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Abstract

Background: Bronchial hyperresponsiveness (BHR) and asthma are frequently

present in children with food allergy. We assessed BHR in children receiving oral

immunotherapy (OIT) for persistent egg or peanut allergy and examined whether

OIT affects asthma control.

Methods: Methacholine challenge testing was performed in 89 children with

persistent egg or peanut allergy diagnosed by double‐blind, placebo‐controlled food
challenge and 80 control children without food allergy. Of the 89 food‐allergic
children, 50 started OIT for egg allergy and 39 for peanut allergy. Sensitization to

aeroallergens was evaluated by skin prick testing. Forty of the 89 children with

regular controller treatment for asthma underwent methacholine challenge testing

and 34 measurement of exhaled nitric oxide (FeNO) at baseline and after

6–12 months of OIT.

Results: Methacholine challenge testing revealed significant BHR in 29/50 children

(58%) with egg allergy, 15/39 children (38%) with peanut allergy, and 6/80 controls

(7.5%). The mean cumulative dose of methacholine causing a 20% fall in FEV1

differed significantly between the egg and peanut‐allergic versus the control chil-

dren (1009 μg, 1104 μg, and 2068 μg, respectively, p < 0.001). Egg or peanut OIT

did not affect lung function, the degree of BHR or FeNO levels in children with

asthma and had no adverse effect on asthma control. Lung function or BHR did not

associate with the OIT outcome.

Conclusion: BHR was significantly more frequent in children with persistent egg or

peanut allergy than in children without food allergy. Oral immunotherapy did not

increase BHR and was safe for children on regular asthma medication.
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1 | INTRODUCTION

Food allergies affect approximately 8%–10% of children in the

Western countries.1,2 The worldwide reported prevalence of

egg allergy in children is 1.3%–10%1,3 and of peanut allergy

1.4%–5%.1,3 Egg allergy resolves by school‐age in most children,

while peanut allergy tends to persist.3 Milk and egg allergy are

the most frequent causes of anaphylaxis in children, while peanut

allergy is a common cause of anaphylactic reactions in all age

groups.4,5

The frequency of asthma in the European Union countries is

approximately 8%–9%.6 Sensitization to foods increases the risk of

asthma7,8 and bronchial hyperresponsiveness (BHR)9–11 as well as

the level of exhaled nitric oxide (FeNO).7,9 Asthma symptoms are

more prevalent in subjects with severe food allergy, and on the

other hand, sensitization to foods is higher in children with asthma

than in the general population.12–15 Up to 50% of patients with

severe food allergy have asthma and the prevalence of uncon-

trolled asthma is higher in these patients.14 Severe asthma is a risk

factor for food‐related anaphylaxis because it associates with

serious reactions causing bronchoconstriction in food‐allergic pa-

tients5,16–18 Asthma is associated with 56%–78% of cases of fatal

anaphylaxis to peanuts.18 Children with a history of an anaphy-

lactic reaction to foods have asthma more frequently than in

children with milder allergic reactions.19 Adequate asthma control

is essential for children with food allergy as the coexistence of

asthma and food allergy may negatively influence the severity of

both conditions.

Oral immunotherapy (OIT) is an experimental treatment for

persistent food allergy which can desensitize 75%–85% of children

with egg or peanut allergy.20 A subset of patients achieve or long‐
term immune tolerance or sustained unresponsiveness which is

defined as antigen hyporesponsiveness regardless of regular

intake.2,20 Uncontrolled or severe asthma is a contraindication for

OIT, and suboptimal asthma control may increase allergic reactions

during OIT.2

Bronchial hyperresponsiveness can be assessed by direct bron-

choprovocation tests (methacholine and histamine challenge), which

act directly on specific airway smooth muscle receptors, or indirect

stimuli (physical exercise, hyperventilation), which release mediators

that provoke smooth muscle cells.21 The provocative dose of meth-

acholine causing a 20% decrease in FEV1 is age‐dependent which
complicates the use of methacholine challenge tests in children under

12 years22

Studies examining the effect of OIT on BHR and asthma control

in children are limited. We have previously reported that peanut

OIT in 39 children had no negative effects on lung function, FeNO,

or BHR.23 This study aimed to examine the rate of BHR in children

with persistent egg or peanut allergy compared to non‐allergic
controls and to investigate differences in lung function, BHR, and

FeNO and in children with asthma receiving OIT for egg or peanut

allergy.

2 | METHODS

The primary outcome was assessment of BHR by methacholine

challenge testing in egg and peanut‐allergic children compared to

children without food allergy. Secondary outcomes included investi-

gation of differences in BHR, lung function, and FeNO between

desensitized and failed patients receiving egg or peanut OIT, as well

as the effect of OIT on BHR and emergency department visits in

children with asthma.

2.1 | Study population

The study included 89 children aged 6–17 years from the Helsinki

University Skin and Allergy Hospital, Finland, with moderate to se-

vere reactions23 to egg (n = 50) or peanut (n = 39) in a double‐blind,
placebo‐controlled food challenge (DBPCFC) (Figure 1). The median

cumulative protein dose was 455 mg (5–1777 mg) in children with

egg allergy and 55 mg (5–1255 mg) in children with peanut allergy.

Forty of the 89 children (45%) had asthma. Asthma diagnosis was

based on the presence of respiratory symptoms consistent with

asthma combined with the presence of variable expiratory airflow

obstruction in lung function tests according to the Finnish National

Guidelines.24 The 39 peanut‐allergic children (56% boys, mean age

9.4 years) were recruited between 2011 and 2013 and the 50 egg‐
allergic children (46% boys, mean age 11.2 years) between 2013

and 2017. The Helsinki University Hospital of Children and Adoles-

cents Ethics Committee approved the study and each participant

above 6 years of age as well as his/her guardian gave written

informed consent. The inclusion criteria for the study were: age

6–17 years, a clinical history of egg or peanut allergy, sensitization to

egg white or peanut (specific IgE ≥0.35 kU/l), and a moderate to

severe reaction in the DBPCFC. The exclusion criteria were: poor

adherence, uncontrolled or severe asthma, severe systemic illness,

active autoimmune disease, malignant neoplasia, or pregnancy.

Eighty healthy children without food allergy aged 7–12 years (55%

boys, mean age 10.4 years) from the University Hospital of Kuopio,

Finland served as controls.

The families completed a questionnaire on the child's previous

medical history, including asthma diagnosis in childhood ever, other

allergies, and current medication. Details on previous allergic re-

actions to foods and the use of rescue medication were collected

from the medical records.

2.2 | Oral immunotherapy

Oral immunotherapy for egg or peanut allergy was carried out as

previously described23,25 with pasteurized, spray‐dried, raw egg white

powder (Dava Foods, Piispanristi, Finland) or with roasted defatted

peanut flour (Byrd Mill, Ashland, VA, USA) and whole peanuts from

week 20 with daily dosing at home. The build‐up phase lasted for
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8 months (32 weeks for egg and 34 weeks for peanut). The target

maintenance doses were 1 g of egg white protein, corresponding

approximately to one‐third of an egg‐white or four whole peanuts

containing approximately 800 mg protein. We defined successful

desensitization as the ability to consume the culprit food regularly

(desensitized to the target dose or partially desensitized to a lower

dose) without symptoms after 18 months of OIT. The patients who

discontinued OIT were defined as failed. Both studies were registered

at Clinicaltrials.gov (NCT01502878 and NCT03744325).

2.3 | Allergen‐specific IgE and skin prick tests

We measured blood eosinophil levels and specific IgE to egg white

and Gal d 1–4 in patients with egg allergy, and to peanut, and Ara h 2

in patients with peanut allergy by ImmunoCAP (Thermo Fisher,

Uppsala, Sweden). We performed skin prick tests (SPT) with peanut,

raw egg, birch, timothy, cat, dog, and house dust‐mite (ALK,

Horsholm, Denmark) as previously described.23

2.4 | Methacholine challenge and FeNO

We performed baseline spirometry tests according to the European

Respiratory Society criteria.26 All 89 food‐allergic children performed
a methacholine challenge test with a cumulative dose of 2600 μg
methacholine as previously described.27 The controls performed a

methacholine challenge test at the University Hospital of Kuopio,

Finland28 where the cumulative dose of methacholine was 4800ug.

Bronchoconstriction occurring at a dose above 2600ug of meth-

acholine was registered as 2600ug. Bronchial hyperresponsiveness

was considered mild if the cumulative methacholine dose causing at

least a 20% fall in FEV1 was more than 600 μg and significant if it was
600 μg or less.29

The concentration of fractional exhaled nitric oxide (FeNO) was

examined in the 89 food‐allergic children following the international
guidelines as previously described.30 34 of the 40 children with

asthma who underwent OIT repeated methacholine challenge tests

and FeNO measurements after 6–12 months of OIT.

2.5 | Severe asthma exacerbations

To assess asthma control and the number of severe exacerbations

during OIT in the 40 children with asthma, we reviewed the medical

records 12 months before and after the beginning of OIT. We

examined the records of the asthma follow‐up visits at the out-

patients' department as well as any acute asthma‐related emergency
room visits.

2.6 | Statistical analysis

SPSS version 22 (IBM Corp, Armonk, NY, USA) was used for the

statistical analysis. For continuous parametric and nonparametric

data, the Student's t‐test and Mann‐Whitney U test or the Kruskal

Wallis test were used, respectively. For categorical data, we used the

chi‐square test, Fisher's exact test for counts of less than five, and

McNemar's test for related samples. Statistical significance was

p < 0.05.

3 | RESULTS

3.1 | Subject characteristics

The study enrollment is shown in Figure 1 and the baseline charac-

teristics of the study subjects in Table 1. The children with peanut

F I GUR E 1 Flowchart of the study

BURMAN ET AL. - 3 of 8

http://Clinicaltrials.gov


allergy were younger than the children with egg allergy or the con-

trols (9.4 vs. 11.2 vs. 10.4 years, p = 0.003). There were no significant

differences between the children with egg and peanut allergies in

gender or the percentage of atopic eczema, asthma, or allergic

rhinitis (Table 1). Altogether 40 of the 89 children (45%) who started

OIT for egg or peanut allergy had doctor‐diagnosed asthma with

regular controller medication (Figure 1). None of the controls had

asthma and they had less frequently allergic rhinitis and atopic

eczema (Table 1).

3.2 | Specific IgE and skin prick tests

The median egg white specific IgE was 26.6 (1.0–1200.0) kU/L in the

50 children with egg allergy and the median peanut specific IgE was

74.6kU/l (1.8–1818.2) kU/L in the 39 children with peanut

allergy.23,25 The egg white or peanut specific IgE levels did not differ

significantly between asthmatic and non‐asthmatic children, nor did
we observe any significant correlation between egg or peanut specific

IgE levels and BHR.

The egg‐ and peanut‐allergic children had similar aeroallergen

sensitization profiles in SPT. Aeroallergen sensitization or the

presence of allergic rhinitis did not correlate with BHR. Sensitiza-

tion to at least two aeroallergens was present in 84/89 (94%).

Sensitization to birch, timothy, dog, and cat was common, while

house dust mite sensitization was rare. The children with egg al-

lergy were more frequently sensitized to dog compared to children

with peanut allergy (91% vs. 77%, p = 0.028). Of the children with

egg allergy, 36/50 (72%) were sensitized to peanut, whereas 11/39

(28%) of the children with peanut allergy were sensitized to egg

(Table 2). Clinical egg allergy was present in only two of the 11

children with peanut allergy.

TAB L E 1 Subject characteristics

Value
Children with egg
allergy (n = 50)

Children with peanut
allergy (n = 39)

p‐value (between egg
and peanut allergy) Controls (n = 80)

p‐value (between
all groups)

Average age (years) 11.2 (3.3) 9.4 (3.5) 0.013 10.4 (1.6) 0.003

Boys 23 (46) 22 (56) 0.330 44 (55) 0.526

Atopic eczemaa 37 (74) 26 (67) 0.450 19 (24) 0.001

Asthmaa 21 (42) 19 (50) 0.455 0 (0) <0.001

Allergic rhinitisa 39 (78) 26 (67) 0.232 18 (23) <0.001

Notes: Data show the means (standard deviations) or the numbers of children (percentages). Calculated using chi‐square test, independent samples
t‐test, and Kruskal‐Wallis test, as appropriate. Bold p‐values indicate p < 0.05.
aDoctor diagnosed.

TAB L E 2 Laboratory findings in

children with egg or peanut allergy
Value

Children with egg

allergy (n = 50)

Children with peanut

allergy (n = 39) p‐value

Eos, E109/l 0.49 (0.29) 0.59 (0.29) 0.088

Sensitization to aeroallergen 49 (98) 38 (97) 0.650

Multisensitization to aeroallergens 48 (96) 36 (92) 0.650

Sensitization to at least 4 aeroallergens 30 (60) 19 (49) 0.288

Sensitization to all 5 aeroallergens 3 (6) 2 (5) 0.617

Sensitizationa to: Birch 43 (86) 34 (87) 0.872

Timothy 34 (68) 27 (69) 0.901

Dog 47 (91) 30 (77) 0.028

Cat 43 (86) 27 (69) 0.055

House dust mite 4 (8) 4 (10) 0.726

Raw egg 50 (100) 11 (28) <0.001

Peanut 36 (72) 39 (100) <0.001

Notes: The data represents the numbers (percentages) of children. Calculated using chi‐square test,
Fisher exact test and independent samples t‐test, as appropriate. Bold p‐values indicate p < 0.05.

Abbreviation: Eos, blood eosinophils
asensitization defined as a reaction of a minimum of 3 mm reaction in the skin prick test.
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3.3 | Oral immunotherapy outcome

After 18 months of OIT, a total of 72/89 (81%) children were suc-

cessfully desensitized, while 17 discontinued (Figure 1). Desensiti-

zation was achieved in 44/50 (88%) of the children receiving egg OIT

and 28/39 (72%) of the children receiving peanut OIT. Age, gender,

or the proportion of children with asthma or allergic sensitization did

not differ between the groups (Table 3).

3.4 | Lung function and bronchial
hyperresponsiveness

The baseline lung function was similar in the children with egg or

peanut allergy and the controls (Table 4). None of the children

experienced significant improvement in the bronchodilatation test.

Methacholine challenge testing demonstrated significant BHR in 29/

50 children (58%) with egg allergy, 15/39 children (38%) with

TAB L E 4 Lung function results in children with egg and peanut allergy

Value

Children with egg

allergy (n = 50)

Children with peanut

allergy (n = 39)

p‐value between egg

and peanut groups Controls

p‐value between
all groups

FVC, (% of reference) 97.8 (11.0) 97.6 (9.5) 0.917 96.5 (10.5) 0.812

FEV1, (% of reference) 94.4 (11.2) 95.5 (10.5) 0.621 95.7 (10.3) 0.775

Obstruction in spirometrya 7 (16%) 4 (10%) 0.448 5 (6.3%) 0.203

PD‐20FEV1, ug 1009 (1109) 1104 (997) 0.675 2068 (830) <0.001

Significant hyper‐responsivenessb 29 (58%) 15 (38%) 0.067 6 (7.5%) <0.001

FeNO, (ppb) 29.3 (26.3) 26.7 (24.0) 0.642 ‐

FeNO min 35ppb 16 (32) 10 (26) 0.513 ‐

Notes: The data represents the means (standard deviations) or the number (percentages) of children. Calculated using chi‐square test, Fisher's exact test,
independent samples t‐test and Kruskal‐Wallis test, as appropriate. Bold p‐values indicate p < 0.05.

Abbreviations: FeNO, exhaled lower respiratory nitric oxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; PD‐20FEV1, The
cumulative dose of methacholine (ug) causing a 20% fall in FEV1.
aObstruction in spirometry defined as 88% below the reference value of the FEV1/FVC ratio.
bSignificant hyperresponsiveness defined as PD‐20FEV1 of the maximum 600 μg of methacholine.

TAB L E 3 Comparison of the study
children by the egg or peanut oral
immunotherapy (OIT) outcome after

18 months

Value
Successfully
desensitized (n = 72) Failed (n = 17) p‐value

Age (years) 10.3 (3.4) 11.0 (3.9) 0.471

Boys 34 (47) 11 (65) 0.195

Atopic eczemaa 52 (72) 11 (65) 0.540

Asthmaa 32 (44) 8 (47) 0.882

Other food allergies 46 (64) 12 (71) 0.602

FEV1, (% of reference) 95.3 (10.8) 92.9 (11.3) 0.411

FVC, (% of reference) 98.2 (10.6) 95.6 (9.0) 0.369

PD‐20FEV1, ug 552 (18–2600) 706 (36–2600) 0.704

Significant hyperresponsivenesss 37 (51) 7 (41) 0.449

FeNO, ppb 17.8 (4.6–130.8) 21.9 (1.5–75.1) 0.595

FeNO minimum 35ppb 20 (28) 6 (35) 0.540

Eos, 10E9/L 0.53 (0.32) 0.53 (0.20) 0.975

Sensitization to aeroallergens 71 (99) 16 (94) 0.347

Sensitization to birch 64 (89) 13 (76) 0.178

Sensitization to house dust mite 6 (8) 2 (12) 0.656

Abbreviations: FEV1, Forced expiratory volume in 1 s; FVC, Forced vital capacity; PD‐20FEV1, the
cumulative dose of methacholine (ug) causing a 20% fall in FEV; FeNO, Exhaled lower respiratory

nitric oxide; Eos, blood eosinophils; Significant hyperresponsiveness defined as PD‐20FEV1 of the

maximum 600 μg of methacholine, The data represents the means (standard deviations); median and
range, or the numbers (percentages) of children.
aDoctor diagnosed.
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peanut allergy, and 6/80 controls (7.5%). The median cumulative

dose of methacholine that caused a 20% fall in FEV1 was 1009,

1104, and 2068 μg, respectively (p < 0.001). Of the 44 food‐allergic
children with BHR, 19 (43%) had asthma, while 25 (57%) had

asymptomatic BHR. Of the 80 controls, asymptomatic BHR was

observed in 6/80 (7.5%). BHR was significantly more frequent, and

the median cumulative methacholine dose was markedly lower in

children with egg and peanut allergy compared to the healthy

controls (p < 0.001), but the differences between the egg‐ and

peanut‐allergic children were statistically insignificant (p = 0.067

and 0.675). In a subanalysis of the 49 food‐allergic children without

asthma, BHR was significantly more frequent (51.0% vs. 7.5%,

p < 0.001) and the median cumulative methacholine dose signifi-

cantly lower (655 μg vs. 2601 μg, p < 0.001) compared to the

controls. Likewise, the FeNo levels (29.3 vs. 26.7ppb, p = 0.642) and

the proportion of children having a FeNO above 35ppb (32% vs.

26%, p = 0.553) showed no significant differences between the

children with egg and peanut allergy (Table 3). There were no dif-

ferences in lung function, the presence of BHR, PD20FEV1 or FeNo

levels between the 72 successfully desensitized children and the 17

children who discontinued OIT (Table 4). Bronchial hyper-

responsiveness was more frequent in children with allergic rhinitis

and food allergy compared to children with allergic rhinitis only

(PD20FEV1 670 ug vs. 2100 ug, p = 0.030).

3.5 | Asthma control during oral immunotherapy

Based on the examination of medical records, OIT did not affect

asthma control in the 40 children with regular asthma medication.

During the 12 months before starting OIT, one child had one asthma‐
related emergency room visit, and during the 12 months after

starting OIT there was one emergency room visit in another child.

None of the children needed to be admitted for inpatient treatment

12 months before or after starting OIT. The children with asthma

showed no differences in lung function, measured in FEV1 [94.9%

(12.1) versus 93.1% (10.1), p = 0.160], FeNO [22.7 ppb (18.2) versus

22.5 (16.3), p = 0.962), or BHR before or after 6–12 months of OIT

[PD20FEV1 855 μg (950) versus 975 μg (1050), p = 0.390.

4 | DISCUSSION

We compared BHR and lung function in 89 school‐aged children with
persistent egg or peanut allergy and 80 non‐food‐allergic controls

and assessed whether OIT for egg or peanut allergy affects asthma

control. Three key findings emerged from this study. First, BHR was

significantly more common in children with persistent food allergy

than in non‐food‐allergic controls regardless of allergy to egg or

peanut or the presence of asthma. Second, lung function or BHR did

not associate with the OIT outcome. Third, OIT for egg or peanut

allergy had no adverse effect on asthma control in children with

regular asthma controller treatment.

We observed significant BHR in 58% of the egg‐allergic and 38%
of the peanut‐allergic children. Of them, 47% had asthma and 53%

were asymptomatic These results are consistent with earlier studies

describing increased BHR in children with food allergy compared to

healthy controls.9–11 A study from Poland10 demonstrated asymp-

tomatic BHR in 47% of 32 non‐asthmatic children with food allergy. In
contrast to our study, they detected BHR in all 22 children who had

both food allergy and asthma. In a Finnish study,9 86 children with IgE‐
mediated cow's milk allergy in infancy had higher levels of FeNO and

increased bronchial responsiveness to histamine at school age than

healthy controls. In a mouse model of food and respiratory allergy31,

mice sensitized to both egg white ovalbumin and house dust mite had

significantly greater BHR than mice sensitized to one allergen only,

suggesting that food allergy primes the immune system to increase its

response to inhalant allergens. An international multicenter study7

including 467 adults, examined sensitization to 103 allergens with

immune solid phase allergen chip (ImmunoCap ISAC). An increasing

number of sensitizations associated with asthma, BHR and higher

levels of FeNO, but sensitization to foods associated only with

increased FeNO. In our study, more than 90% of the children with

persistent food allergy were sensitized to at least two aeroallergens in

SPT and 73% had allergic rhinitis. However, this did not correlate with

BHR in methacholine challenge testing.

In our patients, DBPCFC elicited respiratory symptoms in 18% of

the egg‐allergic and 36% of peanut‐allergic patients. Nevertheless,

BHR was less frequent in the peanut‐allergic children, although the

difference was statistically insignificant. The prevalence of asthma,

baseline lung function, and levels of FeNO were similar in both

groups. To our knowledge there are no previous studies comparing

peanut and egg allergy in terms of BHR.

Asthma was diagnosed in 50% of the peanut‐allergic and 42% of

the egg‐allergic children. This is in line with previous studies where

the prevalence of asthma in children with food allergy is approxi-

mately 45%–50%.14,17 We found significant BHR in less than half of

our patients with asthma and the frequency of BHR was no different

from the non‐asthmatic children. We showed that OIT to egg or

peanut was safe for children with asthma. Their asthma symptom

control remained stable and there was no need to step up medica-

tion. The number of exacerbations requiring emergency room visits

did not increase during OIT. There was no difference in baseline lung

function, BHR or FeNO levels before and after OIT, which corre-

sponded well with our previous study, where BHR was measured in

children receiving peanut OIT.23

Oral immunotherapy was successful in altogether 72 (81%) of

our patients after 18 months. We have previously shown that high

egg white IgE levels and polysensitization to Gal d 1–4 in egg OIT

relate with a slower response and discontinuation.25 Here we

examined whether sensitization to aeroallergens, baseline lung

function, FeNo levels, and the presence of BHR associate with the

outcome of OIT to egg or peanut, but we found no correlation.

The strength of this study was a well‐characterized cohort of

children with persistent egg or peanut allergy confirmed by DBPCFC.

After starting OIT, the patients were followed for 18 months, which
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provided real‐life confirmation of successful desensitization. We

performed post‐OIT methacholine challenges only in 34 patients with
asthma, and due to limited resources, the time varied from 6 to

12 months. We did not, however, observe any significant differences

in BHR between these timepoints. Additionally, we had access only to

asthma follow‐up and emergency room visits, but not to possible

family doctor visits. Although we assessed asthma symptom control

during each visit, it is possible that some asthma exacerbations

remained unnoticed.

In conclusion, our study shows that BHR occurs more frequently

in children with persistent egg and peanut allergy than in non‐food‐
allergic controls. Lung function and BHR remain stable during OIT

and do not predict the outcome. We do not recommend assessing

BHR before starting OIT in children without asthma. The finding that

OIT is safe for children with asthma is of particular interest as this

area has been under‐researched in the past.

AUTHOR CONTRIBUTIONS

Janne Burman and Mika J. Mäkelä have written the study proto-

col. Data were collected by Kati Palosuo, Kaarina Kukkonen, and

Sami Remes. Janne Burman has made the analysis. Pekka Malm-

berg has made the pulmonary function test protocols. Anna Pel-

konen and Mika J. Mäkelä have supervised the study. Janne

Burman and Kati Palosuo have drafted and critically reviewed the

manuscript and approved the version to be published and agree to

be accountable for all aspects of the work related to its accuracy

and integrity.

ACKNOWLEDGMENTS

We thank research nurse Sanna Salmén for assistance in organizing

the lung function tests and for her excellent work with the patients

and their families. The sponsor of the study had no role in the

analysis, study design or data collection. The corresponding author

had final responsibility for the decision to submit for publication. This

work was supported by research grants from Helsinki University

Hospital Research Funds, the Sigrid Jusélius Foundation, Pediatric

Research Foundation, the Allergy Research Foundation and the Jal-

mari and Rauha Ahokas Foundation.

CONFLICTS OF INTEREST

The authors declare that there is no conflict of interest that could be

perceived as prejudicing the impartiality of the research reported.

DATA AVAILABILITY STATEMENT

The individual participant data collected during the trial are not

available for sharing.

IMPACT STATEMENT

Children with persistent egg or peanut allergy had BHR in meth-

acholine challenge test more frequently than children without food

allergy. Oral immunotherapy for egg or peanut allergy was safe for

food‐allergic children with asthma requiring regular controller

treatment. Oral immunotherapy did not affect their lung function, the

degree of BHR, the level of exhaled nitric oxide, or the number of

acute asthma‐related emergency hospital visits. Based on our study,

we do not recommend assessing BHR before starting OIT in children

without asthma.

ORCID

Janne Burman https://orcid.org/0000-0002-1177-455X

REFERENCES

1. Loh W, Tang MLK. The epidemiology of food allergy in the global

context. Int J Environ Res Publ Health. 2018;15(9):E2043. https://doi.
org/10.3390/ijerph15092043

2. Pajno GB, Fernandez‐Rivas M, Arasi S, et al. EAACI guidelines on

allergen immunotherapy: IgE‐mediated food allergy. Allergy. 2018;
73(4):799‐815. https://doi.org/10.1111/all.13319

3. Savage J, Sicherer S, Wood R. The natural history of food allergy.

J Allergy Clin Immunol Pract. 2016;4(2):196‐203. https://doi.org/10.
1016/j.jaip.2015.11.024

4. Grabenhenrich LB, Dölle S, Moneret‐Vautrin A, et al. Anaphylaxis in
children and adolescents: the European anaphylaxis registry. J Al-
lergy Clin Immunol. 2016;137(4):1128‐1137. https://doi.org/10.1016/
j.jaci.2015.11.015

5. Deschildre A, Lejeune S, Cap M, et al. Food allergy phenotypes: the

key to personalized therapy. Clin Exp Allergy. 2017;47(9):1125‐1137.
https://doi.org/10.1111/cea.12984

6. Selroos O, Kupczyk M, Kuna P, et al. National and regional asthma

programmes in Europe. Eur Respir Rev. 2015;24(137):474‐483.
https://doi.org/10.1183/16000617.00008114

7. Patelis A, Gunnbjörnsdottir M, Malinovschi A, et al. Population‐
based study of multiplexed IgE sensitization in relation to asthma,

exhaled nitric oxide, and bronchial responsiveness. J Allergy Clin
Immunol. 2012;130(2):397‐402.e2. https://doi.org/10.1016/j.jaci.

2012.03.046

8. Timothy SC, Lemanske RF, Theresa WG, et al. Evaluation of the

modified asthma predictive index in high‐risk preschool children.

J Allergy Clin Immunol Pract. 2013;1(2):152‐156. https://doi.org/10.
1016/j.jaip.2012.10.008

9. Malmberg LP, Saarinen KM, Pelkonen AS, Savilahti E, Makela MJ.

Cow's milk allergy as a predictor of bronchial hyperresponsiveness

and airway inflammation at school age. Clin Exp Allergy. 2010;40(10):
1491‐1497. https://doi.org/10.1111/j.1365‐2222.2010.03567.x

10. Krogulska A, Dynowski J, Krystyna WK. Bronchial reactivity in

schoolchildren allergic to food. Ann Allergy Asthma Immunol. 2010;
105(1):31‐38. https://doi.org/10.1016/j.anai.2010.05.015

11. Thaminy A, Lamblin C, Perez T, Bergoin C, Tonnel A, Wallaert B.

Increased frequency of asymptomatic bronchial hyper-

ressponsiveness in nonasthmatic patients with food allergy. Eur
Respir J. 2000;16(6):1091‐1094. https://doi.org/10.1034/j.1399‐
3003.2000.16f12.x

12. Emons JA, van Gerth WR. Food allergy and asthma: is there a link?

Curr Treat Options Allergy. 2018;5(4):436‐444. https://doi.org/10.
1007/s40521‐018‐0185‐1

13. Arasi S, Porcaro F, Cutrera R, Fiocchi AG. Severe asthma and allergy:

a pediatric perspective. Front Pediatr. 2019;7:28. https://doi.org/10.
3389/fped.2019.00028

14. Johnson J, Borres MP, Nordvall L, et al. Perceived food hypersen-

sitivity relates to poor asthma control and quality of life in young

non atopic asthmatics. PloS One. 2015;29(4):e0124675. https://doi.
org/10.1371/journal.pone.0124675

15. Caffarelli C, Garrubba M, Greco C, Mastrorilli C, Povesi Dascola C.

Asthma and food allergy in children: is there a connection or

interaction? Front Pediatr. 2016;4:34. https://doi.org/10.3389/fped.
2016.00034

BURMAN ET AL. - 7 of 8

https://orcid.org/0000-0002-1177-455X
https://orcid.org/0000-0002-1177-455X
https://doi.org/10.3390/ijerph15092043
https://doi.org/10.3390/ijerph15092043
https://doi.org/10.1111/all.13319
https://doi.org/10.1016/j.jaip.2015.11.024
https://doi.org/10.1016/j.jaip.2015.11.024
https://doi.org/10.1016/j.jaci.2015.11.015
https://doi.org/10.1016/j.jaci.2015.11.015
https://doi.org/10.1111/cea.12984
https://doi.org/10.1183/16000617.00008114
https://doi.org/10.1016/j.jaci.2012.03.046
https://doi.org/10.1016/j.jaci.2012.03.046
https://doi.org/10.1016/j.jaip.2012.10.008
https://doi.org/10.1016/j.jaip.2012.10.008
https://doi.org/10.1111/j.1365-2222.2010.03567.x
https://doi.org/10.1016/j.anai.2010.05.015
https://doi.org/10.1034/j.1399-3003.2000.16f12.x
https://doi.org/10.1034/j.1399-3003.2000.16f12.x
https://doi.org/10.1007/s40521-018-0185-1
https://doi.org/10.1007/s40521-018-0185-1
https://doi.org/10.3389/fped.2019.00028
https://doi.org/10.3389/fped.2019.00028
https://doi.org/10.1371/journal.pone.0124675
https://doi.org/10.1371/journal.pone.0124675
https://doi.org/10.3389/fped.2016.00034
https://doi.org/10.3389/fped.2016.00034
https://orcid.org/0000-0002-1177-455X


16. Anagnostou K. Anaphylaxis in children: epidemiology, risk factors

and management. Curr Pediatr Rev. 2018;14(3):180‐186. https://doi.
org/10.2174/1573396314666180507115115

17. Arabkhazaeli A, Vijverberg SJ, van Erp FC, Raaijmakers JAM, van der

Ent CK, van der Maitland Zee AH. Characteristics and severity of

asthma in children with and without atopic conditions: a cross‐
sectional study. BMC Pediatr. 2015;15(1):172. https://doi.org/10.
1186/s12887‐015‐0481‐x

18. Poussel G, Turner PJ, Worm M, et al. Food‐induced fatal anaphy-

laxis: from epidemiological data to general prevention strategies.

Clin Exp Allergy. 2018;48(12):1584‐1593. https://doi.org/10.1111/
cea.13287

19. Leickly FE, Kloepfer KM, Slaven JE, Vitalpur G. Peanut Allergy: an

epidemiologic analysis of a large database. J Pediatr. 2018;192:
223‐228.e1. https://doi.org/10.1016/j.jpeds.2017.09.026

20. Burks AW, Sampson HA, Plaut M, Lack G, Akdis CA. Treatment for

food allergy. J Allergy Clin Immunol. 2018;141:1‐9. https://doi.org/10.
1016/j.jaci.2017.11.004

21. Pijnenburg MW, Baraldi E, Paul L, et al. Monitoring asthma in chil-

dren. Eur Respir J. 2015;45(4):906‐925. https://doi.org/10.1183/
09031936.00088814

22. Lee E, Kim YH, Han S, et al. Different cutoff values of methacvoline

bronchial provotation test depending on age in children with

asthma. Worl J Pediatr. 2017;13(5):439‐445. https://doi.org/10.

1007/s12519‐017‐0026‐5
23. Kukkonen AK, Uotila R, Malmberg LP, Pelkonen AS, Makela MJ.

Double‐blind placebo‐controlled challenge showed that peanut oral

immunotherapy was effective for severe allergy without negative

effects on airway inflammation. Acta Paediatr 2017;106(2):274‐281.
https://doi.org/10.1111/apa.13668

24. The Finnish National Asthma Guideline: Astma (kaypahoito.fi). www.

kaypahoito.fi/hoi06030

25. Palosuo K, Karisola KP, Savinko T, Fyhrquist N, Alenius H, Mäkelä

MJ. A randomized, open‐label trial of hen´s egg oral immunotherapy:

efficacy and humoral immune responses in 50 children. J Allergy Clin
Immunol Pract. 2021;30:SS2213‐2198.

26. Moore VC. Spirometry: step by step. Breathe. 2012;8(3):232‐240.
https://doi.org/10.1183/20734735.0021711

27. Nieminen MM, Lahdensuo A, Kellomaeki L, Karvonen J, Muittari A.

Methacholine bronchial challenge using a dosimeter with controlled

tidal breathing. Thorax. 1988;43(11):896‐900. https://doi.org/10.

1136/thx.43.11.896

28. Remes ST, Pekkanen J, Salonen RO, et al. In search of childhood

asthma: questionnaire, tests of bronchial hyperresponsiveness, and

clinical evaluation. Thorax. 2002;57(2):120‐126. https://doi.org/10.
1136/thorax.57.2.120

29. Juusela M, Poussa T, Kotaniemi J, Lundback B, Sovijarvi A. Bronchial

hyperresponsiveness in a population of north Finland with no pre-

vious diagnosis of asthma or chronic bronchitis assessed with his-

tamine and methacholine tests. Int J Circumpolar Health. 2008;67(4):
308‐317. https://doi.org/10.3402/ijch.v67i4.18343

30. Dweik RA, Boggs PB, Erzurum SC, et al. An official ATS clinical

practise guideline: interpretation of exhaled nitric oxide levels

(FeNO) for clinical application. Am J Respir Crit Care Med.
2011;184(5):602‐615. https://doi.org/10.1164/rccm.9120‐11st

31. Bilhouee T, Bouchaud G, Chesne J, et al. Food allergy enhances

allergic asthma in mice. Respir Res. 2014;15(1):142. https://doi.org/
10.1186/s12931‐014‐0142‐x

How to cite this article: Burman J, Palosuo K, Pelkonen A,

et al. Bronchial hyperresponsiveness and asthma during oral

immunotherapy for egg or peanut allergy in children. Clin

Transl Allergy. 2022;e12203. https://doi.org/10.1002/clt2.

12203

8 of 8 - BURMAN ET AL.

https://doi.org/10.2174/1573396314666180507115115
https://doi.org/10.2174/1573396314666180507115115
https://doi.org/10.1186/s12887-015-0481-x
https://doi.org/10.1186/s12887-015-0481-x
https://doi.org/10.1111/cea.13287
https://doi.org/10.1111/cea.13287
https://doi.org/10.1016/j.jpeds.2017.09.026
https://doi.org/10.1016/j.jaci.2017.11.004
https://doi.org/10.1016/j.jaci.2017.11.004
https://doi.org/10.1183/09031936.00088814
https://doi.org/10.1183/09031936.00088814
https://doi.org/10.1007/s12519-017-0026-5
https://doi.org/10.1007/s12519-017-0026-5
https://doi.org/10.1111/apa.13668
http://www.kaypahoito.fi/hoi06030
http://www.kaypahoito.fi/hoi06030
https://doi.org/10.1183/20734735.0021711
https://doi.org/10.1136/thx.43.11.896
https://doi.org/10.1136/thx.43.11.896
https://doi.org/10.1136/thorax.57.2.120
https://doi.org/10.1136/thorax.57.2.120
https://doi.org/10.3402/ijch.v67i4.18343
https://doi.org/10.1164/rccm.9120-11st
https://doi.org/10.1186/s12931-014-0142-x
https://doi.org/10.1186/s12931-014-0142-x
https://doi.org/10.1002/clt2.12203
https://doi.org/10.1002/clt2.12203

	Bronchial hyperresponsiveness and asthma during oral immunotherapy for egg or peanut allergy in children
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Study population
	2.2 | Oral immunotherapy
	2.3 | Allergen‐specific IgE and skin prick tests
	2.4 | Methacholine challenge and FeNO
	2.5 | Severe asthma exacerbations
	2.6 | Statistical analysis

	3 | RESULTS
	3.1 | Subject characteristics
	3.2 | Specific IgE and skin prick tests
	3.3 | Oral immunotherapy outcome
	3.4 | Lung function and bronchial hyperresponsiveness
	3.5 | Asthma control during oral immunotherapy

	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST
	DATA AVAILABILITY STATEMENT
	IMPACT STATEMENT


