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Background: Because the use of procalcitonin has been advocated as a marker of bacterial 

infection, this study was carried out to determine the usefulness of serum PCT as an early marker 

to decide upon intervention for urinary tract infection.

Methods: The subjects were 68 patients with urinary tract infection (UTI) in whom we measured 

serum procalcitonin concentration at the start of treatment.

Results: There were 47 patients with nonobstructed UTI and 21 with obstructed UTI. All 

patients with obstructed UTI were subjected to intervention. There were significant differences 

in procalcitonin, white blood cells, and creatinine levels between patients with nonobstructed 

and obstructed UTI (P , 0.05).

Conclusion: Although this retrospective study comprised a small number of patients, we found 

that procalcitonin was a useful marker to decide upon urinary intervention.
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Introduction
Urinary tract infections (UTIs) represent a major and common illness. UTIs can also 

progress to become a serious health concern, with the urinary tract representing the 

most common source of bacteria in women aged 65 years and older.1,2 For community-

dwelling, cognitively intact older women, diagnosis of UTI requires genitourinary 

symptoms plus significant bacteriuria established by urine culture.3

C-reactive protein is an acute-phase protein produced by the liver in response to 

tissue injury or infection. However, the C-reactive protein level can also be very high 

in nonseptic states, eg, postoperatively and in the presence of inflammatory disease.4,5 

On the other hand, a definite correlation between infection and change in C-reactive 

protein has not been documented as yet.

Procalcitonin is a 13 kDa 116-amino acid prohormone of calcitonin. In 1993, 

Assicot et al6 reported increased procalcitonin concentrations in patients with sepsis 

and infection. Further clinical studies indicated that bacterial inflammation and sepsis, 

but not viral infections or autoimmune disorders, could induce high concentrations 

of serum procalcitonin.6–10

UTI in some cases can progress to urosepsis, for which the treatment options 

include urinary intervention. No biomarkers to determine whether a urinary 

intervention is indicated are currently available. The primary goal of the present 

study was to evaluate the indication for urinary intervention based on the serum 

procalcitonin level.
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Materials and methods
From August 2011 to December 2012, 68 patients with UTI 

had their procalcitonin levels measured and were evaluated for 

severity of UTI at our hospital. All patients provided a urine 

sample for culture before treatment with antibiotics. Serum 

procalcitonin was determined using a procalcitonin assay 

(Elecsys Brahms, Thermo Fisher Scientific Inc, Waltham, 

MA, USA). This electrochemiluminescence immunoassay is 

intended for use on Elecsys and Cobas E analyzers.11

A procalcitonin level 0.50 ng/mL indicates a systemic 

infection (sepsis), whereas a procalcitonin level $2.0 ng/mL 

indicates that there might be a systemic infection (sepsis), 

although various conditions are known to elevate procalci-

tonin as well. It is important to note that a systemic inflam-

matory response is almost inclusively due to severe bacterial 

sepsis or septic shock.12

Leukocyte counts were measured using Cellpack (II) and 

Stromatolyser-FB (II) and platelet counts were measured 

by Cellpack (II) and Sesheath (II). C-reactive protein was 

measured using Nanoia® CRP, and creatinine was measured 

using a Creatinine test kit (Pure Auto S CRE-L; Daiichi-

kagaku, Tokyo, Japan).

Urinary intervention was performed immediately in 

patients with urosepsis (including those with hydronephrosis or 

urolithiasis) requiring hospitalization at their initial visit, those 

Table 3A Characteristics associated with the procalcitonin 
measurement for prediction of urinary tract infection

Sensitivity  
(%)

Specificity  
(%)

PPV  
(%)

NPV 
(%)

PCT (ng/mL)  
 0.50

 
45.7

 
84.8

 
76.2

 
59.6

 2.0 56.5 82.2 61.9 78.7

Abbreviations: PCT, procalcitonin; PPV, positive predictive value; NPV, negative 
predictive value.

Table 3B Procalcitonin $0.50 ng/mL

Non obstructed  
UTI groups

Obstructed  
UTI groups

Total

Positive 16 5 21
Negative 19 28 47
Total 35 33 68
Abbreviation: UTI, urinary tract infection.

Table 1 Patient characteristics

Non obstructed  
UTI groups

Obstructed  
UTI groups

Number 47 21
Male/female 29/18 11/10
Age (mean) 61.3 75.1
UTI

 acute pyelonephritis 37 21

 acute prostatitis 7 0

 acute epididymitis 3 0

Abbreviation: UTI, urinary tract infection.

Table 2 Laboratory data for 58 patients with acute pyelonephritis

Non obstructed  
UTI groups  
(median)

Obstructed  
UTI group  
(median)

P value

Leukocyte count (/μL) 11497.3 15685.71 ,0.05
CRP (mg/dL) 10.2 14.30 ns
Creatinine (mg/dL) 1.22 2.37 ,0.0001

Platelet (/μL) 23.13 19.73 ns

PCT (mg/dL) 1.88 36.67 ,0.0001

Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; UTI, urinary tract 
infection; ns, not significant.

who were at risk of death from UTI, and those who required 

urinary intervention (eg, nephrostomy, ureteral stent) on the 

basis of their clinical course.

Comparisons between groups were performed using 

the Mann–Whitney U test and Kruskal–Wallis nonpara-

metric analysis of variance. Differences at P , 0.05 were 

considered to be statistically significant. Receiver operating 

 characteristic analysis was performed to evaluate the 

 ability of  procalcitonin to discriminate between the 

groups.

Results
The mean age of the patients was 65.5 (23–93) years, and 

there were 40 men and 28 women. There were 58 patients 

with acute pyelonephritis, 37 without resistant organ acute 

pyelonephritis, and 21 with obstructed UTI, seven with acute 

prostatitis, and three with acute epididymitis.

Creatinine and procalcitonin levels were significantly 

higher in patients with obstructed acute pyelonephritis 

(P , 0.0001). White blood cells showed signif icant 

differences between the groups (P , 0.05). On the 

other hand, platelet count and C-reactive protein did 

not differ signif icantly (Table 2). The characteris-

tics of procalcitonin measurement regarding prediction 

of UTI are summarized in Table 3. The areas under the 

receiver operating characteristic curve for procalcitonin, 

white blood cells, and C-reactive protein were 0.81, 0.68, 

and 0.56 (Figure 1). Only procalcitonin and C-reactive 

protein were significantly different between the groups 

(P , 0.0001).
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recommended for patients with signs and symptoms 

suggestive of urosepsis. Urinary interventions are considered 

to be effective for the success of early goal-directed 

therapy.

Clinicians may hesitate to perform urinary interven-

tions (eg, nephrostomy, ureteral stent) in elderly patients, 

especially those with dementia. However, some patients 

experience marked worsening of their general condition in 

as little as one day, and required emergency intervention. 

Previous reports have described reduced mortality with early 

goal-directed therapy,22 and early interventions are thought 

to improve outcomes. In the present study, procalcitonin 

levels were significantly higher in patients with obstructed 

UTI compared with those with nonobstructed UTI, indicating 

the potential of procalcitonin as a useful biomarker for early 

goal-directed therapy.

The superior value of the procalcitonin level in diagnosis 

of sepsis when compared with C-reactive protein has already 

been reported.23,24 In a study comparing PCT with CRP, the 

diagnostic sensitivity was 77%, specificity was 79%, and 

the receiver operating characteristic was 85%. Although 

our study contained a very small number of subjects, our 

results were similar to those of a large scale meta-analysis.18 

Procalcitonin can be a useful biomarker warranting routine 

measurement when determining whether urinary intervention 

is indicated.

In conclusion, by comparing two groups of patients, we 

identified a significantly higher value for procalcitonin in 

patients with obstructed UTI. As a result, we suggest that 

the procalcitonin level could be used as a potential bio-

marker for the clinician to make a rapid decision regarding 

whether to proceed to urinary intervention in patients with 

obstructed UTI.
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Figure 1 Receiver operating characteristic curves for procalcitonin, white blood cells, and C-reactive protein. The area under the curve for PCT (0.81) was significantly 
higher than CRP (0.56; P,0.0001).
Abbreviations: PCT, procalcitonin; CRP, C-reactive protein; WBC, white blood cells.

Table 3C Procalcitonin $2.0 ng/mL

Non obstructed  
UTI groups

Obstructed  
UTI groups

Total

Positive 13 8 21
Negative 10 37 47
Total 23 45 68
Abbreviation: UTI, urinary tract infection.

Discussion
UTI is a disease commonly encountered in the clinical 

setting. Sepsis resulting from UTI is a serious life-threatening 

condition. It has been reported that the mortality rate due to 

urosepsis is 16.1%.13 In addition, it has been reported that 

78% of urosepsis is due to urinary tract obstruction.14

C-reactive protein is generally regarded as a useful 

marker for the diagnosis of sepsis and is used along with 

blood culture. However, these methods are rarely adequate 

for diagnosing sepsis and a test permitting more rapid and 

efficient diagnosis has long been necessary.

Procalcitonin is considered to be a useful marker for 

rapid differential diagnosis of bacterial sepsis and evalu-

ation of its severity.15–19 The recommended treatment for 

urosepsis is drainage of the obstructed urinary tract to secure 

its patency and removal of an infected lesion if present. 

Any delay in providing appropriate treatment can be fatal. 

The results of our current study showed that all 11 patients 

with a procalcitonin level $10 ng/mL had severe bacterial 

urosepsis. Of these patients, five also had disseminated 

intravascular coagulation and eight needed relief of an 

obstructed urinary tract.20

According to the algorithm for management of urosepsis 

developed by the European Association of Urology,21 

early goal-directed and empirical antibiotic therapy are 
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