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1. Introduction 

In the past 15 years, considerable research has been conducted

on procalcitonin (PCT) in the fields of sepsis, respiratory tract in-

fection and antibiotic stewardship. An international group of ex-

perts recently produced a consensus document addressing optimal

use of PCT in clinical practice, including prerequisites for imple-

mentation into clinical protocols and work flow [1] . However, de-

spite advances and several studies investigating the role of PCT in

medical/surgical care, there are still many controversial areas with
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egards to diagnostic utilities of PCT in certain conditions and its

mpact on antibiotic stewardship. In this review, several ‘hot top-

cs’ on PCT were selected and reviewed by members of the “Rapid

iagnostic and Biomarkers” of the International Society of Antimi-

robial Chemotherapy (ISAC). This group, established in the second

alf of 2018, includes scientists, microbiology and infectious dis-

ases clinicians and academics, whose aim is to advance the edu-

ation and science of infection management. This paper is an in-

epth review of the current literature that addresses areas where

here are limited studies, evidence and clinical experience on the

tility of PCT. The review summarises the various aspects of PCT

tility and provides expert opinions and insights from the authors’

wn experience, highlighting areas for future study and research. 
rved. 

https://doi.org/10.1016/j.ijantimicag.2019.07.016
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijantimicag
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijantimicag.2019.07.016&domain=pdf
mailto:kordosaeed@nhs.net
https://doi.org/10.1016/j.ijantimicag.2019.07.016


K. Saeed, J. González del Castillo and C. Backous et al. / International Journal of Antimicrobial Agents 54 (2019) 686–696 687 

2

a

 

i  

e  

a  

f  

t  

w  

w  

t  

d  

s  

p  

r  

t  

a  

d

 

f  

(  

[  

i  

p  

f  

H  

c  

c  

o

 

o  

o  

c  

t  

o  

t  

s  

t  

d  

r  

l  

a  

f

 

d  

r  

t  

i  

t  

h  

c  

a  

f  

i  

e  

w  

a

 

s  

c  

(  

w  

b  

t  

i  

p  

w

3

 

t  

[  

t  

p  

a  

c  

t  

d  

g  

t  

t

 

i  

s  

e  

w  

p  

m  

s  

c  

v

 

o  

p  

a  

b  

t  

t  

f  

s  

e  

s

4

4

 

a  

i  

(  

f  

C  

(  

t  

t  

h  

i  

t  

u

 

t  

o  

i  

A  

m  

t  

c  

s  

A  
. Use of “time zero” PCT in initiation and tailoring of 

ntibiotic therapy 

Early recognition of sepsis is key for better outcomes. Delays

n appropriate antimicrobial therapy might hinder survival; how-

ver, there has been recent debate on the impact of the timing of

ntibiotic administration. Emergency departments (EDs) are at the

rontline of recognition and early treatment of septic patients. In

he ED there are three key questions when faced with a patient

ith suspected infection: Should antibiotics be initiated? If yes,

hich ones? Does the patient need to be admitted? The answers

o these questions are not simple because clinical scores alone to

etect sepsis in the ED are neither specific nor sensitive enough to

upport early diagnosis [2] . This is mainly due to the complicated

athophysiology of the septic process and the individual patient

esponse to infection, because the immune response starts from

he time of infection insult (“time zero”) and the trajectory for PCT

nd other markers as well as the physiological response may vary

epending on the time of presentation to the ED. 

Furthermore, clinical scoring systems, e.g., sequential organ

ailure score (SOFA), mortality in emergency department sepsis

MEDS) score, and, lately, the national early warning scores (NEWS)

3 , 4] , used alone are neither sensitive nor specific in identifying

nfection or predicting deterioration. The concept of PIRO (Predis-

osition, presence of Infection, immune Response and Organ dys-

unction) may help identify septic patients as early as possible [5] .

owever, a better way is to combine both novel biomarkers and

linical scoring systems [2] at the earliest opportunity during a

linical consultation to identify infection and those patients at risk

f deterioration. 

A study of 295 patients that targeted the use of PCT as a marker

f bacteraemia in the ED showed a sensitivity of 75%, a specificity

f 79.8% and a positive predictive value (PPV) of 16.9%, but a very

onvincing negative predictive value (NPV) of 98.2%, area under

he receiver-operating characteristic curve (AUROCC) measurement

f 0.79 and an accuracy of 89.8% for PCT [6] . The PROcalcitonin

o Reduce Antibiotic Treatments in Acutely ill patients (PRORATA)

tudy involving 714 patients focused on PCT tailored vs. conven-

ional antibiotic treatment. The PCT group had significantly more

ays (mean difference 2.7 days) without antibiotics, with a relative

eduction of antibiotic exposure of 23%. However, there were some

imitations of this study: 10% of the patients had surgical problems

nd protocol adherence was not satisfactory (the protocol was not

ollowed in 219 cases) [7] . 

Early PCT measurement in the ED is indicated in patients with

yspnoea. PCT has an established role in antibiotic guidance in

espiratory infections, a common indication for antibiotics in pa-

ients with dyspnoea. However, the use of PCT in cardiac patients

s less straightforward because some cardiac patients without bac-

erial infection may have raised PCT. Patients with heart failure

ave a degree of tissue hypoperfusion; if this is severe enough to

ause gut wall ischemia, this can lead to increased bowel perme-

bility, bacterial translocation and endotoxin release [8] . A study

ocusing on patients with dyspnoea measured cardiac biomarkers,

.e., MR-proANP, BNP and NT-proBNP, along with PCT. Patients with

levated cardiac markers and PCT below 0.2 ng/mL were treated

ith diuretics. Patients with PCT above 0.2 ng/mL were started on

ntibiotic therapy with promising outcomes [9] . 

Despite high sensitivity and specificity for bacterial infection,

ingle PCT measurements can be misleading. High PCT levels en-

ourage the use of antibiotics in the ED; however, low readings

 ≤0.2 ng/mL) might raise more questions and decrease compliance

ith protocols. Nevertheless, the initial management in the ED can

e reassessed and decisions can be changed, if it is clinically safe

o do so [1] . No single biomarker should be used in decision mak-

ng; however, PCT and other novel biomarkers can be safely incor-
orated into clinical scoring systems to assist clinicians in deciding

hether to administer antibiotics and to admit the patient. 

. Value of PCT in bacteraemia patients 

Several studies have investigated the effects of PCT-guided an-

ibiotic therapy in patients with systemic infection and sepsis

10 , 11] . A PCT-guided approach, particularly for respiratory infec-

ions, has resulted in shorter durations of antibiotic treatment with

ositive clinical outcomes, such as lower rates of antibiotic-related

dverse events and mortality [10] . Nevertheless, there remains a

oncern about the effectiveness and safety of this approach in pa-

ients with bacteraemia, when physicians may be reluctant to re-

uce treatment duration regardless of PCT levels. Moreover, several

uidelines recommend standard durations of therapy for most pa-

ients with true bacteraemia to protect against potential complica-

ions, such as endocarditis. 

There are usually only small numbers of bacteraemia patients

n individual studies, which makes it challenging to contend the

afety of PCT-guided antibiotic duration in bacteraemic cases. How-

ver, a recent meta-analysis of individual data from 523 patients

ith bacteraemia (including Staphylococcus aureus bacteraemia)

ooled from 13 clinical trials showed that PCT-guided antibiotic

anagement in this population resulted in lower antibiotic expo-

ure without apparent increase in mortality [12] . There were no

omments on increasing risk of endocarditis in PCT-guided groups

s. classical treatment groups. 

Clearly, PCT does not help identify pathogens or risk of antibi-

tic resistance; therefore, blood culture results are an important

art of infection management and choice of antimicrobial ther-

py. Although blood cultures remain a cornerstone in identifying

acteraemic patients and should always be considered according

o clinical needs and local guides, their probability of being posi-

ive increases with rising PCT levels. Using PCT to select patients

or further microbiological and phenotypic investigations to detect

ystemic infections is a promising approach to improve the cost-

ffective and saf e management of patients with inf ection and pos-

ible bacteraemia [13–15] . 

. Procalcitonin in critically ill patients 

.1. Procalcitonin for initiating antibiotics in critically ill patients 

Several observational studies have shown that time to adequate

ntibiotic treatment is a strong predictor of mortality in critically

ll septic patients [16] . Furthermore, in the intensive care unit

ICU), physicians have few and rather imprecise measures to in-

orm about the status of the patient (improving or deteriorating).

urrent markers like C-reactive protein (CRP) and white blood cells

WBC) are not sufficient to assist timely decisions about therapeu-

ic changes. In addition, there is often a considerable delay in iden-

ifying the specific microbiological cause of sepsis, which is not

elped by the rather low sensitivity of blood cultures, particularly

n patients already receiving antibiotics. Novel methods to improve

he timing of initial antibiotics and of changes in antibiotics are

rgently needed. 

Without source control, PCT continues to increase. Observa-

ional studies cannot fully determine whether PCT-guided antibi-

tic initiation and escalation can improve outcomes in critically

ll septic patients. This issue was investigated in the Procalcitonin

nd Survival Study (PASS), a 1200-patient randomized, controlled

ulticentre trial, in which increasing PCT levels in the interven-

ion arm patients led to empirical broadening of antibiotics ac-

ording to a specified algorithm and prompted additional culture

amples and radiological imaging of suspected infected foci [17] .

lthough the adherence to this antibiotic algorithm was relatively
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high (82%), and the use of broad-spectrum antibiotics was in keep-

ing with increasing PCT, and was higher overall than in the control

group, the investigators failed to demonstrate a survival benefit of

this strategy. There are several potential reasons for this outcome:

i) “a neutralizing effect”, whereby harm from antibiotics and ben-

efit from better timing may have caused an overall negative re-

sult; ii) there was already sufficient antibiotic coverage in patients

at high risk of mortality: the investigators demonstrated that the

PCT-algorithm did not change the use of study drugs in the pa-

tients who were clinically judged to be most ill, but did in those

clinically rated to have milder illness; iii) generally, it is very hard

to change the prognosis of critically ill septic patients: many tri-

als have failed to do this, possibly because mortality in such pa-

tients is also attributable to non-modifiable variables like age and

co-morbidities. Thus, increasing PCT, in a broad, critically ill sep-

sis population should not be the only factor driving antimicrobial

escalation. 

4.2. PCT for antibiotic reduction 

Based on the increasing use of broad-spectrum antibiotics and

the associated increasing incidence of antibiotic resistance, the

World Health Organization (WHO) has stated that: “Antibiotic re-

sistance is one of the biggest threats to global health, food security,

and development today” and “Antibiotic resistance occurs naturally,

but misuse of antibiotics in humans and animals is accelerating the

process.” Global awareness to revert this alarming development, in-

cluding among critically ill patients, is high. 

PCT-guided antibiotic discontinuation strategies have been pro-

posed to assist in this task in sepsis and pneumonia and several

studies have been conducted. All these studies include algorithms

specifying when to stop antibiotics based on serial PCT measure-

ments, typically with a combined fixed cut-off (e.g. encouragement

to stop antibiotics when PCT < 0.5 ng/mL) and a relative cut-off

(e.g. to stop antibiotics when PCT was reduced by 80% from the

peak level). The largest of these studies were the PRORATA trial

[7] and the Stop Antibiotics on Procalcitonin guidance Study (SAPS)

[18] . 

In the PRORATA trial, there was a significant reduction in the

total number of days that the patient received antibiotics (2.7 days;

P < 0.001), with no significant changes in mortality or other safety

endpoints. However, there was a slight trend in 60-day mortality

in favour of the control group. In the SAPS, duration of antibiotic

treatment was also reduced by 2.7 days ( P < 0.0 0 01), and there

was a reduction in mortality of 5.4% ( P = 0.0122) in the PCT-guided

group. 

Therefore, a strategy with daily PCT measurements and subse-

quent discontinuation of antibiotics when PCT is < 0.5 ng/mL or

reduced by 80% from the peak level can be expected to reduce

the duration of antibiotic treatment by approximately 3 days. This

strategy appears to be safe and may even reduce mortality. PCT-

guided antibiotic initiation should only be within a clinical context

and a raised PCT must not be a sole factor in initiating antibiotics

[1] . 

4.3. PCT in critically ill patients with renal failure 

Metabolism of PCT is not significantly influenced by kidney

function because renal elimination is not the major metabolic

pathway of PCT clearance. In patients with significantly impaired

renal PCT excretion, plasma PCT levels do not increase simulta-

neously [19] ; however, a cut-off of 0.8 ng/mL may be consid-

ered as the upper normal reference value in non-acutely infected

haemodialysis patients [20] . Studies in patients with acute and

chronic renal failure show that PCT is a useful marker of bacte-

rial infections. PCT was massively elevated in the presence and
bsence of acute renal failure in sepsis patients [21] . Other stud-

es indicate that both PCT and CRP tests have poor sensitivity but

cceptable specificity in diagnosing bacterial infection in patients

ith renal impairment. Given the poor negative likelihood ratio,

he role of PCT as a rule-out test is questionable [22] . A recent

tudy concluded that high-volume continuous renal replacement

herapy (HV-CRRT) can more effectively remove various inflamma-

ory factors and reduce serum PCT for the treatment of pancreati-

is complicated by acute renal failure. Replacing the blood filter at

ppropriate time-points can also improve treatment efficacy [23] .

erial PCT measurements should be considered in patients with re-

al failure, and renal replacement therapy and PCT values should

e interpreted within a clinical context and should not be the sole

actor in escalating or de-escalating antibiotics in these patients

see section 4 ). 

. Procalcitonin and nosocomial infections in the Intensive 

are Unit: value of serial determinations 

Sequential measurement of PCT in critically ill patients may

nable early diagnosis of infection and potential benefits of early

reatment ( Table 1 ), [24–30] and is of interest from the prognos-

ic point of view. High baseline concentrations of PCT are not al-

ays associated with a poor prognosis, and the prognostic ability

f the initial concentrations in sepsis is controversial; the prognos-

ic value based on the evolution of PCT levels may be more useful.

he concept of PCT clearance that reflects PCT dynamics has been

roposed to assess the behaviour of PCT and its relationship with

rognosis [31] . 

. PCT in burn patients 

Tissue burns induce systemic inflammation, the extent of which

s proportional to the extent and severity of burn injury [32] . It

s beneficial to detect infections as early as possible in burn pa-

ients because the overchallenged immune system, secondary to

he acute inflammation, might not respond as rapidly and effec-

ively to infective agents as it would in otherwise healthy subjects.

In a 20-bed burn ICU involving 121 patients, PCT with a cut-

ff value of 0.69 ng/mL for sepsis prediction was associated with

ensitivity of 89%, specificity of 85%, PPV of 82% and NPV of 88%

herefore, PCT proved to be an early indicator of septic complica-

ions and a tool for monitoring response to antimicrobial therapy

33] . In a retrospective observational study including 150 burn pa-

ients, biomarkers of sepsis were analysed: a panel of PCT, WBC

nd platelets, D-dimer, CRP, lactate and temperature measure-

ents were compared in septic (n = 102) and non-septic (n = 48)

atients. Although statistically significant differences between the

wo groups were detected for all the examined biomarkers, PCT at

 cut-off value of 0.5 ng/mL proved to be the most accurate marker

or predicting bacterial infection with the largest area under the

urve (AUC) and effect size (AUC = 0.71) [34] . 

The absolute amount of PCT is directly proportional to the

everity of bacterial infections and sepsis in most patients, with

urvival potentially predicted by the dynamics and absolute

mount of PCT [35] . In 101 burn patients, PCT was used for risk

tratification in such terms. There were statistically significant dif-

erences between PCT levels of survivors (n = 68) and non-survivors

n = 33), but PCT also predicted the inadequacy of antibiotic therapy

n a time course of 15 days, resulting in sepsis-associated death in

atients with increasing amount of PCT despite antibiotic therapy

36] . Data related to PCT in burns patient are limited and more

tudies are needed to establish the impact of PCT and other mark-

rs on early diagnosis of infection and escalation of therapy. 
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Table 1 

Some studies on sequential measurement of PCT in critically ill patients with certain healthcare-associated infections. 

Category of infection Studies Ref 

Trauma patients admitted in the 

intensive care unit (ICU) 

Daily measurement of procalcitonin (PCT). Trauma patients with a septic complication demonstrated an 

early and significant increase in PCT compared with concentrations measured one day before sepsis 

diagnosis [0.85 (0.48–3.2) ng/mL vs. 3.32 (1–5.85) ng/mL, P < 0.001] 

[24] 

Critically ill patients with new 

onset of fever 

PCT helped to predict ICU-acquired high-risk microbial infections (i.e., bloodstream infection [BSI] or septic 

shock) when peaked above 0.65 ng/mL and low risk infection when peaked below 0.65 ng/mL 

[25] 

Blood stream infection (BSI) Charles et al. assessed the accuracy of PCT in the diagnosis of BSI in patients with primary and secondary 

sepsis. They showed that PCT elevation at the onset of sepsis is lower in patients with secondary 

sepsis-related BSI than in those experiencing their first episode of systemic infection, regardless of the 

severity of the disease. Diagnostic accuracy of PCT as assessed by the area under the receiver-operating 

characteristic curves (AUROCC) measurement was decreased in the patients with secondary sepsis 

compared with those without (AUROCC = 0.805, 95% confidence interval [CI]: 0.699–0.879, vs. 0.934, 95% 

CI: 0.881–0.970, respectively; P < 0.050). A cut-off of 2.0 ng/mL had a sensitivity of 83.3% in patients 

with primary sepsis but only 58% in patients with secondary sepsis. Moreover, the negative predictive 

value was much lower in the secondary sepsis, even if the 0.25 ng/mL threshold value was used. 

[26] 

The potential role of PCT in diagnosis of intravascular catheter-related bloodstream Infections (CRBSI) in the 

ICU has been studied by Theodorou et al. PCT on the day of suspected infection (D0) was 7.70 and 0.10 

ng/mL for patients with and without proven CRBSI, respectively ( P < 0.001). The AUC for PCT was 0.990 

(95% CI; 0.972–1.000), whereas a cut-off value of 0.70 ng/mL provided sensitivity and specificity of 92.3 

and 100%, respectively. On the other hand, an increase > 0.20 ng/mL of PCT between D0 and any of the 

four preceding days was associated with a positive predictive value exceeding 96%. 

[27] 

Ventilator-associated pneumonia 

(VAP) 

Luyt et al. found that PCT levels from “before” to the day of VAP diagnosis, increased in 41% and 15% of 

patients with and without VAP, respectively. Thus, PCT had a good specificity (85%) but a low sensitivity 

(41%) for VAP diagnosis, with respective positive and negative predictive values of 68% and 65%. 

[28] 

Ramirez et al. also evaluated the relationship between PCT levels and VAP. They established that a PCT level 

of 2.99 ng/mL had the best diagnostic cut-off (AUC 0.870, sensitivity 78%, specificity 97%, negative 

predictive value [NPV] 94%, positive predictive value [PPV] 87.5%). The combination of this cut-off of PCT 

with the simplified Clinical Pulmonary Infection Scores significantly improved the results (AUC 0.961, 

sensitivity 67%, specificity 100%, NPV 92%, PPV 100%) According to these results, PCT would avoid 

unnecessary antibiotic treatments by excluding false-positive diagnoses of VAP. 

[29] 

Lung transplant recipients On the second postoperative day a PCT cut-off of 8.18 ng/mL has been shown to have an AUC of 0.97 

(95%CI, 0.88-1.03, sensitivity 80%, specificity 100%, NPV 100%, PPV 95%) for the identification of infectious 

complications. On day 4 post-lung transplant, a cut-off of 2.63 ng/mL had an AUC of 0.88 (95%CI, 

0.73-1.03, sensitivity 40%, specificity 100%, NPV 100%, PPV 82%). 

[30] 
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. Procalcitonin Use in Urinary tract infection 

Urinary tract infection (UTI), particularly in older adults, is a

eading cause of antibiotic use in acute care hospitals, outpatient

linics, and long-term care facilities [37] . Diagnosis of UTI is impre-

ise due to the lack of specificity in clinical and laboratory features.

ifferentiation of colonization and infection is impossible with uri-

alysis and culture alone because urine is not sterile and pyuria

s common in asymptomatic patients [38] . Up to 60% of antibiotic

rescriptions for UTI are considered unnecessary [39] . Given the

arm associated with antibiotic overtreatment and the difficulty of

dentifying patients with invasive UTIs, researchers have explored

he ability of biomarkers to guide treatment decisions for patients

ith urinary symptoms. 

The utility of PCT in UTI has been extensively studied in chil-

ren, but less so in adults. In paediatric patients, an elevated

CT was found to be a better predictor of acute pyelonephritis

nd renal scarring (as opposed to lower UTI) compared with CRP

nd leukocyte counts [40–49] . Precise cut-offs should be inter-

reted with caution as a more sensitive PCT assay was not used

n these early studies. Elevated PCT values were also useful in de-

ecting vesicoureteral reflux and avoiding cystography in children

50] . 

The use of PCT to guide antibiotic use in UTI in non-septic pa-

ients is limited to observational data, a single randomized trial,

nd expert consensus. In adults, observational studies have shown

hat PCT performs well for systemic infections. PCT values above

 0.25 μg/L are associated with severe infections or ICU admission,

igher 30-day mortality [51] , and the presence of bacteraemia [52] .

n a study of ED patients, PCT was observed to predict bacteraemic

TI at a threshold of 1.16 ng/mL, with an AUROCC of 0.993 [53] .

an PCT also detect localized UTI? Few studies have addressed

his question in adults. An observational study of pregnant women

oted that 30% of women with asymptomatic bacteriuria had an
ncrease in serum PCT levels > 0.05 ng/mL, whereas all women

ithout bacteriuria had negative PCT levels [54] . 

Based on these observational data, Drozdov et al. conducted the

andomized “triple p in UTI” study to evaluate PCT-guided treat-

ent in lower and upper UTIs. As PCT has a higher sensitivity

or systemic infections than localized infections, Drozdov et al. hy-

othesized that combining PCT with a marker of local urinary in-

ammation would improve its performance [55] . They randomized

mmunocompetent patients with non-catheter-associated UTIs to 

eceive antibiotics based on clinical guidelines (controls) or with

 PCT-pyuria-based algorithm (intervention). In the intervention

rm, patients with uncomplicated lower tract infections received

on-steroidal anti-inflammatory drugs (NSAIDs) only for 3 days.

ll other patients were treated with antibiotics. Outpatients with

 PCT < 0.25 ng/mL were treated with 3 days of antibiotic ther-

py, while those with values > 0.25 ng/mL received 5-10 days de-

ending on the PCT value ( FIGURE 1 ). Inpatients underwent PCT

nd urinalysis testing every 2 days. Antibiotics were discontinued

hen PCT dropped below 0.25 ng/mL or PCT decreased by 80% and

yuria decreased by ≥90%. The duration of initial antibiotic ther-

py in the intervention group was 6 days compared with 10 days

n the control group ( P < 0.001). Overall there was no difference

n adverse outcomes, which comprised mortality, persistent infec-

ion, recurrences, and rehospitalizations. However, 5 of the 9 bac-

eraemic patients in the intervention group experienced recurrent

nfection compared with only 3 of 19 patients in the control group

56% vs. 16%, P = 0.04), which indicates caution is needed in this

ubgroup until larger studies validate this approach. 

A more recent retrospective study conducted by Levine et al.

valuated whether PCT could be used to diagnose lower UTIs in

dults who presented to an ED and underwent urinalysis and cul-

ure [56] . The study excluded patients with upper UTIs, pregnancy,

mmunocompromise, spinal cord injury and other conditions caus-

ng non-infectious elevations in PCT. Catheterized patients were
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Fig. 1. Individualized antibiotic guidance by PCT and pyuria. 

The algorithm for diagnostic purposes is shown. If there is any concern about microbiological resistance, extension of therapy is considered. For proven microbiological 

resistance, therapy is adjusted. Remaining antibiotic treatment after patient discharge is guided by the last PCT value to result in total antibiotic duration analogous to 

outpatient treatment. Abx: antibiotics; GFR: estimated glomerular filtration rate with MDRD formula; ICU: intensive care unit; NSAIDs: non-steroidal anti-inflammatory 

drugs; PCT: procalcitonin (in ng/mL); TMP-SMX: trimethoprim-sulfamethoxazole; UST: urinalysis; UTI: urinary tract infection. (From Drozdov et al, 2013 [55] ) 
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included. A “positive lower UTI diagnosis” was determined by ret-

rospective chart review and defined as patients with lower urinary

symptoms and a positive urine culture. Using these definitions,

48 patients were classified as positive (mean PCT = 0.525 ng/mL)

and 245 as negative (mean PCT = 0.1 ng/mL). Using a threshold of

< 0.25 ng/mL, the AUROCC for predicting UTI was 0.717 (sensitivity

67%, specificity 63%, NPV 91%). This study supports the Drozdov

approach of withholding antibiotics when the PCT is < 0.25 ng/mL

in lower UTIs, but the diagnostic accuracy is hampered by a retro-

spective approach and the lack of a coherent gold standard for UTI

diagnosis. Further intervention studies are needed in catheterized

patients and patients with spinal cord injury. 

Despite limited evidence, PCT has been incorporated into clini-

cal decision making for UTIs in numerous hospitals. In addition, a

recent meeting of international experts, most of whom are mem-

bers of the ISAC’s Rapid Diagnostic and Biomarkers group, gener-

ated a set of consensus algorithms for PCT use in hospitalized pa-

tients, including those with UTI; these algorithms follow the same
tructure as those used in trials for lower respiratory tract infec-

ions [1] . Future studies should report on the outcomes of these

rograms and pathways so that UTI pathways can be further re-

ned and validated. 

. Dynamics of CRP and PCT in infection in older populations 

The elderly represent the fastest growing population, at least

n the developed world. Advanced age is generally associated with

 decline in immune function, commonly referred to as ‘immune

enescence’, which makes this population more susceptible to

nfection, with potentially worse outcomes [57 , 58] . Physiological

hanges related to ageing, comorbidity, polypharmacy and geri-

tric syndromes might inhibit adequate response to infection,

hereby reducing the prognostic accuracy of the clinical scores

nd biomarkers used in younger populations. Atypical clinical

anifestations of infection in the elderly population, such as

onsciousness disturbance, lack of fever or irregular leucocytosis,
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ave been described and can make early diagnosis of infection in

he elderly a major challenge for clinicians [59] . 

Diagnostic uncertainty can lead to frequent inappropriate initi-

tions of antibiotic and longer durations of treatment [60] or un-

erdiagnosis of sepsis, which may lead to a delay in therapeutic

ntervention and a poorer outcome. Hence, the use of biomarkers

s diagnostic and/or stewardship tools is particularly important in

lder populations. 

CRP and PCT are two of the most studied biomarkers [60] . The

ynamics of CRP and PCT differ during bacterial infections, with

n earlier increase of PCT and a shorter peak level phase when in-

ection is under control [61] . However, these dynamics have not

een clearly studied in elderly patients. There are contradictory

eports regarding the sensitivity in localised infections in the el-

erly [59 , 60 , 62] . This can be attributed to: i) the high heterogene-

ty of studied populations and ii) the difficulties associated with

etermining or confirming localised infections. For example, UTI is

ometimes defined by the presence of specific urinary tract clinical

ymptoms and signs with positive urine cultures; however, 30-50%

f the older population exhibit bacterial colonisations and it is of-

en difficult to reach a diagnosis in clinical practice [58] . Further-

ore, interpreting chest X-rays for elderly patients presenting with

espiratory symptoms can be a major challenge, leading to high in-

ppropriate antibiotic use [63] . 

Despite those challenges, a meta-analysis including 4 studies

howed that the AUROCC was 0.89 (95% confidence interval [CI]:

.86–0.92). The overall sensitivity and specificity estimates for PCT

ests were 0.83 (95% CI: 0.38–0.98) and 0.83 (95% CI: 0.60–0.94),

espectively, for a cut-off of 0.5 ng/mL. The positive likelihood ra-

io for PCT (LR + = 4.77; 95% CI: 2.49–9.13) was not sufficiently high

s a rule-in diagnostic tool in the elderly. Nevertheless, it is a bet-

er diagnostic test compared with the low LR + of CRP or WBC. The

egative likelihood ratio for PCT was acceptably low for its use as

 rule-out diagnostic tool (LR- = 0.20; 95% CI: 0.04–0.97) [59] . In

ddition, looking at systemic infections and bacteraemia, compar-

sons favoured PCT over CRP for its NPV of 95% in older popula-

ions at a cut-off of < 0.5 ng/mL [64] , confirming results of an ear-

ier study with sensitivity for PCT of > 90% and an NPV up to 95%

or cut-off levels of 0.4 to 0.5 ng/mL [65] . Similar results were re-

orted in a retrospective cohort of 776 blood cultures performed

n older populations ( > 75 years old) in a single-centre study in

rance (Grenoble unpublished data). 

PCT was measured as a stewardship tool in 55 patients aged

6-98 years with potential infections in a real-life setting. PCT

as low ( < 0.25 ng/mL) in 39 of 55 patients. In conjunction with

linical findings, 64.1% of this group were not started on antibi-

tics and 20.5% had antibiotic treatment stopped. Four of the 39

10%) who did not receive antibiotics as a result of low PCT died

ithin 14 to 26 days. In contrast, in the high PCT group, 6 of

6 (40%) passed away and all were on antibiotics deemed to be

ppropriate for their condition [66] . To our knowledge there is

nly one randomized control trial, the PROPAGE study, that as-

esses the role of PCT in a decision-making PCT-based algorithm

o individualise antibiotic duration, and PCT has resulted in reduc-

ng antibiotic duration in hospitalized elderly patients ( > 80 years

ld) with pneumonia (personal communication Gavazzi G, results

npublished). 

Although PCT has a greater prognostic accuracy than CRP and

BC, it has lower prognostic value than MR-proADM and lactate

n identifying patients with short-term mortality risk [67] . More-

ver, the cut-off must be set-up to 1 ng/mL to achieve the best

ensitivity and specificity. 

In conclusion, different studies have shown that the perfor-

ance of the PCT test in elderly patients is not inferior to that in

ther adult patients for diagnosis of infection and sepsis, but more

tudies are required to define best cut-off values and impact on
utcome. For now, PCT or other markers should be used in combi-

ation with clinical scoring systems for decision making. 

. Procalcitonin and central nervous system infections 

Early diagnosis and timely treatment of central nervous system

CNS) infections are crucial to avoid high mortality and neurologi-

al sequelae. Differentiation of bacterial meningitis (BM) from non-

M circumvents unnecessary hospitalization, unnecessary antibi-

tics, and cost [68] . However, this can be clinically challenging as

eatures of BM and non-BM can be similar, particularly in new-

orns, the elderly, and immunosuppressed and diabetic patients. 

Positive Gram-staining, bacterial culture or detection of bacte-

ial antigens in the cerebrospinal fluid (CSF) represent the gold

tandard tests in BM diagnosis. However, despite high specificity,

he sensitivity is poor [68] , culture results, if any, could take 48-72

 and polymerase chain reaction (PCR) results may not be read-

ly available. Furthermore, it is not always possible to obtain CSF

amples. 

Classic biological markers in blood (CRP, WBC, and neutrophil

ount) or in CSF when used alone do not offer high sensitivity and

pecificity for distinguishing BM and non-BM. Published data indi-

ate that serum PCT is superior to traditional biomarkers for BM

iagnosis within a clinical context. Different studies have reported

erum PCT sensitivity and specificity ranging from 50% to 100% but

here is still variation in choice of the “abnormal” cut-off values

ecause of the diverse age range and nature of the study pop-

lations. BM should be diagnosed when the initial serum PCT is

 0.25-0.5 ng/mL; however, serum PCT concentrations can decrease

n 8-12 h with appropriate antibiotic treatment [68 , 69] . 

Although some studies have demonstrated that CSF PCT lev-

ls have a higher predictive value than serum PCT for diagnosis

f BM, other studies indicate that serum PCT has a superior diag-

ostic value compared with CSF PCT among suspected BM patients

70] . It is currently not recommended to evaluate CSF PCT levels

s a routine diagnostic test for BM [71] . Serum PCT must not be

sed to rule out BM, but to provide additional information to the

linical picture. Lactate level, CSF glucose −to −blood glucose ratio,

nd polymorphonuclear leukocytes in CSF as well as serum PCT

ave higher accuracy for BM diagnosis when used collectively [69] .

he dynamic changes and trends of serum PCT in patients with BM

an be used to evaluate the disease, guide the clinical medication,

nd monitor the prognosis [72] . Serum PCT has no role in diagno-

is of focal bacterial CNS infections, brain abscesses and subdural

mpyema [73] . 

0. PCT in patients with neutropenic fever 

Management of febrile neutropenic episodes is often a chal-

enge because of a lack of microbiological and clinical documen-

ation of infection. Investigation of the role of PCT in febrile neu-

ropenia started almost 20 years ago and studies are small, with a

ide range of sensitivity (42-72%) and specificity (64-89%), cut-off

alues of 0.5-0.8 ng/mL, and heterogenous populations [74] . A mul-

icentre study of 158 febrile neutropenic patients reported sensitiv-

ty and specificity of PCT for bacteraemia of 44.2% and 64.3%, re-

pectively, at concentrations of 1.0-5.0 ng/mL, and 83.3% and 100%,

espectively, for severe sepsis at concentrations of > 5.0 ng/mL [75] .

oncentrations < 0.5 ng/mL indicated that infection was unlikely,

lthough bacteraemia associated with coagulase-negative staphylo-

occi, an organism often associated with line-related sepsis, may

ail to elevate serum PCT levels. 

A more recent study prospectively evaluated the role of PCT

n distinguishing infectious fever from non-infectious fever (NIF)

mong 108 febrile lymphoma patients [76] . Secondary objectives
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were to evaluate the usefulness of PCT in distinguishing blood-

stream infections (BSI), local infections unidentified infections

(LIUI), and NIF. PCT was measured within 24 h of fever onset

(PCT1) and 24-72 h later (PCT2). The higher PCT value between

PCT1 and PCT2 was also documented (PCT max ). PCT levels (PCT1,

PCT2, and PCT max ) were compared for BSI, LIUI, and NIF. In ad-

dition, the difference between PCT1 and PCT2 was evaluated in

patients with complete data on both PCT1 and PCT2. PCT max was

statistically significantly different between the infectious fever (BSI

and LIUI combined) and NIF groups (median PCT max : 0.44 ng/mL

vs. 0.19 ng/mL; P = 0.026). PCT1 was not statistically significantly

different for patients with BSI, LIUI, and NIF ( P = 0.217). However,

PCT2 and PCT max were significantly higher in patients with BSI

compared with those with NIF ( P = 0.026 and 0.002, respectively).

Meanwhile, patients with BSI have significantly higher PCT max val-

ues than those with LIUI ( P = 0.034). Among 90 cases with com-

plete data on both PCT1 and PCT2, PCT2 was statistically signif-

icantly higher than PCT1 in patients with BSI (median PCT: 0.98

ng/mL vs. 0.47 ng/mL; P = 0.045) and patients with LIUI (median

PCT: 0.43 ng/mL vs. 0.24 ng/mL; P = 0.004) but not in patients with

NIF ( P = 0.374). The authors concluded that two separate PCT mea-

surements can differentiate between infectious fever and NIF and

predict for BSI in lymphoma patients with fever. 

Our working group suggests prompt and appropriate empirical

antibacterial therapy in neutropenic patients, taking into account

patients factors as well as microbiological and epidemiological

data and local resistance patterns. We also encourage collaboration

among centres that use PCT in febrile neutropenia to produce

larger prospective, controlled studies to identify the real impact of

PCT in these patients. 

11. PCT and pancreatitis 

The presentation of pancreatitis was one of the impetuses for

establishing the systemic inflammatory response syndrome (SIRS)

criteria. The initial presentation of pancreatitis is one of a sterile

inflammatory response, which in some patients can become in-

fected. PCT appears to have a role in identifying patients with an

infected pancreas as well as prognosticating the severity of illness.

An animal model of pancreatitis in which sodium taurocholate

was injected into the biliopancreatic duct disclosed two important

outcomes that are potentially applicable to humans [77] . In this

model, the development of pancreatic inflammation was associ-

ated with intestinal mucosal inflammation and translocation of

bacteria. Additionally, measurements of PCT in both the serum

and intestinal tissue correlated significantly with measurements of

serum endotoxin and mucosal injury. These data indicate that PCT

could be used to predict impairment of intestinal mucosal barrier

function in induced pancreatitis. The distal nature of the inflam-

mation caused by acute pancreatitis, particularly the involvement

of the intestinal tract with the potential for translocation, may

explain the strong systemic inflammatory response observed in

pancreatitis. 

Differentiation of pancreatic necrosis from infection is a clinical

challenge. In one study, researchers followed patients with pan-

creatic necrosis to see whether or not they developed pancreatic

infection [78] . Pancreatic necrosis was diagnosed using computed

tomography (CT) contrast-enhanced criteria, whereas pancreatic

infection was diagnosed using fine-needle aspiration and culture

of the pancreatic necrosis in all study patients. An elevated PCT

identified the patients with infected necrosis with an AUC > 0.77

and was superior to other biomarkers of inflammation. Combining

PCT with the other biomarkers improved the receiver-operating

characteristic (ROC) even further. 

Ramon Sager et al. reviewed data evaluating PCT as an antibi-

otic stewardship tool in pancreatitis [79] . The authors reported a
andomized controlled trial of 71 patients with pancreatitis that

howed PCT could be used to reduce antibiotic exposure compared

ith routine prophylactic antibiotic usage in patients with pancre-

titis. 

Few studies have evaluated the sensitivity and specificity of PCT

or distinguishing sterile and infected pancreatic injury. The studies

hat have been published are small but are generally positive. 

The role of PCT as a marker of severity of pancreatitis has been

valuated. In a study reported in Pancreas [80] , PCT was compared

o standard scoring systems to predict the severity of pancreatitis.

 PCT level > 0.5 ng/mL had the best ROC characteristics, with an

UC of 0.78; this was followed by Ranson’s Criteria with a score ≥3

AUC 0.76), APACHE II score ≥8 (AUC 0.72), BISAP score ≥3 (AUC

.66) and CT severity index score ≥3 (AUC 0.53). These data were

irtually duplicated by Lee et al., who demonstrated that PCT has

he best predictive value, with the only difference being that CRP2

as also used as a biomarker. Lee’s study also showed that PCT

ould discriminate between mild, moderate and severe pancreati-

is, which could lead to more appropriate resource allocation for

atients. 

An important characteristic of a good biomarker is the ability

o rapidly identify the pathological process. PCT and CRP response

ates were compared in a study of severe acute pancreatitis [81] .

CT rose to its peak level by 24 h whereas CRP levels peaked at 72-

6 h after symptom onset. Within 36 h of initial symptoms a PCT

0.5 ng/mL had an 81% sensitivity and 86% specificity for acute

ancreatitis. In addition, plasma PCT levels, but not CRP or WBC,

orrelated significantly with ICU requirement. 

The above results differ from those reported by Modrau et al.

82] where PCT was less predictive than standard measures but in

his study, there were significant time differences with respect to

he measurement of biomarkers. IL6 release occurs earlier than PCT

nd CRP release and is associated with an acute inflammatory re-

ponse and release of other inflammatory mediators but has not

een sufficiently tested to determine its utility in severe acute pan-

reatitis. 

A study of 104 patients with predicted severe acute pancreati-

is in five European academic surgical centres measured PCT within

6 h of symptom onset [83] . CRP was routinely assessed and both

iomarkers were monitored over a maximum of 21 consecutive

ays and in weekly intervals thereafter. In contrast to CRP, PCT

oncentrations were significantly elevated in patients with pan-

reatic infections and associated multiorgan dysfunction syndrome

MODS) who all required surgery (n = 10) and in non-survivors

n = 8) early after onset of symptoms. PCT levels were only mod-

rately increased in patients with pancreatic infections in the ab-

ence of MODS (n = 7), all of whom were managed non-surgically

nd survived. A PCT value ≥3.5 ng/mL on 2 consecutive days was

uperior to CRP ≥430 mg/L for the assessment of infected necrosis

ith MODS or non-survival, as determined by ROC analysis with

 sensitivity and specificity of 93% and 88% for PCT and 40% and

00% for CRP, respectively ( P < 0.01). The single or combined pre-

iction of the two major complications was already possible on the

hird and fourth day after onset of symptoms with a sensitivity and

pecificity of 79% and 93% for PCT ≥3.8 ng/mL compared with 36%

nd 97% for CRP ≥430 mg/L, respectively ( P = 0.002). 

In conclusion, PCT appears to enable identification and prognos-

ication of infective complications of pancreatitis; however, these

onclusions are based on only a few small studies and further re-

earch is warranted. 

2. Role of procalcitonin in diagnosing musculoskeletal 

nfection 

Studies assessing the role of PCT for the diagnosis of localised

kin infections have been small and heterogenous and have shown



K. Saeed, J. González del Castillo and C. Backous et al. / International Journal of Antimicrobial Agents 54 (2019) 686–696 693 

m  

[  

[  

w  

m  

s  

f  

i  

S  

o  

m  

c  

c  

t  

 

w  

w  

(  

q  

i  

u  

i  

P

 

w  

e  

i  

s  

u  

c  

s  

d  

o  

p  

w  

r

 

S  

i  

c  

[  

e

1

 

i  

i  

n  

d  

n  

i  

t

 

w  

p  

d  

a  

p  

g  

r  

t  

d  

t  

s  

p  

c  

a

 

b  

m  

m  

s  

s  

w  

>  

s  

h

 

c  

s  

o  

l  

o  

o  

fi  

(  

P  

p  

[  

t  

P  

[  

2  

t  

a  

e

 

i  

t  

A  

t  

o  

w  

P  

o

 

j  

f  

n  

i

1

 

a  

d  

a  

a  

e  

t  

H  

o  

p  

i  

i

F

 

t

ixed results [84] . Data from the clindamycin for cellulitis trial

85] indicated serum PCT was not helpful whereas Rast et al.

86] demonstrated that PCT was significantly higher in patients

ith cellulitis compared with those with deep vein thrombosis. A

uch lower PCT cut-off ( > 0.1 ng/mL) was required to increase its

ensitivity. Al-Thani et al. [87] showed that serum PCT was a use-

ul prognostic marker in necrotising fasciitis, and two further stud-

es [86 , 88] found PCT increased with the severity of skin infection.

erum PCT has not so far been demonstrated to aid the diagnosis

f localised skin infections, although it may be used as a prognostic

arker in severe skin infections, including necrotising fasciitis. The

linical uncertainty and significant diagnostic error associated with

ellulitis make biomarker studies challenging to interpret. Prospec-

ive randomized trials of PCT-guided antibiotic therapy are needed.

Three of six studies reported that PCT was higher in patients

ith an infected diabetic foot ulcer (IDFU) compared with patients

ith a non-infected DFU [89–91] . The cut-off had to be lowered

0.08-0.2 ng/mL) to show significance. These three studies used a

uantitative assay with a lower assay range. The other three stud-

es reported PCT to be unhelpful in diagnosing IDFU, but may have

sed a less sensitive method to measure PCT [92–94] . These results

ndicate a quantitative assay with a lower assay range may enable

CT to be a useful biomarker in IDFU. 

Serum PCT was found to be higher in septic arthritis compared

ith non-infective arthritis in several studies [90 , 95–104] ; how-

ver, it is yet to be proven as a useful biomarker for septic arthritis

n prospective studies. Using a PCT cut-off of 0.5 ng/mL has a high

pecificity, but the sensitivity, although variable, was too low to be

seful in clinical practice. Synovial fluid PCT results have been in-

onclusive: some studies [91 , 92] found it to be more sensitive than

erum PCT, and others [93 , 94] failed to demonstrate any significant

ifference between septic arthritis and non-infective arthritis syn-

vial fluid PCT levels. Again, all sample sizes were small, the com-

arison groups differed between studies and a range of PCT assays

ith differing sensitivity were used; therefore, it is difficult to di-

ectly compare studies. 

There are limited studies analysing PCT in osteomyelitis (OM).

tudies have shown a significantly higher serum PCT in acute OM

n children compared with healthy controls [95] and in OM asso-

iated with diabetic foot ulcers compared with those without OM

97] . There is little evidence thus far to support its use in the gen-

ral population. 

3. Newborn sepsis and PCT 

PCT is not as widely investigated in newborns and children as it

s in adults. Levels of PCT have been shown to increase within 4 h

n neonates during the sepsis process, reaching peaks in 6-8 h. In

ormal-birth-weight neonates, a PCT cut-off limit > 0.5 ng/mL in-

icates a two-fold probability of neonatal sepsis and a cut-off > 2.4

g/mL gave a PPV of neonatal sepsis near to 50%, with a probabil-

ty of a false-positive diagnosis of neonatal sepsis in about 10% of

he patients [105] . 

A multinational, randomised controlled trial was conducted in

hich neonates of gestational age of at least 34 weeks with sus-

ected early-onset sepsis requiring antibiotic treatment were ran-

omly assigned to PCT-guided therapy (n = 866) or standard ther-

py (n = 844) [106] . A total of 1408 neonates underwent per-

rotocol analysis (745 in the PCT group and 663 in the standard

roup). The duration of antibiotic therapy for the PCT group was

educed (intention to treat: 55.1 vs. 65.0 h, P < 0.0 0 01; per pro-

ocol: 51.8 vs. 64.0 h; P < 0.0 0 01). There were no sepsis-related

eaths, and < 1% of neonates had possible re-infection. The au-

hors concluded that PCT-guided decision making was superior to

tandard care in reducing antibiotic therapy in neonates with sus-

ected early-onset sepsis. Non-inferiority for re-infection or death
ould not be shown due to the low occurrence of re-infections and

bsence of study-related death. 

A small, prospective study on a neonatal ICU involving 50 new-

orns with no control group investigated PCT as an early sepsis

arker. The authors concluded that low ( < 0.5 mM/L) levels of PCT

ade systemic infection unlikely, a PCT of 0.5-2.0 mM/L was as-

ociated with mild infection and a PCT of 2–10 mM/L was con-

idered to be moderate, reflecting a very likely systemic infection

ith high risk for progression to severe systemic infection. A PCT

 10 mM/L was associated with possible systemic inflammatory re-

ponse most likely due to severe bacterial sepsis with high likeli-

ood of severe sepsis [107] . 

In a recent meta-analysis and systematic review, Ruan et al.

ompared the diagnostic accuracy of PCT, CRP, PCT + CRP and pre-

epsin in the diagnosis of neonatal sepsis from 28 studies involving

ver 2600 patients [108] . The pooled sensitivity, specificity, positive

ikelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic

dds ratio (DOR), AUC, and corresponding 95% CI were the primary

utcomes. Secondary outcomes included the sensitivity and speci-

city in multiple subgroup analyses. The pooled sensitivity of CRP

0.71 [0.63, 0.78]) was weaker than that of PCT (0.85 [0.79, 0.89]),

CT + CRP (0.91 [0.84, 0.95]) and presepsin (0.94 [0.80, 0.99]); the

ooled NLR of presepsin (0.06 [0.02, 0.23]) and PCT + CRP (0.10

0.05, 0.19]) were less than that of CRP (0.33 [0.26, 0.42]); and

he AUC for presepsin (0.99 [0.98, 1.00]) was greater than that of

CT + CRP (0.96 [0.93, 0.97]), CRP (0.85 [0.82, 0.88]) and PCT (0.91

0.89, 0.94]). The results of the subgroup analysis showed that 0.5-

 ng/mL may be the appropriate cut-off interval for PCT. The au-

hors concluded that combination of PCT and CRP or presepsin

lone improves the accuracy of diagnosis of neonatal sepsis. How-

ver, further studies are required to confirm these findings. 

Like any other tests, PCT has limitations in this age group. Stud-

es in term infants showed a physiological rise in PCT concentra-

ion during the first 48 h of life, with a peak of 20 ng/mL at 24 h.

part from those proven cases where PCT was elevated due to bac-

erial infections, some neonates demonstrated an increased level

f PCT when hypoglycaemia or respiratory distress was diagnosed

ithout bacterial infection. This has provoked debate on whether

CT can be used in newborns as an indicator of bacterial infection

r sepsis [109] . 

Diagnosis of neonatal sepsis remains challenging. There is a ma-

or need for improved diagnostics to help better identify those in-

ants requiring immediate parental antibiotics from those who do

ot. Point-of-care PCT and other novel markers need to be further

nvestigated in this age group. 

4. Conclusion 

PCT has shown great promise for risk stratification of patients

nd individualization of antibiotic treatment, with an overall re-

uction in antibiotic exposure leading to reductions in side effects

nd improvements in clinical outcomes. PCT measurements should

lways be interpreted in consideration of the overall assessment of

ach patient. In addition, these measurements should never delay

he initiation of treatment in high-risk patients and critical states.

owever, PCT measurements can be used to monitor resolution

f infection and help define the length of treatment. Despite the

romising results mainly from patients with sepsis and respiratory

nfections, further trials are needed for other settings and types of

nfections highlighted in this review to optimise the use of PCT. 
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