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COVID-19 infection in patients with mast cell disorders including 
mastocytosis does not impact mast cell activation symptoms
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Gene expression of ACE2, TLR3, and IL1RL1 on highly purified bone marrow mast cells
normal/reactive N/RBM (n=7) and systemic mastocytosis SM patients (n=26)



Covid19 mRNA Vaccines Hypersensitivity
• Anaphylaxis is rare (1/100.000-200.000), NO fatalities from 

hypersensitivity/anaphylaxis 
• Females are more affected (90% of cases) 
• Epinephrine is the ONLY treatment
• Tryptase should be obtained
• Skin testing: PEG, polysorbate, vaccine 
• BAT testing 
• No contraindications for vaccination due to previous allergies, anaphylaxis or mast 

cell activation disorders
• Role of pre-medications
• Large local reactions do not recur 

JACI March 2021

Giannetti et al 2021

ACE2 receptor absent 
from BM mast cells 





Activation Proliferation 



Escribano L, Akin C, Castells M, 
A, Metcalfe DD: Mastocytosis: current 
concepts in diagnosis and treatment. 
Annals of Hematology 2002; 81: 677-690

Mast Cells: 
Mediators and 
Related Symptoms



• Histamine:
– Pruritus, urticaria, gastric hypersecretion, 

bronchoconstriction
– Increased vasopermeability and systemic hypotension

• Heparin:
– Local anticoagulation and osteoporosis

Castells M , Austen KF, 2002

•Proteases:
•Tryptase: Fibrinogen degradation, 
stimulation of fibroblast proliferation
•Chymases: Activation of procollagenases
and tissue remodeling
•Carboxypeptidase A

■Cysteinyl Leukotrienes:
•Increased vasopermeability, vasodilation, 
bronchoconstriction
•LTD4, LTC4, LTE4

Mast Cell Mediator Related Symptoms



Mast Cell Mediators and their Effects
Castells and Austen 2002

•Prostaglandins (PGD2):
– Vasodilation, bronchoconstriction
– flushing
– CNS symptoms 

•Platelet-activating Factor:
– Increased Vasopermeability, vasodilation

•Cytokines:
– TNFα: Activation of vascular endothelial cells, cachexia
– TGFβ: Fibrosis
– NGF
– IL-6; Bone remodeling

• Growth Factors:
– IL-3: Mast cell growth
– IL-5: Eosinophilia



The New York Times Magazine 

“Mommy, I am scared, are you okay?”

•The mother, a 32 y/o, was lying unconscious in 
a public bathroom in a pool of bloody stool 
after feeling, hot, dizzy and a fluttering heart.

•She told the ER doctors that her only medical 
problems were panic attacks, flushing and a 
rash that she had for over 10 years. She was 
told they were freckles.
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• Male 33 runner Boston Marathon

• Joint pain 800 mg Ibuprofen

• Flushing, hypotension, SOB, 
intubation

• Tryptase  >2000 ng/ml

• Symptoms : flushing, chronic fatigue, 
depression, anxiety, bone pain, chest pain 
(multiple MI r/o)

• PE: few macular lesions in chest (CM)
• BMB: MC aggregates, CD25 +
• Positive c-kit D816V mutation
• Baseline tryptase: 32 ng/ml

Systemic Mastocytosis





Anaphylaxis During Immunotherapy 
• 44 y/o female: seasonal rhinitis ST + grasses, weeds, 

• IT: burning hands and feet, chest pressure, lightheadedness epinephrine, IT 
discontinued

• Severe cramping, abdominal pain, nausea, vomiting, dizzyness, feet and hand 
burning and feeling of impending doom, no hives 

• ER: 60/30 multiple epinephrine

• Tryptase: 8.75 ng/ml total, <1 ng/ml mature

• PB : c-kit D816V mutation 

• IgE : 18 IU/ml; Specific IgE foods (-)

• BMB: no MC aggregates, spindle MC, Positive CD25 MC 



Monoclonal Mast Cell Activation 
Disorder

Systemic Mastocytosis

Akin, Metcalfe, Valent JACI 2010



Primary Clonal Mast Cell Diseases 

Well differentiated mastocytosis (WDSM)
Alvarez Towse et al 2016

Systemic Mastocytosis without cutaneous 
involvement and with hymenoptera anaphylaxis   

Bonnadona et al 2016



TryptaseKIT

CD25

Gastrointestinal Infiltration of Mast Cells: Systemic 
Mastocytosis

A Clinicopathologic Study of 24 Cases of 
Systemic Mastocytosis Involving the 
Gastrointestinal Tract and Assessment of 
Mucosal Mast Cell Density in Irritable Bowel 
Syndrome and Asymptomatic Patients

Leona A. Doyle, MD*, Golrokh J. Sepehr, MD*, 
Matthew J. Hamilton, MD†,‡, Cem Akin, MD,
PhD†,‡, Mariana C. Castells, MD†,‡, and Jason 
L. Hornick, MD ,PhD 2014





From: Longley, B.J. et. al., Leukemia Research 25: 571-576, 2001.
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Peptide nucleic acid (PNA)–mediated PCR

Escribano et al 2009

Different 
Patterns of KIT 

Mutation in 
Indolent
Systemic

Mastocytosis



Tryptase 
Levels in 
Anaphylaxis 
and Systemic 
Mastocytosis
Schwartz, NEJM1987



JACI 2016



FIG 3. Darier’s sign. A-C, A wheal-and-flare reaction develops upon stroking of 
a CM lesion with a tongue spatula. Darier’s sign is a highly specific diagnostic 
feature of CM.

Darier’s Sign



Cutaneous manifestations in patients with Mastocytosis: 
Consensus report European Competence Network on Mastocytosis

American Academy of Asthma Allergy and Immunology
European Academy of Allergy and Clinical Immunology 2016



4-month-old boy with 
fever, viral disease, 
skin blistering, seizure 
(vancomycin), ARDS, 
cardiac arrest



Hereditary Alpha 
Tryptasemia

Mast Cell 
Activation 
Disorders 



Mast Cell Activation Symptoms in Systemic Mastocytosis
- 30 y/o male severe osteoporosis of both hips/bilateral prosthesis 
- Symptoms : Intermittent diarrhea, inability to concentrate, mental fogginess, flushing, 

unprovoked anaphylaxis 
-Tryptase: 60 ng/ml
- Hip biopsy: aggregates of >50 mast cells, spindle shaped, CD25 + 

Diagnosis: Indolent Systemic Mastocytosis



22 y/o with asthma, allergies, anaphylaxis, abdominal pain, flushing
Hereditary Alpha Tryptasemia

• HPI: since age 12 severe asthma, allergies, abdominal pain, bloating, diarrhea, flushing, hives CIU, unprovoked anaphylaxis, 
dizziness, fatigue, hypermobility, joint pain. Cannot work a steady job due to HR and dizziness/presyncope during prolonged 
standing (> 10 min). Musician (song named Tryptase)  

• PMH: Orthostatic cerebral hypoperfusion syndrome (OCHOS)/POTS, small fiber neuropathy and EDS, 

• FH: mother and brother with POTS

• Labs : Tilt test +,   Biopsy + : small fiber neuropathy,  Orthostatic cerebral blood flow velocity test: “abnormally reduced 
without the presence of orthostatic hypotension or hyperventilation, indicating cerebral hypoperfusion on standing. The 
mechanisms leading to OCHOS may include abnormal cerebral vasoconstriction.”

• Tryptase: 18 ng/ml 
• IgE 264 IU/ml , spIgE + wheat, peanut, soy, scallops, cat, dust mites, pollen 



Hereditary Alpha Tryptasemia
Lyons et al Nature Genetics 2016  
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Is α-tryptase Truly Inactive?

Quang TL, et al. J Exp Med 2019

• Mature tryptase tetramer
• From monomeric protryptase x 4
• Needs heparin and cathepsins
• Central pore active site

• Alpha tryptase on its own shows no 
proteolytic activity

***So how does increase serum concentration 
cause disease?



Quang TL, et al. J Exp Med 2019

α/β-Tryptase Heterotetramers Form in vitro

α/β-Tryptase (but not β-tryptase) makes human MCs susceptible to vibration-
triggered degranulation 
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15 y/o female with hives, dyspnea, headache, fatigue
Mast Cell Activation Syndrome  

• 3 years of dyspnea, extreme sensitivity to odors, smells, lotions, tobacco smoke, 
flushing, abdominal bloating, pain, throat tightening, fatigue, hives, intolerance to heat, 
headaches, food and dye intolerance. Fully functional, tennis school team  
• PHM: Asthma, Eczema, SAR on Immunotherapy with anaphylaxis. Received HPV and 

restarted IT in 2016 and started reacting to foods, developed hives, dizziness/POTS. 
Very restricted diet (10 foods)

Tryptase: 3.7 ng/ml
IgE: 38 specific IgE + dust mites, dog      
Prostaglandin F2a 14,990 (Nl: < 5000pg/ml Cr) 



Classification of Diseases associated with 
Mast Cell Activation

Akin , Metcalfe, Valent JACI 2010 



Non-Clonal Mast Cell Activation Syndrome 
Hamilton et al JACI 2011



Hamilton et al 2011 JACI



Mast Cell 
Activation 
Symptoms and 
Associated 
Mediators 

Escribano L, Akin C, Castells M, A, Metcalfe DD: Mastocytosis: 
current concepts in diagnosis and treatment. Annals of Hematology 
2002; 81: 677-690



Urinary N-methyl histamine (mcg/g creatinine [Cr]) in 
systemic mastocytosis and controls

Normal value:
30–200 mcg/g Cr.

Butterfield 2010



24-h urinary excretion of 11-prostaglandin F2 (11-PGF2) 
(ng/24 h) in systemic mastocytosis and controls

Butterfield 2010

Normal value: 
<1000 ng/24 h



Urinary Excretion of LTE4 (ng/g creatinine) in Patients 
with Systemic Mastocytosis and Controls

Butterfield 2010





JACI In Practice 2019

Personalized Medicine 
Targeting Mediators and Symptoms 



JACI In Practice 2019
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Oral Disodium Cromoglycate in the Treatment of Systemic 
Mastocytosis

Soter NA, Austen KF, Wasserman SI: Oral disodium cromoglycate in the treatment of systemic mastocytosis. New England Journal of Medicine 1979; 301: 465-469



Castells, M; Akin, C. Nature Medicine 2022

New Treatment Options for Mastocytosis and Mast Cell 
Activation Symptoms 



First Targeted Therapy Approved for Rare Mutation of 
Gastrointestinal Stromal Tumors 

Severe side effects
Thrombocytopenia
Brain Hemorrhage

Jan2020



Mastocytosis and Mast Cell Activation Syndromes 
Treatment

• Phenotypes: MCAS, HaT , Mastocytosis
• Comorbidities: anaphylaxis, allergies, POTS, EDS, SFN
• Diagnosis: KIT mutations, single cell RNA
• New Biomarkers: nanoparticles, signal transduction, receptors MRGPRX2 
• New Therapies : TKI, ITIMs receptors 
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