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Mast cells (MCs), as multifunctional immune cells, orchestrate the typical allergic conditions wherein the activation of
these cells by allergens, including pollen, food, medication, and the venom of stinging insects, leads to the degranulation
and elaboration of the inflammatory mediators responsible for regulating the acute dramatic inflammatory response.
Anaphylaxis, mast cell activation syndrome (MCAS), and mastocytosis are interrelated yet distinct conditions within the
spectrum of mast cell activation disorders.
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| 1. Mast Cells and Mast Cell Activation

Mast cells (MCs) are granulated cells that have a widespread distribution in all vascularized tissues HEZIEIEIS] The
multifunctional capacity, heterogeneity, and plasticity of MCs enable them directly or indirectly to regulate innate and
adaptive immune responses by communicating with other cells in the immune system BIBIEl The local microenvironment
directly affects their maturation, phenotype, function, and ability to respond to internal or external stimuli by releasing
biologically active mediators “I3],

MCs express numerous surface receptors and are involved in the initiation and perpetuation of allergic inflammation. MCs
can be activated by various mechanisms, most often through the cross-linking of immunoglobulin E (IgE) molecules
bound to their surface by high-affinity FceRI receptors Bl Non-IgE-mediated mechanisms leading to MC activation
include activation pathways through toll-like receptors, stem cell factor receptors (KIT = CD117), complement receptors
C3a and C5a, and surface G protein-coupled receptors, including MRGPRX2 B, When activated, in a sequential order,
MCs release various biologically active mediators LZE (Figure 1).
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Figure 1. An illustration of the release of various mast cell mediators in the context of systemic mast cell activation. The
mast cell inflammatory mediator profile shows heterogeneity according to the tissue microenvironment, the severity of
mast cell activation, and the release of mast cell products. Please see the related text for further discussion.

Within minutes of activation, MC degranulation leads to the release of the preformed mediators stored in the MC granules,
including histamine, serotonin, heparin, chondroitin sulphate, tryptase, chymase, carboxypeptidase, and TNF-a ZEIL0]



This first stage is followed by the de novo synthesis of membrane lipid-derived mediators, particularly prostaglandin (PG)
D2, cysteinyl leukotrienes (LTC4, D4, and E4), and platelet activating factor (PAF) [ At the next stage, MC activation
results in the synthesis of a variety of pro- and anti-inflammatory cytokines, including TNF-a, GM-CSF, IL-1, IL-3, IL-4, IL-
5, IL-6, IL-13, IL-1RA, chemokines (such as IL-8, CCL-2, CC-3, CCL-5, and CXCL-8), growth factors (such as
transforming growth factor-beta 1 (TGF-f1), stem cell factor (SCF), fibroblast growth factor (FGF), nerve growth factor
(NGF), platelet-derived growth factor (PDGF), and vascular endothelial growth factor (VEGF)), and interferons [HIZEI10]
(Figure 1).

The roles of mediators differ in the clinical manifestations of MC disorders, and related symptoms may show great
heterogeneity according to the tissue in which MC activation occurs, as well as the trigger that causes the MC activation
19 MC-derived mediators, such as histamine, leukotrienes, prostanoids, and PAF, regulate vascular instability and the
barrier dysfunction of endothelial cells, and contribute to oedema formation, hypovolemia, and shock [L9N1L[12]  Histamine,
specifically, can contribute to many classic manifestations associated with acute allergic reactions such as pruritus,
flushing, nausea, gastric hypersecretion, nasal congestion, and wheezing. Histamine has been shown to bind to four
receptors: H1 (responsible for airway and mucosal inflammation, attention, sleep—wake cycle regulation, and food or
water intake), H2 (involved in the relaxation of the airway and blood vessel smooth muscle and in gastric acid secretion),
H3 (involved in neuroregulation and mediator release modifying cognition, sleep—wake cycle regulation, and
inflammation), and H4 (involved in the modulatory effects on inflammatory responses) 9. Furthermore, histamine, kinins,
leukotrienes, and PAF may be responsible for the opening of endothelial gap junctions, resulting in angioedema,
pulmonary edema, and gastrointestinal symptoms (such as crampy abdominal pain and diarrhea related to mucosal
swelling). Histamine, PGD2, leukotrienes, PAF, and prostanoids are responsible for wheezing and mucus hypersecretion
[20114]2] - cytokines, chemokines, leukotrienes, and histamine may lead to neurological symptoms including headaches,
fatigue, a sense of impending doom, and confusion RAIILZ] - syydies suggest that the activation of the contact system
and the secretion of the plasminogen activator and heparin may lead to coagulation abnormalities and bleeding. Likewise,
blood basophils may also participate in allergies through FceRI-dependent reactions by releasing a similar profile of
mediators . However, not all hypersensitivity reactions may involve basophils, even if the reaction is systemic .
Moreover, some of the relevant mediators and repair molecules are produced and released exclusively by MCs but not by
basophils [,

| 2. Disorders Associated with Mast Cell Activation and Nomenclature

Evidence in the recent literature suggests that the spectrum of disorders related to mast cell activation is broad and
includes IgE-dependent allergic inflammation and other immunologic and inflammatory reactions. Activated MCs not only,
however, participate in the pathogenesis of hypersensitivity disorders but are also involved in an emerging group of
conditions, so-called mast cell activation disorder (MCAD), such as mastocytosis L3[4, Pathologic MC activation is a key
finding in both hypersensitivity and MCAD, albeit caused by entirely different mechanisms. Therefore, patients with both
disorders present with overlapping symptomatology due to inappropriate MC mediator release (Figure 2). Notably, both
exogenously triggered allergies and endogenously triggered MCAD may cause anaphylaxis, which can be described as a
“unique” condition representing a common clinical feature of these two distinct conditions (131,
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Figure 2. lllustration of disorders related to pathologic mast cell activation and association between allergy, anaphylaxis,
mast cell activation syndrome (MCAS), and mastocytosis. While there is a significant overlap between the conditions, the
size of the circle does not accurately represent the true percentage of overlapping. For example, the estimated overlap
between anaphylaxis and mastocytosis is approximately 35%. However, there is currently a lack of systematic studies
providing a precise estimation of the overlap between anaphylaxis and MCAS.

The signs and symptoms of disorders associated with MC activation and mediator release may range from tissue-specific
events such as localized itching or nasal congestion to more systemic symptoms that result from widespread MC
activation. Examples of the tissue-specific consequences of MC activation include urticaria, allergic rhinitis, or asthma,
and the symptoms, in most instances, are limited to the area of interaction with the trigger, although generalized-tissue-
specific symptoms also are possible, such as in the case of chronic idiopathic urticaria. Systemic MC activation reactions,
such as anaphylaxis and MCAS, present with symptoms including two or more organ systems (skin: urticaria,
angioedema, and flushing; gastrointestinal: nausea, vomiting, diarrhea, and abdominal cramping; cardiovascular:
hypotensive syncope or near-syncope and tachycardia; upper and lower respiratory: conjunctival injection, nasal pruritus,
nasal stuffiness, rhinorrhea, dyspnoea, and wheezing).

It is worth mentioning the nomenclature once again here. Experts often do not speak the same language, as they either
use different terms for the same concepts, or the same term for different concepts, probably without being aware of it. For
instance, the terms “mast cell activation disorder” (MCAD) and “mast cell activation syndrome” (MCAS) are often used
interchangeably in the literature. Although they can refer to similar conditions involving abnormal MC activation, there are
certain differences in their usage and scope. Although MCAD is a broader term encompassing a range of conditions
characterized by pathologic MC activation, MCAS is a specific type of MCAD that is characterized by severe, recurrent
episodes of systemic MC activation 13l14] MCAS typically involves the release of excessive mast cell mediators
throughout the body, resulting in a wide range of symptoms affecting multiple organ systems as mentioned in detail below
in the MCAS section.

2.1. Mastocytosis

Mastocytosis refers to a complex heterogeneous multisystem disorder characterized by a pathologic activation and
accumulation of clonally aberrant MCs in one or more organs, including the skin, bone marrow, liver, spleen, lymph nodes,
and gastrointestinal tract 1516 The existing evidence suggests that it is a rare condition, and in recent studies, its
prevalence is estimated to be 1 in 10,000 persons LAREISNI20 | general, mastocytosis can be divided into cutaneous
mastocytosis (CM), where only the skin is affected, and systemic mastocytosis (SM), involving at least one additional
organ other than the skin 2281 CM is the main form of the disease in children and patients are generally observed to
have the onset of the disease within the first year of life. The most common form of skin involvement is maculopapular
cutaneous lesions, also known as urticaria pigmentosa (UP) 13I8 pathognomonic Darier’s sign is a key feature and



criterion of cutaneous lesions in mastocytosis; it is defined by swelling and redness after stroking or rubbing of the lesional
skin in an affected individual. The sensitivity of Darier’s sign is over 90%. However, a skin biopsy should be obtained in
doubtful cases and increased numbers of MCs in the upper dermis with a predilection to perivascular areas can confirm
diagnosis.

Mastocytosis in children is most often limited to the skin and the prognosis is good, as skin lesions are resolved in most
patients by adolescence. By contrast, patients with adult-onset mastocytosis have a persistent disease and may or may
not present with skin lesions. In the majority of adult patients with maculopapular lesions (most frequently monomorphic,
i.e., UP), MC infiltrates are also found in the bone marrow, corresponding to the final diagnosis of SM 56 gMm is
diagnosed according to the World Health Organization (WHO) criteria, which consist of one major and four minor criteria,
and the diagnosis requires demonstration of the major criterion (multifocal aggregates of MCs) along with at least one
minor criterion, or three minor criteria in extracutaneous, most often bone marrow, biopsy materials (Table 1) 1316]
Otherwise, adult patients with the typical skin lesions of mastocytosis are denoted as the mastocytosis in the skin (MIS)
(161 This is a provisional entity that is reserved for adult cases with cutaneous involvement (typically monomorphic
maculopapular cutaneous lesions, i.e., UP), but in whom SM has not been ruled out yet. Although rare, there are also
adult patients with skin lesions who do not show systemic involvement. In adult patients with true CM, the criteria for SM
are not fulfilled, even if clonal MCs can be detected in the extracutaneous organs 18],

The most prevalent form of SM in adults is indolent SM (ISM) L2200, These patients have a normal life expectancy
compared to the age-matched general population 229 however, they may experience a variety of unpleasant
symptoms. For instance, increased susceptibility to the development of malign melanoma has been reported in ISM
patients (21, |n addition, advanced variants of SM, including aggressive SM (ASM), SM with associated hematologic
neoplasm (SM-AHN), and MC leukemia (MCL), can occur in rare cases 8. These patients generally have a large burden
of clonally aberrant MCs in their bone marrow and carry a poor prognosis 18],

SM is a complex disease with diverse clinical manifestations ranging from asymptomatic disease to a highly aggressive
course with multisystem involvement 221, Most patients with ISM have symptoms caused by the inappropriate release of
MC mediators, such as histamine, proteases (e.qg., tryptase, chymase, and carboxypeptidase), and lipid-derived mediators
(e.g., cysteinyl leukotrienes and prostaglandin D2) 28], Symptoms may be acute or chronic and result from the local or
remote effects of these mediators, which may act on multiple organ systems to induce so-called MC mediator release
symptoms. Patients may present with diverse clinical findings, including flushing, pruritus, palpitations, dizziness,
hypotension, syncope, breathing difficulties, abdominal pain, nausea, vomiting, diarrhea, headache, sweating, lethargy,
fatigue, impaired concentration, irritability, anxiety, depression, arthralgia, myalgia, and osteoporosis 3. However, not all
patients experience all these manifestations; therefore, this heterogeneity is still unexplained. The mediator levels do not
usually show a clear association with the clinical phenotypes, although the baseline levels of mediators including tryptase,
histamine, and prostaglandin D2 are generally elevated 22, Nevertheless, a history of flushing is a cardinal symptom 23],
In addition, some subjects may experience isolated symptoms, whereas others develop a constellation of signs and
symptoms indistinguishable from that of anaphylaxis, which can be life-threatening 2324, Typically, patients suddenly feel
very warm and then experience palpitations, dizziness, and a decrease in blood pressure due to systemic vasodilatation,
which often leads to syncope 23, Acute attacks may be brief or prolonged, but the duration is usually 15 to 30 min 23],
Patients often experience severe fatigue lasting around 24 h following spells 23], Although specific triggers causing MC
mediator release symptoms vary greatly among patients, exogenous and endogenous triggers may include physical
exertion, cold, heat, insect venoms, the consumption of alcohol, infections, nonsteroidal anti-inflammatory drugs
(NSAIDs), and emotional stress 15,

Advanced SM patients may also have symptoms of MC mediator release; interestingly, however, the occurrence of
anaphylaxis due to the excessive release of MC mediators is less common compared with that in patients with ISM.
These patients mainly experience symptoms due to MC infiltration and uncontrolled accumulation, including cytopenia,
hepatosplenomegaly, lymph adenopathy, liver dysfunction, ascites, osteolytic bone lesions, and pathologic weight loss 13,

Table 1. Diagnostic criteria of systemic mastocytosis (SM) and monoclonal mast cell activation syndrome (MMAS)
(adapted from references: LSIL61251(268]) Altogether, there is one major criterion and four minor criteria.

Diagnosis is confirmed if patient expresses one major criterion and one minor criterion or expresses three

SM . NN . .
minor criteria in extracutaneous organ blOpSy specimens



« Multifocal aggregates of MCs (215 MCs per cluster) in biopsy sections (Major criterion)

« In MC infiltrates in extracutaneous biopsy sections, >25% of the MCs (CD117+) are spindle-shaped
or have atypical morphology

Major « Presence of an activating KIT mutation at codon 816, generally D816V, in bone marrow, blood, or
criterion other extracutaneous organ(s)
Minor
criteria
« Detection of aberrant MC clones expressing CD117 with CD25 and/or CD2 and/or CD30 in bone
marrow or blood or another extracutaneous organ(s)
« Baseline serum tryptase persistently exceeds =20 ng/mL
MMAS Diagnosis requires presence of one or two minor criteria of SM

« Presence of an activating KIT mutation D816V, in bone marrow, blood or other extracutaneous
organ(s)

AND/OR
2. Detection of aberrant MC clones expressing CD117 with CD25 in bone marrow or blood or another

extracutaneous organ(s)

2.2. Monoclonal Mast Cell Activation Syndrome

Monoclonal mast cell activation syndrome (MMAS) is a recently introduced variant of clonal MC disorders 22128 and most
such patients experience severe anaphylaxis episodes presenting with profound cardiovascular manifestations such as
hypotension and syncope in the absence of urticaria. Although patients with MMAS have detectable clonal MCs
expressing the D816V mutation and/or CD25+ aberrant markers, they do not fulfill the WHO criteria for SM diagnosis 13
(28] |n addition, MMAS patients lack the typical skin changes in mastocytosis (Table 1). Furthermore, these patients have
a normal to low burden of MCs and their serum baseline tryptase (sBT) levels generally range from 10 to 20 ng/mL but
may also be within normal ranges.

The diagnosis of MMAS requires a high degree of clinical suspicion and confirmation by means of bone marrow biopsy. A
diagnosis should be considered in patients presenting with symptoms of hypotensive anaphylaxis. Peripheral blood KIT
D816V mutational analysis with an allele-specific PCR method can be used as a screening tool in these patients;
however, the absence of this mutation in the peripheral blood does not rule out MMAS. Hence, a bone marrow biopsy
should be considered in highly suspected cases.

This condition continues to exhibit limited understanding in terms of its natural course and prognosis and the development
of comorbidities such as osteoporosis. Although some of these patients may be found to have SM in future biopsies, this
is most probably because of misdiagnosis in the initial biopsies. According to personal observations, most MMAS patients
do not progress into SM. Moreover, the spontaneous resolution of MMAS has not been described to date.

Another relevant point to highlight here is that MMAS and MCAS are related but distinct terms. These somewhat
incongruous entities may complicate the nomenclature further. However, in certain patients with MMAS, MCAS may
coexist when the diagnostic criteria for both conditions are met simultaneously.

2.3. Anaphylaxis

Anaphylaxis is a common medical emergency and a life-threatening acute systemic hypersensitivity reaction that may
lead to death by airway obstruction or cardiovascular collapse if not promptly treated. Anaphylaxis is one of the most well-
known examples of systemic MC activation disorders and is caused by the abundant release of diverse MC mediators,
leading to a constellation of varied symptoms from different organ systems 13127, The term anaphylaxis encompasses
both IgE-mediated reactions and non-lgE-mediated mechanisms. Although this difference may impact allergen
counselling, it has no importance in the acute management of the patient.

The data regarding the incidence and prevalence of anaphylaxis are somewhat inconsistent due to the fact that a
consensus regarding its exact definition does not currently exist 28, Studies from the USA suggest an incidence of up to
40-50 people per 100,000 person-years 2B whereas studies from Europe suggest a lower incidence of 1.5-7.9 per



100,000 person-years BU32 Moreover, the lifetime prevalence of anaphylaxis has been estimated to be approximately
0.3% B3], There are studies showing an increase in admissions with anaphylaxis over the last two decades 23l Although
rare, deaths may also occur at a rate of 1 per three million population per year 4. Foods, drugs, and the venom of
stinging insects appear to be the most common elicitors of anaphylaxis, although the prevalence of triggers varies in
children and adults. Food-induced anaphylaxis is the most common cause in children corresponding to 80-92% of
anaphylaxis 22, whereas Hymenoptera venom and drug-induced anaphylaxis are the dominating elicitors among adults
[38] |t should be also noted that although most anaphylactic reactions occur rapidly, delayed reactions, with onset up to 10
h after ingestion, may occur for some food allergens, e.g., with an alpha-Gal-induced red meat allergy 28],

Anaphylaxis concurrently affects multiple organ systems, and its diagnosis may be challenging, as the fine line
differentiating an allergic reaction from anaphylaxis is not always easily discernible. Furthermore, the lack of globally
recognized diagnostic criteria of anaphylaxis has not only long caused the failure of recognition and delayed treatment in
patients but also hampered research facilities. Recently, however, multinational, multidisciplinary symposia were
convened to achieve an international consensus on the clinical criteria for the diagnosis of anaphylaxis 4. Accordingly,
the current diagnostic criteria require the concurrent occurrence of symptoms from at least two organ systems that are
related to the cutaneous, gastrointestinal, respiratory, and cardiovascular systems. The required organ system
involvement varies depending on whether there is a “likely” or “known” trigger for the actual patient. Exceptionally, in the
context of a confirmed allergy (e.g., insect venom or drug) for the given patient, an anaphylaxis diagnosis can be made
only due to cardiovascular system involvement (hypotension and/or syncope) after re-exposure to the allergen.
Additionally, even when there is no likely cause of the reactions, as in unprovoked anaphylaxis, when the onset of illness
is acute, a diagnosis of anaphylaxis can be still made when either reduced blood pressure (or associated symptoms, such
as syncope) and/or respiratory compromise or laryngeal oedema are present, accompanied by the involvement of skin—
mucosal tissue symptoms B4, The diagnostic criteria have been widely adopted and validated both retrospectively 28 and
prospectively B, They were found to be 95% sensitive and 71% specific in a prospective validation study among
emergency department patients B2, Hence, it is critical for emergency department providers to consider anaphylaxis in
the differential diagnosis for patients whose symptoms overlap with those of anaphylaxis, including upper airway
obstruction, acute asthma, angioedema, flushing, hypotension, syncope, as delayed treatment with epinephrine may
cause unexpected adverse outcomes, including fatality.

At present, anaphylaxis remains a clinical entity and its understanding for an allergist is still limited with respect to factors
determining its severity and underlying intracellular mechanisms. However, existing clinical observations support the
notion that anaphylaxis comprises a heterogeneous group of conditions regarding the nature and route of exposure to
triggers, organ involvement, severity, and time course X3l For instance, food-induced anaphylaxis is a leading cause in
children, although venom- or drug-induced anaphylaxis account for the majority of adult cases. The distinctions are not
only limited to triggers; even the clinical manifestations differ. Mortality is rare in children and occurs mostly in adult
patients due to cardiovascular failure. Fatal anaphylaxis has also been associated with a lack of cutaneous symptoms
during the anaphylactic episode.

To overcome these obstacles and recognize severe vs. milder reactions, there have been several attempts to develop
severity grading systems for acute allergic reactions, including anaphylaxis BUBUE2E43]  However, they have not been
widely implemented due to the lack of a uniformly accepted, validated grading system. Thus, there is currently an unmet
need for an appropriately developed and validated severity scoring system for acute allergic reactions to harmonize
clinical care and facilitate research.

2.4. Mast Cell Activation Syndrome

Mast cell activation syndromes (MCASS) represent a heterogeneous group of disorders that may have clonal or nonclonal
etiologies. MCAS may be diagnosed when the symptoms of MC activation are systemic (involving more than one organ
system), severe, and recurrent and the MCAS criteria are fulfilled 44431461 There are three sets of criteria required for an
MCAS diagnosis as illustrated in Figure 3: (1) the presence of typical, severe, episodic MC activation symptoms in =2
organ systems, including cutaneous, cardiovascular, gastrointestinal, and upper/lower respiratory symptoms; (2) the
detection of a substantial transient increase in a validated marker of MC activation during the symptomatic event; (3) the
control of symptoms with MC mediator-targeting drugs [441[45](46]
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Figure 3. Diagnostic criteria for mast cell activation syndrome (MCAS) (please refer the text for further explanation). (A)

Clinical criterion, (B) laboratory criterion, (C) response criterion. All three criterion should be fulfilled to confirm a diagnosis
of MCAS. After the diagnosis, patients should be further evaluated for the classification of MCAS.

The best validated surrogate marker of MC activation is tryptase 4. The tryptase levels obtained within 4 h of a
suspected MC activation episode should be compared with the sBT (i.e., a recent tryptase sample drawn prior to the
event or within 48 h after the event) levels. A formula of 1.2 x sBT + 2 ng/mL is used to calculate the minimal increase
required to diagnose MC activation 4848 For instance, if the sBT level is 15 ng/mL, a level within 4 h of an MCAS
episode of 20 ng/mL would be considered significant according to the above-mentioned formula “2I48l48]  Optimally, at
least two such elevations should be considered diagnostic following acute, recurrent episodes; however, in practice, this is
not always achievable and even one such measurement may be satisfactory.

When tryptase levels are not available, other validated mediators of MCs, such as urinary metabolites of histamine,
prostaglandin D2, and leukotriene C4, can be measured in a 24 h or spot collection of the urine specimens collected after
the patient empties their bladder during an acute event to confirm MC activation €. However, the sensitivity and
specificity of these markers, as well as the minimal increases and cut-off levels diagnostic for MC activation, have not yet
been established €. Recently, it has been suggested that levels greater than 30% above the upper limits of normal can
be considered pathologic 49, Nevertheless, assays are difficult to perform and only available in a few limited laboratories.
Moreover, unlike tryptase, the other tests have not been standardized or compared in well-conducted studies.

Finally, MCAS diagnosis also requires a favorable response to agents that act as MC stabilizers or inhibitors of MC
mediators. These include histamine receptor antagonists (H1- and H2-antihistamines), leukotriene blockers, MC
stabilizers, and aspirin or nonsteroidal anti-inflammatory agents (NSAIDs) 13150511 Selected cases may require immune

suppression or cytoreductive therapy as well, especially for patients suffering from aggressive variants of mastocytosis 12!
[50][51]

Once a diagnosis of MCAS has been confirmed, further classification is necessary. MCAS has been classified into three
variants 45468l Some patients with MCAS may have concurrently clonal MCs in bone marrow as in mastocytosis
(systemic or cutaneous) or MMAS 4311461 patients with clonal mast cell disorders generally have varying degrees of
expansion of the MC compartment derived from a progenitor with a genetic defect that presumably reduces the cell's
threshold for activation. These patients may have elevated sBT levels, carry KIT D816V mutations in lesional MCs, or
have other markers of MC clonality, such as aberrant CD25 expression. Such MCAS patients are considered to have
primary (i.e., clonal) MCAS and its diagnosis can only be made after an extracutaneous biopsy, most often after a bone
marrow biopsy 81481 Thys, patients with clonal MCAS are required to fulfill the diagnostic criteria of both MCAS and
clonal MC disease.



Nevertheless, the majority of patients with symptoms due to episodic, recurrent MC activation have non-clonal disorders.
Thus, secondary MCAS results in symptoms of MC activation through IgE-mediated (such as food-, drug-, or
Hymenoptera-venom-induced anaphylaxis) and non-lgE-mediated processes. These patients are cared for by
allergists/immunologists. Moreover, in occasional cases, a patient with severe, recurrent MC activation may have an
unremarkable work-up for allergic causes and have no evidence of clonal MC disease (usually ruled out after a bone
marrow examination). These patients are considered for diagnoses of idiopathic anaphylaxis (I1A) or idiopathic (non-clonal)
MCAS, depending on the criteria patients fulfill. Furthermore, in some other cases, a primary MC activation (clonal)
disorder may coexist with secondary MCAS (e.g., IgE-mediated hypersensitivity/MC reactions to food, medication, or
stinging insect venoms). These patients are categorized as having combined or mixed MCAS.

In general, the signs and symptoms of recurrent IgE-mediated anaphylaxis may be the initial presentation of secondary or
combined MCAS, whereas IA, e.g., unprovoked anaphylaxis can consist of the initial symptoms of clonal or idiopathic
MCAS. However, it is worth mentioning here that not all anaphylaxis episodes fulfill the diagnostic criteria of MCAS, nor do
all MCAS episodes reach the severity of anaphylaxis. For instance, some patients with systemic MC activation may have
a lesser severity of symptoms that do not meet the definition of anaphylaxis. A typical such scenario is mastocytosis
patients with unprovoked flushing episodes associated with abdominal pain. It is more appropriate that such patients are
considered for a diagnosis of clonal MCAS rather than IA, as opposed to a patient who experiences hypotensive syncope
or respiratory compromise combined with flushing episodes (221,

Although the diagnostic criteria and classification for MCAS have been established by an international (European
Union-/US-based) consensus group during the last decade 441451461 there s still an ongoing debate about the use of the
term MCAS in various groups of patients, and controversies remain. For instance, many patients with suspected MCAS
and signs of MC activation do not fulfill the MCAS criteria #€. In these patients, MC activation may be suspected as the
major clinical problem, but it is a significant challenge to prove with certainty that the clinical features and symptoms are
indeed derived from MC-dependent reactions and mediator release. Some of these patients may suffer from MC
activation disorders (MCADSs) or non-specified MC activation reactions, or attributed symptoms may not all be related to
MC activation 4. |n these patients, local MC activation, less severe MC activation, or MC activation potentially involving
only a limited set of mediators or only one organ system may be implicated, whereas other patients do not have an
MCAD. Thus, it should be emphasized here that MCAS cannot be diagnosed in patients presenting with less severe
and/or chronic symptoms of MC activation, as only clinically relevant symptoms of severe, systemic, and episodic MC
activation can be classified as having MCAS 141,
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