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Procalcitonin – kinetics
• 116 amino acid 

precursor polypeptide of 
calcitonin

• Half-life 24 hrs, 
independent of renal 
function

• Calcitonin level
would not increase 
as enzymatic cleavage 
of calcitonin is
bypassed. 

• Greater sensitivity & 
NPV than CRP



Physiology
• In animal models of 

sepsis, PCT 
administration increased 
mortality

• Expression in WBCs is 
only increased transiently 
during the differentiation 
from monocytes to 
macrophages

• Neutropenic bacteremic 
patients have no 
deficiency in generating a 
PCT response



Limitations: 
Non bacterial causes of increased in PCT

Neuroendocrine
tumor

Systemic 
inflam-
mation

Trauma
(2-20 ųg/L) 

Autoimmune 
diseases

Other 
infections

Medullary thyroid 
cancer

Inhalational 
injury

Mechanical 
injury

Adult onset 
Still’s disease

Fungi (0.69 –
103 ųg/L)

SCC lung Pulmonary 
aspiration

Burns Vasculitis? Malaria (662 
ųg/L)

Carcinoid Pancreatitis Extensive 
surgery

SLE?

cirrhosis Cardiogenic 
shock 

Mesenteric 
infarction
Heat stroke

Neonate < 
48hs 



Limitations: Intracellular bacteria?

• 75 patients presented with PTB, only 
41.3% have a PCT value > 0.5 ųg/L (range 
0.02-1.09 ųg/L)             Jpn J Infect Dis 2006; 59:164-167.



Primary care / AED patients



Therapy decisions – start / withhold antibiotics

Mortality



Proposed algorithm for low-acuity non-pneumonic 
and moderate-acuity pneumonic infections



Critically ill patients
• Pooled 1602 SIRS

patients
• Unlikely to be helpful in 

assisting clinical 
decision (with a pretest 
probability of sepsis of 
40%, PCT would only 
raise the post-test 
probability to 66%)

• NLR 0.43 (reduce the 
post-test probability to 
23%, not enough to rule 
out an infection)



VAP?

• Incorporating into a clinical 
score (e.g. CPIS) did not 
improve its diagnostic value

• 89.6% receive antibiotics at 
inclusion and 65% received 
antibiotics despite PCT < 0.5 
ng/mL (PRORATA trial)

• Kinetics might be useful 



Therapy decision – shorten antibiotics duration



Therapy decision – shorten antibiotics duration



Proposed algorithm for high-acuity infections in 
ICU settings

discouraged



Prognosis
In relation to 90-day mortality among
critically ill septic patients
• PCT level  1-5 ųg/L correlates with 

mortality of 11%
• 51-100 ųg/L -> 42%  

Curr Opin Crit Care 13:578-585



Neutropenic febrile
patients

• N=158
• At a PCT cut-off 

of 1 ng/ml, sensitivity 
& specificity for 
bacteremia is
44.2% & 64.3%, 
respectively Advent of fever Mean (+/- SE) PCT level 

(ng/ml)
1st 1.17+/- 0.44
2nd 0.42 +/- 0.19

3rd 0.86 +/- 0.36

4th 0.39 +/- 0.18



Survived 9.79 +/- 1.29 ng/mL
Died 20.45 +/- 4.48ng/mL
(p<0.0001)



Bacteremia 

• Single vs serial measurements
• Type of organisms



Fungal infections 
• Normal PCT levels at the onset with 

subsequent increases in patients with an 
unfavorable course 



PCT in neutropenia
• 0.5 – 1 ng/ml : local or uncomplicated systemic 

infections
• 1-2 ng/ml bacteremia or severe fungal infection
• >2 ng/ml severe sepsis and septic shock
• During early phase of fever (1st 24 h) normal 

values may be reported
• Coagulase negative Staphylococci bacteremia 

may cause no increase in PCT 
• Sensitivity at most 88% for bacteremic infection

Infection 36 2008 No 5



PCT in autoimmune patients? 
• Not enough data
• Conflicting results in 

the literature
• No correlation 

between PCT & 
disease activity;

• NSAIDs/steroid had 
no impact on PCT 
levels

• Different cut-off 
relating to different 
diseases entities?

Adult-onset Still’s disease -> 
elevated TNF α, higher cutoff 1.4 ng/ml



Neonates
• Physiological 

postnatal increase of 
serum PCT in healthy 
term & preterm 
neonates, with peak 
values at 24 h of age

• Meta-analysis 16 
studies (1959 
neonates) pooled 
sensitivity 81% 
specificity 79% for 
neonatal sepsis



Local experience
• Enzyme linked fluorescent immunoassay (ELFA) 

• The reaction occurs within the interior of the solid phase receptade (SPR) 
whereby anti-calcitonin antibodies and conjugate form a sandwich.

• 4-MUP is cycled into SPR and conjugate enzyme catalyses the hydrolysis 
of the substrate into 4-Methyl-umbelliferone which is measured at 450nm.

• 20 minute incubation time
• Measurement range 0.09 – 200 μg/L 
• $200-300 per test
• Review period (4/8/2010 – 26/5/2011) N=260



Conclusion
• PCT not sensitive enough to rule out 

bacterial infection in all setting
• Reassessment in cases in which 

antibiotics are withheld to ensure the 
clinical condition improves spontaneously

• Kinetics maybe more helpful to shorten
antibiotics duration

• Supplement but not supplant clinical 
impressions

• Need to consider the cost-effectiveness



The End.

Questions?
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 Procalcitonin – kinetics

		116 amino acid precursor polypeptide of calcitonin

		Half-life 24 hrs, independent of renal function

		Calcitonin level



    would not increase 

    as enzymatic cleavage of calcitonin is

    bypassed. 

		Greater sensitivity & NPV than CRP















Physiology

		In animal models of sepsis, PCT administration increased mortality

		Expression in WBCs is only increased transiently during the differentiation from monocytes to macrophages

		Neutropenic bacteremic patients have no deficiency in generating a PCT response









Calc-1 gene -> preprocalcitonin -> proteolytic cleavage

Septic hamsters with peritonitis doubled the death rate

*









Limitations: 

Non bacterial causes of increased in PCT





		Neuroendocrine tumor		Systemic inflam-mation		Trauma
(2-20 ųg/L) 		Autoimmune diseases		Other infections

		Medullary thyroid cancer		Inhalational injury		Mechanical injury		Adult onset 
Still’s disease		Fungi (0.69 – 103 ųg/L)


		SCC lung		Pulmonary aspiration		Burns		Vasculitis?		Malaria (662 ųg/L)

		Carcinoid		Pancreatitis
		Extensive surgery		SLE?

		cirrhosis		Cardiogenic shock 

		Mesenteric infarction

		Heat stroke

		Neonate < 48hs 



































Translocation of LPS or bacterial products from the gut to the systemic circulation

Trauma: predict multiple organ failure

?early stages of bacterial invasion

*









Limitations: Intracellular bacteria?













		75 patients presented with PTB, only 41.3% have a PCT value > 0.5 ųg/L (range 0.02-1.09 ųg/L)             Jpn J Infect Dis 2006; 59:164-167.









Primary care / AED patients 























Therapy decisions – start / withhold antibiotics



Mortality 





Physicians were not asked to wait for PCT results before initiating antibiotics

Mortality 5.2% (PCT) vs 5.4% (control)









Proposed algorithm for low-acuity non-pneumonic and moderate-acuity pneumonic infections









Critically ill patients

		Pooled 1602 SIRS



    patients

		Unlikely to be helpful in assisting clinical decision (with a pretest probability of sepsis of 40%, PCT would only raise the post-test probability to 66%)

		NLR 0.43 (reduce the post-test probability to 23%, not enough to rule out an infection)

		







SIRS: tachycardia, leucocytosis, tachypnoea, pyrexia

Diagnostic OR >100 high accuracy; 25-100: moderate; <25 unhelpful









VAP?

		Incorporating into a clinical score (e.g. CPIS) did not improve its diagnostic value

		89.6% receive antibiotics at inclusion and 65% received antibiotics despite PCT < 0.5 ng/mL (PRORATA trial)

		Kinetics might be useful 





Ramirez et al: 20 patients with a previous infection excluded, 9 -> VAP  

Prorata trial: 307 patients in PCT group 75 has VAP

*









Therapy decision – shorten antibiotics duration































Therapy decision – shorten antibiotics duration



Mortality 21.5% (PCT) vs 23.4% (control)









Proposed algorithm for high-acuity infections in ICU settings

discouraged





2nd measurement within 6-12 h if antibiotics is withheld initially based on a low PCT level

Surgical ICU or post-operative patients, 1 ug/L may be sufficient to discontinue antibiotics 









Prognosis

In relation to 90-day mortality among

critically ill septic patients

		PCT level  1-5 ųg/L correlates with mortality of 11%

		51-100 ųg/L -> 42%  



Curr Opin Crit Care 13:578-585







Neutropenic febrile

patients

		N=158

		At a PCT cut-off 



   of 1 ng/ml, sensitivity & specificity for bacteremia is

    44.2% & 64.3%, respectively

		Advent of fever		Mean (+/- SE) PCT level (ng/ml)

		1st		 1.17+/- 0.44

		2nd		  0.42 +/- 0.19


		3rd		  0.86 +/- 0.36


		4th 		   0.39 +/- 0.18
































Survived 9.79 +/- 1.29 ng/mL

Died 20.45 +/- 4.48ng/mL

(p<0.0001)







Bacteremia 

		Single vs serial measurements

		Type of organisms













Fungal infections 

		Normal PCT levels at the onset with subsequent increases in patients with an unfavorable course 











PCT in neutropenia

		0.5 – 1 ng/ml : local or uncomplicated systemic infections

		1-2 ng/ml bacteremia or severe fungal infection

		>2 ng/ml severe sepsis and septic shock

		During early phase of fever (1st 24 h) normal values may be reported

		Coagulase negative Staphylococci bacteremia may cause no increase in PCT 

		Sensitivity at most 88% for bacteremic infection



Infection 36 2008 No 5







PCT in autoimmune patients? 

		Not enough data

		Conflicting results in the literature

		No correlation between PCT & disease activity;

		NSAIDs/steroid had no impact on PCT levels

		Different cut-off relating to different diseases entities?













Adult-onset Still’s disease -> 

elevated TNF α, higher cutoff 1.4 ng/ml



(case series & observational studies with variable patient characteristics & clinical settings)

Wegener’s granulomatosis & microscopic polyangiitis: cutoff 1 ng/mL

RA:  0.1 ng/mL 100% sensitive in ruling out bacterial arthritis 

        Patients with infectious spondylitis, IE with streptococcus, PAER pneumonia have normal PCT levels

SLE: peritonitis on antibiotics, SPNE septicemia with normal PCT

*









Neonates

		Physiological postnatal increase of serum PCT in healthy term & preterm neonates, with peak values at 24 h of age

		Meta-analysis 16 studies (1959 neonates) pooled sensitivity 81% specificity 79% for neonatal sepsis













Local experience

		Enzyme linked fluorescent immunoassay (ELFA) 



















		The reaction occurs within the interior of the solid phase receptade (SPR) whereby anti-calcitonin antibodies and conjugate form a sandwich.

		4-MUP is cycled into SPR and conjugate enzyme catalyses the hydrolysis of the substrate into 4-Methyl-umbelliferone which is measured at 450nm.

		20 minute incubation time

		Measurement range 0.09 – 200 μg/L 

		$200-300 per test

		Review period (4/8/2010 – 26/5/2011) N=260









Conclusion

		PCT not sensitive enough to rule out bacterial infection in all setting

		Reassessment in cases in which antibiotics are withheld to ensure the clinical condition improves spontaneously

		Kinetics maybe more helpful to shorten



   antibiotics duration

		Supplement but not supplant clinical impressions

		Need to consider the cost-effectiveness









The End.

Questions?

















Tissue that Secrete RProcalcitonin

Control  Sepsis

« In healthy person, only thyroid and Thyroid
lung secrete procalcitonin and then wsc
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PROCALCITONIN (ng/ml)

Preumococcal Legionella  Tuberculosis Preumocystis

Figure 1 Procalcitonin serum concentratiors (ng/m) in aduits with preumocaccal pneumonia, Legionella
pneumonia, tuberculosis and Pneumocysti jiroveci pheumania.
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Table 1_Studies Evaluating Procalcitonin Concentration as a Diagnostic Marker of Ventilat or-Associated Pneumonia
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Table 2. Daily follow-up of procalc-
itonin. (PCT) levels of patients en-
rolled in the study, correlated with
the category of infection




Table 3. Daily follow-up of C-react-
ive protein (CRP) levels of patients
enrolled in the study, correlated
with the category of infection
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Table2.
Diagnostc values in diagnosing bactremia.

Engelhuthor Cutoft wlue Senstivty (%) Spechty (%) PV () NV (%)
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“procalcitorin; CRP: Creactive protein; IL-6: interleukin6; PPY: positive predictive value; NPV: negative predictive value.
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Fig. 1. Distribution of concentrations of procakitonin at
the time of fever manifestation among patients with
bacteraemia caused by coagulase-negative staphylococci,
other Gram-positive cocci and Gram-negative bacteria.
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Figure 4. PCT kinetics in persistent neutropenic fever during more than 3 days: IFD vs. non-fungal FE. Median PCT values at each time
point are shown.
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Figure 5. Percent of patients with PCT >500 pg/ml and fever (temperature >38°C) in follow-up of IFD. The T0 for PCT and fever is set
on the point at which the first positive PCT value (500 pg/mi) has been documented.
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Table 1 Differential diagnosis of non-nfectious febrile diseases and relative values of CRP and PCT during steady state,
xacerbation of underlying disease and bacteral infection (na change from baseline ndicated by "~
from baselne indicated by "1 or 11, nsuffcient data idicated by ")
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Table3

PCT reference ranges for neonates of o0 — 48 hours
of age (including 95% of all measurements)

Age in hours PCT[pg/L]

0-6 2
6-12 8
12-18 15
18-30 21
30-36 15
36-42 8

42-48 2
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