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ABSTRACT
INTRODUCTION: Distinguishing upper from lower urinary tract infections (UTI) has important clinical implications
in children, especially in those younger than 2 years of age. The objective of this study was to test differences
between upper and lower UTIs by using serum and urine biomarkers.
METHODS: Participants were 83 patients with UTI based on suggestive clinical symptoms and at least 1 positive
urine culture. All had renal scintigraphy. Children with known concomitant diseases, any type of renal disorder, or
a previous diagnosis of vesicoureteral reflux were excluded. Before the initiation of antibiotic treatment, blood
was sampled for white blood cell (WBC) count, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR),
and procalcitonin (PCT). Urinary interleukin-6 (uIL-6) and macrophage migration inhibitory factor (MIF) were also
measured. Data were analyzed using the Mann-Whitney or t test. Sensitivity and specificity were calculated for
some variables in isolation and in combination.
RESULTS: There were 61 girls and 22 boys with mean (SD) age of 8.7 (3.4) months and 7.8 (4.5) months, respectively;
49 patients had acute pyelonephritis (APN) and 34 had lower UTI. The mean WBC counts were significantly higher
in the group with APN than in the group with lower UTI (P < .01), as were CRP and ESR levels (P < .001). Significantly
higher serum PCT, urinary IL-6, and MIF levels were detected in patients with APN when compared with patients
with lower UTI (all with P < .001). For the prediction of APN, sensitivity and specificity levels were 95.9% and 88.2%
for CRP, 87.8% and 91.2% for PCT, 71.4% and 94.1% for uIL-6, and 93.9% and 97.1% for urinary MIF. The sensitivity
and specificity for CRP combined with other biomarkers were 93.9% and
91.2% (PCT with CRP), 95.9% and 91.2% (uMIF with CRP), and 85.7 % and
94.1% (uIL-6 with CRP), respectively.
CONCLUSION: Some biomarkers, used solely or in combination, help to
differentiate between upper and lower UTI and may make more aggressive
and invasive testing unnecessary in the future.
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INTRODUCTION
Urinary tract infection (UTI) is one of the most common
bacterial infections in children and may involve the upper tract
(acute pyelonephritis) and/or the lower urinary tract (cystitis/
urethritis). The differentiation between upper and lower UTI
has important clinical implications in children, especially in
those younger than 2 years of age. The dimercaptosuccinic
acid (DMSA) scan is currently the gold standard for diagnosing
acute pyelonephritis (APN). A meta-analysis of animal studies
using DMSA to diagnose APN showed an overall sensitivity of
86% and a specificity of 91% [1]. However, DMSA is not readily
available in all centers. It also exposes the patients to radiation
and may not differentiate between old scarring and acute
parenchymal involvement.
Currently, diagnosis of APN is based on clinical manifestations
and determination of acute-phase reactants in blood [2-4].
Defense against mucosal infections relies on chemokines that
recruit inflammatory cells to the mucosa [5]. Proinflammatory
cytokines, particularly interleukin-6 (IL-6) determined in urine
(uIL-6) or serum (sIL-6), have been shown to be useful as
parametric biological indicators of renal involvement in UTI.
Macrophages infiltrate the renal parenchyma during all types
of renal injury, including renal inflammation, and their numbers
correlate with the intensity of inflammation [6,7].
Macrophage migration inhibitory factor (MIF) is a
proinflammatory cytokine that is a potent activator of
macrophages and T cells [8-10]. This factor may play a crucial
role in initiating or maintaining several inflammatory conditions
[11]. Procalcitonin (PCT) and proinflammatory cytokines (TNF-a,
IL-6, and IL-1b) increase as acute-phase reactants during
infections. PCT, a polypeptide identical to a prohormone of
calcitonin, was initially described as a potential marker of
bacterial diseases [12].
The objective of the present study was to differentiate between
APN and lower UTI using different serum and urine biomarkers.

[13]. Exclusion criteria included children with: (1) known
concomitant diseases (eg, allergies, rheumatological illnesses,
neoplasms), (2) any type of renal disorder of immunological,
malformative or inflammatory origin, or (3) a previous diagnosis
of vesicoureteral reflux.
Lower UTI was defined as UTI without involvement of the renal
parenchyma and with normal renal scintigraphy [14]. APN
was defined as UTI with involvement of the renal parenchyma
that was suspected through clinical symptoms (eg, high
temperature, lumbar pain) and confirmed by the presence of
specific abnormalities on renal DMSA scan [14,15]. APN was
diagnosed using DMSA when: (1) the renal contour was normal
or had a protuberance, (2) the renal size was normal or enlarged
without loss of volume, and (3) there was a single or multiple
hypocaptation and/or the percentage of renal captation was
less than 45%.

Procedures
Before the initiation of antibiotic treatment, blood was
sampled for white blood cell (WBC) count, neutrophil count,
C-reactive protein (CRP), and erythrocyte sedimentation rate
(ESR). Clotted blood (4 mL) was centrifuged; the serum was
separated and frozen at -70°C prior to analysis in order to
measure PCT and cytokine levels. PCT was measured in serum
using immunoluminometric methods with kits (BRAHMS PCT
LUMItest; Berlin, Germany).
Urine MIF concentration was quantified using enzymelinked
immunosorbent assay (ELISA) according to the manufacturer’s
instructions (R & D Systems; Minneapolis, MN, USA). UIL-6 (pg/
mL) levels were determined by ELISA using commercial kits and
following the manufacturer’s instructions (Bender MedSystems
Diagnostics/eBioscience; San Diego, CA, USA; BoehringerIngelheim GmbH, Ingelheim am Rein, Germany).

Data Analysis

This prospective study was approved by the King Abdulaziz
University Hospital Ethics Committee. All patients provided
informed consent. The study was conducted from March 2009
through December 2010.

Cutoff levels for a positive response were defined as: CRP > 3.5
mg/dL; PCT > 0.85 ng/mL; uIL6 > 15 pg/mL; and uMIF > 450 pg/
dL. Collected data were presented as mean, standard deviation
(SD), range, and percentages. Data were analyzed using the
Mann-Whitney or t test using SPSS for Windows 11 (IBM Corp;
Somers, NY). Statistical significance was set at P < .05. Sensitivity
and specificity were calculated for some variables in isolation
and in combination.

Participants

RESULTS

A total of 83 patients with UTI were included in our study.
Diagnosis of UTI was based on suggestive clinical symptoms
and at least 1 positive urine culture, as defined previously

The study included 83 patients; there were 61 girls and 22 boys
with mean (SD) age of 8.7 (3.4) months and 7.8 (4.5) months,
respectively. In this study, 49 (59%) patients had APN and 34

METHODS
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Table 1. Biochemical Data From Patients With Acute Pyelonephritis or Lower Urinary
Tract Infection; Probability of Significant Differences (N = 83).
doi: 10.3834/uij.1944-5784.2011.08.05t1

Group
Variable

Acute
Pyelonephristis

Lower Urinary
Tract Infection

P

Mean

SD

Mean

SD

White blood cell count, K/uL

16.5

5.6

8.7

3.4

< .01a

Erythrocyte sedimentation rate, mm/H

51.1

25.3

15.0

6.5

< .001a

C-reactive protein, mg/dL

9.5

3.5

3.1

2.1

< .001a

Procalcitonin, ng/mL

3.5

1.9

0.2

0.85

< .001b

Urine interleukin-6, pg/mL

15.2

10.5

2.5

3.4

< .001b

3155.45

344.43

265.43

85.6

< .001a

Urine migration inhibitory factor, pg/dL
t test
Mann-Whitney test

a

b

(41%) had lower UTI. There was no significant difference in the
mean age of patients with lower UTI and APN. We found that
79% of UTIs were caused by Escherichia coli and the remainder
by other microorganisms (Klebsiella, Proteus, Enterobacter, and
Staphylococcus aureus).
Table 1 contains the biochemical results from patients with APN
and lower UTI. The mean WBC counts were significantly higher
in the group with APN than in the group with lower UTI (P <
.01), as were CRP and ESR levels (P < .001). Significantly higher
serum PCT levels were detected in patients with APN when
compared with patients with lower UTI (P < .001). Urinary IL-6
and MIF levels were also significantly higher in the group with
APN (P < .001).
Table 2 contains the sensitivity and specificity of PCT, IL-6, uIL-6,
and uMIF for patients with APN. For the prediction of APN on
admission, CRP had a sensitivity of 95.9% and a specificity of
88.2%. The sensitivity and specificity of PCT were 87.8% and

91.2%, respectively. Urinary IL-6 had a sensitivity of 71.4% and
a specificity of 94.1%. The sensitivity and specificity of uMIF
were 93.9% and 97.1%, respectively.
Different biomarker combinations with CRP were tried to
study the possible improvement of sensitivity and specificity
in distinguishing between APN and lower UTI. Results are
contained in Table 3. The sensitivity and specificity for
combinations were 93.9% and 91.2% (PCT with CRP), 95.9%
and 91.2% (uMIF with CRP), and 85.7% and 94.1% (uIL-6 with
CRP), respectively.

DISCUSSION
The early diagnosis of APN in children is a challenge in the
absence of specific symptomatology, particularly during
infancy. The early appreciation of abnormal renal tissue using
DMSA, especially in infants and children younger than 5 years,
has already been described [16]. Differentiation of APN from
lower UTI in infants and children is necessary because renal

Table 2. Sensitivity and Specificity of C-reactive Protein, Procalcitonin, Urinary Interleukin-6, and
Urinary Migration Inhibitory Factor for Acute Pyelonephritis.
doi: 10.3834/uij.1944-5784.2011.08.05t2

Cut-Off Values

Sensitivity % Specificity %

Positive
Predictive
Value

Negative
Predictive
Value

C-reactive protein > 3.5 mg/dL

95.9

88.2

92.2

93.8

Procalcitonin > 0.85 ng/mL

87.8

91.2

91.5

83.8

Urine interleukin-6 > 15 pg/mL

71.4

94.1

94.6

61.6

Urine migration inhibitory factor > 450 pg/dL

93.9

97.1

97.9

91.7
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Table 3. Sensitivity and Specificity of Biomarkers Combined With C-reactive Protein to
Distinguish Between Acute Pyelonephritis and Lower Urinary Tract Infection.
doi: 10.3834/uij.1944-5784.2011.08.05t3

Combination

Sensitivity % Specificity %

Positive
Predictive
Value

Negative
Predictive
Value

C-reactive protein + procalcitonin

93.9

91.2

93.9

91.2

C-reactive protein + urine migration
inhibitory factor

95.9

97.1

97.9

94.3

C-reactive protein + urine interleukin-6

85.7

94.1

95.5

82.1

parenchymal involvement can induce scarring that may lead to
arterial hypertension and chronic renal failure. To achieve this
differentiation, we measured proinflammatory cytokines and
PCT levels as well as urinary IL-6 and urinary MIF.
As in all infectious diseases, WBC, ESR, and CRP are expected to
increase as acute-phase reactants during UTI. In our study, there
was a highly significant difference between upper and lower
urinary tract infection regarding those parameters (P < .001).
Our data indicate that serum PCT concentration has high
sensitivity and specificity for the diagnosis of APN and allows
accurate differentiation from children with lower UTI. Our
results are in agreement with a study done by Kotoula
et al [17] in which 27 children were diagnosed as having
renal parenchymal involvement (RPI) based on positive renal
scintigraphy. The authors found that PCT was more sensitive and
specific than ESR or CRP for the diagnosis of upper versus lower
UTI. Moreover, PCT had the highest sensitivity, specificity, and
positive and negative predictive values (89%, 97%, 96%, and
91%, respectively). Furthermore, the results of 2 other previous
studies [18,19] showed that PCT (determined by either an
immunoluminometric quantitative or a rapid semiquantitative
test) was elevated in children with APN and often normal in
children with lower UTI, with a sensitivity of 70.3% to 74% and
a specificity of 82.6% to 85%. These results are consistent with
our findings. The data from these previous studies suggest that
PCT is a reliable marker for detecting RPI in children with APN
[18,19]. Conversely, 2 studies [20,21] showed that PCT is neither
sensitive nor specific for the early diagnosis of upper UTI. This
variation in results may be due to age and sex differences in the
populations studied and/or to the techniques used to diagnose
UTI.
IL-6 is a proinflammatory cytokine; serum levels of IL-6 increase
in response to bacterial infection [7,22]. Serum and urinary
levels of this protein increase during UTI, and its measurement
has been shown to be useful in differentiating between APN
©2011 UroToday International Journal / Vol 4 / Iss 4 / August
doi:10.3834/uij.1944-5784.2011.08.05

and lower UTI [7,23]. Measurement of urinary IL-6 is less
aggressive than determination of serum levels and therefore
more acceptable to patients and health professionals. Our
study confirms the value of using urinary IL-6 to differentiate
between upper and lower UTIs in children. The present study
also provides new information on the value of uIL-6 as a
diagnostic indicator of UTI. Our results show that urinary
concentrations of IL-6 >15 pg/mL indicate APN in children with
suspected clinical manifestations with a specificity of 94.1%
and sensitivity of 71.4%. Therefore, the use of more aggressive
diagnostic tests appears to be unnecessary. This finding is in
agreement with Rodríguez et al [24], who stated that specificity
for uIL-6 (according to the cutoff point established by a receiver
operating characteristic curve) was 94.1% (95% CI: 91.1–97.1).
Moreover,uIL-6 was undetectable when the children became
asymptomatic and finished their antibiotic treatment course,
independent of the UTI site.
Gurgoze et al [25] reported results that are comparable to those
of our study, using serum IL-6 as an indicator for distinguishing
APN from lower UTI. The sensitivity of uIL-6 in the diagnosis
of APN, using the calculated cutoff point, was lower than that
reported for sCRP and sIL-6. This means that determination of
uIL-6 will yield a higher percentage of false negatives among
patients with APN. However, specificity for a value of uIL-6 > 15
pg/mL is much greater than that for sIL-6 and sCRP [25]. Thus,
87 out of 100 UTI patients with uIL-6 >15 pg/mL have APN and
the rest are false positives.
MIF is a proinflammatory cytokine that is a potent activator of
macrophages and T cells [9–11]. This factor may play a crucial
role in initiating or maintaining several inflammatory conditions
[12]. In experimental models, treatment with antibodies to MIF
was able to reverse or prevent colitis and gastric ulcer formation
[26,27].
Our study also confirmed the utility of determining urinary
MIF. Levels > 450 pg/dL achieved a specificity of 97.9% and
http://www.urotodayinternationaljournal.com
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sensitivity of 93.9% in differentiating between upper and
lower UTI in children during the acute phase of the disease. This
is in agreement with Otukesh et al [28], who studied urinary
MIF in 25 children with acute pyelonephritis, 8 children with
acute cystitis, and 40 controls without UTI. He used a cut-off
point of uMIF/Cr > 4.89 pg/μmol to differentiate upper from
lower UTI and found a sensitivity and specificity of 92% and
100%, respectively. A major drawback of this study was the
small number of patients with lower UTI. In another study,
Sevketoglu et al [29] investigated a larger group of children
with acute cystitis (n = 56), acute pyelonephritis (n = 4), and
healthy controls (n = 30). They found that 295 pg/mL for uMIF
can be used to predict UTI in children. However, they were
unable to determine a cut-off point to differentiate between
upper and lower UTI because of the limited number of patients
with APN.
Combining some biomarkers with CRP appears to increase
sensitivity and specificity. When we combined CRP with PCT,
uIL6, and uMIF, the sensitivity and specificity of CRP with uMIF
was 95.9% and 97.1%, respectively. These results were greater
than any other parameter combined with CRP.

CONCLUSION
Some biomarkers, used solely or in combination, help to
differentiate between upper and lower UTI and may make more
aggressive testing unnecessary in the future. Larger caliber
prospective studies will be needed to confirm this finding.
Conflict of Interest: none declared.
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