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Anafylakticka reakce



Kanonicky koncept patofyziologie

Patologicky stav

T T

Zevni faktory Vnitrni faktory
(napr. trauma) (napr. genetika)
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“Doplneny”’koncept patofyziologie

Dynamické interakce

Patologicky stav

Zevni faktory Vnitrni faktory
(napr. trauma) (napr. genetika)

(reakce organismuy
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Imunita

Difference between

—Vrozena Innate and Adaptive Immunity

— Nespecificka 7 oot o
— Prvni linie obrany

— Univerzalni nastroj
(patogen, tkanove poskozeni)

— Ziskana

— Specificka
— Druha linie obrany
— Obrana po rozpoznani ,ciziho*

(patogen, tumor) Innate Immunity  Adaptive Immunity
— Pouze u savcu sermosnls

https://microbiologyinfo.com/difference-between-innate-and-adaptive-immunity/




Nespecificka imunita

\- Analyticka funkce J

Surveillance

— >~

Nebezpeci Poskozeni
Napr. patogenni mikrobi Napr. trauma
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Nespecificka imunita
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Surveillance
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Nespecificka imunita

Kontinué\ni
L Analyticka funkce J

Surveillance

—

Nebezpeci < > Poskozeni
Napr. patogenni mikrobi Napr. trauma

| |

Obrana Hojeni

Exekutivni funkce
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Patogen/poskozeni

| Lokalni zanétliva odpovéd’ |

‘ Tkanové makrofagy |—| Endotelidlni bunky ‘

¢ T

Prozanétlivé Adhesivni
cytokiny molekuly
Aktivace Smérovani

Systémova zanétliva odpoved’

AI Infiltrace leukocytu z periferie !
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Patogen/poskozeni

| Lokalni zanétliva odpovéd’ |

‘ Tkanové makrofagy |—| Endotelidlni bunky ‘

¢ T

Prozanétlivé Adhesivni
cytokiny molekuly
Aktivace Smérovani

Systémova zanétliva odpoved’

AI Infiltrace leukocytu z periferie !

! ! !

Prozanétlivé  Volné kyslikové Proteolyticke
cytokiny radikaly enzymy

! | MUNT

L&A 4

Neadekvatni zanétliva reakce muiZze napachat vétsi Skody nez vstupni pog/i(gpem’




Type of immunity
Effector cell

Receptors recognize antigenic

epitopes presented as

Mediator molecules
Persistence of effectors

Anamnestic (memory)
response

Adapted from https://www.sciencedirect.com/topics/immunology-and-microbiology/adaptive-immune-system

Ziskana imunita

Humoral
B lymphocyte

Plasma cell

Linear and conformational
epitopes on foreign antigens

Immunoglobulins (Igs)
Yes

Yes

Cellular
CDA4+ precursor

CD4+ helper

Antigenic peptides on class Il
molecules

Cytokines
No

Yes

_ B cell response CD4+ T cell response CD8+ T cell response

Cellular
CD8+ precursor

CD8+ Cytotoxic T lymphocyte

Antigenic peptides on class |
molecules

Perforins, Granzymes,
Cytokines

No

Yes
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Class of
Antibody

Serum
levels

Tridy imunoglobulint

Structure

Biological functions

5%

Monomer
Pentamer

Membrane-bound immunoglobulin on the surface of immature

and mature B cells

First antibody produced in a primary response to an antigen

First antibody produced by the fetus

Efficient in binding antigens with many repeating epitopes, such as viruses
Classical complement activation

0.3%

Monomer

Membrane-bound immunoglobulin on the surface of mature B cells
No biological effector function known

7-15%

Monomer
Dimer

Predominant antibody class in secretions (saliva, tears, breast
milk) and mucosa
First line of defence against infection by microorganisms

85%

Monomer

Most abundant class with four isotypes - IgG|, IgG2, IgG3, IgG4
Crosses the placenta
Opsonization

0.02%

Monomer

Defence against parasite infections
Associated with hypersensitivity reactions (allergies)
Found mainly in tissues

Moura, Rita & Agua-Doce, Ana & Weinmann, Pamela & Graca, Luis & Fonseca, Jodo. (2008). B cells:
From the bench to the clinical practice. Acta reumatoldgica portuguesa. 33. 137-54.
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Immunopatologicke stavy

— Hypersenzitivta

— Reakce proti neskodnému antigenu
— Zprostredkovana protilatkami nebo bunécnou odpovéedi

— Autoimunita
— Reakce proti autoantigenu

— Imunodeficience

— Defekt imunitniho systéemu
— Geneticky podminené nebo ziskané
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Hypersenzitivita

— Nadmérna odpovéd imunitniho systému, ktera zpusobuje vice
skody nez uzitku

— Klasifikace dle Gella a Coombse

— Type | - alergie
— Type Il - protilatky
— Type lll - imunokomplexy

— Type IV — T-bunky
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Type of Immunopathologic Mechanisms of tissue injury
hypersensitivity| mechanisms and disease

Type | reaction: IgE antibody

Immediate
hypersensitivity

IgM, 1gG antibodies against cell
surface or extracellular matrix
antigens

Type Il reaction:
Antibody mediated

Immune complexes of circulating
antigens and IgM or IgG
antibodies

Type lll reaction:
Immune complex
mediated

1. CD4* T cells

(delayed-type hypersensitivity)
2. CD8* CTLs

(T cell-mediated cytolysis)

Type IV reaction:
T cell mediated

Mast cells and their mediators
(vasoactive amines, lipid mediators,
cytokines)

Opsonization and phagocytosis of cells

Complement-and Fc receptor-mediated
recruitment and activation of leukocytes
(neutrophils, macrophages)

Abnormalities in cellular functions, e.g.,
hormone receptor signaling

Complement-and Fc receptor-mediated
recruitment and activation of leukocytes

1. Macrophage activation, cytokine-mediated
inflammation

2. Direct target cell killing, cytokine-mediated
inflammation

Anaphylactic reaction
Allergies

Haemolitic anemias
Transfusion reaction
Erythroblastosis fetalis
Graves 'disease
Myasthenia gravis

Vasculitis

Revmatoid arthritis

Post-streptococ
glomerulonephritis

Tuberculosis
Syphilis
Contact dermatitis
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Atopie vs. alergie vs. anafylaxe

uzil A.F.Coca nazeV atopie

\ roce 1920 po
nichz se podili dédic¢nost

pro alergie, Na

k neiédouci reak

tivitu U déti
nemoci




Atopie vs. alergie vs. anafylaxe

- Atopie (fecky a — ne, rorrog - misot) vrozena predispozice k pfehnané IgE zprostfedkované

reakci imunitniho systému proti neSkodnym antigenum prostredi (alergentm).

- Allergie je klinicka manifestace neadekvatni reakce imunitniho systému (IgE mediovanée)

proti alergenum. Alergie se vyskytuje po senzibilizaci, je rychla a predvidatelna.

— Anafylaxe (fecky ava — proti, pUAacIC — ochrana) je akutni, generalizovana (multisystémova)

alergicka reakce, ktera bezprostfedné ohrozuje zivot pacienta.
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Hypersenzitivni reakce typu |

X Vlystaveni organismu alergenu/antigenu
% Alergen stimuluje produkci T,,2 bunéek

% T,2 bunky sekretuji cytokiny:
e IL-4 stimuluje B bunky - IgE
e IL-5,povolava™ eosinofily
e [1-13 stimuluje produkci hlenu

X Zirné burky vazi IgE protilatky

X Alergen vytvari mUstek pres IgE
protilatky

¥ Dochazi k degranulaci zirnych bunek

Immunoglobulin E
with name of each domain

\\ mast cells and basophils
% O ® ® \

2T
o

/ Sites for atachment to

aites far
attachment
to artigen

[ variable Constant Disulphide
regions regions bonds
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Hypersenzitivni reakce typu |

x casna faze
- degranulace zirnych bunék a bazofilt
x pozdni faze

- infiltrace neutrofily, eozinofily, makrofagy,
lymfocyty a bazofily

&)

Immediate

Late-phase reaction

Allergen
exposure

¥

Clinical manifestations

B 4 8 12
Hours after allergen exposure

16

20
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First exposure m
ergen

to allergen ,l

Antigen activation
of TH2 cells and
stimulation of
IgE class switching
in B cells

Production of IgE

g IgE
@D\

Binding of IgE
to FceRl on
mast cells

Repeated exposure
to allergen

Activation of
mast cell:
release
of mediators

Mediators*

Vasoactive amines,

Cytokines
lipid mediators

} |

Immediate Late-phase
hypersensitivity reaction (2-4
reaction (minutes hours after

after repeated repeated
exposure exposure
to allergen) to allergen)

© Elsevier 2005, Abbas & Lichtman: Cellular and Molecular Immunology Se www.studentconsult.com

Antigen

Signals for cytokine

\ gene activation

Signals for

¢

e

degranulation Signals for
- activation of
| phospho-
MNucleus J lipase A,
== 7" secReTED
~ CYTOKINES
GRANULE MEMBRANE Late phase
CONTENTS PHOSPHOLIPIDS reaction
* Histamine Leukocyte
* Proteases infiltration
* Chemotactic Epithelial
i factors Arachidonic PAF damage
i (ECF, NCF) K Bronchospasm
Prostaglandin  Leukotrienes J
E DE 54, 04. D4 :
IMMEDIATE RESPONSE
Vasodilation

Vascular leakage
Smooth muscle spasm
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IL-3 L
IL-5  Mast cell Release of

primary and secondary
madiators
% Ralaase of

Activation granules

Eosinophil recruitment
Copyright © 2002, Elsevier Science (USA). All rights reservad.

Initial response

Vasadilation

Vascular leakage

Smoolh muscle
SpASM

Late-phase reaction

Mucosal edema
Mucus secration
Leukocyte
infiltraticn
Epithelial damage
Bronchospasm
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y

. JSou z hiedis
¥ Bazofily Cirkuluji v kpyj @ funkce podobné

— V perivaskularnim prostoru sukutanné/submukozné
— Respiracni systém, gastrointestinalni trakt, kuze
» Aktivace zirnych bunék vazbou antigenu na komplex IgE - FceRI

» Odpoved zirnych bunek na aktivaci
— Degranulace — sekrece preformovanych mediatort procesem fizené exocytozy
— Produkce a sekrece derivatu kyseliny arachidonové (leukotrieny, prostaglandiny atd.)

— Produkce a sekrece cytokini a chemokinu
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Mediatory zirnych bunek

— Biogenni aminy
— histamin
— Enzymy
— Serinové proteazy
— Derivaty kyseliny arachidonove
— Prostaglandiny, leukotrieny
— Cytokiny, chemokiny
_ IL-1, IL-3, IL-4, IL-5, IL-6, GM-CSF, TGF-B, TNF-a
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Aktivace
zirnych
bunek

Allergen

Mast cell
plasma
membrane

e o Mucleus Myosin light chain
v v phosphorylation
PGD LTC
(PGD2 () LTC4] Cytokine gene Granule /
I 1 expression _ 4
/
/
I‘.. .I:r 4
- Cytokine BRNA l'}’f
— L J
TR & b‘{] Cytokines /
~—— ] Secretion Exocytosis
[ — Secretion //”7[//
“‘""--—--_._._____________ IRRERERS = Mast cell
W plasma
Y h J v v membrane
PGDy -3 LTCq- LTD4o» LTEq & O{j TNF Histamine -~ 2
Lipid mediators Cytokines Granule contents

(@ Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology Se www.studentconsult.com
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Degranulace zirnych bunéek

Allergen

Pl it :
e A MP (transicnty T

Protein kinase —= — Protein kinase ——
- inactive active

v ——
N .

- Mediators ';'dg%
- ‘-.I L j ‘:t. h . =
R o T ' : 2., histamine ) e
i ,{--:-_1" " Arachidonic acid v
C_F'J_,—'-'_'-'-T:'-':} __,—_:::l I|
ol ) . Leukotriene A4 # s Prostaglandin D2
Endoplasmic reticulum 1 (PG
I.THEil
LTCA4 SRS-A
LTI+
LTE4 | 4
j secrerion
secretion
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Biologickeé efekty mediatoru

Activated
mast cell
{or basophil)

Biogenic amines
(e.g., histamines)

Lipid mediators
(e.q., PAF, PGD2, LTC4)

Cytokines
(e.g., TNF)

Lipid mediators
(e.g., PAF, PGDs2, LTC4)

=< Enzymes

(e.g., tryptase)

Vascular leak

Broncho-
constriction

Intestinal
hypermotility

Inflammation

Tissue
damage

(© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology S5e www.studentconsult.com
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Biologicky efekt of histaminu

— H,- receptory — Hj-receptory (neurony)

- Konstrikce hladké svaloviny  Regulacni funkce — po aktivaci — pokles

. Zvy$ena permeabilita kapilar produkce H a jinych transmiteru v CNS

» Drazdéni sensitivnich nerva — ﬂé-receptor\( (eozinofily, kostni dren, plice)

» Vazodilatace * Regulace Cinnosti imunitniho systemu

* Produkce prostaglandinu

- ﬂ,-rece ptOI'Y Histidineo N——
- co,

, . N | N
- Stimulace sekrece HCI v zaludku ¢ OH A (,j/\
: HN— NH,

HN H, T

 Pozitivne chronotropni a inotropni ucCinek
Histidine decarboxylase

« Uvolnéni histaminu z Zirnych bunék a bazofilu
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Tkanove efekty histaminu

» Kardiovaskularni systém
e Hypotenze
e Tachykardie
e Edem

» Respiracni system
e Bronchokonstrikce

» Gastrointestinalni trakt
e KreCe, prujem, zvraceni

» SKin

e Koprivka
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Tkanove efekty histaminu

» Kardiovaskularni systém
e Hypotenze
e Tachykardie
e Edem

» Respiracni systém
e Bronchokonstrikce

» Gastrointestinalni trakt
e KreCe, prujem, zvraceni

» SKin

e Koprivka

aloviny
il KC h\adke sV
L]
KonS
m
/BronchosPe? yﬂ“
DYCh C\ ob ahrud
gviravée PO
jpant . gystem
> b estinglni SY° ¢
/Gas’“%auzea, Z\race
Kiete: P‘(:{:e
. mechy yst
J/NotovY naleha
cova inen
“\\Al\oéova inkontin®

Vazodilatace a zvysSen3
kapilarnij Permeabilit
vEdém Kopfivka Svedénj

v Laryngeain; edém

Obstrukce dy 1
’ Ychacich
Dychaci obtize e
| Stridor
v Dlstribuém' Sok
Vazodilatace
Extravazace tekutin
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Effekty ostatnich mediatoru

Leukotrieny Kininy

LTC4, LTD4, LTE4, LTB4 — Vazodilatace

— Bronchokonstrikce, — Bronchokonstrikce

_ Zvy$ena kapilarni permeabilita — Zvysena kapilarni permeabilita

— PomalejSi nastup nez histamin, avSak déletrvajici — Stimulace endotelu k uvolnéni vazoaktivnich

uéinek faktorl (Prostacyclin, NO)
Prostaglandiny PAF - Platelet-Activating Factor
PG D, — Agregace destiCek a uvolnéni prozanétlivych mediator(

— Vazodilatace — Vazodilatace

— Bronchokonstrikce — Konstrikce hlaské svaloviny

— ZvySena kapilarni permeabilita — ZvySena kapilarni permeabilita
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Hypersenzitivni reakce typu |

Klinicka manifestace

— Lokalizovana reakce

v'Astma bronchiale
v'Alergicka ryma
v'Atopicka dermatitida

v'Potravinova alergie

— Systémova (anafylakticka reakce)

v'Generaizovana, zivot ohrozujici, Sok
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Klinicky obraz a manifestace

— Projevy zavisi na:

e stupni senzibilizace pacienta

e misté vstupu do organizmu

e typu alergenu

e alergenové potenci
_ Sliznice, klize

v'Erytém, exantém, pocit svédéni, koprivka, otoky
— Dychaci systém

v Vodnata ryma, kychani, drazdéni ke kasli, pocit ciziho télesa v hrdle, dechové potize
— GIT

v'Zvraceni, kolika, nuceni na stolici, prljem

i
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Clinical picture and manifestation

— Kardiovaskularni systém
v'Palpitace, tachykardie, hypotenze, arytmie
— Urogenitalni systém
v'Renalni kolika
— Celkoveé symptomy
v'Zmatenost, porucha védomi, krecCe




Anafylaxe vs. anafylaktoidni reakce

— Anafylaxe

— IgE mechanismus
— Nutnost senzibilizace

— Anafylaktoidni reakce

— Neni zprostfedkovana IgE mechanismem

— Zprostredkovana anaphylatoxiny

— Neni nutna prfedchozi senzibilizace, muze tedy vzniknout po prvnim kontaktu s anafylatoxinem
— Klinickeé projevy a léCba obdobné jako u anafylaktické reakce
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Anafylatoxiny (histaminoliberatory)

— Uvolnéni histaminu neimunologickym mechanismem nebo
aktivace komplementu

— Hmyzi jed

— Jodove kontrasnti latky

— Leky

= Antibiotika (vankomycin)

» Myorelaxancia (atrakurium, mivakurium)
= Opioidy (morfin, kodein)

» Thiobarbituraty
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Komplement

— Aktivace immunologickym (klasicka cesta) a neimunologickym (alternativni a lektinova

cesty) mechanismem

— slozky C3a, C4a, C5a pusobi jako anafylatoxiny

» zpusobuji degranulaci zirnych bunék, uvolnéni histaminu, zvySenou propustnost cév
— Cbainiciuje leukocytarni chemotaxi, aktivaci a agregaci

— Aggregované leukocyty pusobi mikrovaskularni obliteraci v riznych organech, kde spousti
zanetlivou reakci a s ni spojené poskozeni (volné kyslikové radikaly, proteolytické enzymy,

prozanétlivé cytokiny)
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Lecha
— Adrenalin i.v.
Stimuluje produkci cAMP vazbou na B-receptory zirnych bunék (cCAMP inhibuje
uvoliovani histaminu)
— Korticosteroidy I.v.
Inhibuji syntézu leucotrienu
Inhibuji leukocytarni infiltraci
Inhibuji produkci cytokinu
— Antihistaminika

Blokace H1 and H2 receptoru na cilovych burikach
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Souhrn

— 4 typy hypesenzity
— 3 typy zahrnuji protilatky
— Anafylaxe je zprostfredkovana IgE mechanismem

— Anafylaktoidni reakce neni zavisla na IgE
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Souhrn

— Anafylaxe

— Bronchospazmy
— Vazodilatace, zvySena kapilarni permeabilita
— Souvisejici kolaps kardiovaskularnino systému

— Koprivka
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Souhrn

— Mediatory
— Histamin
— Leukotrieny & Prostaglandiny
— Kininy
— PAF

— Komplement
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’ | ANAPHYLAXIS PATHOGENESIS\

MECHANISMS  / IMMUNOLOGIC IMMUNOLOGIC m
IgE/FceRI OTHER IMMUNOLOGIC
"""---..._,__________,_...--""
TRIGGERS » insect stings/bites « immune aggregates wa. v immunogickuling « EXErcise
» food « complement system activation « cold
. ":mqu"’* « coagulation system activation . medi?;:ﬂms
b o ot okl « autoimmune mechanisms ';'r::“ :
. A h J

L -
KEY CELLS . BASOPHILS

MEDIATORS IHIST#MIHE| ITR‘I'FTASE\ |CﬁEB-OK‘I’FEFTIDhSE h\ ICI-I"I"MASE| I PAF |IFE05TAGLAHDINS| ILEUKQIRIENE5| ICITHER|
TARGET ORGANS ,{ SKIN } ,[uesrlmoav} { Gl } ,[ CVS } { CNS }

« itching « cough « NAuseqa » dizziness « headache
SYMPTOMS « flushing » dyspnea « vomiting « hypotension
s hives + hoarseness « diarrhea s shock
+ angicedema « stridor « abdominal pain|| « incontinence
« wheeze
\. VA 7 7 VAN J

Simons FER. 9. Anaphylaxis. Journal of Allergy and Clinical Immunology. 2008;121:5402-S407.
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