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Biomarkers  to be discussed in this lecture

▪ PCT : Procalcitonin  

▪ Pro-ADM : Proadrenomedullin  

▪ Neopterin

▪ Presepsin

▪ sTREM-1 : soluble Triggering Receptor expressed on 
Myeloid cells-1  

▪ sUPAR : soluble urokinase Plasminogen Activator 
Receptor 



PCT in bacterial infections

▪ Factors inducing PCT  production

- exotoxins, TNF-α, and  other cytokines

N. Sritharan The Lancet, Vol 363, 2004



The Prorata trial

Patients receiving antibiotics for days 1–28
Significantly fewer patients assigned to the procalcitonin group received antibiotics than did those assigned to the 
control group (p<0·0001, generalised linear model test for repeated measures).

Bouadma L et al, The Lancet 2010
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An ESICM systematic review and meta-analysis 
of procalcitonin-guided antibiotic therapy algorithms 
in adult critically-ill patients

Odds ratios of  28-day mortality

Matthaiou D, Ntani G, Kontogeorgi M, Poulakou G, Armaganidis A, Dimopoulos G. Intens Care Med J 2012

• 7 RCTs

• in the duration of first episode of 

antibiotic treatment 

• No difference in 28-day mortality  

• in antibiotic free days within the 

first 28 days of hospitalization 

• No difference between regarding the 

remaining outcomes

• Sensitivity analyses yielded similar

results 



Serum PCT in hematologic malignancies

Ninety-nine systemic bacterial infection episodes (colored box) showed higher 
PCT and CRP levels than nonbacterial events [median (95% CI) (PCT: 0.49 (0.26–
0.93) ng/mL vs. 0.20 (0.18–0.22) ng/mL, P < 0.001; CRP: 76.6 (50.5–92.8) mg/L vs. 
58.0 (51.1–66.5) mg/L, P = 0.036)] by Mann-Whitney U test.

Yang M et al, PLoS ONE 2019;14(12): e0225765. https://doi.org/ 10.1371/journal.pone.0225765



Serum PCT in hematologic malignancies

▪ PCT levels discriminated bacteremia (gray box) from non-bacteremia (white box) in neutropenia (-)  
▪ CRP levels discriminated bacteremia (gray box) from non-bacteremia (white box) in neutropenia (-)  
▪ CRP levels were not different between bacteremia and non-bacteremia in neutropenia (+) patients  

Yang M et al, PLoS ONE 2019;14(12): e0225765. https://doi.org/ 10.1371/journal.pone.0225765



PCT and CRP levels in HSCT and non-HSCT 

▪ PCT levels discriminated bacteremia from non-bacteremia in non-HSCT patient and HSCT patients 
▪ CRP levels discriminated bacteremia from non-bacteremia in non-HSCT patient 
▪ CRP levels were not different between bacteremia and non-bacteremia in HSCT patients

HSCT : hematopoietic stem cell transplantation

Yang M et al, PLoS ONE 2019;14(12): e0225765. https://doi.org/ 10.1371/journal.pone.0225765



PCT and CRP : different etiologies of fever. 

- PCT levels were significantly higher in GNB infectious episodes  than those in febrile 
episodes caused by fungal infection  or other etiology  

- CRP levels were not significantly different  

Yang M et al, PLoS ONE 2019;14(12): e0225765. https://doi.org/ 10.1371/journal.pone.0225765



PCT and CRP : detection of bacteremia

- ROC curves of PCT and CRP for detecting bacteremia
- 614 febrile episodes : total 
- 341 non-neutropenic and 273 febrile neutropenia episodes 
- PCT discriminated bacteremia from non-bacterial infection
- CRP could not detect bacteremia  

Yang M et al, PLoS ONE 2019;14(12): e0225765. https://doi.org/ 10.1371/journal.pone.0225765



Matthaiou et al  in Textbook of Respiratory and Critical Care Infections,  JAYPEE brothers edition, N Delhi, NY, edited by G Dimopoulos 

Procalcitonin key points 



Adrenomedullin (ADM) 
Proadrenomedullin (Pro-ADM)

ADM

❑ Belongs to calcitonin peptide family

❑ Strong endogenous vasodilator 

❑ Numerous effects on various organs

❑ A role in cell growth /apoptosis and in 
sepsis

❑ Bactericidal properties

❑ Highly upregulated during the 
hyperdynamic phase of sepsis and   
down-regulates the inflammatory 
response

Pro-ADM

❑ A peptide generated from ADM  

precursor along with ADM and other 

molecules

❑ More stable than ADM, metabolically 
inactive and is produced indirectly 
correlated amounts with ADM.

❑ Thus, it is preferred to be measured in  

septic patients instead of ADM 

❑ Rapid clearance from the circulation

❑ Mean plasma concentration in healthy 

individuals varies from 0.33 to 0.46  

nmol/L



Initial Pro-ADM and PCT in definite sepsis, 
with and without infections 

Al Shuaibi M et al. Clin Infect Dis. 2013;56:943-950



ROC curve and AUC comparison: 
All bacterial infections (bloodstream + localized) 
vs noninfection. 

Al Shuaibi M et al. Clin Infect Dis. 2013;56:943-950

Currently, there are no studies 

focusing on optimizing treatment 

duration with pro-ADM-based 

algorithms. 

Its importance lies in using pro-

ADM as a diagnostic and

prognostic tool  



Proadrenomedullin key points 

Matthaiou et al  in Textbook of Respiratory and Critical Care Infections,  JAYPEE brothers edition, N Delhi, NY, edited by G Dimopoulos 



Neopterin

A pyrazino-(2,3-d-)-pyrimidine molecule
− chemical group of pteridines (aromatic pteridines)
− is synthetized almost exclusively in monocytes    

and macrophages although may be detectable in 
microglial cells of CNS

− Neopterin 
▪ indirect marker of macrophage activation
▪ is regulated by INF-γ stimulation
▪ can be measured by ELISA,radioimmunoassay  
(RIA) and HPLC
▪ it may be detected in various body fluids

o serum, urine, pleuritic fluid, cerebrospinal fluid, 
ascetic fluid, pancreatic juice, BAL and synovial fluid.



Neopterin

Neopterin levels in blood  
- mean value : 6 nmol/L until adulthood
- lowers down to 5 nmol/L till the 8th 

decade of life and
- then rises sharply to a mean of 8.5 nmol/L

These variations are associated with renal function.



CRP, neopterin, and PCT in healthy 
controls, bacterial and viral LRTI.

CRP concentrations

Neopterin concentrations 

PCT concentrations

CRP/neopterin 

CRP × PCT/neopterin 

Distinguishing bacterial from viral infections and healthy subjects

CRP

PCT

Margaret I, Diagnostic Microbiology and Infectious Disease 59 (2007) 131–136 



Monitoring the efficacy of treatment and
compliance of patients with tuberculosis



Neopterin

Matthaiou et al  in Textbook of Respiratory and Critical Care Infections,  JAYPEE brothers edition, N Delhi, NY, edited by G Dimopoulos 



Presepsin

Presepsin (sCD14-ST)
Cluster of Differentiation 14 (CD14) is a gene 
encoding a protein taking part in the innate 
immune response

This protein is mostly expressed in macrophages and monocytes
- mediate bacterial phagocytosis by inducing cytokine secretion 

o cytokine secretion takes  place after the ligation of  CD14

indirectly to LPS (with the help of LPS binding protein –LBP                      
LPS-LBP binds to CD14 and to TLR-4 (stimulate the immune  response)  

- CD14 is integrated into the cellular membrane
- Also found in a soluble form  
- CD14 in its soluble form is called presepsin
- in adults 3 ng/mL and 7 ng/mL in children 

Regueiro V, Campos MA, Morey P, et al. Eur Respir J. 2009;33(2):273-81.



Presepsin : Diagnostic and prognostic value  

Correlation between initial values (time 0) of presepsin and 
survival in patients with sepsis, severe sepsis and septic 
shock.  
- 60th day in-hospital mortality
- higher in patients with initial values of presepsin >1,000 

pg/ml than in groups with lower values (P = 0.04).

Patients with definitive diagnosis of sepsis, severe 
sepsis or septic shock. 

presepsin

procalcitonin



Presepsin

Matthaiou et al  in Textbook of Respiratory and Critical Care Infections,  JAYPEE brothers edition, N Delhi, NY, edited by G Dimopoulos 



soluble Triggering Receptor expressed on 
Myeloid cells-1 (sTREM-1)

TREM-1 belongs to the immunoglobulin 
superfamily

Is expressed on the surface of immune 
cells, like neutrophils, monocytes
and macrophages after exposure
to infectious agents. 

sTREM-1 is released from activated 
phagocytes and can be found in plasma, 
urine, cerebrospinal fluid, alveolar lining 
fluid and pleural fluid

It may serve as a more direct marker of 
infection than CRP and PCT.

Richeldi et al , ERJ 2004; 24: 247-250

http://en.wikipedia.org/wiki/File:Protein_TREM1_PDB_1q8m.png


Richeldi et al , ERJ 2004; 24: 247-250

sTREM-1 and  respiratory infections  

TREM-1 expression on total BAL cells 
is significantly higher in patients 
- with CAP likely to be caused by 

extracellular bacteria (group A) 
than 

- in patients with pulmonary 
tuberculosis (group B) or 

- patients with noninfectious 
interstitial lung diseases (group C)

Data are presented as TREM-1 mean 
fluorescence (MF) of total BAL cells, 
subtracted from isotype control.



sTREm-1 in the diagnosis of pneumonia

Levels of sTREM-1 in BAL from 
- 64 pts without  pneumonia 
- 38 pts with CAP and 
- 46 pts with VAP 

Gibot et al N Engl J Med 2004;350:451-8.



sTREM-1

Matthaiou et al  in Textbook of Respiratory and Critical Care Infections,  JAYPEE brothers edition, N Delhi, NY, edited by G Dimopoulos 



What is uPAR ?
urokinase Plasminogen Activator Receptor

✓ a protein in blood (plasma)
▪ 55 kD glycosylated protein

✓ measurable in all individuals
✓ stable in vivo  and vitro

Olsen JE et al, J Internal Medicine doi: 10.1111/j.1365-2796.2010.02252 

expressed on

▪ vascular endothelial cells

▪ monocytes

▪ neutrophils and 

▪ activated T-cells

involved in  

▪ Migration

▪ Adhesion

▪ Angiogenesis

▪ Fibrinolysis

▪ Proliferation

and released 

during inflammatory 
stimulation to generate 
soluble uPAR (suPAR) that is  
a  highly flexible molecule 
with intrinsic 
chemotactic properties  



From uPAR to suPAR  

GPI-anchor

Cell 
membrane

D3

D2

D1

uPAR
=CD87

Cleavage White blood cells

D3

D2

D1

Blood suPAR levels 
are related to immune activation 

and low-Grade Inflammation

SuPAR
Soluble urokinase 

Plasminogen 
Activator  Receptor

The GPI-anchor links uPAR to  the cell membrane making it 
available  for uPA binding . When the receptor is cleaved 
between  the GPI-anchor and DIII, it becomes soluble. suPAR is 
a stable protein that  can be measured in various body fluids
GPI: glycosyl-phosphatidylinositol

Thunø M et al Disease Markers 27 (2009) 157–172



From uPAR to suPAR  



suPAR : the interpretation

further testing

early intervention

immediate intervention

send home

medical decision Hospital & pre-Hospital 

Hospital: Screening

Quantitative or semi-quantitative  determination 
in human EDTA plasma, serum and whole blood

SuPARnostic® ELISA kit 
simplified monoclonal antibody sandwich assay (values in ng/mL)



suPAR
No value as diagnostic marker               A Strong Prognostic Marker

SIRS cohort
▪ 151 patients

▪ 96 bacterial infection,
▪ 16 viral infection
▪ 1 parasite

Kofoed et al, Crit Care 2007

28-year-old man with ulcerative colitis treated during 10 years 
with azathioprine (AZA)

- fever, swollen lymph glands, hepato
splenomegaly and pancytopenia

- positive for acute Epstein-Barr virus (EBV) infection
- before the final diagnosis of EBV associated Large B-
cell lymphoma was confirmed
He died from multiple organ failure. 

Kofoed et al, UFL 2007



Biomarkers in diagnosis and prognosis

SuPAR PCT Others

Diagnosis No value High value –
bacterial infections

CRP – high value
Neutrophils

Triaging High value Medium value  – related 
to diagnostic power 
Restricted to proven 
bacterial infections

CRP – low value
TREM1 – low value
MIF – ? value

Prognosis High value PCT: Low value
PCT kinetics: Some value 
within bacteraemia

CRP – no value
TREM1 – low value 
MIF - low value



Serum suPAR levels among 315 survivors and 52 non-
survivors from sepsis over the course of 10 days. 

APACHE II score, serum suPAR, and their combination to define 
unfavorable outcome in a study cohort of 1,914 Greek patients 





Serum concentrations of  suPAR and of  PCT after diagnosis 
of VAP in relation with the stage of sepsis. Respective values 
of 10 healthy volunteers and of 50 patients with  SIRS

ROC analysis for serum concentrations of suPAR and of  
PCT  and for APACHE II score to discriminate between 
sepsis and severe sepsis/shock.

Journal of Infection (2011) 63, 344e350



ROC analysis for serum concentrations of soluble
urokinase plasminogen activator receptor (suPAR) and 
of PCT and for APACHE II score to predict death.

Concentrations of  suPAR  in supernatants of monocytes and
of neutrophils isolated on the first day in relation with the stage 
of sepsis. Respective concentrations of cells isolated from 10 
healthy controls are shown. Cells were left untreated or 
treated with  LPS of Escherichia coli

Journal of Infection (2011) 63, 344e350



suPAR values in healthy and patients



suPAR values in healthy and patients

D’ Alonzo et al Drug Discov Today. 2020 Aug;25(8):1528-1534.



Independent variables at admission associated with the development of severe respiratory 
failureIndependent variables at admission associated with the development of severe 

respiratory failure



Admission levels 
of suPAR 
among Greek patients 
who eventually 
developed or not SRF. 

Levels of suPAR in 
patients with COVID-19 
and controls. 

Time to SRF of Greek 
patients in relation to the 
admission levels of 
suPAR. CI, confidence 
interval; HR, hazard ratio



SuPAR in COVID-19–Related AKI

Patients with incident AKI stratified 
by suPAR tertiles, 

Median suPAR levels across AKI stages. 

Tariq U. Azam et al, J Am Soc Nephrol. 2020 Nov;31(11):2725-2735.



SuPAR in COVID-19–Related AKI

Tariq U. Azam et al, J Am Soc Nephrol. 2020 Nov;31(11):2725-2735.



SuPAR in COVID-19–Related AKI

Addition of suPAR improves 
the AUC for predicting AKI.

ROC Curves for SuPAR and 
Admission eGFR

Tariq U. Azam et al, J Am Soc Nephrol. 2020 Nov;31(11):2725-2735.



suPAR  Key points

suPAR is a marker of risk of death 
▪ is not a diagnostic marker   

Emergency Room
▪ General Screening

▪ Identifying risk patients (e.g. suspect SIRS/sepsis cases)

Intensive Care Unit
▪ Monitoring for risk of sepsis and other critical conditions



Βιοδείκτες ταξινόμησης στη Σήψη

More than 170 different biomarkers have been 
assessed

- for potential use in sepsis and infections
- more for prognosis than for diagnosis  

How to use 
them 

CAREFULLY !!!


