluoroquinolones): Ciprofloxacin was 100%;

for Cephalosporins: Cefepime and Ceftazidime were 100% and for



Summary

Sulfonamides: Trimethoprim/Sulphamethoxazole was 36%. The isolates'
results revealed multidrug resistance because the S typhi isolates were

resistant to more than three groups of antibiotics.

The mean of IL-17A concentration in the serum of patients was
27.06£8.76 pg/ml while the control was 13.41+5.27 pg/ml. There were
significant differences (P < 0.000) compared with control group. The mean
of IL-1B concentration in the serum of patients was 15.38+6.45 pg/ml while
the control was 7.23£3.85 pg/ml. There were significant differences (P <

0.000) compared with control group.

The genotype A (C) allele was less frequent among patients (n =28) than
control, and the (T) allele was less frequent among patients than control
(n =38). Genotypes and allele frequency for rs1974226 showed individuals
with genotype TT were significantly represented among the patients with
typhoid fever: 14 (28%), P < 0.0061, as compared with healthy control
subjects, 6 (12%), and had an increased risk of developing typhoid fever
infection. According to the results, individuals with genotype GA were
significantly represented among the patients with typhoid fever: 33 (66%),
P<0.0067, as compared with healthy control subjects, 18 (36%), and had an
increased risk of developing typhoid fever infection. The IL-1B (G) allele
was less frequent among patients (51%, n =51) than control, and the (A)
allele was more frequent among patients than control (49%, n =49). A
highly interesting nucleic acid polymorphism (SNP) was detected in this
study in the investigated samples, in which cytosine was replaced with
thymine at position 226, namely C226T for the IL-17 gene, and (SNP) was
detected in the investigated samples, in which guanine was replaced with
adenine at position 122, namely G122A for the IL-1p gene.
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Chapter one Introduction

1.1: Introduction

Typhoid fever is a major public health issue in many poor and middle-
Income nations, which includes gastroenteritis, enteric fever, and septicemia.
The existence of antibiotic medicine and improved water quality and
sanitation constitute ultimate solutions to this problem, and as recommended
by WHO, vaccination in high-risk areas is a potential control strategy
(Antillon et al., 2017). Typhoid fever is a potentially fatal infection of the
digestive system and circulation caused by pathogenic bacteria. Salmonella
enterica serotype typhi is a gram-negative, non-capsulated, non-sporulation,
rod-shaped, facultative anaerobe of the enterobacteriaceae family that has
flagella, somatic and outer coat antigens that only live in humans because it
Is an infectious illness that is spread orally through contact person-to-person
or spread through contaminated food or impure water (Pouzol et al., 2019 ;
Phetsavanh et al., 2020). This bacteria may infect food products of animal

origin like poultry and dairy products (Alzwghaibi et al., 2018).

Typhoid fever is not a specific clinical condition because the presenting
signs and symptoms are numerous and similar to those of other common
febrile diseases, such as malaria and dengue fever, and can only be identified
with certainty by isolating the pathogen from clinical specimens in humans.
Clinical studies have revealed that this disease stimulates both the digestive
mucosal and humeral reactions, both of which play an important role in
pathogen control (Alikhan et al ., 2018). When S typhi enters the body by the
fecal-oral route, immunological recognition occurs during the invasion of
intestinal epithelial cells, which can recognize harmful bacteria and start an
inflammatory response through the recruitment of multiple phagocytic cells.

When TLR4 recognizes bacterial LPS, these cells produce cytokines and

1



Chapter one Introduction

chemokines, which serve as the initial signal for phagocytic cell recruitment
such as interleukin-17A and interleukin-1p (Kaiser and Hardt, 2011).
Researchers have accumulated a lot of information on the function of
cytokines in protective immunity against intracellular bacterial pathogens in
recent years. IL-17A & IL-1B are a predominance of pro-inflammatory
cytokines in typhoid patients, and their levels are higher when compared to

patients with other diseases (Alvi et al., 2014).

Interleukin-17A is a proinflammatory cytokine with many biological
functions, including up-regulating proinflammatory gene expression. I1L-17
attracts neutrophils and induces neutrophil-attracting chemokines, such as
IL-1 and TNF-, to the site of inflammation, thereby amplifying
inflammatory responses has been found to play a significant role in mucosal
Immunity and protection against intracellular microorganisms (Khader et al.,
2009). IL-17A relatives would be included in cytokines and are involved in
facilitating nearby tissue aggravation by the arrival of proinflammatory and

neutrophil-mobilizing cytokines (Kawaguchi et al., 2006).

Interleukin-1p is a member of the interleukin-1 family, a key mediator of
the inflammatory response that is thought to have a variety of physiological
and pathological activities and to play an essential role in the host-response
and resistance to pathogenic bacteria in healthy and sick humans. Bacterial
resistance to antimicrobial agents is a severe problem across the world. In
the last two decades, there were development and spread of multidrug
resistance against ordinary anti-typhoid drugs among typhoid fever patients.
S typhi has evolved resistance to many medicines, leading to the formation
of multi-drug resistant S typhi strains; these strains have demonstrated

resistance to first-line treatments especially in countries with poor sanitation

2
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and low income (Klemm et al., 2018). According to a distributing
investigation in the Middle East and Central Asia, Irag has the highest
prevalence of MDR after Pakistan, which was the first to be infected with
multidrug-resistant S typhi (Rahman et al., 2014). Gene polymorphisms in
IL-17 and IL-1B cytokines alter the activity of interleukins and may alter
cytokine function, therefore lead to disorder in the cytokines expression
(Ishigame et al., 2009).

1.2: Aim of Study

The main objective of this study is to find the immunological importance
of interleukin-17A and interleukin-1p immunological and genetic
polymorphisms in lIraqi patients with typhoid fever infection. These

objectives were met by completing the following:

1-Isolation and identification of S typhi from patients who are suffering from
typhoid fever by using Widal test, blood culture, biochemical examination

and Vitek compact system.
2-Studying of S typhi for the antibiotic sensitivity test.

3-Estimate concentration of human IL-17A and IL-1B in the serum of
patients by ELISA.

4-Gene polymorphisms of IL-17A and IL-1 in the whole blood of patients
with typhoid fever.
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2: Review of Literatures
2.1: Typhoid Fever Definition

Typhoid fever seems to be a multi-systemic illness that is a serious and
dangerous and considered a significant medical issue on the planet and in
several non-industrial nations. This disease has been a public health

problem, It affects about 10.9 million people (Stanaway et al., 2019).

Typhoid fever is an acute infectious disease caused by the bacterium
Salmonella enterica serovar typhi, whose name comes from the oldest Greek
word typhos, which means' to smoke'. Salmonella is named after the

scientist Salmon who isolated Bacillus from pigs (Shen et al., 2007).

The bacteria usually enters the body through the mouth by the ingestion of
contaminated food or water, penetrates the intestinal wall, and multiplies in
lymphoid tissue; it then enters the bloodstream and causes bacteremia
(Pegues et al., 2002).

Typhoid fever has become less common as a result of extensive research
and public health interventions. The disease course ranges from early
gastrointestinal distress to nonspecific systemic illness but ultimately may
lead to multiple complications. Salmonella is said to spread by the four:
flies, fomites, fingers, and feces. Fever characteristically comes in a step-
wise pattern when it rises and falls, alternatively followed by headache and

abdominal pain (Parry et al., 2002).
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2.2: Typhoid Fever Epidemiology

The epidemiology of typhoid fever began with Austin's standard research.
Data shows the annual load of disease to be 21 million cases throughout the
world, with over 200 000 deaths due to typhoid fever (Crump et al., 2004).
Before this, it was observed to be 16 million with over 600,000 deaths
(Merican, 1997). This clearly suggests an increase in morbidity accompanied
by a decrease in death. Asia has the greatest typhoid fever fatality rate,
accounting for 93 percent of all infected cases worldwide. Asia also has the
greatest regional frequency rate of 274 instances per 100,000 people, which
Is five times higher than Latin America, which has the second highest rate.
Southeast Asia has an incidence of 110 cases per 100,000 population, which

Is the third-highest occurrence rate for any region (Crump et al., 2004).

An estimated 26 million cases of typhoid fever occur worldwide each
year, causing 215,000 deaths (Chiodini, 2017). The fecal-oral pathway is
used to spread infection from person to person. Humans are the only known
reservoirs when contaminated food (Sharma et al., 2009) and water (Kelly-
Hope et al., 2007) have been recognized as the major associated risk factors
for typhoid prevalence. According to a study in 2003, ground water
infections caused 250,000 deaths every year in Pakistan, among which
typhoid fever is the leading cause (Crump, 2004). Close contact with typhoid
cases or carriers (Tran et al., 2005), larger household size, education level,
proximity to water bodies (Sur et al., 2007), flooding (Vollaard et al., 2004),
personal hygiene (Kelly-Hope et al., 2007), poor lifestyle (Kothari et al.,
2008), and travel to endemic areas (Whitaker et al., 2009). Climatic related

factors such as rainfall, vapor pressure, and temperature have a major effect
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on the burden and distribution of typhoid infections in human populations
(Wang et al., 2012).

2.3: Features of Salmonella typhi

Salmonella typhi, a member of the Enterobacteriaceae family, is the
primary cause of typhoid fever. Salmonella is a genus with two species,
Salmonella enterica serovar and enteritidis, which were identified through
extensive multiplex quantitative polymerase chain reaction analysis
(Heymans et al., 2018). Members of this genus, known as
chemoorganotrophic organisms, can metabolize nutrients via both
respiratory and fermentative pathways (Popoff and Le Minor, 2005). Many
of the virulence factors required for Salmonella infection are encoded by
Salmonella pathogenicity islands (SPIs), which differ between serovars
(Brenner et al., 2000).

Colonies on blood agar are 2-3 mm in diameter. It appears colorless on
MacConkey and eosin methylene blue agar. S typhi is an exception to triple
sugar iron because it does not form gas and produces only a small amount of
H,S. S typhi is resistant to certain chemicals that inhibit other enteric
bacteria, such as brilliant green and sodium deoxycholate. These compounds
are useful for inclusion in media to isolate S typhi from feces (Brooks et al.,
2004).

Serological tests and agglutination with polyvalent O and H antisera can
be used to identify members of the genus (Lee et al., 2015). Some H

antigens may not develop well on some solid agar (Levinson, 2004).

The flagellar protein groups are known as H flagellar determinant
antigens. They are both heat and alcohol-labile. Heating at 60C° or higher
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causes the flagella to detach from the bacteria, and heating at 100C° for 30
minutes works well. Suspension of bacilli liberated from detached flagella
by centrifugation and washing at 100 C° for 2 hours. The findings suggest
that Vi may be important in the bacterium's survival inside the macrophage
but not in the macrophage's or the intestinal wall's cellular invasion.
Organisms can become immobile after losing their H antigens. The loss of O
antigen results in a shift in colony morphology from smooth to rough
(Brooks et al., 2007).

Salmonella comprises a type 11l secretion system (TTSS), which is one of
the virulence mechanisms that permits toxins to be delivered to the host's
cells. Burkholderia, Escherichia, and Shigella are among the other

enterobacteriaceae possessing TTSS genes (Winstanley and Hart, 2001).

Many of these gene products are encoded on Salmonella pathogenicity
islands such as SPI-15 and SPI-18, which are exclusive to it (Dougan and
Baker, 2014). They also carry typhoid-toxin, an exotoxin that is considered

to have a role in the pathogenesis of enteric fever (Gala'n, 2016).

Certain Salmonella strains possess a plasmid containing virulence genes
with a high or low copy number. The size of Salmonella virulence plasmids
varies (50-90 kb), but they all contain a 7.8 kb region known as salmonella
pathogenicity virulence, which is necessary for bacterial growth in the
reticuloendothelial system (AL-Quraishi, 2018).

The Kauffman and White classification is a phylogenetic classification
scheme for Salmonella subspecies that divides Salmonella into serotypes
based on three key antigenic determinants: somatic (O), capsular (Vi), and

flagella (H) (Brenner et al., 2000). The somatic (O) antigen is found on the
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outside bacterial cell membrane, is heat stable, and produces the
oligosaccharide component of the bacterial cells' lipopolysaccharide. For
example, a particular Salmonella serotype may express many O antigens
(Popoff et al., 2005).

Salmonella spp. has two distinct genes that encode for flagellar proteins.
These bacteria might be diphasic (phase | and I1), which implies they can
only express one protein at a time. Some serotypes may express phase | H
antigens, which are important for immunological identification, whereas
phase Il antigens are non-specific antigens that can be found in different

serotypes (McQuiston et al., 2008).

Many virulence factors play a variety of roles in the pathogenesis of
Salmonella infections included flagella, capsules, plasmids, adhesion
systems, and type3 secretion systems encoded on the Salmonella
pathogenicity island SPI1-1 and SPI-2 and other SPIs (Sabbagh et al., 2010).
These factors, alone or in combination, allow Salmonella to colonize its host
by attaching, invading, surviving, and by passing host defense mechanisms
such as gastric acidity, gastrointestinal proteases, and defensins (Yue and
Schifferli, 2014).

Fimbriae plays an important role in the pathogenesis of Salmonella, and
recently it has been shown to represent a source of diversity among
Salmonella serovars (Dufresne and Daigle, 2017). Fimbriae represent the
most common adhesion systems, which are differentially expressed and are
found in specific patterns among each serovar (Townsend et al., 2001). They
mediate the adhesion of Salmonella to the hosts’ cells and food. It’s been

implicated in a variety of other roles, namely biofilm formation,
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hemagglutination, cellular invasion, and macrophage interactions (Sabbagh
et al., 2010).

2.4: The Pathogenesis of Salmonella typhi

Salmonella typhi is one species of gram-negative enterobacteriaceae that
Is related to human disease (Alikhan et al., 2018). It is a multi—organ
pathogen that inhibits lymphatic tissues in the small intestine, liver, spleen,

and bloodstream of infected humans (Parry, 2006).

The pathogenesis of typhoid fever depends upon a number of factors,
including infectious species, virulence, the host's immunity, and infectious
dose. The greater the infectious dosage, the shorter the incubation time and
the greater the attack rate. Typhoid fever is more severe in weakness and
iImmunocompromised people, such as HIV patients, those on glucocorticoid
medication, and those with impaired phagocyte function, such as malaria
patients. Except for a few resistant strains, Salmonella is an acid-sensitive
bacterium that is normally killed in the stomach by gastric acid unless a

sufficient amount is consumed (Lianou et al., 2017).

Because the gastrointestinal system is the principal location of Salmonella
invasion, when it is swallowed in contaminated food or drink, it passes past
the stomach and invades the gut epithelium. Before invasion to occur, the
bacteria may need to stimulate active attachment, which most likely requires
undiscovered adhesion molecules on the bacterium interacting with
receptors on the host cell, which includes 12 fimbriae operons, including
typhi colonization factor, which is specific to S typhi (Townsend et al.,
2001). The wide family of fimbriae may be the outcome of host immune

response selection (Nicholson and Baumler, 2001).
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Typhoid toxin, Vi antigen (polysaccharide capsule), lipopolysaccharide O
antigen, and flagellar H antigen dictate its pathogenicity. The major function
of the Vi antigen is to serve as an anti-phagocytic agent, inhibiting
macrophages from acting, limiting complement deposition, lowering
immunological activation, aiding with phagocytosis evasion, and
suppressing serum bactericidal activity are all immune modulatory features
of the Vi capsule that are hypothesized to contribute to disease etiology
(Dougan and Baker, 2014; Hart et al., 2016).

The flagellar H antigen promotes bacterial motility and adhesion to the
mucosa of the gut wall. Flagella aid in invasion of the gut wall, and the type
I11 secretion system is capable of transporting bacterial protein into
enterocytes and M cells, which are specialized epithelial cells that function
as antigen-presenting cells in the gut mucosa, or via direct mucosal
penetration. Bacteria linked to M cells are absorbed and extruded into the
luminal space by bacteria in pinched off cytoplasm. M cells are destroyed
during this process, and the basal lamina is exposed. It allows
microorganisms free access for invasion, which worsens the illness. The
transferred proteins activate the host cell GTPases, which triggers the actin
rearrangement so that bacterial protein uptake happened in the phagosome
where the bacteria can grow. Salmonella also produces a molecule that
stimulates the epithelial release of chemo attractant eicosanoid, which
sequesters neutrophils into the lumen and potentiates mucosal damage
(Vande-Vosse et al., 2005).
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S typhi invasion is impeded by mucus and the glycocalyx acting as physical barriers, as well as the action
of defensins, cathelicidins and IgA in the intestinal mucosa. Those bacteria that successfully adhere to the
epithelium using fimbriae cross by T3SS-1- or STIV mediated invasion of intestinal epithelial cells.
Bacteria in the lamina propria and subepithelial dome (SED) are then phagocytosed and systemically
disseminated to the liver and spleen via the blood and lymph.

Figure (2-1): S typhi invasion intestinal epithelium (Barton et al., 2021)

Diarrhea is often non-bloody and loose, with the possibility of large-
volume watery stools, bloody stools, and dysentery symptoms. While
infection may occur in almost every organ system, problems outside of the
stomach intestinal tract are infrequent. Septicemia is caused by the
widespread spread of bacteria, which results in multi-organ failure
(Kumwenda and Iroh, 2019).

Hepatic and splenic abscesses are caused by intra-abdominal infections.
Lung abscesses and bronchi pleural fistula development are two other

pulmonary consequences, albeit the majority of instances occur in people

11
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with lung cancer, glucocorticoid usage, and other structural lung problems
(Esmailpour et al., 2006).

Headaches are frequently described in conjunction with other neurologic
symptoms such as sleep disturbances, acute psychosis, myelitis, meningitis,
muscular stiffness, and focal neurologic abnormalities. Myocarditis and
nephritis are side effects of toxic events (Majid et al., 2019). Infections of
the long bones, particularly the femur and tibia, are more prevalent in
children with sickle cell anemia and previous bone disease (Rohilla et al.,
2019).

Patients with HLA-B27 antigens are more likely to develop reactive
arthritis. Complications are enhanced in debilitated patients with chronic
ilinesses such as cancer, tuberculosis, and HIV by a prolonged duration of
disease prior to admission, a protracted period of hospitalization, antibiotic
treatment, and immunological compromise. Patients who do not receive
proper typhoid treatment continue to excrete germs and are termed chronic
carriers. The bacteria in the chronic stage of typhoid invade the gallbladder
and have been related to gallbladder cancer if not managed (Gunn et al.,
2014; Koshiol et al., 2016).

Bacilli disperse and multiply in numerous organs, but they are most
varied in organs that have critical phagocytic movement, in particular the
liver, spleen, and bone marrow. Maintaining enough hydration during
diarrhea, as well as proper ventilation and oxygenation for pulmonary issues,
should be offered as supportive treatment for metastatic complications,
along with analgesics and antipyretics. Corticosteroids have been proposed

as a treatment for severe instances of encephalitis (Mellon et al., 2017).

12
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2.5: Contamination and Transmission by Salmonella typhi

Typhoid fever is a serious food and waterborne infection spread by
shellfish and dairy products, and less frequently by direct contact with urine,
feces, or other bodily fluids. Typhoid fever is no longer common in
countries with adequate sewage and drainage infrastructure, as well as safe
drinking water (House et al., 2001). Humans are the only natural hosts and
reservoirs of S typhi infection. It is spread through the consumption of feces-
contaminated food or water. Typhoid fever is primarily found in South Asia
and Africa. Children under the age of 14 bear the greatest burden. In 2017, it
was estimated that enteric fever caused 9.8 million infection and 136,004
deaths, person-to-person transmission can take place primarily through

fecal-oral or oral-oral routes (Stanaway et al., 2019).

Water and food are important vehicles for the microbe's spread. Ice cream
has been identified as a significant risk factor for the spread of typhoid fever.
Shellfish from contaminated water, as well as raw fruits and vegetables
fertilized with sewage also considered as risk factors. The most common
incidence occurs when water supplies serving large populations become
contaminated with feces. The size of the inoculum and the type of vehicle in
which the organisms are ingested have a significant impact on both the
attack rate and the incubation period. In one study on the distribution of
Salmonella isolates in China using whole-genome sequencing, 57% of
samples were positive (Gu et al., 2020).

Transmission can occur through short-cycle or long-cycle consumption of
contaminated food or water. Short-cycle transmission is defined as the

contamination of food and water in the immediate environment as a result of

13
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inadequate hygiene and in adequate sanitation, caused by either acute or
chronic carrier. Long-cycle transmission is defined as contamination of the
broader environment, such as sewage contamination of water supplies or
insufficient treatment of water. Chronic carriers may be responsible for
disease transmission at a low level, complicating disease through sanitation
and vaccination programs (Baker et al., 2011), safe drinking water and
avoiding overcrowding all contribute significantly to a decrease in the

number of cases (Darton et al., 2017).

Since the invention of S typhi vaccination, the burden of typhoid fever has
been reduced when vaccination prophylaxis is used. Those traveling to areas
where there is a risk of exposure should get the vaccine. There are two types
of licensed, unconjugated vaccines in the United States (Jackson et al.,
2015).

The intramuscular Vi capsular polysaccharide vaccine is recommended
for people over the age of two years old. It should be given at least two
weeks before traveling, and a booster should be given every two years. A
live attenuated oral vaccine (Serotype Typhi Ty21a strain) boosts immunity
by stimulating the production of endogenous antibodies. It is recommended
for people over the age of six who are traveling to endemic areas or who are
in close contact with chronic carriers or infected patients. Both vaccines
have 50 to 80 percent efficacy rates, and travelers must take precautions in
addition to the vaccine. In 2017, the World Health Organization's Strategic
Advisory Group of Immunization Experts recommended the use of typhoid
conjugate vaccines (TCVs) in typhoid-endemic countries for the first time
(Burki, 2018). Intramuscular, single-dose TCVs for those 6 months and

older are now registered in Nepal, India, Nigeria, and Cambodia, and are
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being studied further for use in endemic areas and during outbreaks (Appiah
et al., 2020).

TCV was found to be safe in children aged 6 to 10 months during an
outbreak of extensively drug-resistant typhoid in Pakistan in 2018 (Qamar et
al.,, 2020). The World Health Organization is currently proposing two
Immunizations for the prevention of typhoid fever. Vaccination in high-risk
areas is a possible short-to-medium-term control strategy recommended by
the World Health Organization (WHO, 2018). Surgery could be an option
when gallstones are present in conjunction with a carrier state.

Cholecystectomy can be curative (Lee et al ., 2020).
2.6: Diagnosis of Salmonella typhi

Clinical care should be provided to typhoid patients. Patients presenting
with febrile illness for more than three days and gastrointestinal
manifestations such as pain and diarrhea who live in areas with poor
sanitation, contaminated drinking water, or a history of travel from endemic
areas are highly suspicious. In the first week, diagnosis is challenging,

although a range of laboratory testing can aid (Bhutta, 2006).

Blood culture is still the most common method of confirming a typhoid
fever diagnosis because it is not expensive or technically difficult, it is
widely available and is the most commonly performed test. When large
volumes of blood are collected, the efficacy of the blood culture is increased.
Blood cultures performed during secondary bacteremia are more reliable,
though 30% to 50% of cultures may be falsely negative depending on the

technique and time series used (Mogasale et al., 2016).
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In the bacteremic phase of the disease, stool culture is less effective. In
the second and third weeks, stool culture is diagnostic. The amount of stool
samples obtained and the period of sickness influence the sensitivity of stool
culture. Chronic carriers pass pathogens in feces for an extended period of
time (Né&sstrom et al., 2018).

The gold standard for typhoid diagnosis is bone marrow culture. Because
of the greater number of microorganisms present in bone marrow, aspirated
bone marrow samples are more sensitive than blood cultures. however, the
test is expensive, so it is not routinely used for the diagnosis and treatment of
typhoid (Mawazo et al., 2019).

The Widal test is a serological test that detects antibodies against O
(surface) and H (flagellar) antigens. An antibody titer of greater than 1:160
for anti-H antigen and greater than 1:80 for anti-O antigen is considered the
cut-off level for predicting recent typhoid fever infection in an endemic area.
O antibodies normally present 6-8 days after illness start, while H antibodies
occur 10-12 days later. This test is unreliable because to its frequent false-
negative and false-positive outcomes, poor concordance with blood culture,
and poor performance. Because sensitivities can be low due to low bacterial
concentrations during bacteremia, Polymerase Chain Reaction can provide
DNA-based gene identification of several serotypes, such as the H antigen

gene and O antigen gene (Goay et al., 2016).

There is still a pressing need to improve current enteric fever diagnostics
and create a new generation of tests that are easy to use, inexpensive,
sensitive, and specific (Andrews and Ryan, 2015). Rapid diagnostic tests

(RDTs) for typhoid fever could theoretically be combined with clinical
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algorithms to differentiate febrile patients and guide management, especially

in areas with limited laboratory resources (Mogasale et al., 2014).

Several rapid diagnostic tests for enteric fever diagnosis have been
developed, the most common of which are the Typhidot/Typhidot-M test
and the tubex test. The current generation of typhoid RDTs has only
moderate sensitivity and specificity as determined by meta-analyses, and
there is insufficient evidence to support their sole use for the diagnosis and

management of enteric fever (Wijedoru et al., 2017).

Other diagnostics under development include antibody-in-lymphocyte-
supernatant (ALS), which has demonstrated high sensitivity and specificity
in endemic settings (Farhana et al., 2013; Islam et al., 2016; Darton et al.,
2017). The sensitivity of PCR-based assays can be increased by including a
pre-enrichment step (Zhou and Pollard, 2010), which was able to
differentiate typhoid from paratyphoid fever and enteric fever febrile,
typhoid-negative controls, and chronic carriers (Nasstrom et al., 2018).
Transcriptional data from people with acute typhoid fever could also be used
to identify signatures that reliably identify cases of enteric fever (Thompson
et al., 2009; Blohmke et al., 2016).

2.7: Antibiotic Resistance

Multidrug resistant strains have hindered treatment in many endemic
locations, particularly in India and Southeast Asia. The mode of therapy is
determined by the severity of the disease, its length and spread. The initial
pharmacological therapy of choice is determined by the strains'
susceptibility. Fluoroquinolones are the most effective medicine of choice in

most cases. Fluoroquinolones can be administered on clinical suspicion prior
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to the results of the diagnostic culture test in severe cases that demand

immediate treatment (lwamoto et al., 2017).

The most effective fluoroquinolone is ciprofloxacin, 500 mg orally twice
a day for 5-7 days. Alternative treatments for adults who are completely
susceptible include amoxicillin 750 mg orally four times daily for
approximately two weeks, trimethoprim-sulfamethoxazole 160 mg twice
daily for two weeks, and chloramphenicol 500 mg four times daily for 2-3
weeks outside of the United States. Over the years, antimicrobial resistance
has posed a severe public health problem since antibiotics are no longer
effective against bacterial agents, resulting in treatment failures, high
mortality rates, and increased hospitalization time, among other things
(Founou et al., 2016).

In endemic locations, multidrug-resistant (MDR) and extensive drug-
resistant (XDR) strains have emerged. Bacterial intracellular protects them
from extracellular antibiotics (Wen et al., 2017). In MDR instances, third-
generation cephalosporins and azithromycin are the preferred treatments,
with ciprofloxacin as a backup option. The failure rate of this therapy is
around 5% to 10%, with recurrence rates ranging from 3% to 6%. With a
fecal carriage rate of less than 3%, these drugs eliminate fever in a week.
The combination of azithromycin and cefixime minimizes the incidence of
failure and length of hospitalization (Tiwaskar., 2019). A study found that
the MDR Salmonella is increasing in Africa, which may complicate the

treatment of human salmonellosis (Smith et al., 2016).

Multi drug resistance for Salmonella has been found in Japanese quails,

raising concerns about public health hazards from direct ingestion of these
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birds or contact with carriers (Omoshaba et al., 2017). The non typhoidal
salmonellosis isolates from chicken had the highest degree of resistance to
sulfonamides, nalidixic acid, and tetracycline. Those of human origin were
also resistant to sulfonamide, tetracycline, and ampicillin (\Voss-Rech et al.,
2017).

The rising frequency of MDR for Salmonella, as well as resistance to
therapeutically significant antimicrobials such as fluoroquinolones, has
emerged as a global issue (Brands et al., 2005). In a similar study conducted
in Kuwait and the United Arab Emirates by Rotimi et al. (2008), the
increasing trend of MDR among Salmonella isolates was further
demonstrated, and the rate of resistance to third-generation cephalosporins
such as ceftriaxone and cefotaxime was reported to have increased five-fold.
Salmonella ceftriaxone resistance is a critical public health concern since it
is routinely used to treat severe Salmonella infections, particularly in
children (Iwamoto et al., 2017).

The antibiotic drugs amoxicillin/Clavulanic acid, ampicillin, cefoxitin,
chloramphenicol, streptomycin, sulfonamides, and tetracycline had the
highest percentage of resistant by Salmonella isolates, and the percentage of

resistant isolates to these drugs has increased since 1997 (FDA, 2010).
2.8: Proinflammatory Cytokine Interleukin 17 (1L-17)

IL-17 is a specific pro-inflammatory factor mainly secreted by activated
memory CD4* T lymphocytes (Th17 cells) that can promote the body's local
production of cytokines such as IL-8 and IL-6, lead to rapid growth of
monocytes and neutrophils, enhance local inflammation and induce pro-

inflammatory cytokines. TNF-a and IL-6 from activated macrophages and
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dendritic cells promote Thl7 cell differentiation, whereas IL-12 and
interferon- stimulate Thl cell development. There are six types of IL-17 (IL-
17A to IL-17F) and there are five receptors for these cytokines (IL-17RA to
IL-17RE) (Gaffen, 2009).

Interleukin 17 (IL-17) is an inflammatory cytokine and it plays a
protective role against infection (Amatya et al., 2017). IL-17A is produced
by Th1l7 CD4* T cells and other leukocytes such as natural Killer cells,
lymphoid tissue inducer-like cells, and neutrophils (McGeachy et al., 2019).

Among IL-17 family members, the IL-17A isoforms have the highest
sequence homology with IL-17F and are located adjacent to each other on

human chromosome 6 (Zhang et al., 2013).
2.9: Role of Interleukin-17 in Typhoid Fever

IL-17A and associated Th17 cytokines promote neutrophil recruitment
via induction of chemokines and granulopoietic factors (Khader et al.,
2009). IL-17 has been shown to regulate Thl responses by altering IL-12
production by dendritic cells. IL-17 has been increasingly implicated in host
responses against intracellular pathogens (Khader and Gopal, 2010).
Salmonella infection activates Th17 cells and is associated with IL-17A
production by classical Th17 cells, T cells, and other CD4*T lymphocytes
(Schulz et al., 2008).

The receptor for IL-17A is ubiquitously expressed in different tissues,
leading to pleiotropic effects of the cytokine (Alber et al., 2007; Ouyang et
al., 2008). IL-17-mediated recruitment of polymorphic nucleotide is required
for protective immunity after infection with several pathogens such as

Escherichia coli, Candida albicans, and Mycoplasma pneumonia (Huang et
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al.,, 2004; Shibata et al., 2007). Pathophysiological processes and the
development of organ-dependent autoimmunity, such as experimental
autoimmune encephalomyelitis and inflammatory bowel disease, have been
revealed to be mediated by the IL-23/IL-17A pathway (Yen et al., 2006).

Interleukin-17A is involved in protection against extracellular and
intracellular bacterial pathogens, as well as fungi and viruses (Raffatellu et
al., 2008). IL-17 has been increasingly implicated in host responses against
intracellular pathogens (Khader and Gopal, 2010). The importance of IL-17
in mucosal immune responses to intracellular enteric pathogens has been
demonstrated in animal models (Sellge et al., 2010). It was shown that
depletion of Th17 cells during simian immunodeficiency virus infection
results in increased dissemination of Salmonella typhimurium from the gut
(Raffatellu et al., 2008).

It was of great importance to initiate studies to evaluate whether IL-17A
might play a role in protection from S typhi because the gastrointestinal
mucosa is the first point of contact for it. Mucosal immune responses are
likely to play an important role in protection as shown in figure (2-2).
Thymus output may especially be important during Salmonella infection,
where CD4* T cells have been shown to be essential for resistance against
both acute and persistent infection, It is known that control of both acute and
persistent infection relies on the presence of CD4" T cells (Kurtz et al.,
2020).

Interleukin-17A deficient mice demonstrate a modest increase in bacterial

dissemination following oral Salmonella infection, suggesting a protective
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role for IL-17 in the maintenance of the mucosal barrier during early
infection.
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Figure (2-2): Function of Interleukin-17A (Ge et al., 2020).

IL-17 induces the expression and secretion of antimicrobial peptides
including lipocalin-2 and B defensins (Ishigame et al., 2009). Some of these
antimicrobial peptides may control dissemination from the mucosa (Zheng et
al., 2008). While lipocalin-2 suppresses the growth of resistant pathogens
(Raffatellu et al., 2009). Infection with S.enteriditis leads to the appearance
of antigen-specific IL-17A cells, and IL-17A knockout animals exhibit a
higher bacterial load in the liver and spleen than wild-type mice (Schulz et
al., 2008). Decreased levels of IL-17A are correlated with an increased risk
of bacteremia (Ye et al., 2001).
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2.10: Proinflammatory Cytokine Interleukin-1p (IL-1p)

Interleukin-1beta protects against infections by inducing a number of
reactions, including the fast recruitment of neutrophils to inflammatory
areas, activation of endothelium adhesion molecules, generation of cytokines
and chemokines, and development of the febrile response. IL-18 is both pro-
inflammatory and pyrogenic cytokines released by numerous cells,
particularly innate immune cells such as monocytes, macrophages and
dendritic cells (Dinarello , 2006).

IL-1beta is synthesized as a 269 amino acids precursor protein and then
processed to the C-terminal 153 amino acids as mature IL-lbeta by
caspase-1, also known as the IL-lbeta converting enzyme activated in
inflammasomes (Poyet et al., 2002). Chymases, granzyme A, and cathepsin
G are neutrophil proteases that cleave the IL-1beta precursor into a secreted,

physiologically active form (Robertson et al., 2006).

Inflammasomes are multi-protein complexes that facilitate caspase-1
activation. Active caspase-1 cleaves the preforms of the cytokines IL-1 and
IL-18 and the pore-forming protein gasdermin D, leading to cytokine
maturation and their release from the cell through the pores. Salmonella
infection has been shown to have a redundant function in macrophage
NAIP/NLRC4 and NLRP3 inflammasome activation (Qu et al., 2016;
Bierschenk et al., 2019).

The NAIP/NLRC4 inflammasome is well characterized in terms of its
molecular activation mechanism (Sharma and Kanneganti, 2016). Knockout
of NLRC4 leads to loss of inflammasome activation at early time points

during infection (Man et al., 2014). Inflammasomes arise when bacteria
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detect the bacterial protein ligands flagellin and the needle and/or rod of type
Il secretion systems (Miao et al., 2006; Zhao et al., 2011; Yang et al.,
2013).

IL-1beta is produced in response to a number of PAMPs and DAMPs,
which can activate a variety, or in some cases, several, PRRs, resulting in the
formation of inflammasomes. Extracellular ATP acting via the receptor
induces caspase-1-dependent release of IL-1p (Le Feuvre et al., 2002) and is
dependent upon the formation of the NLRP3 inflammasome (Mariathasan et
al., 2006).

A consequence of caspase-1 activation in macrophages following
infection by NLRC4-activating pathogenic bacteria is a rapid, and caspase-
1-dependent cell death called pyroptosis. This is a pro-inflammatory form of
cell death that causes an infected macrophage to kill itself, and at the same
time release pro-inflammatory cytokines such as IL-1f (Bergsbaken et al.,
2009). Pyroptosis of macrophages following infection with Salmonella
occurs after the caspase-1-dependent formation of pores causes the
dissipation of ionic gradients and the osmotic lysis of the cell in the plasma

membrane (Bergsbaken et al., 2009).
2.11: Role of Interleukin-1beta in Typhoid Fever

The ability of the host to detect the presence of an infectious agent as well
as the ability to kill the invading pathogen is required for an immune
response to microbial infections. The presence of infection is detected
through pathogen recognition molecules that sense unique microbial
components called pathogen-associated molecular patterns (Akira et al.,

2006). The recognition of bacterial PAMPs is mediated by several host
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molecules, including Toll-like receptors that are present on the cell surface
and endosomal compartments and nucleotide-binding oligomerization
domain (NOD)-like receptors (NLRs) that sense the presence of PAMPs in
the cytosol (Janeway and Medzhitov, 2002). IL-1beta processing induced by

specific bacterial infection (Sutterwala et al., 2006).

Proteins such as cryopyrin and Ipaf play a crucial role in processing
mature IL-1beta. Ipaf referred toa receptor that activates caspase-1 by
recognizing flagellin generated by certain bacteria, such as Salmonella. The
inflammasome is activated by lipopolysaccharides identification via a toll-

like receptor and type | interferon (Rathinam and Fitzgerald, 2016).

Caspase-lactivation during intracellular bacterial infection involves active
contribution from the bacteria. activation occurs following bacterial type 111
secretion dependent introduction into the cytosol Salmonella enterica
flagellin (Franchi et al., 2006). Caspase-1 activation in the infection with
Salmonella spp. occur after exposure to bacterial DNA or flagellin (Muruve
et al., 2008). Infection of macrophages with E. coli LPS or with Chalmydia
muridarum amplified the secretion of IL-13 approximately five to ten fold
(Prantner et al., 2009). After lipopolysaccharides stimulation monocytes, IL-
1beta mRNA levels rise fast and then begin to fall over the next 4 hours due
to mRNA half-life activity. When compared to microbial stimulants, IL-
1beta mRNA levels are prolonged for more one day. Active caspase-1 can
break the IL-1beta precursor in either specialized secretory lysosomes or the
cytoplasm. There appears to be more than one mechanism for digested IL-
1beta to escape the cell. These include exocytosis of the secretory lysosomes
(Andrei et al., 2004) shedding of plasma membrane micro vesicles, direct

release via transporters or multi vesicular bodies containing exosomes (Qu et
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al., 2007) or a process termed pyroptosis (Bergsbaken et al., 2009). The
release of processed IL-1p takes place before there is a significant release of
lactate dehydrogenase (Brough and Rothwell, 2007) as shown in figure (2-
3). Pyroptosis is a process of cell death used by some bacteria in conjunction
with Ipaf (Suzuki et al., 2007).

TNF
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IL-12

and others
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W prolL-18
Cytokine gene expressi T
Nucleus \

TLRs and Ipaf respond to extracellular and cytosolic flagellin. TLR5 detects extracellular flagellin
monomers and activates transcriptional responses through MyD88 that result in proinflammatory cytokine
expression. Ipaf responds to cytoslic flagellin by activating caspase-1. IL-1p and IL-18 are two cytokines
that require dual stimuli to induce their secretion. TLR5 or other TLRs stimulate the expression of prolL-1p
and prolL-18, which are retained in the cytosol. Ipaf or other NLRs activate caspase-1, which
proteolytically processes prolL-1B and prolL-18, promoting their secretion. The hypothesized mechanism
by which flagellin accesses the cytosol during bacterial infection is illustrated. Bacterial protein transport
systems (T3SS in Salmonella and T4SS in Legionella) are predicted to transport flagellin monomers
directly from the bacterial cytosol to the mammalian cell cytosol.

Figure (2-3): Flagellin activation process by IL-1p (Miao et al., 2007)
2.12: Polymorphism in Genetics

Polymorphisms are changes in human DNA sequences that may be
associated with any disease characteristics. Polymorphisms are common in
the human genome and can be found in almost every gene (Akalin and
Murphy, 2001).
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Each individual gene has two copies, one of which is located on one of the
twenty-three father chromosomes, and each copy of the gene is what
geneticists call an allele, which represents a person's genotype. The
polymorphic gene that has two similar alleles is known as homozygous,
whereas the polymorphic gene that has two different alleles is known as

heterozygous (Kozak et al., 2020).

Most biallelic point mutations are present within a population at a
frequency higher than 1%. SNPs are also thought to be the primary source of
variation in humans, particularly when they alter gene expression or function
based on their placement in the DNA sequence. In complicated disorders
such as infectious and autoimmune diseases, as well as cancer, a substantial
number of SNPs in cytokine loci have been discovered and examined
(Pacheco and Moraes, 2009).

The SNP or mutation may be related to disease susceptibility, disease
pathogenesis, or the efficacy of specific drugs. It is important to detect SNPs

or mutations clinically (Matsuda, 2017).

Single nucleotide polymorphisms are located in different regions of genes,
such as promoters, exons, introns, and 5'- and 3’-UTRs. The promoter region
SNPs affect gene expression by altering promoter activity, transcription-
factor binding, DNA methylation, and histone modifications (Schirmer et
al., 2016).

2.13: Effect of SNPs on (IL-17 and IL-1p) Genes among patients with
typhoid fever

Single nucleotide polymorphisms are one of the most common types of

genetic variations in the human genome. SNPs in genes that control DNA
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and metabolism are associated with a higher risk of cancer (Devilee and
Rookus, 2010; Ulaganathan et al.,, 2015). Elevated production of
inflammatory cytokines can be caused by genetic variation such as single
nucleotide polymorphisms in promoter or regulatory elements of cytokine
genes. Furthermore, SNPs, in particular pro-inflammatory cytokine alleles,
led to increased susceptibility to a variety of illnesses (Keshavarz et al.,
2019).

Interleukin-17 deficiency or variation, a cytokine primarily secreted by
Th17 cells, has been linked to increased susceptibility to infection by a wide
range of pathogens (Dhaouadi et al., 2018). The rs2275913, which is found
in the promoter of the IL-17A gene, has been linked to a variety of disorders.
The presence of the A allele at rs2275913 has been linked to an increase in
IL-17A secretion (Ohka et al., 2018).

A meta-analysis study showed that the IL-17A rs2275913 polymorphism
is remarkably linked to the risk of many types of cancer (Dai et al., 2016;
Rolandelli et al., 2017). Recent research found that the IL-17A gene is
linked to viral infection and that might result in IL-17 variants (Pinto et al.,
2017). Polymorphisms in the IL-1betagene have been linked to the
development of gastric cancer. Those found in the IL-1beta gene are linked
to the inhibitory impact of cytosine on stomach acid output. This inhibition
promotes colonization and infection by pathogens such as Helicobacter
pylori, as well as the emergence of pre-neoplastic states that can lead to
cancer formation (Arango et al., 2010). At present, IL-17A and IL-17F gene
polymorphisms have been found to be associated with a series of diseases.
Wang et al. (2014) demonstrated that IL-17 G197A (rs2275913) A allele
and rs3748067 C allele were associated with an increased gastric cancer risk
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in contrast with normal controls, which suggests that some IL-17 gene

polymorphisms significantly increase gastric cancer risk (Wang et al., 2014).

Another study on cervical cancer patients revealed that IL17A G197A
gene polymorphism was associated with the susceptibility of the cancer in
Chinese women (Kawaguchi et al., 2006). Other researchers have recently
reported that IL-17A rs2275913 polymorphisms were associated with the
susceptibility to rheumatoid arthritis and ulcerative colitis (Arisawa et al.,
2008; Nordang et al., 2009).

One of the usual functional SNPs was discovered in the IL-1beta
promoter, T to C transition (rs16944). It is found in an IL-1beta TATA-box
motif and influences IL-1beta transcription activity by binding various
transcription factors (Zhang et al., 2014). When the rs16944 polymorphism
in IL-1beta contributes to an elevated risk of gastric cancer with a
proinflammatory phenotype in Caucasian carriers, it has been established
that an increase in IL-1beta cytokine promotes lung damage after influenza
A infection (EI-Omar, 2000). Camargo et al. (2016) discovered that IL-1beta
levels in the gastric mucosa are higher than usual in H. pylori patients and
bearers of the IL-1B511TT or IL-1RNA2-A2 genotypes. Rogo and
colleagues recently documented the impact of specified SNPs in IL-1 and
IL-17 on influenza virus in the Iranian population, which demonstrated a

greater chance of acquiring a severe illness (Rogo et al., 2016).
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3: Materials and Methods
3.1: Materials

3.1.1: Laboratory Instruments

The laboratory tools and apparatuses utilized in this investigation are

listed in table (3-1).

Table (3-1): Instruments and Apparatuses

Instrument Company Origin
Autoclave Tripod UK
Bench centrifuge Memmert Germany
Burner Amal Turkey
Cooling centrifuge Hitachi Germany
Deep freezer Al-Mateen China
Different size tips Bio basic China
Different size tube Bio basic China
Digital camera Sony Japan
Distillatory GFL Germany
DNA extraction tubes Eppendorf Germany
ELISA reader Biotech USA
Flask Chemical-Lab China
Hood Labogene Denmark
Horizontal gel electrophoresis Bio-Rad Italy
Hot plate Heiddph Germany
Incubator Memmert Germany
Light microscope Olympus Japan
Nanodrop Bio-Rad Italy
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Oven Memmert Germany
PCR system Clever Germany
PCR tubes Eppendorf Germany
Petri dishes Sterilin England
Plain tubes DMD-DISPO Syria
Polyetheleyne tubes DMD-DISPO Syria
Refrigerator Concord Italy
Sensitive electron balance Sauter Switzerland
Thermocycler Clever, BIO -RAD UK, USA
Vitek-2 BioMérieux France
Vortex mixer Griffin Germmy
Water bath Memmert Germany

3.1.2: Chemical Materials

The chemical materials, stains, reagents, and solution that used are listed

in table (3-2).

Table (3-2): Chemical Materials

Chemicals Company / Origin
Acrylamide Fluka / Germany
Agarose Pronadisa / Spain

Barritt's reagent

Himedia / India

Bis acrylamide

Scr / China

DNA ladder marker

Promega / USA

EDTA

Thomas baker / India

Ethanol (70% and 99%)

Fluka chemika / Switerland

Ethidium bromide

promega / USA

Gram stain kit

Sigma / Germany

Hydrogen peroxide

Fluka / England
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Kovac's reagent Himedia / India
McFarland’s standard solution Biomerieux / France

Oxidase reagent Himedia / India
Tris-Borate-EDTA (TBE) Bio Basic / Canada
Tris-base Bio Basic / Canada

3.1.3: Culture Media
Culture media that were used are listed in table (3-3).

Table (3-3): Culture media

Culture Media Company / Origin

Brain Heart Infusion Broth, Simmon Citrate Conda / Spain
Agar, MacConkey Agar , Blood agar, Salmonella
Shigella agar , XLD agar

Triple sugar iron Himedia / India

peptone water, MR-VP broth Himedia / India

3.1.4: Kits
Kits were used in this study are listed in table (3-4).

Table (3-4): kits

Type of Kit Company / Origin
DNA extraction Kit Favorgen / Taiwan
Green master mix Promega / USA
ELISA Kit forHuman IL-17A and IL-1 Bioassay / China
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Table (3-5): Primers of IL-17A and IL-1p genes

Gene | Primer Primer sequence 5’ to 3’ Melting | Product
type | name temp size
F: 5'-GACCTTGGGGGCGGAAA-3’ 62.49 C° 301 bp
ZF25
R :5-CCATAGTCAGAACCCAGCGTTT-3’ 060.62 C°
IL-17A F : 5-GGGGAAAATGAAACCCTCCCC-3' 60.90 C° 328 bp
ZF26
R :5-GGGGCGAAAATGGTTACGATG-3' 59.94 C°
F:5-TGTGCCTCGAAGAGGTTTGG-3' 60.25 C° 368 bp
ZF27
R:5-GTGTCTTCCACTTTGTCCCAC-3' 59.05 C°
IL-1P
F:5-GGTGCTCCCTGTTGGATCTT-3' 59.67 C° 369 bp
ZF29
R:5-TTACAGGTCAGTGGAGACAC-3' 59.40 C°

*All primers design in this study by program primer BLAST

F=forward, R= reverse, temp = temperature, bp= base pair
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3.2.1: Study design

Study design

study groups

263 samples are suspected
50 samples (controls)

Typhoid fever infection
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The methods used in this study
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3.3 :Methods
3.3.1: Patients and Clinical Samples

A total of 263 samples were collected from the blood of patients with
typhoid fever who attended Al-Hillah Surgical Teaching Hospital and
private laboratories in AL-Hillah/Babylon province, during the period from
February to August 2021. Ten ml of blood was drawn from patients
suffering from typhoid fever symptoms aged 15-65 years. 5 ml of blood was
injected into bottles containing 20 ml of brain heart infusion broth and
incubated for 3 days at 37°C. If positive, each sample was inoculated using
the direct method of inoculation on MacConkey, Blood, XLD, and SS agar
and incubated for 24 hours at 37°C. These samples were compared with 50

samples of apparently healthy individuals who appeared to be disease-free.
3.3.2: Moral Approval

The appropriate ethical permission from the ethics committees of Babylon
Health Office, the hospital's ethical committee, as well as patients and their
supporters, must be acquired. Furthermore, prior to the collection of
samples, all participants engaged in this work are informed, and the
agreement necessary for conducting the tests and publishing this work is

acquired from each one.

3.4 : Culture Media Preparation
3.4.1: Blood Agar Medium
Dissolving 40 grams of blood agar base in 1000 distal water yielded blood

agar medium. It was autoclaved for 15 minutes at 121C° before being cooled

to 50C°. Human blood was added at a rate of 5%. This medium was used to
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cultivate bacterial isolates and to test bacteria's capacity to hemolyze blood
cells (McFadden, 2000).

3.4.2: MacConkey Agar

This medium is used to separate and distinguish bacteria that ferment and
bacteria that do not ferment lactose. It was made by weighing 51.5 grams of
medium, dissolving it in one liter of distilled water, heating to boiling with
agitation to dissolve the medium. It was autoclaved for 15 minutes at 121 C°

cooling to 55C°, and pouring it onto petri dishes (McFadden, 2000).
3.4.3: Salmonella-Shigella Agar

This medium was used to isolate and identify Salmonella and Shigella. It
Is made by dissolving 63 grams of medium in one liter of distilled water,
heating it to boiling with frequent agitation to completely dissolve the
medium, cooling it to 55C° in a water bath, and pouring it into petri
dishes (McFadden, 2000).

3.4.4: Xylose-Lysine Deoxycholate Agar

This medium was made by dissolving 56.68 grams of powder in 1000 ml
distilled water and thoroughly mixing it with a magnetic-stirring apparatus,
then heating it with frequent agitation with a magnetic-stirring apparatus
until the medium just boiled to dissolve completely, then pouring it into

plates, and leaving it to solidify (Wallace et al., 2011).
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3.4.5: Brain Heart Infusion Broth

This medium is used to activate bacteria; it is made by dissolving 37 grams
of media in one liter of distilled water and sterilizing it by autoclaved for 15
minutes at 121C° (MacFaddin, 2000).

3.4.6: Peptone Water medium

This medium is used to test bacteria's capacity to synthesize an indole ring
from tryptophan. It is made by dissolving 15 grams of medium in one liter of
distilled water, then filling sterile test tubes and sterilizing them in an
autoclave for 15 minutes at 121C° (McFadden, 2000).

3.4.7: Triple sugar Iron Agar

This medium is made by dissolving 55 grams of medium in one liter of
distilled water and sterilizing it by autoclave for 15 minutes at 121C°. This
Agar test employs a medium for the identification of Enterobacteriaceae,
based on double sugar fermentation and hydrogen sulphide production. The
medium is then distributed in five ml amounts as a slant in sterile tubes and

placed in a slant position (McFadden, 2000).
3.4.8: Methyl Red Voges-Proskauer Broth

This medium can be made by dissolving 17 grams in one liter of distilled
water, heating if required to thoroughly dissolve the medium, then
distributing in test tubes in ten ml portions and sterilizing by autoclave for
15 minutes at 121C°. This test is used to determine which fermentation

pathway is used to utilize glucose (McFadden, 2000).

37



Chapter Three Materials and Methods

3.4.9: Simmon’s citrate medium

Simmon’s citrate medium was used for determining the ability of bacteria
to utilize citrate as the sole carbon source. Prepared by dissolved 23 grams in
1000 ml of distilled water. The medium is boiled for a few seconds until the
ingredients are completely dissolved. Distribute in tubes or bottles and
sterilize by autoclaving at 121°C for 15 minutes. Allow the tubes to cool on
a slope (McFadden, 2000).

3.4.10: Gram's Staining

Bacteria were identified using a Gram stain kit. It is made up of the
following ingredients: crystal violet, iodine, alcohol, and safranin stain. Take
distal water by loop full, and a single colony from culture was taken by loop
and spread on a clean slide, then waited for it to dry and be fixed by heat,
staining with gram stains, and examining the bacterial cell under a microscope
(Jawetz et al., 2007).

3.5.1: Blood Samples

Two ml of blood were drawn and stored at -20°C in an ethylinditetracitic
acid (EDTA) tube for DNA extraction for molecular analysis.
3.5.2: Serum Samples

Three ml of blood kept in the jelly tube without anticoagulant. The latter
was undergone centrifugation at 2500 rpm for 15 minutes then the serum was
collected and preserved at -20°C until being used to avoid loss of bioactive

interleukins of human.
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3.6: Preparation of Solutions
3.6.1: Normal Saline Solution

It was prepared by dissolving 0.85 g of NaCl in 90 ml distilled water and
further completed to 100 ml with D.W. Then autoclaved at 121C° for 15 min
and stored at 4 C° until be used. Normal saline was utilized in all tests and
investigations that required it (McFadden, 2000).
3.6.2: McFarland's Turbidity Standard

McFarland's standard was made by adding (0.05) ml of (1.175%) barium
chloride to (1%) sulfuric acid (9.95) ml in order to obtain a barium sulfate
precipitate. The solution was used to visually compare the turbidity of a
suspension of bacteria with the turbidity of the (0.5) McFarland's standard.
Then checked by spectrophotometer (Murray et al., 2003).
3.6.3: Phosphate Buffer Saline PH 7.2 (PBS)

It was prepared by dissolving one pill of PBS in 100 ml distil water then

autoclaved at 121°C for 15 min and stored at 4°C until be used.
3.6.4: Tris-Borate-EDTA (TBE) Buffer

Tris-Borate-EDTA Buffer was used at 1X(1:10 dilution of the
concentration stock). The stock solution was diluted by D.W. and stored at
room temperature. Also (TBE) buffer is used and prepared by Promega
company/USA.

3.6.5: Tris-EDTA Buffer (TE)

This buffer was prepared by adding 0.05 M of Tris-OH and 0.001M of
EDTA to 800 ml D.W.; the pH was adjusted to 8 and completed to one litter
by D.W., then autoclaved at 121°C for 15 min and stored at 4°C until be
used. TE buffer is used and prepared from Promega company/USA.
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3.6.2: Reagents
3.6.2.1: Catalase Reagent

The reagent was created by combining 3 ml of H,O, with 100 ml of
distilled water and keeping it in a dark jar. The reagent was used to test

bacteria's ability to produce the catalase enzyme (Forbes et al., 2007).
3.6.2.2: Methyl red reagent

The reagent was made by dissolving 0.1 gram of methyl red in 300 ml of
(99 %) ethanol and then adding distilled water to make the volume (500) ml.
This reagent was used to determine the total amount of glucose hydrolysis
(Forbes et al., 2007).

3.7: Laboratory Diagnosis
3.7.1: Serology Test
The Widal test was used to identify typhoid antibodies in blood samples.

The presence of typhoid antibodies in fresh blood samples was determined

using the O and H antigens as follows:

1- Five milliliter of blood was centrifuged for five minutes to separate the

serum.

2- On a clean glass slide, a single drop of each O and H antigen was applied
individually.

3- One drop of serum was extracted from the blood and thoroughly mixed
with each antigen. Then waited two minutes. Agglutination was reported as

a positive outcome if it was seen
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3.7.2: Isolation and Identification of S typhi

Blood cultures were evaluated on a regular basis for the following signs of
microbial development: turbidity, gas production, color change, and other
signs of microbial growth. Before reporting negative results, cultures should
be cultured for at least seven days. Blood agar and MacConkey agar were
used to subculture probable positive bottles. Pale MacConkey agar colonies
were subcultured on Xylose Lysine Deoxycholate agar and Salmonella
Shigella agar and incubated at 37C° for 24-48 hours. If a colony was visible,
it was recognized based on its morphology and then inspected under a light

microscope after being stained with Gram's stain.

3.7.3: Biochemical Test
3.7.3.1: Oxidase Test

The test was used to identify the presence of an oxidase enzyme in
bacteria, which catalyzes electron transport among the bacteria's electron
donors, and a redox dye, which had been reduced to a purple color. A few
bacteria colonies were dispersed on the filter paper saturated with oxidase
reagent by altering the color to purple for ten seconds, yielding a good result
(Forbes et al., 2007).

3.5.3.2: Catalase Test

Catalase is an enzyme that catalyzes the oxygen release from hydrogen
peroxide. Using a sterile wooden stick, a small amount of bacterial growth
was transferred to the surface of a clean, dry glass slide, and one drop of 3
percent H,O, was added to it. The production of gas bubbles suggested a
successful outcome (Forbes et al., 2007).
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3.7.3.3: Indole Test

Fresh colony was cultured on peptone water then incubated at 37C° for
(24-48) hrs. Drops from Kovacs reagent were added. The presence of pink
ring after adding of reagent considered as positive result of the test (Forbes
et al., 2007).

3.7.3.4: Methyl Red Test

Five drops of methyl red reagent were applied to a broth of bacteria after
incubated at 37°C for 24 hours. The next step was to study to read results.
The color change to red (Forbes et al ., 2007).

3.7.3.5: Voges-Proskauer Test

A young colony was grown on methyl red-Voges-Proskauer broth and
incubated at 37°C for 48 hours then added Britt’s reagent. A favorable
reaction was confirmed by the appearance of a pink tint within 20 minutes
(Forbes et al., 2007).

3.7.3.6: Citrate Test

Young colony was cultured on Simmons citrate slant, then incubated at
37°C for 48-72 hours, The color changed from green to blue that considered
a positive result (Forbes et al., 2007).

3.7.4: VITEK-2 Compact System

The VITEK-2 compact system was used to confirm the manual
biochemical test findings, and it was recently employed to identify bacteria
(Pincus, 2010). It was provided with the essential identification data base for

all standard identification tests, allowing for greater efficiency in
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microbiological diagnosis by minimizing the time and need for any
additional tests that are safe for the system's user. This system was created in
compliance with the specifications provided by the manufacturer

(BioMérieux-France).

A personal device, a reader incubator, and a variety of internal components
such as a card cassette, a card filler mechanism, a cassette loading
processing mechanism, a card sealer, a bar code reader, a cassette carousel,
and an incubator comprise this system. Transmittance optics, waste
processing, instrument control electronics, and software are also included in
the system. In a plane test tube, three milliliters of normal saline were
poured and infected with a lope full of isolated colonies before being
introduced into a dens check machine to standardize the colony to

McFarland's standard solution (1.5x102 cells/ml).

The standardized inoculums were inserted into the cassette, and a barcode-
encoded sample identification number was entered into the computer
software. The VITEK-2 card type is then read from the barcode placed on
the card during manufacturing, and the card is thus linked to the sample 1D

number. The tape was then put into the filler module.

The cassette was transferred to the reader/incubator module when it was
full. All the following activities, such as adjusting the incubation
temperature, optically reading the cards, and continually monitoring and
sending test findings to the computer for analysis, were handled by the

equipment.
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3.7.5: Antibiotics by VITEK-2 Compact System

The automated VITEK-2 compact system was used for antibiogram
testing, which was based on MIC method determination employing AST-
N222 cards: Piperacillin, Piperacillin/Tazobactam, Piperacillin/Clavulanic
acid, Cefepime, Aztreonam, Imipenem, Meropenem, Gentamicin,
Tobramycin, Ciprofloxacin, Ticarcillin, Amikacin, Ceftazidime and
Trimethoprim/Sulphamethoxazole. The AST-N222 cards were infected in
the same way as specified in the VITEK-2 compact system, which analyzes
each organism's growth pattern in the presence of the antibiotic in relation to
growth control well. Several factors are employed to give acceptable input
for MIC estimations based on the observed growth characteristics. To
identify a category interpretation, the MIC result must be connected to an

organism identity.

3.8: Immunological Study
3.8.1: IL-17A Level in Serum by ELISA
3.8.1.1: Principal and Methods

The enzyme-linked immunosorbent assay is a medical diagnostic test that
employs antibodies and antigens and color change. The micro ELISA plate
has been pre-coated with a human IL-17A antibody. Standards or samples
are mixed with the particular antibody in the micro ELISA plate wells. Then,
in each microplate well, a biotinylated detection antibody specific for human
IL-17 and an Avidin-Horseradish Peroxidase conjugate are added and
incubated. When stop solution is added to the enzyme-substrate reaction, the
color turns yellow. A spectrophotometer with a wavelength of 450 nm is

used to measure the optical density.
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3.8.1.2: Assay Procedure

1- All reagents, stander solutions, and samples were prepared as instructed,
and all reagents were brought to room temperature before use. The assay is

performed at room temperature.
2- A 50ul of the standard was added to the standard well.

3- A 40ul of the sample was added to sample wells and then was added 10pl
anti- IL-17A antibody to sample wells, then was added 50ul streptavidin-
HRP to sample wells and standard wells (not blank control well). Mixed

well, and cover the plate with a sealer and incubated for 60 minutes at 37°C.

4- Removed the sealer and washed the plate five times with wash buffer.
Soaked wells with at least 0.35 ml wash buffer for 30 seconds to 1 minute

for each wash.

5- A 50ul substrate solution A was added to each well and then was added
50ul substrate solution B to each well. Incubation plate covered with a new

sealer for 10 minutes at 37°C in the dark.

6- A 50ul of stop solution was added to each well, the blue color will

change into yellow immediately.

7- The optical density (OD value) of each well determined immediately by
using a microplate reader set to 450 nm within 10 minutes after adding the

stop solution.
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Figure (3-3): Standard curve for IL-17A concentration

3.8.2: IL-1p Level in Serumby ELISA
3.8.2.1: Principal and Methods

The enzyme-linked immunosorbent assay is a medical diagnostic test that
employs antibodies and antigens and color change. The microplate has been
pre-coated with a human IL-1beta antibody. Standards or samples are mixed
with the particular antibody in the micro ELISA plate wells. Then, in each
microplate well, a biotinylated detection antibody specific for human IL-1
and an Avidin-Horseradish Peroxidase conjugate are added and incubated.
When stop solution is added to the enzyme-substrate reaction, the color turns
yellow. A spectrophotometer with a wavelength of 450 nm is used to

measure the optical density.
3.8.2.2: Assay Procedure

1- All reagents, stander solutions, and samples were prepared as instructed,
and all reagents were brought to room temperature before use. The assay is

performed at room temperature.

46



Chapter Three Materials and Methods

2- A 50ul of the standard was added to the standard well.

3- A 40ul of the sample was added to sample wells and then was added 10ul
anti- IL-1beta antibody to sample wells, then was added 50ul streptavidin-
HRP to sample wells and standard wells (not blank control well). Mixed

well, and cover the plate with a sealer and incubated for 60 minutes at 37°C.

4- Removed the sealer and washed the plate five times with wash buffer.
Soaked wells with at least 0.35 ml wash buffer for 30 seconds to 1 minute

for each wash.

5- A 50pl substrate solution A was added to each well and then was added
50ul substrate solution B to each well. Incubation plate covered with a new

sealer for 10 minutes at 37°C in the dark.

6- A 50ul of stop solution was added to each well, the blue color will

change into yellow immediately.

7- The optical density (OD value) of each well determined immediately by
using a microplate reader set to 450 nm within 10 minutes after adding the

stop solution.
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Figure (3-3): Standard curve for IL-1beta concentration

3.9: Molecular Study
3.9.1: DNA Extraction

Genomic DNA from blood samples was extracted using the Genomic
DNA extraction kit procedure for frozen blood (Favorgen/Taiwan) and the

following stages were followed:

1- A volume of 200 pl of frozen blood were put into a sterile 1.5 ml micro
centrifuge tube, and then 20 pl (10 mg/ml) of proteinase K were added and

mixed well then incubated for 15 minutes at 60°C.

2-Followed by adding 200 pl of GSB buffer to each tube and forcefully
mixed by vortex, and all tubes were incubated at 60°C for 15 minutes,

inverting every three minutes throughout the incubation period.

3- A volume 200 pl of absolute ethanol (96-100%) were added to the lysate

sample and mixed by shaking vigorously for 10 seconds.
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4- A GSB Mini Column was inserted into a 2 ml collection tube, and the
entire mixture (including any precipitate) was transferred to the column. The

mixture was then centrifuged at 10,000 xg for 5 minutes.

5- A 400 pl W1 buffer were added to the GSB Mini Column and centrifuged
at 10,000 xg for 30 seconds before discarding the flow through and placing

the column back in the 2 ml collection tube.

6-Each column received a washing buffer. The column was then centrifuged
at 10,000 xg for 30 seconds, the flow through was discarded, and the column

was put back in the 2 ml collecting tube.

7-After centrifuging all of the tubes for 3 minutes at 10,000 xg to dry the
DNA, it was transferred to a clean 1.5 ml micro centrifuge tube and 100 pl

of warmed elution buffer was added to the middle of the column matrix.

9-The tubes were left for at least 5 minutes to allow the elution buffer to be
absorbed by the matrix. The purified DNA was then centrifuged at 10,000

xg for 30 seconds to elute it.
10- The DNA was stored at -4°C until used it.
3.9.2: DNA Concentration

The collected blood genomic DNA was tested using a nanodrop
spectrophotometer, which evaluated DNA content (ng/L) and DNA purity
by reading absorbance at (260/280 nm) as shown below.
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3.9.3: PCR Amplification

3.9.3.1:Principle of PCR

Polymerase chain reaction is a technique commonly used in molecular
biology. The basic PCR idea is straightforward. It is a chain reaction, as the
name implies: one DNA molecule is utilized to generate two copies, then
four, then eight, and so on. Specific proteins are responsible for this constant
doubling. Polymerases are enzymes that can link together individual DNA

building pieces to generate lengthy molecular strands.
3.9.3.2: Preparing the Primers

Primers were made according to the manufacturer's instructions to a
supply of primers. Each primer was treated with lyophilized primer
dissolved in nuclease-free water to create a master stock that would be

utilized to create a working stock.
3.9.3.3: Agarose Gel Electrophoresis

1-To make the gel (1%), dissolve 0.3 grams of agarose in 30 ml of 0.5XTBE

buffer and heat in a microwave oven for 45 seconds.

2-Agarose was homogenized and chilled to 55C°. The gel was then

combined with 2ul of ethedium bromide by swirling.

3-The gel was then put into the gel attempt and put comb to form wells then
allowed to polymerize for 30 minutes. The polymerized gel was then
transferred to the electrophoresis apparatus after removed comb and
immersed in 0.5 TBE running buffer. 10ul of extracted DNA were combined

with 2ul of loading dye and mechanically pipetted onto the gel wells.
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4-The electrophoresis was performed by setting the apparatus to 100 volts
for one hour, imaging the gel, and analyzing the image to determine the

extracted DNA molecular weight.
3.9.3.4: Optimization of IL-17A and IL-1p Genes PCR Product

Different annealing temperatures were used to optimize primer pairs which
produced (301 bp) gene of first region and (328) second region of the IL-
17A, while the optimize primer pairs of the IL-1p gene which produced (368
bp) first region and (369 bp) second region. A gradient of (55-66°C)

annealing temperature were used to optimize the PCR amplification.

3.9.3.5: PCR Amplification of IL-17A and IL-1p genes

Table (3-6): Mixture optimized reaction of PCR

Composition Volume

1 | Master mix 8ul
2 | 10pn M Forward Primer 1l
3 | 10u M Reverse Primer 1l
4 | DNA sample 2 ul
5 | Nuclease-free water 75u
6 | Mgcl, 0.5ul

Total 20 ul
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Table (3-10): Conditions of PCR thermal cycling

Stage Step Temperature Time No. of Cycles
1 Initial denaturation 94 C° 5 min 1
Denaturation 94 C° 30 sec
2 Primer annealing 60 C° 30 sec 35
Extension 72C° 30 sec
3 Final extension 72 CO 5 min 1

3.10: Single Strand Conformation Polymorphism

Mutation scanning approaches, such as PCR-coupled single-strand
conformation polymorphism, provide substantial benefits over many other
nucleic acid techniques for analyzing allelic and mutational sequence
variation. The current protocol describes the SSCP method of analysis,
including all steps from small-scale genomic DNA isolation and PCR
implication of target sequences to gel-based amplicon separation and SSCP
scanning for mutations. The sequencing analysis of polymorphic bands
recovered from gels that follow is also addressed. The SSCP procedure may
identify point mutations in amplicons as small as 450-500 bp and typically
takes one day to complete. This user-friendly, low-cost, possibly high-
throughput disease detection method has the potential to be applied to any
gene from any creature (Gasser et al., 2006).

3.10.1: Procedure of SSCP

1-The glass plates were carefully washed with warm tap water before being
rinsed with tap water, deionized water, and finally ethanol. They were either

wiped dry or air dried.
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2-First, the long plate was placed on a clean surface, followed by the left and
right spacers positioned along the long plate's sides. The short plate was

placed on top of the spacers, flush with the bottom border of the long plate.

3-After loosening the single screw on each sandwich clamp, each clamp was
positioned on the proper side of the gel sandwich, with the locating arrows

facing up and toward the glass sandwich.

4-The gel sandwich was tightly gripped and inserted into the left and right
clamps. The screws were tightened sufficiently to keep the plates in place.
The plates and spacers were checked for evenness at the bottom. If this was
not the case, the plates and spacers were repositioned in order to achieve a
proper seal. Failure to do so might have resulted in gel leakage during

casting and buffer leakage during the run.

5-The gray sponge was inserted into the casting slot in the front. With the
short glass plate facing front, the sandwich assembly was put on the sponge.
To secure the sandwich in position, the sandwich was forced down and the

camshaft handles were held down as well.

6-A gel solution was prepared with the necessary polyacrylamide percentage
volume of reagents used to cast polyacrylamide gel (12%) containing H,O
(4ml), TBE (2ml) and 30% Acrylamide (4 ml). The sandwich was dipped in
the gel solution.

7-To produce the sample wells, a comb was put into the top of the sandwich
and allowed to polymerize at room temperature for at least 1 hour. After
polymerization, the comb was removed by gently drawing it straight up. The

gel sandwich was removed from the casting stand and secured to the core,
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with the short glass plate facing the core. The core was flipped over and the

second gel sandwich was connected.

8-Using a syringe and needle, the upper and lower chambers were filled with
1X TBE buffer, and the wells were thoroughly washed with running buffer.
The core and the gel sandwiches linked to it were placed in the

electrophoresis tank, allowing the core to lock in place.
3.10.2: Preparing the Sample

Given 2.5 ml of PCR product was combined with 2.5 ml of SSCP gel

loading buffer and heated at 90°C for 5 minutes before being placed on ice.
3.10.3: Electrophoresis

1-After the running buffer reached the correct temperature, the pre-run was
terminated, the wells were washed with running buffer, and 5 ml of the
samples were put into the wells using long tips. The gel was run for 6 hours

at 5-15 seconds at a steady power of 125 volts.

2-After the electrophoresis was finished, the power supply and water chiller
system were switched off, the electrodes were detached, and the core was

gently removed from the electrophoresis tank.
3.10.4: Silver Staining

1-To absorb buffer leaks, the core and gel sandwich were placed on a
cushioned surface. The gel sandwich was taken out of the core. The gel was

gently removed from the plates and briefly washed in deionized water.

2-The gel was dipped in a tray containing the first solution (90 ml of

deionized water, 10 ml of ethanol, 0.2 gram silver nitrate, and 500 ml of
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acetic acid), and the tray was put on top of a shaker for at least 20 minutes to

combine.

3-Solution 1 was drained away, and the gel was washed briefly with
deionized water. The second solution was placed in a 55°C water bath. After
the first solution was withdrawn, the second solution (three grams of NaOH,

100 ml of formaldehyde, and 100 ml of deionized water) was added.

4-Once the bands were clearly visible, the second solution was discarded,
and the third solution (10 ml of ethanol, 90 ml of deionized water, and 500
ml of acetic acid) was added for 5 minutes. After placing the gel on top of
the LED light, the bands were read, the findings on the gel were recorded,

and a snapshot was taken.
3.11: DNA Sequencing

The resolved PCR amplicons were commercially sequenced from both
forward and reverse termini according to the sequencing company's
instruction manuals (Macrogen, South Korea). Only clean chromatograms
acquired from sequence files were examined further, verifying that the
annotation and variances were not the result of PCR or sequencing errors.
The virtual locations and other information of the obtained PCR fragments
were determined by matching the observed DNA sequences of the NCBI

Blast engine.
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3.12: Interpretation of Data for Sequencing

Using Bio Edit Sequence Alignment Editor Software Version 7.1, the
sequencing results of various PCR products were edited, aligned, and
assessed as long as they matched the appropriate sequences in the reference
database (DNASTAR, Madison, WI, USA). The detected differences in each
sequenced sample were numbered in both PCR amplicons and their

matching locations within the reference genome.
3.13: Examining The Originality of SNPs

The detected SNP was submitted to the single nucleotide polymorphism
database dbSNP for verification. Each SNP was re-positioned based on its
location in the reference genome. Following that, the presence of a prior
SNP was determined by viewing its associated dbSNP location. The
identified SNP's dbSNP position was recorded.

3.14: Statistical data

The SPSS application was used to analyze all of the data (adaptation 17
for Windows 7) The T-test, odds ratio, and P-value (0.001) with a 95%
confidence interval were used to assess the significant level of difference in
genotypes and allele frequency, and the mean was used to determine IL-17A

and IL-1P serum levels for each genotype.
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4: Results and Discussion
4.1: Demographic Information

A total of 263 blood samples were collected from patients with typhoid
fever, with the current study only including those only with symptoms of
typhoid fever during the period from February to August 2021. Only 50
(19%) of 263 people tested were positive for S typhi infection using blood
culture, biochemical tests, and the VITEK-2 compact system. The
demographic data included the age and gender distribution of typhoid fever
patients. This study comprised 50 seemingly healthy control individuals who
appeared well and disease-free individuals who had a Widal test and blood

culture negative.
4.1.1: Patient Distribution based on Age

The mean + standard deviation of the patients age was (36.66 + 12.32)
years old, with a range of (15-65) years old, and (50) control individuals
were included in this study, with the age mean + standard deviation for
healthy control (34.84 + 11.51). According to the findings of the current
study, the age group most likely to have typhoid fever infections was 25-35
years old, which was reached at (34%), followed by (15-25) years old,
which was reached at (24%), and less that the group of (35-45) years old
reached (20%) and the group of (45-55) years old reached (12%). Finally,
the group of (55-65) year olds reached (10%) as can be seen in figure (4-1).

The disease was more frequent in the patient group (25-35) years old in
this study. The possible reason may be their unhygienic lifestyle and eating

contaminated junk food, which was the major source of infection in young
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adults, along with increased number of social gatherings and the interaction

with certain environmental factors or lifestyle (Luby et al., 1998).

Patients at these ages were more active and met more people, potentially
predisposing them to infections, according to the findings of (Jaafar et al.;
2013 and Al-ameri and Saif, 2014). The result of this study was agreed with
Rasul et al. (2017), when they found the age group 21-30 was highly
affected by typhoid infection.

H15-25
H 25-35
b 35-45
H45-55
i 55-65

Figure (4-1): Distribution of patients according to age

4.1.2: Patient Distribution based on Gender

The study shows the percentage distribution of the two study groups
based on gender that there were 32 (64%) of cases for males and 18 (36%)
of cases for females' with typhoid fever infection as shown in Figure (4-2).
while the control group had 30 (60%) for males and 20 (40%) for females.
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H male

m female

Figure (4-2): Distribution of patients according to gender

Males were found to be more infected than females, which is consistent
with prior findings (AL-Khafaji et al., 2006; Saleh, 2013; Abd, 2019). The
explanations might be that most men were out-doored, in which case they
could be viewed as food eating and handling or contact with other patients
(Michael and AL-Wan., 2008). Males' greater exposure to polluted food and
water outside the house may be a cause of higher infection rates because

S typhi spread by the fecal oral route (Jerrold and Tunner, 2010).

4.2: Bacteriological Study
4.2.1: Serologically Test

According to the findings, clinical samples were divided into 50 (19%)
positive blood cultures for S typhi and 213 (81%) negative cultures for
S typhi. The Widal test, which measures antibody responses titer to S typhi H
and O antigens, revealed that the blood specimens were positive.
Misleading results when using the Widal test may keep one from making the
correct diagnosis due to cross reaction of antigen from other infections with
Salmonella species antibody. S typhi has cross-reacting epitopes with other
Enterobacteriaceae, which can lead to false-positive results and is not

reliable for typhoid fever diagnosis (Mawazo et al., 2019). Widal test
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methods are inexpensive and widely available, making them ideal for poor
under developing countries, but they have low sensitivity and specificity
(Andualem et al., 2014).

Detect the agglutination of the antigens and antibodies found in the
patient's serum needed for confirmation of results with a second test method
(Elvis et al., 2019). S typhi is most commonly isolated from blood during the
first week of illness, but it can also be found during the second and third
weeks. Blood culture diagnosis of S typhi is a more standard and rapid
method than stool culture because blood culture sensitivity is higher in the
first week of illness. Stool culture is less than 50% sensitive on its own, and

urine is even less so (Fadil, 2019).

M Posative

H Negative

Figure (4-3): Percentage of blood cultures with S typhi for patients with
typhoid fever

60



Chapter Four Results and Discussion

4.2.2: Isolation and Identification of S typhi

Brain Heart Infusion broth has been used to inoculate the blood samples.
As evidence of microbial growth, several changes in the broth have been
observed, including turbidity, gas formation, color change, and foul odor.
Identification was done by sub culturing from on MacConkey agar, Blood
agar, Salmonella Shigella agar and Xylose Lysine Deoxycholate agar figure
(4-4). Gram-negative bacteria, bacilli in shape, were discovered under the
microscope to be motile by peritrichous flagella around the cell body
(Fabrega and Vila, 2013).

Figure (4-4): Salmonella typhi in different culture media
A: On Macconkey agar S typhi appeared as pale colonies (non-lactose fermentation).
B: On blood agar, S typhi appeared as white colonies (non-hemolytic).
C: On S.S agar, S typhi formed black colonies with H2S production.
D: On XLD Agar, S typhi appeared as red colonies with black centers.
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Biochemical tests that are used as complimentary to the identification of
S typhi isolates are shown in Table (4-1). S typhi tested negative for oxidase,
indole and VVoges-Proskauer test but positive for methyl red, catalase test and

citrate test. In triple sugar iron, Salmonella.typhi isolates produced hydrogen

sulfide.
Table (4-1): Biochemical test for S typhi
Test | Catalase | Indole | Oxidase | Methyl- Voges- | Citrate | Kligler
red Proskauer
Alk /
Result + - - + - + acid+H».S
production

+: positive , - :negative ,TSI: triple sugar iron
4.2.3: ldentification of S typhi by VITEK-2 Compact System

The automated VITEK-2 compact system with GN-1D cards was used for
the final identification, which included 47 biochemical tests and one
negative control well. As shown in the appendix, the results show that the

blood isolates are S typhi.

The isolates were identified using the VITEK-2 compact system auto
analyzer system, and the results were analyzed using compact software,
which may provide accurate microbial identification (Pincus, 2010)
demonstrates that a VITEK-2 compact system phenotypic confirmatory tool
with faster results, higher specificities, demonstrated confidence, and less

training time than manual microbial identification techniques.
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4.2.4: Antibiotic Sensitivity by VITEK-2 Compact System

A unique kit of VITEK-2 compact system AST-N222 cards for
Enterobacteriaceae was utilized in this investigation, which contains a
variety of antibiotics. For all isolates, the study proved that the isolates have
high resistance rate for Penicillins: Ticarcillin, Ticarcillin/Clavulanic Acid,
Piperacillin were (100%) and Piperacillin/Tazobactam was (28%) ; for
Monobactam: Aztreonam was (76%) ; for Aminoglycosides: Amikacin was
(80%), Gentamicin was (100%) and Tobramycin (92%) ; for Carbapenems:
Meropenem was (24%) and Imipenem was (8%) ; for (Quinolones and
fluoroquinolones): Ciprofloxacin was (100%) ; for Cephalosporins:
Cefepime and Ceftazidime were (100%) and for Sulfonamides:
Trimethoprim/Sulphamethoxazole was (36%). The isolates' results revealed
multidrug resistance because the S typhi isolates were resistant to more than

three groups of antibiotics, as shown in Figure (4-5).
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Figure (4-5): Rates of antibiotic resistance for S typhi isolates
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Testing was carried out with VITEK-2 compact system using AST-N222
cards as shown in the Appendix. Ticarcillin, Ticarcillin/Clavulanic Acid, and
Piperacillin were all resistant with MIC > (128) pg/ml. Gentamicin,
Cefepime, Ceftazidime, Ciprofloxacin, Tobramycin and Piperacillin /
Tazobactam had resistance to MIC > (16) pg/ml. The MIC value for
trimethoprim/Sulfamethoxazole resistance was < (20) pg/ml. Amikacin
found that isolates were resistant to it with MIC value > (64) ug/ml. While
the MIC value for Aztreonam resistance was < (4) pg/ml. Imipenem,
Meropenem appeared to have low resistance to S typhi isolate with MIC

value were < (1) as shown in table (4-2).

Table (4-2): Antibiotic susceptibility by the VITEK-2 Compact System

Salmonella typhi (25)
Antibiotics MIC
Sensitive | Resistance | pg/ml
(%) (%)

Ticarcillin | - 25 (100%) | >128
Ticarcillin/Clavulanic acid | ---------- 25 (100%) | >128
Piperacillin | --mm-mmem- 25 (100%) | >128
Piperacillin/Tazobactam 18 (72%) 7 (28%) <16

Aztreonam 6 (24%) 19 (76%) <4
Cefepime | ---mmmee- 25 (100%) > 16
Ceftazidime | - 25 (100%) > 16

Ciprofloxacin | -=-mm-m-- 25 (100%) >1
Trimethoprim/Sulfamethoxazole | 16 (64%) 9 (36%) <20
Gentamicin | ---mm-ee-- 25 (100%) > 16
Amikacin | -memeemee- 25 (100%) > 64
Tobramycin 2 (8%) 23 (92%) > 16

Imipenem 23 (92%) 2 (8%) <1

Meropenem 19 (76%) 6 (24%) <l
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The results showed that the antimicrobial resistance rate to DNA synthesis
inhibitors; Ciprofloxacin may be due to the use of Fluoroquinolones for the
treatment of typhoid has become more common in developing countries.
Previous research found an increase in S typhi resistance to ciprofloxacin
(Mutai et al., 2018).

Reduced ciprofloxacin sensitivity increases the chance of typhoid fever
medicine failure, especially in underdeveloped nations. Irag has the largest
ciprofloxacin sensitivity drop among Middle Eastern countries (Rahman et
al., 2014). That was consistent with the findings of the current investigation.
Furthermore, the current investigation is analogous to a study achieved in

Baghdad which S typhi was resistant to ciprofloxacin (Rasool et al., 2020).

Protein synthesis inhibitor showed the rate of resistance to Gentamicin
100% and Amikacin 80% Tobramycin 92%, Aminoglycosides can be
inactivated in several ways, Lo et al. (2014) reported the low activity of
aminoglycosides against intracellular S typhimurium. This study agreement
with a study conducted in Baghdad-Iraq, which demonstrated the resistance

of S typhi to Tobramycin (Rasool et al., 2020).

Some aminoglycoside modifying enzymes catalyze the addition of
hydroxyl groups for phosphates or adenyl groups. Aminoglycosides binding
to the 30S ribosomal subunit inhibiting protein translation. Salmonella
resistance to aminoglycosides by an enzymatic modification of the
compound (Fadil, 2019; Abood, 2020).

Carbapenems, are synthetic B-lactam antibiotics that differ in structure
from the Penicillin in that the sulfur atom of the thiazolidine ring has been

externalized and replaced by a carbon atom. For Meropenem and Imipenem,
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the most bacterial isolates in this study were susceptible to them, because of
the most resistance to [-lactams is conferred by [-lactamases that
enzymatically cleave the B-lactam ring and prevent it from bonding to and
inactivating cell wall enzymes where as a new p-lactams were synthesized
through modification of the chemical groups around the B-lactam ring to
produce B-lactams that are resistant to the f-lactamases (Giguere et al, 2013,;
Fadil, 2019).

Aztreonam from Monobactams group are considered critically important
antimicrobials in medicine according to the World Health Organization 24%
(WHO, 2006), which disrupt bacterial cell wall synthesis, are unique
because the B-lactam ring is not fused to another ring. Modifications can
improved their activity on specific bacteria or accessibility to certain
infection sites. That resistance 100%, were reported to the Cephalosporins:
Cefepime and Ceftazidime (Giguere et al., 2013). S typhi may not have any
effect as a result of the isolates already being resistant to broad spectrum
Cephalosporins (AL-Edhari, 2015).

Several investigations have revealed Salmonella spp. resistance to
Ticarcillin (Johnson et al., 2005). Piperacillin is frequently used in
conjunction with Tazobactam, which increases piperacillin's efficacy by
blocking beta-lactamase enzymes in several species. The current
investigation found that S typhi isolates were responsive to
piperacillin/Tazobactam 28% which is consistent with previous findings
(Salman et al., 2021). Piperacillin/Tazobactam remains a suitable antibiotic
against Gram-negative bacteria (Lowman, 2013). Resistance to
Trimethoprim is because mutations in the chromosomal gene that encodes

dihydrofolate reductase, the enzyme that reduces dihydrofolate to
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tetrahydrofolatem which reduces the binding affinity of the drug (Lutterloh
et al., 2012; Chand et al., 2014). The high prevalence of multi drug
resistance may was because of the extensive use of antibiotics without
consulting doctors, which is very common in developing countries

particularly in Irag (Omulo, 2015).

4.3: Immunological Study
4.3.1: Concentration of Interleukin-17A in Serum

The cytokines IL-17A was measured in patients and controls using an
Enzyme-Linked Immunosorbent Assay (ELISA) based on the manufacturing
company principle. In this study, the levels of IL-17A in the serum of
patients were investigated and compared them with control group. The mean
+ standard deviation of IL-17A concentration in the serum of patients was
27.06£8.76 pg/ml while the mean * standard deviation for concentration in
control group was 13.41+5.27 pg/ml .There were significant differences (P <
0.000) as shown in figure (4-6).
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Figure (4-6) :Concentration of IL-17A in patients and control groups

Th17 cells produce IL-17, which acts as a mediator in the inflammation
associated with host defense against bacterial and fungal pathogens,
particularly at mucosal surfaces (Ouyang et al., 2008). Th17 CD4'T cells
provide protection against bacteria and fungi by recruiting acute
inflammatory cells to infection sites (Weaver et al., 2007). Other cytokines,
such as IL-6, are also produced by Thl7 cells. It is also necessary for the
production of cytokines and antimicrobial peptides in the gastrointestinal

tract (Song et al., 2011).

Khader and Gopal (2010) describe IL-17 as an inflammatory cytokine that
protects against infection and is increasingly connected to host defenses
against intracellular infections. Antigen-specific IL-17A cells were found in

response to Salmonella enteriditis infection, and IL-17A knockout animals
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exhibited a greater bacterial load in the liver and spleen when compared to

wild-type mice (Schulz et al., 2008).

It was important to begin studies to determine whether IL-17A might play
a role in S typhi protection because the gastrointestinal mucosa is the first
point of contact for S typhi and mucosal immune responses are likely to play
a role in protection (Ktsoyan et al., 2013) showed elevated level of IL-17 in
patients with acute salmonellosis caused by two serotypes of S enterica, S

enteritidis and S typhimurium compared to healthy control subjects.

According to a study utilizing the intracellular pathogen S typhimurium,
IL-17 and IL-22 are also induced in the ileal mucosa in response to infection
(Raffatellu et al., 2008). In the absence of IL-23 and IL-17R found the
signaling, chemokine, macrophage, and anti-microbial neutrophil
recruitment to the ileal mucosa was decreased, but bacterial spread to the

lymph nodes was enhanced (Godinez et al., 2009).

The findings of this study are consistent with those of Bhuiyan et al.
(2014), who discovered a significant increase in IL-17 during typhoid fever
infection. Because S yphi infection can persist intracellularly, protective
immune responses are complex and involve both humoral and cellular
immune responses. Cell-mediated immunity is essential for infection
clearance (Levine et al., 2001; Sztein, 2007).

In IL-17R-deficient mice infected with Klebsiella pneumoniae, lower IL-
17A levels are associated with an increased risk of bacteremia (Zhao et al.,
2016). The findings of this study agree with those of Sivick et al. (2010),
who discovered that IL-17A deficient mice are more susceptible to E. coli

infection. Following cecal ligation and puncture, IL-17R deficient mice
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showed decreased neutrophil recruitment, increased infection spread, and

exacerbated inflammatory responses (Zhao et al., 2016).

IL17A also induces antimicrobial responses in epithelial cells against
intracellular bacteria such as S typhimurium (Broz et al., 2012). In clinical
studies, low IL-17A levels are associated with impaired host immunity when
infected with bacteria such as Bordetella pertussis and Citrobacter
rodentium (Levy et al., 2016). IL-17A was also found to be important in
orchestrating early inflammatory responses during S typhimurium colitis in
another study (Schulz et al., 2008 ; Keestra et al., 2011).

The expression of an antimicrobial peptide induced by IL-17A at the
apical site of the intestinal mucosa led to the killing of invading pathogens at
the epithelial surface immediately after infection with S typhimurium
(Mayuzumi et al., 2010).

Interleukin-17 works in concert with other mediators such as IL-1, IL-6,
and TNF-a to stimulate tissue-infiltrating neutrophils, which aid in the
successful clearance of invading germs (Schwarzenberger et al., 2000).
Production of Human IL-17A enhanced against bacteria or their toxins
(Niebuhr et al., 2011).

4.3.2: Concentration of Interleukin-1p in Serum

The cytokines IL-1p was measured in patients and controls using an
Enzyme-Linked Immunosorbent Assay (ELISA) based on the manufacturing
company principle. In this study, It has been investigated the levels of IL-1p

in the serum of patients and compared them with control group.
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The mean + standard deviation of IL-1 concentration in the serum of
patients was 15.38+6.45 pg/ml while the mean * standard deviation for
concentration of control group was 7.23+£3.85 pg/ml .There were significant
differences (P < 0.000) as shown in figure (4-7).

IL-1p pg/mi

18

16

14

12

10

IL-1 Beta concentration pg/ml

Control Patient
| ® IL-1 Beta pg/ml 7.23 15.38

Figure (4-7) :Concentration of IL-1p in patients and control groups

Correlation among IL-17A, IL-1B, age and gender, the results of
statistical analysis shown that the IL-17A was significantly differences at
( P <0.05), positive correlation with age (r =0.688**), and its positively
correlation with gender (r = 0.502%*), IL-1B was significantly differences at
( P <0.05) and positively correlation with age and the value of r was reached

to (0.438*) and its positive correlation with gender (r = 0.863*%*).
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Table (4-3): Correlation among IL-17A, IL-1p, Age and Gender

Correlation
IL-17A IL-1B Age | Gender
Pearson Correlation 1 -0.18 0.688** | 0.502*
Sig. (2-tailed) 0.865 0.05 0.30
IL-17A
N 50 50 50 50
Pearson Correlation -0.18 1 0.438* | 0.863**
IL-1p Sig. (2-tailed) 0.862 0.42 0.23
N 50 50 50 50
Pearson Correlation | 0.688** 0.536 1 0.7.1**
Age Sig. (2-tailed) 0.005 0.041 0.000
N 50 50 50 50
Pearson Correlation | -0.205 | 0.863** | 0.703** 1
Gender Sig. (2-tailed) 0.130 0.021 0.000
N 50 50 50 50

**_Correlation is significant at the 0.01 level (2- tailed).

Cytokines from the IL-1 family are expressed and excreted from many

types of cells in response to infectious diseases. Blocking IL-1 activity could

play a significant role in controlling a wide range of diseases (Dinarello et

al., 2012). The results are in agreement with findings that show the increased

IL-1B levels in humans and mice result in increased Th17 dominant

immunopathology (Meng et al., 2009).

72




Chapter Four Results and Discussion

Intracellular pathogenic bacteria trigger immune responses that are mainly
recognized by toll like receptor. Reports have indicated that cytosolic
recognition of Salmonella flagellin mediates caspase-1 activation and IL-13
maturation (Franchi et al., 2006). The host protein Ipaf is required for the
activation of caspase-1 and IL-1pB processing as well as for the inducement
of rapid cell death through the sensing of intracellular flagellin during

Salmonella infection (Miao et al., 2006).

SipB, an IpaB homolog, has been proposed to interact directly with
caspase-1 and mediate its activation (Hersh et al., 1999). Induced caspase-1
activation induced by Salmonella depends on the sensing of intracellular
flagellin by Ipaf but not SipB, in that flagellin mutants do not induce
caspase-1 activation even though their SipB function is intact (Franchi et al.,
2006).

The secreted protein SipB is the effector molecule responsible for the
induction of apoptosis in macrophages infected by S typhi. Macrophages
undergo cell death when microinjected with purified SipB, demonstrating
that this molecule is sufficient to induce apoptosis. Cytoplasmically-
distributed SipB directly engages a key component of the macrophage’s
apoptotic machinery. This interaction that presumably leads to the activation
of caspase-1. Then IL-1B undergoes maturation to its biologically active

form, which could initiate an inflammatory response (Hersh et al., 1999).

These two sensory pathways result in different responses, resulting in the
secretion of many cytokines and other transcriptional responses, including
pro-1L-1 expression but not mature IL-1 secretion. Ipaf, in contrast, initiates

IL-1pB processing and stimulates the secretion of mature IL-1p.
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By using two sensory pathways for bacterial flagellin, the innate immune
system may be able to modulate the intensity or quality of its response
according to the virulence characteristics of the pathogen. The presence of
less-virulent flagellated commensal bacteria in tissues would warrant a less-
vigorous response, with responses to flagellin mediated by TLR5 but not
Ipaf (Franchi et al., 2006; Miao et al., 2006).

4.4: Molecular Study
4.4.1:Purity and Concentration of DNA

The extraction of DNA from samples of whole blood was successfully
extracted and the concentration of DNA was ranged between (20-195
pug/ml) and the purity of DNA was ranged between (1.7-2.0) as shown in
figure (4-8).

Figure (4-8): Electrophoresis of DNA extracted from blood samples, 2%
agarose gel, 5 volts/cm for 1 hr.

74



Chapter Four Results and Discussion

4.4.2: PCR detection of IL-17A and IL-1p genes

All the 50 confirmed positive cases and the 50 control subjects were
submitted to PCR for the detection of IL-17A and IL-1p by using specific

primers.

Figure (4-9): Agarose gel electrophoresis of IL-17A1. 2% agarose, 75
volts/20 mA, for 1 hour.
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Figure (4-10): Agarose gel electrophoresis of IL-17A2. 2% agarose, 75
volts/20 mA, for 1 hr,
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Figure (4-11): Agarose gel electrophoresis of IL-1g1. 2% agarose, 75
volts/20 mA, for 1 hr.
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Figure (4-12): Agarose gel electrophoresis of IL-1B2. 2% agarose, 75
volts/20 mA, for 1 hr,
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4.4.3: Detection of IL-17A and IL-1p Genotyping Using PCR - SSCP
Lane L DNA ladder, 100 bp, 9, 11, and 13 in an A pattern. Lane 16 has a

C pattern, while the other lanes have a B pattern. The DNA sequence
analysis reveals that pattern A, B, and C represent the CT, CC, and TT
genotypes of rs1974226, respectively.as shown in figure (4-13).

T2 3[Rl 17 s o710 i1 1333133 181738 1930 |

Figure (4-13): Silver stained polyacrylamide gel of PCR-SSCP for
rs1974226 genotyping, 12% gel, 125 volts/cm, for 6 hours.

Lane L DNA ladder 100 bp. lanes 1,2,5,7,8,9,11,13,14,15,18,19,20, and
21 A pattern lanes 3,4,6,10,12, and 17 B have pattern lanes 16, and 22 C
pattern. The DNA sequence analysis reveals that patterns A, B, and C

represent the GA, AA, and GG genotypes of rs1143629, respectively as
shown in figure (4-14).
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Figure (4-14): Silver stained polyacrylamide gel of PCR-SSCP for
rs1143629 genotyping, 12% gel, 125 volts/cm, for 6 hours.

4.4.4: Association of rs1974226 with Genotypes and Allele Frequency

According to the results, individuals with two T alleles (homozygous for
the TT) were significantly represented among the patients with typhoid
fever: 14 (28%), as compared with healthy control subjects, 6 (12%), and
had an increased risk of developing typhoid fever infection. The IL-17A (C)
allele was less frequent among patients (28%, n=28) than control, and the

(T) allele was less frequent among patients than control.

The result that are obtained from equilibrium of Hardy-Weinberg of exact
test that are revealed that the frequency of control healthy group genotype

had been flowed equilibrium of the Hardy-Weinberg; while the distribution
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of typhoid fever patients genotype (P value > 0.0061) that are recorded a
significant deviation from equilibrium of hardy-Weinberg as shown in table
(4-6).

Alleles frequency for patients with typhoid fever and control healthy
group that had been listed in table (4-4), the results that had been shown that
there was significant difference in allele frequency between patients and

control groups.

Table (4-4): Genotypes and allele frequency for rs1974226 in typhoid
fever patients and controls

Genotype Healthy Patient Odd ratio
variation (n=50) (n=50) P-value (C.195%)

CC 28 (56%) 26 (52%) 0.67 0.538 (0.350-1.150)

CT 16 (32%) 10 (20%)

T 6 (12%) 14 (28%) | 0.0061 | 1.576 (0.870-2.856)

Allele
Frequency

Allele type Healthy (n=50) Patient (n=50)

C 72 (72%) 28 (28%)

T 62 (62%) 38 (38%)

C.l : confidence interval

The data has been further examined for each genotype correlated with
typhoid fever under different inheritance models. The results showed that
there was no significant association between any genotype and typhoid fever
under most of studies inheritance models, except inheritance of recessive
model that had significant associated with typhoid fever patients, T allele
represents as a risk factor for patients with typhoid fever and inheritance of
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recessive model as risk factor. The TT genotype has a related odd ratio (TT)
of 2.85 (C.1.95% 1.10-17.18) as shown in table (4-5).

Table (4-5): Association of rs1974226 genotypes under different models
of inheritance

Model Genotype | Control Case OR (C.1 95%) P-value
Codominant C/IC 28 (56%) | 26 (52%) 1.00

0.92
CIT 16 (32%) | 10 (20%) 0.67 (0.26-1.75)
T/T 6 (12%) | 14 (28%) | 2.51(0.84-7.51)

Dominant C/IC 28 (56%) | 26 (52%) 1.00 0.69
CIT-TIT | 22 (44%) | 24 (48%) 1.17 (0.53-2.58)

Recessive C/IC-CIT | 44 (88%) | 36 (72%) 1.00 0.043
T/T 6 (12%) | 14 (28%) | 2.85(1.10-17.18)

Over dominant | C/C-T/T 34 (68%) | 40 (80%) 1.00 0.17

CIT 16 (32%) | 10(20%) | 0.53 (0.21-1.32)

The findings appear to support the link between the T/T genotype and
susceptibility to typhoid fever. Th1l7 cells express IL-17A and IL-17F,
which are involved in coordinating local tissue inflammation (Park et al.,
2005; Lee et al., 2013). Polymorphisms in IL-17 cytokines alter interleukin
activity and may alter cytokine function, resulting in dysregulation of 1L-17
expression (Ishigame et al., 2009).

Because IL-17 is thought to be an important pro-inflammatory factor,
many studies of IL-17 SNPs and susceptibility have focused on
inflammation-related diseases (Zhang et al., 2013). A few studies have
looked into the role of IL-17 SNPs in breast cancer susceptibility (Slattery et

al., 2014), and studies of gastric cancer have mostly focused on rs2275913

80




Chapter Four Results and Discussion

but have yielded contradictory results (Wu et al., 2010; Qinghai et al.,
2014;).

Other studies have found that the IL-17 polymorphism plays an important
role in many autoimmune diseases Shen et al. (2015) found that the IL-17
rs2275913 and rs3819024 variant alleles were associated with a lower risk of
rheumatoid arthritis, while the I1L-17 rs3819025 and rs8193036 variant
alleles were associated with an increased risk of rheumatoid arthritis. The
rs1974226 SNP was linked to an increased vulnerability to gram-positive
infections. In two sepsis cohorts, patients with the rs1974226 GG genotype
were more vulnerable to gram-positive infection than patients with the
AG/AA genotype, and in the subgroup with lung infection, the IL17A
rs1974226 G allele was related with greater 28 day mortality of severe sepsis
(Nakada et al., 2011).

Previous research indicated that the T allele of rs1974226 in IL17A was
related to asthma, and that other genetic variations in the IL17 pathway
genes were connected with both protection and risk for asthma development
with IgE levels (Silva et al., 2019).

According to Ahmed Ali et al. (2018), no significant association was
found between IL-17 rs1974226 genotypes and related serum cytokine
levels, implying that elevated serum IL-17 may increase the susceptibility to
septic complications in polytrauma patients and thus could be a useful
biomarker for trauma patient management. There is mounting evidence that
the IL-17 gene single nucleotide polymorphism rs1974226 is linked to gram
positive bacterial resistance and susceptibility to infectious and non-

infectious ilInesses (Schwarzenberger et al., 2000).
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4.4.5: Association of rs1143629 with Genotypes and Allele Frequency

According to the results, individuals with genotype GA were significantly

represented among the patients with typhoid fever: 33(66%), as compared

with healthy control subjects 18(36%), and had an increased risk of

developing typhoid fever infection. The IL-1B (G) allele was less frequent

among patients (51%, n=51) than control, and the (A) allele was more

frequent among patients than control (49%, n=49). As shown in table (4-6).

Alleles frequency for patients with typhoid fever and control healthy

group that had been listed in table (4-6), the results that had been shown that

there was no significant difference in allele frequency between patients and

control groups.

Table (4-6): Genotypes and allele frequency for rs1143629 in typhoid
fever patients and controls

Genotype Healthy Patient Odd ratio
variation (n=50) (n=50) P-value (C.195%)
GG 20 (40%) 9 (18%) 0.0067 | 1.754 (0.431-10.317)
GA 18 (36%) 33 (66%)
AA 12 (24%) 8 (16%) 0.32 1.327 (0.759-4.318)
Allele
Frequency
Allele type Healthy (n=50) Patient (n=50)
G 58 (58%) 51 (51%)
A 42 (42%) 49 (49%)

C.l : confidence interval
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The result that are obtained from equilibrium of Hardy-Weinberg of exact
test that are revealed that the frequency of control healthy group frequency
of genotype that had been flowed equilibrium of the Hardy-Weinberg; while
the distribution of typhoid fever patients genotype (P < 0.0067) that are
recorded a significant deviation from equilibrium of hardy-Weinberg as
shown in table (4-6).

The data had been further examined for each genotype correlated in
typhoid fever under different inheritance models; The results showed that
there was significant association between GA genotype and typhoid fever
under most of studies inheritance models. A allele represents a risk factor for
patients with typhoid fever and inheritance of Codominant, Dominant and
Overdominant model as risk factor. The GA genotype has a related odd ratio
of 4.07 (1.54-10.79) in the model of inheritance Codominant, Dominant
model has a related odd ratio 3.04 (1.21-7.60) and Overdominant model has
a related odd ratio 3.45 (1.52-7.85) as shown in table (4-7).

Table (4-7): Association of rs1143629 genotypes under different models
of inheritance

Model Genotype Control Case OR (95% CI) P-value
Codominant G/G 20 (40%) 9 (18%) 1.00 0.0084
G/A 18 (36%) 33 (66%) | 4.07 (1.54-10.79)
A/A 12 (24%) 8 (16%) 1.48 (0.45-4.88)
Dominant G/G 20 (40%) 9 (18%) 1.00 0.014
G/A-A/A 30 (60%) 41 (82%) 3.04 (1.21-7.60)
Recessive G/G-G/A 38 (76%) 42 (84%) 1.00 0.0032
A/A 12 (24%) 8 (16%) 0.60 (0.22-1.63)
Over G/G-A/A 32 (64%) 17 (34%) 1.00 0.0025
dominant
G/A 18 (36%) 33 (66%) 3.45 (1.52-7.85)
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Interleukin-1 is a proinflammatory cytokine produced by monocytes and
macrophages that plays an important role in the innate immune response to
infection (Halle et al., 2008). A recent study with IL-1pB rs1143629 in HCV
patients found that the AA genotype was significantly more common and
that the polymorphisms had no significant association with response to
interferon treatment in Egyptian Chronic Hepatitis C Patients (Estfanous et
al., 2019).

Rs1143629 has been linked to malaria, which is consistent with findings
(Sortica et al., 2012) discovered that the rs1143629 G allele was more
common in patients than in controls, and that the G/G and A/G genotypes
confer an increased risk of developing juvenile systemic lupus erythematous
compared to the main genotype A/A. Other studies conclude that
polymorphisms in proinflammatory genes such IL-1B do not contribute to
typhoid fever susceptibility and, in light of previous findings, show that the
polymorphism is more likely connected to the severity of existing disease
than to vulnerability in general (Ali et al., 2007). These findings differ from
those of recent Korean research in which SNPs in the IL-1p rs1143629 gene
were not linked to an increased incidence of acute pancreatitis (Park et al.,
2018).

Patients with dilated cardiomyopathy, the IL-1p rs1143629 G/G genotypes
work together to increase the risk of atrial fibrillation (Ogimoto et al., 2018).
The GG genotype in IL-1p rs1143629 was related to dental caries and
gingivitis more often (Reis et al., 2021). The findings of this study
correspond with those of Mario-Véasquez et al. (2020), who discovered a link
between IL-1p rs1143629 and malaria. A single-nucleotide variation in
interleukin-1p was related to significant levels of child distress (Ersig et al.,
2017).
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4.4.6: Sequencing Analysis

The genotypes observed in this study were validated by sequencing data.
The 6 samples were sequenced using PCR-sequences to determine the
nucleotide alterations responsible for the findings of the alignment analysis.
They were compared with the relevant reference DNA sequences. The
alignment findings of the 328 bp samples indicated the presence of only one
difference in some of the tested samples as shown in figure (4-15). In this
work, a particularly intriguing nucleic acid polymorphism (SNP) was
discovered in the studied samples, in which cytosine was substituted with

thymine at position 226, specifically C226T.
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Figure (4-15): DNA sequences alignment of 6 genotyped samples with
their corresponding reference sequences of the 328 bp amplicons of the
coding sequences of the IL-17 gene

The detected variation's sequencing chromatogram, as well as its

extensive annotations, were noted, and the chromatogram of this sequence

was exhibited according to its location in the PCR amplicon. However, as

indicated in the figure, this SNP was found in heterozygous C/T status in S1

and S2, homozygous T/T status in S3 and S4, and homozygous C/C status in

S5 and S6 as shown in figure (4-16).
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Figure (4-16): The pattern of the detected C226T SNP within the DNA
chromatogram of the targeted 328 bp amplicons of the IL-17 gene
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The newly discovered SNP was highlighted in the PCR amplicons based
on its location. In the indicated polymorphic locus, S1/S2, S3/S4, and S5/S6
samples showed the C/T, T/T, and C/C states, respectively. The matching
location of the IL-17 gene was downloaded from the dbSNP website
(https://www.ncbi.nlm.nih.gov/projects/SNP/) to reveal the position of the
targeted SNP in their deposited SNP database of the sequenced 328 bp
fragment. To determine the nature of this SNP, a graphical depiction of the
IL-17 dbSNP database on chromosome 6 (Gen Bank Acc. No. NC

000006.11) was created. By checking the doSNP engine, it was discovered
that this identified SNP was originally known as rs1974226 Figure (4-17).
However, this SNP was located in the 3’-UTR sequences of the targeted IL-
17 gene (https://www.ncbi.nlm.nih.gov/snp/rs1974226). A relatively high
frequency of the deposited rs1974226 SNP in the doSNP database was seen,
which was estimated to be 0.152 for allele A according to the GnomAD
database and 0.146 for allele T according to the TOPMED database.
However, this SNP was reported in many publications regarding the
potential effect of the IL-17 locus on many variations
associated with immunological and metabolic issues

(https://www.ncbi.nlm.nih.gov/snp/rs1974226#publications).
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Figure (4-17): The SNP’s novelty checking of IL-17 genetic single
nucleotides polymorphisms using the dbSNP server

The detected C226T SNP was highlighted in blue. The marked
replacement SNP was positioned using the Gen Bank account number NC

000006.11. The targeted sequences were discovered in the positive strand.
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. ATAACACTCTACTCTTGAAAGAGGAGACCTGCTCATGTTACTGGTCTCAGCGTCTCCACTGACCTGTAA

Figure (4-18): DNA sequences alignment of 6 genotyped samples with
their corresponding reference sequences of the 369 bp amplicons of the
coding sequences of the IL-1p gene

The detected variation's sequencing chromatogram, as well as its
extensive annotations, were noted, and the chromatogram of this sequence
was exhibited according to its location in the PCR amplicon. This SNP, on
the other hand, was found in heterozygous G/A in S1 and S2, homozygous
AJ/A in S3 and S4, and homozygous G/G in S5 and S6, as shown in figure
(4-19).
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Figure (4-19): The pattern of the detected G122A SNP within the DNA
chromatogram of the targeted 369 bp amplicons of the IL-1p gene

The newly discovered SNP was highlighted in the PCR amplicons based
on its location. In the highlighted polymorphic locus, S1/ S2, S3/S4, and
S5/S6 samples had the G/A, A/A, and G/G states, respectively. The relevant
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location of IL-1B gene was downloaded from the dbSNP service to reveal
the position of the targeted SNP in their deposited SNP database of the
sequenced 369 bp segment (https://www.ncbi.nim.nih.gov/projects/SNP/).

To determine the nature of this SNP, a graphical depiction of the IL-1 db
SNP database on chromosome 2 (Gen Bank Acc. No. NC 000002.12) was
created. By checking the dbSNP engine, it was discovered that this
identified SNP was originally known as rs1143629 figure (4-20). This SNP,
on the other hand, was discovered in the intron-2 sequences of the targeted

IL-1 gene (https://www.ncbi.nlm.nih.gov/snp/rs1143629).

The deposited rs1143629 SNP has a reasonably high frequency in the
dbSNP database, which was assessed to be 0.39 for allele G according to the
GnomAD database and 0.40 for the same allele according to the TOPMED
database. This SNP, however, has been documented in several articles on
the possible influence of the IL-1B locus on various variants related to
immunological and metabolic disorders

(https://www.ncbi.nlm.nih.gov/snp/rs1143629#publications).

90


https://www.ncbi.nlm.nih.gov/projects/SNP/
https://www.ncbi.nlm.nih.gov/snp/rs1143629
https://www.ncbi.nlm.nih.gov/snp/rs1143629#publications

Chapter Four

Results and Discussion

G/2

e

rs1143629 &

= T/C

rs1682081052 I R/C
rs1294867467 R T/
rs168208

rs1682080799 IR G/A
4986667 I T/C

rs1143629 I 6/A/C
rs112352386 W A/
|112.835.940

¥

rs1143629

|112,835,930 |112,835,950

+

(54 nt)

Figure (4-20): The SNP’s novelty checking of IL-1B genetic single
nucleotides polymorphisms using the dbSNP server

The detected G122A SNP was highlighted in blue. The marked
replacement SNP was positioned using the Gen Bank account number NC

000002.12. The targeted sequences were discovered in the negative strand.
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Conclusions and Recommendations

Conclusions

1-When the Vitek-2 compact system found numerous antibiotic resistance in
Salmonella typhi isolates, it was necessary to enhance the degree of

awareness about the use of antibiotics.

2-Interleukins IL-17A and IL-1B levels in serum can be employed as

biomarkers to identify the typhoid fever infection.

3-The findings suggested that bearers of rs1143629 for IL-1p had a nearly
doubled probability of contracting typhoid fever.

Recommendations

1-More research is needed to assess the levels for another interleukins of

patients with typhoid fever.
2-Examining the polymorphism in IL-17A at different locations in the gene.

3-Determining the levels of IL-17A and IL-1p receptors in patients with
typhoid fever.

4-Research can be conducted into additional cytokine genes polymorphism

associated with typhoid fever, such as IL-8 and IL-4.
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