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ABSTRACT 
 

Background: Children with vesicoureteral reflux (VUR) are posed to the danger of recurrent 
pyelonephritis, kidney scar and renal failure. Nowadays, the evaluation of VUR is carried out using 
different imaging methods that are accompanied with different limitations. Pediatricians usually 
look for other evaluation methods that are feasible, easy to implement and carries the least amount 
of danger to the patient.   
Objectives: The aim of this study was to investigate the level of serum Procalcitonin (PCT) as a 
predictor of VUR instead of the voiding cystourethrogram (VCUG). 
Methods: This case-control study was conducted from 2013 to 2014. One hundred and ten 
children younger than five years old were divided into two groups: (i) the case group with 76 
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children diagnosed with urinary tract infection (UTI) using urine culture test, and (ii) the control 
group with 34 healthy children. Serum levels of PCT were measured by a commercial kit. 
Demographic data were collected using a questionnaire and analyzed by software SPSS.  
Results: Of the samples, 69.1% of them had no VUR, 20% and 10.9% of the samples suffered 
from severe unilateral VUR and severe bilateral VUR, respectively. With regard to the level of 
serum PCT, 61.8% of the samples were positive. One-half of those samples (38 people) who was 
diagnosed to be healthy had a normal level of serum PCT. However, 30 people (88.2%) of the 
samples diagnosed to be healthy using VCUG had increased level of serum PCT. The positive and 
negative predictive values of the level of serum PCT were 44% and 90%, respectively. In this 
respect, 50% of the samples diagnosed by using level of serum PCT were false positive and 
11.8% were false negative. The kappa score for the level of serum PCT was 0.3 (P < 0.0001). The 
positive predictive value of the serum level of PCT for the female and male samples were 43% and 
50% respectively.  
Conclusions: There was no statistically significant relationship between VUR and the serum level 
of PCT.  
 

 
Keywords: Children; urinary tract infection; procalcitonin (PCT); vesicoureteral reflux (VUR). 
 

1. BACKGROUND 
 
Vesicoureteral reflux (VUR) is defined as 
retrograde urine flow from the bladder into the 
upper tract and kidney that occurs secondary to 
a dysfunctional vesicoureteral junction [1,2]. VUR 
is the most common congenital urinary tract 
abnormality in children that usually presents with 
urinary tract infection (UTI) [2]. It is 
conventionally diagnosed and followed by 
voiding cystourethrogram (VCUG) that classifies 
the disease into five grades (I to V) [3-6].  
 
Children with VUR are in the danger of frequent 
pyelonephritis that may lead to the development 
of kidney scare and progressive kidney 
dysfunction [5-8]. When associated with 
intrarenal reflux, it decreases the renal function, 
and increases UTI incidence [4,5]. VUR may also 
resolve spontaneously [3], but complications may 
occur even after resolution of VUR [6,7]. 
 
Nowadays, the evaluation of VUR is carried out 
using different methods that are accompanied 
with different limitations including lack of 
sufficient sensitivity and implement difficulty [1,4]. 
Therefore, there is a need for a new feasible 
vesicoureteral reflux evaluation method with the 
least difficulty.  

 
PCT is the most reliable parameter for the 
diagnosis and differentiation between bacterial 
and viral infections. Therefore, an early detection 
of this indicator helps with appropriate and fast 
therapeutic intervention [9]. The main biological 
role of PCT is largely unknown; however, recent 
surveys demonstrate the role of PCT in sepsis 
[9,10]. The serum level of PCT more than 0.5 

ng/ml is considered abnormal and may indicate 
sepsis.  PCT compared with CRP has a higher 
sensitivity and specificity for the detection of 
bacterial induced inflammation as occurring in 
UTI or urosepsis [10-12]. 
 
Daily measurements of PCT can determine the 
adequacy and duration of antibiotic therapy. This 
is specifically important in the early stages of 
sepsis requiring empiric antibiotic therapy 
[12,13]. The measurement of serum PCT levels 
as an acute phase reactant is advised for an 
early detection of UTI and VUR [13-21]. Recent 
studies on PCT have shown its advantage over 
CRP and CBC in the early detection of UTI [20, 
21]. 
 

2. OBJECTIVES 
 
Given the importance of early diagnosis and 
treatment of UTI and vesicoureteral and VUR as 
the risk factor for the development of irreversible 
kidney damage, the aim of this study is to 
investigate the level of serum PCT as a predictor 
of vesicoureteral reflux instead of the VCUG. 
 

3. METHODS 
 

3.1 Design and Sample 
 
This case-control study was conducted since 
January 2013 till the end of 2014. The 110 (76 
case and 34 control) children less than  5 years 
of age who in this period referred to child care 
center of Qom university of medical sciences, 
selected using categorical sampling method. The 
case group selected from children with UTI 
positive that hospitalized in this center. The 
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children in the case group suffered from UTI 
based on a positive urinary culture test. They 
also were undergone VCUG and accordingly 
were divided into two groups: having VUR and 
not having VUR. Their serum levels of PCT were 
measured before starting antibiotic therapy using 
the chemiluminiscence immunoassay (CLIA). 
Those in the control group were UTI negative 
children that referred to the same healthcare 
setting for routine vaccination. They had negative 
results for both urine culture (UTI) and urinary 
analysis tests that the serum levels of PCT were 
measured for them. In both groups children 
under 5 years without genetically diseases and 
chronic kidney disease included in the study.  
 
According to the findings of some previous study 
and given the sensitivity (P1 = 37.5%) and 
specificity (P2 = 69%) of the evaluation tests for 
VUR, and using the following formula, 36 people 
in each groups were determined. 
  
 
 
 
 
 
Therefore, the number of samples in the case 
and control groups was determined 76 and 34 
people, respectively.  
 

3.2 Data Collection and Analysis 
 
Data collection tools were conducted based on a 
researcher-made questionnaire consisting of 
demographic questions, and questions regarding 

the laboratory and imaging results. The data was 
analyzed via the SPSS software for windows. 
The descriptive and inferential statistics used in 
this study were percentage, independent t-test, 
Chi-squared test, and Roc curve.  
 

4. RESULTS 
 
Of the samples, 78 children (75.7%) were 
female. The median age of the samples was 21 
months with an interquartile range between 10 
and 36 months. Although, 69.1% of them had no 
vesicoureteral reflux, 20% and 10.9% of the 
samples suffered from severe unilateral VUR and 
sever bilateral vesicoureteral reflux, respectively 
(Fig. 1). The VCUG and the serum status of PCT 
were compared between the groups. 
Accordingly, both the evaluation methods 
diagnosed 38 children to be healthy, while 88.2% 
of children with VUR positive simultaneously 
were PCT positive (Table 1).  
 
The odds of one positive and two positive for one 
way 1.902 (P=0.015) times and 1.053 (P=0.966) 
times were higher than the group without reflux. 
However the odds of 3 positive for one way 
0.292 (P=0.367) times was lower than control 
group. Considering the number of cases, we rely 
only on descriptive statistics for other groups. 

 
According to our findings, 61.8% of the samples 
were positive with regard to the level of serum 
PCT. One-half of those samples (38 people) who 
was diagnosed to be healthy using VCUG had a 
normal level of serum PCT. However, 30 people 
(88.2%) of the samples diagnosed to be healthy 

 

 
 

Fig. 1. The frequency of the diagnosis of VUR based on the evaluation method 
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Table 1. The frequency of the diagnosis of VUR based on the evaluation method 
 

Group VCUG Procalcitonin Kappa Odds 
ratio 

P-value 
Control 
number (%) 

Case 
number (%) 

Total Control  38 (50) 38 (50) 0.3 7.5 <0.0001 
Case  4 (11.8) 30 (88.2) 

Boy Control  13 (68.4) 6 (31.6) 0.51 27 0.003 
Case  0 (0) 6 (100) 

Girl Control  19 (38) 31 (62) 0.196 3.67 0.028 
Case  4 (14.3) 24 (85.7) 

 
using voiding cystourethrogram had a positive 
result of level of serum PCT. The positive and 
negative predictive values of the serum level of 
PCT were 44% and 90%, respectively. In this 
respect, 50% of the samples diagnosed by 
serum level of PCT were false positive and 
11.8% were false negative. It meant that 
sensitivity and specificity of PCT measurement 
were 88.2% and 50%, respectively. Globally, the 
odds of negative VUR were 7.5 times higher than 
positive VUR. In addition, the odds of negative 
VUR were 27 times and 3.67 times higher than 
positive VUR in males and females, respectively.  
   
The kappa score for the level of serum PCT was 
0.3 (P < 0.0001) (Table 2). 
 
Accordingly, the sensitivity of the level of serum 
PCT for the female samples was 85% and for 
male samples were 100%. Additionally, the 
specificity of the serum PCT for the female and 
male samples was 38% and 68.4%, respectively. 
The positive predictive value of serum PCT for 
the female and male samples was 43% and 50% 
respectively (Table 3). 
 

5. DISCUSSION 
 
The measurement of serum level of PCT as a 
biomarker using a non-invasive method is 
recognized for an early detection of UTI and VUR 
[13-22].  
 
PCT has been demonstrated to be correlated to 
both acute pyelonephritis and late renal scars 
and predict VUR in children with UTI [15]. 
 
In our study, 78 children (75.7%) were female. 
The median age of the samples was 21 months 
with an interquartile range between 10 and 36 
months. Although, 69.1% of them had no 
vesicoureteral reflux, 20% and 10.9% of the 
samples suffered from severe unilateral 
vesicoureteral reflux and sever bilateral 
vesicoureteral reflux, respectively. In other two 

studies, VUR was found in 26% and 11% of 
children respectively [17]. 
 
The serum level of PCT more than 0.5 ng / ml is 
considered abnormal and may indicate sepsis 
[13]. Daily measurements of PCT can determine 
the adequacy and duration of antibiotic therapy 
as well as the patient’s prognosis. This is 
specifically important in the early stages of 
sepsis requiring empiric antibiotic therapy [12, 
13]. 
 
According to our findings, 61.8% of the samples 
were positive with regard to the level of serum 
PCT. One-half of those samples (38 people) who 
was diagnosed to be healthy using voiding 
cystourethrogram had a normal level of serum 
PCT. However, 30 patients (88.2%) of the 
samples diagnosed to be healthy using VCUG 
had a positive result of increased serum PCT.  
 
In other study, only median PCT was significantly 
higher in patients with renal scar [20]. This study 
revealed no significant differences in PCT values 
in children with and in those without VUR and 
VUR grade [20]. In other study, a meaningful 
relationship between VUR grade more than 3 
and the clinical decision regulation was not found 
[17]. In children with VUR grade ≥3, PCT is 
remarkably higher than in children with no or low-
grade VUR (15].The association of PCT with 
VUR in children with febrile UTI remains 
controversial. The positive and negative 
predictive values of the level of serum PCT were 
44% and 90%, respectively. In this respect, 50% 
of the samples diagnosed by using level of 
serum PCT were false positive and 11.8% were 
false negative. In other study, it has been 
reported that PCT is a suitable predictor of 
cystographic findings and can be substituted with 
VCUG in some cases of young children with 
febrile urinary tract infections [19]. The positive 
predictive value of the level of serum PCT for the 
female and male samples was 43% and for the 
male ones was 50%. Nowadays, the evaluation 
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of vesicoureteral reflux is carried out using 
different imaging methods such as sonography, 
voiding cystourethrogram (VCUG), and direct 
radionuclide cystography (DRNC) that are 
accompanied with different limitations. 
Pediatricians are looking for other evaluation 
methods that are feasible, easy to implement and 
carries the least amount of danger to the patient. 

In this respect, the evaluation of vesicoureteral 
reflux by using the serum level of PCT as a non-
radiological method is suggested.  
 
However, one of the limitations of our study was 
the low number of our cases, that limits the 
widespread of serum level of PCT in the 
diagnosis of pediatric UTI and VUR. 

 

Table 2. The frequency of the diagnosis of VUR based on gender 
 

Symmetric measures 
Gender Value Asymp. std. 

error
a
 

Approx. Tb Approx. sig. 

  Girl Measure of Agreement Kappa .196 .083 2.203 .028 
N of Valid Cases 78    

  Boy Measure of Agreement Kappa .510 .152 2.924 .003 
N of Valid Cases 25    

  Total Measure of Agreement Kappa .278 .073 3.464 .001 
N of Valid Cases 103    

a. Not assuming the null hypothesis;b. Using the asymptotic standard error assuming the null hypothesis 

 
Table 3. The frequency of the diagnosis of VUR based on the evaluation method and gender 

 
VCUG * Procalcitonin* gender Cross tabulation 

Gender Procalcitonin Total 
Healthy Ill 

Female VCUG Healthy Count 19a 31b 50 
% within VCUG 38.0% 62.0% 100.0% 
% within Procalcitonin 82.6% 56.4% 64.1% 

Ill Count 4a 24b 28 
% within VCUG 14.3% 85.7% 100.0% 
% within Procalcitonin 17.4% 43.6% 35.9% 

Total Count 23 55 78 
% within VCUG 29.5% 70.5% 100.0% 
% within Procalcitonin 100.0% 100.0% 100.0% 

Male VCUG Healthy Count 13a 6b 19 
% within VCUG 68.4% 31.6% 100.0% 
% within Procalcitonin 100.0% 50.0% 76.0% 

Ill Count 0a 6b 6 
% within VCUG 0.0% 100.0% 100.0% 
% within Procalcitonin 0.0% 50.0% 24.0% 

Total Count 13 12 25 
% within VCUG 52.0% 48.0% 100.0% 
% within Procalcitonin 100.0% 100.0% 100.0% 

Total VCUG Healthy Count 32a 37b 69 
% within VCUG 46.4% 53.6% 100.0% 
% within Procalcitonin 88.9% 55.2% 67.0% 

ill Count 4a 30b 34 
% within VCUG 11.8% 88.2% 100.0% 
% within Procalcitonin 11.1% 44.8% 33.0% 

Total Count 36 67 103 
% within VCUG 35.0% 65.0% 100.0% 
% within Procalcitonin 100.0% 100.0% 100.0% 

Each subscript letter denotes a subset of procalcitonin categories whose column proportions do not differ 
significantly from each other at the .05 level 
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6. CONCLUSION  
 
In conclusion, there was no statistically 
significant relationship between vesicoureteral 
reflux and the serum level of PCT. However, due 
to some limitations in our study, more studies are 
recommended with more numbers for better 
determination of diagnostic values of 
procalcitonin serum levels in relation to VUR. 
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