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List of Abbreviations

ASM  Aggressive Systemic Mastocytosis 

BST Baseline serum tryptase

ISM  Indolent Systemic Mastocytosis 

MC Mast Cell

MCA Mast Cell Activation

MCAS Mast Cell Activation Syndrome 

MMCAS Monoclonal Mast Cell Activation Syndrome

MPCM /UP Maculopapular cutaneous mastocytosis / urticaria pigmentosa

SM  Systemic Mastocytosis 

SM-AHN SM with associated hematologic neoplasm

SSM Smoldering systemic mastocytosis

WHO World Health Organization
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Introduction

α/β-Tryptases are trypsin-like serine proteases, abun-
dantly and preferentially produced by, stored in and 
secreted from all human mast cells (MCs) [1]. Mature 
tryptase tetramers are stored in secretory granules, ac-
counting for 10–20% of all the protein in this cell type [2]. 
Basophils also produce, store and secrete tryptase, but 
contain about 500-fold, on average, lower amounts than 
mast cells and typically do not contribute a substantial 
portion of the cell-free tryptase found in blood [3, 4]. 
However, in neoplastic hematologic conditions, immature 
basophils can produce and release larger quantities of 
tryptase, especially in CML with basophilia [5]. 

Mature β-tryptase tetramers show a wide range of bio-
logical activities, at least in vitro, including degradation of 
fibrinogen, generation of kinins from kininogens, promot-
ing vascular permeability, degradation of the extracellular 
matrix, facilitating tissue remodeling and affecting cellular 
migration [6]. Tryptase thereby enhances leukocyte 
recruitment and angioedema, with chemotactic effects 
on neutrophils and eosinophils, thereby contributing to 
the inflammatory late phase of allergy-triggered events. 
Tryptase also leads to monocyte and macrophage 
activation and stimulates cell proliferation and growth, 
processing of (pro)hormones, activation of fibrinolytic 
enzymes, and degradation of plasma and matrix mole-
cules [7]. Tryptase is a potent mitogen for diverse mes-
enchymal cells including fibroblasts and endothelial cells. 
It degrades fibrinogen and activates pro-urokinase. It 
cleaves vasoactive peptides and hormones, such as vas-
oactive intestinal peptide (VIP) and pre-atrial natriuretic 
factor (ANF) into its active form. In the MC granules, the 
enzymatically active (tetrameric) beta-form of the enzyme 
is kept stable by heparin. 

α/β-Tryptases are derived from two genes located 
on human chromosome 16, TPSB2, encoding only 
β-tryptases, and TPSAB1, encoding either α or β 
tryptases, allowing tryptase α:β genotypes of 0:4, 1:3 and 
2:2. These tryptases are expressed first as pretryptases 
that are rapidly converted to protryptases and then to 
the tetrameric mature tryptases that are stored in secre-
tory granules, waiting to be released when mast cells 
are activated to degranulate, and serving as a serum 
biomarker of systemic anaphylaxis [8]. Conversion of pro 
to mature tryptase requires cathepsins B or L, or auto-
catalysis and cathepsin C (dipeptidyl peptidase 1), and 
heparin in an acidic pH microenvironment. Portions of 
α and β protryptases are not processed to their mature 
forms, but instead are constitutively secreted by mast 
cells at rest, representing the form of tryptase present at 
baseline in serum or plasma, primarily reflecting genetic 

factors based on twin studies, but also reflecting the total 
bodyburden of mast cells. As a biomarker for the mast 
cell burden, baseline protryptase levels facilitate the diag-
nosis of systemic mastocytosis. Two additional so-called 
tryptases, δ and γ, should be mentioned – δ-tryptase, 
likely a pseudogene as it is missing 40 amino acids from 
the C-terminus due to a premature stop codon, leading 
to a defective substrate binding pocket; and γ-tryptase,  
a transmembrane protease whose expression by different 
cell types, primary amino acid sequence, biochemical 
character and immunoreactivity differ substantially from 
the α/β-tryptases [9].

Different assays measuring tryptase have been devel-
oped during the last three decades [10]. Whereas the first 
assay measured only mature tryptase, which is normally 
undetectable at baseline (<1 ng/mL), the current com-
mercial tryptase assay, offered from ThermoFisher on the 
Phadia platform, measures both pro and mature forms of 
α/β-tryptases in body fluids [11]. The assay is certified for 
serum and plasma. This tryptase assay is simple, relia-
ble and highly reproducible. There are no pre-analytical 
caveats and the serum samples can be shipped frozen 
or on ice or stored frozen before measurements [12]. 
Prior reports of false positives, particularly for patients 
exposed to chimeric antibodies such as infliximab, pre-
sumably due to heterotypic human anti-mouse antibody, 
have been largely abrogated by including an agent in the 
commercial assay that suppresses heterotypic antibody 
activity [13, 14].

Under nonanaphylactic conditions, tryptase levels reflect 
the total body MC burden, which is used to diagnose and 
monitor mast cell diseases, such as mastocytosis [15]. In 
severe systemic reactions, mature β-tryptase is released 
within minutes and tryptase levels increase above base-
line, peaking 30–90 min after onset of the reaction [8,16]. 
After peaking, the net increase of tryptase declines with 
a half-life of about 2 hours, returning to baseline by 8 to 
10 hours. Therefore, comparing the basal serum tryptase 
level measured in the symptom-free interval with that 
measured during a severe reaction-event can confirm the 
presence of a mast cell activation syndrome [17].  

In dermatology, high tryptase levels in skin blister fluid 
implicate mast cell activation in bullous pemphigoid, 
mastocytosis or urticaria [18, 19]. In allergy, high tryptase 
levels has been used to diagnose or confirm conditions 
with mast cell activation, e.g., systemic anaphylaxis  
using serum or plasma, or local IgE-mediated allergic 
reactions, e.g., allergic conjunctivitis using tear fluid, 
allergic rhinitis using nasal fluid or allergic asthma using 
airway fluid [17, 20]. 
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Autosomal dominant cold urticaria can occur due to a 
gain of function mutation in phospholipase Cγ2 associ-
ated with low levels of IgA and IgM, switch-memory B 
cells and circulating NK cells [35], while cold-induced 
autosomal familial cold autoinflammatory syndrome due 
to a gain of function mutation in Nlrp3 presents with 
cold-induced pruritic/burning rash due in part to activa-
tion of mast cells, along with IL-1-dependent fever [36]. 
Elevated tryptase levels also are found in patients with 
non-hematologic malignancies [37, 38]. Among patients 
with hematologic malignancies, elevated levels of serum 
tryptase >15 ng/mL cluster almost exclusively in myeloid 
neoplasm like SM, MDS, MPN, AML, CML and CEL. In 
patients with lymphoid neoplasms, including lymphomas 
and multiple myeloma, tryptase levels are usually within 
normal range [30]. 

Tryptase Testing in  
Dermatological Diseases 

The initial development of the tryptase assay focused 
mainly on acute allergic reactions and mastocytosis [10, 
39]. In addition to this more restricted use, tryptase is 
also used to detect mast cell activation or an increased 
mast cell load in dermatological, allergological and he-
matological disorders. In dermatology, mast cells are re-
portedly involved in several diseases, which make these 
a possible target for tryptase determination. 

More than 1000 patients in a general dermatology clinic 
were retrospectively analyzed for their baseline serum 
tryptase value [29]. In this population, where patients 
with mastocytosis, but not other potential reasons for 
increased tryptase values, such as hymenoptera venom 
allergy or hematological malignancies were excluded, 
borderline elevated levels ≥11.4 ng/mL were found in 
4.1% of patients. Only two non-mastocytosis patients 
displayed values above 20 ng/mL (25.0 and 27.2 ng/mL). 
Thus, slightly elevated tryptase values are not uncommon 
in a dermatology clinic also caring for allergic patients, 
particularly if the patients also suffer from hymenoptera 
venom allergy. Another study analyzed 3374 patients 
and found 96 patients (3%) with BST >15 ng/mL [40]. 
Of those, 16 patients were having acute reactions, such 
as urticaria or anaphylaxis. The most frequent diagno-
ses of those 80 patients with no acute symptoms were 
mastocytosis, history of anaphylaxis, or chronic urticaria. 
Whether any had alpha-tryptasemia was not known.

Urticaria is caused by mast cell activation in the skin, 
mostly without a significant increase of mast cell num-
bers [41]. Acute urticaria may be a manifestation of an 
immediate-type allergic reaction and of anaphylaxis. 
However, in the majority of cases, urticaria is a distinct 

Tryptase Levels in Healthy Individuals 

Under nonanaphylactic conditions in healthy adult  
subjects, median serum tryptase levels range about 3.5–
5 ng/mL [11, 21–23]. According to Phadia AB, the manu-
facturer of the commercially available assay, the median 
serum baseline tryptase is 3.8 ng/mL, with 95% of 126 
apparently healthy adult donors having values <11.4 ng/
mL (http://www.phadia.com/en-GB/5/Products/Immuno-
CAP-Assays/ImmunoCAP-Tryptase/). In more than 99% 
of healthy controls serum tryptase levels were ≤15 ng/
mL [21, 22]. In a given healthy individual without ana-
phylaxis, tryptase values are remarkably stable over time. 
Between individuals, only slight variations (≤0.5 ng/mL) 
occur according to the haplotype of the tryptase geno-
type, gender or  body mass index [21, 23]. Age appears 
to have a slight, but significant influence on basal serum 
tryptase levels [21, 22, 24]. In infants during the first three 
months of life, higher tryptase values have been report-
ed with a median of 6.1 ng/mL [25]. In children aged six 
months to 18 years, an inverse correlation with age has 
been described with a median of around 3.5 ng/mL [26, 
27]. In contrast, in adults, baseline tryptase concentra-
tions increase with age. In one study, a median of 4.4 ng/
mL in donors aged 18–30 years compared to 6.6 ng/mL 
in those older than 80 years [21]. Genetic factors based 
on twin studies account for 87% of the variance of base-
line total tryptase levels [28]. Heterophilic antibody-in-
terference in the assay has resulted in falsely increased 
tryptase values for a few patient with the original assay 
[14]. However, an update of the tryptase assay has al-
most completely eliminated this interference [29].

Are there Internal Diseases  
Which Influence Tryptase Levels?

Inflammatory diseases including viral or bacterial in-
fections generally have no influence on serum baseline 
tryptase levels, which remain remarkably stable [30]. 
Individuals with chronic active helminth infection, dengue 
shock or hemorrhagic fever syndrome or renal failure 
may have increased serum tryptase concentrations 
[30][31–33]. Having homozygous α-tryptase alleles in 
TPSAB1 is a significant risk factor for these more aggres-
sive forms of Dengue [34]. Additionally, a familial autoso-
mal dominant condition called alpha-tryptasemia, due to 
α-tryptase copy number variations, has been reported in 
which affected individuals exhibit vibratory urticaria along 
with gastrointestinal, musculoskeletal, autonomic dys-
function and atopic conditions. Another disorder of vibra-
tory urticaria, again autosomal dominant, occurs with a 
gain of function mutation in adhesion G protein coupled 
receptor E2, preventing this adhesion molecule to bind to 
and inhibit the β-chain of this G protein coupled receptor. 
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fluid, elevated mature tryptase levels were increased in 
patients with urticaria, but undetectable in those with 
prurigo of unknown origin, eczema, psoriasis, or atopic 
dermatitis [19]. In a more recent study measuring total 
tryptase levels in suction blister fluid from patients with 
systemic mastocytosis, atopic dermatitis and controls, 
levels were elevated in patients with SM compared to 
those with AD and to healthy controls [47]. Blister fluid 
tryptase highly correlated with dermal mast cell numbers. 
Thus, tryptase determination can be used to confirm a 
mast cell contribution to the mechanism of a disease 
and may aid in the differential diagnosis of a bullous skin 
condition, e.g., between toxic epidermal necrolysis and 
bullous pemphigoid.

disease, where the occurrence is sporadic and not 
associated with any known triggers. Sometimes phys-
ical and inducible factors, such as mechanical friction, 
cold, heat, exertion, pressure, light or vibration may lead 
to wheals. More seldom, infection or inflammation may 
trigger the immune system. Urticaria is divided into acute 
or chronic urticaria according to the duration of disease 
of shorter or longer than 6 weeks, respectively. A signifi-
cant increase in tryptase values has been demonstrated 
in patients with acute and chronic urticaria and in as-
sociated angioedema compared with controls, though 
in most studies the total tryptase levels remained in the 
normal range [40, 42, 43]. Chronic urticaria subjects with 
tryptase elevated ≥13.5 ng/mL were reported to be older 
and may have a more severe disease course as indirectly 
measured by a trend towards greater use of oral steroids 
for symptom control [42]. Mast cells may be involved in 
dermatological inflammatory diseases, such as psoriasis 
or atopic eczema. In both diseases, an accumulation of 
MC has been described. However, in serum there was 
no correlation between tryptase and either the severity 
of psoriasis or the severity of atopic eczema, if meas-
ured by PASI and SCORAD, respectively [44]. Also in the 
autoimmune diseases scleroderma, bullous pemphigoid, 
pemphigus vulgaris and vasculitis as well as in benign or 
malignant skin neoplasia, such as hemangioma, malig-
nant melanoma, basal cell carcinoma or squamous cell 
carcinoma an accumulation and possible involvement of 
MC has been described [45, 46]. Significant increases 
in BST in these patient groups as compared to healthy 
controls, however, have not been reported. 

Serum levels of mature tryptase are typically below the 
lower limit of the assay, i.e., <1 ng/mL, in the absence of 
systemic anaphylaxis. Even with conditions involving lo-
cal mast cell activation, including most cases of urticaria 
or angioedema, due to the slow diffusion of tryptase into 
the circulation and its dilution once in the blood, mature 
tryptase is not detected in serum or plasma, even though 
local levels are elevated in tissue fluids, such as skin 
blister fluid, nasal fluid, tears or sputum. In older studies, 
when total tryptase levels could not yet be measured 
in the blister fluid from patients with bullous skin condi-
tions or in suction blister fluid, elevated mature tryptase 
levels have been reported [18, 19, 47]. Highly increased 
levels were detected in patients with bullous pemphigoid 
and allergic contact dermatitis, whereas concentrations 
in those with bullous erysipelas, insect sting reactions 
and pemphigus vulgaris were barely detectable [18]. In 
patients with cheiropodopompholyx [dyshidrotic hand 
eczema], burned skin, toxic epidermal necrolysis and 
epidermolysis bullosa no mature tryptase was detect-
ed in serum. Another study confirmed these findings in 
patients with bullous pemphigoid [48]. In suction blister 

 
Figure 1. Typical childhood polymorphic maculopapular 
cutaneous mastocytosis / urticaria pigmentosa pre-
senting with red-brown macules and slightly elevated 
plaques on the trunk and the extremities.

 
 
 
Figure 2. Adult-type monomorphic maculopapular cutaneous 
mastocytosis / urticaria pigmentosa on the thigh characteri-
zed by smaller less well demarcated red-brown macules and 
slightly elevated papules, which may merge with one another 
to form patches in areas of greatest density.
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whereas anaphylaxis is uncommon in this age group  
and appears to be limited to those with severe skin 
involvement and increased BST levels. There is a signif-
icant association between the risk for anaphylaxis and 
BST levels in children with mastocytosis [56]. A study of 
111 children with mastocytosis showed that BST was 
significantly higher [1] in patients with extensive cutane-
ous disease vs those with <90% of BSA involved (45.5 vs  
5.2 ng/mL, respectively), as well as [2] in children with  
severe mastocytosis-related symptoms resembling ana-
phylaxis, requiring emergency therapy and hospitalization 
vs those without (46.2 vs 5.2 ng/mL, respectively) [57].  
A receiver operating characteristics curve was calculated 
for the definition of BST cutoffs to predict the need for 
daily antimediator therapy, hospitalization, and the man-
agement in an intensive care unit. The respective values 
were 6.6, 15.5, and 30.8 ng/mL, with a sensitivity and 
specificity of 77% and 79%, 100% and 95%, and 100% 
and 96%, respectively. The results of that study indicate 
that increased serum baseline tryptase levels in asso-
ciation with extensive cutaneous involvement identifies 
patients at risk for severe MC activation events in pediat-
ric mastocytosis. Bullous lesions were another marker for 
severe complications [58]. 

The literature reports resolution percentages of 30 to 65 
for pediatric-onset mastocytosis by early adulthood and 
improvement or stable disease in most other cases [59]. 
Presence of the D816V mutation together with hepa-
tomegaly and/or splenomegaly is associated with SM 
and persistence of disease into adulthood [59]. Baseline 
serum tryptase levels are a good reassuring correlate of 
clinical improvement into resolution and remain the same 
or trend downward. 

In a study at the National Institutes of Health, clinical fea-
tures of 105 children with mastocytosis were evaluated 
[59]. BST and at least 1 subsequent tryptase measure-
ment were performed in 84 and 37 patients, respectively. 
Children with MPCM/UP had a median, 25th, and 75th 
percentile BST levels of 5.9, 4.7, and 12.0 ng/mL, respec-
tively, which was higher as compared with the control 
population (3.5, 2.3, and 4.7 ng/mL; P ≤ 0.0001). Only six 
children had levels higher than the WHO minor diagnos-
tic cutoff of 20 ng/m set primarily for adults. Patients with 
DCM (median, 25th, and 75th percentile tryptase levels 
of 67.0, 24.9, and 154.0 ng/mL, respectively) and children 
with systemic disease (median, 25th, and 75th percentile 
tryptase levels 111.5, 42.0, and 187.0 ng/mL, respective-
ly] had significantly greater BST levels than those with 
cutaneous mastocytosis and MPCM/UP  (P < 0.0001 for 
both). No child in this study with a tryptase level ≤11.4 ng/mL 
had a final diagnosis of SM. A major resolution was more 
common in patients with UP or DCM and less common 

Tryptase Testing 
in Childhood Mastocytosis 

Mastocytosis (MC) is a proliferative disorder of he-
matopoietic mast cell progenitors, leading to abnormal 
accumulation of mast cells in the tissue of one or more 
organs, such as skin and bone marrow, but also in the 
gastrointestinal tract, lymph nodes, liver and spleen [49, 
50]. The molecular basis of the disease in most adults 
and children is an activating mutation, generally somatic, 
in mast cell DNA encoding KIT, a protein tyrosine kinase 
receptor [50, 51]. More than 80% of all adult patients with 
systemic mastocytosis [SM] and about 30% of pediatric 
cases of mastocytosis in the skin carry a point mutation 
causing aspartic acid to be replaced by valine in codon 
816 (D816V) [52]. Other children and a few adults have 
distinct mutations affecting the extracellular, juxtamem-
brane or catalytic regions [53].

In the majority of children with mastocytosis, only the 
skin appears to be involved (cutaneous MC), i.e., the 
bone marrow biopsy lacks mast cell aggregates and 
other features needed to diagnose systemic mastocy-
tosis (SM). The most common cutaneous variants are 
maculopapular cutaneous mastocytosis (urticaria pig-
mentosa; MPCM/UP; Fig. 1) characterized by red-brown 
macules or slightly elevated papules of various sizes and 
elevations [54, 55]. Also plaque-types and nodular types 
of MPCM/UP have been described. Blisters may form 
in the first three years of life on heavily infiltrated mast 
cell lesions. Solitary mastocytomas are also common 
in children. They are typically mildly elevated, well-de-
marcated macules, plaques, or nodules that are red-
dish-brown in color and several centimeters in diameter. 
Diffuse cutaneous mastocytosis (DCM) is a rare condition 
with diffuse mast cell infiltration of the entire skin lead-
ing to red-brown thickening of the skin, accentuation of 
the skin folds and a peau d’orange-like aspect without 
any islands of normal skin. When mechanically irritated 
(stroked bluntly with a spatula], cutaneous mastocyto-
sis lesions develop a wheal-like edematous erythema 
referred to as Darier’s sign and in more infiltrated lesions 
flushing and blister formation may develop. The diagnosis 
of childhood mastocytosis is based on clinical grounds 
and is established by a positive Darier’s sign or skin 
biopsy. The majority of children with CM have a baseline 
serum tryptase concentration <11.4 ng/mL, within the 
normal range. Increased BST levels may indicate an ex-
tensive cutaneous involvement, such as DCM, mast cell 
mediator release or systemic disease. 

Mast cell mediator release and infiltration of tissues with 
mast cells may lead to flushing, blistering, pruritus, and 
diarrhea in some patients with childhood mastocytosis, 
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according to the World Health Organization (WHO), sev-
eral criteria have to be fulfilled [61]. Among the one major 
and four minor criteria for systemic mastocytosis (Table 
1), having one major and one minor criteria or three 
minor criteria are required for classifying mastocytosis 
as systemic [61]. Basally secreted tryptase from mast 
cells, resulting in a baseline serum tryptase level >20 ng/
mL, is a minor diagnostic criterion for systemic masto-
cytosis. Basal serum tryptase levels are a widely used to 
screen patients with suspected systemic mastocytosis 
[62], especially in patients with typical mastocytosis skin 
lesions or a history of a systemic anaphylactic reaction to 
an insect sting or a pathologic fracture [63]. In these pa-
tients, diagnostic procedures should include an analysis 
of the D816V KIT mutation in the peripheral blood and/or 
a bone marrow examination searching for further WHO 
serum tryptase levels reflect in part the total burden ma- 
stocytosis criteria (Table1). In mastocytosis, basal of mast 
cells. This marker correlates well with disease variant and

Table 1: WHO criteria for the diagnosis of systemic  
mastocytosis

in patients with SM. Patients with bone marrow mast 
cell infiltrates consistent with SM had increased serum 
tryptase levels, which correlated with the percentage of 
mast cell cellularity within the bone marrow (P < 0.0001). 
The mean percentage decrease in serum tryptase levels 
was associated with greater disease resolution (P < .0014).  
In children with all variants of mastocytosis, serum tryptase 
levels decreased or remained stable with time. None of 
the 9 patients with serum tryptase levels ≥20 ng/mL along 
with severe symptoms, likely due to mast cell mediators, 
but no organomegaly, showed SM on bone marrow 
evaluation. 

Thus, serum tryptase levels generally decrease with time 
in pediatric patients with mastocytosis and is a good bio- 
marker for resolution. Whereas BST levels ≥20 ng/mL 
together with severe mediator symptoms alone are no 
indication for a bone marrow biopsy, organomegaly or 
demonstration of the D816V mutation may indicate SM 
and also an increase of BST over time suggest the need 
for monitoring over concern about disease progression [59].

Tryptase Testing in  
Adult Patients with Mastocytosis 

In about half of the adults with mastocytosis, the diagno-
sis is made because of their characteristic skin lesions 
of MPCM/UP [54, 55]. In contrast to pediatric mastocy-
tosis, where lesions may vary between different children 
in terms of size, pigmentation, induration and elevation, 
having been termed “polymorphic”, in adults lesions are 
typically small 3–4 mm red-brown macules or slightly 
elevated monomorphic papules (Fig. 2) [55]. They occur 
in a symmetric distribution, initially on the sides of the 
trunk and thighs. In extensive disease, they spread to 
other areas of the skin and may form clusters or become 
confluent to form mottled skin areas or diffuse patches. 
MPCM/UP lesions in adults may be erythematous and 
telangiectatic rather than hyperpigmented, a picture 
which has then be termed Telangiectasia Macularis 
Eruptiva Perstans, a term no longer recommended for 
cutaneous mastocytosis lesions [55]. However, the level 
of pigmentation of lesions differs in individual patients 
with mastocytosis in the skin and telangiectatic lesions 
may reflect the depigmented end of the MPCM/UP spec-
trum rather than as a separate entity [60]. The diagnosis 
of mastocytosis in the skin is made by its typical clinical 
appearance, Darier’s sign and/or skin biopsy.

The overall prevalence of the systemic type of masto-
cytosis in adults with mastocytosis reportedly is >95% 
[52], with bone marrow involvement in the majority of 
the patients. Additional organs may be affected in more 
aggressive disease. To diagnose systemic mastocytosis, 

WHO criteria for the diagnosis of systemic mastocytosis:

Major  
criterion

Multifocal dense aggregates of ≥15 
mast cells per aggregate in bone 
marrow and/or other extracutaneous 
tissues

Minor criteria Morphologically atypical mast cells, 
e.g., spindle-shaped, in smears of 
biopsy sections of bone marrow or 
other extracutaneous organs

Aberrant expression of CD25 and/or 
CD2 by mast cells in the bone marrow 
or other tissue sites

D816V KIT mutation in bone marrow, 
blood or other extracutaneous organs

Baseline serum tryptase level >20 µg/l

organ involvement in mastocytosis [64], as well as with 
other biomarkers, such as interleukin-6, soluble Kit 
(CD117) or soluble interleukin-2 receptor alpha (soluble 
CD25) levels [64, 65]. It even correlates with the D816V 
KIT allele burden, i.e., which often indicates cells outside 
of the mast cell lineage being carriers [66].

Systemic mastocytosis is subdivided into different clinical 
variants according to organ system impairment and mast 
cell burden (Table 2) [49, 50]. The most common form 
[90–95% of adult mastocytosis patients] is indolent  
systemic mastocytosis (ISM). Patients with ISM shows 
a wide range of baseline serum tryptase levels, which in
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Table 2. Updated WHO Classification  
of Mastocytosis 2016

 
 
*The previous term SM-AHNMD (SM with clonal hema-
tologic non-mast cell-lineage disease) and the new term 
AHN can be used synonymously.

most cases exceed 20 ng/mL, but can be normal [63, 
67]. In ISM patients with very high serum tryptase levels 
(>200 ng/mL), strong mast cell infiltration of the bone 
marrow and palpable organomegaly (splenomegaly, 
hepatomegaly or lymphadenopathy), but without signs 
of organ system impairment, smoldering SM (SSM) is 
diagnosed [50]. Less common advanced forms include 
SM with a non-mast cell associated hematologic neo-
plasm (AHN), aggressive systemic mastocytosis (ASM) 
and mast cell leukemia (MCL) [50]. Most patients with 
advanced disease variants have markedly elevated 
baseline serum tryptase levels, often >200 ng/mL [67]. 
The cumulative probability of disease progression in 
patients with ISM is low (calculated to be 1.7% in ten 
years) and ISM patients carry a normal life expectancy 
[52]. Follow-up baseline serum tryptase levels in patients 
with ISM and SSM, obtained as clinically appropriate, 
typically on an annual basis, reflect changes in that pa-
tient’s mast cell burden. Patients with stable ISM or SSM 
show only a slight rise or stable levels over the years. 
Sudden increases or decreases in the baseline tryptase 
level can indicate a change in disease status [67, 68]. A 
declining level in patients with ISM are often associated 
with less frequent and less severe mast cell activation 
events, while declining levels in a patient with AHN-SM 
or ASM can be due to a more aggressive AHN such as 
acute myeloblastic leukemia. A marked increase in the 
basal serum tryptase level suggests a marked increase 
in the mast cell burden, raising a concern for mast cell 

leukemia. Thus, a reproducible change in a patient’s 
baseline serum tryptase level should be considered in 
the context of other clinical and laboratory parameters.

Most symptoms in patients with mastocytosis are 
related to the release of mast cell mediators or to an 
increased number of mast cells in the tissue. Patients 
may be asymptomatic, but may also report attacks of 
pruritus, whealing (reddening and swelling of skin le-
sions), and flushing (erythematous diffuse rash with 
feeling of warmth) [54, 69]. Diarrhea and abdominal pain 
are frequent in adults with systemic mastocytosis, and 
some develop histamine-mediated peptic ulcer disease. 
Further manifestations and symptoms include osteopenia 
or osteoporosis, hepatomegaly, ascites, splenomegaly, 
fatigue, weight loss, mild fever, and night sweats. Pal-
pitations, headache, tachycardia, dizziness, lighthead-
edness, and syncope may occur. Extensive mast cell 
mediator release, either spontaneous or triggered, may 
lead to anaphylaxis [see also chapter on Tryptase Testing 
in Severe Allergic Reactions to Exclude Mastocytosis]. 
In adults with SM, the cumulative prevalence of ana-
phylaxis is much higher than in the normal population, 
estimated to be between 22% and 49% [56, 70], though 
not all patients with mastocytosis develop anaphylaxis. 
Hymenoptera stings are the most common triggers for 
these reactions. However, anaphylactic reactions trig-
gered by foods, drugs or physical stimuli also occur [56, 
71].  Baseline serum tryptase has been reported to trend 
higher in adults with MPCM/UP who develop anaphylaxis 
as compared to those who do not [56]. 

In adult SM, recently and increasingly a substantial 
fraction of patients with anaphylaxis and later confirmed 
SM without presence of skin lesions has been report-
ed. In other patients without mastocytosis in the skin, 
osteoporosis and pathological fractures together with 
elevated baseline serum tryptase or hematological ne-
oplasms associated with mastocytosis may lead to the 
diagnosis. Elevated baseline serum tryptase or MPCM/
UP have been found in about 5% to 15% of patients with 
hymenoptera anaphylaxis [71], both indicating a possible 
underlying mast cell disease, such as SM. The majority 
of patients with SM without mastocytosis in the skin are 
diagnosed in the follow-up of anaphylaxis, mostly due 
to hymenoptera venom allergy, and elevated baseline 
serum tryptase levels. Specific demographic, clinical, 
and laboratory features distinguish these patients from 
those exhibiting typical mastocytosis skin lesions: a 
male predominance, more cardiovascular as compared 
to cutaneous symptoms, and more restricted mast cell 
abnormality/proliferation seen as less bone marrow mast 
cell aggregates and mast cell lineage-restricted KIT 
mutations [72, 73]. They also have lower baseline serum 

Cutaneous 
mastocytosis 
(CM)

Maculopapular CM (MPCM) = urtica-
ria pigmentosa (UP)

Diffuse CM (DCM) 

Mastocytoma of skin

Systemic 
mastocytosis 
(SM)

Indolent SM (ISM)

Smoldering SM (SSM)

SM with associated hematologic  
neoplasm (AHN)*

Aggressive SM (ASM) 

Mast cell leukemia (MCL)

Mast cell sarcoma (MCS)
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[24]. In 5.9% of patients, baseline serum tryptase was el-
evated. Fatigue, abdominal distention, fibromyalgia, bone 
aches, vertigo, tachycardia, flush, palpitations, diarrhea 
and edema were associated with increased baseline 
serum tryptase. Many patients suffer from symptoms, 
which may point to a possible mast cell disease. In 
the light of this unmet need, a diagnostic algorithm for 
patients with suspected mastocytosis was developed 
and a unifying classification of all mast cell disorders was 
proposed in order to be able to recognize and describe 
new entities [17].  

The preclinical checkpoint of mast cell activation was de-
fined as a prerequisite for diagnosing a mast cell disorder 
[17]. Mast cell activation cannot be defined by symptoms 
alone, as different diseases and conditions may have 
similar or overlapping symptoms [80]. In severe reactions, 
mast cell activation can be documented by a substantial 
increase in the serum tryptase level above baseline. It 
was proposed that an increase of tryptase of 2 ng/mL + 
20% of baseline serum tryptase above baseline serum 
tryptase is diagnostic for mast cell activation, such as 
present in anaphylaxis [17]. When symptoms are recur-
rent, are accompanied by such an increase in tryptase, 
and are responsive to treatment with mast cell–stabilizing 
or mediator-targeting drugs, the diagnosis of mast cell 
activation syndrome (MCAS) is appropriate [80]. Mast 
cell activation syndromes were subclassified into primary 
MCAS where clonal mast cells are detected [mastocyto-
sis and MMAS], secondary (e.g. IgE-mediated allergy, but 
no KIT-mutated cells) and idiopathic forms, where neither 
an allergy or other underlying disease, nor KIT-mutated 
mast cells are detectable [17]. 

Until now, only few patients have been diagnosed as 
“idiopathic” MCAS according to these criteria in the 
literature. A group of 18 patients have been described 
presenting with a combination of abdominal pain, flush 
and urticarial dermographism [81]. Whereas the number 
of patients with compatible symptoms and response to 
therapy was higher in the total patient cohort [person-
al communication Cem Akin], only these patients also 
demonstrated at least one increased mast cell medi-
ator at ≥ one time point, including total tryptase (>15 
ng/mL), mature tryptase (≥1 ng/mL), urinary histamine 
(>386 mmol/g creatinine) or urinary prostaglandin D2 
(>280 ng/24 h). Another group of 25 patients with symp-
toms compatible with MCAS has been evaluated at the 
Mayo Clinic and the frequency of elevated mast cell 
mediators was analyzed [82]. Urinary PGD2 metabolite 
11β-prostaglandin-F2α (11β-PGF2α) was the most fre-
quently elevated mediator in these patients and serum 
tryptase level was elevated in 10 patients, whereas the 
urinary histamine metabolite N-methyl histamine level 

tryptase levels, which may be within the normal range 
of ≤11.4 ng/mL [74]. In about 6% of ISM patients without 
skin lesions, baseline serum tryptase levels remain ≤11.4  
ng/mL [73]. Thus, in male patients with severe hyme-
noptera venom anaphylaxis with severe cardiovascular 
symptoms and without skin symptoms (such as flushing, 
urticaria or angioedema), a bone marrow biopsy or pe-
ripheral blood allele-specific D816V KIT PCR should be 
considered even in patients with normal baseline serum 
tryptase levels. 

Taken together, monitoring baseline serum tryptase lev-
els has diagnostic and prognostic values in patients with 
mastocytosis. Tryptase levels >20 ng/mL are a strong in-
dicator of and may initiate a work-up for SM, even though 
lower levels do not exclude consideration of this disease, 
e.g., in patients for whom hymenoptera stings triggered 
systemic anaphylaxis or those with unexplained osteopo-
rosis and pathologic fracture. However, the prognosis is 
good when tryptase levels are stable over time in cases 
of cutaneous or indolent SM or poor in cases of rapidly 
increasing baseline serum tryptase levels.

Tryptase Testing in  
Mast Cell Activation Syndrome 

Mastocytosis is an emerging differential diagnosis in 
patients with more or less specific symptoms that may 
be mast cell mediator-related, but without overt masto-
cytosis in the skin [17]. In some of these patients, typical 
clinical and laboratory criteria are found and the diagno-
sis of SM can be established [49]. In other cases, pres-
ence of the D816V KIT mutation and/or CD25 positivity 
of mast cells in the bone marrow aspirate or other sites 
demonstrate mast cell clonality, but alone do not provide 
sufficient criteria for the diagnosis SM. The diagnosis in 
these patients, which suffer particularly from hymenop-
tera venom or idiopathic anaphylaxis, has been termed 
monoclonal mast cell activation syndrome (MMCAS)  
[17, 75, 76]. Other clonal disorders, such as myelodys-
plastic syndrome associated with a gain-of-function Jak2 
mutation [77], or hypereosinophilic syndrome associated 
with a FIP1L1-PDGFRA gain-of-function mutation [78, 79], 
result in CD25-positive mast cells, but such mast cells do 
not form aggregates and do not appear to put such pa-
tients at increased risk for either spontaneous or insect 
venom-triggered anaphylaxis.

This description of a MMAS in patients with anaphylax-
is, has led to a search for new unrecognized mast cell 
activation syndromes. Elevated baseline serum tryptase 
may be an indicator for a mast cell-driven condition. In a 
study in Austria, baseline serum tryptase was assessed 
in 15,298 patients attending an allergy outpatient clinic 
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An increase of tryptase levels is more often detected in 
insect venom as well as in drug-triggered anaphylaxis 
[particularly perioperative anaphylaxis] as compared with 
food anaphylaxis [92]. A significant correlation between 
tryptase levels and severity of the reaction was found for 
insect sting-triggered systemic anaphylaxis [16, 91]. In 
severe anaphylaxis with circulatory failure and decreased 
blood pressure, high levels of tryptase are detected, 
whereas mild urticaria may not be sufficient to increase 
blood tryptase levels over baseline [93].

In order to support the diagnosis “anaphylaxis”, the 
increase of acute tryptase levels over baseline levels 
provides robust evidence for mast cell activation, and 
is more important than a single absolute acute level. 
Elevated basal tryptase levels ≥11.4 ng/mL per se are not 
indicative of mast cell activation and a normal baseline 
serum tryptase level does not exclude anaphylaxis [80]. 
In primary MC disease [mastocytosis and MMCAS], 
baseline serum tryptase levels are usually elevated [15]. 
In a consensus conference, after review of key data, the 
members proposed that the minimal increase of acute 
serum total tryptase level, to be indicative of a mast cell 
activation, should be at least 20% plus 2 ng/mL over the 
baseline serum tryptase level [17]. For example, if a  
patient has a baseline serum tryptase level of 10 ng/mL, 
the acute peak tryptase level should be ≥14 ng/mL  
(10 + 0.2*10 + 2 ng/mL). A prospective and retrospective 
clinical investigation to validate this mast cell activation 
criterion in various clinical situations is under way.

An important prerequisite for using tryptase as an 
indicator for mast cell activation is the blood collection 
timing. Peak tryptase levels after anaphylaxis onset 
have to be compared to baseline serum tryptase levels. 
If blood is drawn after inadequate time intervals, the 
increase in tryptase levels may not be detected. At least 
two blood samples are mandatory, one after the acute 
reaction and one for baseline serum tryptase. As mature 
tetrameric tryptase has to diffuse from the tissue to the 
blood, elevation of serum tryptase may not be detectable 
during the first 15 to 30 minutes [12]. In the blood, mature 
tryptase or the rise in total tryptase returns to baseline 
with a half-life of about two hours [12]. The recom-
mended time frame for drawing blood after suspected 
anaphylaxis is between 30 minutes and two hours. In 
an individual patient, the chance is higher to detect an 
increase, if several acute samples are taken, e.g., after 
30 minutes and 1 or 2 hours. In most patients with an-
aphylaxis, no baseline serum tryptase has been deter-
mined before the reaction. With a half-life of two hours 
for tryptase, blood for baseline serum tryptase should be 
drawn at least 24 hours after the reaction has completely 
subsided. If baseline serum tryptase remains elevated 

was elevated only in 2 patients. The authors recommend 
measurement of 24-hour urine 11β-PGF2α and serum 
tryptase levels of patients with symptoms suggestive of 
MCAS to avoid misdiagnosis and over interpretation of 
MCAS symptoms in clinical practice. However, although 
PGD2 metabolites may be more sensitive than tryptase 
of such reactions, tryptase is likely to be more specific for 
mast cell activation due to its preferential storage in mast 
cell secretory granules and because other cell types can 
produce PGD2. For example, lipocalin-PGD synthase 
produces PGD2 from non-mast cells in CNS, male geni-
talia, adipose tissue and heart, while hematopoietic PGD 
synthase is expressed in megakaryocytes, dendritic cells 
and TH2 lymphocytes as well as mast cells.

Tryptase Testing in  
Allergy and Anaphylaxis  

Tryptase determination has been used for more than  
20 years for the confirmation of a mast cell degranulation 
in experimental or clinical allergic reactions. It has been 
measured in the serum, plasma as well as in different 
tissue fluids, such as skin blister fluid, tears, gut muco-
sa, bronchoalveolar, ear and nasal lavage fluids and in 
tissue culture supernatant [39, 83–88]. Increased levels 
in comparison to healthy controls are confirmative of an 
allergic reaction. 

Anaphylaxis is a systemic or generalized life-threatening 
and potentially fatal systemic hypersensitivity reaction 
[89]. Criteria for anaphylaxis have been defined [90]. Typi-
cally, it involves ≥ two out of the four organ systems most 
involved, including skin [e.g. flush, urticaria, angioedema], 
gastrointestinal tract (e.g. abdominal pain, nausea, diar-
rhea), pulmonary system [e.g. wheezing, dyspnea] and 
cardiovascular system [e.g. hypotension, shock]. Hyme-
noptera venom, food and drugs account for > 90–95% 
of identified elicitors for anaphylaxis [89]. In some cases, 
the culprit elicitor cannot be found and the diagnosis 
“idiopathic anaphylaxis” is made. 

Systemic anaphylaxis is the most severe form of an im-
mediate-type allergic reaction and is typically associated 
with high amounts of mast cell mediator release [16, 20, 
91, 92]. As other mediators are more difficult to determine 
and less specific, tryptase is the preferred mast cell me-
diator measured in such a clinical situation, even though 
it may be less sensitive. The commercially available 
tryptase test is robust and provides reproducible results 
[11]. A significant increase of tryptase over the baseline 
serum tryptase is a strong sign for an allergic or anaphy-
lactic reaction and supports this diagnosis. The chance 
and magnitude of tryptase elevation depends on the 
severity of the reaction and on the elicitor of the reaction. 
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be more closely linked to the total body mast cell load 
or to mast cell clonality as reflected by baseline serum 
tryptase levels. 

In anaphylaxis to drugs and food, baseline serum 
tryptase levels ≥11.4 ng/mL are less frequently found 
and the diagnosis of SM is less often made [101, 102]. 
Nevertheless, food allergy in children has been related 
to higher levels of baseline serum tryptase [103]. In this 
study, median serum baseline tryptase levels among 167 
children with food allergy with a history of anaphylaxis (4.0 
ng/mL]) or no such history (3.6 ng/mL) were compared 
to a control group (3.3 ng/nL),  showing a significantly 
increased level in the anaphylaxis group. Cutoff baseline 
tryptase values of 5.7 and 14.5 ng/mL were associated 
with 50% and 90% predicted probabilities for moderate 
to severe anaphylaxis, respectively. Children with tree 
nuts or peanut allergies had significantly higher levels 
of serum baseline tryptase than children with milk and 
egg allergy. Only a minority of cases with drug-induced 
anaphylaxis are associated with mastocytosis [102]. In 
patients with NSAID-hypersensitivity, no association to 
elevated basal serum tryptase levels was found, which is 
in contrast to patients with hymenoptera venom allergy 
[104]. Nevertheless, also in patients with severe anaphy-
laxis to food or drugs, determination of baseline serum 
tryptase and skin examination is advised and cases with 
newly diagnosed SM have been described [94]. As idio-
pathic anaphylaxis is occasionally associated with SM, 
the same holds true for these patients [76]. 

Tryptase Testing Postmortem 

The postmortem diagnosis of anaphylaxis can be difficult 
without specific biomarkers. Tryptase may be used as 
a biomarker for mast cell activation and anaphylaxis to 
support these diagnoses. Tryptase is significantly el-
evated in the femoral blood of anaphylactic deaths as 
compared with controls [105]. Very high levels of serum 
tryptase have been reported after fatal anaphylaxis [20, 
105]. However, the diagnosis should not be based on this 
test alone, as moderately elevated tryptase values are 
also found in  deaths that apparently were not IgE-medi-
ated and a considerable overlap exists between values in 
the anaphylaxis and control groups [106–108]. Asphyxia 
was associated with higher postmortem femoral tryptase 
levels [109]. It has been recommended to do postmor-
tem measurements from femoral blood, because cardiac 
blood may give higher tryptase values also in nonanphy-
lactic deaths and be more nonspecific [109]. Also, as no 
baseline sample of serum is typically available, a meas-
urement of mature trytase along with total tryptase might 
be useful.

after 24 or more hours, then an investigation for SM and 
MMCAS should be initiated. Systemic mastocytosis is a 
well-known underlying disease in patients with hymenop-
tera venom and idiopathic anaphylaxis and may also be 
present in food and drug anaphylaxis. Many patients with 
anaphylaxis and SM do not have additional symptoms 
and would not have been diagnosed without the anaphy-
lactic episode [94]. In addition to patients with SM, there 
are patients with anaphylaxis that carry clonal mast cells 
expressing the D816V KIT mutation, i.e., MMCAS [17].

Tryptase Testing in Severe Allergic  
Reactions to Exclude Mastocytosis 

Anaphylaxis may be the first manifestation of a prima-
ry mast cell disorder [56]. The severity of anaphylaxis 
in adults with ISM as compared to nonmastocytosis 
patients appears to be increased. In one study, 48% 
of reactions were classified as severe and 38% result-
ed in unconsciousness [56]; another study reported 
unconsciousness occurring in 72% of patients with 
mastocytosis [95]. In about 5% to 15% of patients with 
hymenoptera anaphylaxis, elevated baseline serum 
tryptase levels or urticaria pigmentosa have been found, 
both indicating a possible underlying clonal mast cell 
disease, i.e., SM or MMCAS [71, 96]. Mastocytosis is a 
risk factor for severe anaphylaxis in the group of patients 
with anaphylaxis to hymenoptera venom [22, 96]. Thus, 
in all patients with hymenoptera venom anaphylaxis, an 
underlying clonal mast cell disease should be excluded 
by baseline serum tryptase determination, D816V cKit 
allele-specific PCR test in peripheral blood (if available) 
[97], skin examination and in patients with suspicion of 
SM (e.g. male with severe reaction, increased baseline 
serum tryptase or MPCM /UP) by bone marrow exami-
nation [98]. In a multicenter study of patients with honey 
bee or vespid venom allergy, the strongest risk factor for 
severe anaphylaxis was the elevation of baseline serum 
tryptase values irrespective of mastocytosis [99]. In this 
study, there was a continuous log-linear relationship 
between baseline serum tryptase and the risk for severe 
anaphylaxis particularly for vespid allergy and even levels 
within the normal range <11.4 ng/mL had higher adjusted 
odds ratios. However, elevated tryptase levels may have 
been a surrogate marker for mast cell clonality, which 
was not directly examined in this study. Also the risk of 
allergic adverse reactions during the induction phase 
of hymenoptera venom immunotherapy was associat-
ed with baseline serum tryptase levels, again, perhaps 
reflecting underlying mast cell clonality [100]. For vespula 
immunotherapy, the odds ratio reached 2, 5 and 10 for 
baseline serum tryptase levels of 7.5, 10 and 20 ng/mL, 
respectively. Thus, a higher risk for severe reactions may 
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Summary

Measuring a total tryptase level under acute and/or 
baseline conditions can facilitate detection of mast cell 
involvement related to elevated mast cell numbers as 
found in systemic mastocytosis, mast cell activation as 
in systemic anaphylaxis or tryptase overproduction as 
in alpha-tryptasemia. Also, a normal level reduces the 
likelihood of such conditions. In systemic mastocytosis, 
particularly advanced forms, cytoreductive therapy can 
be monitored, in part, by following the tryptase level, re-
flecting the mast cell burden. Such information provides 
more precise information than available from clinical fea-
tures alone. As cutaneous manifestations can be present 
in all of these mast cell disorders, dermatologists should 
be familiar with tryptase testing.
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