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Abstract

Background: In-vitro diagnosis using single molecules is increasingly complementing
conventional extract-based diagnosis.We explored in routine patients with animal allergy to what
extent molecules can explain polysensitization and identify primary sensitizers and how individual

IgE patterns correlate with previous pet ownership and clinical relevance.

Methods: Serum samples from 294 children and adults with suspect allergic rhino-conjunctivitis
or asthma anda positive skin prick test to cat, dog and/or horse were tested by ImmunoCAP for
IgE antibodies against eleven different allergens from cat (Fel d 1,2,4,7), dog (Can f 1,2,3,4,5,6)
and horse (Equ c 1).

Results: Patients monosensitized to cat (40.8%) or dog (6.1%) showed simple IgE patterns
dominated by Fel d 1 (93%) and Can 5 (67%), respectively. Double-sensitization to cat+dog
(25.9%), catthorse (5.4%) and polysensitization (20.7%) was associated with an increasing
prevalence of the cross-reactive lipocalins Fel d 4/Can f 6/Equ ¢ 1 and Fel d 7/Can f 1. While these
lipocalins were not reliable markers for genuine sensitization per se, comparison of sIgE levels
may give a clue on the primary sensitizer. Sensitizations to dog appeared to result from cross-
reactivity with cat in 48%, with half of these sensitizations lacking clinical relevance. Individual
sensitization patterns strongly mirrored current or previous pet ownership with the exception of

Fel d 1 which regularly caused sensitization also in non-owners.

Conclusions: Allergen components can reasonably illuminate the molecular basis of animal
(poly)sensitization in the majority of patients and are helpful in distinguishing between primary

sensitization and sometimes less relevant cross-reactivity.
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Abbreviations:

PSA prostate-specific antigen
SA  serum albumin

SI sequence identity

SPT  skin prick test
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Introduction

Furry animals are a major source of indoor allergens in Westernized countries and a well-known
risk factor for the development of allergic rhinitis and asthma.'?Up to 50% of European
householdskeepa pet, but significant allergen exposure may also occur through allergens spread by
pet owners to schools, day-care centers, undergrounds, and elsewhere in the public.?*In Austria,
40% of households harbor a pet,most often cats (63%) followed by dogs (42%) and small animals
such as rabbits and Guinea pigs (13%).3Accordingly, sensitization to animal dander is frequent
within the local atopic population (>40%) with the majority of patients suffering from catallergy,
and with around half of patients showing simultaneous sensitization to two or more animal species

with often obscure significance.®

Routine diagnosis of allergy to furry animals commonly relies on the use of dander and hair
extracts offered for a broad range of species.Extracts are sensitive but cannot further specify the
molecular basis of sensitization and explain the origin of polysensitization. Recently, a growing
number of recombinant or purified natural allergens from cat, dog and horse has become available
for routine assessment of specific serum IgE. The implementation of allergen-resolved diagnosis
into daily practice has proven extremely helpful in e.g. pollen and venom allergy where targeted
testing for species-specific marker allergens has substantially improved diagnosis and selection of
the proper immunotherapy vaccine.”®Molecular studiesin allergy to furry animals have thus far
focused on selected cohorts of high-risk children and adults with asthma.’-'4 These
studiesconsistently reported that complex sensitization patterns involving minor allergens correlate
with disease severity and that certain allergens might represent clinically useful risk markers for

severe rhinitis and

The benefit of molecular diagnostics for better understanding and managing pet allergy in a
random outpatient population is not yet well documented. Though immunotherapy is less often
carried out with animal allergens due to efficacy and safety concerns, knowledge of individual
sensitization patterns and identification of the putative primary sensitizer in polysensitized
subjects seems crucial for selection of the proper vaccine. Understanding the molecular
background of (poly)sensitization might also be helpful in estimating clinical relevance, especially
in those with unexpected sensitization to many animals. In our population, this involves above all

cat-allergic subjects who wish to switch to a dog insteadbut remarkably often show unexpected co-
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sensitization also to dog during routine allergy screening. Finally, there is still limited knowledge

about how much individual IgE profiles are determined by current or previous pet ownership.

The present study investigatesin a large routine population the usefulness of currently available
animal allergens for illuminating the molecular origin of (poly)sensitization and for discriminating
between genuine sensitization and cross-sensitization, and how individual IgE profiles correlate

with pet ownership and clinicalrelevance.

This article is protected by copyright. All rights reserved



117

118

119
120
121
122
123
124
125
126

127

128

129
130
131
132
133

134
135
136
137
138
139
140

141

142

143
144
145

Material& Methods

Patients

Specific IgE was analyzed in 294 children and adults with sensitization to furry animals (mean age
32+17 yrs, range 2-80 yrs, median 30 yrs, 116m/178f). Study participants were selected from
patients attending our outpatient clinic for suspect respiratory allergy and undergoing routine skin
prick testing (SPT) with a panel of inhalant allergens including cat, dog and horse dander (ALK
Soluprick, Hersholm, Denmark). Patients were included into the study upon a positive SPT >3
mm to at least one of the three tested animals. All participants gave informed written consent. The
study was a side project in cause of TB’s medical diploma thesis at the Medical University of

Vienna (ethics committee vote 2213/2018).

Assessment of allergic symptoms and animal exposure

Allergic symptoms upon contact with cat, dog and horserelied on patients’ self-assessment and
were roughly graded as 1) moderate/severe (rhino-conjunctivitis, breathing difficulties/asthma), 2)
mild (contact skin reactions, sneezing, and 3) no symptoms, as specified in Suppl. Table 1. Some
participants reported symptoms also after contact with small animals such as rabbits, Guinea pigs

and rats.

Concerning cat/dog exposure, patients were arbitrarily classified as “owners” or “non-owners”.
Accordingly, pet ownership refers to subjects currently keeping a cat/dog in their homeor having
kept a cat/dog in the past or otherwise having regular close contact with these animalse.g. in the
home of their partner, parents or grandparents.“Horse riders” refers to subjects currently practicing
horse riding or having done so in the past or otherwise having regular contact with horses (e.g.
parents of horse-riding children). When evaluating the clinical relevance of sensitization to a

particular animal species, only subjects confirming contact with that species were considered.

Assessment of specific IgE to animal allergens

Sera were analyzed by Phadia ImmunoCAP (Thermo Fisher Scientific, Uppsala, Sweden) for IgE
antibodies against the following recombinant or purified components:rFel d 1 (cat uteroglobulin);

nFel d 2 (cat/degserum albumin),rFel d 4 (cat lipocalin), rFel d 7 (cat lipocalin), rCan f'1 (dog
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lipocalin), rCan f 2 (dog lipocalin), nCan f 3 (dog serum albumin), rCan f 4 (dog lipocalin), rCan f
5 (dog arginine esterase = dog PSA), rCan f 6 (dog lipocalin), and rEqu ¢ 1 (horse lipocalin).

ImmunoCAP results >0.10 kUa/L were considered positive.

The seven tested lipocalins belong to four different similarity clusters within the large lipocalin
allergen family showing only low sequence identity among each other as illustrated in
Suppl.Table 2: 1) Can f 1/Fel d 7, 2) Can f 2, 3) Can f 4, 4) Can f 6/Fel d 4/Equ c 1. In case of
simultaneous sensitization to cross-reactive lipocalins or serum albumins, the allergen yielding the

highest IgE score was arbitrarily considered as the putative primary sensitizer.

Statistical analysis

Pearson’s chi-squared test was used to evaluate if sensitization to certain allergens is significantly
associated with pet ownership or clinical relevance. Linear correlation between antibody binding
to cross-reactive lipocalins was calculated by Pearson correlation coefficient using MedCalc

Statistical Software version 19.2.
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Results

1. Skin prick test results with animal dander extracts

Of the 294 patients included, 273 (92.9%) were positive to cat, 155 (52.7%) to dog, and 80
(27.2%) to horse. Half of the patients (53.0%) reacted with two or all three animals as specified in
Figure 1. Monovalent sensitization was common for cat (44.0%), but uncommon for dog (11.6%)

and horse (3.8%).73% of patients were also sensitized to other inhalant allergens, mostly to

pollens (39%), house dust mite (12%), or both (18%).

2. Molecular sensitization profiles
2.1. Molecular sensitization profiles in cat allergy

Patients with monovalentcat sensitization (120/273) mostly reactedwith Fel d 1 alone (Table 1,
Figure 2a).Reactivity with allergens other than Fel d 1 was nearly always below 1 kUa/L.Out of 9
Fel d 1-negative sera, none was positive for Fel d 2 or 4, one was weakly positive for Fel d 7 (0.37
kUa/l), and four were positive for cat extract indicating sensitization to allergens not covered by

the tested molecule panel.

Cat+dog double-positive patients (n=76) more often had IgE against Fel d 4 and Fel d 7, butFel d
1 was still positive in 96% showing that cat allergy rarely resulted from cross-reactivity with
dog.Cat+horse double-positivity (n=16) was associated with a unique binding pattern
characterized by a strikingly high prevalence of Fel d 4 (81.3%) and Equ ¢ 1 (93.8%). All except
two patients reacted with both Fel d4 and Equ ¢ 1 suggesting that cross-reactivity between them is

a major cause ofcat-horse double-positivity.

2.2. Molecular sensitization profiles in dog allergy

In dog monosensitized patients, Can f 5 was the by far most prevalent allergen (66.7%)followed
by the lipocalins Can f 1 (33.3%)and Can f 4 (22.2%), all three together identifying 94% of
patients (Table 1, Figure 2b).Can f 2 and 6 did not contribute to sensitivity.

In contrast, in dog+cat double-positive patients(n=76) Can f 1 was the dominant dog allergen

(35.5%) followed by Can f'5 (23.7%) and Can £ 6 (17.1%) (Table 1, Figure 2b).This is obviously
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due to the fact that dog sensitization in cat-dog double-positive patients often involves cross-
reactivity with the cat lipocalins Fel d 4 and Fel d 7. Comparing IgE levels to the lipocalin pairs
Can f 1/Fel d 7 and Can f 6/Fel d 4 suggests that sensitization to Can f 1 and Can f 6 results from
cross-reactivity with Fel d 7 and Fel d 4, respectively, in more than half of patients. The very same
was observed in polysensitized patients. Suppl.Figure 1 summarizesIgE binding patterns to dog
allergens after stratification for putative primary sensitization and cross-sensitization for all 155

dog-sensitized patients.

Of importance, as much as 43% of cat+dog skin test double-positive patients (33/76) did not react
with any of the six tested dog allergens, but 79% of them (26/33) were positive to dog extract.
Reactivity with dog extract strongly correlated with Fel d 1 (r=0.88, data not shown).

2.3. Molecular sensitization profiles in horse allergy

Sensitization to horse was largely confined to patients with cat+horse double-positivity and
polysensitization(Table 1, Figure 2).Equ c 1 representeda major horse allergen in all subgroups
altogetheridentifying 77% of patients.When comparing IgE levels to the lipocalins Equ ¢ 1/Fel d
4/Can f 6, each of them may be highest suggesting that all three lipocalins can act as theprimary
sensitizer depending on individual animal exposure. Serum albumin (SA) may explain another

10% of cases, especially in polysensitized patients.

2.4. Molecular sensitization profiles in polysensitized patients

Expectedly, patients sensitized to cat+dog+horse (n=61) showed the most complex binding
patterns primarily due to a high prevalence of the cross-reactive lipocalins Fel d 4/Can f 6/Equ c 1
(~80-85%) and Can f 1/Fel d 7 (~60%) (Table 1, Figure 2). Although also SA was a
frequentallergen in this group (37.7%), only 5 out of 61 cases (8.2%) were primarily based on SA

cross-reactivity.

3. Cross-reactivity between lipocalins

Fel d 4/Can f 6/Equ c 1: There was considerable overlap in IgE-binding to these lipocalins with

87% of sera (92/106) reacting to two or all three molecules (Figure 3a). Single-positive sera were
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predominantly seen with Fel d 4 and most had levels below 1 kUa/L. Correlation between the
three lipocalinswas poor when looking at the whole population (r=0.33-0.38). When stratifying
patients for putative primary sensitization to Fel d 4 (62/106), Can f 6 (25/106) and Equ c 1
(19/106), correlation wasstrongranging from r=0.61 for Fel d 4/Can f 6 to r=0.85 for Can f 6/Equ c
1) (Suppl.Figure2a).

Fel d 7/Can f 1: 79% of sera (65/82) reacted with both allergens (Figure3b). Single-positive
serawere more often seen with Can f 1and mostly showed IgEvaluesbelow 1 kUa/L, but single
samples showed levels as high as 15 kUa/L and virtually no IgE reactivity with Fel d 7.Correlation
between Can f 1 and Fel d 7 was onlymoderate when looking at the whole population (r=0.47) but

was very strong after stratification for putative primary sensitizers(r=0.77-0.89; Suppl. Figure2b).

4. Relationship between molecular sensitization profiles and pet ownership
4.1. Cat owners vs. non-owners

Sensitization to Fel d 1 was not significantly associated with cat ownership indicating that
sensitization is common also without possessing a cat. In contrast, sensitization to minor cat
allergens was significantly associated with cat ownership with putative primary sensitization to Fel

d 2, 4 and 7 being strikingly confined to cat owners (Table 2).

4.2. Dog owners vs. non-owners

Reactivity with the dog-specific allergens Can f 2, 4 and 5 was strongly confined to dog owners
(85%). This was also true for the cross-reactive lipocalins Can f 1 and Can f 6.where putative

primary sensitization was almost exclusively found in dog owners (>90%) (Table 3).

In addition, dog gender influenced sensitization to the male-specific allergen Can 5. Among 75
dog-owners where dog gender was identified, Can f 5 was positive in 36/55 patients keeping a
male dog but in aeneonly 2/20 patients keeping a female dog (p<0.0001) (Suppl. Table 3). Can
5 sensitization was equally common among male and female patients. Also Can f 2 sensitization

was associated with keeping a male dog (p<0.05).

4.3. Horse riders vs. non-riders
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Sensitization rates to Equ c 1, Feld 4 and Can f 6 did not differ between riders and non-riders.
However, higher IgE levelsfor Equ ¢ 1 than for Feld 4/Can f 6 were foundin 59% of horse riders
but in only 20% of non-riders (p=0.005)suggestingthat regular contact with horses commonly
causesgenuine sensitization to Equ ¢ land subsequent cross-sensitization to Fel d 4 andCan f

6(Suppl. Table 4).

5. Clinical relevance of dog sensitization

We were particularly interested in this study in understanding the origin and clinical relevance of
dog sensitization in cat-allergic subjects also showing a positive skin test to dog in the routine
allergy test. When dissecting IgE profiles ofall 155 patients with dog sensitization,52% (80/155)
presumably had genuinedog sensitization, 25% (38/155) likely were cross-sensitized, and 24%
(37/155) did not react with any of the tested dog allergens at all. The clinical relevance of dog

sensitization varied between these groups:

1) Dog-sensitized patients negative for all tested dog allergens rarely reported symptoms upon dog
exposure (3/27, 11.1%), even if confining analysis to dog owners within this group (15.4%; 2/13).
In contrast, 76% (81/107) of patients positive for at least one dog allergen complained about

symptoms (p<0.0001) (Figure4, upper panel).

2) Symptoms were more severe (but not more common) in patients with putative primary dog
sensitization as compared to those cross-sensitized to dog via Can f 1, 3 or 6 (p<0.05) (Figure4,

bottom panel).

3) Clinical relevance increased with the number of recognizeddog allergens: all components
negative (n=27): 11%; 1 positive component (n=41): 63%, 2 positive components (n=30): 80%;

>3 positive components (n=36): 86%.
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Discussion

Previous molecular studies in animal allergy weremainly performed in children or adultsfrom
high-risk asthma cohorts,’!!'4whereas the benefit from molecular diagnostics in the context of
routine allergy screening in unselected patient collectives is uncertain. The present study shows
that molecules can reliably explain also the often complex molecular background in polysensitized

patients and prove helpful in discriminating between genuine sensitization and cross-reactivity.

When discussing the diagnostic sensitivity and importance of single molecules,results will not
only depend on the specific assay platforms and cut-off levels used but also strongly on patient
populations.Systematically stratifying patients for mono-, di- and polysensitization as performed
in the present work has not been done before, but appears to be crucial since the significance of a
certain allergen strongly rests on concomitant sensitization to other animalspecies and can be
distorted by selectionbias. For example, the prevalence of Fel d 4 sensitization in cat allergy has
been reported as 31-63% (see Table 2). Our data show that Fel d 4 is a negligible allergen in cat-
monosensitized patients but extremely common in cat-horse double-positive and in polysensitized
patients (>80%).Such discrepancies were seen for most other allergens, too. In agreement with
previous studies,??-2* Can f 5 was the most prevalent dog allergen in our study, but only in dog
monosensitized subjects. Overall, Can f 1 and Can f 6 were more common, obviously often
resulting from cross-reactivity with Fel d 4 and Fel d 7 in ourpopulation which is characterized by
a high prevalence of cat allergy. This underlines that the relative role of single allergens may differ

geographically and also depend on which other pets are commonly kept in the community.

Altogether, the overallprevalence of the tested allergens in ourroutine population-based study is
low compared to published data, pointing towards some selection bias in many studies. Actually,
only Fel d 1 and Equ ¢ 1 fulfilled the criterion for a major allergen. Dogharborsa broad range of
relevant allergens with none clearly predominating and each potentially causing
monosensitization. Molecular diagnosis in dog allergy therefore requires simultaneous testing for
all components, perhaps excluding Can f 2 where monovalent sensitization is rare'-'® and which

never contributed to sensitivity in our study.

Molecular diagnosis in animal allergies has become complex and sometimes confusing essentially
due to the increasing number of allergens identified from the large lipocalin family.In light of the

extreme heterogeneity within this protein family, labeling allergens simply as “lipocalins” islittle
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helpful. As an example, Can f 1, 2, 4 and 6 all represent lipocalins but sequence identities between
them are very low (<30%) and actually each of them represents a completely independent
allergen. A closer examination of currently identified mammalian respiratory lipocalin allergens
reveals that they allocate to at least eight different subfamilies. To better get across among
allergists thistremendous heterogeneity, a new nomenclature might be
welcomedenominatingallergens after the corresponding subgroup within the family, like van

Ebner gland proteins (VEGP), major urinary proteins (MUP) or odorant-binding proteins (OBP).

The present study provides interesting data for two new lipocalin allergens, Fel d 7 from cat and
Can f 6 from dog, which have become available in the ImmunoCAP platform only recently. Both
allergens turned out extremely helpful by clarifying the relationship with their cross-reactive
counterparts Can f 1 and Fel d 4, respectively, both of which have been available already well
before. In consistency with previous papers®!1713 we observed substantial cross-reactivity
betweenFel d 4/Can f 6/Equ ¢ 1and between Can f 1/Fel d 7 thereby reasonably explaining many
cases of double- and polysensitization. Horse allergy was nearly always associated with cat allergy
in our patients due to the strong cross-reactivity Equ ¢ 1/Fel d 4, though we may have missed
sensitization to other relevant horse allergens not yet available for molecular diagnosis, such as

Equ c 4, a latherin potentially cross-reactive with cat Fel d 8.

The data obtained with Fel d 7 are provocative with regard to the role of Can f 1 which currentlyis
considered a marker allergen for genuine dog allergy.?®>Our findings do not support this
viewsincealmost half of patients with Can f 1 sensitization show much higher IgE levels to Fel d 7
and therefore likely are just cross-sensitized to Can f 1. In fact, nearly all of the Can f 1/Fel d 7
double-positive patients showing higher values for Fel d 7 than for Can f 1 were cat owners, while
those with higher values for Can f 1 were mostly dog owners. Hence, cats commonly cause dog
allergy, and vice versa. The very same can be seen for the Fel d 4-like lipocalins Fel d 4/Can f

6/Equc 1.

Accordingly, neither of these lipocalins can be considered per se a reliable marker for genuine
sensitization. Anyhow, we believe that comparison of individual IgE scores gives a reasonable
clue on the primary sensitizer in many patients. This may be helpful especially in dog allergy and
when immunotherapy is considered, since many dog-allergic patients are not sensitized to dog-
specific marker allergens like Can f 2,4 or 5.We are aware that defining the primary sensitizer on

the basis of IgE levels is speculative and that reliable identification requires laborious inhibition
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experiments. In insect venom allergy, discrimination between primary Vespula and Polistes
allergy by comparing IgE levels to Ves v 5 and Pol d 5 has been shown to correlate pretty well
with the results from inhibition experiments.?® Likewise, in Fagales pollen allergy, where birch
pollen Bet v 1 usually represents the primary sensitizer, antibody-binding to homologous PR-10
proteins from other Fagales pollens and from foods is always clearly weaker than to Bet v
1.2728What also supports our approach is that the obtained classification into primary and

secondary sensitization fits remarkably well together with reported pet ownership.

A novel finding of the present study is the strong correlation between individual sensitization
profiles and previous animal exposure. An obvious exception is Fel d 1 where sensitization
wasunrelated to cat ownership, presumably due to its ubiquitous occurrence in the public together
with its high allergenicity. Sensitization to the minor cat allergens Fel d 4 and 7 and to dog Can f
1,2, 4,5 and 6, however, was significantly linked to cat and dog ownership, respectively. The
male-specific dog allergen Can f 5 further supports this observation as in agreement with another
recent study?? sensitization was almost exclusively found in subjects keeping a male
dog.Undoubtedly, sensitization to all these allergens does occur also in subjects without close
animal contacts, but this appears to be infrequent and might be primarily found in highly atopic
subjects. Complex sensitization profiles involving minor allergens have been repeatedly described
as a risk factor for asthma, especially in children.?'*Our findings suggest that complex
sensitization patterns may alternatively be considered as asurrogate marker for pet ownership and

high allergen burden finally promoting asthma.

We were particularly interested in this studyin the significance of cat+dog double-positivity
because this is a common,though often unexpected finding encountered in many cat-allergic
patients during routine allergy testing. As many as 43% of cat-dog double-positive patients did not
have detectable IgE against any of the six tested dog allergens indicating that some dog
components are lacking.Interestingly, the vast majority of these IgE-negative patients deniedany
symptoms upon dog exposure even if actively keeping a dog, while cat sensitization was very well
relevant in 83% of them. We speculate that the responsible missing dog allergen is an
uteroglobulin-like dog protein (UniProt E2QUND9) sharing 65% sequence identity with Fel d 1.
This is supported by our observation that IgE-binding to dog extracts in these patients strongly
correlated with Fel d 1 (r=0.88, data not shown). In vitro cross-reactivity between Fel d 1 and the

dog homologue has been shown previously but its clinical role remained obscure.>*Overall, as
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much as 48% of dog sensitizations found in our population appear to result from cross-reactivity
with cat allergens and more than half of these sensitizations seem to have low relevance.
Identifying those patients with non-relevant sensitization by their molecular IgE patterns would be
extremely helpful in daily practice and greatly improve patient management. However, a
limitation of our study is that both animal exposure and clinical relevance entirely relied on
patients’ self-assessment and that interference with other respiratory allergies could not always be
excluded. Therefore the postulated limited clinical significance of Fel d 1-mediated cat-dog cross-

reactivity needs to be confirmed in future studies.

With regard to other dog allergens,sensitization to Can f 1 and 6 seemed to have high clinical
relevance throughout, even if resulting from cross-reactivity with cat.Can f 4 and particularly Can
f 5, however, often seemed to have limited importance, as also observed by others.>’One reason
for this may be that Can f 5 is an urinary protein3!less likely found in high concentrations indoors.
On the other hand, Can f 5can be cited as a tangible example illustrating the advantages of
molecules over extracts as it identifies subjects with an allergy to male dogs alone. The
expectation that these patients may safely keep a female dog has been recently proven
experimentally.3%In the present study, 28% of dog-allergic patients were monosensitized to Can f
5, which is in fair agreement with most previous papers reporting 20-58%.!1:12:2433 Accordingly,
switching to a female dog represents a reasonable option for a significant proportion of dog-

allergic individuals.

In conclusion, in-vitro diagnosis with currently available animal allergenscan effectively
illuminate the molecular background and origin of (poly)sensitization to cat, dog and horse in the
majority of patients, and often allows for discrimination between genuine sensitization and cross-
sensitization. It is also a promising tool that might proof helpful in estimating clinical
relevancethough but this requires more studies in larger collectives and some yet lacking

molecules to allow for more complete IgE binding profiles.
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Legends:

Figure 1: Sensitization patterns to cat, dog and horse dander as revealed by skin prick testing in

294 patients with animal sensitization.

Figure 2: IgE binding patterns with cat and dog allergens in relation to mono-, double- and
polysensitization. a) IgE-binding to cat allergens in patients with a positive skin prick test to cat

(n=273); b) IgE-binding to dog allergens in patients with a positive skin prick test to dog (n=155);

Figure 3: Co-reactivity patterns with animal lipocalins. a) Overlap of IgE-binding to the lipocalins
Fel d 4, Can f 6 and Equ ¢ 1 (64-71% SI) in patients with IgE to at least one of the three lipocalins
(n=106). b) Overlap of IgE-binding to the lipocalins Fel d 7 and Can f 1 (69% SI) in patients with
IgE to at least one of the two lipocalins (n=82).

Figure 4: Relationship between IgE binding patterns and clinical relevance of dog sensitization
(n=134). Subjects with a positive skin prick test to dog dander but negative IgE test results to all
tested dog components (n=27) rarely reported symptoms upon dog exposure, whereas IgE to at
least one of the tested dog components (n=107) was highly predictive of clinical dog allergy, also

when sensitization was due to cross-reactivity with cat.

Suppl. Figure 1: Primary sensitization versus cross-sensitization to dog allergens in dog-
sensitized patients (n=155). IgE binding values for Can f 1, 3 and 6 were compared with those for
the homolog cat allergens Fel d 7, 2 and 4, and the molecule showing the higher score arbitrarily
considered as the primary sensitizer. Accordingly, Can f 1 and Can f 6 are the dog allergens most
often recognized, but reactivity often reflects cross-reactivity with cat. Can f 5 is the dog allergen

most often causing primary sensitization.
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Suppl. Figure 2: Correlation between cat and dog lipocalins. a) Correlation between Fel d 4 and
Can f 6 in all subjects with IgE to either of the two lipocalins (n=106) after stratification for
putative primary sensitization to Fel d 4 (blue circles), Can f 6 (orange triangles) and Equ ¢ 1
(green squares), respectively. b) Correlation between Can f 1 and Fel d 7 in all subjects with IgE
to either of the two lipocalins (n=82) after stratification for putative primary sensitization to Can f

1 (orange triangles) and Fel d 7 (blue circles), respectively.
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Table 1: IgE binding frequency to cat, dog and horse allergens in 294 patients in relation to animal mono-, double- and polysensitization.Reported
prevalence data in the bottom line are from references [10-12,17-23] and refer to patients with sensitization to cat, dog and horse, respectively. All

values represent percent.

sIgE >0.1 kUa/L (%)

Positive skin n Feld 1 Fel d 4 Feld 7 Canf1l Canf2 Canf4 Canf5 Canfo6 Equecel Fel d 2/
test to Canf3
uteroglobulin lipocalin lipocalin lipocalin lipocalin lipocalin PSA-like lipocalin lipocalin serum

albumin

Cat only 120 92.5 9.2 3.8 3.1 0.0 0.0 0.0 0.0 3.1 2.3
Dog only 18 0.0 5.6 11.1 333 0.0 22.2 66.7 5.6 11.1 5.6
Horse only 3 0.0 66.7 0.0 0.0 0.0 0.0 0.0 333 66.6 0.0
Cat + dog 76 96.1 27.6 29.3 35.5 53 11.8 23.7 17.1 171 13.2
Cat + horse 16 87.5 81.3 12.5 12.5 0.0 0.0 0.0 37.5 93.8 12.5
Cat + dog + horse 61 90.2 85.2 59.0 63.9 18.0 41.0 36.1 78.7 86.9 41.0
Cat all 273 92.7 35.9 24.2 26.4 5.5 24.1 14.7 43.6 31.1 14.7
Dog all 155 82.6 47.7 39.0 47.1 9.7 25.2 335 40.6 44.5 23.2
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Horse all 80 86.3 83.8 47.5 51.3 13.8 39.7 27.5 71.3 87.5 33.8

All 294 86.1 34.4 229 26.9 5.1 24.4 17.7 40.2 30.6 13.9

Reported prevalence 84-100 31-63 38 29-76 12-40 35-59 32-71 23-61 27-100 4-59

Table 2: IgE binding patterns with cat allergens in relation to current or previous cat ownership in patients with a positive skin prick test to cat

(n=273). Sensitization to Fel d 2, 4 and 7 was further separated into putative primary sensitization and cross-sensitization based on the comparison

with the IgE scores obtained with the homologous dog allergens Can f 3, Can f 6 and Can f 1, respectively.

All sensitized Cat owners No cat
Allergen n=273 n=187 n=86 Chi?
Feld 1 positive >0.1 kU,/L 253 (92.7%) 172 (92.0%) 81 (91.9%) n.s.
Fel d 2 positive >0.1 kU,/L 38 (15.0%) 31 (16.6%) 9 (10.5%) n.s.
primary sensitization to Fel d 2 27 26 3 p<0.01
cross-reaction with Can f 3 11 5 6 n.s.
Fel d 4 positive >0.1 kU,/L 98 (38.7%) 74 (39.6%) 24 (27.9%) p=0.06
primary sensitization Fel d 4 62 55 8 p<0.0001

This article is protected by copyright. All rights reserved



cross-reaction with Can £ 6 36 19 16 n.s.

Feld 7 positive >0.1 kU,/L 66 (26.1%) 54 (31.4%) 12 (13.9%) p<0.01
primary sensitization to Fel d 7 43 40 3 p=0.0001
cross-reaction with Can f 1 23 14 9 n.s.
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Table 3: IgE binding patterns with dog allergens in relation to dog ownership in patients with a positive skin prick test to dog (n=155). Sensitization
to the cross-reactive allergens Can f 1, 3 and 6 was further separated into putative primary sensitization and cross-sensitization based on the

comparison with the IgE scores obtained with the homologous cat allergens Fel d 7, Fel d 2 and Fel d 4, respectively.

All sensitized Dog owners No dog
Allergen n=155 n=98 n=57 Chi?
Canfl1l positive >0.1 kU,/L 73 (47.1%) 58 (59.2%) 15 (26.3%) p<0.0001
primary sensitization to Can f 1 40 36 4 p<0.0001
cross-reaction with Fel d 7 33 22 11 n.s.
Can f2 positive >0.1 kU,/L 15 (9.7%) 15 (15.3%) 0 (0.0%) p<0.005
Canf3 positive >0.1 kU,/L 36 (23.2%) 23 (23.5%) 13 (22.8%) n.s.
primary sensitization to Can f 3 14 12 2 p=0.06
cross-reaction with Fel d 2 22 11 11 n.s.
Can f 4 positive >0.1 kU,/L 39 (25.2%) 33 (33.7%) 6 (10.5%) p=0.001
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Canf5 positive 0.1 kU,/L 52 (33.5%) 45 (45.9%) 7 (123%)  p<0.0001

Canf6 positive >0.1 kU,/L 63 (35.5%) 49 (50.0%) 14 (24.6%)  p<0.005
primary sensitization to Can f 6 21 21 0 p<0.001
cross-reaction with Fel d 4 42 28 14 n.s.
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Figure 1: Sensitization patterns to cat, dog and horse dander as revealed by skin prick
testing in 294 patients with animal sensitization. Figures represent percent.
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Figure 2: IgE binding patterns with cat and dog allergens in relation to mono-, oligo- and
polysensitization. a) IgE-binding to cat allergens in patients with a positive skin prick test to cat
(n=273); b) IgE-binding to dog allergens in patients with a positive skin prick test to dog (n=155);
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Figure 3: Co-reactivity patterns with animal lipocalins. a) Overlap of IgE-binding to the lipocalins
Feld 4, Canf6 and Equ c 1 (64-71% SI) in patients with IgE to at least one of the three lipocalins
(n=106). b) Overlap of IgE-binding to the lipocalins Fel d 7 and Can f 1 (69% SI) in patients with
IgE to at least one of the two lipocalins (n=82).
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Figure 4: Relationship between IgE binding patterns and clinical relevance of dog sensitization.
Subjects with a positive skin prick test to dog dander but negative IgE test results to all tested dog
components rarely reported symptoms upon dog exposure, whereas the presence of IgE to at least
one of the tested dog components was highly predictive of clinical dog allergy, also when
sensitization was presumably due to cross-reactivity with cat.
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Suppl. Figure 1: Primary sensitization versus cross-sensitization to dog allergens in dog-sensitized
patients (n=155). IgE binding scores for Can f 1, 3 and 6 were compared with those for the
homologous cat allergens Fel d 7, 2 and 4, and the molecule showing the higher binding score
arbitrarily considered as the primary sensitizer. Accordingly, Can f 1 and Can f 6 are the most often
recognized dog allergens, but reactivity often reflects cross-reactivity with cat. Can f 5 is the dog
allergen most often causing primary sensitization.



Can f 6 (kUa/L)

Feld4-Canf6

Fel d 4 (kUa/L)

b)

Fel d 7 (kUalL)

Canfl-Feld?7

100 - e y
; o
r=0.89 o%® A
' ®
10 - ©
®
14
I ©
] o
0.1 3 ga yAN
% A A
0,01 +———rrr—— A
0,01 0.1 1 10 100

Can f 1 (kUa/L)

Suppl. Figure 2: Correlation between cat and dog lipocalins. a) Correlation between Fel d 4 and Can
f 6in all subjects with IgE >0.1 kUa/L to either of the two lipocalins (n=106) after stratification for
putative primary sensitization to Fel d 4 (blue circles), Can f 6 (orange triangles) and Equ c 1 (green
squares), respectively. b) Correlation between Can f 1 and Fel d 7 in all subjects with IgE >0.1 kUa/L
to either of the two lipocalins (n=82) after stratification for putative primary sensitization to Can f 1
(orange triangles) and Fel d 7 (blue circles), respectively.



Suppl. Table 1: Classification of severity grade based on self-reported symptoms after contact with animals.

Severity grade Clinical symptoms upon animal exposure

1. Moderate/severe Rhinorrhea, conjunctivitis, blocked nose for at least 1 hour,
acute breathing difficulties, asthma exacerbation requiring
use of beta-agonists

2. Mild Sneezing without rhinitis, local skin reactions (itching,
reddening, contact urticaria) after touching animals or after
contact with saliva

3. Asymptomatic none




Suppl. Table 2: Sequence identity between allergenic lipocalins from cat, dog and horse available on the InmunoCAP platform. The seven allergens
belong to four different similarity clusters within the lipocalin family.

Can f 1-like Fel d 4-like

— g\ \o A
Animal E E : : E : :
species IUIS S = S S = S S
Dog Can f4 100 21 19 25 28 29 29
Cat Feld 7 21 100 63 26 23 25 26
Dog Canfl 19 63 100 26 26 24 27
Dog Canf2 25 26 26 100 28 26 27
Cat Fel d 4 28 23 26 28 100 71 70
Dog Canf6 29 25 24 26 71 100 59
Horse Equcl 29 26 27 27 70 59 100




Suppl. Table 3: IgE binding patterns with dog allergens in relation to dog ownership and dog gender in patients with dog sensitization (n=155).

([))v(\)/gership n Canfl Canf2 Canf3 Canf4 Canfb Canfb
Yes 98 58 (59.2%) 15 (15.3%) 23 (23.5%) 33 (33.7%) 45 (45.9%) 49 (50.0%)
No 57 15 (26.3%) 0 (0.0%) 13 (22.8%) 6 (10.5%) 7 (12.3%) 14 (24.6%)
Chi? p<0.0001 p<0.005 n.s. p<0.01 p<0.0001 p<0.005
Male dog 55 33 (60.0%) 12 (21.8%) 14 (25.5%) 20 (36.4%) 36 (65.5%) 25 (45.5%)
Female dog 20 15 (75.0%) 0 (0.0%) 5 (25.0%) 7 (35.0%) 2 (10.0%) 11 (55.0%)
Chi? n.s. p<0.05 n.s. n.s. p<0.0001 n.s.




Suppl. Table 4: IgE reactivity with recombinant horse, cat and dog allergens in relation to horse exposure in patients with horse sensitization (n=80).

Regular exposure Equcl>

t0 horses Feld 1 Feld4 Equcl Canfb6 Fel d 4/Can 6
Yes 31 26 (83.9%) 23 (74.2%) 22 (71.0%) 19 (61.3%) 13/22 (59.1%)
No 49 43 (87.8%) 41 (83.7%) 44 (89.8%) 38 (77.6%) 9/44 (20.5%)

Chi? n.s. n.s. n.s. n.s. p=0.005
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Suppl. Figure 1: Primary sensitization versus cross-sensitization to dog allergens in dog-
sensitized patients (n=155). IgE binding values for Can f 1, 3 and 6 were compared with those
for the homolog cat allergens Fel d 7, 2 and 4, and the molecule showing the higher score
arbitrarily considered as the primary sensitizer. Accordingly, Can f 1 and Can f 6 are the dog
allergens most often recognized, but reactivity often reflects cross-reactivity with cat. Can ' 5

is the dog allergen most often causing primary sensitization.
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Suppl. Figure 2: Correlation between cat and dog lipocalins. a) Correlation between Fel d 4
and Can f 6 in all subjects with IgE to either of the two lipocalins (n=99) after stratification
for putative primary sensitization to Fel d 4 (blue circles), Can f 6 (orange triangles) and Equ
¢ 1 (green squares), respectively. b) Correlation between Can f 1 and Fel d 7 in all subjects
with IgE to either of the two lipocalins (n=74) after stratification for putative primary

sensitization to Can f 1 (orange triangles) and Fel d 7 (blue circles), respectively.
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