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Rey messages: correct description!




Not all drug
hypersensitivity
reactions are drug
allergies!

(and can therefore
be tested)




DHRs: classification

Hypersensitivity

Clinical
(Time-of-onset)

) S

Non-immune

. Non-immediate Immune mediated .
Immediate DHR DHR allergic DHR mediated JP Gent
g non-allergic DHR UZA
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DHR: drug hypersensitivity reactions



DHRs: mechanisms — MC/(B

Hypersensitivity

Clinical
(Time-of-onset)

) S

Immune mediated

Immediate DHR
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IDHR: immediate drug hypersensitivity reactions



Drug allergies: classification — I (IgE)

Type 1 Type 11 Type 111 Type IV
Immune
reactant IgG
. Soluble
Antigen antigen
Effesa FcR+* cells
Complement
blood
vessel
platelets
;‘ -\l ]
immune
i, | Hemolyic | STatkesse
Clinical Brong:hospasm, Thromb’ocyto S_erum Maculopapular exanthema, DRESS, SJS-TEN, AGEP
picture Cardiovascular penia, sickness,
collapse, . Arthus
. Petechia .
Anaphylaxis reaction
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Penicillin hapten
carrier complex
(first exposure)

TCR
‘.‘V

Dendritic cell »MHC-II

Phase |I: Asymptomatic sensitization

Specific Th2 and B cell activation

(route, source can be obscure — cross-reactivity)

Phase Il: Symptomatic elicitation > IDHR

MC and basophil degranulation

Diagnosis: sIgE, skin tests, BAT, pMAT, DPT

slgE: specific IgE / ratio

BAT: basophil activation test

pMAT: passive mast cell activation test
DPT: drug provocation test

\\ . @— Penicillin hapten—

IgE \’ > carrier complex

=\ 3
antibodies /\§ D L (second exposure)
\ @ N .

) / *Mast cell : L
Y g

: cross-linking and
degranulation

\
>

Plasma cell

Allergic Reaction:

Urticaria

Angioedema
Bronchospasm
Cardiovascular collapse
Anaphylaxis

Castells M, NEIM 2019

JP Gent
UZA

NAZACED
e ]

Center
Excellence



Anaphylaxis is highly likely when any one of the following three criteria is fulfilled:

Sudden onset of an iliness (minutes to several hours), with involvement of the skin, mucosal tissue,
or both (e.g. generalized hives, itching or flushing, swollen lips-tongue-uvula)

” . AND AT LEAST ONE

OF THE FOLLOWING:

path, wheee

Two or more of the following that occur suddenly after exposure to a likely allergen or other trigger*
for that patient (minutes to several hours):

Sudden skin or mucosal Sudden respiratory symploms | Sudden reduced BP or
symploms and signs and signs symptoms of end-cegan
dysfunction P
Reduced biood pressure (BP) after exposure 10 a known allergen™ for that patient
(minutes to several hours):

Infants and chiidren: low systolic BP (age-specific) Aduits: systolic BP of less than $0 mm Hg or greater
or greater than 30% decrease in sysiolic BP*** than 30% decrease from that person’s baseline

For example, immunaiogic but IgE-independent, o non-immundiogic (drect mast ool activation)
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M food

stings

drug injected
B drug oral

Number of deaths
30

25

20

15

Time to first arrest (minutes)

(Emergency Treatment of Anaphylactic Reactions, Guidelines for healthcare providers,
Working Group of the Resuscitation Council UK )
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Original Article

Urticaria: The 1-1-1 Criterion for Optimized Risk

Stratification in -Lactam Allergy Delabeling

Vito Sabato, MD, PhD"""“*, Francesco Gaeta, MD, PhD“*, Rocco Luigi Valluzzi, MD®, Athina Van Gasse, MD, PhD",
Didier Gaston Ebo, MD, PhD""“, and Antonino Romano, MD' Ghent and Antwerpen, Belgium; and Rome and Troina, Italy

JACIP 2021;9:3697-704
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British Journal of Anaesthesia, XXX (XXX): XXX (XXXX)

doi: 10.1016/j.bja.2019.01.031
Advance Access Publication Date: xxx

Review Article

REVIEW ARTICLE

Molecular mechanisms and pathophysiology of

perioperative hypersensitivity and anaphylaxis: a

narrative review

Didier G. Ebo"*, Russell C. Clarke”, Paul-Michel Mertes”, Peter R. Platt”,
Vito Sabato' and Paul H. M. Sadleir**

Department of Immunology, Allergology and Rheumatology, University Antwerp, Antwerp University

Hospital, Antwerpen, Belgium, “Anaesthetic Allergy Referral Centre of Western Australia, Department of

Anaesthesia, Sir Charles Gairdner Hospital, Perth, Australia, 3‘Department of Anesthesia and Intensive Care,

Hopitaux Universitaires de Strasbourg, Nouvel Hopital Civil, Strasbourg, France and “Department of JP Gent
Pharmacology, University of Western Australia, Perth, Australia UZA
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DHRs: mechanisms-MC-non-I1gE

Hypersensitivity

Clinical
(Time-of-onset)

) S

Immediate DHR

Non-immune

mediated
non-allergic DHR

IDHR: immediate drug hypersensitivity reactions
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MRGPRX2

FceR1
Cross Linkage

Anti-IgE A Anu.gen A Anti-FceR1
Antibody | | Antibody
FPR ' ‘
Ligands

Physical
Stimuli ~~___

Complement
Pathway
Activation

P
C5a
MRGPRX2 :
Ligands
TLR

Ligands

Preformed
Mediators

l_l_;l—l

Tryptase Heparin Cytokines Histamine

Chyn% / Chemi)kines

Inhibit lL.eukocyte Pruritis
Coagulation Recruitment

Cytokines
Chemokines Recruitment
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Upregulation

1

Cytokines
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/

Phosp;wolipnd Activation
Metabolism \\ Upregulation

Vascular
Permeability Contact system (BK)

Complement (C1-INH)

Huston DP and Sabato Vet al. JACIP 2018 (adapted from)
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MRGPRX2

Not antigen specific (anybody, nature)
“kiss and run”

Rapid — transient (<5-30 min)

Local

<<< inflammatory mediators

GPCR Triggering

FcR Triggering

SP
MRGPRX2

PLCPH Ca%t
; » IKK2

v
SNAP23

[ ] i
v
.. ® SNARE complex

large granules Lymph vessel
release

Small unit granules \
release

Draining ;
Vasodilatation Blood vessel lymph node §
Increased vascular permeability

Short-lived and
localized effects

Prolonged action
Distant effects

Current Opinion in Immunology

Antigen specific (antibody, nurture)

Compound exocytosis

“Delayed” — sustained (5-30-60 min)

Local — regional — systemic (granule trafficing)
Inflammatory mediators JP Gent
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Espinosa E and Valitutti S. Curr Opin Imm 2018
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Immunoglobulin E cross-linking or MRGPRX2 activation: clinical
insights from rocuronium hypersensitivity
Didier G. Ebo'**, Van der Poorten'?, Jes st', Athina L. Van Gasse'”,

Christel Mertens', Ch idts’, Lene H. Garvey
Vito Sabato™*"

RESEARCH LETTER WILEY

Tryptase release does not discriminate between IgE- and
MRGPRX2-mediated activation in human mast cells

Elstetal. CEA

IgE-mediated

@ NMBAs @ Drug as allergen

IgE
Quinolones g %
Vancomycin \
Opioids
CD117

MRGPRX2
CD203c

Mechanistical differences
Tryptase

30 80 90 120 150 180
Time (seconds)

-
]
7]
©
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2
3]

o

Clinical differences and similarities
Clinics Entrire IDHR spectrum

Prior exposure Required *
Affinity (EC50) High
Dose Low
Comorbidity/cofactor Not essential
Genetics Not essential

Biomarkers Tryptase

ss-react Structure related

Diagnostics/ ; -
Mechanistic studies Skin tests, sIgE, BAT, pMAT™,

Desensitization Possible

MRGPRX2-mediated

NMBAs

IQE% L Quinolones

Vancomycin
‘.., ) 7 Opioids

MRGPRX2

Drug as
MRGPRX2 agonist

CD203c

ﬁ % Tryptase

30 60 90 120 150 180
Time (seconds)

Calcium (Fold increase)

Entire IDHR spectrum
cutaneous symptoms invariantly present

Not required
Low
High
Mandatory?
MRGPRX2 polymorphisms
Tryptase
THIQ and beyond

Skin tests, cBAT, MAT

Questionable
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and serial tryptase values (1)

Complete clinical information J

[gE vs. MRGPRX2

alocorithm TR
+— """"""" e -
— Same CliniCS, tryptase ‘ IgE or MRVGPRXZ ’ [ MRGPRXZ unlikely ’
mechanism IgE still possible
« . . i) J J(3)
— “Other diagnostics e =< === == -+,
1 Drug-reactive i Drug-reactive ,
| lgEtests ! | lgEtests !
— Other management \ + '
— “CI’OSS—I‘GaCtiVity” - \ + ‘ Sensitization \ Causality less ’
RN . ‘ \\ possible likely (7)
- re-administration \ (4) ‘
- desensitization (" mar/HRT | \ O e )
| Passive MAT * e i~ \ : Passive MAT * |
1 TAT " -+ \ 1 TAT 1 =
A ) ot e v o ‘\._\ % \___/__. .
- { e " \\ +
‘/ Probably ( IgkE mediéted )
MRGPRX2 (6) allergy (5)
v JP Gent

UZA

NAZACED
e s

Center

Genetics

Excellence




FceR1
Cross Linkage

Anti-IgE A Anu.gen A Anti-FceR1
Antibody | ' | Antibody
FPR " . Cytokines
~Ligands ’ Chemokines
Physical \
Stimuli ~~___

Complement C3a
Pathway -E
Activation Cb5a

MRGPRX2 Y  /

Ligands Phosp'holipnd

@
TLR * A Metataolism \\
Ligands

Preformed
Mediators

l_l_;l—l

Tryptase Heparin Cytokines Histamine

Chymase Chemokines
\ ‘ 2 Vascular

Inhibit Leukocyte  Pruritis Permeability
Coagulation Recruitment

Huston DP and Sabato Vet al. JACIP 2018 (adapted from)
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Cytokines
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Skin tests

BAT
Provocation tests

Membrane and
intracellular effects

[ryptase

v

Histamine

Cytokines
Proteases

Coagulation/

kinin-kallikrein

AR

{; k| INH

\

" ’7/},@) C3a/C5a
/ C3aR/C5aR

PGD,
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Cox-1/2

FceR1
Cross Linkage

Anti-IgE A Anu.gen A Anti-FceR1
Antibody | | Antibody
FPR . ‘

Cytokines
Ligands

Chemokines Recruitment

Physical ) Activation
Stimuli ~~__ Upregulation

Complement C3a p= '
Pathway —E Cytokines

CH3a e Chemokines

MRGPRX2 4V = - /

- / Phospholipid Activation
i TLR o Metabolism Upregulation

Ligands

Activation

Preformed
Mediators

l_l_;l—l

Tryptase Heparin Cytokines Histamine

Chymase Chemokines
\ l Vascular

Inhibit Leukocyte  Pruritis Permeability Contact system (BK)
Coagulation Recruitment Complement (C1-INH)

Huston DP and Sabato Vet al. JACIP 2018 (adapted from)
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Membrane
phospholipids

Glucocorticoids Phospholipase

Arachidonic acid

/ [gene .
rqgr_._,,.ﬁ,][;l—l ?&;‘:ﬁ:}g;:jﬁe S-Lipoxygenase

PGH, 5-HPETE
LTD,

| o

SaU30YN3T

5
=
=
&0
m
1
o
[ -
o

XA,
LTE,
UZA
Center
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History of clinical reaction pattern ? =>

S

* Bronchospasm * Urticaria * (Fixed) drug
* Dyspnea * Angioedema eruption

* Nasal discharge/blockage * Anaphylaxis * Contact

* Flushing dermatitis

* Severe
: 3 ” 5
History of underlying diseases ? cutanacts ADR

* Bronchial asthma
* Rhinosinusitis
* Nasal polyps

— ) ) ()| o v )
G — TN TV | T ST
T ——— —— B
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IDHR — non-MC(B

FceR1

Cross Linkage

Anti-IgE
Antibody¢
FPR
Ligands
Physical e

Stimuli ~~___

Complement C3a p=
Pathway —E
Activation Cb5a {—

MRGPRX2
Ligands

/

TLR
Ligands

Anu;gen

A Anti-FceR1
l Antibody

Cytokines
Chemokines

Phospholipid
Metabolism N\

I
Preformed LTC4D4E4
Mediators PGD,

l_l_;l—l

Tryptase Heparin

Cytokines Histamine l

Chymase Chemokines
\ l Vascular

Inhibit
Coagulation

Leukocyte  Pruritis Permeability
Recruitment

Huston DP and Sabato Vet al. JACIP 2018 (adapted from)

Recruitment
Activation
Upregulation

Cytokines
Chemokines

/

Activation
Upregulation

Contact system (BK)
Complement (C1-INH)
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DHRs-MC-independent

e FXII
Kallikrein Prekallikrein FXlla

EDRF
VE-cadherin

Neutral endopeptidase
(Neprilysin)

Carboxypeptidase N Aminopeptidase P

Dipeptidyl
Peptidase IV

ACE

JP Gent
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« 50-year-old woman with ACEi-angioedema of
small bowel.

» CT scansshow marked bowel wall
enhancement with regular thickened mucosal
folds (solid straight arrows, B),

« cleardelineation of different layers of small
bowel wall (open straight arrows, A),

* and prominent mesenteric vessels (long thin
arrows, A).

 Fluid accumulation within dilated small-bowel
loops(open curved arrows A, B) and ascites (solid
curved arrows, B) are also present.
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http://www.ajronline.org/content/vol176/issue3/images/large/03_AA0417_01A.jpeg
http://www.ajronline.org/content/vol176/issue3/images/large/03_AA0417_01B.jpeg

[solated |
angloedema:
check tor
ACE-

inhibitors!



... or get your C4
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Drug allergies: classification - 11

Type I Type 11 Type II1 Type IV
Immune
reactant 19G
y Soluble
Antigey antigen
Effectely FcR+* cells
Complement
blood
vessel
platelets
;‘ -\U i i
mmune
eorim, | emoy | Smabvessel
Clinical Bron_chospasm, Thromb’ocyto S_erum Maculopapular exanthema, DRESS, SJS-TEN, AGEP
picture E:"r;jllj(;\éascular penia, 'sb‘lrcicﬁrlljesss,
. Petechia i
Anaphylaxis reaction
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IgG antibody

Red cell Destruction

(or platelet)

Antibody-Mediated

Penicillin hapten— Macrophage
carrier complex Sequestration

—

.‘,

\(.. -
. ‘;

Phase |: Sensitization phase
Production of IgG antibodies

Phase |I: Effector phase

Drug binds to surface of certain cell types and act as antigen
Binding of IgG antibodies to anigen

—> Activation complement = lysis

- Phagocytosis by macrophages or neutrophils

Diagnosis: direct and/or indirect Coombs’ test

Hemolytic anemia
Thrombocytopenia
Petechia
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Drug allergies: classification - I11

Type I Type 11 Type II1 Type IV
Immune
reactant 19G
y Soluble
Antigey antigen
Effectely FcR+* cells
Complement
blood
vessel
platelets
;‘ -\U i i
mmune
ot | emotc | Smabyessel
Clinical Bron_chospasm, Thromb’ocyto S_erum Maculopapular exanthema, DRESS, SJS-TEN, AGEP
picture E:"r;jllj(;\éascular penia, 'sb‘lrcicﬁrlljesss,
. Petechia i
Anaphylaxis reaction
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IgG antibody T It I L .

activation in

N Soluble
\ : small vessels . Small-vessel vasculitis
\ _ immune Degranulation

complex . Serum sickness
Uit P Neutrophil
Penicillin hapten Arthus reaction
carrier complex

Tissue damage

Fluid leakage

Immune complex formation
Drug triggers antibody production
Formation of circulating immune complexes

Immune complex deposition
Circulate and precipitate in various tissues

Inflammatory reaction
Activation of the classical complement pathway
Recruitment of neutrophils and macrophages

P Gent
UZA

NAZAED
T

Center
Castells, NEIM 2019 Excellence

Diagnosis: erythrocyte sedimentation rate, C-reactive protein, complement studies



DHR: mechanisms

Hypersensitivity

Non-immediate Immune mediated

IDHR: immrediate drug hypersensitivity reactions

DHR

allergic DHR
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Drug allergies: classification

Type I Type 11 Type II1 Type IV
Immune
reactant 19G
y Soluble
Antigey antigen
Effectely FcR+* cells
Complement
blood
vessel
platelets
;‘ -\U i i
mmune
ot | emoyc | Smabvessel
Clinical Bron_chospasm, Thromb’ocyto S_erum Maculopapular exanthema, DRESS, SJS-TEN, AGEP
picture E:"r;jllj(;\éascular penia, 'sb‘lrcicﬁrlljesss,
. Petechia i
Anaphylaxis reaction
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Antigen-
presenting Eotinophil ‘ DRESS, 2-to-8-week delay:
cell Interleukin-4 Epidermal edema, fever, lymphadenopathy,
lE' N 3 eosinophilia, atypical lymphocytosis, and
ok infiltration of skin and internal organs

Granzyme B SJS-TEN, 4-to-28-day delay:
HLA-l Granulysin  —> ReTtiROgYEE Epidermal necrosis, subepidermal bullae, and

Penicillin /‘( Perforin deat
hapten—carrier”
complex

involvement of multiple mucous membranes

©
@
2
3
©

(]
=
=
©
g
-

CD4+or ) Neutrophils AGEP, 24-to-48-hour delay:
CD8+ cell ~ : Neutrophil ’ } &9 :'::‘Siit: Fever, neutrophilic leukocytosis, sterile pustules
in stratum corneum and epidermis, dermal
Interferon-y edema, and infiltration of neutrophils, CD4+

CXCL8
GM-CSF T cells, CD8+ T cells, and some eosinophils

Activation of T-lymphocytes

JP Gent
Diagnosis: Delayed readings of patch testing and intradermal testing, “LTT” UZA

Center
Castells, NEJM 2019 Excellence



Hapten concept

p-i concept (pharmacological
interaction with immune receptor)

. 93

\

rkd

MHC I
- D

adapted from Adam et al., Br J Clin Pharmacol., 2011
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MPE
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SJS-TEN
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DRESS

* Drugreaction
» with eosinophilia
* and systemicsymptoms

* (latency 2-8 weeks)
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DRESS: tfacial swelling
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Acute generalized exanthematous pustulosis

(24-48 hrs)

Excellence




Fixed

drug

erupt

10N
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WARNING SIGNS

Mucosal involvement

Bullae (blisters)
Fever

Systemic signs
Hepatic, renal signs
Eosinophilia

NAAERD
T
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Nikolsky’s sign
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Diagnostics

*Which agent(s)
eGeneric + trade name (excipients)
*\What were the symptoms (pictures)
*\When did symptoms start (time-of-onset)
*\Nas the drug stopped/ did symptoms (dis)(re)appear
eFirst or priorintake (similars)
eSubsequentexposure(s)(similars)
*How was patient treated

Center
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This 1s NOT a “rash”
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 DIFFERENTCLINICS

* DIFFERENTMECHANISMS

« DIFFERENTDIAGNOSTICS
 DIFFERENT “THERAPEUTICS”
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Diagnostics

*Tryptase

esigE

oSkin tests (SPT, IDT)
BAT

«(p)MAT

oT cells

DPT

ePatch tests

oSkin tests (IDT)

oT cells

DPT St
Center
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Tryptase

IMMUNOLO!

AND ALLERGY
VIR CLNICS
SAUNDERS Immunol Allergy Clin N Am OF NORTH AMERICA

Diagnostic Value of Tryptase
in Anaphylaxis and Mastocytosi

Lawrence B hwartz, MD, PhD
e .

0.515h
(time to maximum)

N

15-25h
(t,, from maximum)

0
0 2 4

Time After Onset of Anaphylaxis (hours)

%Maximal Mature Tryptase Level

MCA: 1.2 (baseline) + 2

<11.4 pg/mL!

Suspected perioperative
hypersensitivity / anaphylaxis reaction

A Problems and pitfalls

L Immediate treatment
Inadequate timing of sAT sample

C\ Acute tryptase sampling:

symptom onset  symptom onset 30 minutes to 2 hours after clinical onset

= risk of false-negative results

Baseline serum tryptase:
— at least 24 hours after complete resolution of
ryptase may still be elevated at 24 hours \ t/ symptoms and signs (or preoperative
after onset sample adequately stored)

mast cell degranulation confirmed if
SAT > [2 + (1.2 x sBT)]

elevated sBT? not yet normalized?

interpretation: for use at subsequent

Third measurement may be needed; sBT . . .
allergy investigation

\ sample can be taken at time of allergy )
AN investigation / B

referral to allergist: all suspected POH cases

Correct procedure

tubes: with or without anticc
(EDTA or heparin)

always record timing of sample and

/J timing of symptom onset

~ J

centrifugation: ambient temperature or

= {’storage and transport prior to

NAZACED
e s
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When 99% 1s not good enough

M.-L.M. van der Poorten, et al.

Table 1

Clinica Chimica Acta 504 (2020) 119-124

Specific IgE to B-lactam antibiotics (3-LABs) (actualised from [77]).

Received: 13 February 2020

Revised: 6 March 2020

Accepted: 21 March 2020

DOI: 10.1111/all.14292

LETTER TO THE EDITOR

Compound(s) Reference test Assay Sensitivity

Specificity

Reference

Various B-LABs H + ST
Various B-LABs H = ST =

CAP-FEIA
CAP-FEIA

BPO + AXO + peni G
BPO: 32%

AXO: 43%

BPO + AXO: 50%
BPO: 10-68%

AXO: 41-53%

37.9%

0-25%"

42.9-75%°

Various B-LABs CAP-FEIA

Various B-LABs
Various -LABs

CAP-FEIA
CAP-FEIA
RAST?
CAP-FEIA 85%"°
CAP-FEIA 440%°
ST CAP-FEIA 66%
CAP-FEIA 19%
CAP-FEIA 49%°

! + ST *

Various B-LABs ST
Various B-LABs

H =
Amoxicillin H + ST + DCT
Cefazolin H + ST = DCT

+ AMP: 31.8%
BPO: 98%

AXO: 98%

BPO + AXO: 96%
BPO: 98%

AXO: 95%

86.7%
83.3-100%"
66.7-83.3%
54%°

80%*

52%

NA

94%”

BPO + AXO + peni G + AMP: 88.6% [78]

[79]

H: history, ST: skin test, DCT: drug challenge test, N°: number.
CAP-FEIA: fluorescence enzyme immunoassay available from Phadia Thermofis
Peni G: penicillin G, AMP: ampicillin, BPO: benzy!l penicilloyl, AXO: amoxicillin.
Note that there is no IgE for clavulanic acid available

! Home-made assay.

2 Sensitivity and specificity vary according to clinical manifestations.

3 For a threshold of 0.10 KUA/L.

* For a threshold of 0.35 KUA/L.

5 According to a sIgE/tIgE ratio of 1.42 x 107 (see text).

er. RAST: radio allergo sorbent test.
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1,329

(624/705)
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169

(134/35)
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Complete diagnostic work-up
95

(73/22)

Incomplete diagnostic work-up**
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(19/6)

I

Penicillin allergy

9
(712)

*No further investigations were planned because either t
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he patient considered the

penicillin allergy” to lack sufficient priorit

Center

the allergist decided, based on a thorough history, that the index reaction was not compatible with a DHR (n = 4). *“Investigat|
be postponed for various reasons (eg, pregnancy and intake of antihistamines). In 2 out of these 25 participants, the DC resulf Ce”erjce
subjective symptoms (itch, epigastric pain, shortness of breath). As both were unwilling to repeat the DC, they were included i

the patients with incomplete diagnostic work-up.
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Selectie van T-lymfocyten

Levende cellen

Individuele cellen

100 150 200 250 2 10° 10*

FSC-A (x 10% Levend-Dood

Bloodgestelde controle zonder reactie
Buffer Amoxicilline 500 pg/mL

Niet-onmiddelijke overgevoeligheidsreactie
Buffer - Amoxicilline 500 pg/mL

D154+: 2,4%

Onmiddelijke overgevoeligheidsreactie
Buffer Amoxicilline 500 pg/mL

CD154+: 0,1%

10°4

CD154-: 96,1%

10°

Amoxicilline 1000 pg/mL
:CD154+: 1,2%

Amoxicilline 1000 pg/mL
_CD154+: 5,8%
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Standards for practical intravenous rapid
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e Desensitization

« Treatingthrough

Original Article

“Treating Through” Decision and Follow-up in
Antibiotic Therapy-Associated Exanthemas

Axel Trautmann, MD, Sandrine Benoit, MD, Matthias Goebeler, MD, and Johanna Stoevesandt, MD Wiirchurg. Germany
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