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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
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Figure 1. Peak (fold) increase of interleukin (/L)-8, tumor necrosis factor (TNF)-«, and procalcitonin
(ProCT) in four healthy volunteers after increasing doses of endotoxin (lipopolysaccharide [LPS]; 1, 2,
and 4 ng/kg). IL-8 reached peak levels at 4 hrs; TNF-« peaked at 1.5 hrs, and ProCT peaked at 24 hrs

(unpublished data from Suffredini et al (164)).

= Factorsinducing PCT production

- exotoxins, TNF-a, and other cytokines

-
4

O Ztardard group W Procalclornin grodg

p=0d HER Rk p=0i0nd p=0 003 gl 0001
45445 Y
w00 o

N 18742 5799

3 -

= Eﬂ_

m

B 22

g il

7] 60 16731

E:

o - 11528

i} 40

o

n -

Z 204 4428 2415

ad [T (k]

g AECGED  Bromchits  Asthma Orhers

Figure 2: Antiblotle preseriptions In different subgroups of
lower respiratory tract infection comparing standard group and
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CAR=community-acouires pneumaonia, AECOPD=acute exacernations of
CoRD,

N. Sritharan 7he Lancet Vol 363, 2004



The Prorata trial

» l Guidelines for starting of antibiotics*

I

.

v

.

v

Concentration
<0:25 pg/L
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and <05 pg/L

\J
Antibiotics discouraged
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and <1 pg/L

Antibiotics encouraged

Concentration 21 pg/L

Antibiotics strongly
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obtain a second procalcitonin concentration 6-12 h later

I Guidelines for continuing or stopping of antibiotics |

l

If blood sample taken for calculation of procalcitonin concentration at early stage of episode,
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Concentration
<025 pg/L

Stopping of antibiotics
strongly encouraged

Decrease by 280% from
peak concentration,

or concentration
20-25and <05 pg/L

Stopping of antibiotics
encouraged

Decrease by <80% from
peak concentration,
and concentration

205 pg/L

v

Continuing of antibiotics
encouraged

Increase of concentration
compared with peak
concentration and
concentration 20-5 pg/L

\

Changing of antibiotics
strongly encouraged

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).

Patients receiving antibiotic treatment (%)

— Control group
— Procalcitonin group

10 , 20 30
Time (days)

Bouadma L et al, The Lancet 2010



An ESICM systematic review and meta-analysis
of procalcitonin-guided antibiotic therapy algorithms
In adult critically-ill patients

Weighted meandifference of duration of first
episode ofantibiotic treatment.

«e7RCTs -
* & in the duration of first episode of - N e
antibiotic treatment . i —
* No difference in 28-day mortality o & S
* 4 in antibiotic free days within the el N
first 28 days of hospitalization Oddtfzadymtlty
* No difference between regarding the ey
remaining outcomes e B emwns

Hochreiter et al 2009 0.99 (0.43, 2.32) 4.87

 Sensitivity analyses yielded similar

0.59 (0.22, 1.59) 4.65

Stolz et al 2009 —_——

Nobre et al 2008 —_— 0.99 (0.27, 3.63) 2.09

re S u lt S Svoboda et al 2007 0.58 (0.21, 1.57) 4.60
Overall (I-squared = 0.0%, p = 0.906) < 0.96 (0.79, 1.15) 100.00
148 1 6.76
F; PCT arm  Favors control | arm

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



Serum PCT in hematologic malignancies
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Ninety-nine systemic bacterialinfection 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
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PCT levels discriminated bacteremia (gray box) from non-bacteremia (white box) in neutropenia (-)
CRP levelsdiscriminated 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
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= PCT levelsdiscriminated bacteremia from non-bacteremia in non-HSCT patient and HSCT patients
= CRP levelsdiscriminated bacteremia from non-bacteremiain non-HSCT patient
= CRP levelswere not different between bacteremia and non-bacteremia in HSCT patients

HSCT : hematopoietic stem celltransplantation

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.
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- PCT levels were significantly higher in GNB infectious episodes thanthose infebrile
episodes caused by fungalinfection 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
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- 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-bacterialinfection
- CRP could not detect bacteremia

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



Procalcitonin key points

Procalcitonin key points

* PCT is useful in distinguishing bacterial from viral
pneumonia.

» PCT greater than 0.5 ng/mL is considered to indicate high
probability of bacterial infection, which requires antibiotic
treatment.

* PCT increases along with increasing severity of CAP.
« PCT is a good predictor of mortality.

« PCT-guided therapy in patients with respiratory tract
infections may reduce antibiotic exposure and cost of care
without an increase in mortality and treatment failure.

PCT, procalcitonin; CAP, community-acquired pneumonia.

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



Adrenomedullin (ADM)
Proadrenomedullin (Pro-ADM)

ADM Pro-ADM

 Belongs to calcitonin peptide family O A peptide generated from ADM

L Strong endogenous vasodilator precursor along with ADM and other

O Numerous effects on various organs molecules

3O Avrolein cell growth /apoptosis and in  More stable than ADM, metabolically
sepsis inactive and is produced indirectly

O Bactericidal properties correlated amounts with ADM.

QO Highly upregulated during the 4 Thus, it is preferred to be measured in
hyperdynamic phase of sepsis and septic patientsinstead of ADM
down-regulates the inflammatory O Rapid clearance from the circulation
response

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



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

vs noninfection.

ROC Curves for Comparisons
1.00
>
e
J,J—" 3
;J[HLJJ
0.75 i~
AT
g [,:——' er_rj
2 050 r[ 1
=
3 -
» B J—f‘r
T o ,_,J‘J
0.25 i J
£ A
b’—rf—l
0.00- J
0.00 0.25 0.50 0.75 1.00
1 - Specificity
ROC Curve (Area)
proADM (0.6010) PCT (0.5417)
ROC Association Statistics
ROC Model Mann-Whitney Somers' D Gamma Tau-a
Area Standard 95% Wald (Gind)

Error Confidence Limits
0.2019 0.2020 0.0971
0.0834 0.0837 0.0401

0.0332 0.5359 0.6660
0.0328 0.4774 0.6060

proADM 0.6010
PCT 0.5417

ROC Contrast Estimation and Testing Results by Row

Contrast Estimate Standard 95% Wald Chi-Square Pr > ChiSq

Error Confidence Limits

proADM - PCT 0.0592 0.0388 -0.0168 0.1352 2:3327 0.1267

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.

lts importance lies in using pro-
ADM as a diagnostic and
prognostic tool



Proadrenomedullin key points

Proadrenomedullin key points

* Pro-ADM levels increase with increasing severity of CAP.

* Pro-ADM cannot be used for the discrimination of CAP
etiology.

* Pro-ADM is inhibited by steroid pretreatment in a dose-
dependent manner.

* Pro-ADM is a better predictor of CAP and COPD severity
than of mortality.

Pro-ADM, proadrenomedullin; CAP, community-acquired pneumonia.

Matthaiou et al in Textbook of Respiratoryand Critical Care Infections, JAYPEE brothers edition, N Delhi, NY, edited by GDimopoulos



Neopterin
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A pyrazino-(2,3-d-)-pyrimidine molecule

— chemical group of pteridines (aromatic pteridines)

—is synthetized almost exclusively in monocytes
and macrophages although may be detectablein
microglial cells of CNS

— Neopterin
= indirect marker of macrophage activation
= is regulated by INF-y stimulation
= can be measured by ELISA,radicimmunoassay
(RIA) and HPLC

= it may be detectedin various body fluids
o serum, urine, pleuritic fluid, cerebrospinal fluid,
ascetic fluid, pancreaticjuice, BAL and synovial fluid.



Neopterin

Neopterin levels in blood
- mean value: 6 nmol/L until adulthood
- lowers downto 5 nmol/Ltillthe 8th
decade of life and
- then rises sharply to a mean of 8.5 nmol/L

These variations are associated with renal function.
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Margaret|, Diagnostic Microbiology and Infectious Disease 59 (2007) 131-136



Monitoring the efficacy of treatment and
compliance of patients with tuberculosis

Studies reporting neopterin concentrations in various body fluids of patients with tuberculosis

Study (Ref) ~ Serum MeanzSD Urine MeanzSD (umol/ Pleural MeanzSD  BAL fluid MeanzSD  Assay

(nmol/L) mol creatinine) (nmol/L) (nmol/L)
Turqut’ 69.5£294 \R NR NR ELISA
Tozkoparan” ~ 383t142 159246227 39£14.2 NR HPLC
mmanuel” 399 (range 321-47.7) R \R NR HPLC
Mohamed®  61.3+294 \R NR 886274 RIA
Yuksekol® ~ 20,6¢12.1 71855944 NR 3331186 HPLC
Baganha® 413125 NR 23 NR RIA

SD), standard deviation; BAL, bronchoalveolar lavage; NR, not reported; HPLC, high-performance liquid chromatography; RIA, radioimmunoassay.




Neopterin

Neopterin key points

* Neopterin is of clinical value in conditions associated with
cell-mediated immunity.

* Neopterin increases in infections caused by intracellular
bacteria and viruses.

* Neopterin is useful in distinguishing between bacterial and
viral etiology of LRTIs

* Neopterin is useful for monitoring the efficacy of treatment
and the compliance of patients with tuberculosis.

LRTIs, lower respiratory tract infections.

Matthaiou et al in Textbook of Respiratoryand Critical Care Infections, JAYPEE brothers edition, N Delhi, NY, edited by GDimopoulos



Presepsin

Cluster of Differentiation 14 (CD14) is a gene
encoding a proteintaking part in the innate
immune response

Presepsin (sCD14-ST)

This proteinis 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 inits soluble form is called presepsin

- in adults 3 ng/mL and 7 ng/mL in children

RegueiroV,Campos MA, MoreyP, et al. Eur RespirJ.2009;33(2):273-81.



Presepsin : Diagnostic and prognostic value
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Presepsin

Presepsin key points

Presepsin is useful as a biomarker in the diagnosis of sepsis.
Presepsin levels may have a prognostic value for sepsis.
Presepsin levels in patients with Gram (-) sepsis are

significantly higher at the day of diagnosis compared to
other groups of patients.
Presepsin may also increase in noninfectious conditions.

Matthaiou et al in Textbook of Respiratoryand Critical Care Infections, JAYPEE brothers edition, N Delhi, NY, edited by GDimopoulos



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

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

TREM-1belongs to the immunoglobulin
superfamily

Is expressedon the surface of immune
cells, like neutrophils, monocytes

and macrophages after exposure

to infectious agents.

sTREM-1is 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.


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

sTREM-1 and respiratory infections

750 ~
» | e TREM-1expression on total BAL cells
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&l o - with CAP likely to be caused by
b 500 - extracellular bacteria (group A)
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f - in patients with pulmonary
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g . interstitial lung diseases (group C)
L °
[ o Data are presented as TREM-1mean
) : —g;— —zr fluorescence (MF) of total BAL cells,

A B C subtracted from isotype control.

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



SsTREm-1in the diagnosis of pneumonia

sTREM-1 (pg/ml)
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Levels of sTREM-1in 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.



SsTREM-1

STREM-1 key points

* sTREM-1 in combination with other markers may help in
diagnosing sepsis.
* STREM-1 kinetics in sepsis may have predictive value.

» Elevated baseline sSTREM-1 levels may be a protective
factor, while a progressive decline of plasma sTREM-1
concentration correlate with a favorable outcome in
patients with sepsis.

sTREM-1, soluble form of TREM-1; TREM-1, triggering receptor expressed
on myeloid cells-1.

Matthaiou et al in Textbook of Respiratoryand Critical Care Infections, JAYPEE brothers edition, N Delhi, NY, edited by GDimopoulos



What is uPAR ?

urokinase Plasminogen Activator Receptor

v' aproteininblood (plasma) = vascular endothelial cells
= 55 kD glycosylated protein " monocytes
v' measurableinall individuals = neutrophils and
v’ stable /n vivo and vitro expressed on = activatedT-cells
involvedin

during inflammatory

stimulation to generate = Migration
soluble uPAR (suPAR) that is _ = Adhesion

a highly flexible molecule = Angiogenesis
with intrinsic

: : and released = Fibrinolysis
chemotactic properties _ _
= Proliferation

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



From uPAR to suPAR

The GPIl-anchor links uPAR to the cell membrane making it ;
available for uPA binding . When the receptor is cleaved D1
between the GPIl-anchor and DIl it becomes soluble. suPAR is
a stable protein that can be measured in various body fluids Z
GPI: glycosyl-phosphatidylinositol /-\ S u P AR
b2 Soluble urokinase

’ Plasminogen
D Activator Receptor

Blood suPAR levels
are related to immune activation
and low-Grade Inflammation

uPAR

o)
D2 =CD87
o)

GPIl-anchor \

Cleavage White bloo

o

cells

Cell
membrane

Thune M et al Disease Markers27 (2009) 157-172



From uPAR to suPAR
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sUPAR : the interpretation

Hospital & pre-Hospital

immediate intervention

.
further testing o _ o o ~
early intervention Quantitative or semi-quantitative determination

~35 in human EDTA plasma, serum and whole blood

SuPARnNostic® ELISA kit
simplified monoclonal antibody sandwich assay (values inng/mL) '
send home \

O

Hospital: Screening




suPAR

No value as diagnostic marker
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Kofoed et al, Crit Care 2007

A Strong Prognostic Marker
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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 - CRP - high value
bacterial infections Neutrophils

Triaging High value | Medium value - related | CRP - low value
to diagnostic power TREMT - low value
Restrictedto proven MIF -7 value
bacterialinfections

Prognosis | High value | PCT: Low value CRP - no value

PCT kinetics: Some value
within bacteraemia

TREM1 - low value
MIF - low value



Giamarellos Bourboulis ot af. Critical Care 2012, 16:R149
hups/ccforum.com/content/16/4/R149
@ CRITICAL CARE
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Risk assessment in sepsis: a new prognostication
rule by APACHE Il score and serum soluble
urokinase plasminogen activator receptor
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Table 2 Validation of the new stratification scheme

APACHE Il score  suPAR, ng/mL  Survivors, number (percentage)  Non-survivors, number (percentage) Pvalue OR  95% Cl

<17 <12 844 (345) 49 (5.5) <00001 362 242:542
212 276 (826) 58 (174)

217 <12 184 (628) 109 (372) <00001 179 132-244
212 191 (485) 203 (515)

APACHE I, Acute Physiology and Chronic Health Evaluation II; CI, confidence interval; OR, odds ratio; suPAR, soluble urokinase plasminogen activator receptor.
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Soluble urokinase plasminogen activator receptor
(suPAR) for assessment of disease severity in
ventilator-associated pneumonia and sepsis
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sUPAR values in healthy and patients

TABLE 1

SuPAR levels (ng/mL) in serum, or otherwise specified, of healthy controls and patients®

Pathology suPAR levels (ng/ml)
Healthy controls Patients
Diabetic nephropathy (DN) 23 1+0.5 44+ 1.6
Severe acute pancreatitis (SAP) 5.2 (2.0-8.0) 16.1 (12.6-24.2)
Moderate-severe acute pancreatitis (MSAP) 5.2 (2.0-8.0) 12.2 (9.6-17.0)
Moderate acute pancreatitis (MAP) 5.2 (2.0-8.0) 9.4 (6.9-12.0)
Asthma 2.5 (1.9-3.3) 56 (3.6-7.7)°
Systemic lupus erythematosus (SLE) 3.2 (2.9-3.0) 4.5 (3.8-5.2)°
Cirrhosis 2.6 (1.3-7.8) 7.2 (1-27.4)% 6.8 (1-29.4)¢
Critical illness 2.1 (0.0-3.5) 5.9 (2.1-24.1)"; 9.7 (0.4-38.0)% 8.3 (1.5-38.0)"; 10.8 (0.4-38.0)'
Cardiovascular disease (CVD)' 3.9 (3.3-4.7) 46 (3.8-5.5)°
Ventilator-associated pneumonia (VAPY 4.7 (3.6-6.3) 6.6 (5.7-7.7)
Community-acquired pneumonia’ 274+14 40+23
Acute exacerbation chronic obstructive 24+0.9 48+ 1.9
pulmonary disease (AECOPD)
Diabetes type 2 2.1 (1.9-2.4) 3.0 (2.5-3.5)
Diabetes type 1/ 23 (1.1-3.6) 3.0 (1.1-10.5); 3.6 (1.6-15.1)™; 4.9 (1.8-13.2)"
Cigarette smokeX 21401 33102
Sepsisk 6.0 (3.7-10.8) 18.8 (6.8-30.1)
Bacteremia in patients with systemic 5.6 (4.3-7.8) 8.1 (5.8-15.5)7 9.6 (6.5-11.7)°

inflammatory response syndrome




sUPAR values in healthy and patients
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Soluble urokinase plasminogen activator

receptor (SUPAR) as an early predictor of | N

severe respiratory failure in patients with Rovina et al. Critical Care  (2020) 24:187
COVID-19 pneumonia https://doi.org/10.1186/513054-020-02897-4

Nikoletta Rovina', Karolina Akinosoglou?, Jesper Fugen-Olsen?, Salim Hayek”, Jochen Reiser”” and
Evangelos J. Giamarellos-Bourboulis®’"

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

respiratoryfailure
No need for MV or CPAP n (%) Need for MV or CPAP n (%) Univariate analysis Forward Cox regression analysis
OR (95%Cs) pualue  HR (95%Cls pvalue
il geder 15417 19905 WORAN <000 TRATME oo
(0152 17486 7 RIS s
SUPAR > 6ng/ml 3(83) 18(857) 6600 (1205-36133) <0001 1643 (46-59.19 <0001
Neutrophis 24200mm® ~ §(222) 16(722) MAR13-400§ <0001 s
CRP 2 58 mg! 7(194) 13(619) 673 (201-2251) 0002 1S

(CT Charlson's comorbidity index, CRP C-teactive protein, (1 confidence interval, FR hazard ratio, OR odds ratio
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SuPAR in COVID-19-Related AKI
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SuPAR in COVID-19-Related AKI

A SuPAR Tertiles (n=352)
30 - x* ! . 2 . 8
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Odds ratio for COVID-19 related AKI

Model 1 Model 2 Model 3
_ QOdds ratio (95%Cl)
% <4.60 Reference Reference Reference
;- 460-6.86 5.42(2.27-12.93)  5.16 (2.05-12.97)  3.87 (1.41-10.65)
é >6.86  13.26(5.69-30.88)  9.15(3.64-22.93)  5.86 (2.21-15.52)
@ P trend <0.001 <0.001 <0.001
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SuPAR in COVID-19-Related AKI
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suPAR Key points

sUPAR is a marker of risk of death
is not a diagnostic marker

Emergency Room
= General Screening
= |dentifying risk patients (e.g. suspect SIRS/sepsis cases)

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



