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Abstract 
The rise of multi-resistant infections and complications associated with the overuse 
of antibiotics has led to the implementation of antibiotic stewardship strategies as 
a marker of patient safety and quality. Using biomarkers that can accurately predict 
the presence or absence of bacterial infection, thus signaling the need for antibiotic 
use, or supporting appropriate and safe discontinuation, has become an increasingly 
relevant strategy for antibiotic stewardship. Evidence supporting procalcitonin for 
antimicrobial stewardship has focused mostly on lower respiratory tract infections 
and sepsis. This review discusses the most relevant evidence to support the use of 
procalcitonin in clinical practice. 

clinical case 

A 50-year-old man is admitted to the Emergency Depart
ment during the winter with complaints of 1 week of 
worsening pleuritic chest pain, dyspnea, and dry cough. 
He had upper respiratory infection (URI) symptoms a 
week before admission, which have since resolved. He is 
a non-smoker and has no occupational exposure to in
haled particles. On admission, he has a temperature of 
38.3°C, respiratory rate of 26, and SpO2 of 96% on room 
air; the rest of his vital signs were normal. On exam, lungs 
had vesicular sounds with no rales or wheezing, but a 
few inspiratory crackles were heard on the posterior infra-
scapular area bilaterally. A chest X-Ray shows streaky in
filtrates of unclear significance, possibly representing at
electasis. Lab work showed WBC of 12,000/uL, CRP 
4.0 mg/dL with normal electrolytes and renal function. 
Treatment for community-acquired pneumonia with lev
ofloxacin was initiated, as well as vancomycin for possible 
post-viral methicillin-resistant Staphylococcus aureus 
(MRSA) infection. The admitting hospitalist considers 
that the current clinical scenario may be related to a viral 
illness and orders serum procalcitonin to help guide an
tibiotic decision-making. The patient is admitted to the 
hospital, given sepsis and tachypnea. 

introduction 

In the past decades, the rise of resistant pathogens, heavily 
associated with antibiotic overutilization, has led to in
creased attention to antibiotic stewardship as a marker of 
patient safety and quality.1 According to the Centers for 
Disease Control (CDC), it is estimated that up to 50% 

of antibiotic orders are inappropriate or entirely unneces
sary.2 Antibiotic overuse is a driver of multidrug-resistant 
organisms and increasing rates of Clostridium difficile in
fection.3 Even when the clinical presentation suggests an 
infection, the distinction between bacterial and viral eti
ologies can complicate antibiotic use decisions. A diag
nostic test to enhance physicians’ ability to target patients 
most likely to benefit from antibiotics could be a useful 
tool to combat the complications of antibiotic overuse. 
Procalcitonin (PCT) has been approved by the FDA 
since 2017 to guide antibiotic treatment in sepsis and 
lower respiratory tract infections.4 

what is procalcitonin? 

Procalcitonin (PCT) is produced in the thyroidal C-cells 
as a prohormone which is processed intracellularly and se
creted in response to serum calcium levels as calcitonin. 
In systemic bacterial infections, production, and secre
tion of intact procalcitonin occur in other organs (liver, 
adipose tissue, etc.) triggered by cytokines (interleukin 2, 
tumor necrosis factor-α, interleukin 6, etc.) as well as bac
terial endotoxins. Conversely, cytokines present in acute 
viral illness, such as interferon-γ, suppress procalcitonin 
release.4,5 This dichotomy presents an opportunity to use 
procalcitonin to differentiate bacterial from nonbacterial 
etiologies in systemic infections and SIRS/sepsis syn
dromes. 

In addition, understanding the dynamics of PCT as 
an acute phase reactant with faster kinetics than erythro
cyte sedimentation rate (ESR) or C-reactive protein 
(CRP) permits its appropriate clinical application.6 Lev
els of PCT rise within 3 – 6 hours of infection, so patients 
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Table 1. Procalcitonin False Positives* 

Physiologic Stress 

Non-bacterial cytokine activation 

Dysregulated procalcitonin 
production 

*Adapted from ref. 4, 5 and 6. 

presenting early in the disease course may have falsely low 
levels. PCT levels correlate with the severity of illness and 
should fall within 2 - 3 days of initiating appropriate ther
apy; thus, this is a reasonable time frame for a repeat as
say in stabilizing patients and may be a candidate for early 
antibiotic cessation. Studies support stopping antibiotics 
in stable patients once the PCT level falls below 0.25 μ/L 
for lower respiratory tract infections, 0.5 μg/L for sepsis, 
or decreases by at least 80% from the peak.7 Persistent el
evation despite treatment suggests inadequate antibiotic 
therapy or source control and is predictive of excess mor
tality. 

special situations: false positive pct 
assays 

Most drivers of false positive PCT levels are rare and easily 
identifiable (Table 1).4 However, similar to serum car
diac troponin I, patients with chronic kidney disease may 
have delayed PCT clearance; hence baseline levels may be 
about double the normal range. Studies suggest that pa
tients on hemodialysis may have a PCT level >= 0.5 de
spite the absence of infection, with a range of 0.25 - 1.0 
ng/mL. In one study, mean levels in patients with CKD 
not yet on dialysis were 1.82 +/- 0.39 ng/mL in unin
fected patients. If a baseline is known, monitoring the rise 
and fall of PCT levels remains clinically helpful in this 
population.5,8 

clinical application: lower 
respiratory tract infections 

Lower respiratory tract infections (LRTI) are common; 
however, the primary symptoms of cough and dyspnea 
can be caused by many noninfectious conditions like re
active airway disease, chemical pneumonitis from aspi
ration, allergies, heart failure, as well as viral infections, 
none of which require antibiotic therapy. 

Multiple studies have demonstrated that procalci
tonin can be safely used to guide antibiotic prescribing 

in patients with lower respiratory tract infections (LRTI), 
including community-acquired pneumonia (CAP) as 
well as ventilator-associated pneumonia (VAP). The first 
large multicenter randomized controlled trial to address 
the topic was the Swiss PROHOSP study.9 Investigators 
randomized 1359 patients hospitalized with LRTI to 
PCT-guided or guideline-based antimicrobial therapy; 
the LRTI were community-acquired pneumonia, acute 
exacerbation of chronic obstructive pulmonary disease 
(AECOPD), and acute bronchitis. After an initial PCT 
level was measured, antibiotic prescribing in the PCT 
arm of the study followed a prespecified protocol; specifi
cally, clinicians were discouraged from prescribing antibi
otics in patients with PCT levels < 0.25 μg/L (Table 2). 
For patients who were particularly ill or unstable at ad
mission, the protocol allowed clinicians to prescribe an
tibiotics despite a low PCT level, contingent on repeat 
measurement and reassessment of the antibiotic decision 
within 24 hours. Clinicians caring for patients in the con
trol arm were presented with condition-specific clinical 
practice guidelines to reinforce antibiotic choices. In both 
arms, the final decision on antibiotic treatment was at 
the attending physician’s discretion. The investigators re
ported no difference in the combined outcome of death, 
intensive care unit (ICU) admission, or complications in 
the ensuing 30 days, but antibiotic use was significantly 
reduced. Mean antibiotic exposure dropped from 8.7 to 
5.7 days, a reduction of 35%, with the most significant 
decrease among patients with chronic obstructive pul
monary disease (COPD) and acute bronchitis. Antibi
otic-related adverse effects fell by 8.2%. Strengths of the 
study included a very high rate of protocol compliance 
(90%) by the treating clinicians. 

One of the first studies addressing patients with VAP 
was a multicenter randomized controlled trial of 100 pa
tients; 50 were allocated to conventional therapy and 50 
to a protocol of PCT-guided treatment; the recommen
dation according to PCT levels was: <0.25 μg/L sug
gested the absence of VAP and discontinuation of an
tibiotics was strongly encouraged; 0.25 and 0.5 μg/L or 
a decrease ≥80% compared with baseline suggested low 

• Newborns (<48-72 hours; after 72 interpret levels as usual) 

• Massive stress (severe trauma, surgery, cardiac shock, burns) 

• Prolonged, severe cardiogenic shock or organ perfusion abnormalities 

• Some forms of vasculitis and acute graft vs. host disease 

• Malaria and some fungal infections 

• Chronic renal disease (approximate 2x increase in baseline levels) 

• Treatment with agents which stimulate cytokines (OKT3, anti-lymphocyte globulins, alemtuzumab, interleukin-2, granu

locyte transfusion) 

• Paraneoplastic syndromes due to medullary thyroid and small cell lung cancer 
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Table 2. Procalcitonin-guided antibiotic algorithm for lower respiratory tract infection (PROHOSP)* 

Procalcitonin Level (μg/L) Likelihood of bacterial infection Antibiotic treatment 
<0.1 Absent Strongly discouraged 

0.1-0.25 Unlikely Discouraged 
0.25-0.5 Possible Encouraged 

>0.5 Present Strongly encouraged 

*Adapted from Ref. 7. 
For patients with sepsis/septic shock, antibiotic cessation is recommended once the procalcitonin level falls below 0.5 μg/L. (adapted from Ref. 7). 

likelihood of bacterial infection and discontinuation of 
antibiotics was encouraged; ≥0.5 μg/L or decrease <80% 
compared with baseline suggested unresolved bacterial in
fection. The duration of antibiotic therapy was decreased 
by 27% in the procalcitonin group (p = 0.038) and, at 28 
days, had a higher rate of antibiotic discontinuation com
pared with patients receiving conventional therapy (HR 
1.6, 95% CI 1.02–2.71; P = 0.043).10 A single-center 5 
year prospective study of 157 patients with VAP in which 
48.4% were treated according to PCT-guided protocol 
and compared with conventional treatment, demon
strated a longer duration of antibiotic therapy in the con
ventional treatment arm compared with the PCT-guided 
protocol (9.5 vs. 8.0 days; p= 0.02); the rates of unfa
vorable outcomes (death or relapse of VAP) were similar 
(46.9% vs. 51.3%; p = .69).11 A systematic review of all 
available studies of procalcitonin-guided therapy for 
LRTI was published in 2018 and included 26 random
ized controlled trials encompassing 6708 patients in 12 
countries. Findings confirmed an overall reduction of 2.4 
days in antibiotic exposure, 6% in antibiotic-related ad
verse effects, and, importantly, a 17% relative risk reduc
tion in 30-day mortality.12 

Among the many positive studies on PCT-guided an
tibiotic therapy, one notable outlier is the 2018 
PROACT study, which included > 1650 patients with 
suspected LRTI presenting to 14 different US hospi
tals.13 Despite the design, unlike most other trials, the 
investigators could not demonstrate a reduction in an
tibiotic exposure, leading them to conclude that PCT 
guidance may not be useful for antibiotic stewardship. 
Low compliance rates with the study protocol and the in
clusion of a significantly healthier study population ham
pered the generalizability of these findings. Compared to 
the 90% compliance rate in PROHOSP, protocol com
pliance in PROACT was 63%. Almost 40% of the pa
tients included in PROACT had asthma exacerbations, 
which are generally not treated with antibiotics; addition
ally, almost all patients had low baseline PCT levels (91% 
of PCT values were < 0.25). Rather than indicating a fail
ure of PCT, the study’s findings underscore the fact that 
the utility of any lab test is limited unless applied in an ap
propriate diagnostic setting. 

clinical application: sepsis 

Sepsis is a life-threatening multi-organ dysfunction asso
ciated with infection with an associated increase in mor
tality. Its early identification and treatment aiming for a 
consequent decrease in associated mortality has been the 
target of nationwide quality improvement efforts.14 The 
role of biomarkers in sepsis is promising as it can allow 
more accurate identification of the patients that warrant 
an earlier intervention by either implementing new an
timicrobial treatment or escalating the current antimicro
bial regimen.15 

The benefits of PCT-guided therapy have been 
demonstrated among severely ill patients. A randomized 
multicenter trial of 266 patients with sepsis (using Sep
sis-3 definitions) due to lower respiratory tract infections, 
acute pyelonephritis, or primary bloodstream infection 
compared standard care to PCT-guided therapy in which 
the criteria to stop antibiotics was a decrease of > 80% in 
PCT levels or any PCT<0.5 mg/L at day 5 or later.16 In 
the PCT-guided group, there was a decrease in the rate 
of infection-associated adverse events (HR 0.45; 95% CI, 
0.20–0.98; p = 0.045); 28-day mortality (HR 0.51; 95% 
CI, 0.29–0.89; p = 0.02); and median length of antibi
otic therapy 5 (range, 5–7) versus 10 (range, 7–15) days 
(p<0.001). The cost of hospitalization was also reduced 
in the PCT arm.7 

An extensive systematic review and meta-analysis of 
5000 critically ill patients found that PCT-guided antibi
otic discontinuation was associated with decreased mor
tality (RR 0.89; 95% CI, 0.83-0.97).17 A meta-analysis 
including 523 patients with bacteremia noted a mean re
duction in antibiotic exposure of 2.86 days, without ex
cess mortality.18 A third meta-analysis of 4482 critically 
ill patients admitted to the ICU with sepsis demonstrated 
a reduction in antibiotic exposure and mortality. 

Despite a relatively small decrease in antibiotic dura
tion of 1.19 days, the investigators found an 11% reduc
tion in 30-day mortality rates (p = 0.03) in the PCT-
guided group.19 A more recent meta-analysis of 12 
studies with a total of 4292 patients in the ICU with sep
sis, found that a PCT-guided strategy was associated with 
decreased duration of antimicrobial therapy (−1.98 days 
(95% CI: −2.76, −1.21); p = 0.00001) with no increase in 
mortality at 28 days (RR 0.89; 95% CI, 0.79; 0.99); p = 
0.04).20 
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A new trial is ongoing in the United Kingdom 
(PRONTO), aimed to evaluate the implementation of 
sepsis treatment pathways in the emergency department, 
comparing the use of early warning score alone and en
hanced with PCT. The endpoints are the initiation of in
travenous antibiotics at 3 hours (superiority comparison) 
and 28-day mortality (non-inferiority comparison).21 

clinical applications: acute 
exacerbation of copd and acute 
bronchitis 

The use of antibiotics, especially macrolides, in AE
COPD does not necessarily target the treatment of bac
terial infection per se but rather has immunomodulatory 
and airway anti-inflammatory properties and is associated 
with enhanced outcomes, including decreased mortal
ity.22,23 Circulating levels of PCT correlate with the de
gree of invasiveness of infection in respiratory illness, and 
could help to refine the clinical indication for antibiotic 
therapy in AECOPD.24 

Several randomized controlled trials (RCT) and meta-
analyses have demonstrated the impact of PCT use in de
creasing antibiotic usage in AECOPD. In an RCT of 208 
patients, the use of PCT was associated with decreased 
antibiotic prescription by 30% (p < 0.0001) in the index 
exacerbation exposure; it was associated with a sustained 
decrease in antibiotic exposure at six months (RR, 0.76; 
95% CI, 0.64 to 0.92; p=0.004).25 A RCT of 194 patients 
with AECOPD and PCT < 0.1 ng/mL (95 patients in 
the antibiotic group and 96 patients in the control group) 
demonstrated no significant difference in the treatment 
success rate (p=0.732) or secondary outcome.26 A RCT 
of 120 patients with AECOPD in which 62 were treated 
according to a PCT-guided algorithm and 58 according 
to the local guidelines demonstrated that the PCT-guided 
group had a decreased median duration of antibiotic ex
posure (3.5 days vs. 8.5 days; p=0.02); PCT-guided pro
tocol was also associated with a decreased number of pa
tients using antibiotics for ≥5 days (41.9% vs. 67.2%; 
p=0.01). There were no differences in outcomes (death, 
rehospitalization, or intensive care unit admission) 
within 28 days.27 

A meta-analysis of 4 RCTs (N = 679 patients with 
AECOPD) by Lin et al., demonstrated that PCT-guided 
treatment, when compared to standard treatment, was 
associated with decreased antibiotic use (OR 0.26, 95% 
CI 0.14-0.50, p<0.0001) in comparison to standard treat
ment without increasing clinical failure or mortality.28 

Mathioudakis et al. demonstrated in a meta-analysis of 
eight trials (N = 1062 patients with AECOPD) that 
PCT-guided treatment was associated with reduced an
tibiotic prescription (RR 0.56, 95% CI 0.43-0.73; 
p<0.0001) with no significant difference in clinical out
comes (treatment failure, duration of hospitalization, ex

acerbation rate or mortality); however, the authors em
phasized the limitations of the study (low to moderate 
quality of evidence, small sample and methodological 
limitations) and recommended further evaluation 
through use of RCT.29 

A series of cross-sectional and longitudinal multivari
able analyses of the Premier claim database with > 
200,000 patients hospitalized with AECOPD comparing 
two periods (2009-2011 and 2013-2014) demonstrated 
that hospitals that adopted PCT-guided protocols had 
no significant differences in the rate of antibiotic treat
ment or duration of therapy compared with those that 
did not.30 The findings of the latter study need to be 
taken with the caution of time (already ten years ago), as 
well as due to the complexities associated with individual 
clinical-decision making, clinical variability of COPD, 
and patient comorbidities.31 

Given methodological differences among studies and 
the clinical variability in the severity of illness found in 
patients with AECOPD, in addition to the benefits of an
tibiotic therapy in this population independent of their 
anti-bacterial effects, most sources find limited applica
tion for procalcitonin in this population. In addition, 
given that AECOPD is generally felt to be a localized 
rather than a systemic infection, it is less likely to impact 
PCT levels. 

clinical application: covid-19 

The recent SARS-CoV-2 (COVID-19) pandemic has 
posed a challenge to the best evidence to support its med
ical management. There is no established role for empiric 
antibiotic therapy unless suspicion of concomitant bac
terial infections is strong. A retrospective study of 191 
patients with COVID-19 in Wuhan, China, found that 
more than 70% had a PCT < 0.25 ng/mL and no evi
dence of bacterial infection upon admission.32 A study 
of 66 ICU patients with COVID-19 in The Netherlands 
found that PCT elevation correlated with development 
of secondary bacterial infection. Furthermore, the analy
sis of PCT performance demonstrated that PCT < 0.25 
μg/L had a negative predictive value of 81%, and a PCT 
> 1.00 μg/L had a positive predictive value of 93%.33 

An observational retrospective study of 368 patients with 
COVID-19, demonstrated that withholding antibiotics 
in patients with a PCT ≤0.25 ng/mL was associated with 
decreased antibiotic exposure with no adverse impact on 
mortality.34 Given the limitations of these small single-
center studies performed during the pandemic’s peak, 
more robust studies are needed. 
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clinical application: general 
practice 

For acute medical conditions such as CAP and sepsis, 
there are few clinical situations in which providers would 
be comfortable withholding empiric antibiotics regard
less of initial PCT level. Although some studies support 
using PCT to guide antibiotic initiation, most guidelines 
suggest reliance on clinical judgment over biomarkers, es
pecially in patients requiring hospital admission. There 
are certain situations in which providers may consider us
ing a low PCT value to support withholding antibiotics; 
examples include patients with respiratory symptoms felt 
most likely to be due to noninfectious causes (i.e., con
gestive heart failure, pulmonary fibrosis, advancing lung 
cancer), patients felt to have acute viral infections with
out superinfection, or outpatients at low risk of decom
pensation. 

Currently, the most clinically useful role of PCT test
ing is to guide the duration of antibiotic therapy. Al
though the literature supports short-course antibiotic 
therapy in many common acute medical conditions, over
prescribing remains prevalent.35 Although guidelines 
suggest uncomplicated community-acquired pneumonia 
(CAP) treatment for no more than 5 – seven days, most 
patients receive longer courses.36 A review of >150,000 
patients across the United States with uncomplicated 
CAP documented a mean antibiotic duration of 9.5 days, 
with close to 70% of patients receiving > 7 days of ther
apy.37 A multicenter study of CAP patients hospitalized 
in Michigan noted similar findings, with a mean 2-day 
excess duration of therapy or 2526 excess days of treat
ment per 1000 discharges.38 Although existing guidelines 
support short-course therapy, obviating the need for bio
marker guidance, clinicians have not reliably adopted this 
practice. A PCT-guided de-escalation algorithm may re
duce therapy duration and shorten unnecessary antibi
otic use. This practice applies regardless of pneumonia 
severity, including VAP and pneumonia with septic 
shock.10,11,39 

clinical case (continuation) 

The patient was admitted to a regular nursing floor, 
where a serum procalcitonin was ordered, and its value 
was 0.23 μg/L. He improved rapidly on the initial an
tibiotic therapy, and a repeat assay on hospital day 3 was 
0.13 μg/L. Given the lack of systemic inflammatory re
sponse markers, hemodynamic stability, and clinical im
provement, antibiotics were stopped without adverse 
events. The patient was discharged that afternoon and 
found to have recovered on a follow-up visit 2 weeks later. 

conclusion 

Procalcitonin is a unique biomarker that rises rapidly in 
the presence of systemic bacterial infections and sepsis, 
falls in response to adequate treatment, and correlates 
with the severity of illness. In appropriate clinical set
tings, particularly for patients with LRTI, it can be used 
as a tool for antibiotic stewardship to support decisions 
to discontinue antibiotics earlier than may otherwise have 
occurred with clinical judgment alone. With an under
standing of its limitations, clinicians can apply PCT as 
a tool for more effective prescribing and hopefully help 
reduce the adverse effects of excess antimicrobial utiliza
tion. 

take home points 
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• Procalcitonin values must be used within the con
text of careful clinical assessment and judgment. 

• Substantial contributions to the conception or de
sign of the work; or the acquisition, analysis, or in
terpretation of data for the work; AND 

• Drafting the work or revising it critically for impor
tant intellectual content; AND 

• Final approval of the version to be published; AND 
• Agreement to be accountable for all aspects of the 

work in ensuring that questions related to the accu
racy or integrity of any part of the work are appro
priately investigated and resolved. 

Utility of Procalcitonin in Clinical Practice

Journal of Brown Hospital Medicine 5



University 
Department of Hospital Medicine, Cleveland Clinic 
9500 Euclid Ave, M2 Annex 

Cleveland, OH, 44122 
Email: auronm@ccf.org 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 Inter
national License (CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/
by-nc/4.0 and legal code at https://creativecommons.org/licenses/by-nc/4.0/legalcode for more informa
tion. 

Utility of Procalcitonin in Clinical Practice

Journal of Brown Hospital Medicine 6

mailto:auronm@ccf.org


references 

1. Infection Prevention and Control and Antibiotic 
Stewardship Program Interpretive Guidance Update. January 
27, 2023. https://www.cms.gov/medicareprovider-enrollment-
and-certificationsurveycertificationgeninfopolicy-and-memos-
states-and/infection-prevention-and-control-and-antibiotic-
stewardship-program-interpretive-guidance-update 

2. CDC. Core Elements of Hospital Antibiotic Stewardship 
Programs. US Department of Health and Human Services, 
CDC. 2014. http://www.cdc.gov/getsmart/healthcare/
implementation/core-elements.html 

3. Curran J, Lo J, Leung V, et al. Estimating daily antibiotic 
harms: an umbrella review with individual study meta-analysis. 
Clin Microbiol Infect. 2022;28(4):479-490. doi:10.1016/
j.cmi.2021.10.022 

4. Kim JH. Clinical Utility of Procalcitonin on Antibiotic 
Stewardship: A Narrative Review. Infect Chemother. 
2022;54(4):610-620. doi:10.3947/ic.2022.0162 

5. Christ-Carin M, Müller B. Procalcitonin in bacterial 
infections - hype, hope, more or less? Swiss Med Wkly. 
2005;135(31-32):451-460. doi:10.4414/smw.2005.11169 

6. Schneider HG, Lam QT. Procalcitonin for the clinical 
laboratory: a review. Pathology. 2007;39(4):383-390. 
doi:10.1080/00313020701444564 

7. Kyriazopoulou E, Liaskou-Antoniou L, Adamis G, et al. 
Procalcitonin to Reduce Long-Term Infection-associated 
Adverse Events in Sepsis. A Randomized Trial. Am J Respir 
Crit Care Med. 2021;203(2):202-210. doi:10.1164/
rccm.202004-1201oc 

8. Grace E, Turner RM. Use of Procalcitonin in Patients With 
Various Degrees of Chronic Kidney Disease Including Renal 
Replacement Therapy. Clinical Infectious Diseases. 
2014;59(12):1761-1767. doi:10.1093/cid/ciu732 

9. Schuetz P, Christ-Crain M, Thomann R, et al. Effect of 
Procalcitonin-Based Guidelines vs Standard Guidelines on 
Antibiotic Use in Lower Respiratory Tract Infections: The 
ProHOSP Randomized Controlled Trial. JAMA. 
2009;302(10):1059-1066. doi:10.1001/jama.2009.1297 

10. Stolz D, Smyrnios N, Eggimann P, et al. Procalcitonin for 
reduced antibiotic exposure in ventilator-associated 
pneumonia: a randomised study. Eur Respir J. 
2009;34(6):1364-1375. doi:10.1183/09031936.00053209 

11. Beye F, Vigneron C, Dargent A, et al. Adhering to the 
procalcitonin algorithm allows antibiotic therapy to be 
shortened in patients with ventilator-associated pneumonia. J 
Crit Care. 2019;53:125-131. doi:10.1016/j.jcrc.2019.05.022 

12. Schuetz P, Wirz Y, Sager R, et al. Effect of procalcitonin-
guided antibiotic treatment on mortality in acute respiratory 
infections: a patient level meta-analysis. Lancet Infect Dis. 
2018;18(1):95-107. doi:10.1016/s1473-3099(17)30592-3 

13. Huang DT, Yealy DM, Filbin MR, et al. Procalcitonin-
Guided Use of Antibiotics for Lower Respiratory Tract 
Infection. N Engl J Med. 2018;379(3):236-249. doi:10.1056/
nejmoa1802670 

14. Evans L, Rhodes A, Alhazzani W, et al. Surviving sepsis 
campaign: international guidelines for management of sepsis 
and septic shock 2021. Intensive Care Med. 
2021;47(11):1181-1247. doi:10.1007/s00134-021-06506-y 

15. Póvoa P, Coelho L, Dal-Pizzol F, et al. How to use 
biomarkers of infection or sepsis at the bedside: guide to 
clinicians. Intensive Care Med. 2023;49(2):142-153. 
doi:10.1007/s00134-022-06956-y 

16. Singer M, Deutschman CS, Seymour CW, et al. The Third 
International Consensus Definitions for Sepsis and Septic 
Shock (Sepsis-3). JAMA. 2016;315(8):801. doi:10.1001/
jama.2016.0287 

17. Pepper DJ, Sun J, Rhee C, et al. Procalcitonin-Guided 
Antibiotic Discontinuation and Mortality in Critically Ill 
Adults: A Systematic Review and Meta-analysis. Chest. 
2019;155(6):1109-1118. doi:10.1016/j.chest.2018.12.029 

18. Meier MA, Branche A, Neeser OL, et al. Procalcitonin-
guided Antibiotic Treatment in Patients With Positive Blood 
Cultures: A Patient-level Meta-analysis of Randomized Trials. 
Clin Infect Dis. 2019;69(3):388-396. doi:10.1093/cid/ciy917 

19. Wirz Y, Meier MA, Bouadma L, et al. Effect of 
procalcitonin-guided antibiotic treatment on clinical outcomes 
in intensive care unit patients with infection and sepsis 
patients: a patient-level meta-analysis of randomized trials. Crit 
Care. 2018;22(1):191. doi:10.1186/s13054-018-2125-7 

20. Gutiérrez-Pizarraya A, León-García MDC, De Juan-
Idígoras R, Garnacho-Montero J. Clinical impact of 
procalcitonin-based algorithms for duration of antibiotic 
treatment in critically ill adult patients with sepsis: a meta-
analysis of randomized clinical trials. Expert Rev Anti Infect 
Ther. 2022;20(1):103-112. doi:10.1080/
14787210.2021.1932462 

21. Euden J, Thomas-Jones E, Aston S, et al. PROcalcitonin 
and NEWS2 evaluation for Timely identification of sepsis and 
Optimal use of antibiotics in the emergency department 
(PRONTO): protocol for a multicentre, open-label, 
randomised controlled trial. BMJ Open. 2022;12(6):e063424. 
doi:10.1136/bmjopen-2022-063424 

Utility of Procalcitonin in Clinical Practice

Journal of Brown Hospital Medicine 7

https://www.cms.gov/medicareprovider-enrollment-and-certificationsurveycertificationgeninfopolicy-and-memos-states-and/infection-prevention-and-control-and-antibiotic-stewardship-program-interpretive-guidance-update
https://www.cms.gov/medicareprovider-enrollment-and-certificationsurveycertificationgeninfopolicy-and-memos-states-and/infection-prevention-and-control-and-antibiotic-stewardship-program-interpretive-guidance-update
https://www.cms.gov/medicareprovider-enrollment-and-certificationsurveycertificationgeninfopolicy-and-memos-states-and/infection-prevention-and-control-and-antibiotic-stewardship-program-interpretive-guidance-update
https://www.cms.gov/medicareprovider-enrollment-and-certificationsurveycertificationgeninfopolicy-and-memos-states-and/infection-prevention-and-control-and-antibiotic-stewardship-program-interpretive-guidance-update
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
https://doi.org/10.1016/j.cmi.2021.10.022
https://doi.org/10.1016/j.cmi.2021.10.022
https://doi.org/10.3947/ic.2022.0162
https://doi.org/10.4414/smw.2005.11169
https://doi.org/10.1080/00313020701444564
https://doi.org/10.1164/rccm.202004-1201oc
https://doi.org/10.1164/rccm.202004-1201oc
https://doi.org/10.1093/cid/ciu732
https://doi.org/10.1001/jama.2009.1297
https://doi.org/10.1183/09031936.00053209
https://doi.org/10.1016/j.jcrc.2019.05.022
https://doi.org/10.1016/s1473-3099(17)30592-3
https://doi.org/10.1056/nejmoa1802670
https://doi.org/10.1056/nejmoa1802670
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1007/s00134-022-06956-y
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1016/j.chest.2018.12.029
https://doi.org/10.1093/cid/ciy917
https://doi.org/10.1186/s13054-018-2125-7
https://doi.org/10.1080/14787210.2021.1932462
https://doi.org/10.1080/14787210.2021.1932462
https://doi.org/10.1136/bmjopen-2022-063424


22. Morasert T, Kriengwattanakul O, Kulalert P. Effect of 
Macrolide Antibiotics on In-Hospital Mortality Among Acute 
Exacerbation of COPD Patients: A Propensity Score-Matched 
Analysis. Int J Chron Obstruct Pulmon Dis. 
2022;17:2229-2239. doi:10.2147/copd.s373595 

23. Daniels JMA, Schoorl M, Snijders D, et al. Procalcitonin vs 
C-reactive protein as predictive markers of response to 
antibiotic therapy in acute exacerbations of COPD. Chest. 
2010;138(5):1108-1115. doi:10.1378/chest.09-2927 

24. Gilbert DN. Role of Procalcitonin in the Management of 
Infected Patients in the Intensive Care Unit. Infect Dis Clin 
North Am. 2017;31(3):435-453. doi:10.1016/
j.idc.2017.05.003 

25. Stolz D, Christ-Crain M, Bingisser R, et al. Antibiotic 
treatment of exacerbations of COPD: a randomized, controlled 
trial comparing procalcitonin-guidance with standard therapy. 
Chest. 2007;131(1):9-19. doi:10.1378/chest.06-1500 

26. Wang JX, Zhang SM, Li XH, Zhang Y, Xu ZY, Cao B. 
Acute exacerbations of chronic obstructive pulmonary disease 
with low serum procalcitonin values do not benefit from 
antibiotic treatment: a prospective randomized controlled trial. 
Int J Infect Dis. 2016;48:40-45. doi:10.1016/j.ijid.2016.04.024 

27. Corti C, Fally M, Fabricius-Bjerre A, et al. Point-of-care 
procalcitonin test to reduce antibiotic exposure in patients 
hospitalized with acute exacerbation of COPD. Int J Chron 
Obstruct Pulmon Dis. 2016;11:1381-1389. doi:10.2147/
copd.s104051 

28. Lin C, Pang Q. Meta-analysis and systematic review of 
procalcitonin-guided treatment in acute exacerbation of 
chronic obstructive pulmonary disease. Clin Respir J. 
2018;12(1):10-15. doi:10.1111/crj.12519 

29. Mathioudakis AG, Chatzimavridou-Grigoriadou V, 
Corlateanu A, Vestbo J. Procalcitonin to guide antibiotic 
administration in COPD exacerbations: a meta-analysis. Eur 
Respir Rev. 2017;26(143):160073. doi:10.1183/
16000617.0073-2016 

30. Lindenauer PK, Shieh MS, Stefan MS, et al. Hospital 
Procalcitonin Testing and Antibiotic Treatment of Patients 
Admitted for Chronic Obstructive Pulmonary Disease 
Exacerbation. Ann Am Thorac Soc. 2017;14(12):1779-1785. 
doi:10.1513/annalsats.201702-133oc 

31. Pantzaris ND, Spilioti DX, Psaromyalou A, Koniari I, 
Velissaris D. The Use of Serum Procalcitonin as a Diagnostic 
and Prognostic Biomarker in Chronic Obstructive Pulmonary 
Disease Exacerbations: A Literature Review Update. J Clin 
Med Res. 2018;10(7):545-551. doi:10.14740/jocmr3458w 

32. Zhou F, Yu T, Du R, et al. Clinical course and risk factors 
for mortality of adult inpatients with COVID-19 in Wuhan, 
China: a retrospective cohort study. The Lancet. 
2020;395(10229):1054-1062. doi:10.1016/
s0140-6736(20)30566-3 

33. van Berkel M, Kox M, Frenzel T, et al. Biomarkers for 
antimicrobial stewardship: a reappraisal in COVID-19 times? 
Crit Care. 2020;24(1):600. doi:10.1186/s13054-020-03291-w 

34. Williams EJ, Mair L, de Silva TI, et al. Evaluation of 
procalcitonin as a contribution to antimicrobial stewardship in 
SARS-CoV-2 infection: a retrospective cohort study. J Hosp 
Infect. 2021;110:103-107. doi:10.1016/j.jhin.2021.01.006 

35. Wald-Dickler N, Spellberg B. Short-course Antibiotic 
Therapy—Replacing Constantine Units With “Shorter Is 
Better.” Clin Infect Dis. 2019;69(9):1476-1479. doi:10.1093/
cid/ciy1134 

36. Metlay JP, Waterer GW, Long AC, et al. Diagnosis and 
Treatment of Adults with Community-acquired Pneumonia. 
An Official Clinical Practice Guideline of the American 
Thoracic Society and Infectious Diseases Society of America. 
Am J Respir Crit Care Med. 2019;200(7):e45-e67. 
doi:10.1164/rccm.201908-1581st 

37. Yi SH, Hatfield KM, Baggs J, et al. Duration of Antibiotic 
Use Among Adults With Uncomplicated Community-
Acquired Pneumonia Requiring Hospitalization in the United 
States. Clin Infect Dis. 2018;66(9):1333-1341. doi:10.1093/
cid/cix986 

38. Vaughn VM, Flanders SA, Snyder A, et al. Excess 
Antibiotic Treatment Duration and Adverse Events in Patients 
Hospitalized With Pneumonia: A Multihospital Cohort Study. 
Ann Intern Med. 2019;171(3):153-163. doi:10.7326/
m18-3640 

39. Wirz Y, Meier MA, Bouadma L, et al. Effect of 
procalcitonin-guided antibiotic treatment on clinical outcomes 
in intensive care unit patients with infection and sepsis 
patients: a patient-level meta-analysis of randomized trials. Crit 
Care. 2018;22(1):191. doi:10.1186/s13054-018-2125-7 

Utility of Procalcitonin in Clinical Practice

Journal of Brown Hospital Medicine 8

https://doi.org/10.2147/copd.s373595
https://doi.org/10.1378/chest.09-2927
https://doi.org/10.1016/j.idc.2017.05.003
https://doi.org/10.1016/j.idc.2017.05.003
https://doi.org/10.1378/chest.06-1500
https://doi.org/10.1016/j.ijid.2016.04.024
https://doi.org/10.2147/copd.s104051
https://doi.org/10.2147/copd.s104051
https://doi.org/10.1111/crj.12519
https://doi.org/10.1183/16000617.0073-2016
https://doi.org/10.1183/16000617.0073-2016
https://doi.org/10.1513/annalsats.201702-133oc
https://doi.org/10.14740/jocmr3458w
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1186/s13054-020-03291-w
https://doi.org/10.1016/j.jhin.2021.01.006
https://doi.org/10.1093/cid/ciy1134
https://doi.org/10.1093/cid/ciy1134
https://doi.org/10.1164/rccm.201908-1581st
https://doi.org/10.1093/cid/cix986
https://doi.org/10.1093/cid/cix986
https://doi.org/10.7326/m18-3640
https://doi.org/10.7326/m18-3640
https://doi.org/10.1186/s13054-018-2125-7

	Utility of Procalcitonin in Clinical Practice
	Article Information
	Abstract
	Clinical case
	Introduction
	What is procalcitonin?
	Special situations: false positive PCT assays
	Clinical application: lower respiratory tract infections
	Clinical application: Sepsis
	Clinical applications: Acute exacerbation of COPD and Acute Bronchitis
	Clinical application: COVID-19
	Clinical application: General Practice
	Clinical Case (continuation)
	Conclusion
	Take home points
	Author Contributions
	DISCLOSURES/CONFLICTS OF INTEREST
	Corresponding Author

	References


