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Abstract

Background: Sensitization to dog is an important risk factor for asthma in children,

but the clinical relevance of IgE to available dog‐ and furry animal allergen mole-

cules is uncertain.

Methods: Spirometry, methacholine challenge, fraction of exhaled nitric oxide, nasal

challenge with dog extract and questionnaires were performed in 59 dog‐sensitized
children (age 10–18 years). Serum IgE to dog‐, cat‐, horse extracts and the allergen

molecules Can f 1–6, Fel d 1, Fel d 2, Fel d 4 and Equ c 1 were evaluated.

Results: Median numbers of positive IgE results to furry animal allergen molecules

among children without asthma was 3, with asthma 5.5 and with troublesome

asthma 9 (asthma vs. no asthma; p = 0.039; troublesome asthma vs. no asthma;

p = 0.009). The odds ratio for asthma if sensitized to any lipocalin was 7.2 (95%

confidence Interval: 1.44–35.9). Children with troublesome asthma had higher IgE

levels to the lipocalins Can f 2, Can f 4 and Can f 6 compared to the rest of the study

population (44 vs. 4.1 kUA/L, p = 0.015; 5.8 vs. 0.9 kUA/L, p = 0.018 and 1.3 vs.

0.7 kUA/L, p = 0.03 respectively). Furthermore, a positive nasal challenge was more

common among children with troublesome asthma (83% vs. 36%, p = 0.036).

Conclusions: Polysensitization to furry animal allergens and lipocalins is associated

with asthma in dog‐sensitized children. Children with troublesome asthma have

higher IgE levels to several dog lipocalins than other dog sensitized children.

Key message: Polysensitization to furry animal allergens and high IgE levels to the

dog lipocalins Can f 2, Can f 4 and Can f 6 is associated with asthma severity in dog

dander sensitized children. Molecular allergy diagnostics may thus help the clini-

cians to evaluate the impact of allergic sensitization on asthma morbidity.
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1 | INTRODUCTION

Allergic sensitization to dog dander, which has increased in recent

decades, is a well‐established risk factor for asthma in children.1,2

However, the detection of serum IgE antibodies (IgE) to dog dander

has limitations as the rate of asymptomatic sensitization is high,3 and

the content of allergens in dog dander extracts varies.4,5

Analysis of IgE to the dog allergen molecules Can f 1, Can f 2, Can

f 4 and Can f 6, belonging to the lipocalin family, to Can f 3, the dog

serum albumin, and to Can f 5, the prostatic kallikrein, offers

improved opportunities to shed light on associations between asthma

and allergic sensitization at the molecular allergen level.6 Molecular

allergology has been suggested to be particularly useful in patients

with polysensitization7,8 and/or severe asthma.9

Population based studies have demonstrated that poly-

sensitization and high‐titer sensitization to furry animal allergens are
associated with persistent asthma.1,10 Moreover, we have previously

shown that polysensitization to the furry animal allergen molecules

lipocalin, kallikrein and secretoglobin is associated with increased

bronchial inflammation in children with severe asthma.11

We have previously investigated associations between a nasal

challenge with dog dander extract and sensitization to dog allergen

molecules among dog dander sensitized children and found that

polysensitization is associated with a positive nasal challenge.12 The

primary objective of this study was to investigate the relative

importance of IgE reactivity to all six clinically available dog

allergen molecules in relation to asthma among dog dander sensi-

tized children. As poly‐sensitization to furry animal allergen mole-

cules has shown to be common in children we also included

clinically available cat and horse allergen molecules.10 To our

knowledge, no previous study has included analysis of all known

dog lipocalins in relation to asthma. In addition, we investigate

sensitization in relation to the severity of asthma, evaluated by

asthma control, markers of airway inflammation and bronchial

hyperresponsiveness.

2 | METHODS

2.1 | Patient population

Sixty patients aged 10–18 years with confirmed sensitization to dog

dander (skin prick test wheal size > 3 mm or serum IgE antibodies to

dog dander ≥0.10 kUA/L) were included from pediatric outpatient

clinics in the Stockholm area, regardless of history of clinical symp-

toms to dog. One patient did not complete the examinations and was

excluded. The study protocol was approved by the Regional Ethics

Committee of Karolinska Institutet, Stockholm (Dnr 2014/1453‐31/
4). Written informed consent was obtained from participants and

their parents.

All children and their parents were interviewed regarding

clinical history, current symptoms, symptom triggers (exposure to

dog, cat and horse, pollen and non‐allergic triggers such as in-

fections and exercise) and medications for asthma and rhinitis ac-

cording to a modified version of the standardized questionnaire

employed in the Environmental and Childhood Asthma Study.13

Asthma control was assessed according to the Pediatric Asthma

Control Test (ACT) among children 10–11 years of age (maximum

score 27) and ACT for individuals above the age of 12 (maximum

score 25). A score below 20 indicates deficient asthma control for

both tests.14,15

Asthma was defined as reported physician's diagnosis of asthma

verified by review of medical charts. Troublesome asthma was defined

as asthma diagnosis in combination with exhaled fraction of exhaled

nitric oxide (FeNO) > 35 ppb, Methacholine PD20 < 2 μmol and ACT
score < 20.

2.2 | Exhaled nitric oxide, pulmonary function and
assessment of bronchial hyper responsiveness

A NIOXTM analyzer (Aerocrine AB) was used to measure the FeNO,

in accordance with international guidelines.16 A FeNO level above

20 ppb was considered elevated and above 35 ppb was considered

high.17 Spirometry was performed using a Vitalograph® 2120

(Vitalograph®, Ennis, Ireland), using the reference values reported by

Polgar.18 Bronchial hyperresponsiveness to methacholine was

assessed utilizing a Spira nebulizer (Spira Respiratory Care Center,

Hämeenlinna, Finland). The dose of inhaled methacholine leading to a

20% drop in FEV1 (PD20) was calculated.19

2.3 | Nasal provocation testing

Nasal provocation testing (NPT) was performed as previously

described12 with a commercially available dog dander extract,

Aquagen 100,000 SQ‐U/ml (ALK‐Abello, Copenhagen, Denmark)

according to a modified Lebel protocol.20

2.4 | Blood analysis

Blood samples were taken and the white blood cell count was per-

formed. IgE antibodies against dog‐ cat‐ and horse dander extract,

and the dog allergen molecules Can f 1, Can f 2, Can f 3, and Can f 5

were analyzed by ImmunoCAP. Can f 4 and Can f 6 were produced as

recombinant proteins and analyzed by Streptavidin ImmunoCAP.21,22

Sera that scored positive (IgE ≥ 0.10 kUA/l) for cat or horse

extracts were further analyzed for IgE against allergen molecules

from cat (Fel d 1, Fel d 2, Fel d 4) and horse (Equ c 1).

All IgE determinations were analyzed by using the ImmunoCAP

System (Phadia AB/Thermo Fisher Scientific) according to the man-

ufacturer's instructions. Results are presented as kilounits of allergen

per liter, where the cutoff for allergen specific IgE was ≥0.10 kUA/L.
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Polysensitization refers to the presence of specific IgE to more

than one furry animal allergen molecule.

2.5 | Statistics

Categorical data were compared by using the Chi 2 test or Fisher

exact test, where appropriate. IgE levels were log‐transformed to

obtain normal distribution. t‐test was used for group comparisons

of normally distributed continuous variables and Mann‐Whitney for

skewed continuous variables and for comparisons of the degree of

polysensitization (ordinal variables) between children with no

asthma, asthma and troublesome asthma. P‐values below 0.05

were considered significant. Bonferroni correction for multiple

testing with single allergens was performed. Odds Ratios for having

asthma compared to rhinitis only in relation to sensitization were

estimated using logistic regression and 95% confidence intervals

(CI). All statistical analyses were performed with Stata statistical

software (release 14.2; StataCorp).

3 | RESULTS

3.1 | Clinical characteristics

Fifty of 59 dog dander sensitized children had asthma. Among the

50 children with asthma, 30 reported asthma triggered by dog

exposure of whom six had troublesome asthma. The majority of

children with asthma also reported allergic rhinitis (48/50; 96%), of

whom 70% (n = 35) reported rhinitis triggered by dog exposure.

Nine of the dog dander sensitized children did not have asthma, but

allergic rhinitis only, of whom 5 reported rhinitis triggered by dog.

Children with asthma showed a trend towards reacting more

frequently upon NPT with dog dander extract compared to the non‐
asthmatic children (46% vs. 11%, p = 0.07). Furthermore, asthma

diagnosis was associated with a reduced score on the ACT and

pronounced bronchial hyperreactivity (Table 1). There were no

significant differences in exposure to dogs or cats at home between

the groups.

TAB L E 1 Clinical characteristics of included dog dander sensitized children with and without asthma

Variable Dog sensitized: Asthma (n = 50) Dog sensitized: No asthma (n = 9) p‐Value

Age, mean (SD) 13.1 (2.29) 13.2 (2.77) 0.85

Gender, male n (%) 31 (62) 7 (78) 0.47

Dog exposure at home, n (%) 12 (24) 3 (33) 0.68

Cat exposure at home, n (%) 1 (2) 2 (22) 0.06

Allergic airway manifestations:

Rhinitis, any reported n (%) 48 (96) 9 (100) 1.00

Positive NPT, n (%) 23 (46) 1 (11) 0.07

Rhinitis, triggered by dog, n (%) 35 (70) 5 (56) 0.45

Asthma, triggered by dog, n (%) 30 (60) 0 n.a

Asthma control test, mean (SD) 20.6 (3.37) 25.3 (1.58) <0.001

Lung function and eosinophils:

FEV1% of predicted, mean (SD) 100 (11.7) 105 (7.07) 0.18

FeNO (ppb), median (IQR) 33.5 (20–70) 29 (16–59) 0.40

BHR; PD20 < 8, umol, n (%) 31 (69)† 6 (67) 1.00

BHR; PD20 < 2, umol, n (%) 24 (53)† 1 (11) 0.03

Eosinophils (109 � L−1), mean (SD) 0.44 (0.28) 0.44 (0.44) 0.96

Asthma medications:

SABA, n (%) 45 (90) 1 (11.1) <0.001

LABA, n (%) 26 (52) 0 0.003

Inhaled steroids, n (%) 34 (68) 0 <0.001

Inhaled steroids (μg), median (IQR) 200 (0–400) 0 <0.001

Note: Boldface indicate that p < 0.05.

Abbreviations: ACT, Asthma Control Test; BHR, Bronchial hyper‐reactivity; FeNO, Fraction of exhaled Nitric Oxide; FEV1, Forced expiratory volume in

one second; IQR, Inter‐quartile range; LABA, Long acting beta‐2 agonist; NPT, Nasal provocation test; PD20, dose methacholine (umol) leading to a 20%
drop in FEV1; Ppb, Parts per billion; SABA, Short acting beta‐2 agonist; SD, Standard deviation.
†n = 45, Three individuals did not go through metacholine challenge because of baseline FEV1 ≤ 75%. Two did not complete the examination due to

technical issues.
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3.2 | Allergic sensitization to furry animal allergen
molecules in dog dander sensitized children with and
without asthma

Children with asthma were to a larger extent polysensitized to furry

animal allergen molecules and to lipocalins than children with rhinitis

only (Figure 1A,B). The median number of positive IgE results to furry

animal allergen molecules among children without asthma was 3,

among all children with asthma 5.5 and among the children with

troublesome asthma 9 (asthma vs. no asthma; p = 0.039; troublesome

asthma vs. no asthma; p = 0.009) (Figure 1A). The corresponding

number of positive IgE results to the lipocalins among children

without asthma was 2, among all children with asthma 4 and among

children with troublesome asthma 6 (Asthma vs. no asthma;

p = 0.019; Troublesome asthma vs. no asthma; p = 0.014) (Figure 1B).

The odds ratio for having asthma if sensitized to any lipocalin was 7.2

(95% CI: 1.44–35.9).

There was a considerable overlap in sensitization to the cross‐
reacting lipocalins Can f 6, Fel d 4 and Equ c 1 (Figure E 1, Sup-

porting Information). Sensitization to Can f 6 was more common

among dog dander sensitized children with asthma than without

asthma (54% vs. 11%, p = 0.03). Furthermore, children with asthma

showed a non‐significant trend towards being more frequently

sensitized to the horse lipocalin Equ c 1 (70% vs. 33%, p = 0.06) and

the cat lipocalin Fel d 4 (72% vs. 33%, p = 0.05). Besides, the IgE

levels to Equ c 1 were higher among children with asthma compared

to children without asthma (median 7.0 vs. 0.17 kUA/L, p = 0.01),

Table 2. Following Bonferroni correction, the association between

lipocalin sensitization and asthma as well as troublesome asthma

(Figure 1B) and between sensitization to furry animal allergen mol-

ecules and troublesome asthma (Figure 1A) remained statistically

significant, whereas the associations between single allergen mole-

cules and asthma were no longer significant.

3.3 | Troublesome asthma and sensitization to dog,
cat and horse allergen molecules

Figure 2A shows overlapping manifestations of asthma severity

including asthma control, airway inflammation and bronchial hy-

perreactivity. Children with troublesome asthma (n = 6) had higher

IgE levels to dog dander (57 vs. 11 kUA/L, p = 0.017) and to the

dog lipocalins Can f 2 (44 vs. 4.1 kUA/L, p = 0.015), Can f 4 (5.8 vs.

0.9 kUA/L, p = 0.018) and Can f 6 (1.3 vs. 0.7 kUA/L, p = 0.03)

compared to the rest of the study population (n = 53), see Figure 3.

Sensitization to Can f 3 was more common among children with

troublesome asthma (67% vs. 23%, p = 0.041), but their IgE levels

to Can f 3 did not differ compared to the rest of the study popu-

lation. Children with troublesome asthma were also more likely to

have a positive nasal provocation test with dog dander extract

(83% vs. 36%, p = 0.036), Figure 2B. No significant differences in

prevalence of sensitization or IgE levels to the investigated cat or

horse allergen molecules between children with troublesome

asthma and the rest of the study population were found (data not

shown).

3.4 | Asthma Control Test and sensitization to furry
animals

Thirty‐five percent (17/50) of the investigated children with asthma

had an ACT score below 20. Asthmatics with ACT < 20 had higher

F I GUR E 1 Median numbers of positive IgE reactivities (y‐axis) in children with no asthma (blue), asthma (orange) and troublesome asthma
(red) to: A. Furry animal allergen molecules (n = 1–10). B. Lipocalins (n = 0–6). Boxes indicate interquartile ranges and whiskers maximum/
minimum number of positive IgE reactivities
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IgE levels to the dog lipocalins Can f 2 and Can f 4 compared to

asthmatics with ACT ≥ 20 (Table E 1, Supporting Information).

3.5 | Airway inflammation and sensitization to furry
animals

The median FeNO level was 33.5 ppb (IQR 20–70) among whom 28

(47%) had high FeNO (>35 ppb). Children with high FeNO displayed

higher IgE levels towards dog dander and the dog lipocalins Can f 1

and Can f 4 than individuals with FeNO < 35 ppb (n = 31). Children in

the high FeNO‐group were also more frequently sensitized to the

horse lipocalin Equ c 1 (82% vs., 48%, p = 0.01), see Table E 2,

Supporting Information.

3.6 | Bronchial hyperreactivity and sensitization to
furry animals

A majority, 69% (37/54), of the investigated dog dander sensitized

children had a positive bronchial methacholine challenge

(PD20 < 8 μmol methacholine), while 46% (25/54) showed pro-

nounced bronchial hyperreactivity (PD20 < 2 μmol methacholine).

No significant associations between sensitization rates or IgE levels

to the investigated allergens and pronounced bronchial hyperreac-

tivity were observed (Table E 3, Supporting Information).

4 | DISCUSSION

This well characterized cohort of dog dander sensitized children

represents an important and common patient group in pediatric

clinics. We found that asthma was associated with polysensitization

to allergen molecules and to lipocalins from furry animals. In addition,

we observed that troublesome asthma was associated with a higher

degree of polysensitization, increased IgE levels to the dog lipocalins

Can f 2, Can f 4 and Can 6 and with a positive nasal provocation test

with dog dander. Based on our findings, we suggest that children with

multiple lipocalin sensitization need thorough monitoring regarding

asthma management and advice regarding dog avoidance. Thus, a

detailed assessment using molecular allergy diagnostics may help

clinicians to evaluate the impact of allergic sensitization on asthma

morbidity and thereby improve advice regarding pet exposure and

immunotherapy.23

The association between troublesome asthma and a positive

nasal provocation test confirms the concept of the united airways;

F I GUR E 2 A Venn diagram showing
overlapping markers for asthma severity. A,

Red circle corresponding to children with
fraction of exhaled nitric oxide
(FeNO) > 35 ppb. B, Green circle

corresponding to children with methacholine
PD20 < 2 μmol. C, Yellow circle corresponding
to children with Asthma Control Test (ACT)
score < 20 points. B, Numbers (percentages) of

positive IgE sensitizations (≥0.1 kUA/L) to dog
allergen molecules and numbers (percentages)
of children with positive result at nasal

challenge with dog dander extract (bottom line)
in children with troublesome asthma in
comparison with the rest of the dog sensitized

study population. Boldface indicate p < 0.05
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that the severity of the disease in the upper airways is also reflected

in the lower airways.24 Allergic rhinitis among pre‐school children has
been associated with airway hyperresponsiveness at the age of

seven.25 As allergic rhinitis often precedes the onset of allergic

asthma and may deteriorate asthma symptoms through impaired

nasal function, children with allergic rhinitis to dog should be thor-

oughly treated and further evaluated regarding asthma.26

The association between asthma and IgE to the dog lipocalins

Can f 4 and Can f 6 has not been previously investigated. However,

the lipocalin protein group has been pointed out as one of two pro-

tein families associated with asthma in children,27 and sensitization

to three or more lipocalins has previously been associated with se-

vere asthma.28 As IgE reactivity to Can f 6 was associated with

asthma and IgE levels to Can f 4 and Can f 6 were higher among

children with troublesome asthma, we suggest that these allergens

could be regarded as markers for asthma among dog dander sensi-

tized children.

In the present study, a vast majority of the children was also

sensitized to allergen molecules from cat and horse, and the most

common sensitizing allergen was the major cat allergen secreto-

globin, Fel d 1. The IgE levels to Fel d 1 did not differ significantly

between children with and without asthma or with different

asthma manifestations. It has previously been reported that sensi-

tization to Fel d 1 alone is a poor predictor of asthma in chil-

dren, unless at high titers or in combination with the cat lipocalin

Fel d 4.10

Asthma is a multi‐factorial disease. In children, the chronic

inflammation is often to a large extent caused by allergic sensi-

tization, while the bronchial hyperreactivity may depend on a

broader range of factors.29 This may explain why we observed

elevated IgE levels to dog lipocalins in children with high exhaled

FeNO levels as well as insufficient asthma control, while no such

associations were seen among children with bronchial

hyperreactivity.30

The major strength of this study is that, for the first time, all

clinically available dog allergen molecules were evaluated by a

quantitative measure in patients that were extensively investigated

regarding asthma manifestations. We also performed nasal provo-

cation tests to elucidate associations between dog induced rhinitis

and asthma, and not only sensitization patterns and asthma. We

are aware of power limitations due to small sub‐groups and risk of

significant findings by chance due to multiple testing. Adjusting for

TAB L E 2 Sensitization rates and IgE levels to furry animal allergen extracts and molecules among dog dander sensitized children with and
without asthma

Asthma (n = 50) No asthma (n = 9)
p‐Value sensitization
rates

p‐Value IgE
levels

Allergen Sensitization rate n
(%)

Median level kUA/L

(IQR)

Sensitization rate n
(%)

Median level kUA/L

(IQR)

Dog dander 50 (100) 14 (3.8–47) 9 (100) 3.3 (1.3–22) n.a. 0.08

Can f 1 35 (70) 5.9 (2.1–28) 4 (44) 7.1 (0.27–54) 0.25 0.52

Canf 2 26 (52) 6.1 (0.98–24) 2 (22) 14.6 (0.13–29) 0.15 0.59

Can f 3 15 (30) 1.8 (0.32–6.1) 1 (11) 0.21 0.42 n.a

Can f 4 25 (50) 1.1 (0.56–4.7) 3 (33) 0.58 (0.11–3.3) 0.48 0.36

Can f 5 31 (62) 5.4 (0.87–15) 6 (67) 1.1 (0.25–2.3) 1.00 0.08

Can f 6 27 (54) 0.69 (0.37–1.0) 1 (11) 0.18 0.03 n.a

Cat dander 49 (98) 7.7 (2.8–22) 8 (89) 25 (0.43–76) 0.28 0.64

Fel d 1 41 (82) 9.8 (4.5–27) 7 (78) 51 (0.57–100) 0.67 0.87

Fel d 2 13 (26) 0.33 (0.25–1.3) 2 (22) 18 (0.23–35) 1.00 0.43

Fel d 4 36 (72) 1.8 (0.54–7.6) 3 (33) 0.21 (0.19–100) 0.05 0.74

Horse

dander

42 (84) 7.5 (2.1–36) 5 (56) 2.7 (0.22–17) 0.07 0.21

Equ c 1 35 (70) 7.0 (2.4–20) 3 (33) 0.17 (0.14–5.9) 0.06 0.014

> 3

allergens

35 (70) 2 (22) 0.01

Any

lipocalin

45 (90) 5 (56) 0.02

Any albumin 18 (36) 2 (22) 0.70

Total IgE 455 (360–1640) 503 (250–789) 0.43
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multiple testing in an analysis with low sample size causes un-

necessary under‐powering and increases risk for type II errors to

an unacceptable level,31 hence Bonferroni correction for multiple

testing could not confirm significant results for single allergens.

However, we consistently found significant associations between

IgE reactivity as well as IgE levels to lipocalins and different

manifestations of asthma in the unadjusted analysis. Since our

results are in accordance with previous findings regarding lipocalin

sensitization, we interpret these associations as clinically relevant.

Furthermore, the limited size of this study do not allow multivar-

iate analysis to reveal independent associations between sensiti-

zation and asthma manifestations. This might be a focus for future

studies.

In conclusion, asthma in dog dander sensitized children is asso-

ciated with polysensitization to furry animal allergen molecules and

lipocalins. Furthermore, children with troublesome asthma have

higher IgE levels to the dog lipocalins Can f 2, Can f 4 and Can f 6

compared to dog dander sensitized children with controlled asthma

or rhinitis only. Thus, our findings suggest that a detailed assessment

using molecular allergy diagnostics may help the clinicians to eval-

uate the impact of allergic sensitization on asthma morbidity and

thereby improve advice regarding dog exposure, future treatments,

and immunotherapy.

ACKNOWLEDGMENTS

The authors would like to thank all children and parents participating

in this study. We thank Carina Wallén for technical assistance and

research nurses Margareta Eriksson and Barbara Ekman for valuable

clinical assistance.

The Hesselman Foundation, Queen Silvia's Jubilee Foundation,

The Konsul Bergh Foundation, The Swedish Asthma and Allergy

Association's Research Fund, the Swedish Heart‐Lung Foundation,

The King Gustaf V 80th Birthday Foundation, The Swedish Cancer

and Allergy Foundation, EU H2020 project FoodEnTwin (GA

810752), Region Stockholm (ALF project and clinical post‐doc), the
Swedish Research Council and Karolinska Institutet.

CONFLICT OF INTEREST

Ulrika Käck report personal fees from Thermo Fisher Scientific,

outside the submitted work. Marianne van Hage report personal fees

from Thermo Fisher Scientific, outside the submitted work. Anna

Asarnoj report personal fees from Meda/Mylan, Orion Pharma, ALK

F I GUR E 3 IgE levels among sensitized children with troublesome asthma “ABC” (n = 6), with pronounced bronchial hyperreactivity

(PD20 < 2 μmol), poor asthma control (Asthma Control Test (ACT) < 20) and high levels of exhaled fraction of exhaled nitric oxide (FeNO)
(>35 ppb) compared with IgE levels among sensitized children with controlled asthma or rhinitis only, “others” (n = 51). Horizontal bars
indicate median levels. Levels above 100 kUA/L were set at 100 kUA/L

KÄCK ET AL. - 7 of 9



and Thermo Fisher Scientific outside the submitted work. Jon R.

Konradsen has received material from Thermo Fisher to perform the

IgE analysis in this project. Hans Grönlund and Gunnar Lilja declare

that they have no relevant conflicts of interest.

AUTHOR CONTRIBUTIONS

Ulrika Käck: Data curation; Formal analysis; Investigation; Project

administration; Writing – original draft; Marianne van Hage:

Conceptualization; Data curation; Formal analysis; Funding acquisi-

tion; Investigation; Methodology; Project administration; Writing –

original draft; Hans Gronlund: Conceptualization; Formal analysis;

Investigation; Methodology; Writing – original draft; Gunnar Lilja:

Conceptualization; Data curation; Formal analysis; Funding acquisi-

tion; Investigation; Methodology; Supervision; Writing – original

draft; Anna Asarnoj: Conceptualization; Data curation; Formal anal-

ysis; Investigation; Methodology; Writing – original draft; Jon R

Konradsen: Conceptualization; Data curation; Formal analysis;

Funding acquisition; Investigation; Methodology; Project adminis-

tration; Writing – original draft.

ORCID

Ulrika Käck https://orcid.org/0000-0003-4580-3571

REFERENCES

1. Perzanowski MS, Ronmark E, James HR, et al. Relevance of specific

IgE antibody titer to the prevalence, severity, and persistence of

asthma among 19‐year‐olds in northern Sweden. J allergy Clin
Immunol. 2016;138(6):1582‐1590.

2. Ronmark E, Bjerg A, Perzanowski M, Platts‐Mills T, Lundback B.

Major increase in allergic sensitization in schoolchildren from 1996

to 2006 in northern Sweden. J allergy Clin Immunol. 2009;

124(2):357‐363:63.e1‐15.
3. Asarnoj A, Hamsten C, Waden K, et al. Sensitization to cat and dog

allergen molecules in childhood and prediction of symptoms of cat

and dog allergy in adolescence: a BAMSE/MeDALL study. J allergy
Clin Immunol. 2016;137(3):813‐821:e7.

4. Curin M, Reininger R, Swoboda I, Focke M, Valenta R, Spitzauer S.

Skin prick test extracts for dog allergy diagnosis show considerable

variations regarding the content of major and minor dog allergens.

Int Arch Allergy Immunol. 2011;154(3):258‐263.
5. Wintersand A, Asplund K, Binnmyr J, et al. Allergens in dog extracts:

implication for diagnosis and treatment. Allergy. 2019.
6. Schoos AM, Nwaru BI, Borres MP. Component‐resolved diagnostics

in pet allergy: current perspectives and future directions. J allergy
Clin Immunol. 2021.

7. Bonini M, Marcomini L, Gramiccioni C, et al. Microarray evaluation

of specific IgE to allergen components in elite athletes. Allergy.
2012;67(12):1557‐1564.

8. Melioli G, Bonifazi F, Bonini S, et al. The ImmunoCAP ISAC mo-

lecular allergology approach in adult multi‐sensitized Italian pa-

tients with respiratory symptoms. Clin Biochem. 2011;44(12):

1005‐1011.
9. Onell A, Hjalle L, Borres MP. Exploring the temporal development of

childhood IgE profiles to allergen components. Clin Transl Allergy.
2012;2(1):24.

10. Bjerg A, Winberg A, Berthold M, Mattsson L, Borres MP, Ronmark E.

A population‐based study of animal component sensitization,

asthma, and rhinitis in schoolchildren. Pediatr Allergy Immunol official
Publ Eur Soc Pediatr Allergy Immunol. 2015;26(6):557‐563.

11. Nordlund B, Konradsen JR, Kull I, et al. IgE antibodies to animal‐
derived lipocalin, kallikrein and secretoglobin are markers of bron-

chial inflammation in severe childhood asthma. Allergy. 2012;67(5):
661‐669.

12. Käck U, Asarnoj A, Grönlund H, et al. Molecular allergy diagnostics

refine characterization of children sensitized to dog dander. J allergy
Clin Immunol. 2018;142(4):1113‐1120:e9.

13. Lodrup Carlsen KC, Haland G, Devulapalli CS, et al. Asthma in every

fifth child in Oslo, Norway: a 10‐year follow up of a birth cohort

study. Allergy. 2006;61(4):454‐460.
14. Nathan RA, Sorkness CA, Kosinski M, et al. Development of the

asthma control test: a survey for assessing asthma control. J allergy
Clin Immunol. 2004;113(1):59‐65.

15. Liu AH, Zeiger R, Sorkness C, et al. Development and cross‐sectional
validation of the childhood asthma control test. J allergy Clin Immu-
nol. 2007;119(4):817‐825.

16. ATS/ERS recommendations for standardized procedures for the

online and offline measurement of exhaled lower respiratory nitric

oxide and nasal nitric oxide, 2005. Am J Respir Crit Care Med. 2005;
171(8):912‐930.

17. Bjermer L, Alving K, Diamant Z, et al. Current evidence and future

research needs for FeNO measurement in respiratory diseases.

Respir Med. 2014;108(6):830‐841.
18. Polgar G, Weng TR. The functional development of the respiratory

system from the period of gestation to adulthood. Am Rev Respir Dis.
1979;120(3):625‐695.

19. Yan K, Salome C, Woolcock AJ. Rapid method for measurement of

bronchial responsiveness. Thorax. 1983;38(10):760‐765.
20. Lebel B, Bousquet J, Morel A, Chanal I, Godard P, Michel FB. Cor-

relation between symptoms and the threshold for release of medi-

ators in nasal secretions during nasal challenge with grass‐pollen
grains. J allergy Clin Immunol. 1988;82(5 Pt 1):869‐877.

21. Nilsson OB, Binnmyr J, Zoltowska A, Saarne T, van HageM, Gronlund

H. Characterization of the dog lipocalin allergen Can f 6: the role in

cross‐reactivity with cat and horse. Allergy. 2012;67(6):751‐757.
22. Madhurantakam C, Nilsson OB, Uchtenhagen H, et al. Crystal

structure of the dog lipocalin allergen Can f 2: implications for cross‐
reactivity to the cat allergen Fel d 4. J Mol Biol. 2010;401(1):68‐83.

23. Smith DM, Coop CA. Dog allergen immunotherapy: past, present,

and future. Ann Allergy Asthma Immunol official Publ Am Coll Allergy,
Asthma, & Immunol. 2016;116(3):188‐193.

24. Giavina‐Bianchi P, Aun MV, Takejima P, Kalil J, Agondi RC. United

airway disease: current perspectives. J Asthma Allergy. 2016;9:93‐100.
25. Rochat MK, Illi S, Ege MJ, et al. Allergic rhinitis as a predictor for

wheezing onset in school‐aged children. J allergy Clin Immunol.
2010;126(6):1170‐1175.

26. Bousquet J, Khaltaev N, Cruz AA, et al. Allergic rhinitis and its

impact on asthma (ARIA) 2008 update (in collaboration with the

world health organization, GA(2)LEN and AllerGen). Allergy. 2008;
63(Suppl 86):8‐160.

27. Schoos AM, Kattan JD, Gimenez G, Sampson HA. Sensitization

phenotypes based on protein groups and associations to allergic

diseases in children. J allergy Clin Immunol. 2016;137(4):1277‐1280.
28. Konradsen JR, Nordlund B, Onell A, Borres MP, Gronlund H, Hedlin

G. Severe childhood asthma and allergy to furry animals: refined

assessment using molecular‐based allergy diagnostics. Pediatr Allergy
Immunol official Publ Eur Soc Pediatr Allergy Immunol.
2014;25(2):187‐192.

29. 2020 GINA Report. Global Strategy for Asthma Management and
Prevention; 2020. https://ginasthma.org/wp‐content/uploads/2020/
06/GINA‐2020‐report_20_06_04‐1‐wms.pdf

30. Dahlen B, Nopp A, Johansson SG, Eduards M, Skedinger M, Ade-

doyin J. Basophil allergen threshold sensitivity, CD‐sens, is a mea-

sure of allergen sensitivity in asthma. Clin Exp Allergy J Br Soc Allergy
Clin Immunol. 2011;41(8):1091‐1097.

8 of 9 - KÄCK ET AL.

https://orcid.org/0000-0003-4580-3571
https://orcid.org/0000-0003-4580-3571
https://ginasthma.org/wp-content/uploads/2020/06/GINA-2020-report_20_06_04-1-wms.pdf
https://ginasthma.org/wp-content/uploads/2020/06/GINA-2020-report_20_06_04-1-wms.pdf
https://orcid.org/0000-0003-4580-3571


31. Nakagawa S. A farewell to Bonferroni: the problems of low statis-

tical power and publication bias. Behav Ecol. 2004;15(6):1044‐1045.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Käck U, van Hage M, Grönlund H,

Lilja G, Asarnoj A, Konradsen JR. Allergic sensitization to

lipocalins reflects asthma morbidity in dog dander sensitized

children. Clin Transl Allergy. 2022;e12149. https://doi.org/10.

1002/clt2.12149

KÄCK ET AL. - 9 of 9

https://doi.org/10.1002/clt2.12149
https://doi.org/10.1002/clt2.12149

	Allergic sensitization to lipocalins reflects asthma morbidity in dog dander sensitized children
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Patient population
	2.2 | Exhaled nitric oxide, pulmonary function and assessment of bronchial hyper responsiveness
	2.3 | Nasal provocation testing
	2.4 | Blood analysis
	2.5 | Statistics

	3 | RESULTS
	3.1 | Clinical characteristics
	3.2 | Allergic sensitization to furry animal allergen molecules in dog dander sensitized children with and without asthma
	3.3 | Troublesome asthma and sensitization to dog, cat and horse allergen molecules
	3.4 | Asthma Control Test and sensitization to furry animals
	3.5 | Airway inflammation and sensitization to furry animals
	3.6 | Bronchial hyperreactivity and sensitization to furry animals

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS


