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R E S E A R C H  L E T T E R

Investigation of novel salivary biomarkers in paediatric food 
allergy

To the Editor,
Double- blind placebo- controlled food challenge (DBPCFC) is the 
“gold standard” to diagnose food allergy.1,2 Challenge outcome is 
based on reported symptoms and can be difficult to interpret, es-
pecially if subjective symptoms occur (e.g. itchy mouth or abdomi-
nal discomfort).3 Previous research showed that the determination 
of DBPCFC outcome is subject to individual interpretation, even 
if uniform assessment scores or outcome algorithms would be 
used.4 Therefore, it would be valuable to have additional objective 
biomarkers.

The most common allergic reactions are caused by an immuno-
globin E (IgE) immunologic mechanism in which symptoms do occur 
due to cross- linking of IgE to the IgE- receptor on mast cells, resulting 
in the release of several mediators such as tryptase and histamine.5 
In search of biomarkers associated with allergic reactions in children, 
it is desirable to use non- invasive diagnostic methods, especially if 
serial assessments are needed. Recently, we found that tryptase 
could be detected in saliva samples (by chewing on a synthetic swab) 
of children that underwent an oral food challenge.6 Here, we aimed 
to gain insight into the kinetics of this biomarker and we investigated 
if salivary histamine can also be detected, now using a different 
method of saliva collection (passive drooling) which is broadly used in 
research with salivary biomarkers and is better suitable for children. 
We hypothesized that a dose- dependent release of these salivary 
biomarkers occurs during DBPCFCs with positive outcomes, but not 
during negative outcomes. This study is recorded in the Dutch trial 
register (URL: ICTRP Search Portal (who.int)) and approved by the 
Medical Ethical Committee (MEC) of Martini Hospital, Groningen, 
The Netherlands (MEC 2020- 026). Written informed consent was 
obtained from children aged 12 years and older and all parents.

Between October 2020 and July 2021, 24 patients from 6 years 
and older (referred for suspected peanut or tree nut allergy) were in-
cluded. DBPCFCs were performed according to European Academy 
of Allergy and Clinical Immunology (EAACI) guidelines.1 As de-
scribed previously, both challenge days consist of a maximum of 
seven steps with increasing dose of allergenic protein (starting dose 
3 mg, total amount 4443 mg) and 30 min waiting time between each 
dose.6 During the placebo day, no food allergen was administered. 
Symptoms were registered using the scoring system as proposed 
in a recent publication by Grabenhenrich et al.7 In short, symptoms 

were divided into five categories (skin, respiratory, gastrointestinal, 
cardiologic/neurologic and other) and classified as mild, moderate 
and/or severe. Anaphylaxis was registered separately according to 
European guidelines.8 Sensitization to the suspected food allergen 
was defined as serum- specific IgE (sIgE) level ≥0.35 kU/L (Phadia 
250, Uppsala, Sweden). Additional information about study meth-
ods and findings is available in the following repository: https://doi.
org/10.5281/zenodo.7794094.

Saliva samples were collected prior to, during and following 
both DBPCFC days following a pre- set schedule using the passive 
drooling method (Salimetrics, USA) to minimize contamination by 
the administered food as well as increase the possibility to collect 
sufficient saliva volumes.9 Prior to collection, the mouth is rinsed 
with water and saliva is collected 5 min afterwards. If symptoms 
needed to be treated immediately (oral antihistamine and/or intra-
muscular adrenaline) at planned collection times, samples were col-
lected directly after drug treatment. Collection vials for histamine 
were pre- filled with 5 μL 20% chlorhexidinedigluconate. Collected 
saliva samples were frozen immediately at −20°C for a maximum 
of 5 h and then stored at −80°C. Two samples (baseline and 30 min 
after the last dose) per challenge day were analyzed for histamine 
and methylhistamine (MH) using LC– MS/MS. All other samples were 
analyzed for tryptase with ImmunoCAP Tryptase immunoassay on 
the Phadia250 (Phadia, Uppsala, Sweden) using protocols described 
in our previous report.6

All statistical analyses were performed using IBM SPSS Statistics 
version 25 (IBM, NY, USA). Paired t- test was performed if the vari-
ables were normally distributed. If the distribution was not normal, 
Wilcoxon- Signed rank test was performed. To investigate differ-
ences between groups, unpaired t- test or Mann– Whitney U test (or 
Fisher's Exact) were performed if data were, respectively, skewed 
or not. A p- value of <.05 was considered statistically significant. 
GraphPad Prism Software was used to create all figures.

In total, 24 DBPCFCs were performed, and 3/24 were inconclu-
sive due to (subjective) symptoms on both challenge days. Samples 
of one patient were excluded due to incorrect labelling. Analysis was 
limited to the other 20 challenges of which 14 (70.0%) had a posi-
tive and six had a negative outcome respectively. Anaphylaxis oc-
curred in four patients. Most challenges were executed for hazelnut 
(8/20) and peanut (6/20). In general, the majority of patients (57.1%) 
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developed symptoms after the first dose (3 mg allergenic protein) 
was administered and all these were classified as subjective. The 
dose that induced objective symptoms varied but was found to be 
most often the sixth (1000 mg) or seventh (3000 mg) dose respec-
tively. Medication was needed in 10/14 DBPCFCs with positive out-
comes. Saliva samples were collected 30– 35 min after the last dose 
had been eaten in six of these challenges. The collection of samples 
was delayed (range: 40– 62 min) in the other four challenges due to 
the occurrence of symptoms.

The patients (55.0% male) had a median age of 10 years (IQR 
8.0– 15.0). Allergic rhinitis was the most common atopic comorbid-
ity. Proven allergies to other allergens mostly included walnut and 
cashew. Two patients (9.5%) were not sensitized to the specific food, 
however, DBPCFC was performed since medical history was sugges-
tive for an allergic reaction. In our experience, challenge outcome 
could be positive despite sIgE <0.35 kU/L. Therefore, thorough as-
sessment of patient's clinical history is most important to determine 
whether DBPCFC is needed. More patients with a positive DBPCFC 
outcome carried an adrenaline auto- injector (p = .037); no other sig-
nificant differences were found between both groups.

An overview of all (methyl)histamine concentrations is pro-
vided (Figure 1). Log- transformation was performed because of a 
skewed distribution. Baseline histamine concentrations of the same 
patient on both challenge days were comparable. Median period 
between both days was 7 with a range of 7– 28 days. Coefficients 
of variation were 23.50% (concentrations first day) and 24.39% 
(concentrations second day) respectively. Histamine concentra-
tions were not different for DBPCFCs with positive and negative 
outcomes. Interestingly, methylhistamine concentrations were 
significantly lower at T30 regardless of the challenge outcome. 
Histamine is inactivated by methyltransferase and converted into 

methylhistamine. It is unlikely this pathway was influenced by ad-
ministered medication (e.g. antihistamines) as lower concentra-
tions were also observed after DBPCFCs with negative outcomes. 
Histamine mediators may be washed away due to rinsing of the 
mouth before collection. Additionally, it might have been too early 
to detect histamine metabolites in saliva.

Delta histamine values were calculated by the subtraction of 
salivary histamine concentration of the sample collected 30 min 
after the last dose had been eaten (T30) with salivary concentra-
tion of the baseline sample. Verum day samples of one positive 
challenge were excluded because the histamine concentration was 
more than four times standard deviation. Delta histamine values of 
saliva samples collected on verum days (i.e. allergen administered) 
showed an increase of histamine concentration in 9/13 positive 
and 2/6 negative DBPCFCs (p = .114). No increase of histamine was 
found in 14/20 samples collected on placebo days (Figure 2). In 
addition, delta histamine values were negative (i.e. baseline value 
higher than T30) in cases with mainly mild symptoms. In contrast, 
an increase in salivary histamine was observed when reported 
symptoms were moderate to severe. Solitary objective symptoms 

Key messages

• Histamine and methylhistamine can be detected in 
saliva

• Histamine concentrations increased in 9/13 positive and 
2/6 negative food challenges

• Collection of saliva using the passive drooling method 
was not suitable for the determination of tryptase

F I G U R E  1  (A) LOG Histamine values 
from saliva samples collected during 
DBPCFCs with positive outcome. (B) LOG 
Histamine values from saliva samples 
collected during DBPCFCs with negative 
outcome. (C) LOG Methylhistamine values 
from saliva samples collected during 
DBPCFCs with positive outcome. (D) 
LOG Methylhistamine values from saliva 
samples collected during DBPCFCs with 
negative outcome. *p- value <.001.

(A) (B)

(C) (D)
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were reported once, solitary subjective symptoms occurred during 
two challenges and in all other cases both objective and subjective 
symptoms occurred.

This study demonstrates that salivary histamine concentra-
tions can be detected, and differences were found between con-
centrations at baseline and T30. The majority of these increases 
were found in DBPCFCs with positive outcomes. We observed an 
interesting trend of histamine increase during positive DBPCFCs 
and believe that future studies are needed to address its discrimi-
native power and optimal timing of samples. While our study is the 
first to measure histamine in saliva from children who underwent 
DBPCFC, several limitations need to be considered. First, if pa-
tients suffer from other atopic comorbidities, this may affect hista-
mine concentrations (e.g. allergic rhinitis during the pollen season). 
Therefore, it will be necessary to determine baseline salivary his-
tamine and methylhistamine concentrations in healthy subjects to 
gain information about possible reference values. Second, despite 
our study design, we were unable to obtain information on kinetics 
of salivary tryptase. Based on additional validation experiments, 
we discovered that the passive drooling method according to our 
protocol is not suitable for salivary tryptase analysis. Given the 
results of our previous study in which salivary tryptase could be 
detected in samples collected with synthetic swabs, collection of 
saliva samples using this method might provide opportunities to 
investigate kinetics in more detail. Finally, future studies should 
focus on the kinetics of salivary histamine (by collecting samples 

at more time points) to reveal optimum time points in order to min-
imize the number of samples to be collected for implementation in 
daily healthcare.

In conclusion, the results of our study demonstrated that salivary 
histamine may be a potential objective biomarker of DBPCFC outcome. 
Further research is needed to explore possibilities for clinical applications.
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been eaten; ns, not significant; green/orange/red dots indicate 
mild/moderate/severe symptoms respectively.

(A) (B)

 13652222, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cea.14332 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [26/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

mailto:
https://orcid.org/0000-0001-7484-6306
https://orcid.org/0000-0002-2617-3538
https://orcid.org/0000-0001-8567-3252
https://orcid.org/0000-0002-3533-2676


886  |    RESEARCH LETTER

1Department of Paediatrics, Martini Hospital, Groningen, The 
Netherlands

2Department of Paediatric Pulmonology and Paediatric 
Allergology, University Medical Center Groningen, University of 

Groningen, Groningen, The Netherlands
3University Medical Center Groningen, GRIAC Research 

Institute, University of Groningen, Groningen, The Netherlands
4Certe, Department of Clinical Chemistry, Martini Hospital, 

Groningen, The Netherlands
5Department of Epidemiology, Martini Hospital, Groningen, The 

Netherlands

Correspondence
Wouter W. de Weger, Department of Paediatrics, Martini 

Hospital, Van Swietenplein 1, 9728 NT Groningen, The 
Netherlands.

Email: w.w.de.weger@umcg.nl

ORCID
Wouter W. de Weger  https://orcid.org/0000-0001-7484-6306 
Aline B. Sprikkelman  https://orcid.org/0000-0002-2617-3538 
Gerard H. Koppelman  https://orcid.org/0000-0001-8567-3252 
Arvid W. A. Kamps  https://orcid.org/0000-0002-3533-2676 

R E FE R E N C E S
 1. Sampson HA, Gerth Van Wijk R, Bindslev- Jensen C, et al. 

Standardizing double- blind, placebo- controlled oral food challenges: 

American Academy of Allergy, Asthma & Immunology- European 
academy of allergy and clinical immunology PRACTALL consensus 
report. J Allergy Clin Immunol. 2012;130:1260- 1274.

 2. Muraro A, Werfel T, Hoffmann- Sommergruber K, et al. EAACI food 
allergy and anaphylaxis guidelines: diagnosis and management of 
food allergy. Allergy. 2014;69:1008- 1025.

 3. Nachshon L, Zipper O, Levy MB, Goldberg MR, Epstein- Rigby 
N, Elizur A. Subjective oral symptoms are insufficient predic-
tors of a positive oral food challenge. Pediatr Allergy Immunol. 
2021;32:342- 348.

 4. Grabenhenrich LB, Reich A, McBride D, et al. Physician's ap-
praisal vs documented signs and symptoms in the interpretation of 
food challenge tests: the EuroPrevall birth cohort. Pediatr Allergy 
Immunol. 2018;29:58- 65.

 5. Ogawa Y, Grant JA. Mediators of anaphylaxis. Immunol Allergy Clin 
North Am. 2007;27:249- 460.

 6. De Weger WW, Bruinenberg VM, Van Der Lek EM, et al. Detection 
of salivary tryptase levels in children following oral food challenges. 
Int Arch Allergy Immunol. 2022;183:322- 325.

 7. Grabenhenrich LB, Reich A, Bellach J, et al. A new framework for 
the documentation and interpretation of oral food challenges in 
population- based and clinical research. Allergy. 2017;72:453- 461.

 8. Muraro A, Roberts G, Worm M, et al. Anaphylaxis: guidelines from 
the European academy of allergy and clinical immunology. Allergy. 
2014;69:1026- 1045.

 9. Granger DA, Johnson SB, Szanton SL, Out D, Schumann LL. 
Incorporating salivary biomarkers into nursing research: an over-
view and review of best practices. Biol Res Nurs. 2012;14:347- 356.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

 13652222, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cea.14332 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [26/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

mailto:w.w.de.weger@umcg.nl
https://orcid.org/0000-0001-7484-6306
https://orcid.org/0000-0001-7484-6306
https://orcid.org/0000-0002-2617-3538
https://orcid.org/0000-0002-2617-3538
https://orcid.org/0000-0001-8567-3252
https://orcid.org/0000-0001-8567-3252
https://orcid.org/0000-0002-3533-2676
https://orcid.org/0000-0002-3533-2676

	Investigation of novel salivary biomarkers in paediatric food allergy
	DATA AVAILABILITY STATEMENT
	REFERENCES


