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Ex e c u t i v e Su m m a ry

Procalcitonin (PCT) In Sepsis
Should Baseline PCT Levels be done in Patients with Sepsis?

Evidence statement: Procalcitonin is detectable in the serum within 
4–6 hours after induction, which is most often a bacterial infection. 
It reaches its peak within 24 hours and then starts its decline in the 
case of adequate treatment, with levels reducing by roughly 50%  
daily according to its half-life. A baseline PCT is required for 
guiding antibiotic therapy to look at subsequent increases or 
decreases in levels. Most randomized controlled trials (RCTs) have 
done a baseline value in suspected sepsis patients and utilized it 
in PCT-based algorithms to limit the duration of antibiotic therapy.

Recommendations
Baseline serum PCT levels may be done in patients with sepsis (1B).

What is the Role of PCT in the Diagnosis of Sepsis?
Evidence Statement
Procalcitonin can diagnose sepsis only with moderate accuracy. 
The cut-off values for the diagnosis of sepsis are not well defined 
and need further clarification.

Recommendations
•	 Procalcitonin alone should not be used for the diagnosis of sepsis 

(1A).
•	 We suggest that PCT be used to differentiate culture-negative 

sepsis from non-sepsis (2B).

Should PCT be done for Discontinuation of Antibiotics 
in Sepsis?
Evidence Statement
Procalcitonin-guided treatment reduces the duration of antibiotic 
therapy and duration of hospital stay in adult critically ill patients 
with sepsis without any increase in mortality. Procalcitonin-based 
protocols are associated with significant overall hospitalization 
cost savings.

Recommendations
Procalcitonin levels can be used to support the discontinuation or 
de-escalation of antibiotics in patients with sepsis (2A).
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How often should PCT Level be repeated after the 
Baseline Value?
Evidence Statement
There is no evidence to suggest the optimal frequency of PCT 
testing. In various studies, serum PCT has been tested every 24–72 
hours.

Recommendations
Procalcitonin levels may be repeated every 72 hours or earlier if 
clinically indicated (3B).

What Level of PCT should be used for Discontinuing 
Antibiotics in Sepsis?
Evidence Statement
There is significant heterogeneity among studies regarding the 
cut-off value of PCT for discontinuation of antibiotics. In most 
studies, the reduction of PCT levels below 0.25–0.5 ng/mL, or an 
80–90% decline from baseline led to antibiotic de-escalation. 

Recommendations
Procalcitonin levels of less than 0.5 ng/mL or a drop by more than 
80% from baseline should be used along with clinical judgment for 
decision-making regarding antibiotic de-escalation (3A).

What is the Role of PCT Value in deciding the Severity 
and Prognosis of Infections?
Evidence Statement
Elevated baseline PCT and non-clearance of PCT were associated 
with increased mortality in patients with sepsis. Procalcitonin can 
differentiate between gram-negative and gram-positive sepsis. 

Recommendations
Procalcitonin may be used to define the severity of infection in a 
patient with sepsis (2B).

What are the Infections in which PCT is not an 
Effective Biomarker? 
Evidence Statement
Procalcitonin may not be an effective marker in some infections. 
It may be inconsistently raised in infections with Legionella, 
Mycoplasma, and Chlamydia, whereas localized bacterial infections 
such as tonsillitis, sinusitis, cystitis, and uncomplicated soft tissue 
infections abscesses, or empyema can cause it to be falsely negative. 
Procalcitonin may be raised in non-bacterial infections like scrub 
typhus and malaria. Among fungal infections, it may or may not be 
raised in candidal infections and may be negative in aspergillosis 
and mucormycosis. 

Recommendations
Physicians should be aware of infections where PCT is not a reliable 
marker [useful practice point (UPP)].

PCT i n Low e r Resp   i r ato ry Tr ac t 
In f e c t i o n s (LRTIs) 
What is the Utility and Optimal Timing of 
Measurement of Serum PCT for Antibiotic 
Administration in Patients with Community-acquired 

Pneumonia (CAP) and other Community-acquired 
LRTIs?
Evidence Statement
In patients with CAP, baseline PCT alone has limited utility in clinical 
decision-making regarding the initiation of antibiotics. In clinical 
trials, PCT measurements have been performed at randomization 
or emergency or hospital admission.

Recommendations
•	 Baseline PCT should not be routinely measured for initiation of 

antibiotics in all patients with CAP (1A).
•	 Baseline PCT levels should be obtained in patients with severe 

CAP for subsequent de-escalation of antibiotics (2A).
•	 If indicated, baseline serum PCT should be preferably measured 

at admission (3A).

Should Baseline PCT Values in Community-acquired 
LRTIs be used to decide Antibiotic Initiation?
Evidence Statement
Baseline PCT levels have not been consistently shown to reduce 
antibiotic exposure in community-acquired LRTIs. Most guidelines 
recommend against withholding antibiotics in LRTIs or CAP based 
on baseline PCT. 

Recommendations
•	 Baseline PCT levels alone should not be used to withhold  

empiric antibiotic therapy in patients with LRTIs, including CAP 
(1A).

•	 Based on clinical judgment, prompt initiation of optimal empiric 
antibiotic therapy is recommended in patients with LRTIs, 
including CAP (1A).

Can PCT Levels be used to differentiate between Viral 
and Bacterial Etiology in CAP?
Evidence Statement
Higher PCT levels are strongly associated with typical bacterial 
infections. Baseline PCT levels have varied sensitivity in 
differentiating bacterial and viral CAP. There are currently no 
established threshold values of PCT to discriminate bacterial from 
viral pneumonia.

Recommendations
Procalcitonin levels alone should not be used to differentiate 
between bacterial and viral etiology in patients with CAP (1A).

Should Serum PCT be used to determine Duration of 
Antibiotic Therapy in Patients with CAP?
Evidence Statement
In patients with CAP, PCT based antibiotic de-escalation is 
associated with decreased antibiotic exposure and significant cost 
benefits without worsening short-term outcomes.

Recommendations
Procalcitonin should be used, along with clinical judgement, to take 
decisions regarding de-escalation in patients with CAP regarding 
antibiotics beyond 5–7 days (1A).
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What Cut-off of PCT should be used to De-escalate 
Antibiotic Therapy in CAP?
Evidence Statement
For PCT, various studies have used absolute cut-offs of 0.25 ng/mL 
for mild-to-moderate disease and 0.5 ng/mL for severe disease. 
Also, a decline of 80–90% from baseline has also been used for 
antibiotic de-escalation. In patients with renal failure, a cut-off of 
0.5 ng/mL has been proposed.

Recommendations
Procalcitonin levels of 0.5 ng/mL or a decline of 80% from baseline 
should be used for the de-escalation of antibiotics in severe CAP or 
patients requiring intensive care (3A).

Should PCT Levels be used to decide Antibiotic 
Initiation in Hospital Acquired Pneumonia (HAP) and 
VAP?
Evidence Statement
Procalcitonin alone has limited utility for diagnosing or predicting 
outcome of hospital-acquired or ventilator-associated pneumonia 
(VAP). Baseline PCT values may be used to aid clinical parameters 
for decision-making.

Recommendations
Baseline PCT levels alone should not be used to make the clinical 
decision regarding antibiotic initiation in patients with VAP and 
HAP (1A).

How often should PCT Level be repeated after the 
baseline value in VAP and HAP?
Evidence Statement
Serial PCT levels have been used in antibiotic de-escalation and 
antibiotic stewardship studies. Most studies have measured PCT 
daily in critically ill and every 48–72 hours in stable patients. Most 
studies on VAP have done daily PCT.

Recommendations
Serial serum PCT level measurement, preferably every 48 hours, 
should be used in antibiotic de-escalation (UPP).

Should PCT be used for the De-escalation of 
Antibiotics in Patients with VAP?
Evidence Statement
Procalcitonin-based antibiotic de-escalation has been associated 
with decreased antibiotic exposure and better outcomes without 
any significant increase in treatment failure.

Recommendations
Procalcitonin should be used as a part of an antibiotic stewardship 
program for antibiotic de-escalation in patients with VAP on 
antibiotics beyond 7 days (1A).

What cut-off value of PCT should be used to consider 
de-escalation of antibiotic therapy in VAP?
Evidence Statement
For PCT, various studies have used absolute cut-offs of 0.5 ng/mL  
for severe disease. Also, a decline of 80–90% from baseline has 
been used for antibiotic de-escalation. In patients with renal failure, 
a cut-off of 0.5 ng/mL has been proposed.

Recommendations
•	 Procalcitonin levels of 0.5 ng/mL or a decline of 80% from 

baseline along with clinical criteria should be used for 
de-escalation in VAP and HAP (3A).

•	 A decline of 80% or more from baseline and clinical criteria 
can be used for de-escalation if baseline values are available 
(UPP).

PCT i n Ot h e r In f e c t i o n s

Can PCT be used to guide Antibiotic Therapy in 
Urinary Tract Infections? 
Evidence Statement
Procalcitonin has been used to differentiate urosepsis and 
bacteremia among patients with urinary tract infections 
(UTIs), however, the sensitivity and specificity remain variable. 
Procalcitonin has been used for the decision to stop antibiotics 
among patients with UTI. The PCT-guided algorithms led to lesser 
use of antibiotics without significant adverse effects. Different 
studies have used different cut-off values.

Recommendations
•	 Procalcitonin may be used to diagnose bacteremia in UTI 

patients (2B).
•	 Procalcitonin–pyuria-based algorithm can be used to guide 

antibiotic therapy in UTI patients (1B). 
•	 We suggest against the use of PCT as marker of treatment 

outcome in patients with febrile UTI (2B).

What is the Utility of Procalcitonin in Infections among 
Patients with Cirrhosis and End-stage Liver Disease?
Evidence Statement
Procalcitonin has been used for the diagnosis of infections among 
patients with cirrhosis/end-stage liver disease. The sensitivity 
and specificity (modest) are variable. Different studies have used 
different cut-off values.

Recommendations
•	 Procalcitonin alone should not be used for diagnosis of infection 

or spontaneous bacterial peritonitis (SBP)among patients with 
cirrhosis and end-stage liver disease (2A).

•	 Procalcitonin may be considered for the diagnosis of infection 
or SBP in combination with clinical and other laboratory 
parameters (2B).

What is the Utility of PCT in Infections among Patients 
with Acute Pancreatitis?
Evidence Statement 
Procalcitonin has been used for the prediction of the severity of 
acute pancreatitis. However, the performance of PCT is not better 
than existing clinical scores. A PCT-guided antibiotic therapy led to 
a reduction in antibiotic use and hospital stay without any adverse 
effects.

Recommendations
•	 We recommend against the use of PCT for the diagnosis of acute 

severe pancreatitis (2A).
•	 We suggest using PCT for guiding antibiotic therapy among 

patients with severe acute pancreatitis (1B).
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What is the Utility of PCT in Infections among 
Patients with Spontaneous and Secondary Bacterial 
Peritonitis?
Evidence Statement
Procalcitonin has been used to diagnose SBP with variable 
sensitivity and specificity. There is heterogeneity in the methods 
and cut-off for PCT used by different studies for the diagnosis of 
SBP. Procalcitonin has been used for prediction of risk of septic 
shock and mortality among patients with secondary peritonitis. 
The PCT-guided antibiotics therapy leads to a reduction in 
antibiotic use and hospital stay without any adverse effect on 
secondary peritonitis.

Recommendations
•	 Procalcitonin alone should not be used for the diagnosis of SBP 

(2A).
•	 Procalcitonin may be considered for diagnosis of SBP in 

combination with clinical features (1B).
•	 Procalcitonin can be used for risk stratification among patients 

with secondary peritonitis (2A).
•	 We recommend use of PCT for guiding antibiotic therapy among 

patients with severe secondary peritonitis (2A).

Should Baseline PCT Levels be used to initiate 
Antibiotic Therapy in Immunocompromised Patients 
with Suspected Sepsis?
Evidence Statement
Immunocompromised patients have an increased incidence of 
severe and life-threatening infections. There may be a need for 
prolonged antibiotic therapy in these patients. Serum PCT has 
been shown to be raised in immunocompromised patients with 
bacterial infections in observational studies. There are no RCTs 
that have examined the performance of serum PCT in guiding 
antibiotic therapy in immunocompromised patients. Patients with 
immunocompromise due to HIV infection or malignancy have 
elevated baseline serum PCT levels and there is heterogeneity in 
the cut-off levels as well as the diagnostic accuracy among different 
studies.

Recommendations
•	 Serum PCT alone should not be used for the diagnosis of 

infection in immunocompromised patients (2A).
•	 Serum PCT should not be used to guide antibiotic therapy in 

immunocompromised patients (2B).

In t r o d u c t i o n
The rapid emergence of antibiotic resistance is a big problem that 
endangers the progress of humankind in encountering infections 
and saving lives. In the early 20th century, it was thought that 
antibiotics would be the panacea to disease and make death 
due to infection rare.1 However, natural selection and adaptation 
of microbes, aging, immunosuppression (e.g., obesity, diabetes 
mellitus, and others), prolonged hospitalization, overuse, and 
misuse of antimicrobial agents have increased infections with 
multidrug-resistant organisms. Infections with multidrug-resistant 
organisms, traditionally thought to be nosocomial, have become 
prevalent in community-acquired infections, thereby compounding 
the problem.2 Two main approaches have been suggested to 

encounter this problem. The first is to invest in new antibiotic 
discoveries. However, drug development and clinical trials are 
complex, expensive, and time-consuming, and ultimately, only a 
few new antibiotics enter the real world. The second option is the 
optimal use of available antibiotics.3 This approach has been refined 
into the concept of antibiotic stewardship. “Antibiotic stewardship” 
encompasses multiple coordinated interventions to improve 
appropriate antimicrobial use by promoting optimal drug regimen 
selection, and dosing, and minimizing the duration and adverse 
effects of antibiotics without compromising clinical outcomes. 
Antibiotic stewardship also improves the susceptibility of microbes 
to existing drugs.4 It is crucial while practicing antibiotic stewardship 
to ensure that no deserving patient is denied timely antimicrobial 
therapy. At the same time, prolonged use of antimicrobials adds 
to the cost of care and leads to the selective propagation of drug-
resistant organisms. Both initiation and de-escalation require 
clinical judgment and some objective tests to minimize the overuse 
of antibiotics. Various biomarkers have been studied to aid optimal 
antibiotic usage and stewardship. Serum PCT is the most commonly 
utilized for this purpose worldwide. 

Several randomized trials and meta-analyses have addressed 
the use of PCT for antibiotic stewardship in community-acquired 
and hospital-acquired infections. This guideline frames evidence-
based recommendations for serum PCT in antibiotic stewardship 
for various infections. 

Sco pe  o f Gu i d el  i n es
These guidelines address the current evidence-based use of 
PCT in antibiotic stewardship for infections including sepsis, 
respiratory infections, infections involving other organ systems, 
and immunocompromised patients. The guidelines also include 
recommendations on using PCT in patients with coronavirus 
disease-2019 (COVID-19). These guidelines review the current 
status of the utility of PCT in the diagnosis of infections, initial 
prescription of antibiotics, de-escalation of antibiotics, and 
evidence-based recommendations for use in clinical practice. These 
guidelines should be used along with clinical judgment and local 
scenarios, including the feasibility and availability of PCT. Also, as 
the evaluation of the utility of PCT in pediatric patients was not in 
purview, these guidelines should be used only for adults.

Me t h o d o lo g y
These guidelines were framed by an expert panel commissioned 
under the aegis of the Indian Society for Critical Care Medicine. 
The panel comprised members (list enclosed) with expertise in 
handling various severe infections and practical and research 
experience on the utility of biomarkers in infections. The experts 
were divided into three groups. A thorough literature review was 
performed by searching various electronic databases (PubMed, 
Embase, and Cochrane) and cross-references. Various international 
and national guidelines were also reviewed. Relevant literature and 
manuscripts were shared among all experts. All members discussed 
and arrived at a consensus regarding the relevant questions that 
needed to be answered during the framing of these guidelines. 
In subsequent meetings, the relevant literature on each topic 
was presented, and evidence statements and recommendations 
were formulated. A modified grade system was utilized to classify 
the quality of evidence and the strength of recommendations  



Procalcitonin for Rational Antibiotic Use

Indian Journal of Critical Care Medicine, https://www.ijccm.org/doi/IJCCM/pdf/10.5005/jp-journals-10071-24326 5

(Table 1). Subsequently, all the experts reviewed the executive 
summary and suggested modifications based on their literature 
review and experience. Thus, the draft guidelines were formulated 
using consensus. The draft document was circulated to all members, 
and their comments and suggestions were incorporated to prepare 
the final report. 

PCT: A Br i e f Ov e rv i e w 
Procalcitonin, the precursor for calcitonin, is secreted in low 
physiologic quantities by the thyroid gland and pulmonary-
endocrine cells and has a half-life of 20–24 hours.5 Physiologically, 
serum PCT levels are usually below 0.05 ng/mL. However, PCT 
production can be induced by systemic inflammation, including 
sepsis and systemic inflammatory response syndrome (SIRS). 
This induction occurs in most extra thyroid organs, including 

the liver, pancreas, kidney, lung, intestine, and white blood 
cells.6 Induction of PCT occurs via various proinflammatory 
cytokines, including tissue necrosis factor (TNF)-alpha and 
interleukin 1β (IL-1β). However, PCT levels may be falsely increased 
in non-infectious conditions like trauma, burns, medullary C 
cell carcinoma, neuroendocrine cell tumors (small cell lung 
carcinoma and carcinoids), immunomodulatory therapy, which 
causes proinflammatory cytokine increase, cardiogenic shock, 
early neonatal life, chronic renal disease, dialysis, and advanced 
cirrhosis. 

Most chemical assays for PCT have a functional sensitivity of 
0.06 ng/mL, require only 20–50 μL of plasma or serum sample, and 
have a turnaround time of less than an hour. If induced, serum PCT 
levels increase 6–12 hours after infection; PCT levels decline over 
24 hours with optimal therapy. Cut-offs for PCT are often used 
in conjunction with clinical algorithms. A cut-off of 0.1–0.5 ng/
mL or a reduction of more than 80% from baseline is commonly 
utilized for decision-making on antibiotics.7 Flowchart 1 provides 
a consensus overview of the utility of serum PCT for the rational 
use of antibiotics in admitted patients with infections.

PCT i n Seps   i s

Should Baseline PCT Levels be done in Patients with 
Sepsis?
Sepsis, a dysregulated host response to infection and causing life-
threatening organ dysfunction, is a global healthcare problem. 
Biomarkers can have a supportive role in identifying specific 
physiopathological pathways in sepsis. In this regard, serum PCT 
has emerged as a promising candidate. 

Table 1: Modified grade system for classification of quality of evidence 
and strength of recommendations for this guideline

Quality of evidence Level
Evidence from more than or equal to 1 good quality 
and well-conducted RCTs or meta-analysis of RCTs

1

Evidence from at least one RCT of moderate quality, 
well-designed clinical trial without randomization; or 
cohort or case-controlled studies

2

Evidence from descriptive studies, reports of expert 
committees, or opinions of respected authorities 
based on clinical experience 

3

Not backed by sufficient evidence; however, a 
consensus reached by the working group, based on 
clinical experience and expertise

UPP

Flowchart 1: Overview of the utility of PCT for rational use of antibiotics in admitted patients with infections
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Dandona et al. demonstrated a rapid increase in serum PCT 
in healthy volunteers four hours after endotoxin injection.8 
Assicot et al. demonstrated a rapid increase in serum PCT levels 
with the onset of infections, correlation with severity, and rapid 
reduction with antibiotic therapy.9 Though baseline serum PCT 
is a sensitive marker for sepsis diagnosis, inherent limitations 
preclude recommendations for its use in initial diagnosis and 
decision-making regarding antibiotic initiation.10–13 Majority of 
RCTs evaluating PCT-based algorithms to decide the duration of 
antibiotic treatment in critically ill sepsis patients have used both 
absolute values and 80% reduction from baseline.7,13 Though not 
recommended for antibiotic initiation, baseline PCT levels shall 
be required for antibiotic cessation if criteria utilizing percentage 
decline from baseline value are utilized.

Evidence Statement
Procalcitonin is detectable in the serum within four to six hours 
after induction, which is most often in a bacterial infection. It 
reaches its peak within 24 hours and then starts its decline in the 
case of adequate treatment, with levels reducing by roughly 50% 
daily according to its half-life. A baseline PCT is required for guiding 
antibiotic therapy to look at subsequent increases or decreases in 
levels. Most RCTs have done a baseline value in suspected sepsis 
patients and utilized it in PCT-based algorithms to limit the duration 
of antibiotic therapy.

Recommendations
Baseline serum PCT levels may be done in patients with sepsis  
(1B).

What is the Role of PCT in the Diagnosis of Sepsis?
Up to 30–40% of sepsis patients remain culture negative.14,15 
These patients pose a challenge in decision-making regarding 
antibiotic administration. There is an urgent need for accurate 
biomarkers to diagnose or exclude suspected sepsis from 
non-infective causes. In a prospective observational study  
(n = 208), PCT had a sensitivity of 92.2% and a negative predictive 
value (NPV) of 82.5% for the diagnosis of sepsis; the optimal 
cut-off point for PCT was 1.43 ng/mL. The receiver operating 
characteristic (ROC) curve [area under the curves (AUCs)] for 
PCT was 0.892 [confidence interval (CI), 0.836–0.947; p = 0.028].16 
Tan et al.11 performed a meta-analysis of 11 studies comprising 
1,368 patients to evaluate the accuracy of PCT in sepsis diagnosis. 
Serum PCT had a pooled sensitivity of 0.80 (95% CI: 0.69–0.87) 
and specificity of 0.77 (95% CI: 0.60–0.88) for the diagnosis of 
sepsis; the overall area under the SROC curve was 0.85 (95% CI: 
0.82–0.88). However, overall accuracy was below 90%, with low 
positive and negative likelihood ratios. Also, individual studies 
had taken different cut-offs for diagnosis ranging from 0.57 to 
6.03 ng/mL. 

Evidence Statement
Procalcitonin can diagnose sepsis only with moderate accuracy. 
The cut-off values for the diagnosis of sepsis are not well defined 
and need further clarification.

Recommendations
•	 Procalcitonin alone should not be used for the diagnosis of sepsis 

(1A).
•	 We suggest that PCT be used to differentiate culture-negative 

sepsis from non-sepsis (2B).

Should PCT be done for Discontinuation of Antibiotics 
in Sepsis?
The optimal duration of antibiotic administration in patients with 
sepsis is variable. Guidelines suggest using PCT for shortening the 
duration of antimicrobial therapy in sepsis.12 In a meta-analysis of 
15 studies evaluating PCT-guided antimicrobial administration in 
sepsis, the PCT-guided approach led to a significant reduction in 
duration of antibiotic therapy (p <0.001) and hospital stay (p = 0.049)  
without any difference in 28-day mortality (p = 0.626).17 Andriolo 
et  al. also reported significantly reduced antibiotic exposure 
without any mortality benefit in their meta-analysis of 12 
RCTs of sepsis patients.18 Pepper et al. performed a systematic 
review and meta-analysis of 16 RCTs involving 5,158 critically ill 
adult patients to evaluate the effect of PCT-guided antibiotic 
discontinuation on mortality. In this meta-analysis, PCT -guided 
antibiotic discontinuation was associated with decreased 
mortality [risk ratio (RR), 0.89; 95% CI: 0.83–0.97] and decreased 
antibiotic duration (mean difference, 1.31 days; 95% CI: from 
–2.27 to –0.35); survival benefit was not significant in critically 
ill patients with sepsis (10 RCTs; RR 0.94; 95% CI: 0.85–1.03). Also, 
the meta-analysis noted significant methodologic limitations in 
the studies included and qualified the imputed results as being 
low certainty.19 In a subsequent patient-level meta-analysis of 
critically ill sepsis patients, the PCT arm had significantly lower 
mortality [odds ratio (OR) 0.89, 95% CI: 0.8–0.99)] and shorter 
duration of treatment (adjusted coefficient -1.19 days, 95% CI: 
from −1.73 to −0.66; p <0.001).20 Similar findings were reported 
in other meta-analyses.13,21 Vishalashi et  al. found antibiotic 
duration significantly lower in the PCT group in their single-center 
open RCT of 90 sepsis patients (4.98 ± 2.56 vs 7.73 ± 3.06 days, 
p <0.001). Also, patients in the PCT group had lesser ICU stay 
(5.98 ± 2.73 days vs 8.80 ± 3.35 days, p <0.001) and significantly 
lower secondary infection rate (4.4% vs 26.7% , p = 0.014), with 
comparable readmission and mortality.22 Significant reduction 
in antibiotic duration (11.3 vs 8.6 days; 95% CI: from −3.59 to 
−1.40) and mortality [adjusted OR, 0.88 (95% CI: 0.78−0.98)] 
was reported in 5002 critically ill patients with infections 
and chronic kidney disease, using PCT-based algorithms in a 
patient-level meta-analysis.23 In patients with catheter-related 
bloodstream infections (CRBSI), PCT-based algorithms led to a 
non-significant reduction in antibiotic duration (weighted mean 
difference: 1.218, 95% CI: from −0.155 to 2.591) and hospital stay 
5.69 (95% CI: from −5.81 to 17.20) without any adverse effects 
on mortality.24 According to the analysis of real-world data of 
United States hospitals by Voermans et  al., utilization of PCT-
based algorithms in critically ill sepsis and LRTIs patients was 
associated with significant cost savings without any increase in 
mortality.25 In another cohort before-after study, adoption of 
PCT based protocols resulted in 14% overall cost savings.26 In the 
Procalcitonin-guided treatment on duration of antibiotic therapy 
and cost in septic patients (PRODA) trial, PCT-based algorithms 
led to a 4-day reduction in antibiotic duration (p <0.01) with a 
cost saving of US$30 in sepsis patients.27

Evidence Statement
The PCT-guided treatment reduces the duration of antibiotic 
therapy and duration of hospital stay in adult critically ill patients 
with sepsis without any increase in mortality. Procalcitonin-based 
protocols are associated with significant overall hospitalization 
cost savings.
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Recommendations
Procalcitonin levels can be used to support discontinuation or 
de-escalation of antibiotics in patients with sepsis (2A).

How often should PCT Level be repeated after the 
Baseline Value?
There is limited literature on the optimal frequency of repetition of 
PCT. As the half-life is 20–24 hours, most trials assessing its utility in 
sepsis have tested PCT daily or every 48 hours. In three RCTs, PCT 
was done daily until day 7; antibiotic stoppage, or the patient was 
transferred out of ICU.28–30 Hochreiter et al., Schroeder et al., and 
Liu et al. also did daily PCT in their trials.31–34 Annane et al. repeated 
PCT on day 3 and day 5 post-randomization.35 Deliberato et  al. 
repeated serum PCT levels on the fifth and seventh days.36 However, 
in this trial, if blood cultures were positive, PCT was repeated every  
48 hours until death, discharge, or stoppage of treatment. In another 
trial, Oliveira et al. repeated36 PCT on the fourth or fifth day and then 
daily until the seventh day or stoppage of antibiotics.37 Bloos et al.38 
repeated PCT on day one after randomization and then every 3 days 
till day 14, whereas Jeon et al. measured PCT at baseline and every 
other day till day 14, or stoppage of antibiotics.27 Procalcitonin-
based strategies effectively reduced antibiotic exposure and 
hospital stay duration without affecting mortality in all these RCTs. 

Evidence Statement
There is no evidence to suggest the optimal frequency of PCT 
testing. In various studies, serum PCT has been tested every  
24–72 hours.

Recommendations
Procalcitonin levels may be repeated every 72 hours or earlier if 
clinically indicated (3B).

What Level of PCT should be used for discontinuing 
Antibiotics in Sepsis?
Various trials of sepsis patients have taken different cut-offs of 
PCT to decide on antibiotic cessation. Nobre et al. divided their 
algorithm based on baseline PCT levels. If baseline PCT levels were 
more than one mg/L, a drop in PCT more than 90% from baseline 
or an absolute value below 0.25mg/L was used for antibiotic 
discontinuation.28 If baseline PCT levels were <1 mg/L, day 3 
PCT <0.1 mg/L along with clinical evaluation was used to decide 
antibiotic discontinuation.28 Two other studies discontinued 
antibiotic therapy if there was clinical resolution and PCT  
<1 ng/mL, or PCT >1 ng/mL with a 25 to 35% decline from baseline 
over 3 days. 31,32 Other studies have used absolute cut-offs of less 
than 0.1 ng/mL or 0.25 ng/mL.33,35 Deliberato et al. discontinued 
antibiotics if PCT dropped more than 90% of peak level or below 0.5 
ng/mL.36 Three trials combined clinical judgment and PCT decline 
of 90% from baseline or absolute value below 0.25 ng/mL as 
criteria for antibiotic discontinuation.29,30,33 Oliveira et al. stopped 
antibiotics when PCT levels dropped by 90% if baseline levels were 
more than >1 ng/mL; if baseline levels were less than one ng/mL, 
antibiotics were discontinued when PCT values became less than 
0.1 ng/mL.37 Bloos et al. used a cut-off of below 1 ng/mL or a 50% 
decline from the previous value for antibiotic cessation.38 Also, de 
Jong et al. and Jeon et al. stopped antibiotics if PCT declined by at 
least 80% from peak value or below 0.5 ng/mL.27,34 Vishlashi et al. 
discontinued antibiotics at a serum PCT value of below 0.01 ng/mL  
or a decline of above 80% from baseline.22

Evidence Statement
There is significant heterogeneity among studies regarding the 
cut-off value of PCT for discontinuation of antibiotics. In most 
studies, the reduction of PCT levels below 0.25–0.5 ng/mL, or an 
80–90% decline from baseline, led to antibiotic de-escalation. 

Recommendations
Procalcitonin levels of less than 0.5 ng/mL or a drop by above 80% 
from baseline along with clinical judgment should be used for 
decision-making regarding antibiotic de-escalation (3A).

What is the Role of PCT Value in deciding the Severity 
and Prognosis of Infections?
Serum PCT has been evaluated as a predictor of the severity and 
prognosis of infections. Baseline serum PCT was an independent 
predictor of 30-day mortality in a multicentric prospective study of 
6,970 patients with varied diagnoses presenting in the emergency 
department.39 A meta-analysis of PCT in sepsis included 23 
observational studies with 3944 patients. Studies had different 
PCT cut-offs, but the elevated PCT and non-clearance of PCT 
were associated with increased mortality in septic patients with 
pooled relative risks of 2.60 (95% CI: 2.05–3.30) and 3.05 (95% CI: 
2.35–3.95), respectively. In a large multicentric observational study 
(n = 858), the inability to decrease PCT by more than 80% by day 4 
was an independent predictor of 28-day all-cause mortality with a 
hazard ratio of 1.97 (95% CI: 1.18–3.30; p <0.009).40 In a prospective 
evaluation by Jekarl et  al., an elevated baseline serum PCT was 
an independent predictor of mortality among 248 patients with 
suspected sepsis admitted to the emergency department (OR 2.004 
95% CI 1.24–3.24).41

Evidence Statement
Elevated baseline PCT and non-clearance of PCT were associated 
with increased mortality in patients with sepsis. Procalcitonin can 
differentiate between gram-negative and gram-positive sepsis. 

Recommendations
Procalcitonin may be used to define the severity of infection in a 
patient with sepsis (2B)

What are the Infections in Which PCT is not an 
Effective Biomarker? 
Procalcitonin is more specific for bacterial infections than 
other biomarkers, such as white blood cell count, erythrocyte 
sedimentation rate, and C-reactive protein.42 However, false 
positives can still occur. Procalcitonin is elevated in typical 
respiratory bacterial infections. The degree to which PCT rises 
varies among pathogens, with higher levels observed in patients 
with LRTIs caused by typical bacteria compared with atypical 
bacteria or other pathogens. In one multicenter study evaluating 
1,735 hospitalized patients with CAP, median PCT levels were 
higher in patients with pneumonia caused by typical bacteria 
(2.5 ng/mL) compared with atypical bacteria (0.20 ng/mL) and 
viruses (0.09 ng/mL).43 Among atypical bacteria, Legionella species 
cause modest elevations in PCT while Mycoplasma and Chlamydia 
species may not result in detectable elevations43 Other infections 
in which PCT also rises are scrub typhus, Plasmodium spp. (malaria), 
candidiasis and Clostridium  difficile-associated disease.44–49 In 
Mycobacterial disease, both rise and lack of PCT have been 
reported.50,51 Procalcitonin may not rise in localized infections 



Procalcitonin for Rational Antibiotic Use

Indian Journal of Critical Care Medicine, https://www.ijccm.org/doi/IJCCM/pdf/10.5005/jp-journals-10071-243268

such as tonsillitis, sinusitis, cystitis, uncomplicated skin/soft tissue 
infections, abscesses, or empyema.52,53 Also, PCT may be falsely 
normal in viral infections, borreliosis, chlamydia pneumoniae, 
mycoplasma pneumonia, aspergillosis, coccidioidomycosis, and 
mucormycosis.43,54,55 (Table 2).

Evidence Statement
Procalcitonin may not be an effective marker in some infections. 
It may be inconsistently raised in infections with Legionella, 
Mycoplasma, and Chlamydia, whereas localized bacterial infections 
like tonsillitis, sinusitis, cystitis, uncomplicated soft tissue infections 
abscesses, or empyema can cause it to be falsely negative. 
Procalcitonin may be raised in non-bacterial infections such as scrub 
typhus and malaria. Among fungal infections, it may or may not be 
raised in candidal infections and may be negative in aspergillosis 
and mucormycosis. 

Recommendations
Physicians should be aware of infections where PCT is not a reliable 
marker (UPP)

PCT i n LRTIs 
What are the Utility and Optimal Timing of 
Measurement of Serum PCT for Antibiotic 
Administration in Patients with CAP and Other 
Community-acquired LRTIs?
Procalcitonin is a promising biomarker to limit antimicrobial 
usage in patients with suspected LRTIs. In the Procalcitonin 
Antibiotic Consensus Trial (ProACT) evaluating the PCT-based 
strategy applied on antibiotic exposure, PCT levels were tested at 
emergency admission.56 The median time from sample collection 
to report availability was 77 minutes. In other studies, baseline 
PCT has been measured at randomization.34

Evidence Statement
In patients with CAP, baseline PCT alone has limited utility in clinical 
decision-making regarding the initiation of antibiotics. In clinical 
trials, PCT measurements have been performed at randomization 
or emergency or hospital admission.

Recommendations
•	 Baseline PCT should not be routinely measured for initiation of 

antibiotics in all patients with CAP (1A).
•	 Baseline PCT levels should be obtained in patients with severe 

CAP for subsequent de-escalation of antibiotics (2A).
•	 If indicated, baseline serum PCT should be preferably measured 

at admission (3A).

Should Baseline PCT Values in Community-acquired 
LRTIs be used to decide Antibiotic Initiation?
Schuetz et al.,57 in their meta-analysis (26 RCTs, n = 6706), showed 
a significant reduction in antibiotic exposure in patients with 
acute LRTIs. Notably, the reduction in antibiotic exposure was 
predominantly attributable to the early cessation of antibiotics 
in patients with pneumonia and intensive care settings and 
not to lesser initiation of antibiotics. Multiple limitations of the 
studies included in the meta-analysis have been highlighted.58 
These include the inclusion of a wide variety of acute respiratory 
tract infections and conditions, including exacerbations of 
COPD, asthma, and influenza; pneumonia was not required as an 
inclusion criterion in some studies and was an exclusion criterion 
in others. Out of the five studies including CAP for PCT-based 
treatment, four excluded seriously ill patients. Also, among studies 
including critically ill patients, up to 50% of patients had extra-
pulmonary infections.34,38Schuetz et al. performed a subsequent 
systematic review and gave consensus recommendations on PCT 
use in CAP, in which they advised immediate antibiotic initiation 
in all CAP patients who were clinically unstable or deemed to be 
at high risk of CAP.7 The ProACT recruited 1656 patients from 14 
hospitals in the United States to evaluate the PCT-based strategy 
applied during emergency admission on antibiotic exposure.56 
The results included FDA recommendations with antibiotics 
recommended if PCT levels were more than 0.25 ng/mL. However, 
the trial failed to demonstrate any significant difference in 
antibiotic days (difference, −0.05 day; 95% CI: from −0.6 to 0.5; 
p = 0.87) or adverse outcomes (difference, −1.5% points; 95% CI: 
from −4.6 to 1.7; p <0.001 for noninferiority) within 30 days. There 
was no significant difference in short and long-term mortality in 
the two groups overall and subgroup analysis by type of LRTIs.59 
Retrospective studies in real-world settings have shown that 
PCT-based algorithms lead to a non-significant reduction in 
antibiotic exposure.60

In a large cohort study of 1,705 randomly sampled COVID-19 
patients admitted in 38 United States of America hospitals, 56.6% 
patients received empiric antibiotics, whereas only 3.5% had a 
community-acquired infection. Baseline PCT levels were available 
for 910 patients, and though levels less than 0.1 ng/mL had 98.9% 
NPV for bacterial co-infection, 33% patients received antibiotics 
irrespective of PCT levels.61

Elevated baseline PCT (>0.25 ng/mL) correlated with Acute 
Physiology and Chronic Health Evaluation II scores (9 vs 8;  
p = 0.04) and C-reactive proteins levels (111 μg/mL vs 79 μg/mL; 
p = 0.007), but had no relation with mortality (OR = 1.00; 95% Cl: 
0.97 to 1.02; p = 0.713), length of ICU stay (p = 0.9) or length of 
hospital stay (p = 0.14) in a single center retrospective study of 223 
hospitalized COVID-19 patients.62 Vazzana et al. did a meta-analysis 
of early studies of COVID-19. They analyzed data from 14 studies 
comprising 3492 patients. Procalcitonin was increased in 22.8% of 
patients with the severe course, and 30.6% with adverse outcomes, 
implying low sensitivity for severity and outcomes. Elevated PCT, 
however, did have higher odds of severe disease (OR: 5.92; 95% CI: 
3.20–10.94), and adverse outcomes (OR: 13.1; 95% CI: 7.37–23.1).63 
In a retrospective cohort study of 332 COVID-19 patients admitted 
to an emergency, PCT showed an adjusted OR of 2.11 (95% CI: 
1.36–3.61) for the development of severe disease.64 Moreover, PCT 
>0.5 ng/mL corresponds to an almost 5 times higher risk of severe 
infection (OR, 4.76; 95% CI: 2.74–8.29) compared to patients with 
lower PCT. Another meta-analysis also correlated PCT >0.5 ng/mL  

Table 2: Infections for which PCT may not be an effective marker

May be raised but inconsistent results: Atypical bacteria – Legionella 
species, Mycoplasma and Chlamydia species
Non-bacterial infections associated with positive PCT: Scrub typhus, 
Plasmodium spp., Candidiasis, Clostridium difficile-associated disease
Procalcitonin negative in bacterial infection – localized infections 
such as tonsillitis, sinusitis, cystitis, uncomplicated skin/soft tissue 
infections, abscesses, or empyema
Procalcitonin negative in infections – Viral infections, Borrelia spp., 
Chlamydia pneumoniae, Mycoplasma pneumoniae, Aspergillosis, 
Coccidioidomycosis, and Mucormycosis
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with higher odds of severe COVID-19 infection (OR, 4.76; 95% CI: 
2.74–8.29).65 In a time series analysis of admitted COVID-19 patients 
from 105 hospitals in England, introduction of PCT testing in 
emergency and acute admission units resulted in significant initial 
reduction in total antibiotic usage (−1.08 days; 95% CI: from −1.81 
to −0.36 days), but this effect was not sustained, and was lost at 
a rate of 0.05 days (95% CI: 0.02–0.08) per week. Also, PCT use did 
not result in any reduction in antibiotic usage in ICU setting.66 
Guidelines discourage the use of PCT at baseline to decide on 
antibiotic initiation.67–69

Evidence Statement
Baseline PCT levels have not been consistently shown to reduce 
antibiotic exposure in community-acquired LRTIs. Most guidelines 
recommend against withholding antibiotics in LRTIs or CAP based 
on baseline PCT. 

Recommendations
•	 Baseline PCT levels alone should not be used to withhold empiric 

antibiotic therapy in patients with LRTIs, including CAP (1A).
•	 Based on clinical judgment, prompt initiation of optimal empiric 

antibiotic therapy is recommended in patients with LRTIs, 
including CAP (1A).

Can PCT Levels be used to differentiate between  
Viral and Bacterial Etiology in CAP?
Recent trials suggest that PCT-based guidelines can reduce 
antibiotic use for respiratory infections. Self et  al. evaluated 
the accuracy of PCT in discriminating bacterial from viral 
etiology of CAP. Among the 1,735 patients included, median 
PCT concentration was significantly lower in viral [0.09 ng/mL; 
interquartile range (IQR) <0.05–0.54 ng/mL] as compared to 
atypical bacterial (0.20 ng/mL; IQR, <0.05–0.87 ng/mL; p = 0.05), 
and typical bacterial pathogens (2.5 ng/mL; IQR, 0.29–12.2 ng/mL;  
p <0.01). Procalcitonin discriminated bacterial pathogens from 
viral pathogens with an area under the ROC curve of 0.73 (95% 
CI: 0.69–0.77).43 

In a recent meta-analysis, Kamat et al.70 performed a meta-
analysis of 12 studies in 2408 patients with CAP to evaluate the 
utility of serum PCT in differentiating etiology. In this evaluation, 
serum PCT was found to have a low sensitivity [0.55 (95% CI: 
0.37–0.71; I2 = 95.5%) and specificity (0.76, 95% CI: 0.62–0.86)] 
in differentiating bacterial from viral etiologies. In a multicentric 
retrospective study of 962 hospitalized COVID-19 patients, 
baseline PCT levels did not add to diagnostic accuracy over 
clinical criteria for the detection of CAP.71 Various guidelines 
have also cautioned against using PCT to differentiate etiologies 
in pneumonia.67–69

Evidence Statement
Higher PCT levels are strongly associated with typical bacterial 
infections. Baseline PCT levels have varied sensitivity in differen
tiating bacterial and viral CAP. There are currently no established 
threshold values of PCT to discriminate bacterial from viral 
pneumonia.

Recommendations
Procalcitonin levels alone should not be used to differentiate 
between bacterial and viral etiology in patients with CAP (1A).

Should Serum PCT be used to determine Duration of 
Antibiotic Therapy in Patients with CAP?
In a patient-level meta-analysis of 6,706 acute respiratory tract 
infection patients from 26 RCTs, PCT-guided algorithms led to 
significantly lower 30-day mortality (9% in PCT vs 10% in the 
control arm; adjusted OR 0.83; 95% CI: 0.70–0.99; p = 0·037). 
Procalcitonin guidance also led to a reduction in antibiotic 
exposure by 2.4 days (95% CI: from –2.71 to –2.15, p <0.0001) and 
a reduction in antibiotic-related side effects (16% vs 22%, adjusted 
OR 0.68; 95% CI: 0.57–0.82, p <0.0001). In pneumonia and ICU 
patients, reduction in antibiotic exposure was predominantly 
due to early cessation.57 Ito et al. evaluated the impact of PCT-
based therapy on antibiotic duration and costs in 352 hospitalized 
CAP patients. Significant cost benefits (approximately 15%,  
p = 0.005) and reduction in antibiotic duration (8.6 days vs 12.6 
days; p <0.001) was observed, without any increase in recurrence 
rates or mortality.72 In a pragmatic multicenter RCT of 285 CAP 
patients with Pneumonia Severity Index class IV or class V, the 
PCT-based strategy did not significantly reduce the duration  
of antibiotics.73

Evidence Statement
In patients with CAP, PCT-based antibiotic de-escalation is 
associated with decreased antibiotic exposure and significant cost 
benefits without worsening short-term outcomes.

Recommendations
Procalcitonin should be used, along with clinical judgment, to 
take decisions regarding de-escalation in patients with CAP on 
antibiotics beyond 5−7 days (1A).

What Cut-off of PCT should be used to De-escalate 
Antibiotic Therapy in CAP?
Most studies evaluating PCT in acute respiratory infections 
including CAP have used a cut-off of 0.5 ng/mL or a drop of 80% 
from baseline to decide on antibiotic de-escalation.7 Recent 
guidelines recommend PCT guidance to be used for antibiotic 
de-escalation when duration of antibiotics is more than 5−7 days.68

Evidence Statement
For PCT, various studies have used absolute cut-offs of 0.25 ng/mL 
for mild-to-moderate disease and 0.5 ng/mL for severe disease. 
Also, a decline of 80−90% from baseline has also been used for 
antibiotic de-escalation. In patients with renal failure, a cut-off of 
0.5 ng/mL has been proposed.

Recommendations
Procalcitonin levels of 0.5 ng/mL or a decline of 80% from baseline 
should be used for de-escalation in severe CAP or patients requiring 
intensive care (3A).

Should PCT Levels be used to decide Antibiotic 
Initiation in HAP and VAP?
Serum PCT was significantly higher in patients with VAP than 
controls in a single-center prospective observational study of 
80 post-cardiac valve replacement patients.74 In another small 
prospective study from China, PCT had a diagnostic sensitivity 
of 60.0%, specificity of 87.5%, and AUC 0.76 (0.62–0.90) for VAP 
diagnosis. Sotillo–Díaz et  al. performed a meta-analysis of 7 
prospective studies (373 patients) to evaluate the role of PCT in 
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VAP diagnosis. In this study, PCT had a pooled sensitivity of 76%  
(69–82), specificity of 79% (74–84), and positive and negative 
likelihood ratios of 4.35 (2.48–7.62), 0.26 (0.15– 0.46) for 
VAP diagnosis.75 In a multicentric prospective study of 138 
mechanically ventilated patients, PCT kinetics, that is, slope, 
peak, or difference between lowest and peak PCT (Δmax), could 
not predict the development of VAP.76 Serum or bronchoalveolar 
lavage (BAL) PCT failed to improve the diagnostic accuracy of the 
Clinical Pulmonary Infection Score (CPIS) in diagnosing VAP in a 
prospective evaluation of 86 suspected cases.77 In a prospective 
study involving 91 suspected VAP patients, PCT levels were not 
different in VAP compared to controls (p = 0.45). Also, there was 
no significant difference in PCT levels between VAP, VAP-shock, 
and controls (p = 0.17).78 In a single-center study of 85 ICU patients 
(45 VAP patients and 45 controls), serum PCT had a low sensitivity 
(51.5%) for diagnosing culture-proven VAP compared to various 
clinical criteria.79 Combination of PCT >0.25 ng/mL along with 
positive lung ultrasound had a high sensitivity (81.3%) and 
specificity (85.5%) for VAP diagnosis in a single-center prospective 
study.80 However, serum PCT could not accurately differentiate 
between ventilator-associated tracheobronchitis and VAP in 
689 patients with ventilator-associated LRTI from a prospective 
multinational TAVeM database.81

In a single-center retrospective observational study of 115 
VAP patients, high serum PCT level was an independent predictor 
of 60-day mortality (OR = 2.38, 95% CI: 1.26–4.50, p = 0.008).82 
Bloos et al., in their multicentric prospective study of 175 severe 
pneumonia patients, found baseline and peak serum PCT to 
be an independent predictor of 30-day mortality, with similar 
performance characteristics as acute physiology and chronic 
health examination (APACHE) II.83 Persistently elevated PCT on 
third-day post-admission was associated with increased mortality 
in a small prospective single-center study.84 However, PCT 
kinetics did not independently predict the development of septic 
shock or mortality in another prospective study.85 Therefore, the 
diagnostic and prognostic utility of PCT needs more evidence 
for a recommendation for use in VAP. International guidelines 
recommend against using PCT for antibiotic initiation in HAP and 
VAP.86,87 

Evidence Statement
Procalcitonin alone has limited utility in diagnosing or predicting 
the outcome of hospital-acquired or VAP. Baseline PCT values may 
be used to aid clinical parameters for decision-making.

Recommendations
Baseline PCT levels alone should not be used to make the clinical 
decision regarding antibiotic initiation in patients with VAP and 
HAP (1A)

How often should PCT Levels be repeated after the 
Baseline Value in VAP and HAP?
Stolz et al.,88 in their RCT on VAP patients, did daily PCT levels for the 
first 10 days. In another single-center RCT, Mazlan et al. did PCT on 
days 1, 3, 7, and 9.89 The SAPS trial also did daily PCT till ICU discharge 
or until 3 days after the antibiotic cessation.34 Wongsurakiat et al.,90 
used single spot PCT measurement (<0.5 ng/mL) on day 8th in their 
trial. Beye et al. also measured daily PCT in their cohort study.91 

Evidence Statement
Serial PCT levels have been used in antibiotic de-escalation and 
antibiotic stewardship studies. Most studies have measured PCT 
daily in critically ill and every 48–72 hours in stable patients. Most 
studies on VAP have done daily PCT.

Recommendations
Serial serum PCT level measurement, preferably every 48 hours, 
should be used in antibiotic de-escalation (UPP).

Should PCT be used for the de-escalation of 
Antibiotics in Patients with VAP?
Serum PCT reduces antibiotic therapy exposure in acute 
respiratory infections and critically ill sepsis patients.13,57 

However,  l imited studies have evaluated PC T- guided 
antibiotic discontinuation in VAP. Stolz et  al.88 performed a 
multicentric RCT of 101 VAP patients and compared PCT-based  
antibiotic discontinuation strategy with guideline-based strategy. 
In this trial, the PCT-based strategy significantly increased the 
number of antibiotic-free days alive after VAP onset (median 
13 days vs 9.5 days; p <0.05), translating into a reduction of 
27% antibiotic exposure (p = 0.038). Even after adjustment 
for confounders, antibiotic discontinuation on day 28 was 
significantly higher in the PCT group (HR 1.6, 95% CI: 1.02–2.71). 
There was no change in the number of days spent on mechanical 
ventilation, ICU stay, duration of hospital stay, or mortality. Pontet 
et al. also showed a significant reduction in antibiotic duration 
(p <0.001) with PCT-based treatment.92 In another single-center 
RCT, a PCT-based algorithm significantly reduced antibiotic 
duration (−1.25 days, 95% CI: from −2.48 to 0.01; p = 0.049).89 The 
SAPS trial evaluated the efficacy and safety of PCT for antibiotic 
discontinuation in 1,575 critically ill patients. The majority of the 
patients (65%) had a pulmonary source of infection. In this study, 
PCT aided strategy led to a lesser median duration of antibiotics 
(5 days vs 7 days; mean difference 1.22, 0·65–1.78, p <0.0001).34 
along with mortality benefit (20% vs 25%, 54%, 95% CI: 1.2–9.5, 
p = 0·0122).

In a small non-randomized study of 46 VAP patients (70% 
with non-fermentative GNB etiology), day 8 serum PCT and 
clinical criteria led to a greater number of antibiotic-free days alive 
(14.6 ± 5.4 days vs 5.9 ± 5.7 days, p <0.001) without any adverse 
outcomes.90 In a 5-year cohort study evaluating the impact of 
PCT in the real world scenario, PCT guidance led to significantly 
lesser antimicrobial duration (9.5 vs 8.0 days; p = 0.02), without 
any increase in unfavorable outcomes (46.9% vs 51.3%; p = 0.69) 
in patients with VAP.91 In a retrospective analysis, infections with 
VAP due to multidrug-resistant bacteria had a similar rise in PCT 
compared to sensitive bacterial infections. With appropriate 
antibiotic therapy, the time taken for PCT decline (by 80% of 
baseline or below 0.5 ng/mL) was significantly higher with MDR 
VAP (7.2 ± 2.9 days vs 5 ± 1.8 days; p = 0.03).93 PCT aided strategies 
led to lesser mortality (OR 0.67, 95% CI: 0.48–0.96), along with 
reduction in antibiotic exposure (–3.2 days, 95% CI: from −4.45 
to −1.95) without any increase in adverse outcomes.86 Most 
international guidelines recommend antibiotics for up to 7 days 
for most responding patients with VAP,87,94 thus making PCT more 
useful in individualizing the duration of antibiotic therapy for 
patients who require treatment for more than a week. There are 
a few pertinent scenarios where PCT will likely reduce antibiotic 
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exposure, for example, in patients with MDR infections, on 
reserved drugs like polymyxins, or immunocompromised status.88

Evidence Statement
Procalcitonin-based antibiotic de-escalation has been associated 
with decreased antibiotic exposure and better outcomes without 
any significant increase in treatment failure.

Recommendations
Procalcitonin should be used as a part of an antibiotic stewardship 
program for antibiotic de-escalation in VAP in patients on antibiotics 
beyond 7 days (1A).

What Cut-off Value of PCT should be used to Consider 
de-escalation of Antibiotic Therapy in VAP?
Stolz et al.88 and Pontet et al.92 used a cut-off of 0.5 ng/mL or an 
80% drop in PCT values and clinical judgment for de-escalation of 
antibiotics in VAP. A similar cut-off was also used in the SAPS trial.34 
Most studies in a meta-analysis evaluating PCT in acute respiratory 
infections also had the same cut-off.7 A single-center RCT used a 
combination of PCT value below 0.5 ng/mL and drop of 80% to 
decide de-escalation.89 whereas another study used absolute PCT 
below 0.5 ng/mL on day 8 for antibiotic de-escalation.90 

Evidence Statement
For PCT, various studies have used absolute cut-offs of 0.5 ng/mL 
for severe disease. Also, a decline of 80 to 90% from baseline has 
been used for antibiotic de-escalation. In patients with renal failure, 
a cut-off of 0.5 ng/mL has been proposed.

Recommendations
•	 Procalcitonin levels of 0.5 ng/mL or a decline of 80% from 

baseline along with clinical criteria should be used for 
de-escalation in VAP and HAP (3A).

•	 A decline of 80% or more from baseline and clinical criteria can 
be used for de-escalation if baseline values are available (UPP).

PCT i n Ot h e r In f e c t i o n s

Can PCT be used to guide Antibiotic Therapy in 
Urinary Tract Infections? 
Urinary tract infection is one of the most common bacterial 
infections. Fever in patients with UTI should be considered to 
reflect the presence of tissue inflammation. Although febrile UTI 
is generally regarded as acute pyelonephritis, the exact site of 
inflammation may be difficult to clinically define, and fever can 
be an early sign of sepsis. Febrile UTI responds well to treatment 
and in most cases is not associated with serious complications. 
However, UTI with bacteremia can be complicated by sepsis or 
death. Consequently, it is essential to be able to differentiate 
bacteremic patients with febrile UTI from non-bacteremic patients 
at the initial presentation.

Also, UTIs are common drivers of antibiotic use and 
hospitalizations. Any reduction of antibiotic exposure is important 
to diminish selection pressure for antibiotic resistance, costs, and 
drug-related side effects. 

Procalcitonin is a prohormone of calcitonin that can be used as 
a candidate marker for the diagnosis of active bacterial infections. 
The use of biomarkers might improve the management of patients 
with UTIs in terms of diagnosis of bacteremia as well as the antibiotic 
duration. 

Evidence
Cees van Nieuwkoop et al.94 conducted a prospective observational 
multicenter cohort study regarding biomarker PCT as an aid in 
predicting bacteremia. Authors showed that PCT above 0.25 ng/mL  
had the best diagnostic performance (sensitivity 0.95; 95% CI: 
0.89–0.98, specificity 0.50; 95% CI: 0.46–0.55). Using PCT as a single 
decision tool, would result in 40% fewer blood cultures being 
taken, while still identifying 94–99% of patients with bacteremia. 
In an observational study involving adults patients with UTI 
in emergency department, Julian–Jemenez et  al.95 reported a 
threshold of 1.16 ng/mL of PCT that showed largest area under 
the ROC at 0.993 with a sensitivity of 100%, a specificity of 97%, 
a positive predictive value of 84% and a NPV of 100%; hence, the 
most relevant in guiding medical decision-making. A retrospective 
analysis by Lee et al.96 reported that a PCT level of 0.5 ng/dL was 
associated with bacteremia (OR 2.03; 95 % CI 1.07–3.86). Another 
retrospective study conducted in emergency department by 
Levine et al.97 reported an AUC for PCT to predict UTI was 0.717; 
95% CI: 0.643–0.791. They found a PCT threshold of 0.25 ng/mL 
corresponded to the best combination of sensitivity (67%) and 
specificity (63%), with a positive predictive value and NPV of 26 
and 91%, respectively. Xin Luo et al.98 conducted a retrospective 
study to identify the predictive accuracy of PCT/albumin ratio in 
discriminating between patients with urosepsis and those with 
febrile UTIs. Their results showed that patients in the urosepsis 
group had higher PCT/albumin ratios compared to those in the 
febrile UTI group [2.254 (0.978, 6.299) vs 0.021 (0.004, 0.095); 
p <0.001]. Based on the multivariate logistic analysis, the PCT/
albumin ratio (OR 1.029, 95%CI 1.013–1.045, p <0.001) was an 
independent predictor of urosepsis. The area under the ROC curve 
(AUC) for the PCT/albumin ratio was 0.937 (95% CI: 0.894–0.980); 
p <0.001. The sensitivity and specificity of the PCT/albumin ratio 
cut-off values (>0.44) were 84.62 and 96.00%, respectively. In an 
open-label, RCT Drozdov et al.99 reported that a PCT-pyuria-based 
algorithm reduced antibiotic exposure by 30% when compared 
to current guidelines without apparent negative effects on 
clinical outcomes. A secondary analysis of a randomized placebo-
controlled trial involving adults with a diagnosis of UTI treated with 
either 7 days or 14 days of antibiotics, Stalenhoef et al.100 reported 
that PCT concentrations at presentation were positively correlated 
with bacteremia (τ = 0.33, p <0.001) and presence of shaking chills 
(τ = 0.25, p <0.001). However, in this PCT did not predict treatment 
outcomes in patients with community-acquired febrile UTI.

Evidence Statement
Procalcitonin has been used to differentiate urosepsis and 
bacteremia among patients with UTI, however, the sensitivity 
and specificity remain variable. Procalcitonin has been used 
for the decision to stop antibiotics among patients with UTI . 
Procalcitonin-guided algorithms led to lesser use of antibiotics 
without significant adverse effects. Different studies have used 
different cut-off values.

Recommendations
•	 Procalcitonin may be used to diagnose bacteremia in UTI 

patients (2B).
•	 Procalcitonin-pyuria based algorithm can be used to guide 

antibiotic therapy in UTI patients (1B). 
•	 We suggest against the use of PCT as a marker of treatment 

outcome in patients with febrile urinary tract infection (2B).
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What is the Utility of PCT in Infections among Patients 
with Cirrhosis and End-stage Liver Disease?
Bacterial infections are among the most frequent and serious 
complications in patients with liver cirrhosis. In these individuals, the 
presence of iatrogenic factors (diagnostic and therapeutic), and the 
alteration of different immune mechanisms, favor the development 
of infections. It is therefore very important to establish an early 
and firm diagnosis of bacterial infection in cirrhotic individuals. 
However, the signs and symptoms inherent to the infection are 
often missing or are difficult to identify in these subjects. The use of 
biomarker/s for infection, such as PCT, in the diagnostic algorithm 
therefore may be particularly useful.

Procalcitonin has been used as a diagnostic marker for 
peritonitis. A retrospective study by Villarreal et  al.101 reported 
a cut-off value of 0.8 ng/mL for PCT with a sensitivity 83%, 
specificity 75% and AUC of 0.82 (0.702–0.93) for diagnosis of 
infection among cirrhotic patients. Infection reported included 
pneumonia (70%), intra-abdominal infection (18%) and bacteremia 
(5%). Among patients with severe chronic Hepatitis-B, Yuan 
et  al.102 reported a cut-off value for PCT of 0.48ng/mL for the 
diagnosis of secondary bacterial peritonitis (SBP). The study 
showed a significant correlation between PCT concentration, 
CRP and WBC count. They also showed that PCT concentrations 
were more accurate than WBC count for the diagnosis of 
SBP among these patients. A meta-analysis by Yang et  al.103 

 evaluated the overall diagnostic accuracy of PCT levels for 
identifying SBP due to end-stage liver disease. The meta-analysis 
revealed a sensitivity of 0.82 (95% CI: 0.79–0.87), specificity of 
0.86 (95% CI: 0.82–0.89), positive likelihood ratio of 4.94 (95% CI: 
2.28–10.70), negative likelihood ratio of 0.22 (95% CI: 0.10–0.52), 
and diagnostic OR of 22.55 (95% CI: 7.01–108.30). The AUC was 0.92. 
Procalcitonin has been used in combination with other markers 
such as leukocyte counts or morphological characteristics. Wang 
et  al.104 evaluated a new bio-score combined with PCT, mean 
fluorescence intensity of mature neutrophils, and difference in 
hemoglobin concentration between newly formed and mature 
red blood cells in the diagnosis of ascites infection in cirrhotic 
patients. In ROC analysis, the AUC for PCT was 0.852; whereas the 
combination bio-score further improved the diagnostic efficacy 
with an AUC of 0.937 (95% CI: 0.901–0.994, p <0.001).

Evidence Statement
Procalcitonin has been used for the diagnosis of infections among 
patients with cirrhosis/end-stage liver disease. The sensitivity 
and specificity (modest) are variable. Different studies have used 
different cut-off values.

Recommendations
•	 Procalcitonin alone should not be used for diagnosis of infection 

or SBP among patients with cirrhosis and end-stage liver disease 
(2A).

•	 Procalcitonin may be considered for the diagnosis of infection 
or SBP in combination with clinical and other laboratory 
parameters (2B).

What is the Utility of PCT Infections among Patients 
with Acute Pancreatitis?
Acute pancreatitis is an acute inflammatory process ranging 
from mild discomfort with localized inflammation to severe 
disease with multiple organ failure. Multiple scoring systems, 

including the Ranson, Glasgow, and APACHE II scores, and 
several biochemical markers have been developed for the early 
prediction of severity of acute pancreatitis which facilitates early 
treatment in an intensive care unit. Serum PCT is an early marker 
of systemic bacterial infection, sepsis, and multi-organ failure. 
The major complications of acute pancreatitis are infected 
pancreatic necrosis, sepsis, and multi-organ failure. Therefore, 
it is hypothesized is that increased serum levels of PCT could 
predict severe acute pancreatitis and poor treatment outcome 
and guide regarding the management of patients with acute 
severe pancreatitis. A study by Woo et al.105 reported that levels 
of serum PCT were significantly higher in severe acute pancreatitis  
(p = 0.001). Authors reported an accuracy of 77% for serum PCT as 
a predicting marker was similar to the APACHE II score, worse than 
the Ranson score (93.2%) and better than the Balthazar CT index 
(65.9%). In this study, the most effective cut-off level of serum PCT 
was estimated at 1.77 ng/mL (AUC 0.797, 95% CI: 0.658–0.935). An 
RCT by Qu et al.106 investigated the clinical usefulness of PCT for 
guiding the duration of antibiotic therapy in patients with severe 
acute pancreatitis. This study showed that for the PCT-guided 
group, the duration of antibiotic therapy and hospitalization 
was significantly shorter than the control group, 10.89 ± 2.85 
vs 16.06 ± 2.48 days, p <0.001, and 16.66 ± 4.02 days vs 23.81 ± 
7.56 days, p <0.001, respectively. The approach was safe without 
any negative clinical effects and the cost of hospitalization was 
significantly lower.

Evidence Statement 
Procalcitonin has been used for the prediction of the severity of 
acute pancreatitis. However, performance of PCT is not better 
than existing clinical scores. The PCT-guided antibiotics therapy 
led to a reduction in antibiotic use and hospital stay without any 
adverse effects.

Recommendations
•	 We recommend against the use of PCT for the diagnosis of acute 

severe pancreatitis (2A).
•	 We suggest using PCT for guiding antibiotic therapy among 

patients with severe acute pancreatitis (1B).

What is the Utility of PCT in Infections among 
Patients with Spontaneous and Secondary Bacterial 
Peritonitis?
Bacterial peritonitis is an inflammation of the peritoneum  
by micro-organisms such as gram-negative bacilli. It frequently 
occurs in children and adults and can endanger life, particularly 
in patients who have decompensated cirrhosis or in patients 
receiving continuous ambulatory peritoneal dialysis therapy. 
Notably, the delayed diagnosis of peritonitis is associated with 
high mortality. Consequently, diagnosis of bacterial peritonitis 
continues to be a major clinical challenge, and an accurate 
biomarker for the early identification of peritonitis would be of 
great diagnostic value. A prospective study by Abdel–Razik et al.107 
demonstrated that at a cut-off value of 0.94 ng/mL, serum PCT 
had 94.3% sensitivity and 91.8% specificity for detecting bacterial 
peritonitis. There are other studies also assessed the utility of PCT 
for the diagnosis of SBP. Yang et al.108 performed a meta-analysis of 
18 studies (n = 1,827) to assess the accuracy of PCT for detection 
of SBP. Their meta-analysis showed that the pooled sensitivity 
and specificity of serum PCT for the diagnosis of SBP were 0.83 
(95% CI: 0.76–0.89) and 0.92 (95% CI: 0.87–0.96), respectively. 
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The positive likelihood ratio was 11.06 (95% CI: 6.31–19.38),  
the negative likelihood ratio was 0.18 (95% CI: 0.12–0.27) and the 
diagnostic odds ratio (DOR) was 61.52 (95% CI: 27.58–137.21). The 
AUC was 0.94. They also reported that PCT performed better than 
CRP for the diagnosis of SBP. The authors also highlighted the 
methodological limitations and heterogeneity among the studies; 
medical decisions should be based on both clinical findings and 
PCT test results.

Secondary peritonitis, caused by the spread of bacteria into 
the peritoneal cavity due to perforation or other mechanisms, 
is an important cause of abdominal sepsis with a high risk of 
mortality and morbidity in surgical intensive care units. Mortality 
in SBP is over 60% and is associated with disease severity indices 
like APACHE II/III and Mannheim Peritonitis Index. The PCT-based 
algorithms have been used to guide antibiotic therapy in several 
clinical settings. Procalcitonin has the potential to be used as 
adjunct to clinical criteria for decision making regarding antibiotic 
duration. A retrospective study by Pupelis et  al.109 involving 
patients admitted to the surgical ICU with secondary peritonitis 
reported that higher PCT levels (>15.3 ng/mL) were associated with 
an increased risk for septic shock and an increased risk of mortality 
(19.6 ng/mL). Another study by Akcay et al.110 evaluated the role 
of PCT in determining the severity of secondary peritonitis. They 
found that PCT was a better predictor of outcome than CRP in 
secondary peritonitis. Procalcitonin has also been used for guiding 
antibiotics therapy. A study by Huang et  al.111 found that PCT 
algorithm significantly improves time to antibiotic discontinuation 
(p = 0.001) with a median duration of antibiotic exposure in the PCT 
group of 3.4 days (IQR 2.2 days) vs 6.1 days (IQR 3.2 days) in control; 
p = 0.001). Similar results were reported by Maseda et al.112 and 
reported that PCT guidance produced 50% reduction in antibiotic 
duration (p <0.001).

Evidence Statement
Procalcitonin has been used to diagnose SBP with variable 
sensitivity and specificity. There is heterogeneity in the methods 
and cut-off for PCT used by different studies for the diagnosis of 
SBP. Procalcitonin has been used for the prediction of the risk 
of septic shock and mortality among patients with secondary 
peritonitis. The PCT-guided antibiotic therapy leads to a reduction 
in antibiotic use and hospital stay without any adverse effect on 
secondary peritonitis.

Recommendations
•	 Procalcitonin alone should not be used for the diagnosis of SBP 

(2A).
•	 Procalcitonin may be considered for diagnosis of SBP in 

combination clinical features (1B).
•	 Procalcitonin can be used for risk stratification among patients 

with secondary peritonitis (2A).
•	 We recommend the use of PCT for guiding antibiotic therapy 

among patients with severe secondary peritonitis (2A).

Should Baseline PCT Levels be used to initiate 
Antibiotic Therapy in Immunocompromised Patients 
with Suspected Sepsis?
Immunocompromised patients have an increased incidence of 
severe and life-threatening infections. Moreover, these patients 
may have a need for prolonged antibiotic therapy. Hence, these 
patients have been excluded from most trials of antibiotic guidance 

using serum PCT.113 Observational studies have examined the 
role of serum PCT as a diagnostic tool for bacterial sepsis in 
immunocompromised patients. Bele et al. 114 prospectively studied 
patients with human immunodeficiency virus (HIV) infection, 
hematological malignancies, and solid organ cancers and found 
that serum PCT levels greater than 0.5 ng/mL can detect bacterial 
infection with a sensitivity and specificity of 100 and 63%, 
respectively. They concluded that despite its limited specificity, 
serum PCT may be used as a “rule out” test for bacterial infection 
in the immunosuppressed. Among hematological and solid 
organ cancer patients undergoing bronchoscopy for suspected 
infection, Stolz et  al.115 reported that serum PCT had an AUC of 
0.746 (p = 0.001) for predicting bacterial infection. Other studies 
have reported that while serum PCT level correlates with bacterial 
sepsis in immunocompromised hospitalized patients and organ 
transplant recipients, it is not accurate enough to be used as a sole 
criterion116,117 In pediatric oncology patients, the AUC of serum PCT 
for the diagnosis of bacterial infection has been found to range 
between 0.636 and 0.729 with poor sensitivity (45–55%) and a 
good specificity.118,119

Patients with cirrhosis are at increased risk of bacterial infections 
including SBP. A meta-analysis of 10 diagnostic studies revealed 
that serum PCT has a sensitivity and specificity of 79 and 89% 
respectively for the diagnosis of bacterial infections in cirrhotic 
patients. They found that serum PCT has a positive likelihood ratio 
of 7.38 and can be used as a “rule-in” test for sepsis. These results 
were valid for both the diagnosis of SBP and other systemic bacterial 
infections.120

In hematological malignancies, serum PCT has been found to 
be significantly higher with infectious fever compared with tumor-
related or drug-related fever.121 Furthermore, in studies of patients 
with hematological malignancies, a combination of a high CRP with 
a low serum PCT has been found to predict a fungal etiology for 
sepsis.122,123 In lung transplant recipients, raised serum PCT may 
help in differentiating bacterial infection from rejection when they 
may have similar clinical presentations.124

Arora et  al. studied the performance of serum PCT in 
diagnosing bloodstream infections (BSI) in patients with or without 
immunosuppressant medication use. They found no significant 
difference in the diagnostic performance of serum PCT between 
immunosuppressed and non-immunosuppressed patients 
despite a decreased likelihood of the SIRS in immunosuppressed 
patients.125 On the contrary, others have argued that cut-off values 
for serum PCT for diagnosing bacterial infections may be different 
in immunosuppressed and immunocompetent individuals. Mikuła 
et  al. found that serum PCT levels inversely correlate with CD4 
counts in HIV patients with sepsis. This may suggest a higher 
baseline serum PCT level in patients with low CD4 counts secondary 
to reactivation of occult infections.126 Similarly, in non-neutropenic 
patients with cancer, baseline serum PCT level is significantly 
higher in patients with stage IV or metastatic disease.127 Despite 
this, in immunosuppressed (leukopenic) patients with sepsis, 
serum PCT levels were found to be significantly lower than in 
immunocompetent sepsis patients beyond the third day of illness 
on serial estimation.128

Evidence Statement
Immunocompromised patients have an increased incidence of 
severe and life-threatening infections. There may be a need for 
prolonged antibiotic therapy in these patients. Serum PCT has 
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been shown to be raised in immunocompromised patients with 
bacterial infections in observational studies. There are no RCTs 
that have examined the performance of serum PCT in guiding 
antibiotic therapy in immunocompromised patients. Patients with 
immunocompromise due to HIV infection or malignancy have 
elevated baseline serum PCT levels and there is heterogeneity in 
the cut-off levels as well as the diagnostic accuracy among different 
studies.

Recommendations
•	 Serum PCT alone should not be used for the diagnosis of 

infection in immunocompromised patients (2A).
•	 Serum PCT should not be used to guide antibiotic therapy in 

immunocompromised patients (2B).
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