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Abstract- Procalcitonin (PCT) is a precursor peptide for tbentone calcitonin and is frequently increased
in overt sepsis. The aim of this study was to thkagjnostic accuracy of procalcitonin among patievith
positive systemic inflammatory response syndromiB$$in identifying sepsis. In this cross sectiostaidy,
from 563 patients with positive SIRS admitted thiotige emergency department of a university hospital
included 120 patients. Procalcitonin was measugegdi-guantitatively. Two groups of patients (withdan
without infection) were defined based on clini¢ahoratory and bacteriologic findings throughowt gtmis-
sion course; the serum PCT levels were comparedeleeatthe two groups. Seventy two (60%) patients were
male and 48 (40%) were female, and the mean agd®éast 20.2 years. Final diagnosis was infectioii1
patients (59.2%) and 49 (40.8%) had non-infect®LRS. When considering PCT > Qug/L as the cut-off
point, PCT had a sensitivity of 88.7%, a specifiafy77.6%, a positive predictive value of 85.1% and
negative predictive value of 82.6%. Serum levepmfcalcitonin in infectious group was significantligher
than in non-infectious group?(< 0.0001) PCT level was a predictor of mortality in patienith infectious
SIRS. P = 0.01) In summary, PCT is a useful marker for défdiating sepsis from other cause of SIRS.
With change in the cut-off value of PCT in any diioi@ its application can be maximized. Procalcitocan
also be a good marker for predicting outcome iiepgg with infection.

© 2009 Tehran University of Medical Sciences. Adhts reserved.

Acta Medica Iranica 2009; 47(5): 383-388.

Key words: Systemic inflammatory response syndrome, sepsisafmitonin, emergency department

Introduction only available after 2 to 3 days (4). Delays imitifiging
the pathogens based on the specimen cultures dtd to
Bacterial infections and sepsis are major causesoof difficulty in establishing an etiological diagnosis the

bidity and mortality in medical departments anceimt Emergency Department (ED) and leads to inapprapriat
sive care units (ICUs) (1). Sepsis has been defisdtie use of antibiotics. In addition, estimation of geverity
systemic inflammatory response to an active infeti of bacterial infection is mostly based on the pneseof
process in the host. This inflammatory response has characteristics suggestive of systemic inflammatery
beennamed systemic inflammatory response syndrome sponse syndrome, which may not be apparent when the
(SIRS) (2). This systemic inflammatory response can patient is seen early in the course of the infec{t).

also be induced ithe absence of infection. Accurate and Therefore Sepsis can be difficult to distinguisbinir
timely diagnosis of infectious SIRS remains challegg other noninfectious conditions in critically ill pants
to the clinician. Clinical and laboratory signs gé&mic admitted with clinicalkigns of acute inflammation (6).

inflammation, including changes in body temperature An ideal marker for bacterial infections shouldballan
tachycardia, tachypnea and leucocytosis, are senmsit early diagnosis, inform about the course and prsigno
However, their use is limited because of their poor of the disease, and facilitate therapeutic decss{dj

specificity for the diagnosis of sepsis (3). Procalcitonin (PCT) is a precursor peptide for the
A positive culture result has a relatively high cpe hormone calcitonin (CT) (7). It is finally cleavedzy-

ficity for infection, but even this finding is ntite gold- matically into smaller peptides to yield the thittyo

standard, because it lacks sensitivity and thelteesre amino acid mature CT. (4) Most CT precursor peptides,
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Diagnostic accuracy of procalcitonin in sepsis

including PCT, are not found in the serum of thenmadr
population.

In microbial infections and in various forms of in-
flammation, circulating levels of several calcitorpre-

depending on the clinical presentation. Two groaps
patients were defined based on clinical, laboratorg
bacteriologic findings throughout the admissionrseu
Infected patients had a definable source of indecti

cursors, including PCT but not mature CT, increase up and/or positive blood culture and received antibiot

to several thousandfolds. This increase correlaids
the severity of the condition and with mortality 8).
Procalcitonin is very frequently increased in overt
sepsis; The onset of this rise is early in the sewf
sepsis (within 3 hr) (4). Furthermore, recent expents
have demonstrated that in contrast to the transissmof
classic cytokines, the massive increase in cirigat
PCT persists for several days (9). Beside helpinty ear
diagnosis of infection, an increase in serum PCEl&ev
can predict the outcome and severity of infectidf- (

treatment. Patients with clinical infection and @sitive
blood culture were considered to have bacterentia. T
diagnosis of urinary tract infection (UTI) requirele
presence of symptoms such as urinary frequency, dy-
suria, costovertebral angle tenderness, and afisegmii
growth of 1= CFU/ml bacteria in urine culture or ac-
tive urine analysis> 10 white cells). The diagnosis of
pneumonia was based on both respiratory symptoms
such as a productive cough, dyspnea and chestaman,

a new pneumonic infiltrate on chest radiograph with

12) and guide a standard management without an ad-without a positive culture of plural fluid or bloo@he

verse outcome and with fewer antibiotic-relatedesid
effects. (13-16)

The aim of this study was to evaluate the changes i
serum level of procalcitonin in patients with SIRghw
and without infection.

Patients and M ethods

Study design

The present study was a cross sectional study wsing
consecutive sample of adult patients admitted tynou
the ED. The primary outcome was the infection statu
the patients.

Study population and setting

diagnosis of cellulitis was based on clinical mesié-
tion of erythema, warmth, tenderness and swellimg i
suspected site with or without positive blood crdtu-or
diagnosis of endocarditis, duck criteria were uaed
for other foci, distinct radiological or microbiaal
documentation of the foci and recovery during the a
timicrobial treatment were required.

Noninfected patients were those who, throughout
their course of admission to the hospital or indkami-
nations performed, had no evidence of infectiomicli
cally with evidence for a diagnosis other than dtifen.

The serum PCT levels were compared between infected
and noninfected patients. The protocols comply with
recommendations of the Declarations of Helsinki and
Tokyo for human research and are approved by Tehran

The study was performed from July 2006 until Sep- University of Medical Sciences ethics committee.

tember 2007 in the ED of a university-affiliatedtigry-
care teaching hospital with an annual census ofitabo
30000 visits. All adult patients with systemic arfima-
tory response syndrome (defined as the presened of
least two of the following criteria: Temperature <86

M easur ements

The clinical and laboratory data collected included
age, sex, admission diagnosis, time of initiatiggs-
toms, body temperature (BT), pulse rate (PR), respira

or >38 degrees centigrade, pulse rate >90/min, respira-tory rate (RR), leukocyte (WBC) count, blood culture,

tory rate >30/min or PC£<32 mmHg, white cell count
>12000/uL or <4000/uL) admitted to the ED of the-ho
pital were included in the study. Patients with heeu-
cal trauma, severe burns, heat stroke, cancerjcalirg
trauma, age less than 12 years, and those whovegcei
antibiotic therapy for more than 48 hours beforedgt

urine culture and analysis, chest radiograph (CXRJ
diagnosis and outcome with a follow-up visit 481t
or more depending on the case and other availaohe s
ples. Procalcitonin was measured semi-quantitatilagl
B.R.AHM.S PCT-Q kit (B.R.A.H.M.S.-Diagnostica
GmbH, Henningsdorf, Germany). Two milliliters of

were excluded. A serum sample for measurement of blood was collected and centrifuged for PCT deteamin

PCT was collected in the ED.

Study protocols

tion. Six drops of separated serum were put inh® t
round cavity of the kit. Then it was incubated RO
minutes at room temperature. After 30 minutes RG&

All patients were examined for signs and symptoms concentration range of the samples was determiyed b

of infection on ED admission. Samples were coligécte
for cultures of blood, urine and of other body disii

384 ActaMedicalranica, Vol. 47, No. 5 (2009)

comparing the color intensity of the test band itk
color blocks of the reference card after checkihg t



validity of the test with the help of the clearlysible
control band. Detection limit of this test is 0.&/ml. All
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chronic liver disease were found in 2 (1.7%) pdtien
each.

serum samples were processed by the same person who Overall in the 120 patients with SIRS, 15 patients

was blinded to the patients’ clinical presentati@msl
outcomes and the results of the diagnostic tests.

Data analysis
Data were analysed using the Statistical Program fo

Social Science (SPSS ver. 11.5) software. The Mann—

Whitney Utest was used to compare independent sam-
ples, and the chi-square test (with the confidenter-
val of 95%) was used to compare proportions. Ati-va

(12.4%) had microbiological evidence of bactenidéc-
tion (6.7% of blood cultures and 5.8% of urine crés
were positive). The most frequently isolated microo
ganism wasstaphylococcus aureus. Ultimately, 111
patients (92.5%) were discharged from the hospital
9 patients (7.5%) died during that hospitalization.
According to the diagnostic criteria, 49 (40.8%y§ ha
non infectious SIRS (NISIRS) and 71 patients (59.2%)
had infectious SIRS (ISIRS). pneumonia (23.9%), UTI

ables were expressed as the median, and a P value 0(16.9%) and cellulitis (11.3%) were the most common

less than 0.05 was considered significant. A migltip
logistic regression model was used to identify atales
(including age, gender, BT, Time of initiating symp-
toms, WBC count, the presence of SIRS, and a PCT
level that was higher than the cut-off value faeritfy-

ing infection) independently associated with the-ou
come variables; namely, the presence of bactariati
tion, and mortality.

Results

Among the 563 patients with SIRS who were examined
in the ED during the study period, 120 patientsewer
included in our study. Four hundred and forty thpee
tients were excluded from the study because ofviece
antibiotics (345 cases, 77.9%), trauma (55 cask4%d)
and a history of a known malignancy (43 cases 9.7%)
Baselines characteristics of the remaining 120 pegtie
were as follows: 72 (60%) were male and 48 (40%)
were female, and the mean age was 49.1+ 20.2 years.
Fifteen patients (12.5%) were diabetic and 8 (6.7%)
had chronic renal failure. Asplenia, HIV infecti@md

infectious diseases seen in patients with infestiBIRS.

Among 120 patients, 46 (38.3%) had a serum procal-
citonin level below the detection limit of the t¢BICT <
0.5 pg/L). Seven patients (15.2%) had ISIRS and 39
(84.8%) had NISIRS. Twenty three patients (19.2%) ha
PCT > 0.5ug/L, 33 (27.5%) had PCT >®y/L and in 18
(15%) patients PCT was more thanudiL.

Mann-Whitney test showed that serum levels of pro-
calcitonin in infectious SIRS group were signifidgnt
higher than non-infectious group € 0.0001) (Table 1).

Furthermore with Chi-Square statistical test Sensiti
ity, Specificity, positive predictive value (PPWdneg-
ative predictive value (NPV) in various cut-off pts
were calculated, and the results have been showuar in
ble 2. When considering PCT level of > igfL as the
cut-off point, PCT in our study had a sensitivity of
88.7%, a specificity of 77.6%, a PPV of 85.1% and a
NPV of 82.6%. Patients who died had significantly
higher levels of procalcitonin as compared to tlae p
tients who survived.R = 0.03) Although with multi-
variate analysis, PCT level was a predictor of nlityta
in patients with ISIRSK = 0.01) but not in NISIRS pa-
tients P > 0.05).

Table 1. Procalcitonin level in patients with infectiousdamoninfectious SIRS

Patientswith ISIRS

Patientswith NI- Total patientswith SSIRSN

N (%) SIRS (%)
N (%)

PCT @g/l)

PCT<0.5 7 (9.9%) 39 (79.6%) 46 (38.3%)
0.5<PCT<2 14 (19.7%) 9 (18.4%) 23 (19.2%)
2<PCT<10 32 (45.1%) 1 (2.0%) 33 (27.5%)
PCT>10 18 (25.3%) 0 18 (15.0%)
Total 71 49 120

SIRS= systemic inflammatory response syndrome, ISIiRf&etious

SIRS, NISIRS= non infectious SIRS
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Table 2. Diagnostic value of Procalcitonin at various thi@ss in patients with infectious SIRS

Sensitivity Specificity PPV NPV
PCT a/l)
0.5<PCT<2 88.7% 77.6% 85.1% 82.6%
2<PCT<10 69% 95.9% 96.1% 68.1%
PCT>10 25.4% 100% 100% 48%

SIRS= systemic inflammatory response syndrome, PBAsitive predictive value, NPV= negative predictiadue

Discussion cians’ needs and the practicing situation. Accaydin
our application of this serum marker, we can chahge
The main purpose of the present study was to best t figure for extreme benefit. For example in tranafda

efficacy of PCT in identifying bacterial/parasitipie tion wards lowering cut-off points for screening iof
sodes among SIRS-positive adult patients presemting fections can be useful.

the ED. According to our study, an increased sdaun Sepsis is merely a syndromic diagnosis and the op-
el of procalcitonin is helpful in the diagnosis tbg in- timal cut-off point for procalcitonin probably depss
fections, even in when the infection is localizElike on the origin of infection (13). A study performed

the majority of studies published to date on PCygss 243 febrile patients in an emergency room in Frathe

we did not focus on an organ-specific infection. PCT assay, with a 04/L cut-off value, had a sensitiv-

The etiology of a presumed bacterial cause ofrfeve ity of 77% and a specificity of 59% in diagnosingche-
cannot be detected in 50-80% of patients with stiede  rial/parasitic infection. The authors stated that lower
bloodstream infection (13). In our study overall 15 specificity reported (59%) could be explained bgike
(12.4%) culture proven cases of infection were geco ing the cut-off value for PCT assay low (5)
nized. The low prevalence of bacteremia in ourepesi Another study in Spain on 100 infants aged between
is expectable because the majority of them hadcalfo 4 and 28 days with clinical suspicion of neonatgsss
infection. However this is much lower than the rafe of nosocomial origin, serum PCT concentrations were
bacteremia in localized infections according to $hed- significantly higher at initial suspicion and at-P2 h
ies reported in medical literature (13, 17). A poee and 36-48 h after the onset of symptoms in neonates
unpublished study performed by the authors showatd t  with confirmed sepsis than in neonates with cliyca
even in bacterial endocarditis, the prevalence af-b  suspected but not confirmed sepsis. Optimal PCT
teremia in our patients is much lower than the reggb thresholds according to ROC curves were 0.59 ng/mL at
prevalence in literature (63.7% vs. more than 80%). the time of suspicion of sepsis (sensitivity 81.4¢eci-
Therefore culture results should not be considesd ficity 80.6%); 1.34 ng/mL within 12—24 h of birtlsen-
tral to the clinical care of infections in our cent sitivity 73.7%, specificity 80.6%), and 0.69 ng/mL

Parameters of diagnostic accuracy depend on the cut within 36-48 h of birth (sensitivity 86.5%, specify
off points applied (13). Therefore reports on tliaged 72.7%) (18).
nostic accuracy of PCT in the literature are varkgeh- In a study using a cut-off point of 2 ng/mL, thens
sitivity ranges from less than 70% to 100%, andckpe  sitivity and specificity of PCT for distinguishingys
ficity varies between 50% and 100% (12, 13, 18-20). temic bacterial infection from aseptic meningitisda

The likelihood of a bacterial infection increaseady- from localized bacterial infection were 100%. Posit
ally with increasing procalcitonin levels. We nefic and negative predictive values for the diagnosisyst
that with choosing a higher cut-off point for ser@T temic bacterial infection were also 100% in comgami

level, the sensitivity decreased (higher false tiegp to C-reactive protein (CRP) (cut-off value of 40 mgl/l
but specificity increased (lower false positive)hh& with a sensitivity of 88% and specificity of 72.2fdr
considering PCT > 0.5 pg/L as the cut-off point, the distinguishing systemic bacterial infection frormrepsic
sensitivity, specificity, PPV and NPV were 88.7%, meningitis, and 50% to distinguish it from locatizi-
77.6%, 84.6% and 82.6% respectively. When the ffut-o fection. The PPV was 63.6% and the NPV was 90.9 %
point was increased to 10 pg/L sensitivity decréase (19).

25.4% and specificity increased to 100%, PPV was In addition to a great number of studies that skaow
100% and NPV was 48%. These finding represent that good and valuable diagnostic accuracy for PCT, tisere
use of a cut-off value in serum procalcitonin fdffed- some metaanalyses in which the authors concluded th
entiating sepsis can be tailored according to thesip procalcitonin is of low diagnostic value (21, 2€pnse-
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quently, we agree with Hausfater that emergencysiphy
cian’s judgment is as efficient as or better tHam PCT
assay, and that biological markers must be corsidas
diagnostic and prognostic tools that assist phgsiiin
their clinical practice, but cannot replace thdinical
judgment (5).

Another important finding in our study was that PCT
level was a predictor of mortality in patients wigiRS
(P=0.01).

Z. Ahmadinegjad, et al.

PCT levels. Because in such patients PCT may become
positive or show higher levels on sequential sam(ig.

The major limitation of our study, however, is ttteice

of the gold standard against which sepsis was diseph

Any observational study and metaanalysis investigat
the diagnostic accuracy of procalcitonin is biabgdhe
choice of the gold standard. The etiology of a ypmesd
bacterial cause of SIRS cannot be detected in 50-80%
patients with suspected bloodstream infections. (\&)

There are many published data that support the-bene considered expert diagnosis to be more suitablguse

fits of procalcitonin in predicting outcome, moitgalor
severity of the infections. In a study in Switzedaon
545 patients with suspected lower respiratory firgfeic-
tions, authors showed that PCT, in contrast to kighl
sensitive C-reactive protein and leukocyte count, i
creased with increasing severity of community acli

a significant proportion of bacterial febrile epiges are
never confirmed microbiologically in the setting BD
care. In conclusion, PCT is a useful marker foiedén-
tiating sepsis from other cause of SIRS, but only in
combination with other clinical and laboratory menk
With changes in the cut-off value of PCT in any &itu

pneumonia (CAP), as assessed by the pneumonia Severﬂon its application is maximized. However morediés

ity index (P < 0.001), and so they concluded that PCT is
useful in assessing the severity of CAP (10). Irys s
tematic review of the literature for assessingpbssible
role of PCT in detection of postoperative cardiagsty
complications and mortality, the authors noted et
rum PCT levels increase with increasing severitgey-

sis and the presence of organ dysfunction/failak are
higher in patients with a poor outcome or in thod®
develop postoperative complications (11). In a ewwvi
on pediatric infections, Rossum and colleagues found
that all studies on severe, invasive bacterialciidas in
children report higher sensitivities and speciiést for
procalcitonin than for CRP; so they concluded that pr
calcitonin is an excellent marker of severe, invasiac-
terial infections in children (23).

Study Limitations

One of the limitations of the present study is that
did not perform quantitative measurement for PCT.
However, a good correlation between the resulthef
gquantitative and the more rapid semi-quantitatiest t
has been shown in other studies (24, 25). In aystud
aimed at detecting the correlation between the tifaan
tive and the rapid semi quantitative test by Genaaid
colleagues, no result above 0-5 ng/mL with the tjiizan
tive method was below the threshold of detectiot® (0
ng/mL) by the rapid test (24). In a multicenterdstun
Spain researchers found that the PCT-Q test has@ go
correlation in 87% of cases with the quantitatiedues
of the marker within the context of infectious dises
(25).

Another limitation of our study is that we did not
study PCT Kkinetics in infected patients with lowtieli

for determining the exact cut-off point for PCT aitel
diagnostic accuracy is needed. Procalcitonin can ¢
a good marker for predicting outcome in patientthwi
infection.
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