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Background: The diagnosis of anaphylaxis currently relies on
suggestive clinical history after exposure to a potential
triggering factor because no reliable diagnostic marker is
available to confirm the diagnosis.
Objectives: We aimed to evaluate tryptase levels in children
with anaphylaxis and to examine predictors of elevated tryptase
level (defined as >_11.4 mg/L during reaction and for those with a
baseline level, defined as a reaction level of at least 2 ng/
mL 1 1.2 3 [postreaction tryptase level]).
Methods: Children presenting with anaphylaxis to the Montreal
Children’s Hospital were recruited over a 4-year period.
Symptoms, triggers, and management of anaphylaxis were
documented. Levels during the reaction and approximately
9 months after the reaction were compared on the basis of
paired means using the t distribution. Multivariate linear and
logistic regressions were used to evaluate the association
between tryptase levels and risk factors.
Results: Over a 4-year period, 203 children had serum tryptase
levels measured. Among these, 39 children (19.2%; 95% CI,
14.1%-25.4%) had elevated levels. Only severe reactions were
associated with reaction levels of 11.4 mg/L or more (odds ratio,
6.5; 95% CI, 2.2-19.0). Milk-induced anaphylaxis and severe
reactions were more likely associated with increased tryptase
levels (beta-adjusted, 4.0; 95% CI, 0.95-7.0, and 7.5; 95% CI,
4.8-10.3, respectively). Reaction levels exceeding the threshold
level of 2 ng/mL 1 1.2 3 (postreaction tryptase level) detected
most of the anaphylactic reactions, particularly if baseline levels
were taken within 2 months of the reaction.
Conclusions: Tryptase levels are particularly useful for the
diagnosis of severe and/or milk-induced anaphylaxis. Assessing

the difference between reaction and postreaction tryptase levels
may improve diagnostic sensitivity. (J Allergy Clin Immunol
2015;nnn:nnn-nnn.)

Key words: Anaphylaxis, children, diagnosis, milk allergy, tryptase

The diagnosis of anaphylaxis1,2 currently relies on a suggestive
clinical history after exposure to a potential triggering agent or
event. However, the diagnosis may be challenging because it is
not always possible to identify a clear trigger2,3 and its presenta-
tion may mimic that of other serious medical conditions. Given
that anaphylaxis affects at least 1.6% of the North American pop-
ulation,4 it is crucial to identify biomarkers that will aid in the
diagnosis of this important clinical condition.

Certain mast-cell mediators including tryptase, histamine, and
platelet-activating factor have been purported to be elevated in
anaphylaxis,5 but practical challenges related to the timing and
handling of samples may limit the usefulness of histamine and
platelet-activating factor.2 Tryptase levels within the first 3 hours
of anaphylaxis are considered to be a selective marker of anaphy-
laxis and do not require specific handling of the sample.6-8 How-
ever, large-scale studies establishing its role in anaphylaxis,
particularly in pediatrics, are lacking.

We aimed to evaluate tryptase levels in children during and after
anaphylaxis and to examine predictors of an elevated reaction
tryptase level (defined hereafter as levels >_11.4 mg/L)9,10 and an
increased difference between reaction and postreaction levels.

METHODS
As part of our Cross-Canada Anaphylaxis Registry, children presenting

with anaphylaxis1 (defined below) to the Montreal Children’s Hospital emer-

gency department between April 2011 and April 2015 were recruited. Data on

reaction characteristics, triggers, patients’ comorbidities, and management

were collected either prospectively (at the time of presentation) or retrospec-

tively through chart review as previously described.11

Anaphylaxis was defined as involvement of 2 organ systems and/or hypo-

tension in response to a potential allergen,1 and anaphylaxis severity was clas-

sified according to a modified grading system published by Brown.12 Mild

anaphylaxis was characterized by the presence of skin and subcutaneous tissue

symptoms (urticaria, erythema, and angioedema) as well as oral pruritus,

nausea (ie, gastrointestinal involvement and cutaneous) or nasal congestion,

sneezing, rhinorrhea, or throat tightness (ie, respiratory involvement). Moder-

ate anaphylaxis was characterized by the presence of any of the previous

symptoms as well as crampy abdominal pain, diarrhea or recurrent vomiting,

dyspnea, stridor, cough, wheeze, or ‘‘light headedness.’’ Severe anaphylaxis

was characterized by cyanosis, hypoxia (saturation <92%), respiratory arrest,

hypotension, dysrhythmia, confusion, or loss of consciousness.12

Total tryptase levels were measured 30 to 120 minutes after the onset of

symptoms at the discretion of the treating physician. All patients with

anaphylaxis were referred for assessment and management to the Montreal

Children’s Hospital Paediatric Allergy clinics. In patients who consented to

follow-up by the research team, postreaction tryptase levels were measured
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regardless of the level during anaphylaxis. Total tryptase level was measured

using the UniCAP-Tryptase fluoroimmunoassay (Phadia, now Thermo Fisher

Scientific, Uppsala, Sweden), following the manufacturer’s instructions.

A serum tryptase level of more than 11.4 mg/L was considered high.10 As it

has been suggested that the pathognomonic laboratory finding indicative of

mast-cell degranulation is an acute total tryptase level (within 4 hours of

the reaction) above 2 ng/mL 1 1.2 3 (baseline tryptase level) (drawn at

least 24 hours after resolution of the event),13,14 we also determined whether

the tryptase level drawn during anaphylaxis in our cohort exceeded this

threshold.

Descriptive statistics were used to assess demographic, clinical, and

reaction characteristics, epinephrine use, and the levels of tryptase during

and after the reaction. The demographic, clinical, and reaction characteristics

of all participants presenting with anaphylaxis with and without measurement

of tryptase levels were compared to address the potential for selection bias.

These characteristics were also compared between those with tryptase level

measured both during and after the reaction and measured only during the

reaction. Tryptase levels during the anaphylactic reaction and postreaction

were compared using CIs based on paired means using the t distribution.

Multivariate logistic regressions were used to identify predictors of an

elevated reaction tryptase level (beyond the threshold of 11.4 mg/L) as well

as a reaction tryptase level exceeding the threshold of 2 ng/

mL 1 1.2 3 (baseline tryptase level). Multivariate linear regressions were

used to identify predictors of level of tryptase during the reaction and differ-

ences between tryptase levels during and after the reaction. Potential predic-

tors included age, sex, reaction trigger, reaction severity, history of atopy,

and interval between measurement of reaction and postreaction tryptase level

(where applicable). All statistical analyses were conducted using R version

2.12.0 (October 15, 2010).

This study received ethics approval from the McGill Research Ethics

Board.

RESULTS

Patient characteristics, anaphylaxis severity,

management, and triggers
Over a period of 4 years, 965 children presented to the

emergency department with anaphylaxis and of these, 203 had
serum tryptase levels measured within 2 hours of the onset of the
anaphylactic reaction. The 203 children with measurement of
tryptase level were compared with the 762 children who were
admitted to the emergency department with anaphylaxis over the
same time period without measurement of tryptase level (Table I).
The 2 groups were comparable regarding age, sex (predominantly
male), reaction triggers, and known asthma. Most of the reactions
occurred at home and during normal activity. In contrast, there
weremore children recruited prospectively who had tryptase level
measured. Although food was the major trigger in both groups,
tree nut was amore common precipitant in the groupwith tryptase
level measurements. Although eczema was more commonly re-
ported in children with tryptase level measurements, a known
food allergy was more commonly reported in children without
tryptase level measurements. Severe reactions were reported
more frequently in children with tryptase level measurements,
and the use of epinephrine inside the hospital was also higher in
participants with tryptase level measurements, but the use outside
the hospital was lower.

Serum tryptase level concentrations
Among the 203 children with serum tryptase level measure-

ments, the mean level was 7.6 6 6.2 mg/L and 39 cases (19.2%;
95% CI, 14.1% to 25.4%) had elevated tryptase levels (>_11.4 mg/
L). Elevated levels were found in 9 of 18 or 50.0% (95% CI,

29.0% to 71.0%) of severe reactions, in 24 of 148 (95%CI, 10.8%
to 23.4%) or 16.2% ofmoderate reactions, and in 6 of 37 or 16.2%
(95% CI, 6.8% to 32.7 %) of mild reactions.

Among the 203 cases with tryptase level measurements
within 2 hours of reaction, postreaction tryptase level was
available on 68 (33.5%; 95% CI, 27.1% to 50.5%). The mean
time interval between postreaction and reaction levels was
8.7 months. Tryptase levels during reaction were higher in
subjects with postreaction levels. Other patient and reaction
characteristics were comparable between those with and
without postreaction levels (Table II). Most were recruited pro-
spectively and were male. Most reactions were triggered by
food and occurred most commonly at home and during normal
activity.

Of the 68 children with postreaction tryptase levels, the mean
tryptase level was 9.9 mg/L at the time of reaction and 3.6 mg/L
postreaction, yielding a difference of 6.3 mg/L (95% CI, 4.7-7.8).
The suspected trigger was confirmed in 76.5% (95% CI, 69.9% to
82.3%) of the 203 children who had reaction tryptase level
measured and in all cases who had both reaction and postreaction
measurements. In 41 of 68 children (60.3%; 95% CI, 47.7% to
71.7%), the reaction tryptase level exceeded the published
threshold of 2 ng/mL 1 1.2 3 (baseline or postreaction tryptase
level). Levels exceeding this threshold were found in 85.7% of
severe reactions (95% CI, 42.0% to 99.2%), 54.2% of moderate
reactions (95% CI, 39.3% to 68.4%), and 69.2% (95% CI, 38.9%
to 89.6%) of mild reactions.

Specific risk factors associated with elevated

tryptase level
The presence of a severe reaction was the only factor

associated with elevated tryptase levels (>_11.4 mg/L) during
the reaction, after adjusting for sociodemographic and reaction
characteristics and comorbidities (adjusted odds ratio, 8.0; 95%
CI, 5.2-10.8). A severe reaction and a milk trigger were
associated with increased levels of tryptase during the reaction,
regardless of previously published thresholds (beta-adjusted,
7.5; 95% CI, 4.8-10.3, and 4.0; 95% CI, 0.95-7.0, respectively).
A severe reaction was also associated with an increased
difference between reaction and postreaction tryptase levels
(beta-adjusted, 9.7; 95% CI, 5.6-13.8). Interestingly, measure-
ment of tryptase levels at least 3 months after the reaction was
associated with a decreased difference (beta-adjusted, 23.7;
95% CI, 26.9 to 20.4).

The reaction tryptase levels was more likely to exceed 2 ng/
mL1 1.23 (baseline tryptase level) in severe reactions (adjusted
odds ratio, 1.5; 95% CI, 1.1-2.1), whereas it was less likely to
exceed this threshold with an increased time interval between
reaction and postreaction levels (adjusted odds ratio, 0.99; 95%
CI, 0.98-0.99).We did not detect a significant interaction between
the type of food trigger (including milk) and age.

DISCUSSION
We have conducted the largest study assessing levels of

tryptase during and after anaphylaxis in children and the first
study to evaluate factors associated with an elevated level or a
difference between postreaction and reaction levels. Our
results reveal that the tryptase level during the reaction
exceeded a previously published threshold in 50% cases of
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