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Abstract

Background: Oral food challenge (OFC) is commonly used
to diagnose food allergy. This test is time and resource inten-
sive, and conclusions are not always unequivocal as this re-
lies on the interpretation of symptoms. Therefore, an objec-
tive marker would improve the accuracy of the diagnostic
workup of food allergy. Objectives: The aim of this study was
to investigate whether tryptase can be detected in saliva of
children following OFC. Method: Children from 3 to 18 years
of age were eligible for inclusion if an OFC for peanut or tree
nut had been recommended. Saliva samples were collected
prior to the first dose and 5, 10, and 15 min following the last
administered dose during OFC. Assay precision, spike-and-
recovery, and assessment of lower limit of detection of the
tryptase immunoassay were examined before analysis of
tryptase in saliva was performed. Results: A total of 30 chil-

dren were included (median age 8 years, 63.3% male, 53.3%
positive OFC outcome). Tryptase was detected in saliva sam-
ples. The mean of the change in baseline tryptase value to
each saliva collecting time point was significantly different
in patients with a positive OFC outcome compared to a neg-
ative outcome (p < 0.01). Conclusions: This study showed
that tryptase can be detected in saliva of children following
OFC. Increased levels of tryptase compared to baseline were
found if the OFC outcome was positive, suggesting that
measuring tryptase in saliva may be useful in the diagnosis
of food allergy. Further research is needed to evaluate the
potential association between tryptase levels and symp-

toms. © 2021 The Author(s).
Published by S. Karger AG, Basel
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Introduction

Food allergy has a substantial impact on the daily life
of children and their families [1]. Therefore, it is impor-
tant to accurately establish or exclude the diagnosis. Al-
though sensitization to a specific food can be easily deter-
mined, it cannot adequately predict food allergy nor its
severity [2, 3]. Today, the oral food challenge (OFC) is
recommended to diagnose food allergies [4]. The OFC
outcome is based on the interpretation of symptoms,
which may be subject to variability [5]. Therefore, it
would be valuable to have an objective parameter such as
the release of specific allergic mediators [6].

Biomarkers may assist to diagnose food allergy [7-10].
Tryptase can be detected in saliva of adults, although re-
ported results were conflicting [7, 8]. To our knowledge,
no data have been published on salivary tryptase levels in
food allergic children. To explore the utility of salivary
tryptase as a non-invasive objective tool to support inter-
pretation of OFCs in children, we first aimed to investi-
gate whether tryptase can be detected accurately in saliva
of children following an OFC.

Materials and Methods

This prospective study took place between July 2018 and Octo-
ber 2018 at the paediatric allergy centre of a large teaching hospital.
All children from 3 to 18 years of age were eligible for inclusion if
referred for suspected peanut or tree nut allergy for which an OFC
had been recommended by the attending physician. The Medical
Ethics Committee (MEC) of Martini Hospital, Groningen, The
Netherlands, approved the study protocol (MEC 2018-066). Writ-
ten informed consent was obtained from parents and children
aged 12 years and older.

Open or double-blind placebo controlled food challenges (DB-
PCFCs) were performed according to the European Academy of
Allergy and Clinical Immunology (EAACI) guidelines [4]. In
short, all food challenge days consist of a maximum of 7 steps with
increasing dose (starting dose 3 mg, total amount 4443 mg) and
30-min waiting time between each dose. All OFCs were conducted
by trained paediatric nurses. The occurrence of symptoms was reg-
istered based on the classification as mentioned in the EAACI
guidelines [4]. Sensitization to the suspected food allergen was de-
fined as serum specific IgE level 20.35 kU/L (Phadia 250, Uppsala,
Sweden).

Saliva samples were planned to be collected prior to the first
dose (baseline or T0) and at 5, 10, and 15 min (T1, T2, and T3, re-
spectively) following the last administered dose, based on previous
research [7, 8]. Saliva was collected by chewing on a synthetic swab
(Salivette, Sartedt, Germany) for approximately 1 min. In case of
DBPCECs, saliva samples collected on the verum day were anal-
ysed. If allergic symptoms occurred and/or medication had to be
administered, saliva was collected when deemed feasible. After col-
lection, the saliva samples were labelled, stored at 4°C, and sent to
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the laboratory within 24 h. Hereafter, swabs were centrifuged ac-
cording to the manufacturer’s instructions, and saliva was stored
at —20°C before analysis with ImmunoCAP Tryptase immunoas-
say on the UniCAP1000 (Phadia, Uppsala, Sweden). Details on the
analysis of salivary tryptase can be found in online supplementary
part A (see www.karger.com/doi/10.1159/000519374 for all online
suppl. material).

All statistical analyses were performed using Analyse-it for Mi-
crosoft Excel Method Comparison Edition (v5.20; Analyse-it Soft-
ware Ltd., Leeds, UK). Data were not normally distributed (Shap-
iro-WilK’s test, p < 0.05). Therefore, the Mann-Whitney U test was
used to compare the salivary tryptase values in children with both
positive and negative OFC outcome (p < 0.05 indicates statistical
significance).

Results

In total, 30 patients were included with a median age
of 8 years (IQR: 5.5-10.3) and 63.3% were male. Twenty-
three (82.1%) patients were sensitized. A total of 30 OFCs
were performed, of which 26 (86.7%) were open food
challenges and 4 DBPCECs. Fourteen (46.7%) out of 30
OFCs had a negative outcome and 16 (53.3%) positive.
Most symptoms that occurred during the OFCs were cat-
egorized as ear, nose, and throat (e.g., itching of mouth,
angioedema, or rhinitis) as well as cutaneous symptoms
(e.g., erythema or urticaria). Detailed clinical information
can be found in online supplementary part B.

Salivary tryptase levels for all time points for both neg-
ative and positive OFC outcomes are shown in Figure la
and b. Given the measurement uncertainty in absolute
terms regarding the salivary tryptase levels, it was difficult
to identify exact peak concentrations. Therefore, the
mean of the change in baseline value to each saliva col-
lecting time point was calculated (delta T1, T2, and T3).
This was significantly higher in patients with a positive
OFC outcome compared to those with a negative out-
come (z = —2.678, p < 0.01; Fig. 1c).

Discussion

This study demonstrates that tryptase can be detected
in saliva from children following OFC. The increase in
salivary tryptase levels was significantly higher in OFCs
with a positive outcome compared to those with a nega-
tive outcome.

While our study is the first to demonstrate that salivary
tryptase levels can be detected after positive OFC in chil-
dren, several limitations need to be considered. First, the
kinetics of tryptase following OFC are largely unknown.
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Fig. 1. Salivary tryptase levels. a Tryptase values from saliva sam-
ples collected prior to and following OFCs with negative outcome
(n = 14). The continuous line represents the tryptase values of 12
out of 14 participants, all with values below 0.34 ug/L. b Tryptase
values from saliva samples collected prior to and following OFCs
with positive outcome (1 = 16). The continuous line represents the
tryptase values of 4 out of 16 participants, all with values below 0.34
pg/L. ¢ Comparison of delta tryptase values calculated from saliva

Tryptase is mainly secreted by activated mast cells [6].
The molecular weight of the active form of tryptase makes
transport from serum to other bodily fluids impossible
[8]. Therefore, the amount of tryptase in saliva is fully de-
pendent on release by local mast cells. The fixed time
points we chose to collect saliva were consistent with pre-
viously published reports, but in practice turned out to be
variable (range 0-30 min) due to several practical reasons
(e.g., difficulties while collecting saliva if symptoms oc-
curred). This makes it challenging to conclude whether
or not we detected peak tryptase levels, as these may have
either been on the rising or declining part of the kinetic
curve. To gain more insight into the kinetics of tryptase,
multiple saliva samples prior to, during, and following
OFC should be collected.
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samples collected prior to and following OFCs with negative and
positive outcome, respectively (n = 30). Delta tryptase values were
calculated as the mean of the change in baseline value to each sa-
liva collecting time point. TO: saliva sample collected at baseline;
T1-T3: time points of collected saliva samples when OFC was end-
ed (range 0-30 min); OFC: oral food challenge. *Significant differ-
ence.

Second, the aforementioned limitations hampered
further analysis regarding the possible association be-
tween symptoms and salivary tryptase. However, the aim
of this study was to evaluate whether tryptase could be
detected in saliva of children following OFC. Further re-
search should evaluate the association between salivary
tryptase levels and symptoms (both severity and type)
and use a controlled study design using DBPCFCs. This
is of special interest because it may be helpful to draw
more firm conclusions about the OFC outcome since the
broad spectrum of possible symptoms during OFC can be
challenging to interpret. It might be interesting to deter-
mine whether salivary tryptase levels can differentiate be-
tween objective and subjective symptoms and/or local
and systemic allergic reactions. Furthermore, additional

de Weger et al.



analyses in a larger population of healthy subjects may be
of interest to better characterize sensitivity and specificity
of salivary tryptase.

Third, a sandwich immunoassay intended for blood-
derived matrices in the range of 1-200 ug/L was used to
measure salivary tryptase levels, as previously described
in 2 studies [7, 8]. Within our study, a significant number
of samples were below the detection limit, which is simi-
lar to the result previously reported by Vila et al. [7]
Therefore, a partial method validation was performed to
validate the measurement in saliva in the lower range of
the assay (for details see online suppl. part A). Expanding
the calibration curve to lower (salivary) tryptase levels in
future studies will strengthen the results.

In conclusion, the results of our study demonstrate
that tryptase can be detected in saliva samples of children
following OFC. Further research is needed to define op-
timal sampling times and evaluate the potential associa-
tion between tryptase levels and symptoms.
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