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Abstract

Introduction: Urinary tract infection (UTI) is a com-
mon human iliness. Patients with acute pyelonephri-
tis may progress to septicemia and septic shock. Dis-
ease complications are significantly associated with
increased mortality. Rapid and timely diagnosis of
sepsis and differentiating it from non-infectious caus-
es with similar symptoms is very important; because
timely initiation of antibiotic therapy in patients with
sepsis is vital in reducing mortality and improving fi-
nal outcome. Serum procalcitonin level increases in
patients with sepsis and bacterial infection. The aim
of this study is measuring serum levels of procalciton-
in in patients with Systemic Inflammatory Response
Syndrome (SIRS) positive acute pyelonephritis be-
fore and after treatment and a survey of the relation-
ship between changes in serum levels of procalciton-
in with response to treatment in patients with SIRS
positive acute pyelonephritis.

Materials and methods: This study was carried out
on 30 patients older than 18 years with SIRS posi-
tive acute pyelonephritis who were admitted to Sha-
hid Beheshti Hospital in Yasuj, Iran, in 2016. Before
initiation of antibiotic treatment, procalcitonin levels
were measured. Then 5and ten days and two weeks
after treatment simultaneous urine sample and a
blood sample was taken. In cases with negative cul-
ture in each of their urine cultures, serum levels of
procalcitonin were measured and the results were
compared.

Results: This study included 30 patient (15 males, 15
females) with SIRS positive acute pyelonephritis. The
mean and standard deviation of participant’s pre-
treatment serum procalcitonin level and post-treat-
ment serum procalcitonin level were 8/88+1/24 and
0/05£0/01 ng/ml respectively, (p value= 0/001). The
mean and standard deviation of pre-treatment serum
procalcitonin level in patients with complicated and
uncomplicated pyelonephritis were 10/97+1/46 and
0/54+0/08 respectively, (p value= 0/001).

Conclusion: The procalcitonin can be used in patients
with urinary tract infections to evaluate their response
to treatment and duration of hospitalization and dura-
tion of antibiotic therapy.
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Introduction

Urinary tract infection is a common and painful disease in
humans (1). Urinary tract infections include cystitis (bladder
infection), pyelonephritis (kidney infection) prostatitis
(prostate infection) and urethritis (urethra infection) (1,
2 and 3). Following a urinary tract infection, the patient
may have septicemia and septic shock. The incidence
of disease complications is clearly associated with an
increase in mortality (4). Currently, there are no strong
inflammatory markers useful for determining the severity
of the disease in febrile urinary tract infections (5, 6).
Rapid and timely diagnosis of sepsis and its differentiation
from non-infectious causes that manifest themselves with
similar symptoms is very important because the timely
start of antibiotic therapy in sepsis patients is to reduce
mortality and improve the outcome of many patients (7).
Many studies have been done in the last decade to access
markers that can be used to detect early sepsis (8).
Procalcitonin is produced during sepsis by macrophages
and monocytes of various organs and released into the
bloodstream (9 and 10). One of these studies has been
conducted on the serum procalcitonin level in patients with
sepsis, which results in an increase in the serum level of
procalcitonin in these patients (11). Procalcitonin has a
half-life of 20 to 15 hours in the blood and its concentration
is related to the severity of infection in ICU patients (12,
13). Urinary tract infections cause more than 7 million
referrals to doctors in the United States each year. These
infections are detected in 1-3% of girls in school age and
2 to 8% of pregnant women. Symptomatic upper urinary
tract infections are commonly prevalent in pregnancy and
20-30% of pregnant women with asymptomatic bacteriuria
have pyelonephritis (4). Almost all women experience
urinary tract infections during their lifetime (14). According
to estimates, 10% of men and 30% of women after age 60
have bacteriuria, of which 30% are pyelonephritis (15).

The microbial spectrum of acute uncomplicated cystitis
and pyelonephritis mainly consists of Escherichia coli
(75 to 95%) and other Enterobacteriaceae species
such as Proteus mirabilis, Klebsiella pneumoniae and
Staphylococcus saprophyticus (2 and 3). The microbial
spectrum of the UTI is wider and includes the above,
as well as Pseudomonas, Sarasia, Enterococcus,
Staphylococcus and fungus (16 and 17).  Clinical
manifestations of urethritis include: diarrhea, frequency,
urgency and hematuria (18). Clinical manifestations
include purulent discharge from the penis with irritation
(1). Clinical manifestations of pyelonephritis include: high
temperature symptoms associated with high fever (more
than 38.5 degrees), chills, abdominal pain, tenderness of
the vaginal corvus and vomiting (19). Pyelonephritis may
cause complications including renal scarring and papillary
necrosis and urinary tract obstruction and peri nephritis
abscess, amphysematous pyelonephritis and chronic
renal failure. Patients with urinary tract infections may
also have septic septicemia and shock. The incidence of
disease complications is clearly associated with increased
mortality (4).
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Diagnosis of acute pyelonephritis begins with taking a history
and physical examination including body temperature
measurement, tenderness of the costovertebral angle
and examination of the abdomen and pelvis (20). The
gold standard for diagnosis of urinary tract infection is
urinary culture. Unfortunately, however, the results are not
available until 24 hours after referral. Under the following
conditions, growth of less than or equal to 10™5 micrograms
can indicate a real infection:

1) Patients who received recent antibiotics.

2) Patients who have growths less commonly found in their
urine culture such as Pseudomonas, Klebsiella, Sarasia
and Enterobacteria (21).

Sepsisis a leading cause of worldwide mortality, accounting
for 26% of hospitalized patients and 16% of patients
hospitalized in intensive care units (22 and 23). It is also
responsible for 18- 28% of hospital deaths (24). Rapid and
timely detection of sepsis and its differentiation from non-
infectious causes that manifest themselves with similar
symptoms is very important because timely antibiotic
treatment in sepsis patients is vital in reducing mortality
and improving the final outcome of patients (25).

Materials and methods

This cross-sectional and descriptive-analytic study was
conducted on patients with acute pyelonephritis.

15 patients were male and 15 were female. Data were
gathered and analyzed by SPSS 9.1 software. To examine
the t-test, paired t-test and one-way variance analysis in
the case of normal variables were used. In all statistical
tests, the level of significance was less than 5%.

In this study, which was performed at Shahid Beheshti
Hospital in Yasuj in 2016, patients over the age of 18 who
had fever and at least one of the symptoms of dysuria and
frequent urination, pain and tenderness of costovertebral
angle were diagnosed with acute pyelonephritis. After
explaining the goals of the study, they indicated their
willingness to cooperate. After receiving informed written
consent, the urine specimen was collected in a sterile
container and cultured on an agar culture medium, and
patients who, after 48 hours of urination, had more than
100,000 colonies of bacteria per milliliter were considered
as urinary tract infection (UTI), and among these patients,
those with two or more criteria of SIRS, were included in
the study. Before starting antibiotic treatment, 2 ml of blood
sample was taken and after centrifugation and separating
the serum, the specimen was transferred to a freezer and
stored at a negative temperature of 40 ° C until all samples
were maintained under the same conditions. From patients
on day 5 and on day 10 and two weeks after the start of
treatment, urinal culture and blood samples were taken
simultaneously. If urine culture in each of the cultures
was negative, the serum sample of the same day was
used to measure the serum Procalcitonin level. Sample
serum freeze was deciphered at room temperature after
completion of the sampling, and the Procalcitonin serum
titre was measured using electrochemiluminescence
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method based on the electron velocity in the circuit with
ELEXIS.

Results and Conclusion

The results of this study showed that Procalcitonin serum
level in patients with acute pyelonephritis is associated
with response to treatment, and with the onset of antibiotic
therapy and negative urine culture, its level is significantly
reduced. These results, with the study of Mobin et al. (2010),
correspond to the relationship between Procalcitonin and
response to treatment (29).

The results of this study showed that patients with serum
Procalcetonin before treatment had a higher serum Criteria
SIRS score. In a study by Fardin Asadi et al, in 2014
comparing CRP and Procalcitonin in children with SIRS
and septic shock, it was shown that the Procalcitonin and
CRP levels in patients with septic shock was significantly
higher than patients with SIRS and sepsis. Procalcitonin
is more sensitive in differentiating them (32). From these
findings, it can be concluded that patients with acute SIRS-
positive pyelonephritis, with higher Procalcitonin levels,
are at increased risk of septic shock.

This study also showed a significant relationship between
the Procalcitonin serum level before treatment in patients
with acute SIRS positive acute pyelonephritis and the
number of admission days, and patients with serum
Procalcitonin before treatment had higher the number of
days in hospital. Sugimoto et al. (2013) in a study on acute
pyelonephritis patients showed that patients with high
Procalcetonin levels (greater than 10 ng / ml) had more
severe complications than other patients (27).

Ahmadinejad et al. (2009) conducted a three-year study
on the procalcitonin role in the differential diagnosis
of infectious and noninfectious systemic inflammatory
response syndrome that showed a significant difference
between serum Procalcitonin (greater than 10 ng / ml)
and death; there was a meaningful relationship between
patients with infectious sepsis (30). In a study by Levy
MM et al. (2003) on patients with sepsis admitted to the
intensive care unit, the survival rate of these patients
was reported to be closely correlated with a reduction in
procalcitonin serum levels between two to three days (28).
From these findings and the results of previous studies, it
can be concluded that patients with acute SIRS-induced
acute pyelonephritis with a higher serum procalcitonin
level will have longer hospitalizations.

In this study, patients with serum Procalcitonin before
treatment were shown to have a longer urine culture
negativity. The results of Hladik et al. (2005) in the study
of procalcitonin and its role as an inflammatory bio-marker
correspond to the results of our study (26).

From the findings, it can be concluded that in patients with
acute pyelonephritis, SIRS-positive Procalcitonin can be
used as a biomarker for rapid assessment of response to
treatment, and in patients with a low serum Procalcitonin
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antibiotic treatment can be stopped.. This can reduce the
long-term use of antibiotics and reduce the growing trend
of microbial resistance to antibiotics. Future studies are
suggested separately for each infectious disease with a
larger sample size and the results should be compared.

The results of the study showed that there was no significant
difference between Procalcitonin level before treatmentand
type of microorganism grown in urinary culture. Of the 30
patients, 22 patients were positive for urinary culture with
E. coli. The mean and standard deviation of Procalcitonin
level before treatment in this group of patients was 5.56 +
4.15 ng / ml, whereas in one the patient had positive urine
culture with an Acinetobacter. The mean and standard
deviation of Procalcetonin serum level in this patient was
22.67 +£12.12 ng/ ml. It is recommended that more studies
be done with a larger sample size to compare the type of
bacteria grown in urine culture and Procalcitonin levels
and compare the results.

In this study, it was also shown that in patients with
complicated urinary tract infection, the serum Procalcitonin
level before treatment is higher than patients with
uncomplicated acute pyelonephritis. Therefore, the duration
of antibiotic treatment and the length of hospitalization
should be carefully considered in these patients.

In this study, only Procalcitonin was used to evaluate the
response to treatment. Mitaka C reported that Procalcitonin
and CRP increase in sepsis and inflammatory diseases.
The study, which was conducted in 2005 on differentiated
clinical trials between infectious and non-infectious SIRS,
showed that Procalcitonin and CRP increased in infectious
and non-infectious SIRS, but Procalcetonin was more
closely related to the severity of sepsis (31).

In this study, Electrochemiluminescence (ECL) method
was used to measure Procalcitonin level and it is based on
the latest laboratory methods. On the contrary, the ELISA
method used to determine the Procalcitonin level based on
changes in particle color Latex. In this method, the serum
level of Procalcitonin is quantitatively titrated, which will be
more valuable than the semi-quantitative ELISA method
to assess the response of patients to treatment. Most of
the previous studies have been done on Procalcitonin
using semi-quantitative ELISA and further studies are
recommended using the new ECL method and the results
to be compared.

References

1. Gupta K (2012) Urinary Tract Infections, Pyelonephritis,
and Prostatitis In: Longo DL, Kasper DL, Jameson JL, Fauci
AS, Hauser SL, Loscalzo J (eds), Harrison’s Principles of
Internal Medicine, 18th edn, Chapter 288. Mc Graw Hill,
New York.

2. Echols RM, Tosiello RL, Haverstock DC, Tice AD.
Demographic, clinical, and treatment parameters
influencing the outcome of acute cystitis. Clin Infect Dis
1999; 29:113.

WORLD FAMILY MEDICINE/MIDDLE EAST JOURNAL OF FAMILY MEDICINE VOLUME 15 ISSUE 10, DECEMBER 2017



CLINICAL RESEARCH AND METHODS

3. Czaja CA, Scholes D, Hooton TM, Stamm WE.

Population-based epidemiologic analysis of acute
pyelonephritis. Clin Infect Dis 2007; 45:273.
4. E.Stamm W (2008) Urinary Tract Infections,

Pyelonephritis, and Prostatitis In: Fauci AS, Kasper DL,
Hauser SL, Longo DL, Jameson JL, Loscalzo J (eds),
Harrison’s Principles of Internal Medicine, 17th edn,
Chapter 282. Mc Graw Hill, New York.

5. N Nanda, M Juthani-Mehta. Novel biomarkers for the
diagnosis of urinary tract infection—a systematic review.
Biomark Insights, 4 (2009), pp. 111-121.

6. C van Nieuwkoop, TN Bonten, JW van't Wout, et al.
Procalcitonin reflects bacteremia and bacterial load in
urosepsis syndrome: a prospective observational study.
Crit Care, 14 (2010), p. R206.

7. Christ-Crain M, Miiller B. Biomarkers in respiratory tract
infections: diagnostic guides to antibiotic prescription,
prognostic markers and mediators. Eur Respir J 2007;
30(3):556-73.

8. Aalto H, Takala A, Kautiainen H, Repo H. Laboratory
markers of systemic inflammation as predictors of
bloodstream infection in acutely ill patients admitted to
hospital in medical emergency. Eur J Clin Microbiol Infect
Dis 2004; 23(9): 699-704.

9. Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix
J. Serum procalcitonin and C-reactive protein levels as
markers of bacterial infection: a systematic review and
meta-analysis. Clin Infect Dis 2004; 39(2): 206-17.

10. Chan YL, Tseng CP, Tsay PK, Chang SS, Chiu TF,
Chen JC. Procalcitonin as a marker of bacterial infection
in the emergency department: an observational study. Crit
Care 2004; 8(1): 12-20.

11. Harbarth S, Holeckova K, Froidevaux C, Pittet D,
Ricou B, Grau GE, et al. Diagnostic value of procalcitonin,
interleukin-6, and interleukin-8 in critically ill patients
admitted with suspected sepsis. Am J Respir Crit Care
Med 2001; 164(3):396-402.

12. Balcl IC, Sungurtekin H, Gurses E, et al. Usefulness of
procalcitonin for diagnosis of sepsis in the intensive care
unit. Crit Care 2003; 7: 85-90.

13. Bloos F, Marshall JC, Dellinger RP, et al. Multinational,
observational study of procalcitonin in ICU patients with
pneumonia requiring mechanical ventilation: a multicenter
observational study. Crit Care 2011; 15: 88—-92.

14. Norrby SR(2008), Approach to the patient with urinary
tract infection, In: Lee G, Dennis AA. Cecil Medicine. 23th
ed, pp: 2137-2142. St.Louis,Mosby

15. Ozumba UC, Dosunmi-Ogunbi O, Onile B. Urinary
tract infection with proteus species in a teaching hospital.
East Afr Med J. 1995; 72 (1) : 72-74.

16. Warren JW. Catheter-associated urinary tractinfections.
Infect Dis Clin North Am 1987; 1:823.

17. Nicolle LE. Catheter-related urinary tract infection.
Drugs Aging 2005; 22:627.

18. Bent S, Nallamothu BK, Simel DL, et al. Does this
woman have an acute uncomplicated urinary tract
infection? JAMA 2002; 287:2701.

19. Fairley KF, Carson NE, Gutch RC, et al. Site of infection
in acute urinary-tract infection in general practice. Lancet
1971; 2:615.

20. Gupta K, Hooton TM, Naber KG, et al. International
clinical practice guidelines for the treatment of acute
uncomplicated cystitis and pyelonephritis in women: A
2010 update by the Infectious Diseases Society of America
and the European Society for Microbiology and Infectious
Diseases. Clin Infect Dis 2011; 52:e103.

21. Kunin CM, White LV, Hua TH. A reassessment of the
importance of “low-count” bacteriuria in young women with
acute urinary symptoms. Ann Intern Med 1993; 119:454.
22. Rangel-Frausto MS, Pittet D, Costigan M, Hwang T,
Davis CS, Wenzel RP. The natural history of the systemic
inflammatory response syndrome (SIRS). A prospective
study. JAMA 1995; 273(2):117-23.

23. Salvo |, de Cian W, Musicco M, Langer M, Piadena
R, Wolfler A, et al. The ltalian SEPSIS study: preliminary
results on the incidence and evolution of SIRS, sepsis,
severe sepsis and septic shock. Intensive Care Med 1995;
21 Suppl 2:5244-9.

24. Martin GS, Mannino DM, Eaton S, Moss M. The
epidemiology of sepsis in the United States from 1979
through 2000. N Engl J Med 2003; 348(16):1546-54.

25. Christ-Crain M, Miller B. Procalcitonin in bacterial
infections--hype, hope, more or less? Swiss Med Wkly
2005;135(31-32) :451-60.

26. Hladik M, OlosovaA, Neiser J, Zaoral T. Procalcitonin:
a marker and mediator of inflammation. Acta Chir Plast
2005;47(2):51-4

27. Koichi Sugimoto, Shogo Adomi Hiroyuki Koike,
Atsunobu Esa. Procalcitonin as an indicator of urosepsis.
Research and Reports in Urology 2013:5, 77-80

28. Levy MM, Fink MP, Marshall JC, Abraham E, Angus
D, Cook D, et al. 2001 SCCM/ESICM/ACCP/ATS/SIS
International Sepsis Definitions Conference. Crit Care
Med 2003; 31(4):1250-6.

29. Ahmad Reza Mobin, Safar Shams. Proxoconjuncine
serum is a predictor of response to treatment in patients
with bacterial sepsis admitted to the intensive care unit.
Journal of Tehran University of Medical Sciences. Volume
68, Issue 2, May 89, pp. 115-110

30. Ahmadinejad Zahra, Soodbakhsh Ebil Reza, Tayebi
Atefeh. Investigation of proxlotonin serum level in
differentiation of infectious and noninfectious inflammatory
response syndrome. Journal of Tehran University of
Medical Sciences. Medical Volume 67, Issue 10, 2009,
Page 730-724

31. Mitaka C. Clinical laboratory differentiation of infectious
versus non-infectious systemic inflammatory response
syndrome. Clin Chim Acta 2005 ;351(1-2):17-29.

32. SM Zunder, AM Vollaard, C van Nieuwkoop. Prognostic
value of pro-adrenomedullin, procalcitonin and C-reactive
protein in predicting outcome of febrile urinary tract
infection .Clinical Microbiology and Infection. Volume 20,
Issue 10, October 2014, PP 1048-1054.

WORLD FAMILY MEDICINE/MIDDLE EAST JOURNAL OF FAMILY MEDICINE VOLUME 15 ISSUE 10, DECEMBER 2017

201



