
PCT Informing Antimicrobial Stewardship
Fathima Paruk, PhD, Head of Dept: Critical Care and Emergency Medicine ,University of  Pretoria



Antimicrobial resistance

Diagnostic uncertainty

Antimicrobial overuse



Precision
 Medicine

TherapeuticsDiagnostics

Diagnostics 

- Right time (Initiate)
- Right duration (discontinue)
- Monitor (response)



Detection of an infection

 
Imaging

Host response
     HR,RR
     Temperature
     WCC
Source (infection)

Pathogen ID
     Blood culture
     MCCS
     Rapid  diagnostics



C reactive  protein (CRP) 
Procalcitonin (PCT)

Detection of an infection

Biomarkers



-

CRP



7

Sepsis

Septic Shock

with 
-    Hypotension requiring vasopressors to keep MAP > 65mmHg
- Lactate >2mmoL/L  with adequate volume resuscitation 

     

INFECTION + SOFA Score 
 by ≥ 2 points

INFECTION + SOFA Score 
 by ≥ 2 points

Sepsis - Septic shock
Mortality 20 - 40%



Biomarker response to an infection

Meisner,2000
Vijayan et al, J Int Care,2017

PCT
T ½ 24 hrs
Rises 6-12 hrs
Peaks at 24 hrs 

CRP
Rises 24+ hrs
Peaks at 48 hrs 



PCTs Evolving  
Role in 

Antimicrobial 
Stewardship

PCT trends/kinetics vs absolute/cut-offs
Personalised use 
Antibiotic Duration   
Diagnosis

Expanded role beyond bacterial infections
- COVID-19 and influenza(⇩ unnecessary 

antibiotics)
- Surgical population (complications, 

infections)
- Candida infection likelihood
- PCT+digital tools(AI)/multimodal diagnostics
- LMICs (cost effective care)



Precision
 Medicine

TherapeuticsDiagnostics

ID who will benefit 
(Early Diagnosis)

Targeted delivery
- Right time 
- Right duration
- Real time monitoring

Clinical Context
+

Procalcitonin

Diagnostics 

- Right time 
- Right duration
- Real time monitoring



Clinically

Is there a Significant range? 

  

<0.25 µg/L – low probability of bacterial 
infection
 >0.5 µg/L – bacterial infection likely



Extensive  
Burns 

Cardio
Pulmonary

Bypass 
Rhabdomyolysis

Trauma

Inflammatory 
Response 

Massive 
transfusion

Pancreatitis 

Sepsis

Bone et al. Chest 1992

Cardiac 
failure



⇧ PCT Bacterial Infection
Inflammatory response (Trauma, Burns, Surgery)

⇩ PCT Resolution of bacterial infection (source control)

Resolution of Inflammatory Response  (trauma, surgery, burns)

Magnitude of PCT response Reflects the magnitude of cytokines (infection or IR)

Viral and Fungal infections PCT will ⇩ (γ IFN suppresses IL6 and IL-1 production)
[sick patient with  normal or ⇩ PCT]

80% ⇩ PCT and a well patient Stop antibiotics 



Patient AB
45 years old
Obese 
Diabetic

Day 4 Hospital admission
For elective repair large 
incisional hernia (delay)

Respiratory distress
Supplemental O2
Confusion
MAP 60 mmHg

PE

Cardiac

Sepsis 



Previous 
Day

Today 

TEMP 37.20C 390C

HR 85 95-110

MAP 80 60

FiO2 RA 0.60

WCC 12 19

PLATELETS 155 150

BGL 7-9mmol/L

CRP 45 150

PCT ng/mL 1.8 3.2

URINE >1mL/Kg/Hour

SCVO2 71

AVCO2 5

Fluid 
balance

1050

ICU admission
MV
Ertapenem and Pip-Tazobactam

Patient AX
45 years old
Obese 
Diabetic

Day 4 Hospital admission
For elective repair large 
incisional hernia (delay)

Pyrexial
Resp distress
Pneumonia most likely



Eprok

88% Change in PCT in 24 hoursAbsolute PCT

Previous studies PCT: Usually Better Sensitivity and Specificity than with IL-6 or CRP
Harbarth S. Am J Respir Crit Care Med (2001);       

Müller B, et al. Crit Care Med (2000)
Carr J. J INT Care,2015



Patient X
45 years old
Obese 
Diabetic

Day 4 Hospital admission
For elective repair large 
incisional hernia (delay)

HAP
TF to ICU
Ventilation 
Organ dysfunction



ICU

Hour 48
K. Pneumonia ESBL

De-escalate 

Previous 
Day

Today 
Day 1

Day 2

TEMP 37.20C 390C 38.10C

HR 85 95-110 90-95

MAP 80 60 66

FiO2 RA 0.60 0.40

WCC 12 19 13.6

PLATELETS 155 150 160

BGL 7-9mmol/L

CRP 45 150 155

PCT ng/mL 1.8 3.2 3.0

URINE >1mL/Kg/Hour

SCVO2 71 70

AVCO2 5 4

Fluid 
balance

1050 400



>72 hours 
of 

antibiotics 

Previous 
Day

Today 
Day 1

Day 2 Day 3 Day 4

TEMP 37.20C 390C 38.10C 37.20C 37.60C

HR 85 95-110 90-95

MAP 80 60 66 65

FiO2 RA 0.60 0.40 0.4 0.35

WCC 12 19 13.6 13.4 11.7

PLATELETS 155 150 160 155 161

BGL 7-9mmol/L

CRP 45 150 155 130 99

PCT ng/mL 1.8 3.2 3.0 1.6 0.6

URINE >1mL/Kg/Hour

SCVO2 71 70 70 70

AVCO2 5 4

Fluid 
balance

1050 400 -450 -400



>72 hours 
of 

antibiotics 

Previous 
Day

Today 
Day 1

Day 2 Day 3 Day 4

TEMP 37.20C 390C 38.10C 37.20C 37.60C

HR 85 95-110 90-95

MAP 80 60 66 65

FiO2 RA 0.60 0.40 0.4 0.35

WCC 12 19 13.6 13.4 11.7

PLATELETS 155 150 160 155 161

BGL 7-9mmol/L

CRP 45 150 155 130 99

PCT ng/mL 1.8 3.2 3.0 1.6 0.6

URINE >1mL/Kg/Hour

SCVO2 71 70 70 70

AVCO2 5 4

Fluid 
balance

1050 400 -450 -400



How long would 
you treat with 
Ertapenem?

1. Continue  until Day 5  at 
least 

2.  Stop when the PCT is 
below 0.5 ng/mL

3. Stop when the PCT and 
CRP are both normal 

4. Stop now as  patient is        
clinically improved and 
PCT has  declined 
significantly (80%).



If the pathogen was a MDR 
Pseudomonas the duration of 

therapy needs to be a 
minimum of 14 days ?

1. True

2.  False



PCT guidance to stop antibiotics?

Clinically improving  and

- PCT threshold (<0.5ng/mL) OR

- 80% ↓ in PCT (kinetics)

• Robust evidence
• General approach

Bouadma L et al, Lancet; 2010

Matthaiou DK et al, ICM, June 2012
Schuetz P et al , Coch Collab,2012

Soni NJ et al, J Hosp Med, Sept 2013

Limit antibiotic duration in an infection which is 
deemed to be adequately treated

SAPS Trial

De Jong et al, Lancet Infect Dis, 2016

• Netherlands ICUs

• Antibiotic stewardship

• 15 Centers

• n=1546 Clinically improving  AND

- PCT threshold (≤0.5μg/L) 
OR

- 80% ↓ in PCT (kinetics)

Bouadma L et al, Lancet; 2010
Matthaiou DK et al, ICM, June 2012
Schuetz P et al , Coch Collab,2012
Soni NJ et al, J Hosp Med, Sept 2013



De Jong et al, Lancet Infect Dis, 2016

SAPS Trial

Less antibiotics
Mortality reduced
Safe



AJRCC,2021



26 RCTs 
(up to mid Nov 2022)

PCT guided 
vs 

Standard care

⇓ Antibiotic duration (⇓ 1.79 day) 
⇓ Antibiotic use 
⇓ D28 mortality(⇓ 16%)
Similar ICU and Hosp LOS
Recurrent infection



2761 patients

PCT guided 
protocol

918 patients

CRP guided 
protocol

924 patients

Standard care

918 patients

VS VS



2761 patients
Multicentre 

PCT guided 
protocol

918 patients

CRP guided 
protocol

924 patients

Standard care 
(SC)

918 patients
VS VS

PCT group vs SC: Antibiotic duration⇩ 0.88 days p=0.01 (9.8 vs 10.6 days)

CRP group vs SC: Antibiotic duration no different p=0.79 (10.7 vs 10.6 days)

All cause mortality: PCT strategy noninferior (20.9%vs 21.1%; NI margin 
5.4%)



>72 hours 
of 

antibiotics 

Previous 
Day

Today 
Day 1

Day 2 Day 3 Day 4

TEMP 37.20C 390C 38.10C 37.20C 37.60C

HR 85 95-110 90-95

MAP 80 60 66 65

FiO2 RA 0.60 0.40 0.4 0.35

WCC 12 19 13.6 13.4 11.7

PLATELETS 155 150 160 155 161

BGL 7-9mmol/L

CRP 45 150 155 130 99

PCT ng/mL 1.8 3.2 3.0 1.6 0.6

URINE >1mL/Kg/Hour

SCVO2 71 70 70 70

AVCO2 5 4

Fluid 
balance

1050 400 -450 -400



How long would 
you treat with 
Ertapenem?

1. Continue  until Day 5  at 
least 

2.  Stop when the PCT is 
below 0.5 ng/mL

3. Stop when the PCT and 
CRP are both normal 

4. Stop now as  patient is        
clinically improved and 
PCT has  declined 
significantly (80%).



If the pathogen was a MDR 
Pseudomonas the duration of 

therapy needs to be a 
minimum of 14 days ?

1. True

2.  False



Discharged 
to HC
Day 5

Ward Today 
Day 1

Day 2
ICU

Day 3 
ICU

Day 4
ICU

Day 5
High care

Day 6
High care 

TEMP 37.20C 390C 38.10C 37.20C 37.60C 37.20C 37.80C

HR 85 95-110 90-95 90 90

MAP 80 60 66 65 70 70 70

FiO2 RA 0.60 0.40 0.4 0.35 0.35 0.3

WCC 12 19 13.6 13.4 11.7 11 12

PLATELETS 155 150 160 155 161 161 180

BGL 7-9mmol/L

CRP 45 150 155 130 99 55 40

PCT ng/mL 1.8 3.2 3.0 1.6 0.6 0.55 0.50

URINE >1mL/Kg/Hour



Pre Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

TEMP
0C

37.2 39 38.1 37.2 37.6 37.2 37.8 39.8

HR 85 95-110 90-95 90 90 140

MAP 80 60 66 65 70 70 70 59

FiO2 RA 0.60 0.40 0.4 0.35 0.35 0.3 Intubation 

WCC 12 19 13.6 13.4 11.7 11 12 13.1

PLATELET
S

155 150 160 155 161 161 180 145

BGL 7-9mmol/L

CRP 45 150 155 130 99 55 40 180

PCT 
ng/mL

1.8 3.2 3.0 1.6 0.6 0.55 0.50 0.25

URINE >1mL/Kg/Hour



Is there an infection?

1. This is  not an infection

2. Most likely a bacterial 
infection.

3. Need to consider Candida 
infection



0.65 [0.08-5.46 ng/mL]

PCT

PCT: Candidaemia

9.75 [1-259 ng/mL]

p < 0.001

n=50 blood cultures
MICU 
Non-neutropenic



Pre Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

TEMP
0C

37.2 39 38.1 37.2 37.6 37.2 37.8 39.8

HR 85 95-110 90-95 90 90 140

MAP 80 60 66 65 70 70 70 59

FiO2 RA 0.60 0.40 0.4 0.35 0.35 0.3 Intubation 

WCC 12 19 13.6 13.4 11.7 11 12 13.1

PLATELET
S

155 150 160 155 161 161 180 145

BGL 7-9mmol/L

CRP 45 150 155 130 99 55 40 180

PCT 
ng/mL

1.8 3.2 3.0 1.6 0.6 0.55 0.50 0.25

URINE >1mL/Kg/Hour



Is there an infection?

1. This is  not an infection

2. Most likely a bacterial infection.

3. Need to consider Candida 
infection



Pre Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day
20

Day
21

Day
22

Day
23

TEMP
0C

37.2 39 38.1 37.2 37.6 37.2 37.8 39.8 37.8 37.5 37.2 37.8

HR 85 95-
110

90-95 90 90 140 85 85 85 97

MAP 80 60 66 65 70 70 70 59 75 75 75 75

FiO2 RA 0.60 0.40 0.4 0.35 0.35 0.3 Intubation RA RA RA RA

WCC 12 19 13.6 13.4 11.7 11 12 13.1 8 7 6 8

PLATE
LETS

155 150 160 155 161 161 180 145 180 185 167 177

BGL 7-9mmol/L

CRP 45 150 155 130 99 55 40 180 25 22 29 57

PCT 
ng/mL

1.8 3.2 3.0 1.6 0.6 0.55 0.50 0.25 0.20 0.10 0.10 0.35

URINE >1mL/Kg/Hour

Day 7-20
Micafungin
C albicans

Day 15 
Extubated 

Day 17
High Care

Day 21
Ward



Would you be concerned that the 
patient might be developing a repeat 

bacterial infection?

1. Yes

2.  No



Charles at al.: BMC Infectious Disease 20098

2nd1st

Peak PCT: Repeat infections

LOWER PCT  peak value
 with subsequent infections

6.4ng/ml [9]

P
C

T

P
C

T

58 ng/ml[99]

n=179
Similar SOFA
ICU

Infection 



Pre Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day
19

Day
21

Day
22

Day
23

TEMP
0C

37.2 39 38.1 37.2 37.6 37.2 37.8 39.8 37.8 37.5 37.2 37.8

HR 85 95-
110

90-95 90 90 140 85 85 85 97

MAP 80 60 66 65 70 70 70 59 75 75 75 75

FiO2 RA 0.60 0.40 0.4 0.35 0.35 0.3 Intubation RA RA RA RA

WCC 12 19 13.6 13.4 11.7 11 12 13.1 8 7 6 8

PLATE
LETS

155 150 160 155 161 161 180 145 180 185 167 177

BGL 7-9mmol/L

CRP 45 150 155 130 99 55 40 180 25 22 29 57

PCT 
ng/mL

1.8 3.2 3.0 1.6 0.6 0.55 0.50 0.25 0.20 0.10 0.10 0.35

URINE >1mL/Kg/Hour

Day 7-19
Micafungin
C albicans

Day 15 
Extubated 

Day 17
High Care

Day 21
Ward



Would you be concerned that the patient 
might be developing a repeat bacterial 

infection?

1. Yes

2.  No



Patient AB
45 years old
Obese 
Diabetic

Hospital admission
For elective repair large 
incisional hernia 

Finally  rescheduled for surgery
Can the PCT be used postoperatively to 
adjudge surgical complications or infections



CRP and PCT Post surgery 

CRP peaks D3-4  
post op

PCT peaks 24 hours 
postop

PCT Response
Abdominal > Sternotomy >Thoracic





PCT Post surgery

 

PCT Response
- Detect ongoing sepsis
- Detect new sepsis
- Detect post op complications 

Post  surgery 

Concern if:
     -  PCT >10ng/mL
     -  From 48 hours PCT stagnant or⇧

Kinetics  and Clearance

 



Post surgery

• C



Special situations

Neutropenia

HIV infection

Solid

Organ Transplant

Autoimmune

Disease  

Loculated 
infections

RRT
Malaria

Small cell lung Ca

Bronchial carcinoid

Child-Pugh C

Medullary thyroid Ca

Immunomodulating agents

Liver Failure

Inflammatory 
Response 

Immunesupression



Renal dysfunction

Chronic kidney disease 

– PCT elevated in 1/3 (stage V, Dialysis)

– Bacterial infection

   PCT increases

   Rate of clearance with resolution of sepsis 

   unchanged

RRT

– PCT drops on initiation (depends on type of RRT)

– Intermittent RRT- 3 hours

– CVVHD- massive decline within 15 min



Neonates
Immature immune system

Nonspecific signs and symptoms

Median 2 ng/ml

Normal PCT values post delivery



C Chiesa et al. CID 1997

Early  onset neonatal sepsis

Clear differentiation between infected and
uninfected neonates possible
by application of age-related reference values

Infection



Evidence



PCT: G+  vs  G- infections 

n=166 Blood cultures 

8.9 [1.8-32 ng/mL] 0.73 [0.2-3.4 ng/mL]



Prognosis 



PrognosisPrognosis 



AI and PCT 



PCT Group
Antibiotic exposure reduced
ICU LOS reduced
C diff reduced
Cost-<25 000 USD(sepsis)
Cost <3 630USD(RTI)

Impact: LOS, ICU cost, Pharmacy cost, antibiotic 
exposure

33 569 PCT guided vs 98 543 non-PCT guided

Reduced antibiotic exposure

985 (control) vs 1167 (PCT guided)
Significant reduction
• Antibiotic exposure
• Adverse events

• C



Critically ill patients (ICU/HC)
Daily*

Ward
Every  48 hours post 
surgery

Every  48 hours if planning 
to use the PCT to stop 
antibiotic therapy

Immediately when  
infection/sepsis  suspected

Frequency of Monitoring



Clinical context 
matters

PCT kinetics

Diagnostics can lead stewardship 

PCT is a tool - Not a rule 

Clinical context matters

Embed PCT in stewardship and education

MDT
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