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Abstract:  

Anaphylaxis is a systemic life-threatening allergic reaction, which is typically caused by an IgE 

mediated response to allergen with resultant degranulation of mast cells.  This degranulation 

results in a range of symptoms including respiratory distress secondary to bronchospasm 

and/or haemodynamic collapse secondary to vasodilatation, capillary leak, and direct cardiac 

effects of mast cell mediators. The diagnosis of anaphylaxis is made clinically (table 1) but in 

some instances the diagnosis may be difficult e.g. post-mortem, out of hospital collapse, under 

anaesthetic or in response to medications.  In these ambiguous cases a diagnostic test would 

be useful in helping to confirm or refute the diagnosis. 

In addition to having a specific and sensitive test for anaphylaxis it would also be very useful 

to have a test that could help to predict the risk of future anaphylaxis in allergic children.  Such 

a test would help to inform clinicians and parents as to the risk and benefits of carrying an 

adrenaline auto-injector. 

 

Mast cell tryptase (tryptase) is an enzyme produced almost exclusively by mast cells that is 

easy to test and widely available.  The research into the role of this enzyme as a marker of 

anaphylaxis, and as a predictor of future anaphylaxis risk is discussed below.  In addition to 

anaphylaxis mast cells are implicated in a number of haematological disorders including 

mastocytosis and the role of tryptase in the diagnosis of these conditions in also discussed 

below. 

 

 

 



How to use “Mast Cell Tryptase” 

 Introduction:  

Anaphylaxis is a systemic life-threatening allergic reaction, which is typically caused by an IgE 

mediated response to allergen with resultant degranulation of mast cells.  This degranulation 

results in a range of symptoms including respiratory distress secondary to bronchospasm 

and/or haemodynamic collapse secondary to vasodilatation, capillary leak, and direct cardiac 

effects of mast cell mediators. The diagnosis of anaphylaxis is made clinically (table 1) but in 

some instances the diagnosis may be difficult e.g. post-mortem, out of hospital collapse, under 

anaesthetic or in response to medications.  In these ambiguous cases a diagnostic test would 

be useful in helping to confirm or refute the diagnosis. 

Table 1: Diagnosing Anaphylaxis (1) 

Mucosal Symptoms Respiratory Symptoms Cardiovascular Symptoms 

Hives/Itchy Rash 

Swelling of lips/tongue  

Swelling of back of throat 

Difficulty Breathing 

 

Hypotension 

Collapse 

 

Vomiting/Stomach cramps   

To diagnose anaphylaxis symptoms from two columns need to be present with minutes to hours of allergen exposure 

 

In addition to having a specific and sensitive test for anaphylaxis it would also be very useful 

to have a test that could help to predict the risk of future anaphylaxis in allergic children.  Such 

a test would help to inform clinicians and parents as to the risk and benefits of carrying an 

adrenaline auto-injector. 

 



Mast cell tryptase (tryptase) is an enzyme produced almost exclusively by mast cells that is 

easy to test and widely available.  The research into the role of this enzyme as a marker of 

anaphylaxis, and as a predictor of future anaphylaxis risk is discussed below.  In addition to 

anaphylaxis mast cells are implicated in a number of haematological disorders including 

mastocytosis and the role of tryptase in the diagnosis of these conditions in also discussed 

below. 

 

This paper is to the best of our knowledge the first to explore the role of tryptase exclusively 

in paediatrics. 

 

Physiological Background - The Mast Cell 

Mast cells are a part of the innate immune system and they develop from the CD34+ 

multipotential bone marrow cells.  The developing mast cells are initially found circulating in 

peripheral blood but later settle in organs that have direct interaction with the environment 

such as gut, respiratory tract and skin.  These locations suit the mast cell’s role as a member 

of innate immune system responsible for pathogen sensing and mediating inflammatory 

responses. 

Mast cells degranulate in response to a range of stimuli including trauma, high temperatures 

and bound antibody. It is this later response that is responsible for the classical type 1 

hypersensitivity reaction.  In type 1 hypersensitivity reactions the body produces IgE 

antibodies on first exposure to a harmless environmental protein e.g. peanut.  On subsequent 

exposure the IgE binds the antigen and then activates mast cells.  The mast cells then release 

the contents of their secretory granules (cytokines, Histamine, tryptase, chymase etc) 

resulting in a type 1-hypersensitivity reaction.  (Figure 1) 

 



Figure 1: Diagram Depicting Mast Cell Degranulation  

 

 
Physiological Background – Mast Cell Tryptase (Tryptase)  

The tryptase enzyme (also known as mast cell, or beta-tryptase) is highly specific to the mast 

cell.  The role of tryptase in the immune response and anaphylaxis is unclear.  Tryptase can 

degrade mediators of bronchodilation and has effects on nitric oxide mediated vasodilatation 

possibly contributing to bronchospasm and hypotension respectively (2).   Following an 

anaphylactic reaction tryptase levels rise with peak secretion from the mast cell at 15 minutes 

to 2 hours (2).  The peak level in the blood is usually measurable at 1-6 hours after the onset 

of anaphylaxis with tryptase having a half-life of around 2 hours and the levels returning to 

normal at around 24 hours (3).  Based on these timings it is recommended that when used for 

the diagnosis of anaphylaxis at least three samples are taken (2).  The first is taken at the onset 

of the reaction, another at 1 hour and the third at 24 hours.  An additional sample may need 

to be taken at 1 week after the reaction to establish a true baseline tryptase level(4).  Whilst 

in the majority of cases a raised tryptase level will represent anaphylaxis it is worth noting that 

there are other causes of an elevated tryptase (2) (see table 2) 

Table 2: Potential Non-Anaphylaxis Causes Of An Elevated Tryptase 



Scar Formation  Opiate Use 

Polytrauma Mastocytosis 

Hypoxia Myeloid Leukaemia 

Wound Healing Myocardial Infarction 

Ref: Michalska-Krzanowska G et 2012 (2) 

 

Technological Background 
 
The only commercially available method for measuring tryptase levels is the sandwich 

enzyme-linked immunosorbent assay (ELISA) known as (ImmunoCAP Tryptase) produced by 

(ThermoFisher Scientific Diagnostics, Phadia, Sweden).   The Sandwhich ELISA is more sensitive 

than the standard ELISA technique and samples do not requiring purification prior to testing.  

The ImmunoCAP Tryptase involves the following steps(5). 

 

1. The anti-tryptase is added to the patients serum and binds to the trypase 

2. The sample is washed and enzyme-labeled antiboides against tryptase are added 

creating a complex 

3. The complex is incubated with a developing agent 

4. At the end of the reaction the fluorescence is measured and is directly proportional 

to the amount of tryptase in the sample. 

 

Blood samples for tryptase analysis can be collected in a clotted sample and sent to the 

laboratory at room temperature (6). The serum should be separated from blood and analysed 

(6).   The tryptase enzyme is very stable and can be stored for 2 days at room temperature, 

for 5 days at 2-8C and for longer periods if stored at -20C to -70C (6).  

 

Normal Ranges: 



Tryptase levels should ideally be viewed as a continuum with no clear normal range.  From the 

existing data however, the median tryptase level in non-atopic children aged 6 months to 18 

years is 3.5ųg/l (assessed on a total of 410 healthy and non-atopic children) (7-9).   This level 

is similar to that seen in healthy adults (3.8ųg/l) with 95% of healthy adults having a tryptase 

level less than 11.4ųg/l(6).  

 

Children under 6 months show higher levels of tryptase with a median level of 6.1ų/l (8).  This 

level then gradually reduces (8). 

 

 

Indications and limitations:  

 

In a child presenting shocked in whom anaphylaxis is a possibility can tryptase 

measurements be used to confirm or refute anaphylaxis as a cause? 

Anaphylaxis is primarily a clinical diagnosis and the role of tryptase is as a tool to help confirm 

or refute the diagnosis when there is an element of clinical uncertainty. There have been a 

number of suggested approaches for how one might interpret tryptase levels to diagnose 

anaphylaxis.  The first is to use the 11.4ug/l as an upper limit and to confirm anaphylaxis in 

anyone with a level above that(10).  This value has been chosen as it presents the upper limit 

seen in a population of healthy adults.  The other is to use a measure of 1.2 times the baseline 

level + 2ug/l as a cut off (10).    

Until recently there was very little data on how effective either of these approaches are in 

diagnosing anaphylaxis in children with most available data looking at adult populations with 

anaphylaxis.  A recently published Canadian study looked at 203 children with anaphylaxis 

measured the tryptase levels at 30 minutes and 2 hours(10).  Overall only 19.2% of the children 



in that study had a maximum tryptase level greater than 11.4ug/l(10).  Furthermore even in 

the group with the severest reactions only 71% of children had a tryptase level above 

11.4ug/l(10).  Of the 203 children; 68 had a baseline tryptase level measured.  Of those with 

anaphylaxis 60.3% had a maximal tryptase level of greater than 1.2 times their baseline + 

2ug/l(10).  This study is the largest paediatric anaphylaxis study exploring the role of tryptase 

as a diagnostic test for anaphylaxis and it demonstrates that a tryptase level is not a sensitive 

test for anaphylaxis (10). 

These results reflect data from adult studies with a similarly designed adult study of 102 

patients with clinically confirmed anaphylaxis finding that tryptase levels were not elevated 

beyond baseline (baseline measure at 1 week after the event) in 36.3% of patients (4).  The 

authors also went on to highlight that in their study food allergy induced anaphylaxis was less 

likely to result in an elevated tryptase level when compared to venom or drug induced 

anaphylaxis.  This has been attributed to food allergies leading to more localised mast cell 

degranulation than with drugs or venom; with the result of less tryptase entering the 

circulation despite being released locally (4).  This finding is not consistent within the literature 

and more research is required to understand how food/venom and drug induced anaphylaxis 

affect tryptase levels(11).  The possibility that tryptase levels are less reliable for determining 

food induced anaphylaxis is significant for the paediatric population because the majority of 

paediatric anaphylaxis is secondary to food (12).  

For the general pediatrician measuring tryptase levels in cases of suspected anaphylaxis is of 

limited value.  Tryptase levels are not sensitive for anaphylaxis and although specific there 

remains uncertainty as to how to interpret levels and at what level anaphylaxis can be 

assumed to have occurred (10).  Tryptase level measuring is unlikely to be helpful in cases of 

clear-cut anaphylaxis, but where the cause for systemic symptoms is not clear eg unexplained 

hypotension during anaesthesia – finding a raised mast cell tryptase can be useful for 



confirming that the episode was indeed anaphylaxis.   

 

In a child who has died of suspected anaphylaxis can tryptase levels be measured post-

mortem to confirm anaphylaxis as a cause of death? 

 

Diagnosing a case of fatal anaphylaxis post mortem can be difficult. Thus, having blood 

markers to help confirm this diagnosis is in theory very helpful.  Tryptase levels have been 

shown to be raised in cases of anaphylactic deaths and it had been suggested that tryptase 

levels post mortem can be used to confirm anaphylaxis (13).  It has also been shown however, 

that a modest rise in tryptase levels is common post mortem with 34.5% of non-anaphylactic 

post mortem cases demonstrating a tryptase level of >11.4µg/L (14).  

 

There are currently several controversies related to the use of measuring tryptase levels in 

post-mortem and these include: 

 

1) There is no consensus at to a cut off level at which anaphylaxis can be confirmed as 

occurring with authors suggesting a range of >45ug/l to >110ug/l (14, 15).  

2) The mode of death can significantly affect the tryptase level and in particular death 

by asphyxia can cause a significant tryptase rise(15). 

3) There is no consensus on the best site for sampling with differences in tryptase levels 

observed between samples taken from femoral vessels and from the heart (15, 16) 

4) There is no consensus as to the best timing of sampling (14). 

5) The existing data focuses on adults and must be interpreted cautiously in regards to 

anaphylaxis in children 

 



From the evidence available tryptase levels can be useful post mortem but care needs to be 

taken to ensure that the time of sampling, site of sampling and nature of death are recorded.  

A very high tryptase level >110ug/l is very suggestive of anaphylaxis having occurred but lower 

levels cannot rule out or rule in anaphylaxis.  More data is required before tryptase levels can 

be interpreted reliably in children post mortem.  

 

 

In a child with known allergy can a baseline tryptase level be used to predict the likelihood 

of future anaphylaxis? 

 

At present there is no test that can accurately predict the likelihood of future anaphylaxis (10).  

As we begin to view serum tryptase level as a continuum rather than a positive/negative test 

it opens up the possibility of using baseline serum levels to predict anaphylaxis risk.  

 

There appears to be a trend in the literature towards reporting that children with higher 

baseline tryptase levels have increased anaphylaxis risk.  The risk however is hard to calculate 

because the tryptase level and relative risk varies depending upon the allergen.  The overall 

trend is however that the higher the baseline level of tryptase the greater the future 

anaphylaxis risk.  The table below (Table 3) is an attempt to combine the existing data on 

baseline tryptase levels and future risk of anaphylaxis in allergic individuals (2, 17, 18).  There 

is very little data overall and there is no paediatric data exploring the risk for individual foods 

(just data on “food allergies”).   

 

 

 

 



 
 

   

Allergen Moderate Risk (>50% Risk of 
Anaphylaxis)  

High Risk (>75% Risk of 
Anaphylaxis) 

Insect Venom Baseline Tryptase Level 
>4.8ug/l 

Baseline Tryptase Level 
>8ug/l 

Food Allergies  Baseline Tryptase Level 
>5.7ug/l 

Baseline Tryptase Level 
>14.5ug/l 

Table 3 – Predicting future anaphylaxis in allergic children based on baseline tryptase levels 
(17, 18) 
 
 

 
In a child with suspected mastocytotis can a tryptase level be used to confirm or rule out 

the diagnosis? 

 

Mastocytosis is the haemotological disorder of clonal proliferation of abnormal mast cells It 

can have both systemic and cutaneous features such as flushing, abdominal pain, diarrhoea, 

pruritis, musculoskeletal pain, cutaneous lesions, hypotension and syncope.  

 

Mastocytosis is usually spontaneous rather than inherited and in children it tends to manifest 

with cutaneous lesions, and resolve spontaneously by adulthood. Raised serum tryptase levels 

of >20ug/L  are currently a minor diagnostic criterion is (Table4). Using the WHO criteria a 

patient requires either one major and 1 minor criterion or 3 minor criteria before a diagnosis 

of mastocytosis can be made (19).  Therefor tryptase measurements alone are not sufficient 

to confirm or refute a diagnosis of suspected mastocytosis.  

 
 
 
 
 
 
 
 
 
 

Major Criterion Minor Criterion 



Multifocal, dense aggregates of mast cells 
(15 or more) detected in sections of bone 
marrow and confirmed by tryptase 
immunohistochemistry or other special 
stains 

In biopsy section, more than 25% of the 
masts cells in the infiltrate have atypical 
morphology, or, of all the mast cells in the 
aspirate smear, more than 25% are 
immature or atypical 

 Mast cells co-express CD117 with CD2 
and/or CD25 

 Detection of KIT point mutation at codon 
816 in bone marrow, blood, or other 
extracutaneous organs 

 Serum total tryptase persistently >20 ug/l 
(not a valid criteria in cases of systemic 
mastocytosis with associated clonal 
hematologic non-mast-cell lineage disease) 

Table 4: WHO criteria for systemic mastocytosis (19) 
 
 
 

 

In a child with suspected or confirmed leukaemia can a tryptase level be used as a reliable 

tumour marker? 

 

 

Currently tryptase measurements have no role in paediatric oncology except in research 

settings.  There is very little data on the usefulness of tryptase as a tumour marker.  One study 

of 914 adult and paediatric patients with haematological conditions (including mastocytosis) 

found that no patients with lymphoid leukaemias had an elevated tryptase level whereas 34% 

of patients with acute myeloid leukaemia (AML) did demonstrate an elevated tryptase level 

(>15ųg/l) (20).  It is worth noting however that none of the 317 cases of AML where in children 

under the age of 16 (20). 

 

In summary tryptase currently has no role in the diagnosis or management of paediatric 

haematological malignancies. 

 

 

 



Topics for further research: 

 

1) There needs to be more research to determine in the paediatric population the 

tryptase level at which anaphylaxis can be assumed to have occurred. 

2) More research is required to determine how best to measure tryptase levels post 

mortem in children and to determine an acceptable level at which anaphylaxis can 

be assumed to have occurred 

3) More research is required to understand how to stratify risk of anaphylaxis in 

children with food allergies 

Clinical bottom line 

 Anaphylaxis is a clinical diagnosis 

 When there is clinical uncertainty whether anaphylaxis has occurred tryptase 

measurements may be useful.  Low levels do not rule out anaphylaxis (especially 

to food) but a high level is very suggestive of anaphylaxis. 

 Mastocytosis cannot always be diagnosed or ruled out using a tryptase level 

 A high baseline tryptase level may indicate a higher risk of future anaphylaxis 

 Tryptase levels are difficult to interpret post mortem but a very high level 

>110ug/l is highly suggestive of anaphylaxis occurring prior to death 

Appendix – search strategy: Search strategy and selection criteria 

Information was obtained from Medline and PubMed searches for years between 1960 and 

2015. Using the MESH search terms “Tryptase, allergy, allergic reaction, anaphylaxis, 

mastocytosis, leukaemia, malignancy, AML, acute myeloid leukaemia”, original articles in 

English relating to tryptase were retrieved and their references searched for relevant clinical 

studies.  



MCQ 

 

1) Mast cells are predominantly found in the following tissues? (Select all that 

are correct) 

a. Gut 

b. Brain 

c. Skin 

d. Respiratory tract 

 

Answer: A,C,D 

 

2) In cases of suspected anaphylaxis tryptase levels should be recorded at the 

following times? 

a. As soon as possible, 1 hour and 24 hours 

b. 1 hour and 24 hours 

c. 24 hours only 

d. At 1 hour only 

Answer: A 

 

3) Tryptase levels are measured in a child with suspected anaphylaxis (but with 

ongoing diagnostic uncertainty).  At which level can we confirm anaphylaxis? 

a. 5ug/l 

b. 1.2x baseline 

c. 1.2x baseline + 2ug/l 

d. Baseline + 2ug/l 

Answer C 



 

4)  In which type of malignancy is tryptase a useful tumour marker? 

a. ALL 

b. AML 

c. Nephroblastoma 

d. None 

Answer D 

 

5) Which of the following are minor diagnostic features of mastocytosis? 

a. Mast cells co-express CD117 with CD2 and/or CD25 

b. Detection of KIT point mutation at codon 816 in bone marrow, 

blood, or other extracutaneous organs 

c. Serum total tryptase persistently >20 ug/l  

d. All of the above 

Answer D 
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