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 Even though its gold standard status, culture method is time consuming and 

expensive to use when diagnosing UTI.  For this reason, rapid and accurate 

biomarkers are needed to diagnose UTIs and their causative more quickly. 

The prediction of UTI and finding specific pathogens requires the 

identification of a biomarker which is more precise as they have extended 

their list. One hundred patients were selected from the Ramadi Teaching 

Hospital by urologists in expert urologist clinics according to inclusion 

criteria for UTI cases. Fifty apparently healthy subjects with the same ages 

and sexes were included in the study as control group, Human Interleukin- 

6 and Interleukin-8 evaluated in blood samples, Elastase Procalcitonin and 

CRP were evaluated in urine samples, by using ELISA technique. The 

females were 68% and males were 32%, the mean age of patients was 

35.95±12.3, and for control was 33.0±10.33, Escherichia coli isolated from 

21%, followed by 13% and 12% for Staphylococcus epidermidis and 

Staphylococcus aureus while 4% for Klebseilla pneumonia, all included 

markers were significantly higher in patients than controls. The AUC for 

CRP was 0.998, sensitivity and specificity of the test were 98% and 97%, 

respectively and the highest levels of IL- 6, CRP, PCT and Elastase were 

recorded with K. pneumonia. All markers used in this study have a 

significant differences between patients and control, CRP was imperative 

markers in urinary tract infection followed by IL-8 and procalcitonin. 
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1. INTRODUCTION 

The urinary tract (UT) is one of the most widespread location of bacterial infection in humans [1]. Urinary 

tract Infection occurs in all age groups from newborns to the elderly patients. It ranges from an asymptomatic 

infection to acute. Even though its gold standard status, culture method is time consuming and pricey to use 

when diagnosing UTI. Rapid and accurate biomarkers are needed to diagnose UTIs and their causative more 

quickly. The prediction of UTI and finding specificpathogens requires the identification of a biomarker which 

is more precise as they have extended their list [2]. Procalcitonin (PCT) is produced in healthy individual in 

the C- cells of the thyroid gland, and it is produced by the macrophage system through a significant bacterial 

infection [3]. The half-life of PCT is 22–26 h and it could be detected in the blood within 2 h of endotoxin 

injection [4]. 
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Accordingto many previous studies, PCT levels are significantly correlated with disease severity, and then 

PCT remains elevated until the infection is resolved [5]. 

 

Many articles studied interleukines in UTI where Interleukines are family of cytokines that have a key role 

in the regulation of the immune system. Many articles studying interleukines in UTI [6]. IL-6 and IL-8 have 

been studied in adults with UTI, in identifying bacterial pathogens in urinary tract, and in discover 

pyelonephritis in infants [7]. Levels of serum IL-6 is a promising biomarkr to detect acute pyelonephritis in 

children however additional studies are important to clarify its relation with type of pathogens.  Inconsistent 

results were estimated in many studies to diagnose acute pyelonephritis in children and adults when using 

serum and urinary IL-6 and IL-8. 

 

Mesangial kidney cells and cortical epithelia make and secrete IL-8, which causes neutrophils to migrate into 

the urinary tract, which might contribute to the structural and functional changes associated with cortical 

inflammation. A lot of infections, including meningitisandpyelonephritis, release inflammatory cytokines like 

IL-6andIL-8. However, in newborns with pyelonephritis there has not been any comparisonbetween systemic 

and local IL-6 and IL-8 responses to UTI [8]. 

 

C-reactive protein (CRP) is one of the important prototype acute-phase protein in humans. Plasma levels of 

CRP can exceed the normal concentration by 1000-fold. In the acute-phase response [9]. Elastase is released 

from polymorphonuclear leukocytes during phagocytosis, or immune complexes and endotoxin activate the 

leukocytes. In view of that, this study was designed to identify common bacterial causative agents of urinary 

tract infection   and clarify the relationship between bacterial pathogens and selected biomarkers [10]. 

 

2. Patients and Methods 

The study was done at Al-Ramadi Teaching Hospital and private clinics in Ramadi, Iraq. One hundred 

patients were selected from the Ramadi Teaching Hospital by urologists in expert urologist clinics according 

to inclusion criteria for UTI cases. Fifty apparently healthy subjects with the same ages and sexes were 

included in the study as control group, blood and urine samples were collected from patients and control. 

Urine samples were collected and studied using the general urine examination then cultured on Blood and 

MacConkey agar using the streaking method. Human Interleukin- 6 and Interleukin-8 evaluated in blood 

samples, Elastase Procalcitonin and CRP were evaluated in urine samples, by using ELISA technique. 

 

3. Results 

This study showed higher rate of infections was in females 68% than males 32%, the mean age of patients 

was 35.95±12.3, and for control was 33.0±10.33 as shown in Table 1. The patients less than 38 years were 

the most predominant than other groups, followed by (39-52), (53-66) and > 67 years consecutively Figure-

1. 

 

Table 1: General characteristics of the study populations 

Characteristics Patients (n=100) Controls (n=50) p-value 

Age, years 

Mean±SD 

Range 

 

35.95±12.3 
17.0-73.0 

 

33.0±10.33 
19.0-60.0 

 

0.147 

Gender 

Male 

Female 

 

32(32%) 

68(68%) 

 

23(46%) 

27(54%) 

 

0.093 
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Figure 1: Frequency of Patients according to age group 

 

The results of this study showed that 21% of bacterial pathogens were Escherichia coli, followed by 13% and 

12% for Staphylococcus epidermidis and Staphylococcus aureus while 4%  for Klebseilla pneumonia and 3% 

for each of Pseudomonas aeroginosa and Kocuria Kristinae , the rest isolates ranging between 1-2%. High 

percentage of urine culture was no growth Figure- 2. 

 

 
Figure 2: Frequency of bacterial pathogens causing UTI 

 

3.1 Serum Levels of Interleukins, CRP, PCT and Elastase 

All included markers were significantly higher in patients than controls. The mean of IL-6 and IL-8 

concentration in patients was 12.85±10.36pg/ml and 37.38±29.15 pg/ml respectively compared with 

6.95±2.38 pg/ml and 3.18±1.81 pg/ml respectively with highly significant difference. Similarly, CRP and 

PCT concentration in patients was 94.62±30.9 mg/L and 38.81±13.12 ng/ml which is extreme higher than 

that of controls (4.96±2.24 mg/L and 9.43±5.76 ng/ml) with highly significant differences. Finally, patients 

showed higher concentration of Elastase than controls (12.18 ng/ml vs. 5.95 ng/ml) with a highly significant 

difference Figure-3. 
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Figure 3: Serum Levels of Interleukins, CRP, PCT and Elastase Diagnostic Value of Different Markers 

 

Receiver operating characteristic (ROC) curve was used to find out the diagnostic value of different markers 

in discrimination between patients and controls, for IL-6, the area under the curve (AUC) was 0.766, 95% 

CI= 0.686-0.845, p<0.001. The sensitivity and specificity of the test at cut off value of IL-6 = 7.35 pg/ml 

were 78% and 55%, respectively. For IL-8, the AUC was 0.993, 95%CI= 0.984-1.0, p<0.001. The sensitivity 

and specificity of the test at cut off value of IL-8 = 6.9 pg/ml were 97% and 95%, respectively. For CRP, the 

AUC was 0.998, 95%CI= 0.993-1.0, p<0.001. The sensitivity and specificity of the test at cut off value of 

CRP = 17.0 mg/L were 98% and 97%, respectively. 

 

For PCT, the AUC was 0.973, 95%CI= 0.953-0.993, p<0.001. The sensitivity and specificity of the test at cut 

off value of PCT = 14.5 ng/ml were 92% and 88%, respectively. For elastase, the AUC was 0.845, 95%CI= 

0.773-0.916, p<0.001. The sensitivity and specificity of the test at cut off value of elastase = 6.9 ng/ml were 

74% and 88%, respectively (Figure 3-2). 

 

 
Figure 4: Receiver operating characteristic curve for IL-6, IL-8, CRP, PCT, and in the context of 

discrimination between patients with UTI and controls. 

 

The results also reveals that the highest levels of IL- 6, CRP, PCT and Elastase were recorded with K. 

pneumonia while the highest level of IL-8 was associated with E. coli. Also number of pus cells was highest 

in association with K. pneumonia and followed by S. aureus, while the lowest number was with S. epidermedis 

and other types of bacteria Figure-4. 
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Figure-4: Association of Serum Markers with Bacterial Profile 

 

4. Discussion 

Due to the anatomical and physiological characteristics of the female urethra such as its shortness, which 

makes it more vulnerable to ascending infection than the male urethra, the close proximity of the female 

urinary meatus to the vaginal and anal openings, and the moist environment of the periurethral area in women, 

urinary tract infections are more common than in men [11]. Urinary tract infections are common in young 

sexually active women between the ages of 18 and 24 [5]. 

 

The ascending pathway is responsible for over 95% of UTI cases. Escherichia coli and other 

Enterobacteriaceae are particularly prone to this. Natural defenses of the weakened host (e.g., blockage, 

catheterization) reduce the bacterial species' pathogenicity requirements. Certain bacterial strains are 

aggressive enough to cause infection even when the host has no predisposing circumstances [12]. 



S. A. Turki, M. M. A. Alouci and D. T. A. Karim, 2022                                              Teikyo Medical Journal 

 

5448 
 

As many previous studies about UTI, E. coli stays behind high percentage of urinary tract infections. Fecal 

contamination of the periurethral area occurs first, followed by the bacteria spreading through the bladder and 

causing cystitis. In some circumstances, these infections of the lower urinary tract might affect the kidneys 

and produce acute pyelonephritis [13]. Staphylococcus epidermidis found in (13%). In further exploration, 

this bacterium has been linked to urinary tract infections in individuals who have indwelling urinary catheters 

or other urinary tract equipment [14]. The microcapsule of Staphylococcus aureus acts as an anti-phagocytic 

and promotes adherence to host cells. It also has a slew of other virulence factors [15]. Surface-associated 

adhesins, a capsular polysaccharide, exoenzymes, and exotoxins are among the components. Staphylococci 

can cling to eukaryotic membranes, resist opsonophagocytosis, lyses eukaryotic cells, and induce the 

synthesis of a cascade of host immunomodulating molecules thanks to the complex of bacterial products [16]. 

 

Notably, K. pneumoniae colonizes human mucosal surfaces readily, its' strains can enter other tissues through 

these sites and cause serious infections in humans. It contain a protective capsule which resistant the immune 

defenses especially phagocytosis. This ratio was slightly lower than that observed in previous study and this 

may be explained by existence of Klebsiella infections in older groups [17].  Urinary tract infections trigger 

local and systemic cytokine responses. The strong association between cytokine levels and disease severity 

suggest that the cytokine response could help explain bacterial infection, inflammation, and the severity of 

UTI [18]. IL-6 levels in urine increased from undetectable before colonization to detectable levels after 

colonization .peaking at 150 U/ml. There could have been two things that triggered this, catheterization and 

infection are two causes of s mucosal IL-6 responses [19]. 

 

IL-8 is involved in every inflammatory process. Its high concentration is seen in UTIs and can be used to 

predict acute pyelonephritis, but it has a limited specificity. Except for antenatal renal pelvic dilatation, it 

rises in every type of congenital urine abnormality. As a result, when an anatomical issue is present, IL-8 is 

not appropriate for identifying UTIs [20]. A variety of contexts have been studied involving IL-6 and IL-8, 

including the postoperative diagnosis of UTI in adults, the diagnosis of bacterial UTI in children, and the 

diagnosis of pyelonephritis in children. Researchers have found that high levels of IL-6 and IL-8 are found in 

the serum and urine of adults with acute renal infection and in renal scarring [21]. 

 

Despite the fact that levels of CRP are elevated in UTIs, CRP is unrelated to UTI pathogenesis. CRP is an 

acute-phase reactant that acts as a sensitive biomarker of inflammation, and is one of the most widely utilized 

biomarkers in modern medicine. Its fast production in the liver after a tissue damage reaches a peak in 48 

hours and then rapidly declines [21]. CRP activates the complement system through a well-known pathway 

[8]. It's a sensitive systemic marker of inflammation and tissue damage, but it's not infection-specific [22]. In 

contrast to CRP, PCT is raised by cytokines generated in response to bacterial infection and suppressed by 

interferon, which is released in viral infections, indicating a significant specificity for bacterial infections 

[23], It released into the systemic circulation by induction of bacterial lipopolysaccharide (LPS). Where as 

PCT concentrations begin to rise 3-4 hours after an endotoxinchallenge, peaking after around 6 hours, and 

continuing to climb for over 24 hours [24]. 

 

The primary function of internal Elastase appears to be the proteolysis of foreign proteins by neutrophils 

during phagocytosis [25]. Elastase is a biomarker that may contribute to degenerative and inflammatory 

diseases by lysis of Elastin and Collagen-IV of the extracellular matrix. It also destruct the outer membrane 

protein A (OmpA) of E. coli and other virulence issues of certain bacteria, such as Yersinia, Shigella and 

Salmonella [26]. By and large the stusy showed low and moderate levels of Elastase in UTI patients, which 

may be duo to mutation and polymorphism where at least 95 disease-causing mutations in Elastase genes 

have been discovered [27].  For CRP, based on Receiver operating characteristic (ROC) curve, the sensitivity, 
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specificity and (AUC) was 98%, 97% and 0.998 respectively which was the highest among other markers 

followed by IL-8, PCT and Elastase, while the IL-6 was the lowest one. So the CRP was important markers 

in urinary tract infection followed by IL-8 and PCT, this result was in accordance with [28]. This could be 

owing to dominance of gram negative bacteria in infected urinary tract in current study where different studies 

reported that CRP more sensitive marker in predicting UTI correlated gram negative bacteria in pediatrics 

and adults [28]. 
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