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Drug hypersensitivity: 
from pathogenesis to correct diagnosis
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Key messages
• Nomen est omen

• Post hoc, ergo propter hoc

• Different mechanisms >

• Different clinics >

• Different diagnostics &

• Different “therapeutics”
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“RASH”

Key messages: correct description!
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Not all drug 
hypersensitivity 
reactions are drug 
allergies!
(and can therefore 
be tested)
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Pharmacology Hypersensitivity

Mechanistic
Clinical 

(Time-of-onset)

Non-immune 
mediated

non-allergic DHR

Immune mediated
allergic DHR

Non-immediate
DHR

Immediate DHR

DHRs: classification

DHR: drug hypersensitivity reactions
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Hypersensitivity

Mechanistic
Clinical 

(Time-of-onset)

Non-immune 
mediated

non-allergic DHR

Immune mediated
allergic DHR

Non-immediate
DHR

Immediate DHR

IDHRs: mechanisms – MC/(B)

IDHR: immediate drug hypersensitivity reactions
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Type I Type II Type III

Immune 
reactant

IgE IgG IgG

Antigen Soluble antigen

Cell- or 
matrix-

associated 
antigen

Soluble 
antigen

Effector
Mast-cell 
activation

FcR+ cells 
(phagocytes, 

NK cells)

FcR+ cells
Complement

Clinical 
picture

Urticaria, 
Angioedema, 
Bronchospasm, 
Cardiovascular
collapse, 
Anaphylaxis

Hemolytic
anemia, 
Thrombocyto
penia, 
Petechia

Small-vessel
vasculitis, 
Serum 
sickness, 
Arthus
reaction

Ag

platelets

blood 
vessel

immune 
complexAb - platelet

Type IV

T  cell

MHC-presented antigen

T-cells, via cytokines recrutement of  monocytes, 
eosinophils, neutrophils(?)

Maculopapular exanthema, DRESS, SJS-TEN, AGEP

Cytokines
cytotoxicity

Drug allergies: classification – I (IgE)
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DHR

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

Contact system (BK)
Complement (C1-INH)

IgE
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Castells M, NEJM 2019

Phase I: Asymptomatic sensitization
Specific Th2 and B cell activation
(route, source can be obscure – cross-reactivity)

Phase II: Symptomatic elicitation > IDHR
MC and basophil degranulation

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

sIgE: specific IgE / ratio
BAT: basophil activation test
pMAT: passive mast cell activation test
DPT: drug provocation test

Urticaria

Angioedema
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(Emergency Treatment of Anaphylactic Reactions, Guidelines for healthcare providers, 
Working Group of the Resuscitation Council UK )
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JACIP 2021;9:3697-704
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Hypersensitivity

Mechanistic
Clinical 

(Time-of-onset)

Non-immune 
mediated

non-allergic DHR

Immune mediated
allergic DHR

Non-immediate
DHR

Immediate DHR

IDHRs: mechanisms-MC-non-IgE

IDHR: immediate drug hypersensitivity reactions
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DHR

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

Contact system (BK)
Complement (C1-INH)

MRGPRX2
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MRGPRX2

Not antigen specific (anybody, nature)
“kiss and run”
Rapid – transient (<5-30 min)
Local
<<< inflammatory mediators

Antigen specific (antibody, nurture)
Compound exocytosis
“Delayed” – sustained (5-30-60 min)
Local – regional – systemic (granule trafficing)
Inflammatory mediators

Espinosa E and Valitutti S. Curr Opin Imm 2018
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IgE vs. MRGPRX2
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Elst et al. CEA
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IgE vs. MRGPRX2 
algorithm
- Same clinics, tryptase

- “Other diagnostics”

- Other management

- “cross-reactivity”
- re-administration
- desensitization
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DHR

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

Contact system (BK)
Complement (C1-INH)

C’
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Skin tests
BAT
Provocation tests
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Huston DP and Sabato V et al. JACIP 2018 (adapted from)

DHR

Contact system (BK)
Complement (C1-INH)

Cox-1/2
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Wörhl S. Allergo J Int 2018
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Wörhl S. Allergo J Int 2018

Provocation
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Huston DP and Sabato V et al. JACIP 2018 (adapted from)

DHR

Contact system (BK)
Complement (C1-INH)

IDHR – non-MC(B) 
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IDHRs-MC-independent 

Stop intake
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• 50-year-old woman with ACEi-angioedema of 

small bowel. 

• CT scans show marked bowel wall 

enhancement with regular thickened mucosal 

folds (solid straight arrows, B ), 

• clear delineation 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


Isolated 
angioedema: 
check for 
ACE-
inhibitors!



… or get your C4
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Type I Type II Type III

Immune 
reactant

IgE IgG IgG

Antigen Soluble antigen

Cell- or 
matrix-

associated 
antigen

Soluble 
antigen

Effector
Mast-cell 
activation

FcR+ cells 
(phagocytes, 

NK cells)

FcR+ cells
Complement

Clinical 
picture

Urticaria, 
Angioedema, 
Bronchospasm, 
Cardiovascular
collapse, 
Anaphylaxis

Hemolytic
anemia, 
Thrombocyto
penia, 
Petechia

Small-vessel
vasculitis, 
Serum 
sickness, 
Arthus
reaction

Ag

platelets

blood 
vessel

immune 
complexAb - platelet

Type IV

T  cell

MHC-presented antigen

T-cells, via cytokines recrutement of  monocytes, 
eosinophils, neutrophils(?)

Maculopapular exanthema, DRESS, SJS-TEN, AGEP

Cytokines
cytotoxicity

Drug allergies: classification - II
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Castells, NEJM 2019

Phase I: Sensitization phase
Production of IgG antibodies

Phase II: 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
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Type I Type II Type III

Immune 
reactant

IgE IgG IgG

Antigen Soluble antigen

Cell- or 
matrix-

associated 
antigen

Soluble 
antigen

Effector
Mast-cell 
activation

FcR+ cells 
(phagocytes, 

NK cells)

FcR+ cells
Complement

Clinical 
picture

Urticaria, 
Angioedema, 
Bronchospasm, 
Cardiovascular
collapse, 
Anaphylaxis

Hemolytic
anemia, 
Thrombocyto
penia, 
Petechia

Small-vessel
vasculitis, 
Serum 
sickness, 
Arthus
reaction

Ag

platelets

blood 
vessel

immune 
complexAb - platelet

Type IV

T  cell

MHC-presented antigen

T-cells, via cytokines recrutement of  monocytes, 
eosinophils, neutrophils(?)

Maculopapular exanthema, DRESS, SJS-TEN, AGEP

Cytokines
cytotoxicity

Drug allergies: classification - III
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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 

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

Purpura

Castells, NEJM 2019
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Hypersensitivity

Mechanistic
Clinical 

(Time-of-onset)

Non-immune 
mediated

non-allergic DHR

Immune mediated
allergic DHR

Non-immediate
DHR

Immediate DHR

NIDHR: mechanisms

IDHR: immrediate drug hypersensitivity reactions
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Type I Type II Type III

Immune 
reactant

IgE IgG IgG

Antigen Soluble antigen

Cell- or 
matrix-

associated 
antigen

Soluble 
antigen

Effector
Mast-cell 
activation

FcR+ cells 
(phagocytes, 

NK cells)

FcR+ cells
Complement

Clinical 
picture

Urticaria, 
Angioedema, 
Bronchospasm, 
Cardiovascular
collapse, 
Anaphylaxis

Hemolytic
anemia, 
Thrombocyto
penia, 
Petechia

Small-vessel
vasculitis, 
Serum 
sickness, 
Arthus
reaction

Ag

platelets

blood 
vessel

immune 
complexAb - platelet

Type IV

T  cell

MHC-presented antigen

T-cells, via cytokines recrutement of  monocytes, 
eosinophils, neutrophils(?)

Maculopapular exanthema, DRESS, SJS-TEN, AGEP

Cytokines
cytotoxicity

Drug allergies: classification
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Activation of T-lymphocytes

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

Castells, NEJM 2019
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MPE
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SJS-TEN
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DRESS
• Drug reaction 

• with eosinophilia

• and systemic symptoms 

• (latency 2-8 weeks)
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DRESS: facial swelling
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AGEP
Acute generalized exanthematous pustulosis 

(24-48 hrs)
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Fixed 
drug 
eruption
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WARNING SIGNS

Mucosal involvement

Bullae (blisters)

Fever

Systemic signs

Hepatic, renal signs

Eosinophilia
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Nikolsky’s sign
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Diagnostics •Which agent(s)

•Generic + trade name (excipients)

•What were the symptoms (pictures)
•When did symptoms start (time-of-onset)

•Was the drug stopped / did symptoms (dis)(re)appear

•First or prior intake (similars)
•Subsequent exposure(s) (similars)

•How was patient treated

History

Signs & symptoms

•Tryptase

•sIgE

•Skin tests (SPT, IDT)
•BAT

•(p)MAT

•T cells
•DPT

Immediate

•Patch tests

•Skin tests (IDT)

•T cells
•DPT

Nonimmediate
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This is NOT a “rash”
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• DIFFERENT CLINICS

• DIFFERENT MECHANISMS

• DIFFERENT DIAGNOSTICS

• DIFFERENT “THERAPEUTICS”
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Diagnostics •Which agent(s)

•Generic + trade name (excipients)

•What were the symptoms (pictures)
•When did symptoms start (time-of-onset)

•Was the drug stopped / did symptoms (dis)(re)appear

•First or prior intake (similars)
•Subsequent exposure(s) (similars)

•How was patient treated

History

Signs & symptoms

•Tryptase

•sIgE

•Skin tests (SPT, IDT)
•BAT

•(p)MAT

•T cells
•DPT

Immediate

•Patch tests

•Skin tests (IDT)

•T cells
•DPT

Nonimmediate
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Tryptase
• MCA: 1.2 (baseline) + 2

• < 11.4 µg/mL !

JP Gent
UZA



IgE
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When 99% is not good enough

Pretest probability is 5%
TP: 2-3
FP: > 20-30 (perpetuation)
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+ Immediate reading IDT

+ Delayed reading IDT

+ Patch test

Skin 
tests

JP Gent
UZA



Immediate readings

BUFFER

HISTAMINE

AMOXYCLAV

AMOXY
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FDE: patch/IDT 
in situ
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• DRUG PROVOCATION

• NEG TESTS/ALTERNATIVES

• NO OTHER MEANS

• (e.g. NSAIDs)
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World Allergy Organization 
Centre Of  Excellence
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JACI 2020

IDHRs



Elst J et al. JIM 2021
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(N)IDHRs
T cell phenotyping

Intracellular cytokines

Van Gasse AL et al. CEA 2020
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The T …………………..is the key



Treatment
• Avoidance (alternatives)

• Desensitization

• Treating through



Dept. Immunologie - Allergologie 

- Prof. Dr D.G. Ebo

- Prof. Dr V. Sabato

- Prof. Dr M.M. Hagendorens

- Dr. A.L. Van Gasse

- Dr. M.-L. van der Poorten

- Dr. M. Beyens

- Dr. A. Toscano

- Christel Mertens

- Michel Van Houdt

immuno@uantwerpen.be

mailto:immuno@uantwerpen.be

