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GRAPHICAL ABSTRACT

Molecular allergy diagnostics refines characterization of children 
sensitized to dog dander
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Abbreviations:
NPT    Nasal provocation test
Can f   Canis familiaris
OR  Odds Ratio
CI       Conficence Interval
IgE  IgE antibodies

Nasal provocation test with dog dander extract

p=0,01  

• Mono-sensitization 
to Can f 5 - Prostatic kallikrein
OR 5.8, (CI 1.0-33)

• Sensitization to Lipocalins:
OR 6.0, (CI 1.04-34.5)

• Sensitization to Can f 4 
OR 6.80, (CI 1.8-25)

• Sensitization to Can f 6
OR 5.7, (CI 1.6-21)

Negative NPT Positive NPT
Background: Sensitization to dog dander is an important risk
factor for rhinoconjunctivitis and asthma but is not sufficient
for diagnosing dog allergy. Molecular allergy diagnostics offer
new opportunities for refined characterization.
Objectives: We sought to study the association between
sensitization to all presently known dog allergen components
and clinical symptoms of dog allergy in children evaluated by
using nasal provocation tests (NPTs).
Methods: Sixty children (age, 10-18 years) sensitized to dog
dander extract underwent NPTs with dog dander extract.
Measurement of IgE levels to dog dander and to Can f 1, Can f
2, Can f 3, and Can f 5 was performed with ImmunoCAP, and
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measurement of IgE levels to Can f 4 and Can f 6 was performed
with streptavidin ImmunoCAP. An IgE level of 0.1 kUA/L or
greater was considered positive.
Results: There was an association between sensitization to
an increasing number of dog allergen components and a
positive nasal challenge result (P 5 .01). Sensitization to
lipocalins (odds ratio [OR], 6.0; 95% CI, 1.04-34.5),
in particular Can f 4 (OR, 6.80; 95% CI 1.84-25.2) and
Can f 6 (OR, 5.69; 95% CI, 1.59-20.8), was associated with
a positive NPT result. Monosensitization to Can f 5 was
related to a negative NPT result (OR, 5.78; 95% CI,
1.01-33.0).
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Abbreviations used

NPT: Nasal provocation test

OR: Odds ratio

ROC: Receiver operating characteristic
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Conclusion: Sensitization to an increasing number of dog
allergen components and to lipocalins is associated with dog
allergy. Monosensitization to Can f 5 should not be regarded
primarily as a marker for dog allergy. (J Allergy Clin Immunol
2018;142:1113-20.)

Key words: Allergy, Can f 1, Can f 2, Can f 3, Can f 4, Can f 5, Can f 6,
children, dog, IgE, molecular allergology, nasal provocation test,
sensitization

Dog allergy is one of the most common perennial airborne
allergies among children.1 Exposure to dogs causes not only
rhinitis, asthma, or both but can also affect quality of life in the
child with dog allergy.2 Thus correct diagnosis and advice from
the physician is essential.

Measurement of IgE antibodies to dog dander extract is an
established diagnostic tool but has several limitations. Crude dog
dander extracts have been shown to vary in allergen content,
which can affect the accuracy of the test results.3 Moreover,
a positive test result might be due to cross-reactivity with
allergens from other furry animals and hence might be of
uncertain clinical relevance.4

The introduction of molecularly based allergy diagnostics
offers new opportunities for improved characterization and
management.5 At the time of our investigation, there were 6
known dog allergens,6 and sensitization seems to start early in
life.7 Four of these, Can f 1, Can f 2, Can f 4, and Can f 6, belong
to the lipocalin protein family, which is present in dog dander,
saliva, and urine.8-10 Can f 1 is considered a major allergen and
is detected in 50% to 90% of patients sensitized to dog.5

Sensitization to Can f 2 and the more recently characterized
Can f 4 and Can f 6 is less common. Can f 6 is highly
cross-reactive with cat and horse lipocalins, whereas Can f 2
shows patient-dependent cross-reactivity with the cat lipocalin
Fel d 4.11-13 Can f 3, dog serum albumin, is a highly
cross-reactive minor allergen detected in 15% to 35% of
dog-sensitized patients.4,14 IgE reactivity to Can f 5, the male
dog’s prostatic kallikrein, has been found in up to 70% of
dog-sensitized subjects, among whom 38% were not sensitized
to Can f 1, Can f 2, or Can f 3, suggesting that there might be
subjects allergic specifically to male dogs.15

Can f 7, Canine NPC2 protein (dog epididymal secretory
protein), was recognized as a dog allergen in 201616 after our
study was conducted and is therefore not included in our analysis.

However, there is a need to further explore the clinical
relevance of sensitization to different dog allergen components.
The aim of this study was to analyze the patterns of IgE reactivity
to dog allergen components among dog-sensitized children and,
for the first time, to investigate the association between
sensitization and clinical symptoms of dog allergy evaluated by
using nasal provocation tests (NPTs) with dog dander extract.
METHODS

Patient population
A total of 105 patients were recruited from pediatric outpatient clinics in

the Stockholm area. Inclusion criteria were age of 10 to 18 years and

confirmed sensitization to dog dander based on a positive skin prick test

response (wheal size > 3 mm), serum IgE antibodies to dog dander of greater

than 0.10 kUA/L, or both. The patients were included regardless of history of

clinical symptoms to dog. Exclusion criteria were as follows: known impaired

lung function of other cause than asthma and ongoing or completed
allergen-specific immunotherapy to furry animals. Six patients did not meet

the inclusion criteria, and 39 declined participation after receiving detailed

information. A total of 60 patients were included.

Written informed consent was obtained from all participants and their

parents. The study was approved by the regional board of ethics at Karolinska

Institutet (Dnr 2014/1453-31/4).
Interviews and standardized questionnaires
All children and their parents were interviewed according to a modified

version of the standardized questionnaire used in the Environmental and

Childhood Asthma study.17 The questionnaire included questions

regarding demographic data, such as family history of allergy and asthma,

exposure to dogs and other furry animals, history of asthma and rhinitis and

other allergic manifestations, triggering symptoms, and medication and health

care use.
NPTs
NPTs were performed with a commercially available dog dander extract,

Aquagen 100,000 SQ-E/mL (ALK-Abell�o, Copenhagen, Denmark),

according to a modified Lebel protocol.18 The dog dander extract used was

analyzed concerning concentrations of specific allergens by using competitive

inhibition ELISA and was found to contain all 6 investigated

components (See Table E1 in this article’s Online Repository at

www.jacionline.org).

One spray dose, 0.1 mL of dog dander extract (10,000 SQ-E), was

deposited in each nostril. Symptoms during NPTs were scored according to

the Lebel scoring scale before and 5, 15, and 30 minutes after administration

by a trained research nurse.18 The scoring system identifies 3 cardinal

symptoms: sneezing, rhinorrhea, and nose blockage, each graded on a

scale from 0 to 3 points. In addition, nasal pruritus (1 point), ear pruritus

(1 point), and eye symptoms (1 point) were registered. Maximum score was

12. According to Lebel et al,18 a score of 5 or greater was considered

positive, and a score of 2 or less was considered negative.

NPTswere performed in a 2-stepmanner. Patients scoring 4 or less andwho

were clinically unaffected/modestly affected 30 minutes after spray dose 1

proceeded to spray dose 2 (100,000 SQ-E) in each nostril, and the scoring

procedure was repeated. Patients with a maximum score of 2 to 4 after the

second step of the NPT procedure were considered to have indecisive results.

Treatment with oral antihistamines was withheld for at least 72 hours, and

nasal steroids were withheld for 2 weeks before the NPT. No patient showed

symptoms of allergy or infectious rhinitis before the investigation.
Serologic analysis
Samples of venous blood were collected, and IgE antibodies against dog

dander extract (e5), Can f 1, Can f 2, Can f 3, and Can f 5 were analyzed by

using ImmunoCAP (Thermo Fisher Scientific, Uppsala, Sweden). Can f 4 and

Can f 6 were produced as recombinant proteins according to previously

published data.9,11 IgE levels to Can f 4 and Can f 6 were measured by

coupling 5 mg of biotinylated antigen to streptavidin ImmunoCAP, as

described by the manufacturer (Phadia AB/Thermo Fisher Scientific). All

IgE determinations were analyzed by using the ImmunoCAP System

(Phadia AB/Thermo Fisher Scientific), according to the manufacturer’s

instructions. Results are presented as kilounits of allergen per liter, where

the cutoff for the presence of allergen-specific IgE was 0.10 kUA/L or greater,

which is the cutoff level in clinical settings.

http://www.jacionline.org


TABLE I. Clinical assessment of children with negative, indecisive, and positive nasal challenges in relation to exposure, asthma,

rhinitis, and other atopic manifestations

Parameter All patients

Negative

NPT result

Indecisive

NPT result

P value,

indecisive vs

negative result

Positive

NPT result

P value, positive vs

negative result

No. of patients 60 21 14 25

Mean age (y [SD]) 13.1 (2.3) 13.0 (2.5) 12.5 (2.3) .42 13.2 (2.1) .67

Female sex, no. (%) 21 (35) 6 (29) 6 (43) .38 9 (36) .75

At least 1 parent with dog allergy, no. (%) 19 (32) 4 (19) 5 (36) .27 10 (40) .20

Exposure, no. (%)

Dog at home 15 (25) 8 (38) 6 (43) .78 1 (4) .007

Cat at home 3 (5) 2 (10) 0 (0) .51 1 (4) .59

Exposure to horse 12 (20) 6 (29) 2 (14) .43 4 (16) .48

Patient smoking 2 (3) 2 (10) 0 (0) .51 0 (0) .20

Parental smoking 10 (17) 4 (19) 4 (29) .69 2 (8) .38

Smoking at home during infancy 14 (23) 8 (38) 3 (21) .30 3 (12) .20

Asthma, no. (%)

Asthma diagnosis 51 (85) 15 (71) 12 (86) .43 24 (96) .036

Reported asthma at dog exposure 30 (50) 6 (29) 7 (50) .20 17 (68) .008

Reported asthma at cat exposure 18 (30) 4 (19) 4 (29) .69 10 (40) .19

Rhinitis, no. (%)

Rhinitis 58 (97) 19 (90) 14 (100) .23 25 (100) .20

Reported rhinitis at dog exposure 41 (68) 8 (38) 9 (64) .21 24 (96) <.001

Reported rhinitis at cat exposure 37 (62) 12 (57) 6 (43) .25 19 (76) .17

Reported rhinitis, birch pollen 35 (58) 10 (48) 8 (57) .80 17 (68) .16

Reported rhinitis, grass pollen 28 (47) 8 (38) 6 (43) .97 14 (56) .23

Other atopic manifestations, no. (%)

Food allergy, current or previous 39 (65) 10 (48) 11 (79) .04 18 (72) .09

Eczema, current or previous 38 (63) 11 (52) 12 (86) .04 15 (60) .60

Boldface indicates P < .05.
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Statistics
All statistical analyses were performed with Stata statistical software

(release 14.2; StataCorp, College Station, Tex).

Categorical data were compared by using the x2 test or Fisher exact test,

where appropriate. The t test on log-transformed values was used for group

comparisons of IgE levels (continuous variables). Odds ratios (ORs) with

95%CIs for associations were calculated by using logistic regression analysis.

Adjustments for the 3 dog allergen protein types (lipocalin, serum albumin,

and kallikrein) were performed to determine possible independent markers

for a positive NPT result among the analyzed components. ORs for a positive

NPT result in relation to the number of sensitizing dog allergens were

estimated by using logistic regression models and 95% CIs. Fitted predicted

probability estimates were plotted according to the number of IgE-reactive

(>_0.1 kU/L) dog allergen molecules by using results from logistic regression.

The diagnostic performance of IgEmeasurements to different components and

dog dander extract was compared by using receiver operating characteristic

(ROC) curve analysis.19
RESULTS

Baseline demographics
The mean age of the patients was 13.1 years, and boys were in

the majority (65%). Thirty-two percent had at least 1 parent with
reported dog allergy, and 25% were living in a home with a dog.
The level of reported allergic symptoms was high; 97% reported
any allergic rhinitis or conjunctivitis, and 68% reported rhinitis
caused by dog. Eighty-five percent had a physician’s diagnosis of
asthma, and 50% reported asthma symptoms caused by dog
exposure.

A large proportion also reported allergic symptoms when
exposed to other furry animals. A total of 62% reported rhinitis,
and 30% reported asthma caused by cat (Table I).
IgE reactivity and relation to reported symptoms
In accordance with the inclusion criteria, all children were

sensitized to dog dander extract (median level, 11.5 kUA/L; range,
0.19-219 kUA/L; interquartile range, 3.15-43.0 kUA/L). Among
the components, sensitization to Can f 1 was most common,
followed by sensitization to Can f 5, Can f 4, Can f 6, Can f 2,
and Can f 3 (Fig 1, A). There was a large variation in IgE levels
against the different components. The highest levels were found
against Can f 1, Can f 2, and Can f 5 (Fig 1, B).

Reported dog-related rhinitis was most common among
patients sensitized to Can f 3 (94% vs 59% among nonsensitized
subjects, P5 .012) and Can f 6 (86% vs 53%, P5 .007). Patients
sensitized to Can f 3 and Can f 6 also reported the highest
frequencies of dog-induced asthma (69% vs 43% [P 5 .08] and
64% vs 38% [P 5 .038], respectively; Fig 1, A, and see Table E2
in this article’s Online Repository at www.jacionline.org).

A majority of the patients were sensitized to several
components. There was also a considerable overlap in
sensitization to components from the 3 different protein groups:
lipocalins, serum albumin, and prostatic kallikrein (Fig 2, A).
When adjusting for sensitization to allergens from the
different protein groups, there was no significant association
between any of the groups and reported dog-induced rhinitis or
asthma. However, among patients sensitized to all 3 protein
groups, an association with reported dog-induced rhinitis
(OR, 8.36; 95% CI, 1.00-69.5) was found (see Tables E3-E6
in this article’s Online Repository at www.jacionline.
org). Furthermore, sensitization to an increasing number of dog
allergen components significantly increased the risk for reported
dog-induced asthma and rhinitis (see Figs E1 and E2 in this arti-
cle’s Online Repository at www.jacionline.org).

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
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FIG 1. A, Frequencies of IgE reactivity to dog dander and components in relation to reported symptoms of

rhinitis and asthma caused by exposure to dog. B, Levels of IgE (in kilounits of allergen per liter) to dog

dander and components. Levels of greater than 100 kU/L were set at 100. Boxes indicate interquartile

ranges, and whiskers indicate maximum/minimum levels among sensitized subjects.
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NPTs and reported symptoms
Twenty-five patients were shown to have a positive NPT result

with dog dander extract. Twenty-one patients scoring 2 or less
were regarded as having negative results. Fourteen patients scored
3 to 4 but were still not clearly unaffected by the NPT, and
therefore their results were considered indecisive.

Among the patients with a positive NPT result (n 5 25)
compared with a negative NPT result (n5 21), symptoms at dog
exposureweremore common: rhinitis (96% vs 38%,P <.001) and
asthma (68% vs 29%, P 5 .008). Children with a positive
provocation test result also reported greater frequencies of rhinitis
and asthma when exposed to cats, although these were not
statistically significant (Table I).

Only one of the 15 patients living with a dog had a positiveNPT
result, although there was no significant difference in IgE levels
between those living with a dog and those not living with a dog
(data not shown).
IgE reactivity and relation to positive NPT results
Sensitization to the lipocalins Can f 4 (OR, 6.8; 95%CI, 1.8-25)

and Can f 6 (OR, 5.7; 95% CI, 1.6-21) and to the serum albumin
Can f 3 (OR, 6.3; 95% CI, 1.2-33) was significantly associated
with a positive NPT result in the unadjusted logistic regression
analysis (Fig 3). In the unadjusted analysis lipocalins and serum
albumin levels were associated with a positive NPT result, but af-
ter adjusting for the effect of the other protein groups, only sensi-
tization to lipocalins was shown to be associatedwith an increased
risk for a positive NPT result (Fig 3), whereas no such association
was seen for serum albumin or prostatic kallikrein. Becausemulti-
sensitization was common, we made a further analysis of the rela-
tion between sensitization profiles to the different protein groups
and a positive NPT result (Fig 2, B). The highest OR for a positive
NPT result was found among patients sensitized to all 3 protein
groups. The lowest OR for a positiveNPT result was found among
subjects monosensitized to prostatic kallikrein, Can f 5. Patients
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sensitized to dog dander only also showed a low OR for a positive
NPT result (Fig 2, B).

Taking into account all 6 specific dog allergens, therewas also a
statistically significant association between an increasing number
of sensitizing dog components and the likelihood of a positive
NPT result (Fig 4).
IgE sensitization and relation to a negative NPT

result
When comparing patients with a negative NPT result (n5 21)

with the rest of the study population (n5 39), we saw a significant
association with a negative nasal challenge result in subjects
monosensitized to Can f 5 (OR, 5.78; 95% CI, 1.01-33.0).
Sensitization to dog dander only (no component) also showed
a tendency toward a negative nasal challenge result (OR, 4.35;
95% CI, 0.73-26.1). No other sensitization profile could be linked
to a negative NPT result.
Allergen-specific levels of IgE and relation to a

positive NPT result
Median IgE levels against dog dander and all allergen

molecules, except Can f 3, were greater among patients with
a positive NPT result than among patients with no reaction
(Table II). However, significance was only reached for IgE to
Can f 1 and dog dander extract. To compare the diagnostic
performance of IgE levels to different dog components, we
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created ROC curves representing IgE to dog dander and to all 6
components in relation to a positive versus negative NPT result.
There were no statistically significant differences between the
different test performances (Fig 5).
DISCUSSION
In this study we investigated the usefulness of molecular

allergology as a diagnostic tool in children with suspected allergy
to dog. We analyzed IgE to Can f 1 to Can f 6 and explored
associations between IgE levels and results from NPTs with dog
dander extract, the latter regarded as a gold standard within
allergy diagnostics.

The likelihood of a positive NPT result was associated with
sensitization to an increasing number of components. When
analyzing single components, we found that a positive NPT
result was associated with the dog allergens Can f 3, Can f 4,
and Can f 6, whereas no such association was found with IgE to
Can f 1, Can f 2, or Can f 5. Furthermore, sensitization to
lipocalins was associated with a positive NPT result, and this
association was strengthened in children sensitized to allergens
from all 3 protein groups: lipocalins, serum albumin, and prostatic
kallikrein. Finally, we found an association between a negative
nasal challenge result and monosensitization to Can f 5.

ROC curves show that IgE to single components is not superior
to IgE to dog dander in diagnosing dog allergy; however, our results
demonstrate that revealing patterns of sensitization, as described
above, add valuable clinical information in the diagnostic work-up
when currently available diagnostic methods are inconclusive.

The present study highlights the significance of lipocalins as
important sensitizers in patients with dog allergy. The presence of
IgE to the minor lipocalin components Can f 4 and Can f 6
(together with the serum albumin Can f 3) conferred the greatest
risk for a positive nasal challenge result. However, mean IgE
levels toward Can f 4 and Can f 6 were generally low. Can f 6 has
also shown extensive cross-reactivity with cat and horse
lipocalins, and because the majority of the patients were
multisensitized, this finding probably reflects cross-sensitization.
We have shown previously that sensitization to lipocalins is
associated with asthma severity,2 and Schoos et al20 have shown
recently that being sensitized to the lipocalin protein group was
independently associated with asthma, but the study included
only 2 components from dog, Can f 1 and Can f 2. Several studies
have confirmed IgE reactivity to Can f 4 and Can f 6,9,21 but to our
knowledge, no previous study has investigated the relation be-
tween sensitization to both Can f 4 and Can f 6 and clinical dis-
ease. Our conclusion is that sensitization to Can f 4 and Can f 6
can serve as a marker for clinically relevant dog allergy.

The presence of IgE to Can f 1 was not associated with a
positive NPT result. This result appears to be in contrast with
results from previous population-based studies, in which
sensitization to Can f 1 early in life has been shown to be the
best predictor for dog allergy22 and asthma later in childhood.7 In
our selected cohort of dog dander–sensitized children, a majority
of the patients were sensitized to Can f 1, which might explain
why the increased risk of a positive NPT result was not significant
for sensitization to this allergen. On the other hand, an increasing
level of IgE to Can f 1 showed a strong relationship with a positive
nasal challenge result, underlining the role of Can f 1 as a
prominent dog allergen.

Sensitization to Can f 3 was associated with risk of a positive
NPT result in the unadjusted analysis. However, when adjusting
for concomitant sensitization to lipocalins and prostatic
kallikrein, the association was not significant. Can f 3 was the
least common sensitizing component in our study and mainly
found amongmultisensitized subjects. The serum albumin Can f 3
is generally considered an allergen of less importance,23 but
results are contradictory. In a selected cohort of patients attending
an allergy clinic, Uriarte and Sastre24 found a strong association
between sensitization to Can f 3 and severe respiratory symptoms.
However, in a pediatric population-based study, sensitization to
Can f 3 was uncommon and not associated with asthma.25

Thus the dog serum albumin can serve as a marker for
multisensitization rather than a marker for clinically relevant
dog allergy.

Attention has been drawn to the prostatic kallikrein Can f 5
because a considerable proportion of dog dander–sensitized
subjects are monosensitized to this allergen, and accordingly,
these patients might be allergic to male dogs only.15,22 The first
case report has been published recently, confirming that a patient
with dog allergy monosensitized to Can f 5 was allergic only to
male dogs. The study subject had a negative skin prick test
response and no reaction to the ocular provocation test when
using female dog dander extract, indicating tolerance to female
dogs.26 In our study population monosensitization to Can f 5
was associated with a negative nasal challenge result. This result
is in line with the study by Asarnoj et al,22 who found that
monosensitization to Can f 5 was common among sensitized
but asymptomatic children but in conflict with the study by
Uriarte and Sastre,24 who found a strong association between
reported severe and persistent rhinitis and presence of IgE to
Can f 5. In addition, Bjerg et al25 found an association between
IgE to Can f 5 and reported symptoms of rhinoconjunctivitis.
However, in the studies by Uriarte and Sastre24 and Bjerg
et al,25 adjustments for concomitant sensitization to all dog com-
ponents was not performed, and provocation tests were not eval-
uated, which might in part explain the divergent results.
Moreover, a strong independent relationship between the pres-
ence of IgE antibodies toward Can f 5 and asthma has been



TABLE II. Median level of IgE to different dog allergen components among all patients (n 5 60)

Sensitizing

Component

IgE level,

median (IQR), all

IgE level,

median (IQR),

negative NPT result

IgE level,

median (IQR),

indecisive NPT result

IgE level,

median (IQR),

positive NPT result

P value,

positive NPT result vs

negative NPT result

Dog dander 11.5 (3.2-43) 4 (1.8-7) 14.5 (3-32) 19 (11-72) .006

Can f 1 1.3 (0-13.5) 0 (0-1.8) 0.58 (0-13) 5.9 (0-31) .002

Can f 2 0 (0-5.2) 0 (0-1.1) 0.18 (0-5.8) 0.13 (0-14) .31

Can f 3 0 (0-0.16) 0 (0-0) 0 (0-0.16) 0 (0-0.5) .37

Can f 4 0.1 (0-1.0) 0 (0-0) 0.1 (0-1) 0.4 (0-1.2) .36

Can f 5 0.5 (0-5.6) 0.25 (0-3.7) 0.33 (0-2.1) 2.3 (0-5.8) .32

Can f 6 0 (0-0.7) 0 (0-0) 0.11 (0-0.65) 0.4 (0-0.9) .19

IQR, Interquartile range.
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FIG 5. ROC curves representing the true-positive rate (sensitivity) plotted in

function of the false-positive rate (1 2 specificity) for different IgE levels

against Can f 1, Can f 2, Can f 3, Can f 4, Can f 5, Can f 6, and dog dander

extract. Analysis included 46 patients: 25 with a positive NPT result to dog

dander extract and 21 with a negative NPT result to dog dander extract.
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reported, but also, this study has limitations regarding the number
of allergens explored.27 With this as a background, we suggest
that Can f 5 could be regarded differently in the contexts of mono-
sensitization and polysensitization.

Multisensitization to all 6 investigated components conferred
the overall highest risk for a positive reaction. Among these
multisensitized subjects, as well as among subjects sensitized to
components from all 3 protein groups, IgE levels to dog dander
and all lipocalins were generally greater, even though the ranges
were broad. This association between multisensitization and dog
allergy confirms and refines results from previous studies and can
be a complement to diagnosing IgE to dog dander. Sensitization to
more than 3 single lipocalins, prostatic kallikrein, and
secretoglobin components from furry animals has been associated
with asthma severity.28 Moreover, sensitization to several
components from the same species has been shown to be a
risk marker for clinical pet allergy.22,25 In this cohort
multisensitization to dog components was common, and
percentages of sensitization to minor allergens were generally
greater than in previous studies. This is a possible reflection of
the high prevalence of allergic manifestations among our patients.
Thus our results confirm the effect of molecular spreading on
clinical disease.

Themajor strength of this study is that nasal challenge has been
performed and evaluated in all subjects. The NPT is a mainstay of
allergy diagnostics because it directly proves the clinical
relevance of the tested allergen.29 However, use of NPTs also
has limitations, and international consensus guidelines do not
exist.30 Some authors argue that symptom scoring should be
accompanied by an objective evaluation of nasal obstruction. In
this study we used a recommended symptom score31 that has
been shown to correlate with combined symptom scoring and
rhinomanometry.32 Nonspecific nasal hyperreactivity might be a
bias, but by exclusively comparing subjects with positive NPT
results with those with clearly negative results, we minimize the
risk of misclassifying patients with an unspecific reaction.

Using a semiquantitative scoring scale also has limitations. The
symptom score was developed in adults, and the scoring might in
part be biased by patients’ expectations and, particularly in
children, the ability to express symptoms.

Another limitation with nasal challenge is that the content of
dog dander extracts can vary between producers and batches.3

To minimize the effect of this bias, we ascertained that all
allergens were present in the extract used, and we used the
same batch throughout the study. Another strength is that we
have analyzed IgE antibodies using a quantitative measuring
method (ImmunoCAP).

In conclusion, sensitization to lipocalins, as well as sensitiza-
tion to an increasing number of dog allergen components, is
associated with dog allergy. Also, high IgE levels to the lipocalin
Can f 1 increases the risk of clinical symptoms at dog exposure.
On the contrary, monosensitization to Can f 5 is not related to
clinical symptoms and should not be regarded primarily as a
marker for dog allergy. Accordingly, when clinical history and
investigations are inconclusive, molecular allergology can add
valuable clinical information in the diagnostic work-up of
children with suspected dog allergy.

We thank all the children and families who participated. We also thank the

staff at Barnforskningscentrum, S€odersjukhuset, working with the MADOG

project; research nurses Margareta Eriksson and Barbara Ekman; and

biomedical scientist Carina Wall�en.

Clinical implications: In children multisensitization to dog
allergens, particularly to lipocalins, indicates clinically relevant
dog allergy.Monosensitization toCan f 5 should not be regarded
primarily as a marker for dog allergy.
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METHODS

ELISA
Concentrations of allergens in dander extracts were analyzed by

using a competitive inhibition ELISA. Ninety-six-well MaxiSorp plates

(Thermo Fisher Scientific) were coated overnight with 5 mg/mL goat

anti-mouse IgG (Jackson ImmunoResearch, West Grove, Pa) in PBS, pH

7.4. After rinsing 4 times with PBS containing 0.1% Tween 20

(Sigma-Aldrich), 200 mL per well of 1% BSA in PBS and 0.05% Tween 20

was added for 1 hour, followed by rinsing and incubation with

allergen-specific mouse antibody for 2 hours. After rinsing, a mixture of a

50-mL sample and 50 mL of biotinylated antigenE1 was added, followed by

2 hours of incubation. The biotinylated antigen was titrated to provide an

OD value in a sensitive range, typically between 0.8 and 1.0. After rinsing,

the plates were incubated with streptavidin–horseradish peroxidase

(Jackson ImmunoResearch) for 1 hour, and the substrate 3,39,5,59-
Tetramethylbenzidine Super Slow (Sigma-Aldrich), was added. The reaction

was stopped with 0.1 mol/L sulfuric acid, and absorbance was measured at

450 nm and analyzed against an 8-step reference curve containing pure

recombinant allergens, typically in the range of 2.5 to 320 ng/mL.
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Antibody production
Assay antibodies were made as follows. Anti–Can f 1, Can f 2, and Can f 3

antibodies were produced by using conventional monoclonal methods,E2 with

rCan f 1 and 2 and nCan f 3, respectively, as immunogens. Polyclonal anti–Can

f 4 antiserum was pooled from 5 mice immunized 3 times 6 weeks apart with

25 mg of rCan f 4 and rCan f 6, respectively, by using aluminum hydroxide as

an adjuvant. The antiserum was passed over 1-mL HiTrap NHS-activated

columns (GE Healthcare Life Sciences, Uppsala, Sweden) with linked

rCan f 4 and 6, respectively, and washed with 20 column volumes of PBS,

followed by elution with 0.1 mol/L glycine-HCL, pH 2.5. Pooled antibodies

were pH adjusted with 1 mol/L carbonate buffer, pH 9.6.
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FIG E1. Likelihood (y-axis, percentage) of reporting asthma caused by

exposure to dogs in relation to the number of IgE-positive dog allergen

components (x-axis). Analysis included 60 patients sensitized to dog

dander. P for trend 5 .038.
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FIG E2. Likelihood (y-axis, percentage) of reporting dog-induced rhinitis in

relation to the number of IgE-positive dog allergen components (x-axis).
Analysis included 60 patients sensitized to dog dander. P for trend5 .0067.
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TABLE E1. Content of specific allergens in the dog dander

extract used for NPTs

Specific component

Content of specific allergen

in dog dander extract (ng/mL)

Can f 1 256

Can f 2 10

Can f 3 923

Can f 4 282

Can f 5 255

Can f 6 8
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TABLE E2. Frequencies of reported symptoms in relation to sensitization to specific dog-derived components

Sensitizing allergen

IgE >0.1 kU/L

Reported rhinitis,

sensitized, no. (%)

Reported rhinitis,

not sensitized, no. (%)

P

value

Reported asthma,

sensitized, no. (%)

Reported asthma,

not sensitized, no. (%)

P

value

Can f 1 (n 5 39) 29/39 (74) 12/21 (57) .17 21/39 (54) 9/21 (43) .42

Can f 2 (n 5 28) 22/28 (79) 19/32 (59) .11 17/28 (61) 13/32 (41) .12

Can f 3 (n 5 16) 15/16 (94) 26/44 (59) .012 11/16 (69) 19/44 (43) .08

Can f 4 (n 5 29) 23/29 (79) 18/31 (58) .077 16/29 (55) 14/31 (45) .44

Can f 5 (n 5 37) 29/37 (78) 12/23 (52) .034 22/37 (59) 8/23 (35) .063

Can f 6 (n 5 28) 24/28 (86) 17/32 (53) .007 18/28 (64) 12/32 (38) .038

Boldface indicates P < .05.
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TABLE E3. ORs for reported rhinitis among patients sensitized

to the different protein groups

Sensitized to IgE >0.1 kU/L

OR for reported

dog-induced rhinitis 95% CI

Lipocalins 3.18 0.85-11.9

Serum albumin 6.66 0.75-59.3

Prostatic kallikrein 2.36 0.70-7.99

Adjusted for concomitant sensitization to other protein groups.
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TABLE E4. ORs for reported asthma among patients sensitized

to the different protein groups

Sensitized to IgE >0.1 kU/L

OR for reported

dog-induced asthma 95% CI

Lipocalins 1.65 0.45-6.02

Serum albumin 2.02 0.55-7.46

Prostatic kallikrein 2.18 0.70-6.81

Adjusted for concomitant sensitization to other protein groups.
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TABLE E5. Sensitization to common combinations of allergen

protein groups

Sensitized to IgE >0.1 kU/L

OR for reported

dog-induced rhinitis 95% CI

No components 0.07 0.01-0.65

Lipocalins only 0.61 0.18-2.06

Lipocalins and kallikrein 1.55 0.43-5.65

All protein groups 8.36 1.00-69.5

Kallikrein only 0.58 0.12-2.88

ORs for reported dog-induced rhinitis among patients sensitized to 0, 1, 2, or 3

different protein groups. Boldface indicates P < .05.
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TABLE E6. Sensitization to common combinations of allergen

protein groups

Sensitized to IgE >0.1 kU/L

OR for reported

dog-induced asthma 95% CI

No components 0.17 0.02-1.58

Lipocalins only 0.58 0.18-1.91

Lipocalins and kallikrein 1.41 0.45-4.45

All protein groups 3.25 0.89-11.9

Kallikrein only 0.72 0.15-3.54

ORs for reported dog-induced asthma among patients sensitized to 0, 1, 2, or 3

different protein groups.
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