
© 2023 Associazione Allergologi Immunologi Italiani Territoriali e Ospedalieri - AAIITO. Published by EDRA SpA. All rights reserved.

R E V I E W Eur Ann Allergy Clin Immunol Vol 55, N.4, 152-160, 2023

Maria Leonor Couto1 , Mafalda Silva1 , Maria João Barbosa1 ,  
Francisca Ferreira1 , Ana Sofia Fragoso1 , Tiago Azenha Rama1-4

Defining hereditary alpha-tryptasemia as a 
risk/modifying factor for anaphylaxis:  
are we there yet?

Key words

Anaphylaxis; hereditary alpha-tryptasemia 
syndrome; tryptase; mast cell activation 
syndrome; serum baseline tryptase.

Corresponding author
Tiago Azenha Rama
Basic and Clinical Immunology Service
Department of Pathology
Faculty of Medicine
University of Porto
Alameda Prof. Hernâni Monteiro
4200-319 Porto, Portugal
ORCID: 0000-0003-0134-617X
E-mail: tarama@med.up.pt

Doi
10.23822/EurAnnACI.1764-1489.288

1Basic and Clinical Immunology Service, Department of Pathology, Faculty of Medicine, University of Porto, Porto, Portugal
2Serviço de Imunoalergologia, Centro Hospitalar Universitário São João, Porto, Portugal
3EPIUnit ‒ Institute of Public Health, University of Porto, Porto, Portugal
4Laboratory for Integrative and Translational Research in Population Health (ITR), Porto, Portugal

Summary
Hereditary α-tryptasemia (HαT) is a common autosomal dominant genet-
ic trait with variable penetrance associated with increased serum baseline 
tryptase (SBT) levels. Clinical manifestations may range from an absence 
of symptoms to overtly severe and recurrent anaphylaxis. Symptoms have 
been claimed to result from excessive activation of EGF-like module-con-
taining mucin-like hormone receptor-like 2 (EMR2) and protease activat-
ed receptor 2 (PAR-2) receptors by α/β-tryptase heterotetramers. Herein, 
we aimed to review the evidence on whether HαT can be considered a 
hereditary risk factor or a modifying factor for anaphylaxis.
Increased SBT levels have been linked to an increased risk of anaphylaxis. 
Likewise, recent studies have shown that HαT might be associated with 
a higher risk of developing anaphylaxis and more severe anaphylaxis. The 
same has also been shown for patients with clonal mast cell disorders, in 
whom the co-existence of HαT might lead to a greater propensity for se-
vere, potentially life-threatening anaphylaxis. However, studies leading to 
such conclusions are generally limited in sample size, while other studies 
have shown opposing results. As such, further studies investigating the po-
tential association of HαT with anaphylaxis caused by different triggers, 
and different severity grades, in both patients with clonal mast cell activa-
tion syndromes and the general population are still needed.Impact statement

The potential association between hereditary 
α-tryptasemia and a higher risk for anaphylaxis 
or more severe anaphylaxis is plausible but lacks 
validatory evidence in large non-selected study 

populations.
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Methods

A literature search was carried out in the MEDLINE and Sco-
pus databases using the PubMed search engine as of July 2022. 
Keywords in the query included: “Hereditary Alpha-Tryptase-
mia”, “Elevated tryptase” and “Anaphylaxis”. The search was 
limited to articles published over the last ten years. No language 
restrictions were included. A narrative review was performed 
based on the relevant literature, including case reports, case se-
ries, retrospective series reviews, and narrative reviews. 
Risk factor for anaphylaxis was defined as a variable associated 
with an increased frequency of anaphylaxis. Modifying factor 
for anaphylaxis was defined as a variable that can alter the sever-
ity or clinical manifestations of anaphylaxis.

Hereditary α-tryptasemia

Tryptase genetics and biological role
Tryptases are serine proteases released by MC and basophils (to 
a lesser extent) (28). The tryptase genomic locus is located in 
chromosome 16p13.3 and contains four genes: TPSG1, TPSB2, 
TPSAB1, and TPSD1 (2, 29). Although all of these genes en-
code tryptases, only TPSB2 and TPSAB1 encode isoforms that 
are routinely and collectively measured (α and β-tryptase) (29). 
Overall, tryptases derive from pre-tryptase, a 274 amino acid 
peptide, which is processed into pro-tryptase, a 257 amino acid 
peptide. 

Introduction

Hereditary α-tryptasemia (HαT) is an autosomal dominant 
genetic trait with a variable penetrance (1) which is present 
in 4 to 6% of the general population (2). This condition is 
associated with an excess of copies in TPSAB1 (2), which 
leads to an increased release of pro-tryptases, being the most 
common cause of elevated serum baseline tryptase (SBT) 
(1). Symptoms may result from the activation of epidermal 
growth factor (EGF)-like module-containing mucin-like hor-
mone receptor-like 2 (EMR2) and protease-activated recep-
tor 2 (PAR-2) receptors by α/β-tryptase heterotetramers (1, 
2). Whereas a significant (although unknown) proportion of 
HαT-carriers remains asymptomatic, HαT may present with 
mast cell activation-related clinical manifestations including 
anaphylaxis (3). 
Anaphylaxis is defined as a severe life-threatening systemic/
generalized hypersensitivity reaction (4, 5), with varied mech-
anisms, clinical presentations, and degrees of severity that re-
sults from the release of mast cell (MC)/basophil mediators 
(6). Widely considered to be underdiagnosed, its lifetime prev-
alence may reach 0.3-5.1% (7). While some factors have been 
established as being associated with an increased (e.g., age, al-
lergy to nut storage proteins) or decreased (e.g., allergy to Bet 
v1 manifesting as oral allergy syndrome) risk for anaphylaxis 
due to food allergy (8), evidence on risk factors for other eti-
ologies is limited (7). 
Studies have shown a potential association between elevated 
SBT (a surrogate marker for HαT) and anaphylaxis (9-14), 
but data on this matter are still limited. Mast cell disorders 
are variably associated with both elevated SBT and anaphy-
laxis (15). In fact, several studies have defined clonal (masto-
cytosis and monoclonal mast cell activation syndromes) and 
non-clonal MC disorders (non-clonal mast cell activation syn-
dromes) as risk factors for severe and recurrent anaphylaxis 
due to Hymenoptera venom allergy (HVA), drug hypersen-
sitivity, food allergy or even idiopathic anaphylaxis (15-21). 
Recently, HαT has been shown to be more prevalent in pa-
tients presenting with mastocytosis (12 to 17%) and idiopath-
ic anaphylaxis (17%) (22, 23), and the coexistence of HαT 
and clonal MC disorders/mastocytosis has been described as a 
genetic biomarker for severe anaphylaxis (23). In the general 
population, HαT has been associated with both a higher risk 
for anaphylaxis (3, 24, 25) and a higher risk for more severe 
anaphylaxis (22, 25). Still, recent studies do not support this 
claim (26, 27).
Herein, we aimed to review the evidence on whether HαT can 
be considered a hereditary risk factor or modifying factor for 
anaphylaxis and to review the pathophysiological mechanisms 
potentially involved.

Figure 1 - Proposed pathophysiological mechanisms in hereditary 
α-tryptasemia (HαT).

In comparison with normal (wild-type, WT) mast cells (MC), those from 
individuals with HαT possess extra TPSAB1 copies resulting in a more sig-
nificant formation of α/β heterotetramers. Following MC degranulation, α/β 
heterotetramers are released, and might activate epidermal growth factor (EG-
F)-like module-containing mucin-like hormone receptor-like 2 (EMR2) and 
protease-activated receptor 2 (PAR2), inducing a decreased threshold for vi-
bration-induced mast cell degranulation, and increasing vasopermeability and 
bronchial/gastrointestinal smooth muscle contraction, respectively, explaining 
manifestations commonly found in patients with HαT (e.g., urticaria, abdom-
inal pain and diarrhea). 
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A limited amount of pro-tryptase is constitutively secreted 
by unstimulated MC and comprises the vast majority of SBT 
(30). It can also be processed into 245-amino-acid mature 
tryptases, which are then stored in MC granules as tetramers, 
being stabilized by heparin (2). Bioactive tryptase tetramers 
derive exclusively from TPSB2 (which encodes β-tryptase) and 
TPSAB1 (which encodes α- or β-tryptase) (30). These isoforms 
are very similar (at least 97% identical), which makes labora-
tory distinction of tryptase isoforms extremely difficult (29). 
Mature α-tryptase does not form proteolytically viable tetram-
ers and is not stored, while mature β-tryptase tetramers are 
primarily present in MC cytoplasmatic granules being released 
following MC activation (2). Whereas β-tryptase is a well-
known active protease, the role of α-tryptase is enigmatic. In 
fact, its homotetramers are almost devoid of proteolytic activ-
ity (31). Simultaneously, α-tryptase protomers (subunits that 
constitute an oligomeric protein) are thought to have allosteric 
effects on neighboring β-tryptase protomers, facilitating the 
formation of α/β-tryptase tetramers (32). This process is spon-
taneous in individuals who have α-tryptase-encoding genes 
(31) and involves a two-step proteolytic processing and stabi-
lization by heparin proteoglycans (30). These heterotetramers 
have unique functional properties that can lead to the activa-
tion of MCs and other cell types, some of which may underlie 
specific clinical manifestations of HαT and other disorders 
involving MCs (31). In fact, such effects are thought to derive 
from the cleavage and activation of EMR2 and also of PAR-
2 (which is not induced by homotetramers or pro-tryptases), 
and from a higher stability, which results in a longer dura-
tion of action of heterotetramers when compared to homote-
tramers (1, 2). EMR2 activation by such tetramers has been 
shown to decrease the threshold for vibration-induced in vitro 
MC degranulation (2, 33). Also, heterotetramers selectively 
cleave and activate PAR2. This receptor which can be found 
on smooth muscle, neurons, and epithelial cells, is involved 
in the modulation of inflammatory responses and has been 
implicated in potentiating vascular membrane permeability in 
the gut (1). In vitro studies have suggested a PAR2-dependent 
increased vascular leakage resulting from an α/β-tryptase het-
erotetramer activation (22). However, in vivo studies to sup-
port this hypothesis are currently lacking.

Pathophysiology of hereditary α-tryptasemia
HαT is characterized by an increased release of pro-tryptases 
due to an excess of copies in TPSAB1 (2) and is a common 
cause of elevated SBT levels (1).
Canonical TPSAB1 genotypes include 2α:2β, 1α:3β, or 0α:4β 
(table I). Individuals with HαT have additional α-tryptase 
alleles, which results in an n(α)β allele (1). Most individuals 
with HαT present with a duplication of α-tryptase (26), but 
as many as five extra copies of TPASB1 have been reported 

(34). When the absolute copy number is not increased, SBT 
has been shown to increase per copy of α-tryptase encoded 
by TPSAB1 (2). However, α-tryptase copy numbers are not 
directly correlated to SBT, as coinheritance of regulatory ele-
ments has also been hypothesized to cause SBT elevations in 
HαT (35).
Even though HαT does not seem to be associated with a high-
er intracellular tryptase content (31), it may be associated with 
a more significant formation of α/β heterotetramers. In fact, 
an increased number of α-tryptase copies in TPSAB1 seems to 
result in a higher ratio of α/β heterotetramers when compared 
to β homotetramers (2, 31). While an increased activity of α/β 
heterotetramers may cause symptoms associated with HαT, 
this association remains hypothetical and has been related to 
the cleavage and activation of EMR2 and PAR2 receptors. 
Specifically, EMR2 activation and cleavage in HαT have been 
associated with flushing, pruritus, urticaria, and angioedema 
following exposure to vibratory stimuli (1). PAR2 activation 
seems to increase vascular endothelium permeability (poten-
tially causing an increase in the severity of hypotension during 
anaphylaxis) and smooth muscle contraction (inducing bron-
chospasm and/or abdominal cramping), potentially leads to 
neuronal activation (leading to pruritus and hyperalgesia), and 
to inflammation of epithelial membranes and joint synovial 
surfaces (31) (figure 1). 

Table I - Normal variants and common hereditary α-tryptasemia 
genotypes. 

Normal variants Resulting genotypes

TPSB2 TPSAB1

β#, β† β#, β† 0α:4β
β#, β† β#, α† 1α:3β
β#, β† α#, α† 2α:2β
Common HαT variants* Resulting genotypes

TPSB2 TPSAB1
β#, β† β#, α†, α† 2α:3β
β#, β† β#, α†, α†, α† 3α:3β
β#, β† α#, α†, α† 3α:2β
β#, β† α#, α#, α†, α† 4α:2β
β#, β† α#, α†, α†, α† 4α:2β

HαT: hereditary alpha tryptasemia; #Parent 1; †Parent 2; *HαT is di-
agnosed in the presence of increased TPSAB1 copy numbers (i.e., ≥ 3 
α-tryptase-gene copies or 2 α-tryptase-gene copies in the presence of 3 
β-tryptase-gene copies). Adapted from: Luskin KT, White AA, Lyons JJ. 
The Genetic Basis and ClinicalImpact of Hereditary Alpha-Tryptase-
mia. J Allergy Clin Immunol Pract. 2021;9(6):2235-42. doi: 10.1016/j.
jaip.2021.03.005.
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Clinical manifestations
Several clinical phenotypes associated with HαT have been de-
scribed, with some individuals showing few or no symptoms 
when compared to controls from the general population (26). 
The so-called functional gastrointestinal complaints are among 
the most reported. Some of these might be difficult to char-
acterize or quantify. Still, irritable bowel syndrome (IBS)-like 
symptoms, as defined by Rome III Criteria, have been reported 
in approximately half of the affected individuals (3, 29). Around 
half of the individuals also present with recurrent cutaneous 
symptoms, including flushing and pruritus (29). Usually, these 
symptoms are spontaneous, while vibration or light trauma 
(e.g., hand clapping) are frequently identified as triggering fac-
tors (29). 
Systemic reactions consistent with IgE-mediated immediate hy-
persensitivity to insect venom (i.e., Hymenoptera venom aller-
gy) were reported in approximately 20% of HαT patients (29). 
This reported prevalence is four times higher than that described 
in the general population (36). Other reported clinical mani-
festations include mood swings, connective tissue abnormali-
ties such as joint hypermobility, retained deciduous dentition, 
congenital anomalies, autonomic dysfunction (orthostatic hy-
potension, tachycardia, presyncope, and syncope), and also con-
stitutional symptoms such as chronic pain and fatigue (2, 10, 
11, 13, 14, 29, 37). In a small number of highly symptomatic 
families with increased TPSAB1 copies, eosinophilic gastroin-
testinal disease, multiple food intolerances, failure to thrive, and 
IgE-mediated allergies have also been described (29). 
Isolated studies have shown that HαT patients may display his-
topathological changes, namely an increased number of MC in 
the small intestine (correlating with the increase in tryptase) and 
abnormal MC morphology and topography in both the bone 
marrow and small intestine (38, 39).

Diagnosis
In individuals with suspected HαT, assessment of SBT levels is 
the first diagnostic step. Whereas lower SBT levels have been 
found in patients with HαT (3), most patients present with lev-
els above 8 ng/mL (2). Droplet-digital polymerase chain reaction 
(ddPCR) is currently considered the most robust and reliable 
method (sensitivity 100% and specificity 90%) for the detec-
tion of copy number variations in the TPSAB1 gene, allowing 
its genotyping (2, 30). This technique enables detecting α- and 
β-tryptase-encoding sequences in TPSAB1 and TPSB2 at the 
tryptase locus (1). The ratio of α and β alleles over control-gene 
copies is then determined (29). These ratios are used to calcu-
late the α/β ratio in order to obtain the patient’s genotype (29). 
HαT is diagnosed in the presence of an increased TPSAB1 copy 
number (i.e., ≥ 3 α-tryptase-gene copies or 2 α-tryptase-gene 
copies in the presence of 3 β-tryptase-gene copies) (25). The 

most common HαT genotypes include 2α:3β, 3α:2β, 4α:2β, 
3α:3β) (2, 29) (table I).

Treatment
The recommended treatment of HαT manifestations is symp-
tom-based. Therefore, asymptomatic individuals with HαT 
lack an indication for treatment (30). Since most symptoms are 
suggestive of mast cell mediator release, H1- and H2-anti-his-
tamines, leukotriene receptor antagonists, mast cell membrane 
stabilizers (i.e., sodium cromolyn), high dose aspirin (in specific 
cases presenting with elevated lipid mediators (1)) and anti-IgE 
therapy (i.e., omalizumab, in patients with recurrent idiopathic 
anaphylaxis) have been suggested (2). Ongoing clinical trials us-
ing novel monoclonal antibodies targeting SIGLEC-8 (40-43) 
and tryptase (44) may add up to the symptom-directed treat-
ment of HαT patients.
In the presence of prior anaphylaxis, self-injectable adrenaline 
should be prescribed (2). In patients with a history of HVA, 
specific immunotherapy with Hymenoptera venom (VIT) is 
recommended (1, 2). While lifelong VIT is recommended for 
clonal mast cell disorders (45) due to a potentially higher risk 
of anaphylaxis with field stings following VIT discontinuation 
(46), it is not currently recommended in HαT, as evidence of its 
indication is lacking.

Hereditary α-tryptasemia and anaphylaxis

Serum tryptase and anaphylaxis
Serum tryptase has been used as a sensitive biomarker for the 
assessment of mast cell burden in systemic mastocytosis (SM) 
(47) and the confirmation of acute MC activation during ana-
phylaxis (10), even though a subset of patients with food allergy 
may not present with tryptase elevation during anaphylaxis (48, 
49). Traditionally, the laboratory confirmation of anaphylaxis 
required the elevation of acute serum tryptase levels above the 
normal cut-off value (i.e., > 11.4 ng/mL). However, different 
methods for calculating serum tryptase elevation over the indi-
vidual’s SBT levels have been proposed for the same purpose, 
showing higher sensitivity and specificity (50, 51). Specifically, 
the 20%+2 ng/mL tryptase formula was proposed, by consen-
sus, in 2010 to diagnose episodes of mast cell activation and to 
define the analytical criteria for the diagnosis of mast cell acti-
vation syndromes (50). However, while this model has shown 
high sensitivity for the confirmation of anaphylaxis in both 
children and adults (52-54), its specificity may be modest in 
patients with elevated SBT (51). In fact, in a recent study com-
paring serum tryptase level changes during anaphylaxis between 
atopic and HαT patients, with/without SM, the use of a 1.685 
ratio (acute serum tryptase over SBT) was proposed. The latter 
has shown higher sensitivity and specificity values in compari-
son with the 20%+2 ng/mL formula (51). 
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Elevated baseline tryptase as a risk/modifying factor for ana-
phylaxis
Apart from the association between elevated acute serum 
tryptase levels and anaphylaxis, several studies have shown 
elevated SBT to be a risk factor and/or a modifying factor 
for anaphylaxis (9-14). Fellinger et al. (11) described patients 
with elevated SBT as being more prone to anaphylactic reac-
tions caused by different triggers (i.e., insect venom, drugs, 
foods) compared with individuals with normal SBT. Farioli et 
al. (9) classified patients as being at low risk for anaphylaxis 
when they displayed SBT < 4 ng/mL, intermediate risk 4-7.5 
ng/mL, and high risk for levels > 7.5 ng/mL. In a cohort of 
children with food allergy, Sahiner et al. (13) reported SBT 
levels of 14.5 ng/mL or more to have a 90% positive pre-
dictive value for presenting with moderate to severe anaphy-
laxis. Akin et al. (55) reported elevated SBT in the absence 
of detectable clonal mast cell disease in 12-17% of patients 
presenting with idiopathic anaphylaxis. 
In turn, several studies in which HαT genotypes have also 
not been systematically assessed have shown that an increased 
SBT is not only associated with a higher risk for anaphylax-
is but also with more severe anaphylaxis (modifying factor). 
Both Haeberli et al. (10) and Fellinger et al. (11) described a 
positive correlation between SBT and the severity of anaphy-
laxis in patients with an allergy to insect venom(s). In fact, the 
latter study showed an absence of Ring and Messmer grade I 
(any mild skin, gastrointestinal, or mucosal allergic reactions) 
or II reactions (2 mild or any moderate skin, gastrointestinal 
or mucosal allergic reactions) in patients with increased levels 
of SBT, as opposed to a frequency of 14.2% in those with 
anaphylactic shock (grade 4). Sahiner et al. (13) suggested 
that SBT levels can predict moderate to severe anaphylaxis in 
children with food allergy, specifically peanut allergy, as those 
with nut/peanut allergy had significantly higher SBT levels 
and more severe symptoms compared to children with milk 
and egg allergy with lower SBT. 
However, none of these studies included a systematic assess-
ment of HαT genotypes or clonal mast cell disorders. Since 
HαT is the most frequent cause of SBT elevation, these stud-
ies might point towards a straightforward association between 
elevated SBT/HαT and anaphylaxis or more severe anaphy-
laxis, given the fact that clonal mast cell activation syndromes, 
another cause for SBT elevation and severe anaphylaxis are 
rare (56, 57). 

Hereditary α-tryptasemia as a risk/modifying factor for ana-
phylaxis
Several studies in which HαT genotypes have been assessed 
have shown that patients with HαT are not only more prone 
to anaphylaxis (risk factor) (3, 24, 25) but also prone to more 
severe anaphylaxis (modifying factor) (22, 25). Giannetti et 

al. (3) showed that more than 50% of HαT patients pres-
ent with anaphylaxis in a retrospective, consecutive cohort 
study of 101 HαT patients. Vasquez et al. (24) showed that 
among patients with congenital hypermobility disorders, 
those with HαT showed a tendency towards a higher risk 
of anaphylaxis. Lyons et al. (25) showed that HVA patients 
diagnosed with HαT were significantly more likely to de-
velop systemic allergic reactions/anaphylaxis and that such 
reactions were more severe than those occurring in non-HαT 
patients. Similarly, in a cohort of individuals with an HVA, 
Lyons et al. (22) also found HαT to be at least twice more 
common in individuals with severe anaphylaxis than in the 
general population. However, in a sex- and age-match con-
trol study by Chollet and Akin (26), including patients from 
an allergy/clinical immunology department and randomly 
selected from a biorepository, HαT was not associated with 
anaphylaxis. The authors suggested that reports attributing 
phenotypic findings to HαT might have incurred in a referral 
bias, due to enrichment with patients presenting with un-
explained symptoms, anaphylaxis, and postural orthostatic 
tachycardia syndrome, which could increase the likelihood 
of such patients being submitted to SBT assessment (26). 
Accordingly, in a study by Rama et al. (27), including a small 
cohort of patients with nonclonal MCAS and anaphylaxis 
triggered not only by Hymenoptera venom but also drug hy-
persensitivity, food allergy, and idiopathic anaphylaxis, HαT 
was not associated with more severe anaphylaxis. 

Hereditary α-tryptasemia and anaphylaxis in patients with 
mastocytosis and other clonal mast cell disorders
Clonal mast cell disease, specifically mastocytosis/SM, 
consists of a group of disorders in which the frequency of 
anaphylaxis in adults may reach 46% and in which SBT 
is elevated not due to increased copies of TPSAB1 but to 
an increased MC burden (47). SM in adults has also been 
shown to be associated with severe anaphylaxis. This asso-
ciation has notoriously been shown for patients with bone 
marrow mastocytosis (a disease subtype usually presenting 
with a low MC burden and, hence, lower/normal levels of 
SBT) and HVA (58). In this regard, it should be noted that 
up to one-fifth of SM patients display perfectly normal levels 
of SBT (47, 59-61). This finding may result from α-tryptase 
deficiency (i.e., 0α:4β), which is present in 29% of the gen-
eral population (62).
Several studies have shown that patients with SM presenting 
with a relatively low bone marrow mast cell burden (i.e., in-
dolent SM) often display discordantly high SBT levels (i.e., 
> 200 ng/mL) (21, 63), which might explain why SBT does 
not fit as predicting factor on some SM progression models 
(63-65) (table II). While children with elevated SBT have 
been shown to be more prone to severe mast cell mediator re-
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lease episodes (66, 67), this association is not evident among 
adults with SM, with some studies suggesting the association 
(15, 56) and others suggesting otherwise (20). Such findings 
might be explained by the heterogeneity of cohorts, as those 
more enriched in bone marrow mastocytosis (whose diagno-
sis is achieved during the diagnostic study of anaphylaxis) 
usually display lower levels of SBT. However, none of these 
studies assessed the presence of HαT genotypes. 
Three studies investigated the potential association between 
MC mediator release episodes and HαT in SM patients. In 
a multicentric cohort, Lyons et al. (22) showed that patients 
presenting with SM and HαT are 9.5 more prone to suf-
fer from HVA-related anaphylaxis than those with wildtype 
tryptase genotype. However, this cohort was particularly 
enriched with patients without mastocytosis skin lesions, in 
which HVA is the form of presentation in the vast majority 
of patients. Greiner et al. (23) investigated a more diverse 
cohort, including patients with cutaneous and/or systemic 
mastocytosis, showing that patients with mastocytosis and 
HαT are overall more symptomatic (particularly concerning 
cardiovascular symptoms) and more prone to HVA, as well as 
anaphylaxis. However, in the aforementioned study by Chol-
let and Akin (26) comparing SM patients with and without 
HαT genotypes, there was no apparent association between 
HαT and anaphylaxis among SM patients. Likewise, in a 
recent study by Rama et al. (27), cardiovascular symptoms 
were not more frequent among patients with clonal mast cell 

activation syndromes/anaphylaxis with HαT genotypes vs 
those with a wildtype TPSAB1 genotype.

Conclusions

MC disorders and increased SBT levels of unknown causes are 
both risk factors for anaphylaxis and modifying factors leading 
to more severe reactions. In this line, HαT was considered to 
potentially increase the risk and/or severity of anaphylaxis in 
those bearing this genetic trait, both in the general population 
and in patients with overlapping clonal MC disorders. However, 
current data on this matter results from limited cohort studies, 
that may be affected by a selection bias, is still scarce and, at 
most, conflicting. In fact, current evidence only points towards 
a potentially higher risk for HVA-related anaphylaxis, and re-
cent studies have suggested that HαT is neither a risk factor 
nor a modifying factor for anaphylaxis triggered by any cause. 
Furthermore, while plausible pathogenic mechanisms have been 
proposed ‒ the activation of PAR2 and EMR2 by α/β-tryptase 
heterotetramers ‒ confirmatory studies that validate this hy-
pothesis are still lacking. 
In summary, additional studies investigating the potential as-
sociation between HαT and anaphylaxis caused by different 
triggers (i.e., aside from HVA) and the severity of anaphylaxis, 
both in the general population and in clonal MC activation syn-
dromes, are still needed.

Table II - Features and outcomes of studies investigating hereditary α-tryptasemia as a risk factor or modifying factor for anaphylaxis. 

Study Type of study Population Number 
of participants Risk factor Modifying 

factor

Lyons JJ, et al. 
(2016) (25)

Prospective case-
control study

Selected cohort (patients with MCAS 
and relatives), unselected cohorts (control 

population)
n = 351 Yes Yes

Lyons JJ, et al. 
(2021) (22)

Retrospective
case-control study

Patients with SM and HVA/idiopathic 
anaphylaxis n = 652 No Yes

Greiner G,  
et al. (2021) (23)

Retrospective
case-control study

Patients with mastocytosis with and without 
HαT n = 180 Yes Non-

applicable

Chollet MB,  
et al. (2022) (26)

Prospective 
case-control study

Patients under follow-up at an allergy and 
clinical immunology department, random 

biorepository control population
n = 131 No No

Vazquez M,  
et al. (2022) (24)

Retrospective
case-control study

Patients with hypermobility disorders with 
and without HαT n = 266 No* Non-

applicable

Rama TA, et al. 
(2022) (27)

Prospective
case-control study

Patients with MCAS and anaphylaxis 
caused by HVA, foods and drugs/idiopathic 

anaphylaxis with and without HαT
n = 71 Non-

applicable No

HαT: hereditary α-tryptasemia; HVA: Hymenoptera venom allergy; MCAS: mast cell activation syndromes; SBT: serum baseline tryptase; SM: systemic mastocyto-
sis. *This study reported a tendency toward a higher frequency of anaphylaxis in the HαT group (p = 0.07).



158 Maria Leonor Couto, Mafalda Silva, Maria João Barbosa, et al.

Fundings

None.

Contributions

TAR: conceptualization. MLC, MS, MJB, FF, ASF, TAR: de-
sign. MS, MJB, MLC: data collection or processing. MLC, MS, 
MJB, FF, ASF: analysis and interpretation. MLC, MS, MJB, FF, 
ASF: writing – original draft. All authors: writing – review and 
editing, final approval.

Conflict of interests

The authors declare that they have no conflict of interests.

Acknowledgements

The authors gratefully acknowledge Professor Luís Delgado for 
his thorough and critical review of this manuscript.

References

1. Wu R, Lyons JJ. Hereditary Alpha-Tryptasemia: a Common-
ly Inherited Modifier of Anaphylaxis. Curr Allergy Asthma Rep. 
2021;21(5):33. doi: 10.1007/s11882-021-01010-1.

2. Luskin KT, White AA, Lyons JJ. The Genetic Basis and Clinical 
Impact of Hereditary Alpha-Tryptasemia. J Allergy Clin Immunol 
Pract. 2021;9(6):2235-42. doi: 10.1016/j.jaip.2021.03.005.

3. Giannetti MP, Weller E, Bormans C, Novak P, Hamilton MJ, Cas-
tells M. Hereditary alpha-tryptasemia in 101 patients with mast 
cell activation-related symptomatology including anaphylaxis. Ann 
Allergy Asthma Immunol. 2021;126(6):655-60. doi: 10.1016/j.
anai.2021.01.016.

4. Simons FE, Ardusso LR, Bilo MB, El-Gamal YM, Ledford DK, 
Ring J, et al. World allergy organization guidelines for the assess-
ment and management of anaphylaxis. World Allergy Organ J. 
2011;4(2):13-37. doi: 10.1097/WOX.0b013e318211496c.

5. Muraro A, Roberts G, Worm M, Bilo MB, Brockow K, Fernandez 
Rivas M, et al. Anaphylaxis: guidelines from the European Academy 
of Allergy and Clinical Immunology. Allergy. 2014;69(8):1026-45. 
doi: 10.1111/all.12437.

6. Lieberman P, Nicklas RA, Oppenheimer J, Kemp SF, Lang DM, 
Bernstein DI, et al. The diagnosis and management of anaphy-
laxis practice parameter: 2010 update. J Allergy Clin Immunol. 
2010;126(3):477-80.e1-42. doi: 10.1016/j.jaci.2010.06.022.

7. Cardona V, Ansotegui IJ, Ebisawa M, El-Gamal Y, Fernandez Ri-
vas M, Fineman S, et al. World allergy organization anaphylaxis 
guidance 2020. World Allergy Organ J. 2020;13(10):100472. doi: 
10.1016/j.waojou.2020.100472.

8. Turner PJ, Arasi S, Ballmer-Weber B, Baseggio Conrado A, De-
schildre A, Gerdts J, et al. Risk factors for severe reactions in 
food allergy: Rapid evidence review with meta-analysis. Allergy. 
2022;77(9):2634-52. doi: 10.1111/all.15318.

9. Farioli L, Losappio LM, Schroeder JW, Preziosi D, Scibilia J, 
Caron L, et al. Basal Tryptase Levels Can Predict Clinical Severity 
in Hymenoptera Venom Anaphylaxis and Ischemic Cardiovascular 

Disorders. J Investig Allergol Clin Immunol. 2019;29(2):162-4. 
doi: 10.18176/jiaci.0363.

10. Haeberli G, Bronnimann M, Hunziker T, Muller U. Elevated basal 
serum tryptase and hymenoptera venom allergy: relation to severity 
of sting reactions and to safety and efficacy of venom immunother-
apy. Clin Exp Allergy. 2003;33(9):1216-20. doi: 10.1046/j.1365-
2222.2003.01755.x.

11. Fellinger C, Hemmer W, Wohrl S, Sesztak-Greinecker G, Jarisch 
R, Wantke F. Clinical characteristics and risk profile of patients 
with elevated baseline serum tryptase. Allergol Immunopathol 
(Madr). 2014;42(6):544-52. doi: 10.1016/j.aller.2014.05.002.

12. Aberer E, Savic S, Bretterklieber A, Reiter H, Berghold A, Aberer 
W. Disease spectrum in patients with elevated serum tryptase levels. 
Australas J Dermatol. 2015;56(1):7-13. doi: 10.1111/ajd.12146.

13. Sahiner UM, Yavuz ST, Buyuktiryaki B, Cavkaytar O, Yilmaz EA, 
Tuncer A, et al. Serum basal tryptase may be a good marker for 
predicting the risk of anaphylaxis in children with food allergy. Al-
lergy. 2014;69(2):265-8. doi: 10.1111/all.12317.

14. O’Connell MP, Lyons JJ. Hymenoptera venom-induced anaphylax-
is and hereditary alpha-tryptasemia. Curr Opin Allergy Clin Immu-
nol. 2020;20(5):431-7. doi: 10.1097/ACI.0000000000000678.

15. Rama TA, Morgado JM, Henriques A, Escribano L, Alvarez-Twose 
I, Sanchez-Munoz L, et al. Mastocytosis presenting with mast 
cell-mediator release-associated symptoms elicited by cyclo oxy-
genase inhibitors: prevalence, clinical, and laboratory features. Clin 
Transl Allergy. 2022;12(3):e12132. doi: 10.1002/clt2.12132.

16. Rama TA, Torrado I, Henriques AF, Sanchez-Munoz L, Matito A, 
Alvarez-Twose I. Drug hypersensitivity in indolent systemic masto-
cytosis, without skin lesions, presenting with anaphylaxis to hy-
menoptera venoms. Allergy. 2021;76(Suppl. 1):388. doi: 10.1111/
all.15095.

17. Gonzalez-de-Olano D, Matito A, Alvarez-Twose I. Mast cell ac-
tivation syndromes and anaphylaxis: Multiple diseases part of the 
same spectrum. Ann Allergy Asthma Immunol. 2020;124(2):143-
5.e1. doi: 10.1016/j.anai.2019.11.023.

18. Giannetti MP, Akin C, Castells M. Idiopathic Anaphylaxis: A 
Form of Mast Cell Activation Syndrome. J Allergy Clin Immunol 
Pract. 2020;8(4):1196-201. doi: 10.1016/j.jaip.2019.10.048.

19. Matito A, Carter M. Cutaneous and systemic mastocytosis in 
children: a risk factor for anaphylaxis? Curr Allergy Asthma Rep. 
2015;15(5):22. doi: 10.1007/s11882-015-0525-1.

20. Gulen T, Hagglund H, Dahlen B, Nilsson G. High prevalence of 
anaphylaxis in patients with systemic mastocytosis - a single-cen-
tre experience. Clin Exp Allergy. 2014;44(1):121-9. doi: 10.1111/
cea.12225.

21. Alvarez-Twose I, Zanotti R, Gonzalez-de-Olano D, Bonadonna P, 
Vega A, Matito A, et al. Nonaggressive systemic mastocytosis (SM) 
without skin lesions associated with insect-induced anaphylaxis 
shows unique features versus other indolent SM. J Allergy Clin 
Immunol. 2014;133(2):520-8. doi: 10.1016/j.jaci.2013.06.020.

22. Lyons JJ, Chovanec J, O’Connell MP, Liu Y, Selb J, Zanotti R, et 
al. Heritable risk for severe anaphylaxis associated with increased 
alpha-tryptase-encoding germline copy number at TPSAB1. J 
Allergy Clin Immunol. 2021;147(2):622-32. doi: 10.1016/j.
jaci.2020.06.035.

23. Greiner G, Sprinzl B, Gorska A, Ratzinger F, Gurbisz M, Wit-
zeneder N, et al. Hereditary alpha tryptasemia is a valid genetic 
biomarker for severe mediator-related symptoms in mastocytosis. 
Blood. 2021;137(2):238-47. doi: 10.1182/blood.2020006157.



159HαT and anaphylaxis

24. Vazquez M, Chovanec J, Kim J, DiMaggio T, Milner JD, Fran-
comano CA, et al. Hereditary alpha-tryptasemia modifies clin-
ical phenotypes among individuals with congenital hypermo-
bility disorders. HGG Adv. 2022;3(2):100094. doi: 10.1016/j.
xhgg.2022.100094.

25. Lyons JJ, Yu X, Hughes JD, Le QT, Jamil A, Bai Y, et al. Ele-
vated basal serum tryptase identifies a multisystem disorder 
associated with increased TPSAB1 copy number. Nat Genet. 
2016;48(12):1564-9. doi: 10.1038/ng.3696.

26. Chollet MB, Akin C. Hereditary alpha tryptasemia is not asso-
ciated with specific clinical phenotypes. J Allergy Clin Immunol. 
2022;149(2):728-35.e2. doi: 10.1016/j.jaci.2021.06.017.

27. Rama TA, Torrado I, Henriques AF, Sanchez-Munoz L, Jara-Acev-
edo M, Navarro-Navarro P, et al. Mast Cell Activation Syndromes: 
Comparison Between Two Scoring Models to Predict for Mast Cell 
Clonality. J Allergy Clin Immunol Pract. 2023;11(3):908-19.e4. 
doi: 10.1016/j.jaip.2022.11.042.

28. Jogie-Brahim S, Min H-K, Fukuoka Y, Xia H-Z, Schwartz LB. 
Expression of α-tryptase and β-tryptase by human basophils. J 
Allergy Clin Immunol. 2004;113(6):1086-92. doi: 10.1016/j.
jaci.2004.02.032.

29. Lyons JJ. Hereditary Alpha Tryptasemia Genotyping and As-
sociated Clinical Features. Immunol Allergy Clin North Am. 
2018;38(3):483-95. doi: 10.1016/j.iac.2018.04.003.

30. Sprinzl B, Greiner G, Uyanik G, Arock M, Haferlach T, Sperr WR, 
et al. Genetic Regulation of Tryptase Production and Clinical Im-
pact: Hereditary Alpha Tryptasemia, Mastocytosis and Beyond. Int 
J Mol Sci. 2021;22(5):2458. doi: 10.3390/ijms22052458.

31. Le QT, Lyons JJ, Naranjo AN, Olivera A, Lazarus RA, Metcalfe 
DD, et al. Impact of naturally forming human alpha/beta-trypt-
ase heterotetramers in the pathogenesis of hereditary alpha-trypt-
asemia. J Exp Med. 2019;216(10):2348-61. doi: 10.1084/
jem.20190701.

32. Maun HR, Liu PS, Franke Y, Eigenbrot C, Forrest WF, Schwartz 
LB, et al. Dual functionality of beta-tryptase protomers as both 
proteases and cofactors in the active tetramer. J Biol Chem. 
2018;293(25):9614-28. doi: 10.1074/jbc.M117.812016.

33. I KY, Huang YS, Hu CH, Tseng WY, Cheng CH, Stacey M, et al. 
Activation of Adhesion GPCR EMR2/ADGRE2 Induces Macro-
phage Differentiation and Inflammatory Responses via Galpha16/
Akt/MAPK/NF-kappaB Signaling Pathways. Front Immunol. 
2017;8:373. doi: 10.3389/fimmu.2017.00373.

34. Sabato V, Chovanec J, Faber M, Milner JD, Ebo D, Lyons JJ. First 
Identification of an Inherited TPSAB1 Quintuplication in a Patient 
with Clonal Mast Cell Disease. J Clin Immunol. 2018;38(4):457-
9. doi: 10.1007/s10875-018-0506-y.

35. Lyons JJ. On the complexities of tryptase genetics and impact on 
clinical phenotypes. J Allergy Clin Immunol. 2021;148(5):1342-
3. doi: 10.1016/j.jaci.2021.08.011.

36. Sturm GJ, Kranzelbinder B, Schuster C, Sturm EM, Bokanovic D, 
Vollmann J, et al. Sensitization to Hymenoptera venoms is com-
mon, but systemic sting reactions are rare. J Allergy Clin Immunol. 
2014;133(6):1635-43.e1. doi: 10.1016/j.jaci.2013.10.046.

37. Sampson HA, Muñoz-Furlong A, Campbell RL, Adkinson NF, 
Bock SA, Branum A, et al. Second symposium on the definition 
and management of anaphylaxis: Summary report—Second Na-
tional Institute of Allergy and Infectious Disease/Food Allergy 
and Anaphylaxis Network symposium. J Allergy Clin Immunol. 
2006;117(2):391-7. doi: 10.1016/j.jaci.2005.12.1303.

38. Glover SC, Carter MC, Korosec P, Bonadonna P, Schwartz LB, 
Milner JD, et al. Clinical relevance of inherited genetic differ-
ences in human tryptases: Hereditary alpha-tryptasemia and be-
yond. Ann Allergy Asthma Immunol. 2021;127(6):638-47. doi: 
10.1016/j.anai.2021.08.009.

39. Konnikova L, Robinson TO, Owings AH, Shirley JF, Davis E, Tang 
Y, et al. Small intestinal immunopathology and GI-associated anti-
body formation in hereditary alpha-tryptasemia. J Allergy Clin Im-
munol. 2021;148(3):813-21.e7. doi: 10.1016/j.jaci.2021.04.004.

40. Bradford, Emily, Leung J, Falahati R, Paul, Bright J, et al. AK002, 
a Humanized Sialic Acid-Binding Immunoglobulin-Like Lec-
tin-8 Antibody that Induces Antibody-Dependent Cell-Medi-
ated Cytotoxicity against Human Eosinophils and Inhibits Mast 
Cell-Mediated Anaphylaxis in Mice. Int Arch Allergy Immunol. 
2019;180(2):91-102. doi: 10.1159/000501637.

41. Allakos Inc. A Study to Evaluate the Safety, Tolerability, Pharmaco-
kinetics, and Pharmacodynamics of AK002. Available at: https://
beta.clinicaltrials.gov/study/NCT02808793.

42. Allakos Inc. A Study to Assess the Efficacy and Safety of AK002 
in Subjects With Antihistamine-Resistant Chronic Urticaria 
(CURSIG). Available at: https://beta.clinicaltrials.gov/study/
NCT03436797.

43. Genentech Inc. A Study to Evaluate the Efficacy, Safety, and Phar-
macokinetics of MTPS9579A in Patients With Asthma Requir-
ing Inhaled Corticosteroids and a Second Controller. Available at: 
https://beta.clinicaltrials.gov/study/NCT04092582.

44. Maun HR, Jackman JK, Choy DF, Loyet KM, Staton TL, Jia G, et 
al. An Allosteric Anti-tryptase Antibody for the Treatment of Mast 
Cell-Mediated Severe Asthma. Cell. 2019;179(2):417-31.e19. doi: 
10.1016/j.cell.2019.09.009.

45. Gulen T, Akin C. Anaphylaxis and Mast Cell Disorders. Immu-
nol Allergy Clin North Am. 2022;42(1):45-63. doi: 10.1016/j.
iac.2021.09.007.

46. Bonadonna P, Zanotti R, Pagani M, Bonifacio M, Scaffidi L, 
Olivieri E, et al. Anaphylactic Reactions After Discontinuation 
of Hymenoptera Venom Immunotherapy: A Clonal Mast Cell 
Disorder Should Be Suspected. J Allergy Clin Immunol Pract. 
2018;6(4):1368-72. doi: 10.1016/j.jaip.2017.11.025.

47. Sperr WR, Jordan JH, Fiegl M, Escribano L, Bellas C, Dirnhofer 
S, et al. Serum tryptase levels in patients with mastocytosis: cor-
relation with mast cell burden and implication for defining the 
category of disease. Int Arch Allergy Immunol. 2002;128(2):136-
41. doi: 10.1159/000059404.

48. Dua S, Dowey J, Foley L, Islam S, King Y, Ewan P, et al. Diagnostic 
Value of Tryptase in Food Allergic Reactions: A Prospective Study 
of 160 Adult Peanut Challenges. J Allergy Clin Immunol Pract. 
2018;6(5):1692-8.e1. doi: 10.1016/j.jaip.2018.01.006.

49. Wongkaewpothong P, Pacharn P, Sripramong C, Boonchoo S, Pi-
boonpocanun S, Visitsunthorn N, et al. The utility of serum trypt-
ase in the diagnosis of food-induced anaphylaxis. Allergy Asthma 
Immunol Res. 2014;6(4):304-9. doi: 10.4168/aair.2014.6.4.304.

50. Valent P, Bonadonna P, Hartmann K, Broesby-Olsen S, Brockow 
K, Butterfield JH, et al. Why the 20% + 2 Tryptase Formula Is a 
Diagnostic Gold Standard for Severe Systemic Mast Cell Activa-
tion and Mast Cell Activation Syndrome. Int Arch Allergy Immu-
nol. 2019;180(1):44-51. doi: 10.1159/000501079.

51. Mateja A, Wang Q, Chovanec J, Kim J, Wilson KJ, Schwartz LB, 
et al. Defining baseline variability of serum tryptase levels improves 

https://beta.clinicaltrials.gov/study/NCT03436797
https://beta.clinicaltrials.gov/study/NCT02808793


160 Maria Leonor Couto, Mafalda Silva, Maria João Barbosa, et al.

accuracy in identifying anaphylaxis. J Allergy Clin Immunol. 
2022;149(3):1010-7.e10. doi: 10.1016/j.jaci.2021.08.007.

52. Baretto RL, Beck S, Heslegrave J, Melchior C, Mohamed O, 
Ekbote A, et al. Validation of international consensus equation 
for acute serum total tryptase in mast cell activation: A periop-
erative perspective. Allergy. 2017;72(12):2031-4. doi: 10.1111/
all.13226.

53. Vitte J, Amadei L, Gouitaa M, Mezouar S, Zieleskiewicz L, 
Albanese J, et al. Paired acute-baseline serum tryptase levels 
in perioperative anaphylaxis: An observational study. Allergy. 
2019;74(6):1157-65. doi: 10.1111/all.13752.

54. De Schryver S, Halbrich M, Clarke A, La Vieille S, Eisman 
H, Alizadehfar R, et al. Tryptase levels in children presenting 
with anaphylaxis: Temporal trends and associated factors. J Al-
lergy Clin Immunol. 2016;137(4):1138-42. doi: 10.1016/j.
jaci.2015.09.001.

55. Akin C, Scott LM, Kocabas CN, Kushnir-Sukhov N, Brittain 
E, Noel P, et al. Demonstration of an aberrant mast-cell pop-
ulation with clonal markers in a subset of patients with “idio-
pathic” anaphylaxis. Blood. 2007;110(7):2331-3. doi: 10.1182/
blood-2006-06-028100.

56. Brockow K, Jofer C, Behrendt H, Ring J. Anaphylaxis in pa-
tients with mastocytosis: a study on history, clinical features and 
risk factors in 120 patients. Allergy. 2008;63(2):226-32. doi: 
10.1111/j.1398-9995.2007.01569.x.

57. Valent P. Risk factors and management of severe life-threatening 
anaphylaxis in patients with clonal mast cell disorders. Clin Exp 
Allergy. 2014;44(7):914-20. doi: 10.1111/cea.12318.

58. Alvarez-Twose I, Gonzalez de Olano D, Sanchez-Munoz L, 
Matito A, Esteban-Lopez MI, Vega A, et al. Clinical, biologi-
cal, and molecular characteristics of clonal mast cell disorders 
presenting with systemic mast cell activation symptoms. J Al-
lergy Clin Immunol. 2010;125(6):1269-78.e2. doi: 10.1016/j.
jaci.2010.02.019.

59. Broesby-Olsen S, Oropeza AR, Bindslev-Jensen C, Vestergaard 
H, Moller MB, Siebenhaar F, et al. Recognizing mastocytosis in 

patients with anaphylaxis: value of KIT D816V mutation analysis 
of peripheral blood. J Allergy Clin Immunol. 2015;135(1):262-
4. doi: 10.1016/j.jaci.2014.06.031.

60. Gonzalez-de-Olano D, Esteban-Lopez MI, Alonso-Diaz-de-Dura-
na MD, Gonzalez-Mancebo E, Prieto-Garcia A, Gandolfo-Cano 
M, et al. Frequency of clonal mast cell diseases among patients 
presenting with anaphylaxis: A prospective study in 178 patients 
from 5 tertiary centers in Spain. J Allergy Clin Immunol Pract. 
2019;7(8):2924-6.e1. doi: 10.1016/j.jaip.2019.05.027.

61. Hermans MAW, Schreurs MWJ, van Daele PLA. Systemic masto-
cytosis with normal serum tryptase: rule or exception? J Eur 
Acad Dermatol Venereol. 2019;33(12):e472-e4. doi: 10.1111/
jdv.15800.

62. Soto D, Malmsten C, Blount JL, Muilenburg DJ, Caughey GH. Ge-
netic deficiency of human mast cell alpha-tryptase. Clin Exp Aller-
gy. 2002;32(7):1000-6. doi: 10.1046/j.1365-2222.2002.01416.x.

63. Trizuljak J, Sperr WR, Nekvindova L, Elberink HO, Gleixner KV, 
Gorska A, et al. Clinical features and survival of patients with in-
dolent systemic mastocytosis defined by the updated WHO clas-
sification. Allergy. 2020;75(8):1927-38. doi: 10.1111/all.14248.

64. Escribano L, Alvarez-Twose I, Sanchez-Munoz L, Garcia-Monte-
ro A, Nunez R, Almeida J, et al. Prognosis in adult indolent sys-
temic mastocytosis: a long-term study of the Spanish Network on 
Mastocytosis in a series of 145 patients. J Allergy Clin Immunol. 
2009;124(3):514-21. doi: 10.1016/j.jaci.2009.05.003.

65. Jawhar M, Schwaab J, Alvarez-Twose I, Shoumariyeh K, Naumann 
N, Lubke J, et al. MARS: Mutation-Adjusted Risk Score for Ad-
vanced Systemic Mastocytosis. J Clin Oncol. 2019;37(31):2846-
56. doi: 10.1200/JCO.19.00640.

66. Alvarez-Twose I, Carter M. Pediatric Mastocytosis. In: Akin C 
(ed). Mastocytosis. Cham: Springer, 2020: pp. 93-114.

67. Alvarez-Twose I, Vano-Galvan S, Sanchez-Munoz L, Morgado JM, 
Matito A, Torrelo A, et al. Increased serum baseline tryptase levels 
and extensive skin involvement are predictors for the severity of 
mast cell activation episodes in children with mastocytosis. Allergy. 
2012;67(6):813-21. doi: 10.1111/j.1398-9995.2012.02812.x.




