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Abstract  
  
Introduction  
Urinary tract infection (UTI) is the second most common bacterial infection in children.   
  
Aim of the study  
To estimate the value of urinary Interleukin-6 (IL-6) in diagnosis of UTI in children and also if it can differentiate between upper and 
lower UTI.   
  
Patients and Methods  
This study included 80 children, divided into 40 patients suffering from UTI and 40 healthy children served as a control group. 
Patients were classified into acute pyelonephritis (n =22) and lower UTI (n =18). Urine IL-6 was measured by enzyme-linked 
immunesorbent assay (ELISA) technique.   

  
Results  
Urinary IL-6 was significantly higher in patients with UTI than control group (p value <0.001) and also it was significantly higher in 
upper than lower UTI cases (p value <0.001).   
  
Conclusion  
Urinary IL-6 level is a reliable diagnostic tool for early identification of UTI in febrile children. The study confirms usefulness of 
urinary IL-6 to differentiate between upper and lower UTIs.   
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Introduction  
   
Urinary tract infections (UTIs) represent the second most 
common bacterial infection in children .It may be localized to the 
kidney (upper UTI) and/or bladder (lower UTI) or spread to the 
tissue outside the urinary tract. In the majority of cases, it 
responds adequately to treatment [1, 2]. Distinction between 
cystitis and pyelonephritis is problematic. Clinical findings (such 
as fever or flank pain) and inflammatory markers such as, 
erythrocyte sedimentation rate [ESR], C-reactive protein [CRP], 
and total leukocyte count (TLC) are suggestive and not 
conclusive in distinguishing pyelonephritis from cystitis [3].  
     Acute pyelonephritis (APN) is one of the most common 
serious bacterial infections when it affect infants and young 
children. The most significant complication of acute 
pyelonephritis (APN) is permanent renal damage, characterized 
by proteinuria, hypertension and chronic kidney disease [4]. 
Predicting which children with upper UTI will develop longterm 
sequel remains difficult [2].  
     Differentiating acute pyelonephritis from lower UTIs is 
important because the accurate diagnosis and prompt treatment 
of APN can prevent renal scarring and subsequent complications 
[5].Although determination of inflammatory markers, such as 
CRP and ESR are recommended for the evaluation of children 
with APN [6] yet their sensitivity and specificity are not that high 
.Fever is not a strong indicator of the presence of acute 
inflammatory lesions in the kidneys of younger infants and 
children. Inflammatory markers including C-reactive protein 
(CRP), white blood cells count (WBC) and erythrocyte 
sedimentation rate (ESR) are also unreliable diagnostic 
indicators in the acute phase of pyelonephritis[3].Procalcitonin 
is accepted as the most reliable marker that localize upper UTI. 
In Acute pyelonephritis, bacteria stimulate renal epithelial cells 
to produce a number of cytokines and chemokines, among other 
substances [7].Cytokines, especially interleukin-6 (IL-6), 
participate in the local inflammatory response to infections. 
Therefore Elevated levels of urinary IL-6 and IL-8 have been 
observed in patients with UTI [8].  
     Interleukin-6 (IL-6) is a pro-inflammatory cytokine that is 
synthesized by various cells, including macrophages, fibroblasts, 
endothelial cells, and renal tubular epithelial cells. It acts as a 
pyrogen appearing early during the inflammatory process, and it 
is responsible for the acute-phase reaction, including the 
development of fever and the increased production of acute 
phase proteins, such as C- reactive protein. It is also a key inducer 
of B and T-cell activation and differentiation during 
inflammation [9].  
     The aim of the study was to evaluate the efficacy of urinary 
IL-6 in diagnosis of acute urinary tract infection in children and 
its value in differentiation between upper and lower UTI.   
  
Patients and Methods  
  
     The present study was carried out during the period between 
June2015 to June 2016. Forty pediatric patients suffering from 
urinary tract infection were selected randomly from pediatric 
nephrology clinic and inpatient department at Children Hospital 
of our university.  

      This study included 40 pediatric patients suffering urinary 
tract infection suggested by clinical symptoms and confirmed by 
at least one positive urine culture.  In addition to the patient 
group, 40 apparently healthy age- and sex- matched children 
served as a control group (21 males and 19 females). Informed 
consent for participation was obtained from all parents of the 
participants.  
     Patient group included infants and children 6 months to 12 
years, of both sexes (22 males and 18 females) with documented 
UTI. Children with known concomitant diseases (allergies, 
rheumatological diseases or neoplasms), those who were 
diagnosed as had immunological or inflammatory disorders and 
those who have signs of any other infection requiring antibiotic 
treatment were excluded from the study.  
     The patients were divided into two groups according to level 
of infection (lower urinary tract infection and pyelonephritis) 
depending on history (high fever, lumbar pain and other 
constitutional symptoms like vomiting in cases of pyelonephritis 
and dysuria, frequency, incontinence , suprapupic pain in lower 
UTI), examination (temperature > 38.5, tender renal angle, some 
of them had bad general condition in pyelonephritis and 
temperature > 38, suprapupic mass or tenderness in lower UTI), 
laboratory investigations (high TLC, CRP and ESR in cases of 
pyelonephritis) and imaging (renal ultrasound and renal scan).  
Patients were subjected to the following  
I- Detailed history taking; including duration of illness, number 

of attacks, and presence of hypertension, drug therapy if 
present, fever, chills, flank pain, dysuria, frequency and 
vomiting.  

II- Complete clinical examination; including temperature, 
presence of hypertension, flank tenderness, abdominal 
distension and suprapubic tenderness.  

  
III- Laboratory investigations:  

1. Complete blood picture (CBC): It was done using 
coulter auto-analyzer Pentra–80 automated blood cell 
counter.  
2. C-reactive protein (CRP): It was done by latex 
agglutination test. When serum containing greater than 0.6 
mg/dl CRP is mixed with the latex reagent, visible 
agglutination occurs within two minutes.  
3. Renal function testing: Biochemical tests for renal 
function (blood urea nitrogen and creatinine) were done 
on synchron CX5 auto-analyzer using kit supplied by 
Beckman.  
4. Urinalysis: Mid-stream urine samples were obtained 
from the studied subjects in plastic sterile containers after 
instructing them to clean the genital area with soap and 
tap water. Urine samples were examined either 
immediately or, if not possible, refrigerated at 4°C to be 
examined within 24 hours.   
a) Macroscopic examination: Urine was examined by the 
naked eye for turbidity or frank hematuria.   
b) Microscopic examination: A drop of uncentrifuged 
urine was placed on a slide with a coverslip and examined 
directly without staining by X10, X40 for the presence of 
pus cells.   
5. Urine culture: Culture of the urine samples was done 
on appropriate media (MacConkey agar or CLED agar 
plates) and incubated at 37°C for 24h and for additional 
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24h if no growth appeared. After incubation of the plates 
at 37°C for 24-48h in aerobic environment, any bacterial 
growth obtained was further identified by examination of 
their colony morphology, gram stained films, and 
biochemical reactions. The number of colonies appearing 
after incubation was multiplied by 100 to detect the 
number of bacteria/ml urine. 6. Urinary interleukin-6 
(uIL-6) assay:   
Human urine IL-6 was measured by enzyme-linked 
immunosorbent assay (ELISA) using Orgenium  
Laboratories’ Interleukin-6 (IL-6).  
7. Imaging:  
a) Renal ultrasonogram performed within 48 hours did not 
modify management.  
b) Voiding cystourethrogram (VCUG) was done after 2 
weeks (after complete recovery from infection).    
c) Renal scan (DMSA Scan) was performed after 
subsidence of the attack for all cases.  

  
Statistical analysis  
  
     All data were collected on standardized forms, entered in a 
computerized database, and analyzed with statistical software 
packing SPSS version 17.Results were statistically presented in 
terms of (Range, mean, median, standard deviation and 
percentage). Continuous data (of both groups) were compared 
with paired T-tests and categorical data (parametrical data) by 
Pearson’s chi-square test was performed. A p-value< 0.05 was 
considered statistically significant.  
  
Results  
  
     Table (1) shows comparison between cases and controls as 
regards age and sex. There were no statistically significant 
differences between the 2 groups.   
Escherichia coli was isolated from the urine of 24 patients (60%), 
Pseudomonas aurginosa from the urine of 6 patients (15%) , 
Klebsiella pneumonia from the urine of 4 patients (10%) , 
Proteus from the urine of 2 patients (5%), Actinobacter from the 
urine of 1 patient (2.5%), Staphylococcus aureus from the urine 
of 1 patient (2.5%), Streptreptococcus fecalis from the urine of 1 
patient (2.5%) and Citrobacter from the urine of 1 patient 
(2.5%).Organisms isolated from urine culture of patients were 
highly sensitive to aminoglycoside in 10 patients (25%), co-
trimoxazole in 10 patients (25%), imipenem in 6 patients (15%), 
ampicillin-sulbactamin 3 patients (7.5%), amoxicillinclavulinic 
acid in 3 patients (7.5%), ceftriaxone in 4 patients (10%) and 
azithromycin in 4 Patients (10%).  
Figure (1) shows comparison between patients and controls as 
regards urinary interleukin-6 (uIL-6). The mean value of urinary 

 Interleukin-6 (IL-6) in group I was 21.065± 3.287, while in 
group II the mean value of IL-6 was 7.710 ± 4.028. There was a 
highly statistically significant difference in its mean levels 
among the two groups (p value <0.001).  
  
     Table (2) shows comparison between lower urinary tract 
infection and pyelonephritis regarding vital signs. There were 
highly statistically significant differences between lower UTI 
and pyelonephritis cases as regards temperature and blood 
pressure (p value <0.001 and 0.031 respectively). There were 
only 13.64% less than 5th percentile in weight and 4.55% less 
than 5th centile in height of patients with pyelonephritis.  
  
     Table (3) shows comparison between lower urinary tract 
infection and pyelonephritis regarding GFR, creatinine level and 
inflammatory markers. It revealed highly statistically significant 
differences as regards GFR and serum creatinine level (P value 
<0.002 and 0.023, respectively) and as regards TLC, CRP and 
uIL-6 (P value <0.001, each).  
  
     Table (4) shows comparison between lower urinary tract 
infection and pyelonephritis regarding imaging 
(ultrasonography, VCUG and renal scan). It revealed highly 
statistically significant differences between them as regards the 
renal ultrasonogram (P value <0.002), VCUG (P value <0.001) 
and renal scan (P value <0.001).  
  
      Table (5) shows correlations of urinary IL-6 level with renal 
US, VCUG and renal isotopic scan. Table (6) shows correlation 
between urinary IL-6 and age, duration of illness, temperature, 
GFR and laboratory investigations. It shows a highly statistically 
significant positive correlations between urinary IL-6 and 
temperature [r =0.521, P< 0.001], total leucocytic count (TLC) 
[r =+ 0.410, P<0.009] and C-reactive protein (CRP) [r =+ 0.437, 
P < 0.005].   
  
      Figure (2) shows receiver operating characteristic (ROC) 
graph analysis for urinary IL-6, which was applied in order to 
quantities and assess its diagnostic performance. It  revealed that 
the best cutoff value of urinary IL-6 was >15.5pg/ml as the 
diagnostic sensitivity was 97.56%, specificity was 97.44%, 
positive predictive value was 97.6%, negative predictive value 
was 97.4% and diagnostic accuracy was 97.9%.Figure (3) shows 
ROC curve between lower urinary tract infection and 
pyelonephritis cases. It revealed that the best cut-off value of 
urinary IL-6 for differentiation between upper and lower UTI 
was >22.1pg/ml  as the diagnostic sensitivity was 50%, 
specificity was 94.44%, positive predictive value was 91.7% 
negative predictive value was 60.7% and diagnostic accuracy 
was 76%. 

Table 1 Descriptive statistics of the studied groups (80 children)  

 
  

Gro ups 
P-value  

Patients (n=40) Controls (n=40)  

Age (Years)  
Range  0.5 - 12 0.5 - 10  

0.615  
Mean ±SD  4.138  ± 3.389 3.794 ± 2.657  

Sex  
Male  22 (55%) 21 (52.5%)  

0.823  
Female  18 (45%) 19 (47.5%)  
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Table 2 Comparison between lower urinary tract infection and pyelonephritis regarding vital signs  

  

  
 Site of infection  

P-value  
Lower UTI  Pyelonephritis  

Temperature(°C)  
Range  38 - 38.5  38.5 - 40  

< 0.001*  Mean ± SD  38.222 ± 0.256  39.046 ± 0.406  

Blood pressure 
(mmHg)  

>95th centile  0 (0.00%)  
 

5 (22.73%)  
0.031*  

(5-90th) centile  18 (100 %)  17 (77.27%)  

  
UTI: Urinary tract infection  

  

Table 3 Comparison between lower urinary tract infection and pyelonephritis regarding GFR, creatinine level and inflammatory markers  
  

   
 Site of infection 

P-value  
Lower UTI Pyelonephritis  

Creatinine 
(mg/dl)  

Range  0.3-2 0.3-4.5 
0.023*  

Mean ± SD  0.689 ± 0.838 1.500 ± 1.241  
Glomerular  

filtration rate  
(ml/min/1.73m2)  

Range  9-200 12 - 125 
0.002*  

Mean ± SD  97.167 ± 43.108  54.409 ± 38.376  

Urinary IL-6 
(pg/ml)  

Range  16.4 - 22.3 18-28.3 
0.001*  

Mean ± SD  19.283 ± 1.836 22.523 ± 3.519  

TLC (mm3)  
Range  5000 - 14000 15000 - 17000  

<0.001*  
Mean ± SD  10888.889 ± 2541.164 15772.727 ± 685.344  

CRP (mg/l)  
Range  5 - 25 30 - 100 

<0.001*  
Mean ± SD  14.167 ± 5.491 57.591 ± 22.191  

  
TLC: Total leukocytic count          IL-6: Interleukin-6       CRP: C-reactive protein     UTI: Urinary tract infection  

   

Table 4 Comparison between lower urinary tract infection and pyelonephritis regarding imaging  
  

 

  

 Site of infection   

P-value  Lower UTI Pyelonephritis  Total  

N % N % N  %  

Renal US  
Unilateral hydroureter and 

hydronephrosis  
3  16.67  5  22.73  8  20.00  

0.002*  
  

Bilateral hydroureter and 
hydronephrosis  

7  38.89  17  77.27  24  60.00  

Normal renal US  8 44.44 0 0.00 8  20.00  

VCUG  

Unilateral reflux grade (1+2) 2 11.11 0 0.00 2  5.00  

0.001*  

Bilateral reflux high grade 
(4+5)  1  5.56  10  45.45  11  27.50  

Bilateral reflux (low grade 
(1+2+3)  

2  11.11  8  36.36  10  25.00  

Normal VCUG  13 72.22 4 18.18 17  42.50  

Renal scan  
No scar  18 100.00 0 0.00 18  45.00  

<0.001*  
Scar formation  0 0.00 22 100.00 22  55.00  

VCUG: Voiding cystourethrogram           US: Ultrasound       UTI: Urinary tract infection  
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Table 5   Correlation of urinary IL-6 with renal US, VCUG and renal isotopic scan  
  

   
  Urinary IL-6 (pg/ml)  

P-value  
N Mean ± SD  

Renal US  

Unilateral hydroureter and hydronephrosis 8 20.600 ± 3.469  
0.151  Bilateral hydroureter and hydronephrosis 24 21.817 ± 3.474  

Normal US 8 19.275 ± 1.626  

VCUG  

Unilateral reflux(low grade1+2) 2 16.800 ± 0.566  

0.030*  
Bilateral reflux(high grade(4+5) 11 22.155 ± 3.316  
Bilateral reflux(low grade1+2+3) 10 22.560 ± 3.905  

Normal 17 19.982 ± 2.264  

Renal scan  
No scar 18 19.283 ± 1.836  

0.001*  
Scar  22 22.523 ± 3.519  

VCUG: Voiding cystourethrogram     US: Ultrasound   UTI: Urinary tract infectionIL-6: Interleukin-6  
  
  

Table 6 Correlation between urinary IL-6 and age, duration of illness, temperature and their laboratory measurements among cases  
  

Correlations  

   
Urinary IL6 (pg/ml)  

r- P-value 

Age(Years)  -0.041 0.802  

Duration of illness(Years) -0.102 0.533  

Temperature (°C)  0.521 0.001* 

GFR  -0.140 0.389  

Creatinine (mg/dl)  0.044 0.786  

TLC (cmm)  0.410 0.009* 

CRP (mg/l)  0.437 0.005* 

  
TLC: Total leukocytic count          IL-6: Interleukin-6            CRP: C-reactive protein 

UTI: Urinary tract infection         GFR: Glomerular filtration rate  
 
 
  

 
 

                                          Figure 1 Comparison between patients and controls as regards urinary IL-6. 
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Figure 2 ROC curve for uIL-6  

  
ROC: receiver operating characteristicuIL-6: Urinary interleukin-6  

   

Figure 3 ROC curve between lower urinary tract infection and pyelonephritis cases.  
  

ROC: receiver operating characteristicuIL-6: Urinary interleukin-6  
 

 
Discussion  
  
     In clinical practice, acute pyelonephritis (APN) and lower 
UTIs are two common forms of UTI that occur during infancy 
and childhood. Lower UTIs do not cause serious complications, 
while APN may result in renal scarring and subsequent 
complications, such as hypertension and chronic kidney disease 
[10].   
      The diagnosis of urinary tract infection (UTI) in children is 
based on significant bacteriuria. The severity of infection is of 
great importance for the choice of treatment and prognosis. 
Because the clinical symptoms are nonspecific, the diagnosis of 
renal infection needs to be supported by laboratory data and 
radiologic imaging [11].  
Serum and urinary levels of IL-6 protein increase during UTI, 
and its measurement has been shown to be useful in 
differentiating between APN and lower UTI. Measurement of 
urinary IL-6 is less aggressive than determination of serum levels 
and therefore more acceptable to patients and health 
professionals [12].  
     In the present study, urine culture results obtained from urine 
of the patients revealed infection by E. Coli in (60%) of patient. 
This is in agreement with many other studies conducted on UTI 

in children such as Eldin et al., [13]who documented that E. coli 
was the most common uropathogen, accounting for 79% of 
urinary isolates overall.  
     In this study, blood pressure (BP) was significantly higher in 
pyelonephritis than lower UTI, in agreement with Elder et 
al.,[14] who found that acute pyelonephritis is the most severe 
type of the disease and that delay in diagnosis and treatment may 
lead to renal scarring, hypertension and chronic kidney disease.      
In our study, it was found that the mean level of inflammatory 
markers namely TLC and CRP were significantly higher in acute 
pyelonephritis than lower UTI (P value < 0,001).  
A study done by Gurgoze et al., [15] on 76 children with UTI 
showed that inflammatory markers such as CRP, ESR, WBC 
count, procalcitonin, IL-6, and IL-1β in patients with acute 
pyelonephritis were significantly higher than lower UTI.      In 
our study, we found that urine levels of IL-6 were significantly 
increased in all patients with UTI compared to the control normal 
group as the diagnostic sensitivity was 97.56%, specificity was 
97.44%, so urinary interleukin-6 level >15.5pg/ml is the best cut 
off value for early recognition of acute urinary tract infection. 
Also our study proved that urinary IL-6 levels increased 
significantly more in acute pyelonephritis cases than in lower 
UTI, with sensitivity 94.44% and specificity 50%  at a cut off 
value >22.1.  
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     This is in agreement with Rodríguez et al.,[16]who showed 
that, based on specificity and sensitivity of the measurement for 
urinary interleukin 6 (uIL-6), in the presence of clinical 
manifestations indicative of UTI, a concentration >15 pg/ml is a 
highly reliable marker of APN. Also proved that urinary 
interleukin-6 was useful in distinguishing between upper and 
lower urinary tract infections in children.  
     Sheu et al., [12] found that urine level of IL-6 was 
significantly increased in children with acute pyelonephritis than 
in lower UTI. They found also both serum and urine levels of IL-
6 have high sensitivity (81–88%) and adequate specificity (78–
83%) for the diagnosis of children with acute pyelonephritis and 
allow accurate differentiation from lower UTI. Also Gurgoze et 
al., [15] found that serum IL-6 levels rose significantly in 
children with acute pyelonephritis, and it had 88% sensitivity and 
74% specificity. On the contrary, a study done by Mahyar et al., 
[17] showed that sensitivity and specificity of IL-6 and IL-8 are 
less than those of acute phase reactants such as CRP and 
evaluated that these cytokines are not reliable markers for 
differentiating acute pyelonephritis from lower UTI.  
     In our study, serum creatinine levels were significantly higher 
in the patients with pyelonephritis compared to the cases with 
lower urinary tract infection. Also GFR was more deteriorated in 
pyelonephritis than lower UTI. This is in agreement with Fidan 
et al., [18] who found that cases with pyelonephritis has been 
associated with glomerular hyperfiltration, proteinuria, renin-
mediated hypertension, and deterioration of GFR in children.    
     In our study, there were highly statistically significant 
positive correlation between urinary IL-6 and TLC, CRP and 
temperature, while there was no statistically significant 
correlation between urinary IL-6 and creatinine. This is in 
agreement with Sheu et al., [12] who found that in children with 
acute pyelonephritis, urine IL-6 was significantly correlated with 
fever and CRP, but does not correlate with WBC.   
     In our study, we found that there was highly statistically 
significant correlations between pyelonephritis cases and 
ultrasonography (US), voiding cystourethrogram (VCUG) and 
renal scan. There were highly statistically significant correlations 
between urinary IL-6 and VCUG (p value<0.030), renal scan (p 
value <0.001), but there was no statistically significant 
correlation between urinary IL-6 and renal US (p value <0.151).  
Similarly, a study done by Gokce et al., [9] found that a positive 
correlation between IL-6 levels and the VUR reflux grade. Also, 
Sheu et al., [12] found that all the patients with acute 
pyelonephritis had positive findings in renal ultrasound. A study 
done by Mahyar et al., [17] found that abnormal renal ultrasound 
was observed in 54% with acute pyelonephritis cases and 10% 
with cystitis which was statistically significant. A major 
limitation of this study was the small sample size and lack of 
follow up.  
  
Conclusion  
  
     Our study concluded that urine IL-6 level may serve as a 
reliable diagnostic tool for the early identification of acute 
urinary tract infection in febrile children (diagnostic accuracy is  
97.9%). Also our study confirmed the usefulness of determining 
urinary IL-6 to differentiate between upper and lower UTIs in 
children. In spite of being an expensive test, yet its benefits may 

exceed its cost as it make the use of more aggressive diagnostic 
tests unnecessary.  
     Further studies, involving more patients are needed to study 
urinary IL-6 for further diagnostic accuracy for pyelonephritis 
and its use as an early marker in cases with suspected 
pyelonephritis.  
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