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Summarv

Summary

One of the most common types of infections in the world is urinary
tract infections, or UTIs. UTlIs are associated with a significant clinical
and financial burden as well as a reduced quality of life for patients. Both
sexes can get a UTI at different ages, and women are usually more
susceptible than men. The rationale stems from differences in the

structure and physiology of the urinary system between the sexes.

This study was conducted during the period from October 2023 to
February 2024 at Imam Hussein Hospital in the holy city of Karbala and
the laboratories of the College of Applied Medical Sciences/University of
Kerbala.

A case-control study design was conducted. The current study
including collection urine samples (for use in general urine examination
and bacteriological culture) and blood using blood directly to measure the
complete blood count CBC and serum to measure C- reactive protein
(CRP), interleukin one beta (IL-1B), interleukin eight (IL-8), and
lipopolysaccharide binding protein (LBP), mannose receptor (MR) from
70 patients with UTI (35 patients with positive bacterial growth and 35
patients with negative bacterial growth) in addition to 70 control people.

The following general criteria were also investigated: age, sex, BMI.

The age of the study subject ranged from 18 to 77 years, and the
percentage of females for each group is significantly (P<0.05) greater
than the percentage of males for each group (the percentage of females
was 80% and males 20%). The majority of age groups with urinary tract
infections were from 18 to 38 years. Gram-positive bacteria appeared at a
rate of 52% and gram-negative bacteria at a rate of 48%. Eight bacterial

species were obtained, distributed as follows: Escherichia coli (33%),
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Staphylococcus saprophyticus (26%), Staphylococcus haemolyticus,
Staphylococcus aureus, and Klebsiella aurogenes (10%), Klebsiella
pneumoniae (5%) also Enterococcus faecalis and Enterococcus faecium
(3%).

The most important concluded of the study is the increase in the
following parameters: CRP, IL-1B, LBP, MR, and pus cells in patients
with urinary tract infections compared to the control group. It was also
found that the increase in the concentration of the LBP and MR in the
group of patients who had positive bacterial growth was significant
compared to the control group and the group of patients who had negative

bacterial growth.

The current study also concluded that there is a significant direct
correlation in the group of patients who had bacterial overgrowth
between: (WBC and CRP) and (Neutrophils and IL-8). In addition to the
presence of a negative correlation between (WBC and MR) and (LBP and
IL-1B). Correlations between markers in the group of patients without
bacterial growth indicate that there is a positive correlation only between
(LBP and IL-8).

Xl
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Chapter One Introduction

Chapter One : Introduction
1.1. Introduction

Urinary tract infections (UTIs) are highly prevalent on a global
scale. UTIs are linked to a decline in patients' quality of life and impose
a substantial clinical and economic burden (Ozturk and Murt, 2020).
UTIs affect both sexes and at different ages, and usually females are more
susceptible to infection than males. The reason is due to some
physiological and anatomical differences in the composition of the
urinary system for both sexes (Yang and Foley, 2020). UTIs are
categorized according to the location of the infection: either in the lower
urinary tract (known as cystitis) or in the upper urinary tract (known as
pyelonephritis) (Nicolle et al ., 2019).

Along with some fungus, Gram-negative and Gram-positive
bacteria are among the several microorganisms that might cause urinary
tract infections. Un complicated and complicated urinary UTIs are mostly
caused by Escherichia coli, sometimes called E. coli. Other bacteria
which are linked to acute infections are Klebsiella pneumoniae,
Staphylococcus saprophyticus, Enterococcus faecalis, group B
Streptococcus (GBS), Proteus mirabilis, Pseudomonas aeruginosa,
Staphylococcus aureus, and Candida spp. (Flores-Mireles et al ., 2015).

With a worldwide incidence of roughly 424 million clinical cases
in 2019 (Yang et al., 2022), urinary tract infections (UTIs) are rather
common bacterial infections found worldwide. From mild, simple
infections to more severe cases including complicated UTIs (cUTISs),
pyelonephritis, and severe urosepsis, the clinical symptoms of urinary
tract infections (UTIs) differ greatly (Wagenlehner et al ., 2020).

The exact knowledge of the host defensive systems preventing
invasive bacterial infection is lacking. Recent studies showed that

different natural immune responses defend the urinary system against
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invading uropathogens. Understanding the natural mechanisms
controlling the balance of the immune system in the kidney and urinary
tract has made great advancement in past ten years. The chance of
acquiring a pathogen rises when the body's natural defenses are
compromised or disturbed (Ching et al., 2020).

There are several limits in the identification of suitable biomarkers
for UTIs. Many conditions including chronic, metabolic, or malignant
diseases as well as intercurrent infections constantly influence the
immune system. These diseases could influence biomarker expression
(Alidjanov et al ., 2020).

Interleukins (ILs) which are important members of cytokines—
consist of a vast group of molecules, including a wide range of immune
mediators that contribute to the immunological responses of many cells
and tissues. ILs are immune-glycoproteins,which directly contribute to
the growth, activation, adhesion, differentiation, migration, proliferation,
and maturation of immune cells; and subsequently, they are involved in
the pro and anti-inflammatory responses of the body, by their interaction
with a wide range of receptors (Behzadi et al ., 2022). Interleukin-1 is
known as a proinflammatory and immunostimulatory cytokine, which
plays important roles in inflammatory diseases (Liu et al. 2021). IL-1
includes two agonists, IL-1a and IL-1B, which trigger signals via binding
to IL-1 receptor 1 (IL-1R1) and recruitment of an accessory peptide chain
(Fields et al ., 2019). IL-1B is primarily secreted by monocytes and
macrophages. It induces tissue damage and infiltration of neutrophils. To
avoid uncontrolled inflammation, secretion of the active-form of IL-1f is
tightly regulated and modulated by a molecular complex called
inflammasome (Ambite et al ., 2016).

Inflammation accompanying UTIs is mediated by several
cytokines, including TNF-a, interleukin (IL)-1p, IL-6, and IL-8 ( Sundac
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et al. 2016). Multiple Uropathogenic E.coli virulence factors directly
affect the release of IL-1pB and can activate inflammasome response.
Particularly hemolysin, the pore-forming poison has been found to induce
cell death in bladder tissue and stimulate IL-1p release (Nagamatsu et al
., 2015).

IL-8 (CXCL-8) is a chemokine of the CXC family and it is actively
produced by monocytes/macrophages and other cell types like endothelial
cells, epithelial cells and airways smooth muscle cells. IL-8 is a key
regulator of the acute inflammatory response and it recruits and activates
monocytes and neutrophils to the site of inflammation (Marta and
Giovanni, 2020). In the advanced phases of a urinary tract infection
(UTI), both blood and urine may show higher cytokine levels (Zarkesh et
al., 2015).

Produced in response to acute inflammation, lipopolysaccharide
(LPS)-binding protein (LBP) functions in the first immunological
reaction to LPS, a component of bacterial cell walls (Ha et al ., 2021).

Created in reaction to lipopolysaccharides (LPS) generated by
gram-negative bacteria, lipopolysaccharide-binding protein (LBP) is a
liver-derived acute-phase protein. It thus acts as a sign of systematic
inflammation brought on by the infection of these bacteria, including gut
dysbiosis (Watanabe et al., 2020). Usually referred to as endotoxin,
lipopolysaccharide is a major component of the outer membrane of gram-
negative (GN) bacteria (Gnauk et al. 2016). LPS causes endotoxinemia
when it gets into the bloodstream (Farhan and Khan, 2020).

On macrophages, the Mannose receptor (MR, CD206) is a type of
Immunological receptor rather widely present. It is absolutely important
for immune response, glycoprotein clearance, and extracellular matrix
turnover (Hu et al ., 2019). Belining to the C-type lectin (CLEC) family,

the mannose receptor can bind and internalize different ligands either
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endogenous or linked with pathogens (Van et al., 2021). The mannose
receptor also functions as part of the innate immune system. Sugar
structures on microorganisms targeted by the receptor include mannans
on the surface of yeasts, mannosecapped lipo-arabinomannans on
mycobacteria, and high-mannose oligosaccharides on the surfaces of

viruses (Monteiro et al., 2017).

1.2. The aim of study

The study aims to investigate about the correlation and relationship
among IL-1B, IL-8, LBP and MR with urinary tract infection patients and
compare to them control group by achieving the following study

objectives:

1. Recorded the general facts for the control group and UT]I patients (age,

sex, height, weight).

2. To be used in general urine examination and bacteriological culture,

the urine samples taken from control and UTI patients.

3. CBC, CRP is among the clinical and laboratory tests that will be
conducted using the blood samples taken from UTI patients and

control group.

4. The serum levels of IL-1B, IL-8 , LBP and MR will be ascertained
using ELISA technique.
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Chapter Two: Literatures Review

2.1. Urinary Tract Infections
2.1.1. Definition of Urinary Tract Infections

Urinary tract infection (UTI) are inflammation of the renal system
characterized by frequent and painful urination and caused by the
invasion of microorganisms, usually bacteria, into the urethra and
bladder. Infection of the urinary tract can result in either minor or major
iliness(Rogers and Kara , 2024).

The urinary system has a crucial function in eliminating the waste
products of metabolism from the bloodstream. The system also plays a
crucial role in maintaining the balance of ions and solutes in the blood, as
well as controlling blood volume and blood pressure. Urine in healthy
individuals is either sterile or includes a minimal amount of germs that
have the potential to produce an infection (Mancuso et al ., 2023). UTIs
rank as the second most prevalent kind of bacterial infection globally,
with an annual diagnosis of 120-150 million cases. UTIs can be
differentiated based on the anatomical site of the bacterial infections.
When the infection affects the upper part of the urinary tract, It is
classified as pyelonephritis or a kidney infection. This condition can
cause severe symptoms including abdominal pain, fever, chills, flank
pain, nausea, and vomiting. If left untreated, it can result in irreversible
kidney damage and sepsis (Maisto et al ., 2023).

UTlIs are categorized as cystitis and urethritis when they affect only
the bladder, urethra, or lower urinary tract. These disorders are
distinguished by slight symptoms such as blood in the urine, painful
urination, and soreness above the pubic bone. Moreover, in order to
distinguish between infections that are harmless and those that are more

likely to recurrence or progress to severe pathology, UTIs can be
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classified clinically as uncomplicated UTIs (uUTIs) and complicated
UTIs (cUTIs) (Gonzalez de Llano et al ., 2020).

UTI refers to a plethora of clinical phenotypes(Gupta et al., 2017).
UTIs are the fifth most common type of healthcare-associated infection,
with an estimated 62,700 UTlIs in acute care hospitals in 2015. UTIs
additionally account for more than 9.5% of infections reported by acute
care hospitals. Virtually all healthcare-associated UTIs are caused by
instrumentation of the urinary tract (Magill et al.,2019). UTIs are
common, recurrent infections that can be mild to life-threatening (Klein
and Hultgren, 2020).

UTIs is a common clinical problem that comprises 1-6% of medical
referrals and includes urinary tract, bladder, and kidney infections
(Tegegne et al.,2023). Urinary tract infections (UTIs) represent the most
common bacterial illnesses that occur in various settings, including
community and clinical environments. Bacteria are the primary
etiological agents of these infections, however less frequently, other
species, such as fungi and some viruses, have been documented as the
causal agents of UTIs (Mancuso et al ., 2023).

UTI occurs when microorganisms enter the urinary tract and cause
symptoms and/or an inflammatory response that needs to be treated.
Asymptomatic bacteriuria is the condition where a specific amount of
bacteria is found in a urine sample collected from an individual who does
not show any clinical symptoms (Klein and Hultgren, 2020).

UTI is an immune response that occurs in the urothelium to combat
a bacterial infection. UTI is typically linked to bacteriuria, which refers to
the presence of bacteria in the urine, as well as pyuria, which refers to the
presence of white blood cells in the urine. Bacteriuria may occur without
the presence of pyuria, which can be attributed to either bacterial

contamination or aseptic consider during urine collection. In contrast,
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pyuria can occur without bacteriuria, which suggests an inflammatory
condition of the urothelium, such as a urinary stone or a cancer (Abou
Heider et al., 2019).
2.1.2. History of Urinary Tract Infections

The existence of UTI has been recorded since ancient times, with
the first documented description being in the Ebers Papyrus dating back
to approximately 1550 BC. Effective treatment did not occur until the
development and availability of antibiotics in the 1930s before which
time herbs, bloodletting and rest were recommended (AL-Achi , 2016). It
was described by the Egyptians as "sending forth heat from the bladder"
(Whiteman and Topley , 1990). UTlIs have afflicted humanity for a long
time, predating the recognition of bacteria as the primary cause of disease
and the establishment of urology as a medical specialty. Until date, there
has not been an attempt to comprehensively analyze the recorded medical
history of UTI from its first description in ancient Egyptian papyri to the
present day (Nickel, 2019).

UTIs are some of the most common bacterial infections, affecting
150 million people each year worldwide (Stamm and Norrby , 2020). In
2007, in the United States alone, there were an estimated 10.5 million
office visits for UTI symptoms (constituting 0.9% of all ambulatory
visits) and 2-3 million emergency department visits(Schappert and
Rechtsteiner , 2011).
2.1.3. Epidemiology

There are limited data on the global scale and long-term trends of
UTIs. Comprehensive national- and regional-level information about the
UTI burden is important for policymakers with regard to allotting the
finite resources available and establishing effective public health policies.
The Global Burden of Disease (GBD) 2019 study is a systematic global
epidemiological study that quantified the incidence, mortality, disability,
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and 87 risk factors for 369 diseases by sex, age, location, and year (GBD,
2020).

Urinary tract infections occur four times more frequently in females
than males (Salvatore et al ., 2021).

2.1.4. Classification of UTI

In 1992, the Infectious Disease Society of America (IDSA) and the
European Society of Clinical Microbiology and Infectious Diseases
classified urinary tract infections (UTIs) into two categories:
uncomplicated and complicated. This classification was created to
provide a standard for participants in research studies (Anger et al.,
2019). Classification of urinary tract infections (UTI) is important for
clinical decisions, research, quality measurement and teaching. Current
definitions of UTI are above all based on the concept of the two main
categories, complicated and uncomplicated UTI. The category
"complicated UTI" especially is very heterogeneous and not always clear
(Johansen et al .,2022).

Uropathogenic Escherichia coli (UPEC) is the primary cause of
both uncomplicated urinary tract infections (uUTIs) and complicated
urinary tract infections (cUTIs). Other pathogenic bacteria, including
Klebsiella pneumoniae, Proteus mirabilis, Enterococcus faecalis, and
Staphylococcus spp., are also responsible for these infections.
Furthermore, there is an increasing incidence of UTIs caused by
multidrug resistance (MDR), leading to a substantial rise in the
dissemination of antibiotic resistance and the financial burden associated
with these diseases (Mancuso et al ., 2023).
2.1.4.1. Complicated Urinary Tract Infection

Complicated UTIs occurs in individuals with functional or

structural abnormalities of the genitourinary tract(Jindal et al ., 2022).
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A complicated UTI is any UTI other than a simple UTI. C-UTI
incidence is associated with specific risk factors. For example, there is a
10% daily risk of developing bacteriuria with indwelling bladder
catheters and up to a 25% risk of bacteriuria progressing to a UTI
(Gonzalez et al ., 2020). Complicated UTI are characterized by increased
morbidity, a higher likelihood of treatment failure, and a need for longer
antibiotic courses. These infections often necessitate extra diagnostic
tests. Complicated urinary tract infections encompass a range of
scenarios, such as infections in males, pregnant females (including those
without symptoms), infections caused by obstruction, hydronephrosis,
renal tract calculi, or colovesical fistula, infections in
immunocompromised patients or the elderly, infections caused by
atypical organisms, infections following instrumentation or involving
urinary catheters, infections in renal transplant patients, infections in
patients with impaired renal function, and infections after prostatectomies
or radiotherapy (Sabih and Leslie, 2024).

In the United States, 70-80% of complicated UTIs are attributable
to indwelling catheters (Lo et al.,2019).

The ranking of prevalence for causal agents in complicated UTIs,
after E. coli, is as follows: Enterococcus spp., K. pneumoniae, Candida
spp., S. aureus, P. mirabilis, P. aeruginosa, and group B Streptococcus
(GBS). A separate investigation conducted on patients admitted to the
hospital with complicated urinary tract infections (cUTI) revealed that the
most often encountered pathogens, listed in descending order of
occurrence, were E. coli, K. pneumoniae, P. aeruginosa, P. mirabilis,
Enterococcus spp, and Enterobacter (Zilberberg et al ., 2018).
2.1.4.2. Uncomplicated Urinary Tract Infection

Uncomplicated urinary tract infections (UTIs) occur in patients with

a normal and unobstructed genitourinary tract, who have not recently
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undergone any medical procedures, and whose symptoms are limited to
the lower urinary tract. Uncomplicated urinary tract infections (uUTISs)
are most prevalent in young women who are sexually active. Patients
typically experience symptoms such as painful urination, frequent
urination, a strong need to urinate, and/or pain in the lower abdomen. The
presence of fever or discomfort in the costovertebral angle suggests that
the upper urinary tract is affected (Stuart et al., 2019).

Uncomplicated UTIs are generally self-limiting, but commonly
treated with antibiotics as this therapy leads to a more rapid resolution of
symptoms and is more likely to clear bacteriuria (Flores-Mireles et al .,
2019).

Several uncomplicated UTI (uUTIs) might cure spontaneously
without any medical intervention. However, patients frequently seek
treatment to alleviate their symptoms. The objective of therapy is to
restrict the transmission of infection to the kidneys or the development of
an upper tract condition like pyelonephritis. Pyelonephritis can cause
damage to the delicate structures in the nephrons and finally result in
hypertension (Tang et al ., 2019).

Uncomplicated UTI (uUTI) is divided into two categories:
uncomplicated cystitis (UC) and uncomplicated pyelonephritis (UP)
(Wagenlehner et al ., 2020). Following E. Coli, the most common causes
of uncomplicated UTIs, in order of prevalence, are Klebsiella
pneumoniae (K. pneumoniae), Staphylococcus  saprophyticus,
Enterococcus faecalis, GBS, Proteus mirabilis, Pseudomonas aeruginosa
(P. aeruginosa), Staphylococcus aureus (S. aureus), and Candida spp.
(Zilberberg et al ., 2018).

2.1.5. Symptoms and Signs

The clinical symptoms of this condition can vary from a mild fever

with chills to a severe case of sepsis with septic shock. These symptoms
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can include inflammation of the urethra, bladder, kidneys, and presence
of bacteria in the urine. Additional symptoms may include frequent
urination, painful urination, cloudy and foul-smelling urine, pain in the
lower abdomen and flank, and potential long-term illness or even
mortality, depending on the individual's health and risk factors (AL-
khikani et al ., 2019).

Common indications of UTI consist of lower urinary tract
symptoms include painful urination, frequent and urgent need to urinate
(cystitis), discomfort in the back or flank area, and tenderness at the
costovertebral angle (pyelonephritis). Pyelonephritis may manifest with
fever as a clinical condition (Lee, 2019).

Urine turbidity, sediment color, and odor do not consistently
indicate the presence of infection and may be associated with excessive
use of antibiotics. It should be emphasized that alterations in urine
properties, such as color and smell, can be caused by factors such as lack
of hydration, kidney stones, specific foods (like asparagus), or
medications (such as multivitamins) (Mayne et al ., 2019).

UTI cases can be categorized as either asymptomatic or
symptomatic. An asymptomatic UTI is identified by analyzing the
findings of a urinalysis. Accurate sample collection is essential due to the
location of the external urethral opening in women. The leukocyte count
Is the primary criterion used in diagnosing UTIs. A leukocyte count
greater than 10 leukocytes per cubic millimeter indicates an infection. In
pregnant women, the threshold is set at a higher level, specifically greater
than 20 leukocytes per cubic millimeter. Urinalysis results without
concurrent patient symptoms are inadequate to commence treatment. A
urine culture can be employed to validate or invalidate a hypothesis
regarding a UTI. An infection is confirmed when there are at least 105
colony forming units per milliliter (CFU/mL). To determine the
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effectiveness of a certain treatment, an antibiogram can be used (Van den
Boom et al ., 2021). Bacteria growth urine in the absence of urinary tract
symptoms (i.e. asymptomatic bacteriuria) is most common and represents
a commensal colonization (Bonkat et al ., 2020).

Although even if the urine has significant bacteria without any
symptoms, that would be termed as asymptomatic bacteriuria, on the
other hand with symptoms it is symptomatic bacteriuria (Givler and
Givler, 2021).

2.1.6. Clinical Manifestations
Urethritis, Cystitis, Pyelonephritis , Bacteremia, and Septic shock.

UTIs are heterogeneous with regard to their etiology, clinical
manifestations, and disease course, which range from simple (e.g.,
urethritis and cystitis) to severe (e.g., pyelonephritis, bacteremia, and
septic shock) (Tandogdu and Wagenlehner, 2016).

I.  Urethritis

Urethritis refers to inflammation of the urethra and is classified as
gonococcal (caused by Neisseria gonorrhoeae) or nongonococcal in
origin (most commonly caused by Chlamydia trachomatis, Mycoplasma
genitalium, or Trichomonas vaginalis) (Sell et al ., 2022).

Urethritis is a sexually transmitted disease generally characterized
by urethral discharge or other symptoms such as itching, tingling, and
apparent difficulties in having a regular urinary flow (Bartoletti et al .,
2019).

Il.  Cystitis

Cystitis refers to infection of the lower urinary tract, or more
specifically, the urinary bladder (Goldman and Julian , 2019). Cystitis
usually develops due to the colonization of the periurethral mucosa by
bacteria from the fecal or vaginal flora and the ascension of such
pathogens to the urinary bladder. Uropathogens may have microbial
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virulence factors that allow them to escape host defenses and invade
tissues in the urinary tract(Tyagi et al ., 2018). Several risk factors are
associated with cystitis, including sex , a prior UTI, sexual activity,
vaginal infection, diabetes, obesity and genetic susceptibility (Foxman ,
2014).

I11.  Pyelonephritis

Pyelonephritis is a bacterial infection causing inflammation of the
kidneys. Pyelonephritis occurs as a complication of an ascending urinary
tract infection that spreads from the bladder to the kidneys(Belyayeva
and Jeong , 2023).

The incidence of acute pyelonephritis is higher in young women
than in men but the incidence in men over 65 is similar to that in older
women(Shields and Maxwell ,2020). Escherichia coli is the predominant
bacterium responsible for acute pyelonephritis, mostly because of its
distinctive capacity to attach to and establish colonies in the urinary
system and kidneys. E.coli possesses sticky molecules known as P-
fimbriae, which engage in interactions with receptors located on the
surface of uroepithelial cells. Infection of the kidneys with E. coli can
result in an immediate and intense inflammatory reaction, leading to the
formation of scar tissue in the renal parenchyma (Belyayeva and Jeong,
2023).

I\V. Bacteremia

In the strictest sense, refers to viable bacteria in the blood(Smith
and Nehring , 2023). Understanding the clinical symptoms of bacteremic
urinary tract infection (bUTI) is crucial, as it is a severe infection that
required immediate diagnosis and antibiotic treatment. Most patients with
E. coli bacteremia had a urinary origin. A considerable percentage of
patients of bacterial urinary tract infection (bUTI) did not exhibit any

urinary symptoms during the medical history assessment. Older and
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confused patients had a higher likelihood of getting urinary tract
infections (UTIs) without displaying urine symptoms. When dealing with
older patients who are experiencing delirium and sepsis according to the
criteria of Systemic Inflammatory Response Syndrome (SIRS), but
without a clearly identifiable source of infection, doctors should consider,
examine, and provide treatment for urinary tract infections (bUTI) (Bai et
al ., 2020).

In bacteremia the majority of bacterial species are killed by
oxidation on the surface of erythrocytes and digested by local phagocytes
in the liver and the spleen (Minasyan , 2019).

V.  Septic shock

The most severe complication of sepsis, carries a high mortality.
Septic shock occurs in response to an inciting agent, which causes both
pro-inflammatory and anti-inflammatory immune system activation
(Mahapatra and Heffner , 2023).

2.1.7. Risk Factor for UTlIs
2.1.7.1. Inheritance

There is increasing data suggesting that genetic variables can add to
the risks of UTIs (Ambite et al ., 2016). Genetics significantly influences
common disorders such as urinary tract infections, as genetic variations
regulate gene expression in bacterial diseases (Samer, 2023).

The vulnerability to UTIs was verified to be inherited in a study
conducted on a family spanning three generations. The individuals who
were prone to UTIs in these families exhibited low levels of CXCR1
expression. Unlike traditional human immunodeficiencies, the UTI
susceptibility determinants that have been found do not largely impact
structural genes. Instead, they modify regulators that control
transcriptional efficiency (Ragnarsdottir et al ., 2015).
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Genetic predisposition is essential, not just for rare monogenetic
disorders but for common infections such as UTI, The risk increased with
the number of affected individuals, especially if a sister, mother or
daughter had a history of UTI and the influence of behavioural factors
was increased (Gonzélez et al ., 2020). Recent developments indicate
that an absence of regulation in specific genes in humans could make
patients more susceptible to recurring urinary tract infections (UTIs).
Identifying a genetic component of UTI recurrences will enable the
diagnosis of people who are at risk and the prediction of genetic
recurrences in their children. Out of the 14 genes examined, six have been
found to potentially contribute to the vulnerability of humans to recurrent
UTIs. The HSPA1B, CXCR1 & 2, TLR2, TLR4, and TGF-B1 genes have
been found to be linked to changes in the way the host responds to UTIs
at different levels (Zaffanello et al ., 2020).
2.1.7.2. Age and sex

UTIs are common in the elderly, and cover a range of conditions
from asymptomatic bacteriuria to urosepsis. Risk factors for developing
symptomatic UTIs include immunosenescence, exposure to nosocomial
pathogens, multiple comorbidities, and a history of UTIs(Rodriguez-
Mafas , 2020).

UTlIs is a prevalent ailment that impacts individuals of various age
groups, with a higher incidence observed in women (Badiger et al.,
2021). UTlIs are prevalent and onerous, affecting approximately 50-60%
of women at least once in their lives (Yang et al.,2022). Advancing age is
an independent risk factor for UTIs. This risk is likely caused by multiple
factors, including the rising prevalence of urine incontinence, urinary
retention, hospitalizations, associated urinary catheterizations, long-term
medical institutionalization, and weakened immune system due to aging.

Possible factors that can be changed and contribute to UTIs include
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structural abnormalities of the urinary tract, especially those that cause
incontinence or urine retention (such as prostatic hyperplasia), and
uncontrolled diabetes mellitus,vaginal atrophy in postmenopausal
women, sexual intercourse a risk factor for both men , women , most
critically in the elderly population, urinary catheterization (Drekonja et
al ., 2013) .

It is estimated that 10-60% of all women will experience at least
one symptomatic UTI in their lifetime (Curtiss et al ., 2017).

In younger women, increased sexual activity is a major risk factor
for UTIs and recurrence within 6 months is common (Medina and
Castillo , 2019). A older age (> 65 years, and especially > 80 years)
raises the likelihood of UTI in both females and males. UTI is infrequent
in males before the age of 60. However, the occurrence of UTI
significantly rises after this age, to the point where both males and
females have similar rates of UTI by the time they reach 80 years old
(Schaeffer and Nicolle, 2016).
2.1.7.3. Hormonal Factors

The primary factors contributing to the higher occurrence of urinary
tract infections in peri- and postmenopausal women are hormonal
changes, specifically a lack of estrogen, and the aging of connective
tissue, which leads to urine incontinence and pelvic organ prolapse
(Bonkat et al ., 2020).

Undoubtedly, alterations in vulnerability and occurrence of UTI in
both women and men indicate that biological factors play a significant
role in determining an individual's likelihood of infection. During the
reproductive years, female vertebrate creatures, including humans, often
experience elevated levels of estrogens, while male organisms normally
have greater amounts of androgens, such as testosterone (Amenyogbe et
al ., 2020).
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The most noticeable disparities in UTI vulnerability are observed in
adults over the age of 50, particularly in post-pubescent individuals.
These variances coincide with the peak levels of estrogen in females and
testosterone in males. The occurrence of UTIs in women specifically
tends to rise after puberty, coinciding with an increase in estrogen levels.
Conversely, adult males have the lowest risk of UTIs when testosterone
levels are at their peak and estrogen levels are at their lowest. However,
males who suffer from infection are more likely to develop chronic
urinary tract infections (UTIs) and incur higher rates of illness and death
from severe UTIs. Deltourbe et al ., 2022).
2.1.7.4. Obesity

Obesity is the excessive or abnormal accumulation of fat or adipose
tissue in the body that may impair health. Obesity has become an
epidemic which has worsened for the last 50 years (Panuganti et al .,
2023). More than two-thirds of the U.S. population is either overweight
or obese(Tiwari and Balasundaram , 2024).

The body mass index (BMI) is determined by doing mathematical
calculations using a person’s height and weight information to assess their
health state (Oniszczenko and Stanistawiak, 2019).

BMI is a measure of body mass that is determined by dividing
weight in kilograms by the square of height in meters (kg/m®).
Overweight/obesity is a significant public health concern in the western
world, and it is closely linked to a high prevalence of chronic
autoimmune and inflammatory conditions. This has substantial social and
economic consequences (Feng et al ., 2019).

Obesity is correlated with a higher likelihood of developing UTIs in
both males and females. Individuals who were fat had a 2.5 times higher
likelihood of being diagnosed with a UTI compared to those who were
not obese (Kim et al ., 2021). The increased vulnerability to infectious
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ilinesses in individuals with obesity is mostly attributed to compromised
innate and adaptive immunological responses, as well as a lack in vitamin
D (Pugliese et al ., 2022).

In general, a high amount of fatty tissue is associated with an
increase in the production of substances that cause inflammation.
Conversely, a decrease in adipose tissue is linked to a decrease in the
abundance of these inflammatory compounds and an increase in the
number of molecules with anti-inflammatory properties. Therefore,
obesity is presently acknowledged as a state that actively promotes
inflammation (Younis and Al-bustany, 2017).
2.1.7.5 Patient with Catheter and other causes

The utilization of a urinary catheter is a significant contributing
factor to the occurrence of urinary tract infections (UTIs)(Li and Leslie ,
2023). The prevalence of UTI increases with age, and in women aged
over 65 is approximately double the rate seen in the female population
overall. Etiology in this age group varies by health status with factors
such as catheterization affecting the likelihood of infection and the
pathogens most likely to be responsible (Medina and Castillo , 2019).
UTIs are frequently encountered in pregnant women. Pyelonephritis is the
most common serious medical condition seen in pregnancy, Pregnancy
increases the chances of urinary tract infection due to alterations in the
urinary tract and immune system. The urinary system undergoes
physiologic changes, which involve the expansion of the ureter and renal
calyces. This expansion is caused by the relaxation of smooth muscles
owing to progesterone and the compression of the ureter by the pregnant
uterus. Ureteral dilatation can be significant. However, a reduction in
bladder capacity often leads to increased urine frequency. Additionally,

Vesicoureteral reflux may also be observed. These modifications elevate
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the likelihood of developing urinary tract infections (Habak et al .,
2023).

UTIs occurs with increased frequency and severity in patients with
diabetes mellitus. General host factors enhancing risk for urinary tract
infection in diabetics include age, metabolic control, and long term
complications, primarily diabetic nephropathy and cystopathy, The
alterations in the innate immune system have been described and may
also contribute (Funfstick et al ., 2022).

A UK-based observational study evidenced a nearly 60% increase
in the risk of developing urinary tract infections among patients with type
2 diabetes, with the possible risk factors being female sex, pregnancy,
older age, UTI in the previous six months, and poor glycaemic control
(Confederat et al ., 2023).

2.1.8. Pathogenies

When bacteria enter the urinary system and assault the mucosa in
the bladder, ureters, and/or renal pelvis, urinary tract infections (UTIs)
begin(Godaly et al ., 2016).The primary purpose of the urinary tract is to
retain urine for an extended duration. However, urine contains a variety
of poisons and microorganisms, therefore it must be kept securely
contained. Therefore, the immune system must respond in a manner that
specifically triggers the inflammatory response alone when the bacteria
penetrate the urinary tract. However, let's assume that the inflammatory
reaction is stopped before the bacteria leave the urinary system. Under
those circumstances, there is a potential for the remaining bacteria to
endure in the urinary system and result in illnesses(Samer , 2023).

Bacteria can reach the kidneys in two ways: hematogenous spread
and through ascending infection from the lower urinary tract.

Hematogenous spread is less common and usually occurs in patients with
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ureteral obstructions or immunocompromised and debilitated patients
(Belyayeva and Jeong , 2023).

Bacterial infections rely on the host immune system, which is
influenced by their genetic makeup, as well as inherent and acquired
weaknesses. The first elimination of microbes is carried out by the
cellular innate and adaptive immune responses, while the liver and spleen
serve as filters for actively circulating germs in the blood. Bacteria, in its
simplest state, will initiate colonization in its primary location (Woll et al
., 2018).

Pathogenic bacteria ascend from the perineum and rectum,
predisposing women to UTI , because women also have shorter urethras
than men, which further contributes to their increased susceptibility to
UTIs. Blood-borne bacteria cause few UTIs. E.coli is the most common
organism in uncomplicated UTIs by a large margin, followed by
Klebsiella (Yamaji et al ., 2018 ). Bacteria that are contributing to cause
UTIs typically possess adhesins on their surface. These adhesins enable
the bacteria to connect to the urothelial mucosal surface. Furthermore, a
concise urethra also facilitates the infiltration of the uropathogen into the
urinary system. Premenopausal women possess high numbers of
lactobacilli in the vagina and maintain an acidic pH, which effectively
prevents the colonization of uropathogens. Nevertheless, the
administration of antibiotics can eliminate this defensive impact (Bono et
al ., 2023). Escherichia coli is a primary bacterium responsible for
causing urinary tract infections (UTIs) (Tannupriye et al ., 2023).

The term "Bacterial Translocation" refers to the movement of live
bacteria, toxins, antigens, or other microbial products from the gut into
the bloodstream, causing systemic inflammation and various diseases.

Bacterial translocation can occur in two ways: paracellular, which is the

20



Chapter Two Literatures Review

movement between cells, and transcellular, which is the movement
through cells (intracellular trafficking) (Nagpal and Yadav, 2017).
In the figure (2-1) show the pathogenesis of UTI.

« [f the inflammatory cascade continues, tubular obstruction
Kid Acurate kidney and damage occur, leading to interstitial edema.
idneys injury » This may lead to interstitial nephritis, causing acute kidney
injury (AKI).
‘ « Infection of the renal parenchyma causes an

» inflammatory response called pyelonephritis.
Pyelonephritis « While infection of the renal parenchymais usually

the result of bacterial ascension, it can also occur from

| \
| ! hematogenous spread.
/ \ .
Ureters . » Once sufficient bacterial colonization occurs, bacteria

may ascend on the ureter towards the kidney.
Ascension « Fimbriamay aid in the ascension process.

« Bacterial toxins may also play a role by inhibiting

peristalsis (reducing the flow of urine).

Bladder
« Fimbria allow bladder epithelial cell attachment and
Uroepithelium penetration,
penetration « Following penetration, bacteria continue to replicate and
may form biofilms.

 Pathogen colonizes the periuretheral area and ascends

Colonization through the urethra upwards towards the bladder.

Urethra

Figure (2-1): Pathogenesis of Urinary Tract Infections (Mancuso et al ., 2023).

2.2. Causative Agent of UTIs
2.2.1. Gram Positive Bacteria

Gram-positive bacteria frequently contribute to UTIs, especially in
those who are elderly, pregnant, or have other risk factors for UTIs
(Kline and Lewis, 2016).
2.2.1.1.Species of Enterococcus

Enterococcus species are Gram-positive cocci that are facultative

anaerobes and form short to medium chains. These bacteria are known to
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produce challenging-to-treat illnesses in healthcare settings. They are a
frequent source of UTlIs (Said et al ., 2023).

Unlike staphylococci and streptococci, enterococci do not secrete
toxins. However, their capacity to cause disease is derived from other
characteristics such as their resilience, structure, and resistance to
antibiotics (Miller et al ., 2016). The outer layer are components consists
of the polysaccharide capsule, adhesins, pili, and the aggregation material
(Fiore et al ., 2019).

Urinary tract infections are primarily caused by Enterococcus
species, with E. faecalis and E. faecium being the most common. These
bacteria possess many mechanisms that enhance their ability to cause
disease. These mechanisms encompass the processes of biofilm formation
and the presence of virulence agents (Dunny and Weaver., 2023).
Urinary isolates of Enterococcus spp. commonly possess several
virulence factors, such as aggregation compounds, enterococcal surface
proteins, pilin gene clusters (PGCs), collagen binding protein, TcpF, and
gelatinase. Enterococcal surface proteins (Esp) are recognized as
promoters of biofilm development and have demonstrated the ability to
enhance initial adhesion. The presence of Esp has been detected in both
E. faecalis and E. faecium (Garcia-Solach and Rice, 2019).

When dealing with urinary infections caused by enterococcus, it is
crucial to determine the susceptibility of the bacteria in order to select the
most suitable antibiotic treatment, as enterococci are highly resistant to
several drugs (Kotagiri et al.,2020). Although facing some opposition,
ampicillin has demonstrated efficacy owing to its high concentration in
urine. Intravenous ampicillin, fluoroquinolones, oxazolidinones,
vancomycin, or daptomycin can be utilized for intricate infections. For
severe infections, it is advisable to take ampicillin in combination with

either streptomycin or gentamicin (Richey et al ., 2023).
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2.2.1.2. Coagulase-Negative Staphylococci

Coagulase-negative staphylococci (CoNS) are often found bacteria
in normal clinical care. Their prevalence continues to increase over the
past few decades, in tandem with the progress in medicine, particularly in
relation to the use of foreign body devices. In recent years, numerous
unusual species have been identified, although there is limited clinical
data available for most of these species (Michels et al., 2021).

CoNS, or Coagulase-Negative Staphylococci, are the primary
microorganisms that make up the skin's microbiota. These pathogens
were overlooked and many microbiology laboratories did not include a
specific species identification. Pathogenicity was attributed exclusively to
the coagulase-positive strain of Staph. aureus, which led to significant
attention and extensive analysis in several investigations. Staph.
saprophyticus, a kind of CoNS, was identified in patients with UTIs
during the late 1960s. Subsequently, the initial CoNS infections were
discovered throughout the 1970s in individuals who had invasive and
indwelling medical devices. The advancements in diagnostic protocols
and molecular techniques have facilitated more precise identification of
the various species within the genus Staphylococci. Researchers have
noted a rise in the incidence of CoNS infections. From 1980 to 1989, the
prevalence of CoNS-induced nosocomial bacteremia in the USA rose
from 9% to 27%. The Staphylococci species form a highly cohesive
group in terms of their evolutionary relationships. The average nucleotide
identity values between Staph. aureus and CoNS, such as S. epidermidis
and S. haemolyticus, are roughly 75%, indicating a strong genetic
relationship (Eltwisy et al ., 2022).
2.2.1.2.1. Staphylococcus Saprophyticus

Staphylococcus saprophyticus is a type of bacteria that is Gram-

positive, coagulase-negative, and non-hemolytic. It is frequently
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responsible for simple UTlIs, especially in young sexually active females.
Additionally, it can lead to less frequent but nonetheless significant
consequences such as acute pyelonephritis, urethritis, epididymitis, and
prostatitis (Argemi et al., 2019).

Staph. saprophyticus can be distinguished from other coagulase-
negative staphylococci based on its resistance to Novobiocin. Similar to
other bacteria that cause urinary tract infections, Staph. saprophyticus
employs urease to generate ammonia. (Ehlers and Merrill, 2023).
2.2.1.2.2. Staphylococcus haemolyticus

Staph. haemolyticus is the predominant component of the
microbiota found on human skin. It is prevalent in hospitals and among
medical personnel, leading to its emergence as a microorganism that
causes nosocomial infections. Staph.haemolyticus, particularly the strains
responsible for nosocomial infections, exhibit greater antibiotic resistance
compared to other coagulase-negative Staphylococci(Eltwisy et al.,
2022).

An inherent attribute of Staph. haemolyticus is its capacity to
generate biofilms, which are crucial in the initiation of infections. The
exopolysaccharides synthesized have the capacity to impede the
proliferation of other bacteria and concurrently reduce their capacity to
generate biofilms (Rossi et al., 2016).
2.2.1.3. Staphylococcus aureus

Staphylococcus aureus is Gram-positive bacteria (stain purple by
Gram stain) that are cocci-shaped and tend to be arranged in clusters that
are described as “grape-like”. These organisms can grow aerobically or
anaerobically (facultative) and at temperatures between 18 C and 40 C.
Typical biochemical identification tests include catalase positive (all
pathogenic Staphylococcus species), coagulase positive (to distinguish
Staphylococcus aureus from other Staphylococcus species), novobiocin
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sensitive (to distinguish from Staphylococcus saprophyticus), and
mannitol fermentation positive (to distinguish from Staphylococcus
epidermidis) ( Taylor and Unakal , 2024).

Staphylococcus aureus is a relatively uncommon cause of UTIs in
the general population. Although rare, Staph. aureus induced UTIs are
prone to potentially life-threatening invasive infections such as
bacteremia (Xu et al ., 2023).

2.2.2. Gram Negative

UTlIs are mainly caused by Gram-negative bacteria, which pose a
challenge for diagnosis and treatment due to their increasing resistance to
antibiotics.
2.2.2.1. Escherichia coli

Escherichia coli (E. coli) is a type of bacteria that is typically found
in the intestines of humans. It is a gram-negative bacillus and can be both
harmless as part of the normal intestinal flora, or it can cause illnesses in
the intestines and other parts of the body. E. coli strains have been
extensively studied and categorized, leading to a wide range of diseases
that can be caused by this bacterium. These diseases can vary from minor
cases of gastroenteritis that resolve on their own, to more severe
conditions such as renal failure and septic shock. The virulence of E. coli
allows it to avoid the host's immune system and acquire resistance to
commonly used antibiotics (Mueller and Tainter , 2023).

The cell surface of many E. coli strains is enveloped in a gelatinous
layer composed of tightly packed strands of long-chain polysaccharides
called capsular polysaccharide or capsule (Sande et al ., 2020).

E. coli which are distinguished based on their O and H antigens.
The O antigen is defined by a repetitive polysaccharide chain found in the
outer membrane lipopolysaccharide (LPS), while the H antigen is
determined by the flagellum (Mueller and Tainter , 2023). E. coli is
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grow rapidly in and on a wide range of liquid or solid media, especially in
the presence of oxygen (doubling time ~20 min), but can also grow under
anaerobic conditions (facultative anaerobe) (Tuttle et al ., 2022).

Suspected colonies of E. coli (displaying a reddish tint on
MacConkey agar and a metallic sheen on EMB were subsequently
transferred to blood agar to observe colony features. Pure colonies
obtained from the blood agar were then injected onto nutrient agar, which
Is a nonselective medium. conducted biochemical assays to verify the
presence of E. coli. The tests conducted consisted of the catalase test,
Indole Production test, and Methyl red-Voges proskaur (MR-VP) test and
Simmon's Citrate test (Geletu et al. 2022). The experiments were
performed on tryptone broth, MR-VP medium, and Simon citrate agar,
respectively. UTIs caused by E. coli are the most prevalent forms of
infections (Lee et al., 2019).

Antimicrobial resistance (AMR) is a multifaceted health issue that
affects the entire world. The complexity is defined as the intersection of
AMR across different hosts and interspecies interactions within
microorganisms. Resistance refers to the alteration in the ability of
bacteria to respond to antibiotics, leading to the ineffectiveness of these
drugs. This phenomenon can occur soon after the administration of
antibiotics (WHO, 2020).
2.2.2.2. Klebsiella pneumonia

Klebsiella pneumoniae(Kp) belongs to the Enterobacteriaceae
family (Regnning et al ., 2019) and is described as a gram-negative,
encapsulate, facultative anaerobic and non-motile bacterium (Ashurst
and Dawson , 2023). Kp is an opportunistic pathogen that mostly causes
healthcare-associated infections, particularly in those with weakened

immune systems or concurrent bacterial illnesses (Arato et al., 2021).

26



Chapter Two Literatures Review

Klebsiella pneumoniae (KP) is the predominant pathogen in the
Klebsiella genus and is responsible for a wide range of infections in
hospitals, long-term care facilities, and communities worldwide. These
infections include lung, urinary tract, abdominal cavity, surgical site, soft
tissue infections, and even bloodstream infections. This encapsulated
Gram-negative bacterium is commonly present in the natural microbial
communities of the mouth, skin, and intestine. Additionally, it ranks as
the third most commonly identified microbe in blood cultures obtained
from patients with sepsis (Cristea et al., 2017).

The prevalence of urinary tract infections (UTIs) caused by
Klebsiella pneumoniae has shown a rising trajectory and has become a
significant burden for numerous public health systems, particularly in
hospital environments (Miftode et al., 2021).
2.2.2.3. Enterobacter aerogenes

Enterobacter aerogenes formerly known as Klebsiella aerogenes
belongs to the family Enterobacteria and is a facultative Gram-negative
anaerobe. It is widely distributed in the environment and is found in the
human gastrointestinal tract, also being a common opportunistic pathogen
in hospitals(Gu et al ., 2022).

Enterobacter aerogenes was recently renamed Klebsiella aerogenes
on the basis of whole-genome sequence (WGS)-based comparative
bacterial phylogenetics demonstrated that Enterobacter aerogenes is
more closely related to Klebsiella pneumoniae than to the Enterobacter
species (Wesevich et al ., 2020).

Enterobacter is a group of bacteria that are gram-negative, rod-
shaped, and can survive with or without oxygen. They belong to the
Enterobacteriaceae family. It is additionally characterized as a bacterium
that does not produce spores, contains flagella, tests positive for urease,
and ferments lactose. The pathogenicity of this bacterium is contingent
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upon a multitude of variables. Similar to other gram-negative enteric
bacilli, the bacteria utilize adhesins to attach to host cells. The existence
of a lipopolysaccharide (LPS) capsule can assist the bacteria in evading
opsonophagocytosis. The LPS capsule has the ability to trigger a series of
inflammatory reactions in the host cell, potentially resulting in sepsis. The
main cause of antibiotic resistance in Enterobacter spp. is the existence of
beta-lactamases. Beta lactamases possess the ability to catalyze the
hydrolysis of the beta-lactam ring, which is present in penicillin and
cephalosporins. The existence of this enzyme has led to a rise in the
quantity of Enterobacter infections that are resistant to treatment
(Ramirez and Giron, 2024).

Klebsiella aerogenes, a bacterium commonly acquired in healthcare
settings, is becoming more frequently linked to high levels of resistance
to several drugs and increased virulence characteristics. Klebsiella
aerogenes is a member of the ESKAPE group of pathogens, which have a
substantial influence on public health. Klebsiella aerogenes is widely
distributed, commonly found in the human gastrointestinal tract, and is a
significant opportunistic pathogen that is more frequently associated with
nosocomial infections rather than community-acquired illnesses. It has
the potential to induce urinary tract infections (UTIs), infections of the
skin and soft tissues, lung infections, and bloodstream infections in those
with impaired immune systems or those with damaged intestinal mucosa.
Klebsiella aerogenes has been linked to elevated mortality rates in
patients in intensive care units. There is a wealth of information available
on the high occurrence of antibiotic-resistant Escherichia coli and
Klebsiella pneumoniae UTIs. Nevertheless, there is a scarcity of

information regarding Klebsiella aerogenes (Mazumder et al ., 2023).
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2.2.3. Fungal Infection

Candida species cause urinary tract infection by either the
hematogenous or ascending routes. Most kidney infection occurs by
hematogenous seeding during an episode of candidemia, but this event is
usually asymptomatic with regard to urinary tract symptoms(Carol and
Kauffman , 2014). Fungal urinary tract infection is unusual. UTI arises
when there are temporary or chronic weaknesses in the local or systemic
immune system of the lower urinary tract, similar to bacterial UTI.
Funguria can occur as a result of primary infections in the lower urinary
tract or as a later consequence of the release of fungal components into
the urine in individuals with systemic diseases(Behzadi et al ., 2019).

The most often recognized species is Candida albicans, followed by
Candida glabrata and Candida tropicalis. Occasionally, other widely
distributed fungi such as Aspergillus spp, Blastomycosis spp, and
Cryptococcus spp may also cause primary fungal UTIs (Olin and
Bartges, 2015).
2.3. Immune Responses to UTIs
2.3.1. Immune System

The lymphatic system consists of primary lymphoid organs: The
organs in question are the bone marrow and the thymus. Lymphocytes,
which are specialized immune system cells, are produced by them.
Secondary lymphoid organs encompass the lymph nodes, spleen, tonsils,
and specific tissue found in different mucous membrane layers
throughout the body, such as in the intestine. The immune system cells
carry out their primary function of combating pathogens and foreign
substances within these organs (IQWiG, 2023). The resistance to
infection is mainly accomplished by the versatility of the immune system
in the urinary tract, with both innate and adaptive immune responses
(Ortega , 2020).
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The Immune response is the body's ability to stay safe by affording
protection against harmful agents and involves lines of defense against
most microbes as well as specialized and highly specific response to a
particular offender. There are two subsystems within the immune system,
known as the innate (non-specific) immune system and the adaptive
(specific) immune system. Both of these subsystems are closely linked
and work together whenever a germ or harmful substance triggers an
immune response (Justiz and Qurie, 2023).
2.3.1.1. Innate Immune System

The innate immune system serves as the initial barrier against
microbial infections and has a crucial role in preserving overall well-
being (Acosta and Alonzo, 2023).

When the natural immune system is weakened or disrupted,
noticeable symptoms of ongoing inflammation and infection become
evident in a clinical setting (Becknell et al., 2015). The innate immune
system consists of various components, including pattern recognition
receptors like Toll-like receptors (TLR), plasma proteins, chemokines,
cytokines, cellular components such as epithelial cells, bone marrow-
derived phagocytes, dendritic cells, and natural killer cells, toxic
molecules like reactive oxygen and reactive nitrogen intermediates, and
antimicrobial peptides (AMPs) (Riera Romo et al ., 2016).

Macrophages restrict bacterial infection partly by stimulating
phagocytosis and partly by stimulating release of cytokines and
complement components (Jiang et al ., 2022).

The connection between bacterial metabolism and innate immunity
Is supported by the capacity of immune cells to recognize and react to
metabolic products produced by bacteria, some of which possess
immunomodulatory properties (Traven and Naderer, 2019). Short-chain
fatty acids (SCFAs) produced during bacterial fermentation serve as
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immunomodulators in various types of immune cells, including gut-
resident macrophages (Schulthess et al., 2019). Unlike the adaptive
Immune response, the innate immune system produces a quicker reaction
to microbial assault (Ching et al ., 2020). Despite the innate immune
response, bacteria still can persist in the urinary tract. Therefore, a more
specific adaptive immune response ensues that protects the urinary tract
(Spencer et al ., 2014).
2.3.1.2. Adaptive Immune System

The adaptive immune system, also known as the acquired immune
system, is a part of the immune system that comprises of specialized,
systemic cells and processes that Kill infections by inhibiting their
proliferation (Khalid et al ., 2020).
The adaptive immune system respond to bacterial antigens to orchestrate
persisting protective immune responses and generate immunological
memory(Shepherd and Mclaren , 2020). The adaptive immune
responses are limited, particularly when only the lower urinary tract is
infected. Whereas the wide-ranging innate immune responses of the
urinary tract are highly responsive to infections, the adaptive immune
responses, particularly in the bladder, tend to be limited (Abraham and
Miao , 2015).
2.3.2. Immunological Biomarker
2.3.2.1. Interleukins

Interleukins (IL) are a class of cytokines first believed to be
exclusively expressed by leukocytes, but further research has revealed
their production by various other cells in the body (Justiz Vaillant and
Qurie, 2023), including immunological cells (Ferreira et al ., 2018).

Cytokines are a class of proteins that are produced in response to

infections and other antigens. They play a crucial role in regulating and

31



Chapter Two Literatures Review

facilitating inflammatory and immunological responses (Zhu et al .,
2017).

They have a crucial role in various essential cellular activities, such
as proliferation, maturation, migration, and adhesion. Additionally, they
are involved in the activation and differentiation of immune system cells
(Ferreira et al., 2018). There are three distinct groups. The initial and
most  extensive  category comprises inflammatory  cytokines,
encompassing a total of 22 molecules, namely IL-1, IL-4, IL-5, IL-6, IL-
8, IL-9, IL-13, IL-14, and IL-15. The second category comprises anti-
inflammatory chemicals, specifically 14 interleukins, namely IL-7, IL-10,
IL-30, and IL-37. The final category comprises interleukins that possess a
dual capacity, being able to serve as both inflammatory and anti-
inflammatory molecules. These interleukins include IL-2, IL-3, IL-11,
and IL-12 (Lissoni et al., 2020). Cytokines and interleukins share three
distinct mechanisms of action on other cells: autocrine, paracrine, and
endocrine. Autocrine refers to the substance affecting the cell that
produces it, paracrine refers to the substance affecting nearby tissues, and
endocrine refers to the substance being produced by the cell and entering
the bloodstream to reach distant organs (Corwin, 2000).

Traditional indicators for urinary tract infections (UTIs) exhibit
limited specificity. Urinary interleukins have the potential to enhance the
accuracy and precision of laboratory detection of urinary tract infections
(UTIs) (Horvath et al., 2020). UTIs are accompanied by inflammation,
which involves several cytokines such as TNF-a, interleukin (IL)-1p, IL-
6, and IL-8 (Sundac et al., 2020).
2.3.2.1.1. Interleukin-1

Interleukin-1, a cytokine that causes inflammation, is known to have

several physiological roles and pathological implications, and it plays a
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crucial role in both maintaining good health and contributing to diseases
(Kaneko et al., 2019).

IL-1 acts as a key controller of inflammation by regulating many
innate immune processes. IL-1 is secreted by macrophages, large granular
lymphocytes, B cells, endothelium, fibroblasts, and astrocytes. The
primary targets include T cells, B cells, macrophages, endothelium, and
tissue cells (Justiz Vaillant and Qurie , 2023).

IL-1 is a superfamily of eleven structurally similar proteins, all
involved in inflammation or its control, which mainly act through binding
to specific receptors on the plasma membrane of target cells(Boraschi ,
2022). Some with inflammatory activity and some with anti-
inflammatory functions (Dinarello , 2018). Including 7 pro-inflammatory
agonists (IL-1a, IL-1p, IL-18, IL-33, IL-36a, IL-36p, IL-36y) and 4
defined or putative antagonists (IL-1R antagonist (IL-1Ra), IL-36Ra, IL-
37, and IL-38) exerting anti-inflammatory activities(Palomo et al .,
2015).

UTlIs are accompanied by inflammation, which involves several
cytokines such as TNF-a, interleukin (IL)-1B, IL-6, and IL-8 (Flores-
Mireles et al., 2019). The origins of interleukin-1 (IL-1) can be traced
back to the 1940s when researchers first identified the fever-inducing
properties of "soluble factors” produced by leukocytes stimulated by
endotoxins (Dinarello, 2018). IL-1 consists of two agonists, IL-1a and
IL-1pB, that initiate signals by binding to IL-1 receptor 1 (IL-1R1) and
enlisting an additional peptide chain for assistance (Fields et al., 2019).

Despite the relatively low homology (27%) in terms of amino acid
sequences, IL-1a and IL-1B exhibit structural similarities and perform
similar functions. They both interact with the IL-1 type 1 receptor (IL-
1R1) and possess a core -barrel structure with adjacent loops (Kaneko
et al ., 2019).The reason for having two IL-1 agonists may lie in the
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difference in robustness or specific functions between them (Dinarello et
al ., 2019).

Interleukin-1 beta (IL-1pB) is a pro-inflammatory cytokine, meaning
it plays a role in promoting inflammation as part of the immune response.
It is produced by various cells, including immune cells (such as
macrophages and monocytes) and non-immune cells (such as epithelial
cells). IL-1B is one of the most potent pro-inflammatory cytokines and it
has been linked to dysregulated inflammation and to the severity of the
UTI (Masajtis-Zagajewska and Nowicki , 2017).

IL-1B 1s induced by inflammatory signals in a broad number of
immune cell types (Bent et al ., 2018). Monocytes and macrophages are
the main sources of IL-1p secretion. It causes harm to the tissue and the
entry of neutrophils into it. In order to prevent unregulated inflammation,
the release of the active form of IL-1B is carefully controlled and
influenced by a molecular complex known as the inflammasome (Flores-
Mireles et al., 2019). IL-1p is synthesized as a 269-amino acid precursor
protein and undergoes processing by caspase-1, also known as IL-1[-
converting enzyme (ICE), which is activated in inflammasomes. This
processing results in the production of mature IL-1p, consisting of the C-
terminal 153 amino acids (Lachman et al., 2023). During the interaction
between the host cell and the pathogen, there is a sudden release of
cytokines. This release is aimed at attracting the cells of the innate
immune system and strengthening the body's defense against pathogens.
Cytokines in urinary tract infections (UTIs) are mostly generated within
the uroepithelial cell lining of the bladder and released into the urine
(Sundvall et al., 2014).

IL-1B shows potential as a useful indicator for distinguishing
between upper and lower urinary tract infections (UTIs) (Nanda and
Juthani-Mehta 2019). Interleukin-1 beta (IL-1p), a substance commonly
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seen in the blood of children with urinary tract infections (UTIs), has
been utilized as an indicator for acute pyelonephritis (Sheu et al., 2017).
2.3.2.1.2 Interleukin-8

Interleukin-8 is a pro-inflammatory CXC chemokine with a
primary function in attracting and activating neutrophils, but also
implicated in a variety of other cellular processes (Viloti¢ et al ., 2022).
IL-8 is a key regulator of the acute inflammatory response and it recruits,
migration and activates monocytes and neutrophils to the site of
inflammation (Marta Gomarasca et al ., 2020), and leading to pyuria in
patients with UTI (Gokce et al ., 2010).

IL-8 is rapidly expressed upon encountering microorganisms. I1L-8
has the ability to both attract immune cells and trigger a series of gene
reactions that result in the production of antimicrobial peptides (Ching et
al ., 2018). Because of its significant function, it can serve as an indicator
for urinary tract infections (UTIs) and a distinguishing characteristic
(Horvath et al., 2020). IL-8 plays a pivotal function in all inflammatory
processes. While its levels are higher in urinary tract infections (UTIs)
and can indicate the likelihood of acute pyelonephritis, it has a low level
of specificity. It occurs in all types of congenital urinary anomalies,
except for prenatal renal pelvic dilatation. Therefore, IL-8 is not
appropriate for the diagnosis of UTIs in the presence of an anatomical
issue (Bitsori et al., 2011). IL-8 is synthesized as a result of bacterial
infections and serves as significant agents in the process of inflammation
(Tramma et al., 2012). Several studies have indicated that levels of IL-8
in urine and blood are increased in cases of urinary tract infection (UTI)
(Krzemien et al., 2019).

Research has shown that urine IL-8 has a strong ability to accurately
predict the absence of UTIs. As a result, it could be valuable as a tool for
initial screening. The level of IL-8 was elevated in 92% of urinary tract
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infections (UTIs), regardless of the specific germs responsible, with an
average concentration of 627 pg/mL. IL-8 was found to be a more
effective indicator of urinary tract infection (UTI) compared to IL-6. This
Is because the levels of IL-8 increased on the same day as the illness was
diagnosed (Oregioni et al ., 2015).

2.3.3 Lipopolysaccharide Binding Protein (LBP)

Lipopolysaccharide (LPS)-binding protein (LBP) is mostly
synthesized in hepatocytes and serves as a secretory acute-phase protein
of class | (Jappe et al., 2019).

It has a crucial function in the natural immunological response. The
process begins with the binding of LPS to LBP, forming the LPS-LBP
complex. As a result, signal transduction pathways are activated, leading
to the production of cytokines and other pro-inflammatory mediators.
Lipopolysaccharide (LPS)-binding protein (LBP) is essential in the innate
immune response and contributes significantly to the development of
inflammatory and infectious-related disorders (Meng et al., 2021).

Lipopolysaccharide, often known as endotoxin, is a primary
constituent of the outer membrane of gram-negative (GN) bacteria
(Gnauck et al ., 2016). The LPS divides into three parts: Lipid A anchors
the molecule to the outer membrane, the core oligosaccharide that is
integral to imparting and maintaining membrane integrity, and the O-
antigen polysaccharide that is connected to the core oligosaccharide as is
in direct contact with the external environment (Sperandeo et al ., 2019).
LPS are often used as markers for bacterial translocation. Elevated levels
of LPS in the bloodstream can indicate increased permeability of the
intestinal barrier, allowing bacteria or their components to enter systemic
circulation. This phenomenon is associated with various health conditions

and can trigger inflammatory responses (Adda-Rezig et al ., 2021).
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(LBP) is an important mediator of the inflammatory reaction (Branescu
etal ., 2012).

LBP, a 50-kDa polypeptide mainly synthesized in the liver and
released into the bloodstream after glycosylation, is the first protein to
bind with LPS, which indicates that it might be a reliable biomarker that
predicts the activation of innate immune responses (Lepper et al ., 2020).

According to a study conducted on children, the sensitivity of LBP
was found to be 96%, meaning it accurately identified 96% of the cases.
Additionally, the specificity of LBP was 100%, indicating that it correctly
ruled out the presence of LBP in all cases where it was absent (Horvath
et al., 2020). The serum LBP concentration constitutes a reliable biologic
marker for the diagnosis of UTI in children (Tsalkidou et al ., 2013).
2.3.4 Mannose Receptor

Mannose is a sugar monomer of the aldohexose series of
carbohydrates. It is a C-2 epimer of glucose. Mannose is important in
human metabolism, especially in the glycosylation of certain proteins.
Several congenital disorders of glycosylation are associated with
mutations in enzymes involved in mannose metabolism (Cummings |,
2022). Mannose is a vital component in human metabolism since it plays
a crucial role in the process of glycosylating specific proteins. In addition,
Mannose has been documented to alleviate abdominal cystic pain and to
address bacterial urinary tract infections. Mannose demonstrates efficacy
in treating lipopolysaccharide-induced acute lung damage in rats. Recent
research have shown that Mannose is a potent inhibitor of autoimmune
and inflammatory disorders. It successfully reduces a range of conditions,
such as Type | diabetes, asthma, colitis, obesity, osteoarthritis, chronic
graft-versus-host disease, and lupus. The immune regulating properties of

Mannose have also been uncovered (Dhanalakshmi et al., 2023).
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The mannose receptor (MR), also known as Cluster of
Differentiation 206 (CD206), belongs to the C-type lectin (CLEC) family.
The individuals in this family possess C-type lectin domains (CTLDs),
which have a crucial role in recognizing ligands. Mannose receptor (MR)
Is capable of binding and internalizing a diverse range of ligands that are
either naturally occurring or associated with pathogens. It is commonly
located on the outer surface of antigen-presenting cells, including
dendritic cells and macrophages. Recent evidence has demonstrated that
the mannose receptor has a direct impact on the activation of different
types of immune cells (Van der Zande et al., 2021). Increased levels of
soluble MR in the serum have been detected in individuals with various
inflammatory disorders, indicating an association between soluble MR
and inflammation (Rgdgaard-Hansen et al., 2014).

Studies have shown that SMR concentrations are associated with the
severity of the disease, portal hypertension, gut permeability, bacterial
translocation, and even mortality (Stay et al ., 2021). Non-survivors tend
to have higher levels of sSMR. Therefore, the soluble mannose receptor
(SMR) has been suggested as a new biomarker for inflammation (Fan et
al ., 2019).

The mannose receptor can recognize multiple pathogens, including
bacteria, e.g., Mycobacterium tuberculosis (Lugo-Villarino et al ., 2021)
and pneumococcus Streptococcus pneumoniae (Subramanian et al .,
2019). The mannose receptor is important as it has major roles in diverse
biological processes, including regulation of circulating levels of
reproductive hormones, homeostasis, innate immunity and infections
(Cumming , 2022).

2.4 Diagnosis of UTI

A urinary tract infection (UTI) is diagnosed based on the patient's

clinical history and the results of a urinalysis, which is further confirmed
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by a urine culture. Accurate urine sample collection is crucial for
thorough  assessment and culture analysis (Aggarwal and
Lotfollahzadeh , 2022). The laboratory assessment for urinary tract
infections (UTIs) comprises three primary examinations: dipstick
urinalysis, microscopic urinalysis, and urine culture. The most common
type of dipstick urinalysis permits analysis of multiple urine components,
the most important being leukocyte esterase (LE), nitrite, and red blood
cells. LE is expressed in white blood cells (WBCs), which are elevated in
urine during infection Urine testing typically commences with dipstick
urinalysis, a readily accessible procedure that may be performed in the
office and takes only a few minutes to interpret (Chu and Lowder,
2018).

Macroscopic examination focuses on parameters such as color,
clarity, odor, and specific gravity. Urine test strips are used to measure
chemical properties like pH, glucose concentration, and protein levels.
Microscopy is conducted to identify elements such as cells, urinary casts,
crystals, and organisms (Mcpheron and Pincus, 2017).

Light microscopy is used to perform microscopic urinalysis. A UTI
can be diagnosed in part by looking for leukocytes (pyuria, defined as
>5-10 leukocytes/hpf) or bacteria (bacteriuria, defined as 15 bacteria/hpf)
in the urine. Hematuria occasionally indicates a urinary tract infection
(UTI) when combined with bacteriuria or pyuria (Chaudhari et al.,
2016). The presence of pyuria was required for the diagnosis of UTI
(European Medicines Agency , 2022).

The typical biochemical properties of urine consist of a pH level of
5.8, a hue ranging from pale yellow to deep amber, and the absence of
bilirubin, red blood cells, protein, and pus cells. Changes in the
biochemical properties of urine, such as alterations in pee frequency or

kidney inflammation, can suggest problems with the ureter, urethra,
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urinary bladder, and genital organs. The most probable reason for the
described symptoms is urinary tract infections (UTIs) caused by various
bacteria (Chandra et al., 2020).

The gold standard for diagnosing urinary tract infections (UTIs) is
urine culture, which is also the best suitable screening test for
asymptomatic bacteriuria. The determination of whether urine culture
findings are positive or negative is based on the quantification of colony-
forming units that develop on the culture media. A urine culture is
considered positive if it reveals a bacterial colony count of 103 or more
colony-forming units (CFUs) per milliliter of a common urinary tract
organism. These cultures can also be used to determine antibiotic
susceptibility, which is helpful in determining the appropriate antibiotic
treatment. Nevertheless, women who have negative cultures may still
experience improvement through antibiotic treatment (Nicolle, 2018).

A diagnosis of symptomatic urinary tract infection (UTI) in older
persons typically necessitates the existence of localized genitourinary
symptoms, the presence of pus in the urine (pyuria), and a urine culture
that identifies a specific urinary pathogen (Rowe and Juthani-Mehta,
2019).

The diagnosis of UTlIs is typically made by evaluating clinical
symptoms and findings, such as the presence of pus cells (pyuria) or
bacteria in the urine (bacteriuria). However, the most reliable method for
diagnosis is urine culture, however it can take 24-48 hours to obtain
results. Recently, there has been an increase in studies utilizing automated
approaches like VITEK 2, which are demonstrating encouraging
outcomes. Although there is increasing evidence to support this claim, the
American Society for Microbiology (ASM), the British Society for
Antimicrobial Chemotherapy (BSAC), and the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) remain doubtful about
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its application due to the lack of standardized inoculum and its reduced
sensitivity in detecting all bacteria in a given sample. Conversely, direct
testing offers clinicians prompt microbiological data, enabling
customized antibiotic treatment and reducing antimicrobial-related
negative effects (Torres-Sangiao et al., 2022).

2.5 Treatments of UTlIs

Urinary tract infections (UTI) are common in emergency
departments (ED), and at least 15% of them are bacteremic (Lalueza et al
., 2018). Urinary tract infections (UTIs) are highly prevalent worldwide,
characterized by a diverse range of symptoms and varying degrees of
iliness severity, which might pose challenges in their management
(Marantidis and Sussman, 2023).The treatment approach that takes into
account the specific culture and sensitivity of the patient (Gupta et al.,
2017).

The selection of an antibiotic is based on several key factors,
including the patient's individual risk and prior antibiotic treatment, the
range of pathogens and their sensitivity to the antibiotic, the effectiveness
of the antimicrobial agent, the impact on the patient’s resistance situation
and potential ecological effects, and the undesired side effects of the drug
(Wagenlehner et al ., 2020). Asymptomatic bacteriuria does not
necessarily require treatment; however, therapy is advisable for pregnant
women, renal transplant recipients, and patients undergoing urological

surgery (Zalmanovici Trestioreanu et al ., 2015).
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Chapter Three Subjects, Materials and Methods
Chapter Three: Subjects, Materials and Methods

3.1. Subjects

A case-control study was conducted at the College of Applied
Medical Sciences/ University of Kerbala. A total of seventy patients with
UTI were included in this study. They were diagnosed with UTI based on
the signs and symptoms observed by urologists at Al-Imam Al-Husaien

Hospital/Karbala Health Directorate.

The study was conducted between October 2023 to February
2024.The patient group has been separated into two subgroups: one
subgroup is referred to as the UTI with culture positive growth bacterial
group, while the other group is referred to as the UTI with culture
negative growth bacterial group. The patients included in the study are
adults of both sexes, aged 18 years or older. The control group consisted
of 70 individuals who were apparently healthy and had no previous
record of UTI disease. The selection criteria for matching patients and
controls included sex, age and Body Mass Index. Therefore, the
Male/Female ratio and the age range were identical in both the patient
and control groups. Case and control subjects were chosen using a
random selection process based on certain criteria for inclusion and

exclusion. The questionnaire in Appendix (1).

Both UTI patients and volunteers who were healthy provided blood

and urine samples for investigative purposes.
3.1.1 Criteria for Inclusion and Exclusion

3.1.1.1 Inclusion Criteria: The present study strictly followed the

following criteria for including patients and control groups:
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1. Patients diagnosed with UTI based on clinical assessment by
physicians.

2. Both sexes male and female.

3. The patients age are restricted to people who are 18 years or older.

4. Healthy individuals without a prior history of UTI, who are of the

same age, sex and BMI as the patient group.
3.1.1.2 Exclusion Criteria:
The exclusion criteria were as follows:

Individuals under the age of 18.
Individuals diagnosed with an autoimmune disorder.
Pregnant woman.

People with a catheter.

o ~ W Dn

Patients suffering from chronic conditions such as hypertension,
diabetes mellitus, and cardiovascular disease.

6. Men experiencing prostate issues.
3.1.2 Questionnaires

Data was obtained from both the patients and control groups,
including details such as Information required includes: name, sex, age,
family history, BMI, symptoms of UTI, and duration of UTI and other
relevant inquiries, as indicated in Appendix (1).
3.1.3 Ethical Considerations

The research received approval from the College of Applied
Medical Science/University of Kerbala Ethical Committee and the Ethical
Committee at Al- Al-Imam Al-Hussein Hospital. Prior to collecting the
samples, all participants in this study were informed and verbally

consented to participate.
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3.1.4 Study design

A case control study design was implemented, as depicted in Figure

(3.1).
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3.2 Materials

3.2.1 Kits

The kits utilized in the present study were displayed in Table (3.1)

Table 3.1: Study Kits

No | Kits Company Origin
1. | Human IL1- B (Interleukin 1-Beta) ELISA | ELK USA
Kit Biotechnology
2. | Human IL-8( Interleukin 8) ELISA Kit ELK USA
Biotechnology
3. | Human LBP (Lipopolysaccharide Binding | ELK USA
Protein) ELISA Kit Biotechnology
4. | Human Mannose Receptor(MR) ELISA | SUNLONG China

Kit

3.2.2 Devices, Equipment, and Apparatus

Displays the instruments and apparatuses utilized in this study show
in Table (3.2).
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Table 3.2: Presents the equipment and apparatuses used in the study.

No | Devices , Equipment’s and | Company Origin
Apparatuses

3. | Autoclave Labtech Korea

12. | Benson Burner GEL Germany

13. | Biological Cabinet Thermo scientific Germany

1. Centrifuge ROTOFIX 32 A (Hettich) Germmany

14. | Deep freezer GEL Germany

17. | ELISA automated washer Biotek USA

18. | ELISA Printer Biotek USA

2. ELISA reader Hs Human Germany

11. | Hematology Analyzer Human Germany

4. Incubator Gallenkamp England

16. | Micro titer plate reader— | Human Germany
spectrophotometer

10. | Oven Memmert Germany

5. Refrigerator LG Korea

9. Sensitive balance Kern Germany

6. VITIC2-compact BIONMERIEUX France

7. | Vortex Scientific Industries Korea

15. | Water bath Memmert Germany

8. Water Distling GEL Germany
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3.2.3 Instruments

Table 3.3 : The instruments used in the research.

Table (3.3) detailed the instruments utilized in this investigation.

No Tools Company Origin
16. Cohol TKMD Germany
20. Conical flask AFCO Jorden
15. Cotton TKMD Germany
1. Disposable syringe 5 ml AL-Shaghaf China
21. Distillwator (Water distiller) GFL Germany
3. EDTA tube ALS Laboratory supplies | China

2. Eppendorf tube TRUST LAB China

4. Gel tube TRUST LAB China
ik Glass wear AFCO Jorden

5. Gloves KINGFA/MEDICAL China

6. Mask TKMD Germany
7. Micro plate Mybiosource USA

12. Micropipettes Micropipette Germany
14. Microscope Olympus Japan

8. Multi-channel pipette CappAero 96 Germany
18. Petridish CITOTEST China

9. Pipette Tips CITOTEST China
19. Plane tube CITOTEST China
17. Plaster TKMD Germany
10. Single-channel Micropipette Dragon Laboratory China
11. Tourniquet Voltaren China
22. Urine cup AL-Shaghaf China

47



Chapter Three Subjects, Materials and Methods

3.3 Methods
3.3.1 Collection of the samples

The sample collected from positive UTI patients was diagnosed

following a general urine examination (G.U.E.) by urologist and control.
3.3.1.1 Collecting the Blood Sample

Each participant provided a 5 ml sample of venous blood using a
disposable syringe. A volume of 1.5 ml of blood was collected in the
EDTA tube for CBC detection, while 3.5 ml of blood was drawn in a gel
tube and allowed to rest at room temperature for 15 minutes. The serum
samples were concentrated using a centrifuge at an approximate speed of
3000 revolutions per minute (rpm) for a duration of 10 minutes. An

measurement of CRP was derived from the serum sample.

The remaining serum was carefully transferred into two eppendorf
tubes and stored at -20°C to prevent any potential damage from repeated

freezing-thawing cycles, to be used to measure ILs , MR and LBP.
3.3.1.2 Collection Urine Sample

A disposable sterile plastic container was used , About 5 ml “mid-
stream” of urine was collected from each patient and control subjects.
Used urine in G.U.E and for inoculated on standard culture media urine,
including Mac Conkey and Blood agar. The samples were then incubated

aerobic conditions at 37 °C for a period of 24-48 hours.
3.3.2 The calculation of Body Mass Index (BMI)

The BMI index is currently utilized to identify and categorize adult

anthropometric height/weight characteristics according to the World
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Health Organization, as demonstrated in Table (3.4) by(Nuttall, 2015) .
A formula was utilized to compute BMI, which involves dividing weight

in kilograms by height in meters
Body Mass Index =Weight (kg) / Height (m), (Dang et al ., 2022).

Table 3.4: The ranges of Body Mass Index (BMI)

Weight Status BMI range (kg/m)
Underweight 15-19.9

Normal weight 20-24.9
Overweight 25-29.9

Class | obesity 30-34.9

Class Il obesity 35-39.9

Class 111 obesity >40

3.3.3 Preparation of Culture Media
3.3.3.1 Blood Agar

A suspension of 40 g of blood agar was made in 1Lof distilled water
(DW). The mixture was heated until it completely dissolved. Next, the
sterilization process involves subjecting the material to a temperature of
121°C for a duration of 15 minutes. The agar was cooled to a temperature
of 45 - 50°C and then 7% of sterilized defibrinated blood was added. The
media was utilized for culturing and activating bacteria that had been
collected from various samples. The bacteria that was collected from

samples was activated (Yeh et al ., 2009).
3.3.3.2 MacConkey Agar

MacConkey Agar is a type of agar used in laboratory settings. It is
commonly used to differentiate between different types of bacteria based

on their ability to ferment lactose. The agar contains specific indicators
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that change color depending on whether lactose fermentation has
occurred. This allows researchers to analyze and identify different
bacterial species. To prepare this medium, dissolve 40gm of agar in 1000
ml of D.W and sterilize it in an autoclave at 121C° for 20 minutes. Once
cooled, the mixture was carefully poured onto the plates. These plates
were specifically designed to selectively culture gram-negative bacteria
(MacFadden, 2000).

3.3.3.3 Muller Hinton Agar

The steps of weighing 38 g of media, dissolving it in 1L of D.W,
and autoclaving it for 15 minutes was carried out in accordance with the

instructions provided by the company (Murray and Zeitinger, 1983).
3.3.4 Preparation of Solution and Reagent

Solutions for Gram staining have been prepared in accordance with
the necessary microbiological procedures. The solutions included crystal

violet, iodine, pure alcohol, and safranin.(Leboffe and Pierce, 2012).
3.3.5 Isolation and Identification of Microorganisms

A loopful of sample was taken from well-mixed urine cup and
inoculated on MacConkey agar and blood agar. The samples were
incubated overnight at 37°C in bacteriological incubators under aerobic

conditions. The identification of bacteria was determined by:
A. Morphological characteristics

The characteristics of the colonies were thoroughly examined,

including their shape, borders, size, color, and texture.

B. Microscopic Characteristics
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The bacteria were examined using a light microscope after being
stained with the Gram stain. The process entailed extracting a small
sample from a bacterial colony and dispersing it onto a pristine slide
using a droplet of regular saline solution. The slide was subsequently
secured by momentarily subjecting it to a flame and coated with crystal
violet. Subsequently, it underwent treatment with lodine, followed by
decolorization using alcohol, and finally counterstaining using safranine.

Ultimately, the slide was scrutinized using oil immersion(Tille, 2017).

C. ldentification through the use of automated methods The
VITEK2 system:

Automated methods are highly efficient and accurate when it comes
to identifying bacteria. The VITEK2 system is composed of plastic
reagent cards that contain small amounts of various biochemical test
media in 30 wells. These wells provide a biochemical profile that is used
to diagnose organisms. The inoculum is transferred from cultured
samples into the card, and a photometer periodically measures the color
changes in the card resulting from the microbe's metabolic activity. The
data was thoroughly analyzed and efficiently stored in a computerized
database. A variety of cards, such as those for Gram-negative
identification (GN) and Gram-positive identification (GP), are available
(Maina and Kagotho , 2014).

3.3.6 Antibiotics Susceptibility Determination

Antibiotic susceptibility testing involves assessing the susceptibility
of a bacterial isolate to a specific range of antibiotics. After been
inoculated, the cards were put into the Vitek 2 autoatic reader-incubator.
The following manufacturer's instructions were followed for the

inoculation and interpretation of the susceptibility and identification
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cards. The researchers utilized colony counts to ensure the accuracy of
the number and density of microorganisms that were introduced into the
Vitek cards (Bazzi et al ., 2017).

3.3.7 Hematological Parameter Estimation

Assessment of Complete Blood Count (CBC) Blum meticulously

followed the procedure using the swelab device.

1. The samples were initially at the natural temperature.

2. The thing was repeatedly reversed by hand until it was suspended.

3. If the samples have barcodes, they were treated in the same manner
as conventional patient samples (Caps lock was turned off).

4. Once the sample was placed on the analyzer, the operator hit the
RUN button.

5. After a comprehensive evaluation of all the samples, the results were
printed with great attention to detail.

6. The data was printed by using the "Stored Data" option.

7. The output button was triggered.

8. Press the "Mark™" button, followed by "All Clear," and then "Cancel"

to remove all marks(Arief et al ., 2021).
3.3.8 Measurement of Immunological parameters

3.3.8.1 C-Reactive Protein (CRP)
3.3.8.1.1 The basic concept or principle.

Centrifugation is used to separate the erythrocytes from the serum
or plasma in a capillary or venous blood sample. Next, the serum or
plasma sample is diluted using HEPES buffer and then passed into a
reaction chamber, where it is combined with CRP antibody latex reagent.
The C-reactive protein (CRP) present in the diluted plasma forms a
complex with the CRP antibody located on the latex particle. The CRP
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concentration is determined by calculating the absorbance shift at 525 nm
and 625 nm, which is directly proportional to the degree of agglutination.

3.3.8.1.2. The substances used in the experiment
The contents of one test are as follows:
* HEPES buffer: 1.79 mg
 Anti-human CRP antibody (goat) Latex conjugate: 41.84 ug

3.3.9 Assay for Immunological and Biomarkers Profile Using
ELISA Technique :

The levels of Interleukin 1-B, Interleukin 8, Lipopolysaccharide
Binding Protein and Mannose Receptor were measured using Sandwich

enzyme linked immunosorbent assay ELISA research kits.

3.3.9.1 Estimating the level of Human Interlukin-1§ and Human

Interlukin-8

Principle of IL-1p: The test principle utilized in this kit is the Sandwich
enzyme immunoassay. The microtiter plate included in this kit comes
pre-coated with an antibody that targets Interleukin 1 Beta (IL-1B).
Standards or samples are added to the appropriate microtiter plate wells,
followed by the addition of a biotin-conjugated antibody that specifically
targets IL-1B.Then, Avidin conjugated to Horseradish Peroxidase (HRP)
Is added to each microplate well and incubated, just like a scientist
carefully conducting an experiment. When the TMB substrate solution is
added, the wells that have IL-1B, biotin-conjugated antibody, and
enzyme-conjugated Avidin will be the ones that show a color change.
Termination of the enzyme-substrate reaction involves the addition of a
sulphuric acid solution, followed by the measurement of the resulting

color change using spectrophotometry at an approximately 450 nm + 10
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nm in wavelength. The concentration of IL-1p in the samples is

determined by comparing OD of the samples to the standard curve(32).

Principle of IL-8: The test principle utilized in this kit is the
Sandwich enzyme immunoassay. The microtiter plate included in this kit
comes pre-coated with an antibody that specifically targets Interleukin 8
(IL-8). Standards or samples are carefully added to the appropriate
microtiter plate wells, followed by the addition of a biotin-conjugated
antibody that specifically targets IL-8. After that, Avidin conjugated to
Horseradish Peroxidase (HRP) is introduced into each microplate well
and allowed to incubate. Following the addition of the TMB substrate
solution, a change in color will only be observed in the wells that contain
IL-8, biotin-conjugated antibody, and enzyme-conjugated Avidin. The
enzyme-substrate reaction is concluded by introducing a solution of
sulphuric acid, and the resulting change in color is quantitatively assessed
using a spectrophotometer at a specific wavelength of 450nm = 10nm.
The concentration of IL-8 in the samples is determined by comparing the

OD of the samples to the standard curve. Figure (3-3).
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Figure (3-2): The standard curve of IL-1p concentration (pg/ml) and trend

linear equation that display on chart Y.
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Figure (3-3): The standard curve of IL-8 concentration (pg/ml) and trend linear

equation that display on chart Y.

KIT Components and Storage
information for the IL-1p ELISA Kit were provided in Table (3.5).

Table 3.5: Components and Storage of the IL-1p ELISA Kit

The components and storage

——
48 T 9% T

Pre-Coated Microplate SV(iltlrsipS x8 \}villztrips x 8 -20°C (6 months)
Standard (Lyophilized) 1 vial 2 vials -20°C (6 months)
Biotinylated Antibody (100X) 60 uL 120 uL -20°C (6 months)
Streptavidin-HRP (100X) 60 uL 120 uL -20°C (6 months)
Standard/Sample Diluent Buffer | 10 mL 20 mL 4°C

Biotinylated Antibody Diluent | 6 mL 12 mL 4°C

HRP Diluent 6 mL 12 mL 4°C

Wash Buffer (25X) 10 mL 20 mL 4°C

TMB Substrate Solution 6 mL 10 mL 4°C(store in dark)
Stop Reagent 3 mL 6 mL 4°C

Plate Covers 1 Piece 2 Pieces 4°C
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Preparing the reagents

1.

The kit components and samples were brought to room temperature
(18-25°C) before being used.

Mix the 25xWash Buffer with double-distilled Water to create a
1xWash Buffer.

Follow the standard working solution protocol by centrifuging the
standard at 1000 x g for 1 minute. Prepare the Standard by adding 1.0
mL of Standard Diluent Buffer and allowing it to sit at room
temperature for 10 minutes. Gently shake the mixture to avoid
foaming. The concentration of the standard in the stock solution is
1000 pg/mL. There are seven tubes containing 0.5 mL of Standard
Diluent Buffer. These tubes are utilized for the purpose of generating a
double dilution series, as depicted in the picture provided below.
Make sure to properly mix each tube before moving on to the next

transfer by repeatedly pipetting the solution up and down.

Arrange 7 points of Diluted Standard with varying concentrations,

including 1000 pg/mL, 500 pg/mL, 250 pg/mL, 125 pg/mL, 62.5 pg/mL,
31.25 pg/mL, and 15.63 pg/mL. The last EP tubes containing Standard

Diluent serve as the Blank with a concentration of 0 pg/mL. To ensure the

validity of the experimental results, it is essential to use the new Standard

Solution for each experiment. When diluting the Standard from high

concentration to low concentration, it is important to replace the pipette

tip for each dilution.

Important: The final tube should be treated as a blank and no solution

should be transferred into it from the previous tube.
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4.

500pL 500l  500uL  500uL  500uL  500pL

/7}\ - - = e e
Stock
Y
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pg/mL 1000 250 125 62.5 31.25 15.63

Before used, it is recommended to briefly spin or centrifuge the stock
Biotinylated Antibody and Streptavidin-HRP. Prepare a 100-fold
dilution of the antibodies using Biotinylated Antibody Diluent and
HRP Diluent.

The required amount of TMB Substrate Solution was carefully
aspirated using sterilized tips, and the remaining solution was not

discarded into the vial.

Preparing Samples

1.

Ensure that all materials and prepared reagents are at room
temperature before use. Thoroughly mix all reagents, ensuring that no
foam is created within the vials.

It is important to determine the total number of samples used in the
entire test.

Anticipate the concentration prior to conducting the assay. Whether
the values fall within or outside the range of the Standard curve is

being considered.

Procedure for conducting the assay.

1. All reagents of the kit and samples was transported to room

temperature and was prepared as prescribed by the manufacture before

use.

57



Chapter Three Subjects, Materials and Methods
2. Test Preparation

a- Remove the solution and rinse each well with 200 pL of 1xWash
Solution. Allow it to sit for 1-2 minutes. Ensure that all remaining liquid
is thoroughly removed from each well by firmly attaching the plate to
absorbent paper. Wash three times in total. Following the final wash,
ensure that all remaining Wash Buffer is removed by either aspirating or

decanting. Turn the plate upside down and press it onto absorbent paper.

b- Standard: The Reference Standard vial was diluted with 1 ml of
Reference Standard & Sample Diluent and allowed to rest for 1-2
minutes. After the standard had been completely dissolved, it was mixed
thoroughly with a vortex meter, and the tube was labeled as working
solution. The standard curve's concentration values were:1000, 500, 250,
125, 62.5, 31.25, 15.63, 0 pg/mL

c- The standard sample dilution method: seven clean tubes were taken
and labeled with their predicted concentrations of 1000, 500, 250, 125,
62.5, 31.25, 15.63, 0 picogram per microliter. Five hundred microliters of
Reference Standard & Sample Diluent were added to each tube. Five
hundred microliters were pipetted from the 1000pg/mL working solution
to the first tube and was mixed to produce a 500pg/mL working solution.
Five hundred microliters of diluent were pipetted out from the 250pg/mL
tube and added to the 125pg/mL, and it was mixed well. These steps were
repeated until the 62.5 pg/mL standard was reached. the last tube is

regarded as a blank served as the negative control.
3- Steps:

a- After the wells for blank, diluted standard and sample were

determined, 100 pL of each diluted standard, blank and sample were
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added into the appropriate wells and the plate was covered with the sealer

and then immediately it was incubated for 80 min at 37°C.

b- One hundred microliters of the Biotinylated Ab working solution was
added to each well. The microplate then was closed with sealer and
incubated for 50 min at 37°C.

c- The solution in microplate was removed and then each well was filled
with of wash buffer and its was immersed for 30 second, then the solution
was discarded and then the microplate was dried with filter paper. This

wash step was replicated 3 times.

d- One hundred microliters of streptavidin HRP Conjugate working
solution was applied to each well. the microplate was closed with a clean

sealer and incubated for 50 minutes at 37°C.

e- The microplate was washed as described in step 4 but the wash step

was repeated 5 times.

f- Ninety puL of Substrate Reagent was added to each well. The plate was

sealed with a new sealer and incubated for about 15 min at 37°C.
g- Fifty uL of Stop Solution was added to each well.

h- Micro-plate reader was used to determine the optical density (OD

value) for each well at 450 nm.
3.3.9.2 Estimation the level of Human Lipopolysaccharide Binding Protein
Principle:

The test principle utilized in this kit is the Sandwich enzyme
Immunoassay. The microtiter plate included in this kit comes pre-coated
with an antibody that specifically targets Lipopolysaccharide Binding

Protein (LBP). Standards or samples are carefully added to the designated

59



Chapter Three Subjects, Materials and Methods

microtiter plate wells, followed by the addition of a biotin-conjugated
antibody that specifically targets LBP. After that, Avidin conjugated to
Horseradish Peroxidase (HRP) is added to each microplate well and
incubated. When the TMB substrate solution is added, the color change
will only occur in the wells that have LBP, biotin-conjugated antibody,
and enzyme-conjugated Avidin. The enzyme-substrate reaction is
concluded by introducing a solution of sulphuric acid, and the resulting
change in color is quantitatively assessed using a spectrophotometer at a
specific wavelength of 450nm + 10nm. The concentration of LBP in the
samples is determined by comparing the OD of the samples to the

standard curve. Figure (3-4).

LBP

2.5 -
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Figure (3-4): The standard curve of LBP concentration (ng/L) and trend linear

equation that display on chart Y.

KIT Components and Storage

The components and storage information of the LBP ELISA Kit

were presented in Table (3.7).
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Table 3.6: LBP ELISA Kit Components and Storage

Quantity
Reagents Storage Condition
48T 9% T
Pre-Coated Microplate \?veflt;ips x 8 3\,2‘3”8; fips x 8 -20°C (6 months)
Standard (Lyophilized) 1 vial 2 vials -20°C (6 months)
Biotinylated Antibody (100X) 60 uL 120 uL -20°C (6 months)
Streptavidin-HRP (100X) 60 uL 120 uL -20°C (6 months)
Standard/Sample Diluent Buffer | 10 mL 20 mL 4°C
Biotinylated Antibody Diluent | 6 mL 12 mL 4°C
HRP Diluent 6 mL 12 mL 4°C
Wash Buffer (25X) 10 mL 20 mL 4°C
TMB Substrate Solution 6 mL 10 mL 4°C(store in dark)
Stop Reagent 3mL 6 mL 4°C
Plate Covers 1 Piece 2 Pieces 4°C

Preparing the Reagents

1. Ensure that all kit components and samples are at room temperature

(18-25°C) before use.

2. Mix the 25xWash Buffer with double-distilled Water to create a

1xWash Buffer.

3. Follow the standard working solution procedure by centrifuging the

standard at 1000 x g for 1 minute. Prepare the Standard by adding 1.0

mL of Standard Diluent Buffer. Allow it to sit at room temperature for

10 minutes, then gently shake it without causing foaming. The

concentration of the standard in the stock solution is 200 ng/mL.

There are seven tubes containing 0.5 mL of Standard Diluent Buffer,

which are used for creating a double dilution series as depicted in the
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picture below. For optimal results, it is important to ensure that each
tube is mixed thoroughly before proceeding to the next transfer. To
achieve this, gently pipette the solution up and down multiple times.
Arrange 7 points of Diluted Standard with varying concentrations,
including 200 ng/mL, 100 ng/mL, 50 ng/mL, 25 ng/mL, 12.5 ng/mL,
6.25 ng/mL, and 3.13 ng/mL. The final EP tube containing Standard
Diluent serves as the Blank with a concentration of 0 ng/mL. To
ensure the accuracy of the experimental results, it is important to use
the new Standard Solution for each experiment. It is important to
replace the pipette tip for each dilution when transitioning from a high
concentration to a low concentration of the Standard. Please note that
the final tube should be considered as a blank and no solution should

be pipetted into it from the previous tube.

500pL 500yl  500puL  500uL  500pL  500pL

/7”’\fh . e TN T
| ‘

Stock
Y
Standard k

ng/mL 200 100 50 25 125 6.25 3.13

. Before using the stock Biotinylated Antibody and Streptavidin-HRP, it
is recommended to briefly spin or centrifuge them. Prepare a 100-fold
dilution of the working concentration using Biotinylated Antibody
Diluent and HRP Diluent.

. TMB Substrate Solution - Carefully remove the required amount of
solution using sterilized tips and avoid returning any leftover solution

to the vial.
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Preparing Samples

1. Ensure that all materials and prepared reagents are brought to room
temperature before use. Thoroughly mix all reagents, being mindful to
avoid creating any foam within the vials.

2. It is important to determine the total number of samples used in the
entire test.

3. Anticipate the concentration prior to conducting the assay. Whether
the values fall within or outside the range of the Standard curve is

being considered.

Procedure for conducting the assay.

1. All reagents of the kit and samples was transported to room
temperature and was prepared as prescribed by the manufacture before

use.
2. Test Preparation

a- Remove the solution and rinse each well with 200 puL of 1xWash
Solution. Allow it to sit for 1-2 minutes. Ensure that all remaining liquid
Is thoroughly removed from each well by firmly attaching the plate to
absorbent paper. Wash three times in total. Following the final wash,
ensure that all remaining Wash Buffer is removed by either aspirating or

decanting. Turn the plate upside down and press it onto absorbent paper.

b- Standard: The Reference Standard vial was diluted with 1 ml of
Reference Standard & Sample Diluent and allowed to rest for 1-2
minutes. After the standard had been completely dissolved, it was mixed
thoroughly with a vortex meter, and the tube was labeled as working
solution. The standard curve's concentration values were:200, 100, 50,
25,125, 6.25, 3.13, 0 ng/mL
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c- The standard sample dilution method: seven clean tubes were taken
and labeled with their predicted concentrations:200, 100, 50, 25, 12.5,
6.25, 3.13, 0 ng/mL picogram per microliter. Five hundred microliters of
Reference Standard & Sample Diluent were added to each tube. Five
hundred microliters were pipetted from the 200ng/mL working solution
to the first tube and was mixed to produce a 100ng/mL working solution.
Five hundred microliters of diluent were pipetted out from the 50ng/mL
tube and added to the 25ng/mL, and it was mixed well. These steps were
repeated until the 12.5ng/mL standard was reached. the last tube is

regarded as a blank served as the negative control.
3- Steps:

a- After the wells for blank, diluted standard and sample were
determined, 100 uL of each diluted standard, blank and sample were
added into the appropriate wells and the plate was covered with the sealer

and then immediately it was incubated for 80 min at 37°C.

b- One hundred microliters of the Biotinylated Ab working solution was
added to each well. The microplate then was closed with sealer and
incubated for 50 min at 37°C.

c- The solution in microplate was removed and then each well was filled
with of wash buffer and its was immersed for 30 second, then the solution
was discarded and then the microplate was dried with filter paper. This

wash step was replicated 3 times.

d- One hundred microliters of streptavidin HRP Conjugate working
solution was applied to each well. the microplate was closed with a clean

sealer and incubated for 50 minutes at 37°C.

e- The microplate was washed as described in step 4 but the wash step
was repeated 5 times.
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f- Ninety puL of Substrate Reagent was added to each well. The plate was

sealed with a new sealer and incubated for about 15 min at 37°C.
g- Fifty puL of Stop Solution was added to each well.

h- Micro-plate reader was used to determine the optical density (OD

value) for each well at 450 nm.
3.3.9.3 Estimation the level of Human Mannose Receptor
Principle:

The method used for this ELISA kit is Sandwich-ELISA. The
Microelisa stripplate included in this kit comes pre-coated with an
antibody that targets MR. Standards or samples are carefully added to the
appropriate Microelisa stripplate wells and mixed with the specific
antibody. Next, a Horseradish Peroxidase (HRP)-conjugated antibody
that targets MR is introduced into each well of the Microelisa stripplate
and allowed to incubate. Components that are provided at no cost are
removed. The TMB substrate solution is applied to every well. Wells that
have MR and HRP conjugated MR antibody will display a blue color,
which will later change to yellow upon the addition of the stop solution.
The optical density (OD) is measured using spectrophotometry at a
wavelength of 450 nm. The OD value varies directly with the
concentration of MR. By comparing the OD of the samples to the
standard curve, you can determine the concentration of MR in the

samples. Figure (3-5).
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Mannose Receptor
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Figure (3-5): The standard curve of Mannose receptor concentration (ng/L) and

trend linear equation that display on chart Y.
Sample preparation

Preparation of serum Once the whole blood has been collected, it is
important to let it clot undisturbed at room temperature. Typically, this
process requires 10-20 minutes. Separate the clot by using centrifugation
at a speed of 2,000-3,000 rpm for a duration of 20 minutes. If precipitates
are observed during the reservation process, it is recommended to

centrifuge the sample once more.

Procedure

1. Standard Dilution begin by diluting the standard using small tubes.
Next, carefully pipette 50ul from each tube into separate wells on the
microplate. Remember to use two wells for each tube, for a total of ten

wells.
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3600pg/ml Standard No. 1 | 300ul Original Standard + 150ul Standard diluents

2400pg/ml Standard No.2 300ul Standard No. 1 + 150ul Standard diluents

1200pg/ml Standard No.3 150ul Standard No.2 + 150ul Standard diluent

600pg/mi Standard No.4 150ul Standard No.3 + 150ul Standard diluent

300pg/mi Standard No 150ul Standard No.4 + 150ul Standard diluent

—
- 150.,1 150u1 150ul woml tsoul

2
m 160u1 |

300ul

———"
No.1 No.2 No.3 No.4 No.5

Dilution Rate 1.6 1.5 2 2 2

2. In the Microelisa stripplate, it is important to leave one well empty as
a blank control. For the sample wells, a total of 40ul of sample
dilution buffer and 10ul of sample are added, resulting in a dilution
factor of 5. It is important to load the samples onto the bottom of the
well without making contact with the well wall. Ensure thorough
mixing by gently shaking.

3. During the incubation process, the sample should be sealed with the
Closure plate membrane and kept at a temperature of 37°C for a
duration of 30 minutes.

4. Dilution: The concentrated washing buffer should be diluted with
distilled water. For 96T, dilute it 30 times, and for 48T, dilute it 20
times.

5. Washing: Peel off the Closure plate membrane with caution, remove

the solution, and then refill with the wash solution. Dispose of the
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wash solution after allowing it to rest for 30 seconds. Perform the
washing procedure five times consecutively.

6. 50 ul of the HRP-Conjugate reagent was added to each well,
excluding the blank control well.

7. Incubation as outline in Step 3.

8. Washing as outlined in Step 5.

9. For coloring, 50 pl of Chromogen Solution A and 50 pl of Chromogen
Solution B were added to each well. The mixture was gently shaken
and incubated at 37°C for 15 minutes. It is recommended to refrain
from exposing the coloring to light.

10. Termination: To halt the reaction, 50 ul of stop solution were added
to each well. It is important to note that the color in the well should
transition from blue to yellow.

11. Measure the absorbance at 450nm using a Microtiter Plate Reader.
The OD value of the blank control well is considered as zero. It is
Important to conduct the assay within 15 minutes after adding the stop

solution.

3.4  Statistical Analysis

The Statistical Package for the Social Sciences (SPSS), version 22
software (IBM Corp., NY, and USA), was used to analyze data.
Descriptive statistics were used to determine frequencies, the mean,
standard error, median, range, and cross-tabulation. Bivariate correlations
were analyzed to determine significant positive and negative correlations
between variables if they were present. An independent sample T-test and
the Analysis of Variance (ANOVA) test were used to compare means.

The Least Significant Difference (LSD) was also determined.
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The categorical variables were tested by the chi-square test. The

statistical significance level was established at P < 0.05.
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Chapter Four: Results and Discussion

4.1. Demographic and Some Clinical Characteristics

The current study included two subject group are case and control.
The group of patients are divided to subgroups as follows: The first
subgroup of patients with urinary tract infection who showed positive
results for bacterial growth in urine culture their number was 35 patients.
The second subgroup, which is the group of patients with urinary tract
infection whose results were negative for bacterial growth in urine
culture their number 35. The group of control it was individuals

apparently healthy their number 70.

Through statistical comparison of the results in Table 4-1, it was
found that the two groups do not differ significantly (P>0.05) in average
age, as the P value was 0.949, which indicates the homogeneity of the

sample selected in this study in terms of age for the two groups.

Each of the subject groups for the current study was divided into
three age groups, distributed as follows:18-37, 38-57 and 58-77. Through
the results of the statistical analysis of these age groups in terms of their
number, are significant difference (P<0.05) was observed between the
age groups of positive growth and control separately, as the P values
were (0.00024 and 0.00925) for the categories of each of the groups. As
in Table 4-1.

The results of the distribution based on sex in Table 4-1 indicate
that the percentage of females is 80% and the percentage of males is 20%
for each of the three groups. Based on the results of statistical analysis,
the number of females for each group is significantly greater than the
number of males, as the P value was (0.00039 , 0.00039 and 0.00001) for
each of the three groups, respectively.
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Based on the height and weight of each person in this study,
extracting the body mass index(BMI) (kg/m?) and comparing the three
groups, it was found that the BMI ranged between 18.82 - 39.15, with an
average of 27.46 kg/m® for the group of patients with urinary tract
infection positive for bacterial growth, and The BMI ranged between
18.02 - 39.85, at a rate of 27.77 kg/m?, for the group of patients with
bacterial growth-negative urinary tract infections. As for the healthy
group, the BMI ranged between 18.90 - 35.37, at a rate of 27.83 kg/m®.
The results of the statistical analysis also indicated that there was no
significant difference ( P > 0.05) showed the average BMI in the three
groups, as the P value reached 0.9129, as in Table (4-1)

Table (4-1): Demographic Data of Urinary Tract Infection Patients and Controls

UTI Patients Control
Criteria it ; ] ;
e el s S| (Tt
Age in years
Median(Range) 41 (18 -77) 40 (20— 75) 44 (20-71)
Mean +SE 43.25+3.04 43.77 £ 2.76 42.71+£1.78
Age groups N (%)
18 — 37 years 16 (45.7 %) 15 (42.9 %) 31 (44.3 %)
38 — 57 years 14 (40.0 %) 12 (34.3 %) 26 (37.1 %)
58 — 77 years 5 (14.3 %) 8 (22.8 %) 13 (18.6 %)
Sex N (%)
Female 28 (80.0 %) 28 (80.0 %) 56 (80.0 %)
Male 7 (20.0 %) 7 (20.0 %) 14 ( 20.0 %)
BMI kg/m?
Median(Range) 27.63(18.82-39.15) | 27.54(18.02-39.85) | 27.85(18.90-35.37)
Mean +SE 27.46 £ 0.82 27.77 £0.90 27.83+0.38
* means significant difference NS: no significant
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4.2. Distribution of bacteria in patient group with bacterial

growth

The results in Figure (4-1) showed that the percentage of Gram-
positive bacteria in this study was 52%, while the percentage of Gram-
negative bacteria was 48%.

[CATEGORY
NAME]
52%

Figure (4-1): The Percentage of bacterial type

Gram-negative bacteria (GNB) are among the world's most
significant public health problems especially with UTI due to their high
resistance to antibiotics (Oliveira J and Reygaert WC , 2024).

UTI are caused by Enterococcus species, with E. faecalis and E.
faecium being the most common. These bacteria possess many

mechanisms that enhance their ability to cause disease. These
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mechanisms encompass the processes of biofilm formation and the

presence of virulence agents (Dunny and Weaver., 2023).

Gram positive bacterial such as Staph. Saprophyticus It is
frequently responsible for simple UTIs, especially in young sexually
active females. Additionally, it can lead to less frequent but nonetheless
significant consequences such as acute pyelonephritis, urethritis,

epididymitis, and prostatitis (Argemi et al., 2019).

E. coli strains have been extensively studied and categorized,
leading to a wide range of diseases that can be caused by this bacterium.
These diseases can vary from minor cases of gastroenteritis that resolve
on their own, to more severe conditions such as renal failure and septic
shock. The virulence of E. coli allows it to avoid the host's immune
system and acquire resistance to commonly used antibiotics (Mueller
and Tainter , 2023).

The cell surface of many E. coli strains is enveloped in a gelatinous
layer composed of tightly packed strands of long-chain polysaccharides

called capsular polysaccharide or capsule (Sande et al ., 2020).

The prevalence of urinary tract infections (UTIs) caused by
Klebsiella pneumoniae has shown a rising trajectory and has become a
significant burden for numerous public health systems, particularly in

hospital environments (Miftode et al., 2021).

The results of bacterial isolation in the group of patients with
bacterial growth showed that the most common bacterial species that
appeared in this study were E. coli at a percentage 33%, followed by
Staphylococcus saprophyticus, at a percentage 26%, while Enterococcus
faecalis and Enterococcus faecium were the least, at a percentage 3% to

each one. As shown in Figure (4-2).
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Enterococcus
faecalis
3%
Enterococcus
faecium
Klebsiella 3%
pneumoniae ssp
pneumoniae
5% Figure (4-2): The Percentage of Bacterial Isolates

In study of (Bono MJ et al ., 2024) showed Escherichia
coli causes the vast majority of UTlIs, followed by staphylococcus , but

other organisms of importance include Klebsiella and Enterococcus.
4.3. Heamatological Parameters

4.3.1. Distribution of WBC among studied groups

The results in Table (4-2) indicate that there are no significant
differences (P > 0.05) in the concentration of white blood cells between
the studied groups.

74



Chapter Four Results and Discussion

Table (4-2): The mean of WBC (10°%/L) in studied groups.

Groups Mean + SE P value LSD
Bacterial Growth 8.80 £ 0.90
Case
No Bacterial Growth | 7.94 +0.34 0.416 NS
Control 8.60 £ 0.01
NS: Non significant P value * . Significant P value ** : Highly Significant P value

Elevated white blood cell (WBC) count is a nonspecific marker of
inflammation associated with immune system response to both acute and
chronic infection, body mass index increased slightly across deciles of
WBC count (Kabat et al ., 2017).

A study was made by (Mahende et al ., 2017) reported there was
weak association between the WBC levels and positive cultures.
Additionally, The study founded patients with confirmed urinary tract
infections, both WBC and ANC demonstrated poor performance as
diagnostic indicators of bacterial infection. Oure results agreement with

Mahende et al..

The study conducted in Iran revealed that the sick group exhibited
a greater white blood cell (WBC) count compared to the control
group(Mahyar et al., 2013). Our results disagreement with Mahyar et al.,
but agree with result of Han et al., observed that the level of WBC was
not significant between patient and control group with bacterial infection
(Han et al., 2016). Based on a study by De Jager et al., the number of
leukocytes of 4.0 x 10%L or 12.0 x 10%/L was used as the definition of

systemic inflammatory syndrome response(De Jager et al ., 2010).

The results in Table (4-3) indicate that there are significant
differences (P < 0.05) in mean of WBC between males and females in the

two groups of patients. There was also a significant difference (P < 0.05)

75



Chapter Four Results and Discussion

in mean of WBC in the two groups of patients compared to control group

for the age group 38 - 57.

Table(4-3): Mean of WBC among studied groups according to sex, age and BMI.

Mean + SE of WBC in studied Groups
Criteria | Class N Control Patients Patients No | " value | LSD
(70) Growth(35) | Growth(35)
Female 8.55+0.20 7.95+ 0.87 7.50+0.25 0.2213 NS
(N) 112 (56) (28) (28)
Sex
Male 8.86+0.60 12.70+2.63 | 10.13+0.1.2 | 0.1536 NS
(N) 28 (14) ) )
P value 0.00001* | 0.5526 0.0365* 0.0028*
18 - 37 8.59+0.01 |87+0.99 8.62 +0.49
0.9874 NS
(N) 62 (31) (16) (15)
Age 38 - 57 416+0.01 |8.97+0.04 7.52 +£0.44
0.0000* | 2.541
(vears) | () 52 (26) (14) (12)
58 - 77 859+0.01 |86+0.52 7.57 +0.96
0.8170 NS
(N) 26 (13) ®) (8)
P value 0.00091* | 0.0000* 0.9869 0.3281
LSD 3.871 NS NS
Normal 8.68+0.41 10.30+3.93 | 8.01+ 0.55 0.3843 NS
<25 28 (14) 3) (11)
BMI Overweight 8.71+0.28 9.46+1.00 8.36+2.07 0.5618 NS
(kg/m?) | 25_209 |88 (44) (29) (15)
Obese 8.83+0.62 6.20+1.14 7.62+0.04 0.0515 NS
> 30 24 (12) 3) 9)
P value 0.00001* | 0.9766 0.5719 0.7407
LSD NS NS NS

* means significant difference

NS: no significant

A case-control research conducted in China revealed that adults

with bacterial growth had a significantly greater white blood cell (WBC)




Chapter Four Results and Discussion

count compared to those without bacterial growth (P=0.002) (Yang et al.,
2016. In contrast, a study conducted by Moon et al. yielded contradictory
findings, indicating that there was no statistically significant difference
(P=0.213) in white blood cell count (WBC) between those with bacterial
growth and no growth(Moon et al., 2020).

On the other hand the results was approved that there was
significant difference in WBC level according to the types of bacterial
isolates. So, the WBC mean in patients whom Klebsiella aerogenes

bacteria were isolated was the highest, as show in table (4-4).

Table (4-4): The mean of WBC in patient group with bacterial growth according

to type of bacteria

Type of bacteria N Mean SE P value LSD
E. coli 13 8.01 1.05
Enterococcus faecalis 1 8.5 0.0
Enterococcus faecium 1 6.5 0.0
Klebsiella aerogenes 3 18.5 4.38
0.0347* | 10.245
Klebsiella pneumoniae ssp 2 6.0 1.39
Staphylococcus aureus 4 6.32 1.01
Staphylococcus haemolyticus 3 9.15 1.38
Staphylococcus saprophyticus 8 7.6 1.87
* means significant difference NS: no significant

The study conducted by Falup et al. revealed no significant
variations in white blood cell (WBC) count among patients with urinary
tract infections (UTIs) caused by E. coli, Klebsiella spp., or Enterococcus
spp. (Falup-Pecurariu et al., 2020). Furthermore, it has been noted by
others that there was no statistically significant difference in the total
white blood cell (WBC) count (P=0.637) and neutrophil count (P=0.525)
between the gram-positive and gram-negative groups (Akya et al., 2019).
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The current study agreement with the results of Akaya et al
because our results showed that not significant between WBC count and

type of bacterial in UTI patients.

The level of WBC increased because the role of macrophage and
neutrophil in fight the pathogen during infection these lade to stimulation
and release of WBC.

4.3.2. Distribution of Neutrophils among studied groups

The results in Table (4-5) indicate that there are no significant
differences (P > 0.05) in the concentration of neutrophils (10%/L) between

the studied groups.

Table (4-5): The mean of Neutrophils (10%L) in study groups.

Groups Mean + SE P value LSD
Bacterial Growth 6.74 £ 2.08
Case
No Bacterial Growth | 3.65+0.11 0.068 NS
Control 4.16 £ 0.007
NS: Non significant P value * : Significant P value ** : Highly Significant P value

Based on a study by De Jager et al., the number of neutrophil used
as the definition of systemic inflammatory syndrome response. This is
due to the phenomenon that neutrophilia often occurred during an
inflammatory reaction (De Jager et al ., 2010). Neutrophil count ratio
(NCR) is a laboratory parameter that can predict bacterial infection in
patients (Sumardi et al ., 2021).

The results in Table (4-6) confirmed that there was a significant
increase (P < 0.05) in the number of neutrophils in male patients in the

PG group compared with control males. It is worth noting that the
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number of neutrophils decreased significantly (P < 0.05) in both groups

of patients compared to control in the age group 58-77.

Table (4-6): Mean of Neutrophils (10%L) among studied groups according to sex,

age and BMLI.
Mean + SE of NEU in studied Groups
Criteria | Class Control Patients Patients No | P value LSD
(70) Growth(35) | Growth(35)
Female 4.11+£0.21 3.95+0.30 3.82+0.13 0.6686 NS
(N) (56) (28) (28)
Sex
Male 4.00+£0.41 19.47+10.12 | 3.25+0.13 0.0377* | 14.12
(N) (14) W) )
P value 0.8170 0.0031* 0.0466*
18 - 37 416+001 |9.66+£4.68 |3.75+0.14
0.1291 NS
(N) (31) (16) (15)
Age 38 - 57 416+001 |522+106 |3.76+0.20
0.1714 NS
(years) | () (26) (14) (12)
58 - 77 416+0.02 |3.23+£034 |331+£0.24
0.0009* | 0.389
(N) (13) (%) (8)
P value 0.9999 0.5194 0.2395
LSD NS NS NS
Normal 4.18+0.38 6.02+£2.95 3.85+£0.24 0.2142 NS
<25 (14) ?) (11)
BMI Overweight | 4.13t023 | 9.58+346 | 3.41+0.15 |0.0866 | NS
(kg/m) | 25_299 | (44) 29) (15)
Obese 4.26+0.42 3.38+£0.53 3.98+0.18 0.4947 NS
>30 (12) (3) )
P value 0.9658 0.8111 0.0946
LSD NS NS NS

* means significant difference

NS: no significant
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On the other hand the results was approved that there was non-
significant difference in Neutrophils concentration according to the types

of bacterial isolates as show in table (4-7).

Table (4-7): The mean of NEU in patient group with bacterial growth according

to type of bacteria.

Type of bacteria N Mean SE P value LSD
E. coli 13 10.35 5.74
Enterococcus faecalis 1 3.3 0.0
Enterococcus faecium 1 3.9 0.0
Klebsiella aerogenes 3 9.85 4.50
0.9342 NS
Klebsiella pneumoniae ssp 2 3.35 0.54
Staphylococcus aureus 4 3.32 0.36
Staphylococcus haemolyticus 3 6.55 1.67
Staphylococcus saprophyticus 8 3.55 0.35
* means significant difference NS: no significant

Jonathan et al. reported that NCR was significantly higher in gram-
positive bacteria than in gram-negative bacteria (p <0.05) (Jonathan PE
and Zulfariansyah, 2019). Another report by Nurdani et al. showed that
the ratio of neutrophil-lymphocytes in gram-positive bacteria was higher
compared to gram-negative bacteria (Nurdani et al ., 2019). Also same
results in study of (Hessle et al ., 2000). The results of current study

disagreement with these studies.
4.3.3. Distribution of Lymphocytes among studied groups

The results in Table (4-8) indicate that there are no significant
differences (P > 0.05) in the concentration of lymphocytes (10°/L) among
the studied groups.
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Table (4-8): The mean of Lymphocytes (10%/L) in study groups.

Groups Mean + SE P value LSD
Bacterial Growth 2.62 +1.80
Case
No Bacterial Growth | 2.48 £ 0.63 0.8255 NS
Control 254 +0.11
NS: Non significant P value * . Significant P value ** : Highly Significant P value

Inversely of our results Elemam et al. reported were show high
significant in the mean of LYM (p <0.05) when compared between
patients and control group with bacterial infection (Elemam et al., 2021).
Lymphocyte count ratio (LCR) is a laboratory parameter that can predict

bacterial infection in patients (Sumardi et al ., 2021).

It is noted from the table (4-9) that the number of lymphocytes
increases significantly (P < 0.05) in male of both patient groups
compared to females. There was a significant increase (P < 0.05) in the
number of lymphocytes in PNG patients in the Overweight and Obese

groups compared to the Normal group.
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Table(4-9):Mean of Lymphocytes(10%/L) among studied groups according to sex,

age and BMLI.
Mean + SE of LYM in studied Groups
Criteria | Class Control Patients Patients No | P value LSD
(70) Growth(35) | Growth(35)
Female 2.64+0.08 2.39+£0.13 2.71+£0.08 0.1081 NS
(N) (56) (28) (28)
Sex
Male 2.46x0.24 4.70£2.05 492+ 1.17 0.1609 NS
(N) (14) ) ™
P value 0.3772 0.0301* 0.0006*
18 - 37 255+0.01 |280+0.69 |264%0.13
0.8486 NS
(N) (31) (16) (15)
Age 38-57 254+0.01 |251+£0.15 |240x0.20
0.6786 NS
(years) | () (26) (14) (12)
58 - 77 253+0.01 |246+0.31 |236x0.25
0.7492 NS
(N) (13) ®) 8
P value 0.8502 0.8989 0.4919
LSD NS NS NS
Normal 2.59+0.27 2.23+£0.45 2.15+0.27 0.5162 NS
<25 (14) ?) (11)
BMI Overweight | 2.64+0.16 | 325059 | 2.90£0.02 | 0.4503 |NS
2
(kg/m) | 25 _299 | (44) (29) (15)
Obese 2.51+0.37 2.53+0.46 2.80+0.09 0.7897 NS
>30 (12) (3) 9)
P value 0.9376 0.8093 0.0025*
LSD NS NS 0.432

* means significant difference

NS: no significant

In the study conducted by (Buonacera et al .,2022) reported the
LYM concentration elevated significantly in female than meal, also the
rate was highly significant in age 22-33. These results corresponding with
our study.

82



Chapter Four Results and Discussion

The results was approved that there was non-significant difference
in lymphocytes concentration according to the types of bacterial isolates
as show in table (4-10).

Table (4-10): The mean of LYM in patient group with bacterial growth

according to type of bacteria.

Type of bacteria N Mean SE P value LSD
E. coli 13 3.23 2.93

Enterococcus faecalis 1 1.0 0.0

Enterococcus faecium 1 2.1 0.0

Klebsiella aerogenes 3 1.95 0.88

0.8895 NS

Klebsiella pneumoniae ssp 2 2.85 0.21

Staphylococcus aureus 4 2.45 0.97

Staphylococcus haemolyticus 3 2.35 0.4

Staphylococcus saprophyticus | 8 2.45 0.6

* means significant difference NS: no significant

Patients with bacterial infections had an increase in the B-
lymphocytes of peripheral venous blood, whereas patients with viral
infections had an increase in T-lymphocytes as compared to controls
(Thorley et al ., 1977). Lymphocyte count ratio (LCR) is a laboratory
parameter that can predict bacterial infection in sepsis patients (Sumardi
etal ., 2021).

4.4. Immunological Parameters

4.4.1. Distribution of CRP among studied groups

This study was conducted for CRP titer for all 140 participant
subjects 70 of them cases with symptomatic UTI (35 were bacterial
growth positive and 35 were bacterial growth negative ) , and the other 70

were control group, this study was found that there were a highly
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significant difference in CRP level among studied groups the highly
increase level was in bacterial growth positive group . As show in table
(4-11).

Table (4-11): The mean of CRP level among studied groups.

Groups Mean + SE P value LSD
Bacterial Growth 1.43 +0.26
Case
No Bacterial Growth | 1.17 +0.33 0.0000** 0.62
Control 0.25+£0.15
NS: Non significant P value * . Significant P value ** : Highly Significant P value

A study revealed that individuals with urinary tract infections
(UTIs) caused by bacterial growth had higher levels of C-reactive protein
(CRP) in their blood. The mean CRP level in these patients was
84.1+62.1 mg/l, while those without bacterial growth had a mean CRP
level of 36.7+25.8 mg/l (Lee et al ., 2015). Similar findings were
observed in other investigations, which demonstrated that CRP served as
a reliable indicator for the existence of UTIs. The same result was shown
in other studies where they found that CRP was a good predictive marker
for the presence of UTIs (Mithaq et al., 2011; Sim et al., 2015, Moon et
al., 2020).

Other investigators have observed similar findings, indicating a
significant correlation between CRP levels and bacterial isolation in
urinary tract infections (AL- Khikani and Ayit, 2019). The results of
current study agreement with these studies.

In addition the study was presented that there was a highly

significant difference in CRP mean level between patients and control
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groups according to sex , age and BMI, the higher level was in male, age

58-77 in years and overweight in growth positive group in comparison to

the other groups as show in table (4-12).

Table(4-12):Mean of CRP level among studied groups according to sex, age and BMI

Mean + SE of CRP in studied Groups
Criteria | Class Control Patients Patients No | I value LSD
(70) Growth(35) | Growth(35)
Female 0.24+0.02 1.71+047 |111+0.34 | 0.0002* | 0.851
Sex (N) (56) | (28) (28)
Male 0.25+0.02 548+0.82 | 1.38+£0.31 | 0.0000* | 3.791
(N) (14) (7) (7
P value 0.8445 0.0105 * 0.7528
18 - 37 022+£001 |131+£025 |0.93+£0.24 0.0033* | 0.813
(N) (31) (16) (15)
Age 38 -57 0.25+0.02 |1.39+£0.27 |1.62+0.38 0.0197* | 0.621
(vears) | (n) (26) (14) (12)
58 - 77 0.30£0.01 |185+0.31 |0.77+£0.13 0.0139* | 1.475
(N) (13) ©) )
P value 0.3362 0.8052 0.5468
LSD NS NS NS
Normal 0.20£0.01 1.57 £0.28 1.60+£0.31 0.8449 NS
<25 (14) @3) (11)
BMI Overweight | 0.26+0.01 1.85+0.32 1.31+0.43 0.0031* | 0.815
(kg/m%) | o5_299 | (44) (29) (15)
Obese 0.25+£0.01 0.67 £0.05 0.41 £0.05 0.1672 NS
=30 (12) 3) 9
P value 0.4833 0.5665 0.3962
LSD NS NS NS

* means significant difference

NS: no significant

CRP consider a good diagnostic tool and can be considered an

economically feasible, indirect, and non-invasive method to detect UTIs
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even in peripheral setups to differentiate upper UTIs from lower UTIs for
specific therapy and prevent morbidities. A significant increase in the
CRP levels in upper UTI can help determine the anatomical location and
can help in targeting effective management of the infection by anti-

microbial therapy (Narayan Swamy et al ., 2022).

A study conducted by (Narayan Swamy et al ., 2022) releveled
association of CRP levels with age (p=0.03) and sex (p=0.013) of UTI
patients was significant. A study was made by (Al-Khikani et al ,. 2019)
reported a significant association between CRP levels and sex (p=0.000)
but not age (p=1.38) of UTI patients.

On the other hand the results was approved that there was non-
significant difference in CRP level according to the types of bacterial

isolates as show in table (4-13)

Table (4-13): The mean of CRP in patient group with bacterial growth
according to type of bacterial isolates.

Type of bacteria N Mean SE P value LSD
E. coli 13 1.59 0.40
Enterococcus faecalis 1 0.10 0.0
Enterococcus faecium 1 0.3 0.0
Klebsiella aerogenes 3 3.0 1.20
0.3552 NS
Klebsiella pneumoniae ssp 2 0.35 0.24
Staphylococcus aureus 4 0.77 0.23
Staphylococcus haemolyticus 3 1.95 1.16
Staphylococcus saprophyticus 8 1.12 0.38
* means significant difference NS: no significant

In the current research weren’t agreement with (Mushi et al .,
2019) , Because C-reactive protein was significantly positive among

children with UTI due to gram-negative bacteria and those with fever. In
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children with age < 2 years, positive CRP indicates UTI due to gram-

negative enteric bacteria.

In a study conducted by Gao et al., it was found that the levels of

CRP were significantly higher in the group of patients with gramnegative
bacterial infections compared to the group with Gram positive infections.
(Gao et al., 2017), This finding contradicts a study conducted in Basra,
which showed no correlation between high-sensitivity C-reactive Protein
(hs-CRP) levels and the type of bacteria in patients with urinary tract
infections (UTIs), even though some patients were infected with E. coli
had a significantly higher amount of CRP compared to other reported
bacterial types (Alhamedy and Shani, 2020).

4.4.2. Distribution of IL-1p among studied groups

The results in Table (4-14) showed that there was a highly
significant increase (P < 0.05) in the concentration of IL-1B (pg/ml) in

two groups of patients compared with control group.

Table (4-14): The mean of IL-1p (pg/ml) in study groups.

Groups Mean = SE P value LSD

Bacterial Growth 165.66 +£ 10.31
Case

No Bacterial Growth 229.79 +10.94 | 0.0000 ** | 31.145

Control 127.24 £+ 554

NS: Non significant P value * : Significant P value ** : Highly Significant P value

IL-1B is a pivotal proinflammatory cytokine involved in the
regulation of the hosts’ innate immune response. Intrinsically IL-1[3-
mediated inflammation has evolved to combat microbes and aid in tissue

repair mechanisms, The extracellular recognition of a disturbance in
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homeostasis sets the stage for IL-1B processing and its ability to execute

inflammatory activities(Dinarello CA , 2018).

The results of current study not similar with results of Alfadul et
al. Founded there is not relationship between UTI and elevation of levels
of IL-1B (Alfadul et al ., 2022). IL-1B could be a promising marker for
differentiation between upper and lower UTIs (Horvath et al ., 2020).

Butler et al. who suggested IL-1 release to be important for the

progression of urinary tract infection (UTI) (Butler et al ., 2022).

The current study agreed with a study of (Washaa et al ., 2017)
which showed highly significant relationship between the level of
IL-1B (pg/ml) in patient group and would not agree highly significant
relationship between the level of IL-1p (pg/ml) in control (P < 0.01).

Inversely , found that IL-1B level were higher in patient with

growth bacterial compared with no growth bacterial (Kim et al ., 2017).

IL-1B is a proinflammatory cytokine, and its increased presence
suggests activation of the immune system in response to various stimuli,
such as infection or tissue damage. IL-1p play a role in infection lead to
increase nonspecific resistance to infection and development of the

immune response to foreign antigens.

The results showed that there was a highly significant increase (P <
0.05) in the concentration of IL-1B (pg/ml) in two patient groups (female
and male) compared to control group. The current study founded that the
concentration of IL-1p increases significantly (P<0.05) in the two patient
groups compared to the control group in all groups. Based on the BMI
criterion, a significant increase (P<0.05) was observed in the

concentration of IL-1B for all BMI categories, whether Normal,
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Overweight, or Obese, in two patient groups compared to Control, as
show in the table (4-15).

Table (4-15): Mean of IL-1p (pg/ml) among studied groups according to sex, age
and BML.

Mean £ SE of IL-1p in studied Groups
Criteria | Class Control Patients Patients No | P value LSD
(70) Growth(35) | Growth(35)
Female 132.746.12 | 164.2+12.07 | 231.2+13.20 | 0.0000* | 27.53
(N) (56) (28) (28)
Sex
Male 136.1+9.96 | 171.9+18.63 | 212.8+24.83 | 0.0076* | 52.78
(N) (14) () (7
P value 0.7981 0.7689 0.5333
18 - 37 130.53+8.15 | 188.2+14.87 | 234.9+12.23
0.0000* | 32.736
(N) (31) (16) (15)
Age 38 - 57 141.18+8.80 | 144.9+15.02 | 205.8+22.02
0.0053* | 15.769
(vears) 1 (n) (26) (14) (12)
58 - 77 92.3249.73 | 164.1+29.82 | 263.3+20.04
0.0000* | 46.792
(N) (13) () €))
P value 0.0056* 0.1506 0.1278
LSD 14.628 NS NS
Normal 135.8+11.59 | 160.7+23.90 | 207.9+16.22 | 0.0037* | 50.11
<25 (14) 3) (1)
S Overweight | 147.745.96 | 165.8+11.40 | 239.7+11.87 | 0.0000% | 21.89
2
(kg/m3) | o5_209 | (44) (29) (15)
Obese 94.7+410.21 | 170.7+46.70 | 235.9+32.23 | 0.0006* | 83.07
>30 (12) @A) ©)
P value 0.0006* 0.9805 0.4391
LSD 15.63 NS NS

* means significant difference

NS: no significant
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Maculewicz et al. were observed relationship between BMI and
IL-1p, in patients with infection and BMI > 30 they have high significant
, obesity is a major factor that leads to increase IL-1p with infections
(Maculewicz et al., 2022).

The similar study reported by (Kato et al., 2013) founding the

level of IL-1B increase with age , when age > 18 observed highly
significant (P<0.05) in IL-1p.

The results was approved that there was non-significant difference

in IL-1B concentration according to the types of bacterial isolates as

show in table (4-16).

Table (4-16): The mean of IL-1f in patient group with bacterial growth

according to type of bacteria

Type of bacteria N Mean SE P value LSD
E. coli 13 173.2 15.03
Enterococcus faecalis 1 268.0 0.0
Enterococcus faecium 1 203.6 0.0
Klebsiella aerogenes 3 151.9 27.42
0.5193 NS
Klebsiella pneumoniae ssp 2 99.2 12.44
Staphylococcus aureus 4 168.8 42.2
Staphylococcus haemolyticus 3 145.7 25.46
Staphylococcus saprophyticus 8 167.2 25.80
* means significant difference NS: no significant

The results of current study disagreement with (Demirel et al .,
2020) they founded that the release of IL- 1B was linked with E. coli

infections.
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4.4.3. Distribution of 1L-8 among studied groups

The results in Table (4-17) indicate that there are no significant
differences (P > 0.05) in the concentration of IL-8 (pg/ml) between the

studied groups.

Table (4-17): The mean of IL-8 (pg/ml) in studied groups.

Groups Mean + SE P value LSD
Bacterial Growth 205.47 £ 10.50
Case
No Bacterial Growth 180.97 £ 25.85 0.0639 NS
Control 158.41 +9.77
NS: Non significant P value * . Significant P value ** : Highly Significant P value

Many studies have reported elevated levels of IL-8 in the serum of
patients with urinary tract infection, including study by Al Rushood et al,
who reported that the levels of IL-8 elevated in UTI patient (Al Rushood
etal ., 2020).

These results is similar to a study by Abbas et al. who founded that
levels of IL-8 in serum were elevated in patients with UTI (Abbas et al .,
2022).

IL-8 are expressed rapidly after getting into contact with pathogens

(Ching et al ., 2018) This result was agreement with current study.

Depending on age, the results in Table (4-18) appeared that the
concentration of IL-8 in the patients growth group ( in age 18 — 37) only
increased significantly (P < 0.05) over control group. In addition, that the
concentration of IL-8 in the patients growth group (Obese) only increased
significantly (P < 0.05) over control group.
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Table(4-18): Mean of IL-8 (pg/ml) among studied groups according to sex, age

and BMI
Mean + SE of IL-8 in studied Groups
Criteria | Class Control Patients Patients No | P value LSD
(70) Growth(35) | Growth(35)
Female 165.1+12.25 | 198.0+10.56 | 191.2+33.10 | 0.3745 NS
(N) (56) (28) (28)
Sex
Male 136.2+7.82 239.2+40.85 | 157.9+60.5 0.0711 NS
(N) (14) (7) (7)
P value 0.2560 0.1219 0.6505
18 — 37 155.2+18.12 | 217.5+15.57 | 186.6+12.31
0.0500* | 52.349
(N) (31) (16) (15)
Age 38 -57 169.5+14.53 | 197.9+17.85 | 196.0+68.50
0.7440 NS
(years) | (n) (26) (14) (12)
58 - 77 144.8+ 7.04 | 194.5+24.50 | 145.3+19.97
0.0881 NS
(N) (13) (5) (8)
P value 0.6455 0.6312 0.7305
LSD NS NS NS
Normal 159.8+114.9 | 190.5+49.7 226.0+263.6 | 0.6829 NS
<25 (14) 3) (11)
BMI Overweight | 168.4+77.4 209.6+78.5 183.8+50.4 0.0724 NS
2
(kg/m3) | o5_209 | (44) (29) (15)
Obese 142.7+25.3 215.6+47.9 136.4+49.9 0.0161* | 12.61
> 30 (12) 3) )
P value 0.6170 0.8948 0.4377
LSD NS NS NS

* means significant difference

NS: no significant

The current study indicated that there was a higher level of IL-8 in

males compared to females. However, this difference was not statistically

significant in the analysed groups. These findings are in line with those
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reported in earlier studies (Alirezaei et al., 2019 ; Nasiri et al., 2022),
The current study agreement to study present by (Gonzalez-Aparicio
and, Alfaro, 2020) found that IL-8 concentration higher significant in
patients age > 18. Also, showed the BMI effected on the level of IL-8

significantly.

In the current study, no significant differences could be observed in
the levels of IL-8 between the deferent groups of patients (complicated
versus uncomplicated UTI; culture positive versus culture negative UTI).
The appearance of interleukin-8 (IL-8) in blood serum usually indicates

an inflammatory response in the body.

The results was approved that there was non-significant difference
in IL-8 concentration according to the types of bacterial isolates as show
in table (4-19).

Table (4-19): The mean of IL-8 in patient group with bacterial growth according

to type of bacteria.

Type of bacteria N Mean SE P value LSD
E. coli 13 210.0 18.97
Enterococcus faecalis 1 168.9 0.0
Enterococcus faecium 1 320.3 0.0
Klebsiella aerogenes 3 206.7 33.89
0.7149 NS
Klebsiella pneumoniae ssp 2 179.0 4.55
Staphylococcus aureus 4 202.1 32.9
Staphylococcus haemolyticus 3 218.8 34.64
Staphylococcus saprophyticus 8 192.4 22.87
* means significant difference NS: no significant

The results of the current research disagreements with results done
by studies of (Hosny et al ., 2021) reported increase in the inflammatory

IL8 in gram-positive bacterial infections than that in gram-negative
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bacterial infections or in the mixed bacterial infections was observed and
(De Bont et al ., 2017) reported that IL-8 was significantly higher in
patients with gram-negative bacteria than patients with gram-positive

bacteria.

4.4.4. Distribution of LBP among studied groups

The results in Table (4-20) showed that there was a highly
significant increase (P < 0.05) in the concentration of LBP (ng/ml) in

two groups of patients compared with control group.

Table (4-20): The mean of LBP (ng/ml) in studied groups.

Groups Mean + SE P value LSD
Bacterial Growth 176.32 £ 16.45
Case
No Bacterial Growth 34.41+4.08 0.0000 ** 58.59
Control 22.73+2.11
NS: Non significant P value * : Significant P value ** : Highly Significant P value

In the study was made by (Horvath et al ., 2020) reported
Lipopolysaccharide Binding Protein (LBP) study are promising, but
confirming data are lacking. The measurable components of the innate
immune system and local host cell response could be appropriate
biomarkers, but their significance is currently unknown. LBP is an acute
phase protein. In a single, observational study among children, LBP had a
sensitivity of 96%, and a specificity of 100% (Tsalkidou et al ., 2018).
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The current study disagreements with a study of (Lo Basso et al .,
2021) they founded no significant statistical changes were observed in

UTI recurrence in level of LBP among their study groups.

The results of Table (4-21) indicated that the concentration of LBP
receptor (ng/ml) in both females and males in the patient growth group
increases significantly (P < 0.05). One of the important results in this
table is that the concentration of LBP receptor (ng/ml) increased
significantly (P<0.05) in all three age groups in the patient growth group
compared to the control group and the patient no growth group. It is also
evident from the results of Table (4-21) that the concentration of LBP
receptor (ng/ml) increased significantly (P<0.05) in the three BMI
categories (Normal, Overweight, and Obese) in the patient growth group

compared to the control group and the patient no growth group.
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Table (4-21): Mean of LBP (ng/ml) among studied groups according to sex, age

and BMI.
Mean + SE of LBP in studied Groups
Criteria | Class Control Patients Patients No | P value LSD
(70) Growth(35) | Growth(35)
Female 47.38+2.61 | 175.4+£19.33 | 35.7+5.00 0.0000* | 16.684
(N) (56) (28) (28)
Sex
Male 45.45+3.24 | 180.1+28.91 | 38.3+9.18 0.0000* | 22.158
(N) (14) (7) (7)
P value 0.7262 0.9104 0.8152
18 - 37 45.31 +3.61 | 180.4+24.07 | 33.48 £ 3.53
0.0000* | 37.089
(N) (31) (16) (15)
Age 38-57 51.79+3.21 | 186.1+26.35 | 36.31+9.32
0.0000* | 62.347
(years) | () (26) (14) (12)
58 - 77 40.51+2.94 | 137.6%£46.51 | 32.59+8.40
0.0009* | 29.091
(N) (13) ®) 8
P value 0.1378 0.6283 0.9302
LSD NS NS NS
Normal 42.28+5.90 | 160.4+49.65 | 42.38+11.25 | 0.0001* | 17.104
<25 (14) ©) (11)
BMI Overweight | 53.78+2.41 | 207.0+19.47 | 36.223.18 | 0.0000* | 34.560
2
(kg/m3) | o5_209 | (44) (29) (15)
Obese 40.19+£3.18 | 149.0+53.86 | 28.68+5.08 | 0.0000* | 15.514
>30 (12) ©) 9)
P value 0.0125* 0.5295 0.4455
LSD 12.591 NS NS

* means significant difference

NS: no significant

Study done by (Kim KE et al ., 2016) they reached LBP levels

were significantly increased in overweight/obese participants compared

with those in normal-weight participants (7.8+1.9 pg/mL vs. 6.0£1.6
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pMg/mL, P<0.001). LBP levels were significantly and positively associated

with BMI. The results of this study are agreement with our study.

During infection caused by Gram-negative bacteria carrying
lipopolysaccharide (LPS), LPS binding protein (LBP) secreted by
hepatocytes form a complex with LPS. LBP recruits this complex to the
cell surface receptor (CD14) present over monocyte to trigger the

signalling pathway resulting in an inflammatory response.

The results was approved that there was non-significant difference
in LBP concentration according to the types of bacterial isolates as show
in table (4-22).

Table (4-22): The mean of LBP in patient group with bacterial growth

according to type of bacteria.

Type of bacteria N Mean SE P value LSD
E. coli 13 1715 27.18
Enterococcus faecalis 1 167.0 0.0
Enterococcus faecium 1 89.6 0.0
Klebsiella aerogenes 3 138.1 29.38
0.4393 NS
Klebsiella pneumoniae ssp 2 312.8 1.08
Staphylococcus aureus 4 129.6 65
Staphylococcus haemolyticus 3 218.3 37.35
Staphylococcus saprophyticus 8 182 38.39
* means significant difference NS: no significant

4.4.5. Distribution of MR among studied groups

The results in Table (4-23) showed that there was a highly
significant increase (P < 0.05) in the concentration of MR (pg/ml) in
patient group with bacterial growth compared with control group.
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Table (4-23): The mean of MR (pg/ml) in study groups.

Groups Mean + SE P value LSD

Bacterial Growth 793.67 +44.18
Case

No Bacterial Growth 492.64 + 32.89 0.0005 ** 109.01

Control 500.50 + 61.33

NS: Non significant P value * . Significant P value ** : Highly Significant P value

A study conducted by (van der Zande et al ., 2021) mannose
receptor have been reported to be increased in patients suffering from a
variety of inflammatory diseases and to correlate with severity of
disease. A study of (Loonen AJ et al ., 2019) Increased serum MR levels
were also observed in patients with a wide variety of inflammatory
diseases, such as UTlIs.Table (4-24) shows the results of Mannose
receptor concentration (pg/ml) in the study groups according to sex, age
and BMIL. It is clear from the results in this table that the concentration of
MR increases significantly (P < 0.05) of patient groups with bacterial
growth ( female and male) (824.9 pg/ml) compared to its concentration
in control group. Also, showed that there are significant differences
(P<0.05) in two age groups (38-57 and 58 — 77) years.

Evidence strongly suggests that mannose receptors play a role in
the clearance of pathogens. The mannose receptor is known to bind to
mannose- and fucose-containing microorganisms by carbohydrate
recognition domains. Numerous reports have detailed mannose receptor

recognition of bacteria.

Referring to Table (4-24), presents that the concentration of MR in
the Overweight group in two patient groups (with bacterial growth and
without bacterial growth) is significantly higher (P < 0.05) than the
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control group. Also, in the obese group only in patient groups with

bacterial growth is significantly higher (P < 0.05) than the control group.

Table(4-24):Mean of MR(pg/ml) among studied groups according to sex, age

and BMI.
Mean + SE of MR in studied Groups
Criteria | Class Control Patients Patients No | I value LSD
(70) Growth(35) | Growth(35)
Female 561.5+77.7 | 824.9+46.8 | 518.8+34.18 | 0.0166* | 62.471
(N) (56) (28) (28)
Sex
Male 340.0+16.0 | 650.6+110.7 | 469.2+71.13 | 0.0031* | 227.62
(N) (14) (7 )
P value 0.1617 0.1177 0.5240
18 - 37 641.6+128.4 | 760.1+6.25 | 510.1+52.38
0.4142 NS
(N) (31) (16) (15)
Age 38 - 57 390.7+35.9 | 749.5+59.59 | 451.4+54.5
0.0000* | 71.871
(years) | (n) (26) (14) (12)
58 - 77 364.3+45.04 | 1008.3+144 | 536.2+69.6
0.0000* | 245.09
(N) (13) ®) C))
P value 0.1007 0.0258* 0.6076
LSD NS 56.628 NS
Normal 797.84218.4 | 818.0+223.8 | 490.9+43.65 | 0.4287 NS
<25 (14) 3) (11)
S Overweight | 376.7426.94 | 798.6+37.97 | 561.4£51.09 | 0.0000% | 12597
2
(kg/m3) | o5_209 | (44) (29) (15)
Obese 375.0+47.57 | 759.8499.07 | 463.2+74.76 | 0.0177* | 301.82
> 30 (12) ®) )
P value 0.0028* 0.9437 0.4303
LSD 38.781 NS NS

* means significant difference

NS: no significant
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The important function of recognizes a range of carbohydrates

present on the surface and cell walls of micro-organisms. The MR is

primarily expressed on macrophages and dendritic cells and is involved in

MR-mediated endocytosis and phagocytosis.

The results was approved that there was non-significant difference

in MR concentration according to the types of bacterial isolates as show

in table (4-25).

Table (4-25): The mean of MR in patient group with bacterial growth according

to type of bacteria.

Type of bacteria N Mean SE P value LSD
E. coli 13 833.7 89.3

Enterococcus faecalis 1 354.8 0.0

Enterococcus faecium 1 869.8 0.0

Klebsiella aerogenes 3 607.8 189.9

0.5846 NS

Klebsiella pneumoniae ssp 2 848 83.15

Staphylococcus aureus 4 820.7 81.0

Staphylococcus haemolyticus 3 753.4 161.08

Staphylococcus saprophyticus 8 846.5 63.63

* means significant difference

NS: no significant

4.5. Estimation of Pus cells among studied groups

The results in Table (4-26) showed that there was a highly

significant increase (P < 0.05) in the concentration of pus cells (HPF) in

two groups of patients compared with control group.
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Table (4-26): The mean of Pus cells (HPF) in studied groups.

Groups Mean + SE P value LSD
Bacterial Growth 34.70 £ 4.59
Case
No Bacterial Growth 35.79 + 2.43 0.0000 ** 7.229
Control 2.50+0.13

NS: Non significant P value

* . Significant P value

**: Highly Significant P value

UTI(Prah et al ., 2019). In a previous study, conducted by Baral and

Nepal, the number of pus cells in patients with culture negative was

The presence of urinary pus cells > 5 per HPF in the diagnosis of

higher than the number of pus cells in patients with culture positive.

Table (4-27) show there is a significant increase (P < 0.05) in pus
cells of the two patient groups (with bacterial growth and those without

bacterial growth) compared to the control group in all criteria studied

(sex, age and BMI).
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Table (4-27): Mean of Pus cells(HPF) among studied groups according to sex, age and BMI.

Mean + SE of Pus cells in studied
Groups
Criteria | Class P value LSD
Control Patients Patients No
(70) Growth(35) | Growth(35)
Female 2.52+0.15 32.38+4.69 | 35.18+2.69 | 0.0000 * | 3.868
s (N) (56) (28) (28)
ex
Male 2.38+0.31 46.66+14.21 | 38.14+5.89 | 0.0001* | 10.275
(N) (14) (7 (7)
P value 0.6828 0.2294 0.6339
18 — 37 256 +0.21 | 30.81+7.50 | 39.92+4.33
0.0000* | 14.231
(N) (31) (16) (15)
Age 38-57 2.32+0.22 | 37.88+7.20 | 32.15+3.56
0.0000* | 15.587
(vears) | () (26) (14) (12)
58 - 77 2.69+0.28 | 38.16+6.37 | 35.0+4.69
0.0000* | 13.431
(N) (13) ®) (8)
P value 0.5810 0.7442 0.3902
LSD
Normal 2.38+0.31 36.75+17.42 | 35.18+3.52 | 0.0000* | 19.385
<25 (14) 3) (1)
BMI Overweight | 2.48+0.16 33.57+5.69 | 37.78+4.07 | 0.0000* | 8.032
(kg/m%) | 25_209 | (44) (29) (15)
Obese 2.66+0.35 33.90+11.94 | 33.44+5.45 | 0.0000* | 15.274
>30 (12) 3) 9)
P value 0.8225 0.9849 0.7735
LSD

* means significant difference

NS: no significant

The results was approved that there was non-significant difference
in pus cells according to the types of bacterial isolates as show in table
(4-28).

Pyuria is a useful marker for assessing urinary tract infection (UTI)

in the general population. The presence of pyuria is, in general, highly
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suggestive of UTI, especially in symptomatic patients. The term “pyuria”
literally means “pus in the urine” but, in common usage, the focus is not
on the presence of pus but on the number of white blood cells (WBCs) or
amount of leukocyte esterase (LE) that exceeds a threshold and suggests a
UTI.

Table (4-28): The mean of Pus cells (HPF) in patient group with bacterial
growth according to type of bacteria.

Type of bacteria N Mean SE P value LSD
E. coli 13 34.46 8.33

Enterococcus faecalis 1 55.00 0.00

Enterococcus faecium 1 120.00 0.00

Klebsiella aerogenes 3 22.00 9.67

0.0916 NS

Klebsiella pneumoniae ssp 2 23.50 16.49

Staphylococcus aureus 4 34.14 7.08

Staphylococcus haemolyticus 3 38.50 12.15

Staphylococcus saprophyticus 8 31.80 7.25

* means significant difference NS: no significant

In addition, the number of pus cells in the patient with gram
negative bacteria is higher than in gram positive (Baral and Nepal,
2017).

4.6. Correlation between markers in studied groups

4.6.1. Correlation between markers in control group

When studying the correlation between the study markers in the
control group, it was revealed that there is a positive correlation between
neutrophils and CRP, and between IL-1B on the one hand and both IL-8
and LBP on the other hand, and there is also a positive correlation
between IL-8 and LBP, as show in table (4-29).
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Table (4-29): The correlation (r) between markers in control group.

Markers CRP WBC Neutrophils | Lymphocytes | IL-1B IL-8 LBP MR
-0.024 0.292* -0.141 -0.014 -0.006 -0.006 -0.022
SRE (P=0843) | (P=0014) | (P=0.245) (P=0.910) | (P=0962) | (P=0.962) | (P=0.854)
wee 0.057 0.000 -0.088 -0.046 -0.046 -0.172
(P=0.642) (P=1.000) (P=0.495) | (P=0.707) | (P=0.707) (P=0.154)
i 0.124 0.192 -0.092 -0.092 -0.194
Neutrophils
(P=0.307) (P=0.112) | (P=0.450) | (P=0.450) (P=0.108)
-0.033 -0.224 -0.224 -0.128
Lymphocytes
(P=0.789) | (P=0.062) | (P=0.062) (P=0.291)
0326 | 0.326%* 0.108
IL-1p -
(P=0.006) | (P=0.006) | (P=0:372)
0.760%* 0,012
IL-8
(P=0.000) (0.923)
0.025
LBP
(P=0.840)
MR

**_Correlation is significant at the 0.01 level (2-tailed) *. Correlation is significant at the 0.05 level (2-

tailed).

The results of Mousavi-Nasab et al. showed that Neutrophils was
positively correlated with CRP levels (R=0.23) and also showed
Neutrophils was negatively correlated with WBC (R=-0.38) (Mousavi-
Nasab SD et al .,2020). Similar results of the study done by (Trifunovié
et al., 2019) showed a significant correlation between Neutrophils and
CRP. Also, (Parantainen et al .,2022;Gassid et al .,2012;Ahmed and
Zgair .,2021)

Min et al.. found positive correlations between IL-1b levels and IL-
8(Min et al.,2020). Previous investigations have identified a notable
positive correlation between LBP and (IL1b)(Shi et al .,2020; Martin-
Sanchez et al.,2016). Result of correlation in current study agreement
with results of these studies. Other study reported by (Ferra et al., 2007)
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have negatively corrlation between the level of IL-1b and IL-8 |,

disagreement with Ferra et al

4.6.2.Correlation between markers in patient group with bacterial

growth

The results in Table (4-30) for detecting correlations between
markers in the group of patients with bacterial growth indicate that there
Is a positive correlation between (CRP and WBC), (neutrophils and
WBC), (lymphocytes and neutrophils), (IL-8 and neutrophils). The

correlation relationship was negative between (WBC and MR) and (LBP

and IL-1p).
Table(4-30):The correlation(r)between markers in patient group with bacterial
growth
Markers CRP WBC Neutrophils Lymphocytes IL-1p IL-8 LBP MR
crP 0456 0.094 -0.120 0.058 20132 0178 -0.292
(P=0.004) | (P=0571) (P=0466) (P=0.726) | (P=0.424) | (P=0.279) (P=0.071)
wae 0.332* 0.035 -0.063 0.144 -0.151 - 0.4437
(P=0.039) (P=0.834) (P=0.701) | (P=0.382) | (P=0.359) (P=0.005)
0.870"* 0.088 0.337* -0.206 -0.164
Neutrophils
(P=0.000) (P=0593) | (P=0.036) | (P=0.209) (P=0.317)
0.029 0.263 -0.123 0033
Lymphocytes
(P=0.859) | (P=0.106) | (P=0.456) (P=0.841)
0.297 - 04277 -0.019
IL-1p
(P=0.067) | (=0 007) (P=0.909)
2007 0.141
IL-8
(P=0.634) (P=0.393)
0.244
LBP
(P=0.134)
MR

**_Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-
tailed).
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Previous investigations have identified a notable positive
correlation between LBP and IL1b (Shi et al .,2020; Martin-Sanchez et
al.,2016). Result of correlation in current study disagreement with results
of these studies. A same finding has been recorded in a previous
investigation, in which the author reported the CRP and WBC count were
significantly higher positive correlation (P<0.001) in patients with

bacterial infection(Gans et al .,2020).

Higher positively correlation were showed in result of (Kabak and
Hocanl, 2021) between the rates of neutrophil and lymphocyte and these

result disagreement with results of current study.

Disagreement with previous investigations done by (Shi et al
.,2020; Martin-Sanchez et al.,2016) have identified a notable positive
correlation between LBP and (IL-1p). Iskandar et al. were observed a
positive correlation between IL-8 (r = 0.58; p < 0.05), NUL (r =0.45, p <
0.05) as similarly to our results finding (Iskandar et al .,2023).

The current study detecting negative correlations between MR and
WBC in the group of patients with bacterial growth this results

corresponds with (Ishimine et al ., 2019).

4.6.3. Correlation between markers in patient group without

bacterial growth

The results in Table (4-31) for detecting correlations between
markers in the group of patients without bacterial growth indicate that
there is a positive correlation only between (LBP and IL-8).
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Table (4-31): The correlation (r) between markers in patient group without

bacterial growth.

Markers CRP WBC Neutrophils | Lymphocytes | IL-1B IL-8 LBP MR
-0.261 -0.248 0.095 -0.319 -0.124 0.042 -0.133
CRP (P=0130) | (P=0150) | (P=0588) (P=0.062) | (P=0478) | (P=0811) | (P=0.447)
S 0.159 -0.268 0.175 0.307 0.203 0.159
(P=0.363) (P=0.120) (P=0316) | (P=0073) | (P=0.242) | (P=0.362)
5 -0.161 -0.021 0.097 0.166 -0.059
Neutrophils
(P=0.357) (P=0.904) | (P=0580) | (P=0.341) | (P=0.736)
-0.021 -0.232 -0.203 0.071
Lymphocytes
(P=0.907) | (P=0.179) | (P=0.243) | (P=0.685)
0.018 -0.202 0.203
IL-1p
(P=0.917) | (P=0.245) | (P=0.242)
0.780** -0.005
IL-8
(P=0000) | P=097D)
0.224
LBP
(P=0.196)
MR

** Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-
tailed).

Inversely of current study results , the study investigation by
(Gonzalez-Aparicio and Alfaro, 2020) recorded negative correlation
between the rates of LBP and IL-8 in infection without bacterial growth.
Also, the study coeducated by Peng et al. Finding same results of

Gonzalez-Aparicio and Alfaro, (Peng et al .,2018).
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Conclusions

The current study concludes the following :

1.

The current study observed that frequency of UTI in adult were
more caused by E.coli , Staph. saprophyticus.

The percentage of females suffering from urinary tract infections is
four times higher than that of males.

The majority of age groups with urinary tract infections were from
18 to 37 years.

Increase the parameters (CRP, IL-1 and pus cells) in patients with
urinary tract infections.

Increase the concentration of both LBP and MR in the UTI
patients with positive bacterial growth.

There is a positive correlation in patients with bacterial growth
between: (WBC and CRP), (WBC and neutrophils), (Neutrophils
and lymphocytes), and (Neutrophils and IL-8).

There is a negative correlation in patients with bacterial growth
between (WBC and MR) and (LBP and IL-1p).
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Recommendations

The current study recommends the following :

1.

Design a cohort study with follow-up of UTI patients aiming to
determine immune response at different periods of disease to show
the extent to which immunological biomarkers level are effected by
disease duration and treatment.

Study the evaluation of mannose receptor in patients has suffering
from sepsis.

Conducting study measure the concentration of LBP in urine to
classify UTI to upper and lower infections.

Study the genetic predisposing factors associated with UTI.

Study the effect of bacterial translocation in induced immune

response with UT]I patients.
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Apendix 1: Questionnaire

Name;

Age;

Sex: F I

MI_

Code;

Height;

Weight;

Do you have any of the following symptoms?:

r

r

r

r

r

-

Discomfort or pain passing urine
Passing urine more frequently at night
Urine that is more cloudy

New discharge from the vagina

New discharge from the penis

None of the above

Do you have any of the following symptoms?:

r

r

-

r

-

r

New pain in lower back
Nausea

Vomiting

Fever

Shivering

Other symptoms

How long have you had these symptoms?:

¢

Less than 3 days
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© 3 daysto 1 week

© 1-2 weeks

© More than 2 weeks

What have you done to manage your symptoms?:
" Painkillers eg, Paracetamol

" Antibiotics

" Cranberry products

" Drinking more fluids

" Other remedies

™ None

Have you had a Urinary tract infection (UTI) before, these are
sometime called a bladder or water infection?:

Yes- In the previous 6 months
Yes- In the previous year
Yes- In the previous 3 years
Yes- more than 3 years ago

" No

Is there a possibility you may be pregnant?:

=

“ Yes

=

" No
Do you have a urinary catheter (This is a tube that is inserted into
your bladder, which is used to empty the bladder and collect urine) :
-~

Yes

=

" No
Do you have any immunological disease :
“ Yes

=

" No
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Do you have hypertension disease :

=

" Yes

" No

Do you have diabetic mellitus disease :

" Yes

" No

Do you have cardiovascular disease :

=

" Yes

" No
Do you receive any vaccine :
“ Yes

" No
Do you take any medication at this period : if yes what is ? :
~

Yes

Do you have any family history for UTI :
~
Yes

=

" No
Do you have any prostate issue :
“ Yes

=

" No
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