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Usefulness of Serum Procalcitonin Level for Prediction of 
Vesicoureteral Reflux in Pediatric Urinary Tract Infection

Fakhrossadat Mortazavi,1 Morteza Ghojazadeh2

Introduction. Procalcitonin is a sensitive biomarker for bacterial 
infections. Recent studies show a correlation between serum 
procalcitonin level and vesicoureteral reflux (VUR). The aim of 
this study was to evaluate the predictive value of procalcitonin in 
diagnosis of VUR in children with febrile urinary tract infection. 
Material and Methods. One hundred and eight children aged 2 
month to 12 years with febrile urinary tract infection were evaluated. 
Serum procalcitonin was measured before initiation of antibiotics. 
Standard voiding cystourethrography (VCUG) was performed in 
all children as the gold standard for detection of VUR. Sensitivity 
and specificity of a high procalcitonin level was evaluated using 
the receiver operating characteristic curve. 
Results. Forty-eight patients (44%) had VUR at least in one 
kidney, including  grade 1 to 2 in 12 patients (11.1%), grade 3 in 
16 (14.8%), and grade 4 to 5 in 20 patients (18.5%). Procalcitonin 
level ranged from 0.05 ng/mL to 13.6 ng/mL. Procalcitonin level 
was significantly higher with increasing the grading of reflux. 
Comparing procalcitonin levels with VCUG results, a sensitivity 
of 97% and a specificity of 75% was obtained at a procalcitonin 
level of 0.59 ng/mL for diagnosis of VUR. There was a significant 
correlation between procalcitonin level and leukocytosis, erythrocyte 
sedimentation rate, and C-reactive protein. 
Conclusions. A high procalcitonin level may be used for prediction 
of all grades of VUR in children with febrile urinary tract infection. 
A low procalcitonin level may be used for avoidance of unnecessary 
VCUG in some low-risk patients.
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INTRODUCTION
Urinary tract infection (UTI) is the most common 

bacterial infection in young febrile children.1 Urinary 
tract infection occurs in 1% to 3% of girls and 1% 
of boys in the first 5 years of life.2 About 50% 
of children with a febrile UTI show renal tissue 
involvement on dimercaptosuccinic acid scan, and 
approximately 50% of them will develop permanent 
renal scar.2,3 Scarred kidney may result in renin-
mediated hypertension, failure to thrive, chronic 
kidney disease, morbidity during pregnancy, and 

end-stage renal failure.1-4 
Regarding the significant complications of UTI, it 

is very important to detect the predisposing factors 
of UTI. Vesicoureteral reflux (VUR) is one of the 
well-known risk factors that predispose children 
to upper UTI and scar formation. Vesicoureteral 
reflux is diagnosed in approximately 30% of 
children with UTI.5 Voiding cystourethrography 
(VCUG), either as a standard contrast VCUG or 
radionuclide cystography, is the gold standard 
method for diagnosis of VUR.2-6 However, VCUG 
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in children needs bladder catheterization that 
is painful and may result in iatrogenic UTI. In 
addition, VCUG procedure is expensive and 
irradiating for gonads.5,7,8 Bladder catheterization 
is also considered as a psychiatric trauma for 
children. Thus, other modalities such as voiding 
ultrasonography have been used for diagnosis of 
VUR.9 The advantage of voiding ultrasonography 
is significant reduction in radiation exposure. 
However, this modality has its own limitations 
and is less sensitive.7 

Recently, procalcitonin has been proposed as a 
novel biomarker for prediction of VUR. Procalcitonin 
is a propeptide of calcitonin without hormonal 
activity.1 Multiple studies performed in recent 
years show that serum procalcitonin is a sensitive 
biomarker for differentiation of upper UTI from 
noncomplicated lower UTI, and its level increases 
when renal tissue inflammation is present.10-17 
Since VUR is the most important risk factor for 
occurrence of pyelonephritis and renal tissue 
inflammation, serum procalcitonin level may have 
a relationship with VUR. However, there are few 
data about the relationship between procalcitonin 
level and VUR in the literature. We evaluated the 
predictive value of serum procalcitonin level in 
the diagnosis of VUR in children admitted with 
their first febrile UTI. 

MATERIALS AND METHODS
In this cross-sectional study, all children at the 

age of 2 months to 12 years admitted to Children’s 
Hospital of Tabriz, Iran, from October 2006 to 
October 2011, with their first febrile UTI episode 
were studied. The Research Ethics Committee of 
Tabriz University of Medical Sciences approved 
the study and informed consent was taken from 
the parents. Diagnosis of UTI was based on the 
presence of fever (temperature > 38°C) and urinary 
symptoms accompanied with pyuria and positive 
urine culture. Pyuria was defined as the presence 
of more than 7 leukocytes in high-power field of 
centrifuged urine. A positive urine culture was 
defined as more than 105 colony forming units 
of a single organism per milliliter in midstream 
urine sampling, greater than 104 colony forming 
units  per milliliter of a single organism in urine 
samples obtained through bladder catheterization 
or any microorganism culture in samples obtained 
by suprapubic sampling. 

On admission, all of the patients underwent 
clinical and laboratory investigations, including 
complete blood count, erythrocyte sedimentation 
rate  (ESR) ,  C-react ive  prote in  (CRP) ,  and 
ultrasonography of the urinary tract. Qualitative 
latex agglutinat ion test  was used for  CRP 
evaluation. Serum procalcitonin was measured using 
immunoluminometric assay (318101-procalcitonin, 
Liaison, Diasorin, Saluggia, Italy) before antibiotic 
initiation. Standard contrast VCUG was performed 
in all patients after the urine culture became 
negative and before discharging the patient from 
the hospital. Results of VCUG were evaluated 
by a specialist who was blinded to procalcitonin 
levels. Grading of reflux was interpreted by using 
the International Reflux Classification.2 Grade 1 to 
2 VUR was defined as mild, grade 3 as moderate, 
and grade 4 to 5 as severe VUR. Dimercaptosuccinic 
acid renal scintigraphy was performed within the 
first 5 days of admission. 

Patients with obstructive malformations and 
renal calculi and patients who were taking steroids 
and nonsteroid anti-inflammatory drugs during 
the 2 weeks before admission were excluded. 
Also, patients with insufficient data and patients 
suspected to have another infection besides UTI 
were not included. All demographic, clinical, and 
laboratory findings were collected. 

Variable values were demonstrated as mean 
± standard deviation or median (minimum to 
maximum) or absolute count (%).Correlation 
between procalcitonin level with leukocytosis and 
ESR was assessed with the Pearson correlation 
coefficient test. The statistical differences between 
qualitative variables were evaluated by the chi-
square test or the Fisher exact probability test. 
The t test was used for comparison of quantitative 
variables. For comparison of leucocyte count 
and ESR in patients with and without reflux, 
the Mann-Whitney U test was used. A receiver 
operating characteristic (ROC) curve was obtained 
by plotting sensitivity against the false-positive 
rate (1-specificity) for all possible cutoff points 
of the serum procalcitonin level. The area under 
the ROC curve was reported as an index of the 
discriminating ability of the instruments. The 
SPSS software (Statistical Package for the Social 
Sciences, version 19.0, SPSS Inc, Chicago, Ill, USA) 
was used to determine the area under the curve. 
A P value less than .05 was considered significant.
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RESULTS
A total of 123 patients with their first febrile 

UTI were included in the study, of whom 15 
patients were excluded because of incomplete data. 
Demographic and clinical characteristics of the 
patients are shown in Table 1. Forty-eight patients 
(44%) had VUR at least in one kidney, including 
grade 1 to 2 in 12 patients (11.1%), grade 3 in 16 
patients (14.8%), and grade 4 to 5 in 20 patients 
(18.5%). 

Procalcitonin level ranged between 0.05 ng/
mL and 13.6 ng/mL. Its level was significantly 
higher with increasing the grading of reflux (P 
< .001; Table 2). Considering VCUG results as 
negative or positive, the ROC curve showed a 
sensitivity of 97% (95% confidence interval, 92% 
to 99%) and a specificity of 75% at a procalcitonin 
level of 0.59 ng/mL (Figure). A direct significant 
correlation was observed between procalcitonin 
level and leukocytosis (r = 0.81, P < .001) and ESR 
(r = 0.62, P < .001). The mean procalcitonin level 

in patients with a positive CRP (4.02 ± 0.43 ng/
mL) was significantly higher than its mean level 
in patients with a negative CRP (0.85 ± 0.27 ng/
mL; P < .001). The frequencies of a positive CRP, 
hydronephrosis, and leucocyte count, as well as 
ESR level were significantly higher in patients 
with VUR than patients without VUR (Table 3). 

DISCUSSION
Our study showed that a procalcitonin level 

of 0.59 ng/mL had a sensitivity of 97% and a 
specificity of 75% in diagnosis of all grades of 
VUR and serum level of procalcitonin increased 
significantly with increasing the grading of 

The receiver operating characteristic curve of serum 
procalcitonin level to predict the vesicoureteral reflux.

Reflux Severity Median Procalcitonin Level, ng/mL Mean Procalcitonin Level, ng/mL
No reflux 0.30 (0.50 to 6.80) 0.68 ± 1.24
Mild reflux (grade 1 to 2) 2.70 (0.57 to 6.60) 2.97 ± 1.78
Moderate reflux (grade 3) 5.59 (1.50 to 13.60) 6.69 ± 3.41
Severe reflux (grade 4 to 5) 5.00 (1.80 to 12.60) 6.36 ± 3.29

Table 2. Serum Procalcitonin Level by Grading of Vesicoureteral Reflux

Parameter Reflux No Reflux P
Positive C-reactive protein 40 (83.3) 29 (48.3) < .001
Hydronephrosis 26 (54.0) 8 (13.3) < .001
Median erythrocyte sedimentation rate, mm/h 44.50 (3 to 120) 20 (3 to 120) .02
Median Leucocyte count, × 109/L 18.33 (4.35 to 30.64) 9.77 (6.36 to 35.00) < .001

Table 3. Comparisons Between Children With and Without Vesicoureteral Reflux*

*Values in parentheses are percentages for frequencies and range minimum and maximum for continuous values.

Characteristic Value
Mean age, mo 29.9 ± 23.3 (2 to 78)
Sex

Male 12 (11.0)
Female 96 (89.0)

Hydronephrosis in at least one kidney 34 (31.5)
Reduced parenchymal uptake in 

DMSA scan
49 (45.4)

Vesicoureteral reflux in at least one 
kidney

48 (44.0)

Table 1. Demographic and Clinical Characteristics of Children 
With Febrile Urinary Tract Infection*

*Values in parentheses are percentages, except for mean 
age, which is range minimum and maximum. DMSA indicates 
dimercaptosuccinic acid.
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reflux. Also, we observed a significant correlation 
between procalcitonin level and leukocytosis, 
ESR, and CRP level. Ipek and coworkers studied 
66 children with their first febrile UTI to evaluate 
the relationship between procalcitonin and VUR. 
They found a sensitivity of 66.7% and a specificity 
of 77.1% with a procalcitonin level greater than 
0.56 ng/mL for diagnosis of VUR.18 Leroy and 
colleagues demonstrated a significant relationship 
between both all-grade and high-grade VUR and 
a procalcitonin level of 0.5 ng/mL and higher, 
with a sensitivity of 85% for all-grade and 92% 
for high-grade VUR.7 Findings of our study are 
in accordance with results of studies performed 
by these authors. 

It may be supposed that procalcitonin only 
reflects the renal parenchymal damage during 
a UTI and since VUR is the major risk factor 
of renal parenchymal damage, the relationship 
between procalcitonin and VUR is an indirect 
relationship. However, a meta-analysis study 
performed by Leroy and colleagues demonstrated 
that procalcitonin levels higher than 0.5 ng/mL 
were a sensitive predictor of high-grade VUR 
(≥ grade 3), regardless of the presence of early 
parenchymal involvement.5

Procalcitonin is secreted by C cells of the thyroid 
gland. Its serum level is negligible in healthy 
individuals (less than 0.1 ng/mL). Procalcitonin 
level increases up to 1700 fold in response to 
bacterial endotoxins.1,17,19 It is believed that a 
severe bacterial infection induces the CALCI 
gene expression that results in rapid release of 
procalcitonin by liver and the monocyte-macrophage 
system.1,19 For the first time in 1993, Assicot 
and coworkers described that the concentration 
of a substance immunologically identical to 
procalcitonin increased during sepsis and bacterial 
infection, and its level correlated with severity 
of tissue inflammation and bacterial invasion.20 
The significant correlation between procalcitonin 
level and leukocytosis, ESR, and CRP level that 
was found in the present study is compatible with 
results of their study. After Assicot and colleagues 
report, some studies published during last 10 years 
suggesting that a high procalcitonin level during 
UTI is associated with VUR.11 It is believed that 
VCUG, which is routinely performed for diagnosis 
of VUR after a febrile UTI, is negative in 60% to 
70% of cases.5 Hence, regarding the high frequency 

of UTI, many children undergo unnecessary VCUG 
that is an unpleasant and problematic procedure. 
Leroy and colleagues showed that measurement of 
serum procalcitonin level during the first days of 
a febrile UTI might be used to reduce the number 
of unnecessary VCUG in children.21 Results of our 
study, in accordance with some recent studies, 
suggest that high procalcitonin levels could be 
used for detection of high-risk patients who need 
to undergo VCUG, and a low procalcitonin level 
could be used for avoidance of unnecessary VCUG 
in low-risk patients.

CONCLUSIONS
This study showed that procalcitonin with a 

cutoff value of 0.59 ng/mL has high sensitivity 
and specificity for prediction of VUR in children 
with febrile UTI. However, other studies are 
needed for defining an accurate cutoff value for 
procalcitonin level in children with febrile UTI to 
differentiate patients who are at risk of VUR from 
low-risk patients.
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