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Sepse (systémova zanétliva odpoved)

Zivot ohroZujici orgdnova dysfunkce zplisobend deregulovanou

odpovédi hostitelského organismu na pritomnost infekce

Incidence 31 mil pacientl za rok, 1-2% vSech hospitalizovanych pacientt, 25%
pacientu ICU

Vysokd mortalita — 1/6 umrti

30-50 % vSech umrti v nemocnicich, nejcastéjsi pricina umrti na ICU
Narustajici incidence (komorbidity, starnuti)

Dlouhodobé nasledky

Financ¢ni naklady na Ié¢bu sepse —az 5,2 % celkovych vydaju na zdravotnictvi ve
vyspelych zemich (7,6 miliard EU v Evropé (2006), 24 miliard US (2007))



https://www.mdcalc.com/qsofa-
quick-sofa-score-sepsis

INSTRUCTIONS !

Use to predict mortality, NOT to diggnrose sepsis, per 2017 Surviving Sepsis Guidelines.

Whentollse » Pearls/Pitfalis v Why Use w

Altered mental status

Respiratary rate 222

Systolic BP <100

2 points

go0FA Score

Patients mestin
should have

was previously not.

Prvni definice

sepse (1991)

Poturzena/pfedpokladana infekce

Kritéria SIRS (dvé nebo vice):

I Telesna teplota = 3B°C
nebo <36°C

I Sroecni frekvence = 20/min

i Dechova frekvence > 20/min nebo
PaC0,<32 mm Hg (4,3 kPa)

I Leukocytoza = 12 000/l nebo
leukopenie = &4 000/l

Druha definice
sepse (2001)

I Poturzend/ptedpokladana infekce

I Jedno &i vice z nasledujicich kritéri:
I Celkove pifznaky
- Horecka =38,3°C
- Huypotermie = 36 °C
~ Srdecni frekvence > 90/min
- Tachypnoe
- Alterace védomi

Znamky zanéty
- Leukocytoza > 12 000/ul
- Leukopenie < & 000/l
- =10 % nezraldch forem
- \izestup CRP
— \zestup prokalcitoninu
NEmodunamika
~ Tmagislni hunoks
- Sw0:=>70%
- Srdecni index = 3,5 I/min/m?
I Organove dysfunkce

- Arterizini hypoxemie

—  Move vznikla ofigurie

— \zestup koncentrace kreatininu

o L4, 2 pmoldl

- Koagulopstie

- Trombocytopenie

- lleus

— Hyperbilirubinemie
I Porucha tkanove perfuze
- Huperlaktatemnie = 1 mmol/l
- Snizeny kapilarni refill nebo

Prof. Matéjovic, Sepse a jeji nova definice, Postgradualni nefrologie (2017)

Treti definice
sepse (2016)

Potvrzena/predpokladana infekce

Skare SOFA (2 body a vice):

| Respirace/oxygenace (Pa0./Fi0,)

I Clasgow Coma Scale

I Hupotenze (MAP = &5 mm Ha) ¢
potfeba vazopresom

I Jaterni funkoe (biliubin)

| Koagulopatie (frombocytopenie)

| Renalni funkce (koncentrace
seroveno kreatininu, oligo-/anurie)

Screening dle gSOFA

| Alterace stavu védomi

I STK =100 mm Hg

| Dechova frekvence = 22/min



Systémovy zanét — infekcni/neinfekéni

SEPSE-1 definition
BACTEREMI
/ OTHER
INFECTIO S
¥ ki) f /SEPSI TRAUMA
BURNS
PANCREATITIS

34 BLOOD BORNE INFECTION

Ficure 1. The interrelationship between systemic inflammatory response syndrome (SIRS), sepsis, and
infection.

Chest 1992; 101:1644-55



Role imunitniho
systemu

* Rozpoznani patogenu (PAMP vs PRR)

» Aktivace signaliza¢nich drah — NFkB,
NOD2...

* Sekrece mediator( zanétu

* Fagocyty, leukocyty do mista zanétu,
aktivace komplementového a
koagulacniho systému

Imunitni odpovéd — regulovana — navrat

homeostazy

Imunitni odpovéd — neregulovana

systémova — prehnana zanétliva faze SIRS

nasledovana fazi CARS (compensatory

antiinflammatory response syndrome) vede

k imunoparalyze

Protective immunity

Localized innate immune
response

* Relesase of pro-inflammatory
mediators

* Leukocyte recruitment

* Complement activation

* Coagulation activation

Pro-inflammatory
response

\:ﬁ, PAMPs

Homeostasis

Local repair mechanisms

* |nhibition and resolution
of inflammation

» Tissue repair

» Return to homeostasis

Anti-inflammatory
mechanisms

Sepsis
Excessive inflammation

Leukocytes and
parenchymal cells

* Release of pro-inflammatory
mediators

* Cell injury with release
of DAMPs

s
i
i

* Release of pro-inflammatory
mediators

* Activation of neutrophils
&nd the endothelium

* Microvascular thrombi

Endothelium

« Release of
pro-inflammatory
mediators

* T Adhesive and
procoagu.ant properties

« | Barrier function

* Coagulation activation
(microvascular thrombosis)
* Complement activation

Immune suppression

CD4* T cells

* 1 Apoptosis
= Exhaustion
* T,2 cell polarization

* | Apoptosis

* Tlmmature cells with
decreased antimicrobial
functions

Lymph node

* Apoptosis cf B cells and
follicular DCs

CD8' T cells

* T Apoptosis
* Exhaustion
* | Cyroxic function

Antigen-presenting cells

* Reprogramming of
macrophages to an M2
phenotype

* Reduced HLA-DR
expression

« Expansion of regulatory
T celland MDSC
populations



Insult
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Sensors and
effector cells

Mediafors and
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Impact on
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Effective source control
Normalization of biomarker abnormalities
Resolution of organ dysfunction; recovery

|

Ineffective source control
Persistence of biomarker abnormalities
Multiple organ failure; death

K. Renhart et al, Clinical Microbiology Reviews 2012

Imunopatologie
SIRS

PAMPs a :@

Medidtory a biomarkery zanétlivé
odpovédi:

Cytokiny, chemokiny

Solubilni bunééné receptory
Aktivace komplementového systémy
Aktivace koagulacniho systému
Endotelidlni poskozeni

Reaktanty aktutni faze

Bunécné povrchové markery



Hemokultura — zlaty standard

Zlaty standard - Hemokultura
jednoznacny prukaz pri pozitivité patogenniho agens a pritomnosti
klinického stavu

ALE!!!

Existuje kontaminace — pozitivni HK neznamena sepsi
Negativni hemokultura (30-50 %) nevylucuje sepsi

Casové zpozdéni — 48-72 hod podle typu agens

Septifast — 4 hod, pouze pro urcité patogeny a bez citlivosti



Role biomarkeru — co ocekavame?

|dentifikace zanétu — co nejcasnejsi — ATB do 4 hod

Rozliseni SIRS neinfekcni x sepse

Rozliseni etiologie - bakteridlni, virova, mykoticka, parazitarni, G+/G-
Odhad tize stavu, vyvoj, prognoza, predikce komplikaci

Privodce ATB terapii

Presnost a reprodukovatelnost stanoveni
Statimového stanoveni

Kvantitativni méreni

Snadna interpretace vysledkd (?7?7?)
Cenova dostupnost




Measures, markers, and mediators: Toward a staging system for
clinical sepsis. A Report of the Fifth Toronto Sepsis Roundtable,
Toronto, Ontario, Canada, October 25-26, 2000

Table 2. Putative markers of sepsis

John C. Marshall, MD; Jean-Louis Vincent, MD, PhD; Mitchell P. Fink, MD; Deborah J. Cook, MD, MSc;

Mombal peels:  Enotarin Gordon Rubenfeld, MD, MPH; Debra Foster, BSc, RN: Charles J. Fisher Jr; Eugen Faist, MD;

E"'mﬂ:_ﬁn Konrad Reinhart, MD
Bacterial DNA
Physiologic paramelers  Temperature Temperature
Heart rale Blaod pressure|
Cardiac index ‘Systemic vascular resistance)
Respiratory rate Urine outpul

Level of consciousness
Hemalopaietic cells Neutrophils Neutrophils
Monecyles Monoytes
Platlets
Manocyte HLA-DR
Monooyte TNFr

Cell surface markers PMN, Monacyte CD11b
Monocyte CIM0
Monocyte CDE3
Monocyte CIN4
E-selectin

Soluble receplars sCD25 (IL-2R)
SE-selectin
SELAM-]
STNF-RI
sTNF-RII
DA
SICAM-1

Cytokines 11

=
New Approaches to Sepsis: Molecular Diagnostics and Biomarkers

Konrad Reinhart,® Michael Bauer,*® Niels C. Ried
Lipo.pa\ym:hmi:-bmding protein  Prealbumin

,* and Christiane S. Hartog™™

Acub

Mediators of coagulation  Fibrin degradation products
v Willebrand's factor

Antithrombin I
Activated protein C
TRA activity

Thrombin-antithrambin complxes
-dimers

Thrombamedulin

Phatele thrombospondin
Pracazgulant zctvity

Lymphacyte apeptosis

Miscellaneous Procalcitonin
Nilric oxide, NO,NO, Red cefl GSH
Ceramide

Cellular processes Neutrophil apaplasis

Whole hlood synthesis of TNF

Lactatz
(Cardiac troponin 1

Neopterin

Carbohydrate-deficient transferrin
Inestinal fatty acid binding protein
Myeloperocidase

Elaslase

Lactoferrin

Lipid perocidation products
Hydrogen peraxide

Conjugated dienes

Crit Care Med 2003; 31:1560—-1567)

A jaké jsou souCasné moznosti?

IL1, IL6, IL10, TNF

PCT, presepsin,
C4, sérovy
kalprotektin

Cytokiny

Specifické markery

glu, krea, bil, laktat

CRP, albumin,
prealbumin, fibrinogen,
leukocyty — pocet a
diferenciace,
imaturované
granulocyty,

NLR

CD 64 a CD11b na PMN:s,
HLA DR na monocytech,
Treg —imunologické lab.

Nespecifické markery

Proteiny akutni faze

Bunécné markery - KO

- povrchové



CRP

nejcasteji indikovany marker zanétu
vysoka senzitivita,

vysoka negativni prediktivni hodnota, pri normalnich
hladinach je sepse nepravdépodobna,

diferencuje virovou od bakteridlni etiologie (POCT),
ALE

relativné pozdni nastup — 6 hod, maximum po 48 hod
nediferencuje tizi stavu,

nema vztah k mortalité,

neprispiva k odliseni sepse a SIRS

nizka prediktivni hodnota pfi jaternim selhani



Amino-PCT 116 &' |
%
preemy

Ag
Cleavage of endopeptidases K
dvage u!

Peptidyl-amidating mono-Oxygenase

Prokalcitonin - PCT

Stimul k produkci- bakterialni toxiny - LPS, LTA , produkty bunééné
destrukce, mediatory indukované imunitni odpovédi (IL1,IL6..)

Nastup do 2 hod, maximum po 48 hod- nejcastéji pouzivany marker
casné sepse

Pri odliseni infekéniho od neinfekéniho systémového zanétu ma na rozdil
od CRP vyssi senzitivitu - 88% vs. 75% i specificitu 81% vs. 67%

Hodnoceni tize stavu u bakterialniho zanétu.
Diferenciace etiologie inf.agens G- > G+ > fungi
Dynamika ma vztah k progndze

Pomaha pfi indikaci a monitoraci ATB terapie

Pozor na neinfekéni elevace (chirurgicky vykon, hypoxie, rabdomyolyza)



Schopnost CRP a PCT diferencovat typ infekéniho

agens

G+ sepse 119.00 (69.80;219.00) 0.81 (0.32;3.50)
G- sepse 129.90 (87;210) 8.90 (1.88;32.60)
mykoticka 149 (128;152) 0.58 (0.35;0.73)

CRP vysoce senzitivni k zanétu obecnég, specifita pro typ zanétu slaba
PCT na rozdil od CRP muze rozlisit G- od G+ a mykotické etiologie

Tyto poznatky mohou upresnit antibiotickou lécbu jesté pred ziskdnim vysledkd mikrobiologického
vysetreni

(Brodska et al. Clinical And Experimental Medicine 2013)



Presepsin

Solubilni CD14 - sCD14ST = odstépeny N
terminal fragment (ST subtype)= presepsin

Casny marker sepse — nastup do 1 hod,
maximum po 3 hod

Vhodny marker pro doplnéni k PCT,
nenahrazuje, kazdy ma vlastni limitace

G- > G+ > kvasinky > vlaknité houby > viry

Hladina roste s mnozZstvim endotoxinu acsios
study Masson et all, Intensive Care Med 2015

Diagnosticky marker zavaznosti sepse a
predikce mortality spanuth, EuromedLab 2011

Diagnostika poporodni sepse pugni L:Presepsin
Reference ranges of a New Sepsis Marker in Term and Preterm
Neonates Plos One 2015

: Schematic production of Presepsin

acteria @ )
@® LPS
D Lep
>PSEP T (D14
| TLR4
m  MD-2
lonocyte/ 7> IL-6 * Catheps
«crophage IL-6
IL-1 ¥ PSEP
Synthesis of PCT > PCT
Synthesis of CRP > CRP

oll-like-receptor; LPS: Lipopolysaccharides; LBP: LPS-binding protein; MD-2: Molecular dynar
Presepsin. C, Chenevier-Gabeaux et al,, 2015



Kinetika marker( zanétu

The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE ”

Time to Treatment and Mortality
during Mandated Emergency Care for Sepsis

Christopher W. Seymour, M.D., Foster Gesten, M.D., Hallie C. Prescott, M.D.,

22 -26

PCT 2-3 8-24
IL-6 05-1 2-5 2-6



Fig 4. AUC for the biomarkers evaluated in the present study.
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Ljungstrom L, Pernestig AK, Jacobsson G, Andersson R, Usener B, et al. (2017) Diagnostic accuracy of procalcitonin, neutrophil-
lymphocyte count ratio, C-reactive protein, and lactate in patients with suspected bacterial sepsis. PLOS ONE 12(7). eD181704.



Bunécné diagnostické markery systémového
zanetu - KO

Celkovy pocet leukocytll — nespecificky — leukocytdza (>12 x10°%/1) i
leukopenie (<4x10°/I)

Pomér neutrofili a lymfocytli (NLR) prognosticky marker (Zahorec 2001,
Xuan Mediators of inflammation 2016)

% immaturovanych granulocytu - ¢asny indikator sepse, pozitivné koreluje
s mortalitou. Diskriminuje neinfekci SIRS a sepsi v Casné fazi 89% senzitivita,
76% specifita (Nierhaus Immunology 2013), prognosticky faktor

Povrchové leukocytarni markery — Flow Cytometry — CD64 na PMNs, CD11b
na neutrofilech, HLA-DR na monocytech, TREM 1, Treg atd. — pri interpetaci
nutna znalost funkce jednotlivych markert vimunopatologii sepse



CD64 — vysokoafinitni FcyRl

Fyziologické podminky - nizka mira exprese na PMNs

Po rozpoznani patogenu pusobenim prozanétlivych cytokint prudky
narust exprese na monocytech, neutrofilech az 10x

Narust exprese — zvyseni efektivity fagocytozy

Nastup 1 hodinu po invazi, intenzita exprese je zavisla na vysi stimulu
cytokinl, hodnoty jsou v krvi stabilni 30 hodin. Po odeznéni stimulu
béhem 48 hodin klesa a do 7 dnU se vraci k normé

Vhodny marker pro odliSeni sepse/SIRS

Exprese neni ovlivnéna imunosupresivni [éCbou, hematologickou
malignitou, neutropenii, HIV infekci ani nezralosti organismu —
novorozenecka sepse



CD64 na neutrofilech

Casna diagnostika sepse - 8 studii (2008-2014)1986 pts - pro ¢asnou
diagnostiku sepse AUC = 0,95

Diskriminuje tézkou sepsi a septicky sok od neinfekcniho SIRS s 89%
senzitivitou a 96% specifitou (wang critical care 2015)

Pri sériovém mereni - pokles od 1. dne pri adekvatni ATB terapii. Pri
nevhodné (rezistentni G- kmeny) perzistuje elevace hladin

Perzistujici nizka exprese znaku béhem prvnich 24 hodin hospitalizace —
ukonceni antimikrobidlni Iééby (Hoffmann, Clin.Chem.Lab.Med. 2009)

Standardné imunolog. stanoveni — prutokova cytometrie
Moznost stanoveni bed- side - Accelix CD64 (2016 Izrael)



CD64/monocyty
CD64/neutrofily
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CD11B - a podjednotka B2
integrinu CD11bCD18 (Mac-1, CR3) -

fyziologické podminky - nizka exprese na
inaktivnich cirkulujicich leukocytech

Cévni fetists

marker aktivace leukocytli, mediator adhese,
diapedézy a kumulace v misté zanétu —
mnohonasobné zvyseni exprese

Marker Casné sepse novorozencu (EONS) — vysoka specificita a PPV (99-100
%), koreluje s tizi stavu, prognosticky marker (Nupponen et al, Pediatrics 2001)

V kombinaci s CRP VYSOké senzitivita a NPV (Adib at all, Iran J.Allergy Asthma Immunol.
2007)



Exprese HLA-DR
na monocytech

Snizeni — marker imunosuprese a imunoparalyzy

Pokles HLA molekul II. tfidy

snizena kapacita monocytl pfi prezentaci
antigent CD4+ bunkam

snizena schopnost syntézy prozanétlivych
mediator(

SSINT

SSINT

_[Ungated] CD14-FITC / S5 INT

Zdrava kontrola

o [Monocyty] CD14-FITC / HLA-DR-PC5

1000 iAl: | |HLA-DR mono: 82,81%
! 10,00%
amJ. 10°
] g
o ol SR
i S “otl
1 13
400 pe’ R
T -
i Monocyty] 6,08% IA3: Ad: 17,19%2
S0 . W i0,00%
1 0
1P 10 10 10° 10 100 1 10°
CD14-FITC CD14-FITC
Septicky pacient
[Ungated] CD14-FITC / S5 INT » [Monocyty] CD14-FITC / HLA DR-PCS
1000+ "% <A1: 0,00% [HLA-DR mono: 0,72%
800 10°+4
1
i 4]
600 ; ‘qu
a
= 3
4,56% s

Monocyty

T
ir

0
CD14-FITC

T
1

0 o e
CD14-FITC

[Monocyty] HLA-DR-PC5

=
g 10
o
5
o
10° 10" 10° 10
HLA-DR-PC5
Gate X-AMean
All 2,70
[Monocyty] HLA DR-PC5
30
20-
5
o
o
104
o
10° 10 100 10
HLA DR-PC5
Gate X-AMean

All 0,33



HLA-DR na monocytech

Prognosticky marker tize klinického stavu a preziti pacienta (prewry, crit.care
2016)

Zvysené riziko vzniku nozokomialni infekce

Fatalni progndza — dlouhodoby nebo opétovny pokles HLA-DR na
monocytech — sledovani dynamiky exprese markeru



Treg — regulacni T lymfocyty

’ s Ungated lymfocyty CD4+
Populace CD3+ pomocnych T ly — povchové  COARCNex0/SSNT by ey covse
znaky CD25+, intracelularni FOXP3+ -
Regulace imunitni odpovédi — suprese: a00- - Trog: 7,26%
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TR TR . o = 9
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. sellﬁric(:)e antiinflamatornich cytokinu TGF N \ymfocyty CD4+: 13,41%
a |IL- |
1 |
10° 107 10¢ 10° 10 10 10
CD4 APC-Alexa750 CD127 PC7

V sepsi narust relativnich i absolutnich pocta Treg
Pretrvavajici vysoké hodnoty — Spatna prognoza
Sledovani dynamiky — progndza preziti (chenworid emerg med. 2015)



Role biomarkeru — co nabizime?

|dentifikace zanétu — co nej¢asnéjsi

CD11b, CD64, IL-6, Presepsin, PCT, CRP

Rozliseni SIRS neinfekcni x sepse

CD64, PCT, Pres, CRP

Rozliseni etiologie - bakterialni, virova, mykoticka, parazitarni, G+/G-
PCT, Pres, CD64, CRP

Odhad tize stavu, vyvoj, prognoza, predikce komplikaci

PCT, Pres, HLA-DR/monocyty, Treg, CRP

Privodce ATB terapii

PCT, CD64, CRP



Zaverem

Pro progndzu pacienta v sepsi je zasadni v€asna diagnoza. Neexistuje
univerzalni marker, je treba kombinovat stavajici, a tak se zvysuje
diagnosticka i prognosticka vytéznost.

Indikovat marker s védomim jeho patofyziologie, uvédomit si jeho
limitace. Posuzovat nejen absolutni hodnotu, ale zejména dynamiku
markeru.

Rychla a presna mikrobiolog. identifikace + vysoce specifické a
senzitivni [ab. markery + nezbytné zhodnoceni v klinickém kontextu
(klin.mikrobiolog, biochemik, imunolog, osetrujici Iékar).

Diagnostika sepse je multioborova zalezitost s nutnosti spoluprace.



