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Abstract

Background: Procalcitonin (PCT) has been proposed as a novel biomarker for prediction of 
Vesicoureteral Refl ux (VUR). Since VUR is the most important risk factor for occurrence of pyelonephritis 
and renal tissue infl ammation, serum PCT level may have a relationship with VUR. However, literature 
about the relationship between procalcitonin level and VUR is scanty.

Aim: We evaluated the predictive value of serum PCT level in the diagnosis of VUR in children 
admitted with their fi rst febrile UTI.

Methods: We investigated 140 children with the fi rst febrile UTI (2m-10 yrs.). Serum PCT 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 specifi city of a high PCT level was 
evaluated using the receiver operating characteristic curve.

Results: Seventy three patients(52%) had no VUR, while 67patients (48%) had VUR at least in one 
kidney, including grade 1 to 2 in 20 patients (14.3%) and , grade 3-5 in 47 (34.7%). PCT level ranged from 
0.45 ng/ml to 12.7 ng/ml and, was signifi cantly higher with increasing the grading of VUR. Comparing 
procalcitonin levels with VCUG results, a sensitivity of 94% and a specifi city of 72% was obtained at a 
procalcitonin level of 0.52 ng/ml for diagnosis dilating VUR. There was a signifi cant correlation between 
PCT level and C-reactive protein.

Conclusion: This study described that the PCT as an infl ammatory marker with proper sensitivity, 
specifi city, PPV and NPV seems likely benefi cial to predict dilating VUR.
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Introduction

Amongst bacterial infections Urinary tract infection (UTI) 
is one of the most common in febrile children ≤2 years [1]. 
Children who had an association between UTI and congenital 
structural abnormalities, such as vesicoureteral refl ux 
(VUR), are at higher risk for acute pyelonephritis (APN) and 
subsequent renal scarring (RS) [1,2]. Doubts have recently 
been raised about the long-term complications of VUR and 
infection-related renal damage [3], there is a belief that high 
–grade VUR predisposes to recurrent pyelonephritis and, may 
cause future serious morbidities, such as hypertension and/or 
impaired kidney function [4]. The main cause for thoroughly 
investigating and treating the fi rst UTI is to detect or roll out 
the presence of any renal or urinary tract abnormality that 
may be correctable, or predispose to repeated infections and 

long term renal damage. Based on the review carried out by the 

American Academy of Pediatrics VUR is the most commonly 

detected abnormality with a prevalence of 7% to 85% in 

children with UTI [5-7]. 

The currently available guidelines include different 

diagnostic algorithms that aimed to produce an acceptable 

diagnostic ability to detect abnormalities with the minimum 

invasiveness [1,8-10]. 

Voiding cystourethrography (VCUG) is a reliable method for 

the diagnosis of different grades of VUR. However, for 60% to 

80% of the children, voiding cystourethrography is a posteriori 

normal [1,5,10-13]. Besides, it has disadvantages, including 

exposure to high dosage of radiation, a risk of iatrogenic UTI, 

and pain [6,14-16]. 
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The recent guidelines of the National Institute for Health 
and Clinical Excellence for children with a febrile UTI do not 
recommend VCUG in children >6 months of age, [8]. This could 
delay the diagnosis of high-grade VUR.

 Renal Ultrasonography (US) alone is not satisfactory 
for predicting VUR in young children with febrile UTI [17]. 
Dimercaptosuccinic acid (DMSA) renal scan can be a good 
alternative for VCUG as dilating VUR rarely present in children 
with normal DMSA scans [18-21]. However, there are many 
limitations for the widespread use of early DMSA renal scan 
including risks of exposing patients to attendant radiation and 
sedation. Furthermore DMSA scan is costly and not available 
in many hospitals especially in developing countries where the 
health care resources are limited. 

Thus, there is an increasing demand for new predictors of 
VUR after a fi rst febrile UTI to defi ne selective approaches for 
VCUG. Some serum and urinary biomarkers are currently used 
to recognize high-risk patients with RS and VUR, especially 
high-grade VUR. It has been recently shown that low-grade 
VUR resolves spontaneously in most patients without renal 
damage, so antibiotic prophylaxis is not recommended [22-
24].

Consequently, the main concern turned to be early diagnosis 
of patients with high-grade VUR and to select them for VCUG 
or DMSA. 

Studies have shown that serum procalcitonin (PCT), a 
recently identifi ed marker of infl ammation is one of these 
markers that is suggested to rise remarkably in high-
grade VUR and is useful for this aim. [25-28].However, this 
assumption still needs more confi rmatory studies. The aim 
of this prospective cohort study was to determine whether 
we can use serum procalcitonin concentration as a marker of 
VUR presence or VUR degree in hospitalized children with fi rst 
febrile UTI.

Subjects and Methods

Patients and study design

This prospective cohort study evaluated 140 children with 
the fi rst febrile UTI (2m-10 yrs.) of age who were admitted to 
the pediatric ward of Suez Canal University Hospital during the 
period from January 2014 to March 2016. The inclusion criteria 
were defi ned as follows: (1) patients of either sex aged 2 month to 
10 years, (2) fever with body temperature ≥38°C; (3) symptoms 
suggesting UTI, abdominal or fl ank pain among older children, 
and nonspecifi c signs, such as irritability, vomiting, diffi culties 
with feeding, or failure to thrive, among children ≥5 months of 
age (4) presence of pyuria, defi ned as ≥5 white blood cell (WBC) 
per high-power fi eld and/or abnormal dipstick urinalysis 
(positive nitrite or leukocyte esterase tests); (5) positive urine 
culture, defi ned as any growth of a single bacterium in urine 
from a suprapubic bladder aspiration, or growth of a single 
microorganism ≥105 colony-forming units/mL collected from 
the midstream clean-void urine specimen or ≥5 × 104 colony-
forming units/mL collected from a transurethral catheterized 
specimen [1]; (6) no previous history of UTI, kidney, bladder 

or urogenital disease; (7) absence of any other coincidental 
infections; and (7) did not receive antibiotics in the 48 hours 
before diagnosis.

All recruited patient were clinically evaluated and data 
regarding sex, age, duration in days since appearance of 
symptoms and collection of blood samples for PCT assay, 
family history of uropathy was recorded.

After collection of urine samples for culture an empirical 
intravenous antimicrobial combination was given for all 
patients with pyuria for at least 3 days after admission, while, 
the children with positive leukocyte esterase followed clinically 
until the culture results were obtained. According to results 
of the bacterial-susceptibility tests an adjusted course of 
antimicrobials was given with total treatment duration of 10 
days. 

Laboratory investigations

We used midstream clean catch method to collect urine 
samples from toilet-trained children and urinary catheters 
for infants and young children. Specimens were analyzed by 
standard urinalysis (U/A). To obtain standard U/A, specimens 
were centrifuged at 2000 rpm for 10 minutes and examined 
microscopically for pyuria [1]. For culture the samples 
were inoculated on plates containing sheep blood agar and 
MacConkey agar immediately after their collection. All of the 
plates were inoculated at 35–37° C and examined at 24–48 h 
after culturing to determine a colony count as well as bacterial 
identifi cation [1,6].

At admission, quantitative measurement of PCT levels 
was performed with an immunoluminometric assay with 2 
monoclonal antibodies (LUMI test PCT; Brahms Diagnostica, 
Henningdorf BEI, Berlin)LUMItest PCT immunoluminometric 
assay (BRAHMS, Hennigsdorf, Germany) as previously described 
[29] and values > 0.5 ng/mL were considered abnormal. Also, 
total white blood cell (WBC) counts, and C-reactive protein 
(CRP) were measured on admission. Serum CRP concentrations 
were measured using a nephelometricmethod (IMMAGE 
800, Beckman Coulter, Brea, CA), and values >1 mg/dL were 
considered abnormal. We compared PCT results with the CRP 
values.

Imaging studies

A renal ultrasound scan (US) was done within the fi rst 48 
hours after confi rmation of UTI by the urine culture by an 
experienced pediatric nephrologist. US fi ndings of APN included 
altered parenchymal echogenicity, pelvicalycial dilatation or 
fullness, undifferentiated corticomedullary junction, and renal 
enlargement. All abnormal US fi ndings considered related 
to VUR were recorded, including anteroposterior diameter 
of the renal pelvis ≥5 mm and/or any grade of dilatation of 
calyces or ureters; pelvic or ureteral wall thickening; absence 
of corticomedullary differentiation; irregular renal outline 
and signs of renal hypodysplasia (ie, small kidney, thinned or 
hyperechoic cortex); and duplicated renal collecting system 
[17]. 
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A VCUG was performed 3-5 weeks after diagnosis and control 
of the acute infection, when the urine was sterile. Grading of 
VUR on VCUG was done according to the international system 
of radiologic grading of VUR. Patients were divided into those 
without VUR, with low-grade VUR (grades 1 and 2), and patients 
with high-grade VUR (grade 3 and higher) [30]. Dilating VUR 
was defi ned as VUR grade III or higher [10,17]. US and VCUG 
were interpreted by a single, experienced pediatric radiologist 
who was blinded to the patient’s clinical and laboratory 
fi ndings and the study.

The Ethics and Human Research Committees of Suez 
Canal University Hospital approved the study. Informed 
written consent was obtained from parents of all children. 
Brief counseling regarding VUR and importance of prevention 
of recurrent APN, together with clarifi cation of the aim and 
method (regarding blood sampling), was given.

Statistical analysis

All statistical analyses were performed using the SPSS for 
Windows (version 17.0; SPSS Inc., Chicago, IL). Descriptive 
results were expressed as mean ± standard deviation. All of 
the quantitative variables were compared using the analysis of 
variance test. In fi rst level analysis the relationship between the 
high PCT levels and VUR was evaluated by univariate analysis 
using the chi-square and t tests. For the second level analysis a 
logistic regression model was used to assess the independence 
of this relationship. Potential confounders, including age, 
gender, family history of uropathy, CRP levels, WBC count and, 
ultrasonography fi ndings suggestive of renal pathology were 
adjusted for the prediction of the presence of VUR (dependent 
variable). 

The receiver operating characteristic curve analysis was 
performed to assess the predictability of serum procalcitonin 
for the presence and severity of VUR. A receiver operating 
characteristic curve is obtained by plotting sensitivity against 
the false positive rate (1 - specifi city) for all possible cutoff 
points of the serum procalcitonin level. A P value less than .05 
was considered signifi cant.

Results

Patients and clinical characteristics

During the period from January 2014 to March 2016 a total 
of 162 children presented with their fi rst febrile UTI. Seven 
caregivers refused to sign the consent and were not willing to 
participate in the study, 1 patient was found to have a solitary 
kidney, 2 patients neurogenic bladder, 10 patients had negative 
culture results and, 2 patients had received antibiotics in the 
48 hours before diagnosis. So, 22 patients were excluded from 
the study. A total of 140 patients (99 girls and 41 boys) with 
fi rst febrile UTI were included in the study. Inspite of the wide 
range of age (2 months-10 years) (mean: 20 months), 69% 
were < 1 year of age. 

Comparisons between patients with VUR and patients 
without VUR showed no statistically signifi cant differences 
in mean age or gender. VUR patients had signifi cantly longer 
mean duration of fever before admission compared to patients 
without VUR (2.9 ± 1.7versus 1.2 ± 1.71days, P = 0.003). No 

signifi cant difference was found with regard to age, sex, 
fever status, WBC count, isolated organism found in the urine 
culture, method of urine collection, or renal ultrasound results 
of the patients with and without VUR. Comparison of variables 
between patients with and without VUR is shown in (Table 1). 

The causative microorganism isolated was Escherichia coli 
in 112 children (80%), whereas 28 (20%) had other bacteria, 
including Klebsiella, Proteus, Staphylococcus aureus, Citrobacter, 
Pseudomonas and Enterococcus spp. The highest PCT values 
were present in patients with Escherichia coli, Klebsiella spp. 
and Pseudomonas spp. In contrast, Enterococcus was associated 
with mildly elevated PCT regardless of disease severity (Table 
2).

No correlation was found between the age of the children 
and the PCT levels (r=0.071, P =0 .61).

Table 1: Comparison of variables between patients with and without VUR.

Characteristics VUR (n=67) No VUR (n=73) P value

Age(mo) 39.13 ± 25.51 38.54 ±27.01 .93a

Gender, female/male 34/33 36/37 .18b

Fever (°C) 38.90 ± 0.61 38.50 ± 0.80 .93a

Days of fever 2.9 ± 1.7 1.2 ± 1.1 .003a*

Pathogens isolated in urine culture .65b

 Escherichia coli 55 (82.10) 62 (84.93)

 Klebsiella 3 (4.47) 2 (2.73)

 Proteus 2 (2.98) 3 (2.95)

 Citrobacter freundii 2 (2.98) 2 (2. 73)

 Staphylococcus aureus 2 (2.99) 2 (2.73) 

 Enterococcus 2 (2.99) 2 (2.73)

 Psuedomonas 1 (1.49)  0

Method of urine collection .79b

 Transurethral catheterization 47 (70) 50 (68.5)

 Clean void 20 (30)  23(31.5)

CRP level, mg/L 11.06 ± 4.67 6.11 ± 5.90 .006a*

Leukocyte count, cells/mm3 16 354 ±7232 15 895 ±978 .75a

PCT level, ng/mL 1.84 ± 0.32 0.87 ±0.94 .009a*

PCT group (n)

 < 0.52 ng/mL 25 (39) 45 61.6) .001a*

 > 0.52 ng/mL 42 (61) 27 (39.4) 

Abnormal ultrasound fi ndings 47 (70) 17 (39.4) .003a*

+ve Family historty 5 (4.6) 4 (6.9) .042b

WBC: leukocyte; CRP: C-reactive protein; PCT: procalcitonin. Data presented as 
mean ± SD or numbers, with percentages in parentheses.
a t Test. b Chi-square test. * Statistically signifi cant.

Table 2: PCT levels according to pathogen isolated.

Pathogens isolated in urine culture PCT level, ng/mL P value

 Escherichia col 1.96 ± 3.18

P=0.0001

 Klebsiella 1.68 ± 2.90

 Proteus 0.96 ± 1.89

 Citrobacter freundii 0.90± 2.11

 Staphylococcus aureus 1.96 ± 2.10

 Psuedomonas 1.89 ± 3.18

 Enterococcus 0.46 ±0.18
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Findings on US and VCUG

Sixty four children (40%) showed abnormal US fi ndings 
thought to be associated with VUR of the 140 children, 73 
patients(52%) had no VUR, while 67patients (48%) had VUR 
at least in one kidney, including grade 1 to 2 in 20 patients 
(14.3%), grade 3 in 23 (16.4%), and grade 4 to 5 in 24 patients 
(17.3%). There was no difference in the incidence of VUR 
between boys and girls (P = 0.86). 

Procalcitonin level ranged from 0.45 ng/ml to 12.7 ng/
ml. The mean PCT concentration was signifi cantly higher 
in children with VUR than in those without (1.84 ± 0.32 vs 
0.87 ±0.94 ng/mL; P = 0.005; table 1). PCT concentration was 
signifi cantly higher with increasing the grading of refl ux as; 
the mean of PCT concentration was (1.97±0.87 ng/mL) in 
patients with high grade VUR, and it was signifi cantly higher 
in comparison with patients with low-grade VUR (0.42±0.65 
ng/mL) or patients without VUR (0.38±0.47 ng/mL) (both P < 
0.001; Figure 1). While, the difference between patients with 
low-grade and, patients without VUR was not signifi cant (P > 
0.05; Figure 1). 

Diagnostic performance of laboratory markers for 
identifying VUR in hospitalized children was assessed by 
plotting the ROC curves by the sensitivity versus 1—specifi city 
for different cutoff values of PCT, CRP and WBC count (Table 
1). The AUC of the ROC was 0.865 (95% CI, 0.85-0. 94, P = 
0.001) for PCT, 0.734 (95% CI 0.71-0.82, P = 0.007) for CRP 
and 0.687 (95% CI: 0.62–0.77) for WBC count. The AUC of PCT 
was signifi cantly higher than that of CRP (P = 0.001) and WBC 
count (P = 0.001). Thus, comparing the 3 variables, the PCT 
test had the best diagnostic performance for identifying VUR 
in hospitalized children (Table 3). The optimal cutoff value of 
PCT for predicting dilating VUR was ≥0.52 ng/mL, with 94% 
sensitivity and 72. % specifi city (Figure 2). 

Depending on US fi ndings APN had signifi cantly higher 
rates of VUR than those with lower UTI (51.1% versus 19.3%, P 
< 0.001). Also, children with VUR had signifi cantly higher rate 
of APN than children without VUR (87.3% versus 60.0%, P = 
0.002).

High PCT values was retained as independent predictor of 
high grade VUR (odds ratio 5.08, 95% confi dence interval [CI] 
1.43-18.02) after logistic regression adjustment of potential 
confounders including age, sex, ultrasound results, family 
history, time from the beginning of infectious signs, CRP level, 
and WBC count. The best model explaining the association 
between the presence of VUR and the risk factors included sex, 
WBC count, CRP level, and PCT level (P = 0.75). Fever was not 
included in the model because it was an inclusion criterion and 
all children had fever.

Discussion

The association of PCT values with VUR in children with 
febrile UTI remains controversial [25-28] The current study 
shows a signifi cant difference in PCT values between children 
with and without VUR, in accordance to the previously 

published data [25-28,31-34] . An earlier multicenter study of 
398 patients in 8 centers in 7 European countries, in which 
DMSA was not performed in all patients [26] and strongly 
showed that PCT is a predictor of VUR independently of its 
relationship with early parenchymal involvement regardless of 
the urine-collection technique used for the diagnosis of UTI.

In our study, using a cutoff value of 0.52 ng/mL, the 
sensitivity and specifi city was 94% and 72% respectively for 
prediction of high grade VUR.

Leroy et al. [25], in their retrospective, hospital-based, 
single-center cohort study of 136 patients with UTI found that; 

Figure 1: Shows mean PCT values in children with high grade VUR, with low grade 
VUR, and without VUR. The horizontal lines denote median values

Figure 2: ROC curve for specifi city and sensitivity of PCT measurements in dilating 
VUR. Area under ROC curve for PCT was 0.865 (95% CI, 0.85-0. 94).

Table 3: Comparison of ROC curves for PCT, CRP and WBC count to diagnose 
dilating VUR.

Variable AUC ( 95% CI) P Value Sensitivity% Specifi city %

WBC >15.500 
mm3

0.687 (95% CI: 0.62–
0.77)

P =0.001* 60% 52%

CRP >1 mg/dL
0.734 (95% CI 0.71-
0.82)

P = 0.007* 71% 60%

PCT> 0.52 ng/dL
0.865 (95% CI, 0.85-0. 
94)

P = 0.001* 94% 72%

WBC; white blood cells, CRP; C- reactive protein, PCT; procalcitonin.
 AUC; rea under the roc curve, CI; confi dence interval; *p signifi cant.
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25% of the sample had VUR and, high PCT levels (>0.5 ng/
mL) were associated with refl ux at a sensitivity of 85% and, 
specifi city of 44% .

Two more studies by Leroy et al. [26,28], have also 
confi rmed the relationship between PCT and VUR. A PCT level 
of > 0.5 ng/mL gave a sensitivity of 83% and a specifi city of 
43% for high-grade VUR, regardless of the presence of early 
renal parenchymal involvement in children with a fi rst UTI 
[28]. The sensitivity of PCT (> 0.5 ng/mL) as a predictor of VUR 
was 75% for all grades of VUR, and the specifi city was 43% 
[26]. 

The differences in the specifi city values between our 
study and theirs [25-28], could be explained keeping in 
consideration that they used sterile bags to collect urine in 
non-toilet rained children, which is not the recommended 
method. This could have led to selection bias, increasing the 
number of false-positive results for UTI and overestimating in 
particular the relationship between high-grade VUR and PCT. 
Also, the data of the current study were collected from a single 
center and involved prospectively and consecutively enrolled 
inpatient children. So, our study followed a consistent plan of 
management for children with febrile UTI. While, the studies 
of Leroy et al. [25-28], are secondary analyses of retrospective, 
multicenter cohorts a design that considered by the authors 
to be might have led to several biases. The greater proportion 
of children with all grades of VUR (48% versus 25–26%) 
and dilating VUR (33.7% versus 9–12%) in the current study 
compared with the studies by Leroy et al. [25-28], may explain 
the higher sensitivity rate of predicting dilating VUR, with less 
false-negative cases in our study.

In a recently published Chinese authors demonstrated in 
a prospective cohort study of 272 hospitalized children ≤2 
years of age with a fi rst febrile UTI that PCT value is a reliable 
diagnostic test for both APN and dilating VUR, suggesting that 
in cases where the PCT value in hospitalized children is <1.0 
ng/mL, the possibility of renal lesions and the presence of 
dilating VUR is low. Concluding that; a low PCT value may be a 
suffi cient screening test for the exclusion of APN and dilating 
VUR in children with a febrile UT I [32]. 

Ipek et al. [31], who studied 66 patients admitted with their 
fi rst febrile UTI in a prospective hospital-based study found 
that PCT level >0.56 ng/mL had 66.7% sensitivity (95% CI 41-
86.6) and 77.1% specifi city (95% CI 62.7-88) for diagnosing 
VUR in. 

On the other hand, Prat et al. [33], demonstrated that serum 
PCT level did not correlate with VUR. Although, it correlated 
signifi cantly with the presence of renal scars in children with 
UTIs. At a cutoff of 1 ng/mL, the sensitivity and specifi city of 
PCT for distinguishing between UTIs with and without renal 
damage was 92.3% and 61.9%, respectively. The corresponding 
positive and negative predictive values were 32% and 97.5% 
for PCT.

Similar to our results Leroy and colleagues [25-28] have 
also shown that most patients with low-grade VUR had low 
procalcitonin concentration and did not need VCUG or RNC in 
the fi rst episode of febrile UTI. This association was assumed to 
be due to the increased risk of renal scarring with high-grade 

VUR is increased. While, Bressan and colleagues [34], found 
a signifi cantly higher level of procalcitonin in patients with 
VUR, but they did not show any correlation between serum 
procalcitonin level and the grade of VUR. 

 Our results show a signifi cant positive correlation between 
PCT level and WBC count, and CRP which is in accordance with 
the results of other similar studies [25-28,31,33,34]

One of the strengths of the current study is that the time 
from the beginning of the infectious signs and measurement 
of PCT level was taken into account, and this might have 
reduced the bias in the results, in contrary to other cited 
studies [25-28,31,32], where authors admitted that one of the 
limitations of their studies is that they did not measure the 
time between onset of infection and collection of PCT samples 
and consequently, underestimated the relationship between 
high-grade VUR and PCT, and thus overestimated the number 
of children who were thought to have high-grade VUR, because 
this marker increases from the sixth hour after the beginning 
of the infectious process and decreases as quickly at the end.

Gram-negative infections probably increase tumor 
necrosis factor alpha production more than do gram-positive 
infections, and differences have also been found in plasma 
levels of interleukin (IL)-1, IL-6, IL-10 and IL-8 [1-3]. That 
gram-negative bacteremia induces a greater infl ammatory 
response than gram-positive bacteremia may help explain the 
higher PCT levels in gram-negative bacteremia ;this adequately 
explains why in the current study the highest PCT values 
were present in patients with Escherichia coli, Klebsiella spp. 
and Pseudomonas spp. While, Enterococcus was associated 
with mildly elevated PCT levels.

One of the limitations of our study is that we did not study 
the relationship between the PCT levels and renal scintigraphy 
results, because of the absence of a nuclear medicine facility in 
our hospital.

Conclusion

In conclusion, high serum PCT is a rapid, easily available 
noninvasive and reliable marker for predicting dilating VUR, 
and consequently helps identify high-risk children with UTI 
who need more VUR assessment and, facilitate clinical decision 
making and planning further therapeutic A VCUG is indicated 
only in children with high PCT values (> 0.52 ng/mL) and/or 
abnormalities found on a US. These fi ndings can help avoid 
VCUG procedure in children with low PCT value.
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