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Abstract

Introduction: Urinary tract infection (UTI) occurs in 1.1% of girls and 1.4% of boys during the first 
year of life. Asymptomatic bacteriuria (ABU) is usually detected incidentally in 0.9% of girls and 2.5% 
of boys at this age. The aim of the study was to assess the usefulness of measurement of pro-inflamma-
tory urine interleukin (IL)-6 and IL-8 concentrations and anti-inflammatory transforming growth factor 
b1 (TGF-b1) level in infants with febrile UTI, non-febrile UTI and ABU. 

Material and methods: A total of 35 children, mean age 6.14 ±3.47 months, were divided into three 
groups: group I – febrile UTI (n = 13), group II – non-febrile UTI (n = 13) and group III – ABU (n = 9). 
At the time of enrollment urine IL-6, IL-8, TGF-b1 and serum C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), and white blood cell count (WBC) were measured. Renal ultrasound was performed 
in all children, 99mTc-dimercaptosuccinic acid scintigraphy (DMSA) and voiding cystourethrography in 
children with UTI.

Results: Urine concentrations of IL-6 and IL-8 were significantly higher in febrile UTI compared 
to those with non-febrile UTI and ABU (p < 0.5, p < 0.01) and positively correlated with CRP, ESR 
and WBC (p < 0.01). Urine levels of TGF-b1 were significantly higher in children with febrile UTI 
compared to those with ABU (p < 0.05) and positively correlated with WBC (p < 0.01). Inflammatory 
changes in the DMSA scan were detected in 66.6% of children with UTI. No significant difference in 
frequency of an abnormal DMSA scan compared to a normal scan was found in groups with febrile and 
non-febrile UTI. No relations between urine cytokines, systemic inflammatory markers and changes in 
DMSA scan were observed. The cutoff value for detection of inflammatory changes in the DMSA scan 
for IL-8 was 120 pg/mg creatinine (Cr) and 40 pg/mg Cr for TGF-b1. Based on this value, the sensitivity 
for IL-8 was 58.3%, specificity 100% and for TGF-b1 66.7% and 83.7%, respectively. 

Conclusions: We found significant differences in children with febrile UTI and ABU regarding urine 
IL-6, IL-8 and TGF-b1 levels. Urine cytokines and systemic inflammatory markers do not differentiate 
between upper and lower UTI in infants. 

Key words: urinary tract infection, asymptomatic bacteriuria, interleukin-6, interleukin-8, 
transforming growth factor b1.
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Introduction
Urinary tract infection (UTI) is one of the most com-

mon bacterial infections in children and occurs in 1.1% 
of girls and 1.4% of boys in the first year of life. Urinary 
tract infection is responsible for 5% of all episodes of 
fever in infants [1, 2]. Infection can involve kidney pa-

renchyma in pyelonephritis or can be limited only to the 
lower urinary tract. Asymptomatic bacteriuria (ABU) is 
usually detected incidentally in 0.9% of girls and 2.5% of 
boys at this age [3, 4]. Asymptomatic bacteriuria usually 
recovers spontaneously and does not need treatment ex-
cept in newborns, pre-school children with abnormalities 
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in the urinary tract and children before an invasive geni-
tourinary procedure [5]. 

Cytokines are small, soluble proteins produced by vari-
ous cells in response to infections and inflammation. Interleu-
kin (IL)-6 is a pro-inflammatory cytokine, the concentration 
of which increases in the early stage of bacterial infection. 
Interleukin-6 has regenerative activities, which, when absent, 
aggravated the development of the inflammatory process. It 
turns out that regenerative or anti-inflammatory activities of 
IL-6 are mediated by classic signaling, whereas pro-inflam-
matory responses of IL-6 are mediated by trans-signaling.

Interleukin-6 is responsible for fever and causes growth 
of C-reactive protein (CRP) [6]. Interleukin-8 is a pro-in-
flammatory cytokine, which rises in response to IL-1 and 
tumor necrosis factor α (TNF-α). Interleukin-8 is a chemo-
kine and causes migration of neutrophils to the place of in-
flammation, leading to pyuria in patients with UTI [7, 8]. 
Increased serum and urine concentrations of IL-6 and IL-8 
were detected during the acute phase of UTI and in children 
in the UTI-free period with vesicoureteral reflux (VUR) and/
or renal scars (RS) [8-11]. 

Transforming growth factor b1 (TGF-b1) is an anti-in-
flammatory and pro-fibrotic cytokine. Transforming growth 
factor b1 reduces concentrations of TNF-α, IL-1, IL-6 and 
IL-8, influences the function of leukocytes and macrophages, 
decreases their capacity to release toxic metabolites and en-
zymes, and reduces inflammation in acute pyelonephritis 
(APN). Transforming growth factor b1 is a marker of fi-
brosis and it influences development of RS. In many kidney 
diseases TGF-b1 is an indicator of progression of renal in-
volvement [12-14]. A high urine concentration of TGF-b1 
was detected in children with obstructive uropathy, chronic 
kidney diseases and the acute phase of UTI [14-17].

The 99mTc-dimercaptosuccinic acid (DMSA) scan is the 
gold standard for diagnosing APN and RS [18]. Scintigraphy 
requires intravenous cannulation, involves radiation and is 
not available in all medical centers. It is also expensive. We 
are still trying to find noninvasive, diagnostic methods for 
assessment of renal parenchymal damage [19]. Potential tar-
gets are various biomarkers, which can be useful in diagnosis 
of UTI [20]. Unfortunately, previous results regarding IL-6 
and IL-8 in serum and urine in children with UTI have been 
equivocal [9, 21]. The role of TGF-b1 in the acute phase of 
UTI is unclear [14, 22], and the number of trials assessing 
concentration of cytokines in ABU is limited [23, 24]. 

The aim of the study was to assess the usefulness of mea-
surement of pro-inflammatory urine IL-6 and IL-8 levels and 
the anti-inflammatory TGF-b1 level in infants with febrile 
UTI, non-febrile UTI and ABU.

Material and methods
The prospective study included 35 infants (age range: 

1-12 months) admitted to the Department of Pediatric Ne-
phrology with suspicion of the first-time UTI. Children 

were excluded from the study if they had concomitant fe-
brile disease or evidence of obstructive nephropathy. On 
the day of admission urinalysis, urine culture, C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR) and 
white blood cell (WBC) count were checked. Urine sam-
ples were collected by suprapubic aspiration or catheter-
ization. Leukocyturia was defined as > 5 WBC/high power 
field in the urine sediment. Significant bacteriuria was de-
fined as > 105/colony-forming units/ml for catheterization 
and any growth for suprapubic aspiration [25]. A normal 
value of CRP in serum was < 1.0 mg/dl, ESR < 15 mm/h, 
WBC < 12,000/mm3. The diagnosis of UTI was based on 
clinical and laboratory criteria, including significant bacte-
riuria and leukocyturia; febrile UTI was diagnosed if fever 
> 38°C lasted at least 24 hours. Diagnosis of ABU was 
based on significant bacteriuria, normal urinalysis and no 
clinical symptoms of UTI. Urine samples were collected 
for measurement of IL-6, IL-8 and TGF-b1 during the first 
48 hours after admission. Urine specimens were centri-
fuged and stored at –80°C. Cytokine levels were measured 
by enzyme-linked immunoassay (ELISA) kits (R&D Sys-
tems, Inc., Minneapolis, Minnesota, USA). The lower limit 
of detection was 0.7 pg/ml for IL-6, 10 pg/ml for IL-8 and 
4 pg/ml for TGF-b1. Cytokine to creatinine ratios were 
calculated to standardize samples and were expressed as 
pg/mg. Renal ultrasound was performed after admission 
in all children. A DMSA scan was performed in children 
with UTI during the first 10 days and voiding cystoure-
thrography (VCUG) 2-3 weeks later. Based on the clinical 
manifestation and laboratory tests, children were divided 
into three groups: febrile UTI, non-febrile UTI and ABU. 
The study was approved by the Local Bioethics Commit-
tee. All parents gave their informed consent.

Statistical methods

Continuous variables were tested for normal distribu-
tion with Lilliefors and Shapiro-Wilk tests. Data were pre-
sented as the mean (± standard deviation) or median (inter-
quartile range). Parametric (Student’s t-test, ANOVA test) 
or non-parametric (Mann-Whitney U test, Kruskal-Wallis 
test) statistical analyses were used to compare continuous 
variables between groups. Categorical data were present-
ed as absolute value and percentage. The chi-square test 
was used for the comparison of categorical variables. Cor-
relations between variables were evaluated by Spearman 
rank coefficient. The receiver operating curves (ROCs) 
were determined and areas under the curves (AUCs) were 
calculated, including 95% confidence intervals (CIs), to 
determine the optimal cutoff values of cytokines to detect 
inflammatory changes in the DMSA scan. The sensitivi-
ty, specificity, and positive and negative predictive value 
(PPV and NPV, respectively) of cytokines were calculated. 
For all tests statistically significant p values were < 0.05. 
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Statistical analysis was performed using the package Sta-
tistica ver. 10.0.

Results
A total of 35 children included 19 (54%) boys and 16 

(46%) girls, mean age 6.14 ±347 months. Febrile UTI 
was diagnosed in 13 (37%) children, non-febrile UTI in 
13 (37%), ABU in 9 (26%). Indications for urinalysis and 
urine culture in children with ABU included: failure to 
thrive (1), prolonged jaundice (1), abnormalities in urinary 
tract (2), and routine urine tests in 5 children. Escherichia 
coli was isolated in 33 (94%) children, Proteus mirabilis 
in 1 (3%) and Pseudomonas aeruginosa in 1 (3%) child. 

Comparison of clinical, laboratory and imaging results 
between children with febrile UTI, non-febrile UTI and 
ABU is presented in Table 1. Children with febrile and 
non-febrile UTI were significantly older than children with 
ABU. The number of girls with febrile UTI was signifi-

cantly higher compared to the non-febrile UTI and ABU 
group. Urine IL-6 and TGF-b1 were detected significant-
ly more frequently in children with febrile UTI than in 
ABU, and urine IL-8 in children with febrile UTI than in 
non-febrile UTI and ABU. Urine levels of IL-6 and IL-8 
were significantly higher in the group with febrile UTI 
compared to those with non-febrile UTI and ABU, and 
urine levels of TGF-b1 in the group with febrile UTI com-
pared to those with ABU. Value of CRP, ESR and WBC 
were normal in children with ABU and significantly high-
er in children with febrile UTI compared to children with 
non-febrile UTI and ABU. 

Correlations between urine IL-6, IL-8, TGF-b1 and 
systemic inflammatory markers are presented in Table 2. 
Positive predictive correlations were found between IL-6 
and IL-8, and between IL-8 and TGF-b1. Urine IL-6 and 
IL-8 were positively correlated with CRP, ESR and WBC; 
TGF-b1 was correlated only with WBC. Based on VCUG 
congenital abnormalities in kidney and urinary tract  

Table 1. Comparison of clinical, laboratory and imaging findings between children with febrile urinary tract infection 
(UTI), non-febrile UTI and asymptomatic bacteriuria (ABU)

Variable Group p

Febrile UTI
I

n = 13

Non-febrile UTI
II

n = 13

ABU
III

n = 9

I vs. II I vs. III II vs. III

Age (months);  
mean ± SD 8.23 ±3.44 6.15 ±2.97 3.11 ±1.69 NS < 0.01 < 0.05

Gender, n (%)
Boys/girls 

3/10
(23/77)

8/5
(62/38)

8/1
89/11) < 0.05 < 0.01 NS

↑ IL-6, n (%) 11 (85) 7 (54) 3 (33) NS < 0.01 NS

↑ IL-8, n (%) 11 (85) 5 (38) 2 (22) < 0.01 < 0.01 NS

↑ TGF-b1, n (%) 10 (77) 5 (38) 2 (22) NS < 0.05 NS

IL-6 (pg/mg)* 17.78
(6.17; 48.74)

1.59
(0.00; 4.93)

0.00
(0.0; 0.91)

< 0.05 < 0.01 NS

IL-8 (pg/mg)* 132.58
(64.41; 1177.97)

0.00
(0.0; 81.32)

0.00
(0.0; 0.0)

< 0.05 < 0.01 NS

TGF-b1 (pg/mg)* 35.51
(2.29; 89.32)

0.00
(0.0; 67.66)

0.00
(0.0; 0.0)

NS < 0.05 NS

CRP (mg/dl)* 7.46 
(2.67; 20.2)

0.01 
(0.01; 0.01)

0.01 
(0.01; 0.22)

< 0.001 < 0.01 NS

ESR (mm/hour)* 70.00
(53.0; 90.0)

10.00
(4.0; 20.5)

7.00
(3.0; 10.0)

< 0.001 < 0.001 NS

WBC (mm3);  
mean ± SD 19.75 ±4.64 15.22 ±4.55 12.28 ±228 < 0.01 < 0.001 NS

CAKUT, n (%) 
(±) 

5/8
(38/62)

3/10
(23/77)

2/7
(22/78) NS NS NS

DMSA, n = 18 (%) 
(±) 

7/1
(87.5/12.5)

5/5
(50/50) – NS – –

↑– detected in urine; *median (interquartile ranges); IL-6 – interleukin-6; IL-8 – interleukin 8; TGF-b1 – transforming growth factor b1; CRP – C-reactive protein, 
ESR – erythrocyte sedimentation rate, WBC – white blood cell count; CAKUT (±) – congenital anomaly of kidney and urinary tract present/absent; DMSA (±) – 
99mTc-dimercaptosuccinic acid scan abnormal/normal
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(CAKUT) were diagnosed in 10 (28.6%) children: in  
5 with febrile UTI (4 – VUR grade 2, 1 – duplex kidney), in 
3 with non-febrile UTI (3 – VUR grade 2) and 2 with ABU 
(1 – VUR grade 2, 1 – ectopic kidney) (Table 1). There was 
no significant difference in frequency of CAKUT in the 
groups of patients. DMSA scan was performed in 18 (69%) 
children with UTI. Inflammatory changes in kidneys were 
found in 12 (66.6%) children. There were no significant 
differences in frequency of inflammatory changes in kid-
neys in children with febrile UTI compared to children with 
non-febrile UTI. Similarly, no significant differences in cy-
tokine levels and value of systemic inflammatory markers 
were found in children with CAKUT compared to those 
without CAKUT and in children with an abnormal DMSA 

Table 2. Correlations between urine IL-6, IL-8, TGF-b1 and systemic inflammatory markers 

Variable Interleukin-6 Interleukin-8 TGF-b1

r p r p r p

IL-6 – – 0.57  < 0.001 0.29 NS

IL-8 0.57 < 0.001 – – 0.39 < 0.05

TGF-b1 0.29 NS 0.39 < 0.05 – –

CRP 0.58 < 0.001 0.58 < 0.01 0.24 NS

ESR 0.60  < 0.01 0.47 < 0.01 0.29 NS

WBC 0.55 < 0.001 0.46 < 0.01 0.48 < 0.01

IL-6 – interleukin-6, IL-8 – interleukin-8, TGF-b1 – transforming growth factor b1, CRP – C-reactive protein, ESR – erythrocyte sedimentation rate, WBC – white 
blood cell count 

Table 3. Area under the curve (AUC) for urine IL-6, IL-8 
and TGF-b1 and systemic inflammatory markers to detect 
presence of inflammatory changes in DMSA scan

Variable AUC Z test p

IL-6 0.56 (95% CI: 0.27-0.84) 0.38 NS

IL-8 0.74 (95% CI: 0.52-0.97) 2.12 < 0.05

TGF-β1 0.76 (95% CI: 0.56-0.97) 2.55 < 0.01

CRP 0.64 (95% CI: 0.32-0.96) 0.85 NS

ESR 0.62 (95% CI: 0.32-0.92) 0.76 NS

WBC 0.58 (95% CI: 0.29-0.86) 0.52 NS

IL-6 – interleukin-6, IL-8 – interleukin 8, TGF-b1 – transforming growth factor 
b1, CRP – C-reactive protein, ESR – erythrocyte sedimentation rate, WBC – white 
blood cell count

Fig. 1. Receiver operating curves (ROC) to detect presence of inflammatory changes in DMSA scan. A) ROC curve for 
urinary interleukin-8; B) ROC curve for urinary transforming growth factor b1
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scan compared to those with normal DMSA. Comparison 
of urine cytokine and systemic inflammatory markers to 
detect CAKUT and inflammatory changes in the DMSA 
scan reveled only a positive relation of CRP to CAKUT 
(U = 38.0, p < 0.05). No other relations were documented.

 Area under the curve (AUC) calculated with the ROC 
method for urine IL-6, IL-8, TGF-b1 and systemic inflam-
matory markers to detect inflammatory changes in the 
DMSA scan is shown in Table 3. Area under the curve 
was significantly different for IL-8 and TGF-b1 (Fig. 1).  
The cutoff value of urine IL-8 and TGF-b1 to detect in-
flammatory changes in the DMSA scan was found to be 
120 pg/mg for IL-8 and 40 pg/mg for TGF-b1. Based on 
this value, the sensitivity for IL-8 was 58.3%, specificity 
100.0%, PPV 100.0% and NPV 54.5%; for TGF-b1 the 
values were 66.7%, 83.7%, 88.9% and 55.6%, respectively. 

Discussion
Clinical symptoms of UTI depend on the local and 

systemic host response to the presence of bacteria in the 
urinary tract. Release of high concentrations of serum and/
or urine pro-inflammatory cytokines induces a systemic re-
sponse such as fever and increased inflammatory markers 
or a local response such as proteinuria, pyuria and erythro-
cyturia. In lower UTI, cytokines are released mainly to the 
urine, and therefore most patients have a normal tempera-
ture and systemic inflammatory markers [9]. Patients who 
are higher cytokine responders also have higher risk for 
APN. Patients who are lower cytokine responders often do 
not have symptoms of UTI and remain symptomless even 
if they have bacteria in the urinary tract [23]. Ragnarsdóttir 
et al. and Yun et al. found that the host’s response to the 
presence of bacteria in the urinary tract can be genetically 
dependent. The polymorphism of the genes encoding the 
cytokines involved in UTI may influence the type of the 
host response [6, 26].

In the present study, the pro-inflammatory urine IL-6 
was detected significantly more frequently in children with 
febrile UTI than in ABU, and urine IL-8 significantly more 
frequently in children with febrile UTI than in non-febrile 
UTI and ABU. The cytokine responses were significantly 
higher in children with febrile UTI compared to children 
with non-febrile UTI and ABU. No significant differences 
in cytokine levels were documented between children with 
non-febrile UTI and ABU. Our findings are in agreement 
with the results of Benson et al., who evaluated 61 chil-
dren with febrile UTI and 39 with ABU. In the Benson 
study, serum IL-6, urine IL-6 and IL-8 were detected sig-
nificantly more frequently and were significantly higher 
in children with febrile UTI than in those with ABU [23]. 
In both studies, systemic inflammatory marker respons-
es were significantly higher in children with febrile UTI 
compared to children with ABU and were positively cor-
related with cytokine levels. These results confirmed that 

bacterial infection may cause a local and generalized re-
sponse in children with UTI and that IL-6 and IL-8 play 
a crucial role for the inflammatory process in the urinary 
tract. In patients with ABU presence of bacteria in urine 
does not provoke an inflammatory response with no clin-
ical signs. Both studies showed significant dominance of 
younger children and boys in the ABU group compared to 
the febrile UTI group. Probably ABU was associated with 
colonization of bacteria under the foreskin. 

Fever and increased inflammatory markers are not reli-
able indicators of APN in infants with UTI. About 43-51% 
of infants with febrile UTI have a normal DMSA scan, 
when performed in the acute phase of UTI [18, 27]. In 
children with APN systemic inflammatory markers are 
usually higher than in children with lower UTI [7, 9, 21]. 
However, the differences are not always statistically signif-
icant [28]. Shaikh et al. in a meta-analysis of 24 publica-
tions assessed the usefulness of procalcitonin (PCT), CRP 
and ESR in differential diagnosis of APN and lower UTI. 
Low CRP value (< 2.0 mg/dl) was associated with low 
inflammatory changes in the DMSA scan (risk < 20%).  
The value of ESR was not useful in the differential diag-
nosis of APN and lower UTI. The small number of studies 
with PCT did not allow reliable conclusions to be drawn 
[29]. In the previous study, we found significantly higher 
values of CRP and ESR in patients with changes in the 
DMSA scan, when compared to those with normal scintig-
raphy [30]. In the present study, we did not find a correla-
tion between cytokines and DMSA scans. 

In several studies, the usefulness of serum and urine 
IL-6 and IL-8 was assessed to detect inflammatory changes 
in the kidneys. Sheu et al. reported that serum and urine 
levels of IL-6 and IL-8 increased significantly more in 
APN than in lower UTI. The investigators found a signif-
icant, positive correlation between APN, cytokine levels 
and systemic inflammatory markers. Sensitivity of cyto-
kines in diagnosis of renal parenchymal changes was lower 
than CRP, and specificity was similar to CRP [9]. In other 
studies, Spasojević et al. and Gürgöze et al. reveled sig-
nificantly higher serum IL-6 levels in APN than in lower 
UTI [7, 28]. Gürgöze et al. did not confirm a correlation 
between APN and IL-6, which had lower sensitivity and 
higher sensitivity compared to CRP in diagnosis of APN. 
Rolidies et al. noted significantly increased IL-6 and 
IL-8 levels in urine, but not in serum, in neonates with 
APN. Only urine IL-6 was positively correlated with in-
flammatory changes in the DMSA scan [31]. In the study 
by Rodrigez et al. serum and urine IL-6 levels increased 
significantly more in APN than in lower UTI. Urine IL-6 
showed lower sensitivity, but higher specificity in diag-
nosis of APN compared to serum IL-6 and CRP [32]. By 
contrast, Mahyar et al. found no difference in serum IL-6 
and IL-8 between children with febrile and non-febrile 
UTI, and no correlations between APN and cytokine lev-
els. Sensitivity and specificity of cytokines in diagnosis 



Central European Journal of Immunology 2016; 41(3)

Urine interleukin-6, interleukin-8 and transforming growth factor β1 in infants with urinary tract infection...

265

of APN were much lower than CRP [21]. Similarly to our 
previous study, urine IL-6 and IL-8 were not related to in-
flammatory changes in the DMSA scan [30]. In the present 
study the cutoff for IL-8 was 120 pg/mg and the sensitivity 
for detection of renal inflammatory changes in the DMSA 
scan was 58.3%, and specificity was 100%. 

Anti-inflammatory cytokine down-regulates the pro-in-
flammatory cytokine response and limits the inflammato-
ry process [14]. In the current study, urine TGF-b1 was 
detected significantly more frequently and was signifi-
cantly higher in children with febrile UTI compared to 
those with ABU. No other differences were documented 
between groups. However, we found a positive correlation 
between TGF-b1 and IL-8 and between TGF-b1 and CRP. 
There was no correlation between TGF-b1 and IL-6. Urine 
TGF-b1 was not related to inflammatory changes in the 
DMSA scan. The cutoff of TGF-b1 for detection of APN 
in scintigraphy was 40 pg/mg, and sensitivity and specific-
ity were 66.7% and 83.7%, respectively. 

In the study by Farmaki et al. urine TGF-b1 was de-
tected in about 50% of children with UTI and was unde-
tected in healthy controls. It was detected more frequently 
and at significantly higher levels in children with normal 
DMSA compared to those with abnormal DMSA. Farmaki 
et al. postulated that the main function of TGF-b1 in APN 
is prevention of inflammation. Higher levels of TGF-b1 in 
children with a normal DMSA scan may limit inflamma-
tion [14]. By contrast, in the study by Galanakis et al. se-
rum and urine TGF-b1 were detected in children with APN 
and non-renal fever and urine TGF-b1 levels were lower in 
infants with APN than in controls. It suggested a complex 
role of TGF-b1 in the acute phase of infection [22].

The vesicoureteral reflux (VUR) is detected more 
frequently in children with APN than lower UTI [9, 28]. 
However, the association between VUR and levels of 
cytokines in the acute phase of UTI is still controversial. 
Benson et al. reported that serum IL-6 level, but not IL-8, 
was significantly higher in children with VUR ≥ grade III, 
when compared to children without VUR or with  
VUR ≤ grade II [23]. Other investigators did not find an 
association between VUR and levels of IL-6 and IL-8 in 
serum and urine in the acute phase of UTI [28, 33-35]. 
In our previous study, we found a significantly higher 
urine IL-6 level in children with VUR compared to chil-
dren without VUR [30]. In the current study there was no 
difference between levels of cytokines in children with or 
without VUR.

The concentration of cytokines in acute UTI depends 
on the severity of inflammation, virulence of bacteria, time 
of diagnosis, and day of treatment. Bacteria associated 
with UTI are usually strains with fimbriae, adhesins, sid-
erophores, and capsules, that facilitate colonization of the 
urinary tract and lead to infection [26]. However, in most 
patients with ABU, bacteria usually have low virulence. 
Benson et al. reported higher levels of IL-6 and IL-8 in 

urine in children with UTI caused by fimbriated E. coli 
compared to children with UTI caused by non-fimbriated 
E. coli, and fimbriated E. coli were detected only in a few 
patients with ABU (23). Diagnosis of UTI after a few days 
of fever is responsible for severe inflammation and high 
levels of cytokines in serum and urine. An appropriate 
treatment of UTI causes a reduction in the inflammatory 
process and a decrease in the levels of cytokines. Several 
studies have shown that after 48-72 hours of treatment, 
levels of pro-inflammatory cytokines were decreased [36-
38]. Anti-inflammatory cytokines are also produced for 
a short time at the acute time of infection and decrease 
after treatment. Farmaki et al. found that the urine TGF-b1 
level obtained in the first 12 hours of treatment is approx-
imately two times higher than that obtained between 12 
and 24 h after initiation of treatment. In Farmaki’s opinion, 
TGF-b1 can play an important role in regression of inflam-
matory changes and repairing parenchyma in the very early 
phase of UTI [14]. Mohkam et al. and Gorczyca et al. did 
not confirm a rapid decrease of the cytokine levels in chil-
dren with UTI [35, 39]. In our patients, samples of urine 
were obtained in the first 48 hours from admission, and 
in some patients also after initiation of treatment. It may 
have influenced the levels of cytokines. Tramma turned 
his attention to the method of cytokine measurement in 
various studies [40]. Some investigators indicated that age 
and gender of a child may influence the cytokine levels. 
Benson et al. found that urine IL-6 and IL-8 responses 
were higher in girls than in boys and urine IL-6 increased 
significantly with age [23]. However, other researchers did 
not report differences between serum and urine IL-6 and 
urine IL-8 and TGF-b1 levels in relation to age and gender 
[22, 33, 37, 38].

Delayed diagnosis of APN may increase inflammatory 
changes in the renal parenchyma. Doganis et al. found in-
flammatory changes in the DMSA scan in 41% of infants 
with febrile UTI treated on the first day of fever and in 
75% of children treated after 4 days of fever or later [18]. 
In 25-51% of infants with APN renal scars are detected in 
the DMSA scan [18, 27, 41]. Importantly, clinical symp-
toms of UTI are not accurate predictors of development of 
renal scars in the future. Similarly, in many studies, con-
centrations of serum IL-6, urine IL-6 and IL-8 in children 
with UTI did not correlate with renal scars in the acute 
phase of infection [28, 33, 38, 41]. 

Conclusions
The present study revealed that pro- and anti-inflam-

matory cytokines play a crucial role in the acute phase of 
UTI. We found significant differences in children with 
febrile UTI and ABU regarding urine IL-6, IL-8, and 
TGF-b1 levels and the value of systemic inflammato-
ry markers, as well as significant differences in children 
with febrile and non-febrile UTI, regarding IL-6, IL-8 and 
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serum inflammatory markers. Inflammatory changes in 
the DMSA scan were revealed in 66.6% of children with 
UTI. No significant differences in frequency of abnormal 
DMSA scan were found in the group with febrile and 
non-febrile UTI. No associations between urine cytokines, 
systemic inflammatory markers and changes in the DMSA 
scan were documented. A limitation of our study was the 
small number patients in groups, which allowed the cutoff 
for detection of inflammatory changes in the DMSA scan 
to be designated only for IL-8 and TGF-b1. Sensitivity for 
cytokines in APN was low, but specificity was high. Urine 
and systemic inflammatory markers do not differentiate 
between upper and lower UTI in infants.

The authors declare no conflict of interest.
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