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Abstract

Background: Although sensitization to indoor allergens is sgigrassociated with asthma,

there are questions as to how this relates to astymptoms.

Objective: To study the relevance of IgE antibodies to cat@oglallergens in an area where i)
the climate discourages cockroach, fungal and gnievth; and ii) dander allergens are known

to be present in schools and houses without animals

M ethods: IgE to eight allergens was tested in 963 sera igopulation based study on 19-
year-olds, and associations with asthma symptoragndsis, and treatment were examined. In

positive sera, IgE to specific cat and dog allesgeas also assayed.

Resaults: IgE specific for animal dander had the highest glevce and the strongest relationship
to asthma diagnosis. Furthermore, asthma sevastydged by the frequency of symptoms and
use of treatment, was directly associated withitbe of IgE antibodies to animal dander.

Among the 103 subjects who had current asthmaeal 8g50 had asthma prior to age 12 years.
Among those 50, the odds ratios for asthma rel@t@y IgE antibodies to animal dander or
high titer IgE antibodies>(L7.5 IU/mL) were 9.2 [4.9-17] and 13 [6.9-25], respively. In
multivariable analysis, IgE antibodies to Fel dntl &€an f 5 were each associated with current

asthma.

Conclusion: High titer IgE antibodies to cat and dog allergerese strongly associated with the
diagnosis, severity and persistence of asthma; \iawa large proportion of the subjects with

current asthma did not live in a house with a cat dog.
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Key Words: IgE titer, IgE antibodies, mammalian allergenhasd severity, cat ownership

List of Abbreviations:

Ab Antibody/antibodies

Alpha-gal Galactose-alpha-1,3-galactose

ISAAC International Study on Asthma and Allergie<hildhood
OLIN Obstructive Lung Disease in Northern Sweden

Key Messages:

* Ina community where, because of the climate, edtdng derived allergens are the
dominant perennial allergens, high titer IgE antiles to dander allergens are strongly
associated with the prevalence, severity and gengs of asthma.

» Asthma diagnosis after age 12 was, in many casdgnger causing symptoms at age
19. In addition, many of these late onset cases wet sensitized and had low total IgE.

» Alarge majority of the cat sensitized individualgh current asthma did not live in a
home with a cat and 48% had no cat or dog in theséwo This observation is in keeping
with the fact that animal dander allergens aregarethroughout the community,
including schools and homes without a cat.

Capsule Summary:

Among students (n=963) living in a dry and coldndie, the presence of high titer IgE
antibodies to cat and dog allergens, includingd=e] Can f 1, and Can f 5, had the strongest

association with asthma prevalence and severity.
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Introduction

Asthma in children over age 3 years and in youngtsds strongly associated with sensitization
to common inhalant allergens. This sensitizatiam lma detected by skin tests or measurement of
serum IgE antibodies (Ab). Generally in epidemigiagd clinical studies, results from these
tests have been analyzed as positive or negativerrdnan as a quantitative measure of risk (1-
4). The allergens that are most strongly associatédasthma are perennial allergens, such as
dust mite, cat, dog, cockroach, afternaria (5-8). Evaluating the relationship between
sensitization and asthma is made complex by thethat many patients are sensitized to more
than one source of allergens (9-11). This canmiske it difficult to evaluate either the effects

of cat ownership or the modulating effects of speégG Ab on symptoms of asthma.

The northernmost province of Sweden, Norrbotteaches above the Arctic Circle, where the
prolonged cold winters lead to dry indoor enviromtse As a result, houses do not become
contaminated with dust mites (12-14). In addititre climate is inhospitable to cockroaches,
ticks, and fungi such adternaria. In keeping with the low levels of exposure, cheld raised in
Norrbotten do not become allergic to many of thhergéns that are strongly correlated with
asthma in other climates (13-16). Following a lgpgeulation of children through their primary
and secondary school years, we have reportedehaitization identified either by a positive
skin test or by the presence of measureable IgEbAlt and dog allergens were major risk
factors for a physician diagnosis of asthma atldygears (13, 14). In addition, in keeping with
other studies, we demonstrated that the preserae afiimal in the home was not associated

with increased prevalence or titer of IgE Ab toraai allergens (14).
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The subjects in this cohort (n=3,430) were followea@ge 19 years. Serum was collected from a
representative sample of the cohort (n=963). Wertdpere the results of serum IgE antibody
assays to a range of inhalant allergens. In aditi@ carried out studies on IgE Ab to
components of cat and dog allergen extract, asagedissays of IgG and 1gG4 antibodies to the
major cat allergen, Fel d 1. The present studydessgned to investigate the hypothesis that the
titers of IgE to cat- and dog-derived allergensenggnificantly associated with the prevalence,
persistence, and severity of asthma at age 19.y&ddétionally, the analysis addressed the
effects of cat ownership in an environment wherstther perennial allergens are not relevant

to asthma (14, 17-21).



72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

M ethods

Patient Population

Subjects were enrolled through the research pro@bstructive Lung Disease in Northern
Sweden (OLIN) in a prospective, population-basdtbcp which has been ongoing since 1996
and includes data from 3,430 children (97% respoaisg (12, 22). In 1996, all children in the
first-grade and second-grade classes (age 7 aadr8)yin three municipalities in northern
Sweden were invited to participate in a prospedively (23). The questionnaire used was based
on the ISAAC design, with additional questions atesthma, rhinitis and eczema, and a broad
screening for potential risk factors (12,15). Tlaart was followed with repeated
guestionnaires until graduation from high schoag# 19 years in 2006 or 2007. At age 19
years, 2,861 responded (83% of those enrolled @ 1Both in 2006 and 2007, the follow up
included a questionnaire, lung function test and pkick test. In addition, in 2007 all
participants in Kiruna and Lulea were invited todte blood, and 963 participated (89% of
those invited) (See Table E1 online for detailthef population). The study was approved by the
regional ethics committee of Umea University are lfuman Investigation Committee at the

University of Virginia.

ImmunoCAP IgE Assays

Total and specific IgE Ab were measured by usitigegicommercially available ImmunoCAP
(Phadia Thermo-Fisher, Portage, MI) or a modifaraiof the assay with streptavidin on the solid
phase (13, 24). The assays were performed withmtheinoCAP 250 instrument, and the results
were expressed as international units per miltijlg/mL), with the international unit both for

specific and total IgE being approximately 2.4 Rgr specific assays, the standard cut-point for
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a positive reaction was 0.35 IU/ml. The streptavi@AP technique was used to measure IgE Ab
to alpha-gal and the cat allergen Fel d 1, withrapmately 1ug of biotinylated antigen added

to each CAP before adding 40of serum (24). Sera were tested for IgE Ab tot choite
(Dermatophagoides pteronyssinus); cat dander, horse dander; both dog epitheliuthdmy

dander; timothy grass; common silver birch; &figrnaria, as well as with ImmunoCAPs
provided by Thermo Fisher for specific allergen poments of cat and dog, including: the
lipocalins Fel d 4, Can f 1, and Can f 2; the almstel d 2 and Can f 3; and dog prostatic

kallikrien Can f 5 (Table E2) (25-28).

Radioimmunoassays for 1gG and IlgG4 Abto Feld 1

Precipitation assays using radiolabeled Fel d kwarried out using established techniques to
precipitate with either goat anti-lgG specific &f IgG subclasses or monoclonal anti-lgG4
followed by precipitation of the monoclonal antilyagsing goat anti-mouse IgG. The details of
these assays have been published previously amgivarein more detail in the online

supplement (14, 18, 29, 30).

Statistical Analyses

Differences in the prevalence of specific IgEX35 IU/ml and>17.5 1U/ml) and pet ownership
markers between groups were evaluated with univigrianalysis using’ or Fisher's exact test
where appropriate and also presented as odds wtin95% confidence intervals. The outcome
variables used were physician-diagnosed asthmazehand use of asthma medication. A
multivariable binary logistic regression was usedialyze the relationship of multiple specific

IgE sensitivities to physician diagnosis of asthBiatistical analyses were performed using



115 Stata/IC 11 (StataCorp, College Station, TX) andpBPad Prism 6 (GraphPad Software, La

116 Jolla, CA) and visualized using R version 3.0 amdpgaPad Prism 6.
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Results

Relevance of 1gE antibody titer to prevalence, severity, and persistence of asthma

The prevalence of positive@.35 IU/mL) or high titer IgE antibodiez17.5 IU/mL) to nine
allergens was analyzed in relation to physiciagmisis of asthma at age 19 (Table 1). Using
univariable (i.e., unadjusted) odds ratios, higgrsi of IgE to mammalian allergens and also to
birch pollen were strongly associated with asthpx0(001). The results for cat, dog, and horse
showed extensive collinearity, and because ofli€arried out logistic regression analysis for
cat and dog allergens separately or for any mamimeagjation to the pollens (Table 2) (See also
Table E7 online). The results are highly significeor dog or cat dander, or mammalian
allergens, with consistently higher odds ratiostigh titer IgE antibodies. For the three
allergens with the strongest associations withraative also analyzed the effect of IgE Ab as a
continuous variable (Fig 1). Those results shatr@ng relationship for either cat or dog dander
and a weaker but still highly significant relatibisfor birch pollen, as well as a negative result
for dust mite. In keeping with the results at dgeonly a few sera were positive for IgE to dust
mite orAlternaria (14, 15) (Table 1 and Fig 1). The relationshipasetn the titer of IgE Ab to
animal dander and the severity of disease wasaalalyzed in relation to either frequency of
symptoms (Fig 2A) or the use of treatment (Fig ZBje results show a strong association
between the titer of IQE Ab and either symptomgeatment requirement at age 19. Similar

results were seen with sensitization to cat oraloge (Fig E1A-D).

Overall 79 (i.e., 54%) of the individuals who refgal a physician diagnosis of asthma at age 19
were positive to one or more of the mammalian g#es tested. However, a surprisingly large

number (n=45) were negative to all the allergestete We have previously reported on the
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whole cohort that some of the students who receivei@dgnosis of asthma between age 11 and
19 had transient episodes only (12). To investigatefurther we divided the subjects into
persistent asthma, late onset asthma, and neVenag¢See Table E1B) (Fig 3A). In addition,
the results were analyzed for current asthma {individuals with a diagnosis of asthma who
reported either use of treatment for, or symptofmasihma) in their 19th year (Fig 3B). For the
50 individuals with current asthma who had the dasjs before age 11, 84% were sensitized to
at least one allergen, 70% had IgE antibodiesn@@malian allergen, and 40% had high titer
IgE antibodies to a mammalian allergen; odds $d88% confidence intervals] compared to
subjects who never had an asthma diagnosis weifd.8-21], 9.2 [4.9-17], and 13 [6.9-25],

respectively (See Table E3 for details of groups).

The sera were also tested for total serum IgE tlaadesults show the expected relationship
between total serum IgE and allergic asthma (TBd)e The geometric mean total IgE for IgE
antibody negative subjects was low (18.1 IU/ml} #ms value was not significantly different
among IgE antibody negative subjects with a diagnoflsasthma. Among the subjects who had
negative serum specific IgE ab assays, there whkre &h=17/576; 2.9%) who had total serum
IgE> 200 IU/ml. These sera were assayed for a widegaaf allergens, but no significant

positives were identified.

Relevance of Cat and/or Dog in the Home

In this cohort 279 subjects reported having a thbene, 506 had a dog, 176 reported both, and
354 homes had neither animal. Cat ownership haddest negative effect on the prevalence of
IgE Ab to cat (p<0.05) for IgE0.35 IU/mL (Table E5). By contrast, reported degnership

had no significant effect on IgE Ab to dog. Amdhg subjects with current asthma who were

10



161 sensitized to cat or dog (n=51), 50% were livinginome with no animal. Of the 46 cat
162 sensitized subjects, 39 (85%) were living in a havitaout a cat and 22 (48%) reported no

163 animals at home.

164 Using established techniques, IgG Ab to Fel d leveesssayed in all 963 sera. The positive results
165 (=150 Units/mL) were analyzed as high titebQ0 Units/ml) and low titer (150-500 Units/ml)
166 (18). Cat ownership was associated with a highgleexe of both high and low titer IgG Ab

167 (p<0.001), as well as the modest decrease in IgE-A4). Surprisingly, the presence of IgG
168 Ab showed no significant effect on symptoms of astlwhen analyzed relative to different titers
169 of IgE Ab (Fig E2A). When the titers of IgG Ab wemealyzed relative to subjects requiring

170 often or daily treatment, there was a lower pravedein those with high titer IgG Ab, but the

171 effect was not significant (p=0.12) (Fig E2B). T¢&ra that were positive for IgG to Fel d 1 were
172 also assayed for IgG4 Ab (Fig E3). Those resulteetated with IgG to Fel d 1 (r=0.40,

173 p<0.001), and in keeping with that showed a straggpciation with cat ownership. The IgG4
174  Ab were also not a significant predictor of sympsom@nd were equally present in sera with or

175 without IgE Ab to cat (Fig E3).

176 Component Analysisfor IgE Specific for Cat and Dog Allergens

177 Over the last few years, several allergens deffir@d cat or dog have become available to assay

178 specific IgE Ab (See Table E2 and www.allergen.orgjhere sufficient serum was available,

179 the cat and dog positives were assayed for relm@nponents. The results were first evaluated
180 on a matrix of intercorrelations for their correbat with IgE to other components and dander
181 extracts (Fig 5). These results show correlatambigh as 0.90 for Fel d 1 and cat, or 0.87 for

182 Can f1 and dog; or as low as 0.03 for Can f 5aatd The results for IgE specific components

11
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were also evaluated for their relationship to asthi&trong associations were found for Can f 1,
Can f2 and Can f 5, as well as for Fel d 1 anddFe[(Table 4A). The three components with
the strongest relationship to asthma were CarChi, f 5, and Fel d 1. Strikingly, Feld 1 and
Can f 5 showed little to no correlation with eat¢hes (Fig 5). Using multivariable analysis, the
odds ratios for these two allergens indicated ttiey had a strong independent association with

asthma: 4.8 (2.4-9.4) for Fel d 1 and 7.7 (2.2f@a7Can f 5 (Table 4B).

12
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Discussion

It is now clear that there are populations of algldand young adults living in westernized or
post-hygiene societies, where the allergen seasiiz associated with asthma is dominated by
dust mite, cockroacllternaria, or, as in the present cohort, animal dander,(g;8 18). In
each of these populations, the specificity of tes#tization associated with asthma correlates
with the known presence of the relevant allergethéxcommunity. However, the simple view
that exposure in the child’s home can predict $zasion is no longer tenable (31). In order to
further understand the relationship between seasitin and asthma we studied IgE ab in sera
from 963 19-year-old subjects who were part ofragiterm population-based cohort living in an

area where mite, cockroach, aldiernaria are not relevant. We report here that:

i) The titer of IgE ab to cat and dog allergens wasrgrortant risk factor for both
prevalence and severity of asthma;

i) Current cat owners have both lower prevalencebfdly and higher titers and prevalence
of IgG ab to Fel d 1;

iii) Sensitization to the specific proteins Fel d 1,drd| Can f 1, Can f 2, and Can f 5 was
strongly associated with asthma, and in multivdeamalysis Fel d 1 and Can f 5 showed
strong independent relationships to asthma;

iv) Sensitization to mammalian dander allergens shdahedtrongest association to asthma
that had been diagnosed before age 12 and fosidhugils still symptomatic at age 19;

V) A large proportion of the cases diagnosed for its¢ time between age 12 and 19 were

not sensitized to any allergen.
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Following the original report from Hesselmar an@m®gten in 1998 that children raised in a
house with a cat were less likely to be allergicdts, there have been extensive publications
related to this phenomenon (17, 32, 33). Manyntsgmve confirmed the original observation,
but with significant differences between the eféeat cat and dog ownership (18, 20, 34).
Several studies have not found a protective etiecat ownership or have implied that the
observed results could be explained by allergidlfasnchoosing not to own animals (35, 36).
Two meta-analyses on the effects of pet ownersmpecto slightly different conclusions but
neither found evidence that cat ownership wouldaase the risk of cat sensitization or asthma
(32, 33). Itis well established that cat allergepresent in schools as well as in homes without
a cat (37-39). Moreover, recent evidence suggeatdhe quantity of allergen in homes without
a cat or in schools is a function of the proportéimomes with an animal in the community (31,
39, 40). Interestingly, if some allergic familielsoose not to own a cat, this would only cause an
increase in sensitization among families withoaas if their children were still just as likely to
become sensitized to cat allergens. In previaudiest of the same cohort, at age 12 years, we
found that 80% of the cat allergic children haderdived in a house with a cat (37), and new
onset of allergic sensitization was not relatetddweing a cat at home (41). In the present study,
39 out of 46 (85%) cat sensitized individuals vathrent asthma were not living in a house with
a cat, and 22 of them had neither a cat nor dbgrae. The implication is clearly that sufficient
exposure to induce symptoms is occurring in hom#sowt a cat, in schools, or in other public
places. Equally it suggests that cat or dog seasiin should be considered relevant in patients

even if they do not have an animal at home.

Several long term cohorts studying asthma haveddat a large proportion of the cases

developed the disease early in life (42). In additt is generally found that allergic

14
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sensitization is an important factor favoring pstesnce of the condition (22). On the other hand,
there are cases that present in the teenage gedrthere is also good evidence for an increase
in the proportion of female cases at this age 482, In at least one study the cases that
presented around puberty were less allergic (##hur cohort, despite a significant increase in
the number of cases between age 12 and 19 therenlyaa modest change in the ratio of
female to male cases. The 63 cases who had aodiagyf asthma at age 19, but had not had
that at age 12 had a strikingly lower prevalernicgensitization than those with persistent
asthma. This was particularly clear for those wieoe no longer symptomatic at age 19: 16 out

of 25 (64%) had no sensitization (Table 3).

When it first became possible to monitor exposaréust mite allergens, it was generally
assumed that the child’s exposure was primarith&r own home (7, 45). Several
developments over the last 15 years have shed doube simple relationship. Firstly, it is
clear that the highest exposure to cat or dogg#les, i.e., an animal in the house, is not
associated with higher prevalence of sensitizatiowith higher titers of IgE ab. Secondly, with
increased awareness of the relevance of mite ahlesgme European countries have had a
decrease in the range of mite exposure levelstdijhian important mite avoidance study in
Manchester, UK found that despite careful avoidaneasures in the children’s homes they still
became sensitized to mite (46). What matters isdfret the subjects in the present study did
not become sensitized to mite allergens. The &@xplanation for the results is that the
children can become sensitized to perennial alfer@@m exposure to both mite and cat
allergens outside their own house. The contrastden Manchester UK and Norrbotten is that
in Norrbotten none of the schools or other houséee community would have mite allergens

(14, 22).

15



256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

In the original criteria for assessing the evidefurehe causality of a dust exposure in a lung
disease, a dose response relationship betweenwrpasd the disease was an important factor
(9, 47). However, those criteria were written aloorganic dusts where individual

sensitization was not considered to be relevaris dow clear that the relationship between
individual exposure and sensitization is too compteuse the individual’s home exposure as a
surrogate for overall exposure. Furthermore, inéseasingly likely that the presence of an
animal, particularly an outdoor dog, can furthevéo the risk of sensitization of the child (48,
49). Thus, we consider that sensitization hastthb primary characteristic used to examine the

relationship between allergens and asthma.

Using stepwise logistic regression analyses, whdéurexamined the relevance of IgE ab to
components and extracts as risk factors for diffeasthma outcomes [See Table E7 online].
The results were strikingly different using theasldog epithelium assay (e2) compared to dog
dander (e5). We believe this result confirms damthat IgE responses to different mammals
are collinear, and that the real conclusion is thatasthma risk in Norrbotten is dominated by
IgE ab to mammalian allergens [see Table 2]. hiqadar, this relates to the role of high titer

IgE ab to mammalian allergens, and the risk ofemirpersistent asthma.

There are several limitations to the present studystly, we do not have details on animal
ownership from birth, and we did not sample allhioeses in this cohort. However, it is
increasingly clear that measurements of allergefust from an individual’s home alone cannot
be taken as an adequate model of exposure. Sgctimelle have been significant changes in the
extracts used fdn vitro testing of sensitization over the period of thigly. Indeed the dog
dander assay (e5) gave twice as many positivetseasithe earlier dog epithelium assay (e2)

(See Table 1). Thirdly, there are more componssays available today than there were as
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recently as five years ago. Nonetheless, neitteemdividual component assays nor the
microchip assays can provide a complete analyssemditization to the extract. However, a
large population based cohort with high participatiate and the longitudinal study design
contribute to the validity of the results. Furtiere, the diagnosis of asthma in the cohort has

been validated and showed high specificity (50).

In conclusion, the presence of a cat or dog irhthese was not a significant predictor of
sensitization or the risk of asthma in a geographea where animal dander dominated the
sensitization to perennial allergens. NonethelggsAb, and particularly high titer IgE Ab was
strongly associated with the prevalence, severity@ersistence of asthma. Among the
individuals with asthma who had been diagnosedrbedge 12 and were still symptomatic at
age 19, high titer IgE Ab to cat or dog allergers\@asociated with asthma with an odds ratio of
13 [6.9-25]. Furthermore, 85% of the individualghis group did not have a cat at home and
48% had neither cat nor dog. The results are épikg with a model where the allergens of cat
and dog are present throughout the community atdesufficient to contribute to both
sensitization and asthma symptoms. Equally, theltestrongly support a direct role for IgE Ab

in asthma morbidity.
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FigureLegends

Fig 1. Probability of wheeze related to the titer of Igkilaodies specific for cat dander, dog
dander, dust mite, or birch pollen. Unadjusteddtigiregression lines are depicted with 95%
C.l.in gray. P<0.001, P<0.001, P=0.17, P<0.001¢cé& dander, dog dander, dust mite and birch
pollen, respectively.

Fig 2. Relationship between IgE antibodies to any mammadlasthma severity assessed by
frequency of wheezing attacks [A] or medicationgesfB]. The number of subjects in each of
the seven groups shown was: 716 negative; and33@06 40, 15, and 2100 IU/mL. Using
chi square test for trend the p value was <0.00Wfeeezing attacks or medication usage.

Fig 3. Relationship between sensitization and asthma d&igrmmong subjects with persistent
asthma (n=68); late onset asthma (n=63), and rartexpasthma (n=672) [A]. The same
analysis for subjects with current asthma which parsistent (n=50) or late onset (n=38), or no
reported asthma (n=672) [B]. For each group tleeglence of sensitization is shown for any
allergen £0.35 1U/mL), any mammalian allergen, high titer rmaatian allergenX17.5 IU/mL),

or no sensitization.

Fig 4. Relationship between IgG specific for Fel d 1 aatdawnership Both low titer (150-500
Units/mL) and high titer (>500 Units/mL) were sificantly high among cat owners (n=279)
(**p<0.01). By contrast, any IgE to cat dander wess common among cat owners (*p<0.05).
The approximate range of cat allergen exposurkeaws for cat owners and non-cat owners
(n=684) (See Ref 37).
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Table 1. Univariable analysis of asthma based on physidiagnosis for different levels of IgE antibodiedribalant allergens.

IgE Titer by Class in
Students with/without® Asthma”

Odds Ratios for Asthma (Based on Physician Diagn®i

Allergen

Negative

Class 1-3

Class 4-4

Any IgE Ab >0.35 IU/ml

IgE Ab 0.36-17.5 IU/ml

IgE Ab >17.5 IU/mlI

(>Class 1) (Class 1-3) (Class 4-6)
Cat Dande 80/66¢ 46/11¢ 23/31 3.8 [2.6-5.5]** 3.2 [2.3-4.8]** 4.6 [2.6-8.2]*
Dog Dande 83/68¢ 45/11°¢ 21/1C 4.4[3.0-6.4]*** 3.2 [2.3-4.9]** 13.2 [6.-28.7***
Dog Epitheliun 116/76: 26/4¢ 7/5 4.3 [2.6-6.C]** 3.7 [2.2-6.2]** 8.0 [2.5-25.5***
Horse 101/72( 35/81 13/1z 3.6 [2.4-5.E]*** 3.1[2.(-4.8]** 5.9 [2.%13.0***
Any Mamma 70/64¢ 45/12¢ 34/4C 4.3[3.0-6.2]*** 3.2 [2.3-4.9]** 5.7 [3.5-9.4]**
Dust Mite 137/75: 12/67 0/C 1.0 [0.5-2.0], p=0.8: 1.0 [0.£-2.0], p=0.8: -
Alternaria 145/80: 4/11 0/C 2.0 [0.€-6.4], p=0.2 2.0 [0.€-6.4], p=0.2' -
Birch tree 89/66! 40/10: 20/4¢ 2.9 [2.(¢-4.2]*** 2.8[1.8-4.2]*** 2.6 [1.5-4.5]**
Timothy gras 97/64% 37/11¢ 15/5z2 2.1 [1.4-3.0]%** 2.1 [1.4-3.3*** 1.6 [0.¢-3.C], p=0.1(
Footnotes:

§ The numbers before and after the slash indicatests with and without asthma, respectively
~ As indicated by a physician diagnosis of asthma

* n<0.001



Table 2. Multivariable binary logistic regression of theatbnship of physician diagnosis of asthma to IgEb@dies to: cat dander, grass
pollen, and birch pollen [A]; dog dander, grasdemaland birch pollen [B]; any mammal and both @adl [C]; and any mammal and any
pollen [D].

A. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)
Cat Dander 3.0 (1.9-4.7)** 3.9 (2.2-7.1)*
Grass Pollen 0.93 (0.57-1.5) 1.2 (0.61-2.3)
Birch Pollen 1.7 (1.0-2.9)* 1.8 (0.99-3.4)

B. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)
Dog Dander 3.5 (2.2-5.6)*** 11.4 (5.2-25.1)%**
Grass Pollen 0.98 (0.60-1.6) 1.2 (0.59-2.3)
Birch Pollen 1.5 (0.89-2.5) 1.8 (0.95-3.4)

C. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)

Any Mammal 3.7 (2.4-5.8)*** 5.1 (3.0-8.6)***
Grass Pollen 0.91 (0.56-1.5) 1.1 (0.56-2.1)
Birch Pollen 1.4 (0.86-2.4) 1.6 (0.85-3.0)

D. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)

Any Mammal 3.8 (2.4-5.8)*** 4.9 (2.9-8.1)***
Any Pollen 1.3 (0.83-2.0) 1.8 (1.1-3.0)*

Footnotes:

* p<0.05

*k% n<0.001



Table 3. Prevalence and effect of IgE antibody titer amsulgject with persistent or late onset currentraatin relation to reported
medication use.

A. Persistent Current Asthma (n=50)

Medication Use: Never / Sometimes Often / Daily
IgE Sensitivity N= Class 1-3 Class 4-6 N= Class 1-3 Class 4-6 Total % Female
None 5 0 0 3 0 0 8* 50%
Mammal* 17 10 7 20 7 13 B 54%
Non-Mammal Only 4 1 3 1 1 0 5 20%

B. Late Onset Current Asthma (n=38)

Medication Use: Never / Sometimes Often / Daily
IgE Sensitivity N= Class 1-3 Class 4-6 N= Class 1-3 Class 4-6 Total % Female
None 7 0 0 7 0 0 14* 79%
Mammal* 10 8 2 6 2 4 16* 56%
Non-Mammal Only 4 4 0 4 2 2 8 38%
Footnotes:

*Prevalence of non-allergic subjects: The ratio of non-allergic subjects to subjecthvugE to any mammalian allergen for persistentenot
asthma was 8:37 and for late onset current asthasal.16 (p<0.01). The ratio non-allergic subjéatsubjects with IgE to any allergen for
Eersistent current asthma was 8:42 and for latetansrent asthma was 14:24 (p=0.05).

Effect of titer of IgE antibodies on severity: The ratio of subjects with low titer (Class 1t8)high titer (Class 4-6) IgE to mammalian
allergen among subject reporting no medicationaimskesome use of medication was 18:9, whereas tibefoathose reporting frequent or
daily medication use was 9:17 (p<0.05). The ratisubjects with low titer (Class 1-3) to high ti{€lass 4-6) IgE to any allergen among
subject reporting no medication use and some useedication is 23:12, whereas the ratio for thep®rting frequent or daily medication
use is 12:19 (p<0.05).



Table 4.1gE antibodies to cat- and dog-related componemtiszariable analysis of asthma based on currehtrastor different levels of IgE
antibodies to allergen components of cat and dogelgA], and multivariable binary logistic regressof the relationship of current asthma
to IgE antibodies to: Fel d 1 and Can f 1 (I), &dl and Can f 2 (ll) and Fel d 1 and Can f 5 (H).

A.
Sty denltg%vmecr:l?r);g;fl%gnAsthma Odds Ratios for Asthma (Based on Current Asthma)
. i i Any IgE Ab >0.35 [U/ml IgE Ab >17.5 IU/mlI
Allergen Negative Class 1-3 Class 4-6 (>Class 1) (Class 4-6)
Feld 51/67 33/10¢ 19/2¢ 5.2(3.4-8.0)*** 8.7 (4.617)***n
Feld: 89/78¢ 6/12 2/2 5.0 (2.-12)**n 8.8 (1.-63)"
Fel d ¢ 75/74¢ 19/4¢ 5/4 4.6 (2.-7.9)*** 12 (3.-47)*n
Fel d 5v 41/9¢ 0/1 0/C
Sty denltg%vmeél?r);gsziérksthma Odds Ratios for Asthma (Based on Current Asthma)
. i ) Any IgE Ab >0.35 IU/ml IgE Ab >17.5 U/ml
Allergen Negative Class 1-3 Class 4-6 (>Class 1) (Class 4-6)
Can f ! 75/77( 12/31 12/E 6.8 (3.¢-12)*** 25 (8.5-72)x**n
Canf: 85/78: 7/1¢€ 6/1 6.3 (3.(-13)***n 55 (6.5-461)***n
Canf: 89/78: 3/ 5/4 5.9 (2.:-15)***n 15 (3.5-63)***
Canft 68/74 23/61 8/4 5.2 (3.:-8.5)*** 21 (6.4-74)x+*n




l. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)
Feld 1 3.3 (2.0-5.6)*** 3.2 (1.5-7.0)**
Canfl 2.7 (1.4-5.2)** 11 (3.2-35)***

Il. Any Positive (>0.35 IU/ml) High Titer (>17.5 IU/ml)
Feld 1 4.0 (2.5-6.5)*** 4.8 (2.4-9.5)***
Canf2 2.4 (1.1-5.3)* 24 (2.6-225)**

Il Any Positive (>0.35 IU/ml) High Titer (>17.5 IU/ml)
Feld 1 3.3 (1.9-5.6)*** 4.8 (2.4-9.4)**
Canf5 2.2 (1.2-4.0)** 7.7 (2.2-27)***

Footnotes for Tables 4A & 4B:

§The numbers before and after the slash indicatients with current asthma and without asthmaatl8d_.e., no current asthma),
respectively

* p<0.05

** p<0.01

*** n<0.001

AStatistical analysis of odds ratios performed fisher’'s exact test




Table 5.A matrix of intercorrelations [with 95% confidenceervals] that was calculated from a cross-talmtadf serum IgE variables,
including specific IgE antibodies to cat and dogdkxs and the representative allergen componedtthahshows the degree of correlation
between the serum IgE variables

Dog Dander Canfl Canf2 Canf3 Canfb Feld1 Feld 2 Feld 4 Cat Dander
Dog Dander 1.00 - -- - -- - -- - -
0.80
Canfl [0.74-0.85] 1.00 -- - -- -- -- -- -
0.86 0.87
Canf2 [0.82-0.89] [0.83-0.90] 1.00 ” ” /- ” - -
Canf3 0.31 0.29 0.26 1.00 -- - - - -
0.57
Canf5b [0.47-0.68] 0.45 0.48 0.15 1.00 - -- - -
Feld1 0.15 0.15 0.06 0.22 0.05 1.00 -- - -
Feld2 0.08 0.12 0.06 0.76 0.02 0.26 1.00 -- --
. ' . [0.69-0.81] . ' :
Fel d 4 0.20 0.37 0.17 0.23 0.05 0.33 0.19 1.00 -
0.94
Cat Dander 0.12 0.15 0.03 0.33 0.02 [0.92-0.95] 0.46 0.40 1.00
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I. Definitions of Population Studied (Tables E1A, E1B)

Il. Specificity of Assays used for IgE antibodies (EaER)

lll. Methods for IgG and IgG4 assays.

IV. Additional statistical analysis of specific IJgEdog and cat-derived allergens
V. Additional Tables in relation to results.

VI. Figures E1, E2 and E3 with Legends.

Definitions and Details of the Cohort: For furtliEtails see Tables E1A and E1B
Asthma: a report of physician — diagnosed asthma.

Late onset Asthma: Asthma at age 19 but not a7amgel? (see Table E1).

Persistent Asthma: Asthma at age 7, 11 and 19ageall and 19.

Current Asthma: Asthma diagnosis at age 19 witicaaent symptoms or medication use.

Never Asthma: No report of asthma at age 7, 19oyears.
Wheeze: Reported wheezing during the last 12 nsontumber of attacks was also reported.

Asthma Medication: Use of asthma medication dutirgglast 12 months, frequency of use was
also reported.

Details of Methodsfor 1gG and 1gG4 Radioimmunopr ecipitation assays:

Purified natural Fel d 1 (Indoor Biotechnologiesalottesville, VA) was radiolabeled witf
using the Chloramine T technique. The assays waaréed out using established techniques (14,
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18, 25, 26). Briefly, for 1gG, the serum was dédtand incubated with radiolabeled Fel d 1 for 3
hours. The IgG was subsequently precipitated ugoag anti-human 1gG overnight. Sera with
positive levels of IgG to Fel d 1 (>150 Units/mlg¢ne also assayed for IgG4 specific for Fel d 1.
For 1gG4, the assay involved initial incubatiortleé serum dilutions with radiolabeled Fel d 1
for 2 hours, followed by the addition of a mono@dbmouse anti-human IgG4 Ab (clone HP-
6023; Sigma Aldrich, St. Louis, MO) and normal meggrum (Chemicon International,
Temecula, CA). Finally, the mouse IgG was preatpil using goat anti-mouse IgG (Chemicon
International, Temecula, CA). The anti-mouse \g&s absorbed repeatedly over a human IgG
column to remove antibodies cross reactive with&ungG. In each assay, the precipitates
were washed three times and counted with a gamonatep these assays were carried out in
parallel with a control curve to give unitage (18, 25, 26). The unit for IgG Ab has previously
been estimated to represent 0.1 ng of Fel d 1 b@lB)d For the IgG4 assays, 50 sera, which
were negative for IgG Ab to Fel d 1 were assayatainwere negative. The background was
set at >2 times the standard deviation of the eatdioity bound with sera that were negative in
the IgG assay.

Details on Additional Statistical Analysisof Specific IgE to Dog and Cat-Derived Allergens

A matrix of intercorrelation was developed in ordgaluate the degree of correlation between
independent serum IgE variables, including: dogddanCan f 1, Can f 2, Can f 3, Can f 5, cat
dander, Feld 1, Fel d 2, and Fel d 4. This amahgturns intercorrelation values between O (i.e.,
statistically dissimilar) and 1 (i.e., statistigadlimilar); variables with correlation coefficients
greater than 0.5 were considered to lack suffidieieépendence to be included as independent
variables in the same logistic regression model.

Using results from assays of IgE to both extrants @mponents we carried out multivariable
stepwise logistic regression analyses, includirigand dog as separate variables. In keeping
with the known cross-reactivity between lipocaliakgumins and other mammalian proteins
there was clear evidence for interaction betwe¢amd dog. Thus, the analyses were different
using the results from the more recently introdutded dander assay (e5) compared to the
results with dog epithelium (e2) [Tables E7B anE7In multivariable analysis IgE antibodies
to cat dander were highly significant compareddg dpithelium as predictors of physician
diagnosis of asthma. By contrast, dog dander vwggyhsignificant compared to cat in the same
analysis. In addition, the results were differi@rdnalysis of these relationships with current
asthma or current persistent asthma [Tables E7E afd E71]. Using multivariable analysis
with the component results, we observed strondtsesith Fel d 1, Can f 1 and Can f 5 [Tables
E7A, E7D, E7G, E7H and E7J]. In keeping with tesults shown in Table 5, we found strong
association with both Fel d 1 and Can f 5 (p <0.@04ach case) for the analysis of for high titer
IgE ab and current persistent asthma [see Tablp E7J
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Our conclusion is that the relationships betweemtlammalian allergens cat, dog and horse are
too close for simple evaluation. The results &engly influenced by different forms of the
extract assays, by the nature of the componenyassad, and by the asthma classification used.

Legendsto Online Figures

Fig E1:Relationship of the titers of IgE Ab to ciainder (el) [A and B] or dog dander (e5) [C
and D] to the frequency of wheezing attacks [A &pdr medication usage [B and D].

Fig E2: The percent of all subjects with activeeehing (as judged by treatment requirement)
[A], or only those subjects who reported the usasthma medication “often” or “daily” [B], in
relation to both IgE Ab to cat and the presendewftiter IgG Ab to Fel d 1 [150-500 units/ml]
and high titer IgG Ab3500 IU/ml]. In each category the cat owners adicaied..

Fig E3: Serum IgG4 Ab to Fel d 1 in IgE Ab negatand IgE Ab positive subjects were
assayed in sera where the IgG Ab assays wereymsNalues are shown for cat owners
[triangles] and non-cat owners [circles]. Wheezngjects are shown as red symbols. The
numbers of subjects shown include those of therlg@ative sera that were not assayed. In the
IgE positive group and the IgE negative group,atids ratios for a positive IlgG4 assay with cat
ownership were 18 (7.9-41) and 17 (6.3-48), resypagt(p<0.001 in each case).



Table E1.Cohort details: population used for primary anialysicluding symptoms and treatment [A]; and pagioh used for analysis of persistent

versus late onset asthma [B].

A.
L _ Physician Diagnosis of
Group Definition N= Asthma at Age 19
Total Populatiol Serum and full questionnaire data at ag 962 Yes or N
Asthme POSITIVE answer to asthma diagnosis at a¢ 14€ Yes
No Asthmi NEGATIVE answer to asthma diagnosis at ag 817 No
Current Asthma POSITIVE answer to asthma diagnosis at a¢ with 103
POSITIVE answer to wheeze/medication use ifi ylar
B.
o _ Physician Diagnosis of Asthma
Group Definition N= N= Age 7 Age 11 Age 19
POSITIVE answer to asthma diagnc 30 Yes Yes Yes
Persistent Asthma* at ages 7 and/or 11, and POSITIVE 68 9 Yes No Respons Yes
answer to asthma diagnosis at age 19 29 No Yes Yes
NEGATIVE answer to asthma diagno 62 No No Yes
Late Onset Asthma* at ages 7 or 11, and POSITIVE answi 63
; X 1 No Response No Yes
asthma diagnosis at age 19 only
. Either persistent asthma or late or 14 Na No Respons Yes
Ambiguous Asthma asthma phenotype & 1 No Respons No Respons Yes
POSITIVE answer to asthma diagnc
Recurring Asthma at age 7 and at age 19, and NEGATIV 4 4 Yes No Yes
answer to asthma diagnosis at age 1
POSITIVE answer to asthma diagnosis g $Z§ T\I%S mg
Resolved Asthma at ages 7 and/or 11, and NEGATIVE 15 1 Ye: No Respons No
asthma diagnosis at age 19 5 No Yes No
672 Nao No No
No Asthma* NEGATIVE answer to asthma diagnos 298 19: No Respons No No
at any age 10E No No Respons No
2 No Respons No Respons No
Footnotes:

*Groups used for secondary analysis



Table E2. Summary of serum assays performed for IgE antilsodie

IgE Assays
Allergen Assayed Extract St [P Number of Sera Assayed
Total IgE a-Ige 963
Common silver birch pollen t3 963
Timothy grass pollen g6 963
Dermatophagoides pteronyssinus di 963
Alternaria alternata m6 963
Cat dander el 963
Fel d 1 (uteroglobin) zl9n 243
Fel d 2 (cat serum albumin) e220 245
Fel d 4 (lipocalin) e228 221
Fel d 5w (cat IgA) z5" 179
Dog Dander e5 963
Can f 1 (lipocalin) el01 272
Can f 2 (lipocalin) el02 272
Can f 3 (dog serum albumin) e221 244
Can f 5 (prostatic kallikrien) e226 272
Dog Epithelium e2 963
Horse Dander e3 963
German cockroach i6 202
Pork 26 215

Footnotes:

NAssays performed using biotinylated allergen cedytb a streptavidin ImmunoCAP.

Additional IgE assays to allergen extracts: 20 serge assayed for fish (cod; f3), 19 sera wereyasktor chicken (f83), 46 sera were assayed\fpergillus
fumigatus (m3), and 50 sera were assayed for mouse epitééidl).

Additional IgE assays to specific proteins: 23 seeae assayed for horse lipocalin (Equ c 1; e2@@)serum albumin (n Sus s; €222) and bovine salbomin
(Bos d 6; €204).



Table E3. Univariable analysis of asthma based on prevalandeseverity for different levels of IgE antibodiescat and dog dander, as well as
pollen. Any allergen includes values of specifE Igreater that are than 0.35 IU/mL, and high atergen includes values of specific IgE that are

greater than 17.5 IU/mL.

IgE Antibodies Odds Ratios Compared with Non-Asthmatics
Any Any High Any High Any Any High Any High
Allergen® Mammal Mammal Pollen Pollen Allergen  Mammal  Mammal Pollen Pollen
Persistent / 9.7 9.2 13 4.7 3.2
Current Asthma ~ 42/%0 8550 20550 31/50  13/50 | 115511 [49-17] [6.925] [2685 [1.6-6.2]
Late Onset / 3.2 2.9 3.7 2.6 2.8
Current Asthma 2438 16/38 6/38 18/38 938 | 116062 [1556 [1.492] [1350] [1.3-6.1]
Non-Asthmatic 281/798 161/798 39/798 206/798 80/798
Unclassified /
Current Asthma 9/15 9/15 4/15 8/15 4/15
Unclassified /
Not Current Asthma 11/19 10/19 3/19 9/19 1/19
Persistent /
Not Current Asthma 11/18 10/18 3/18 6/18 3/18
Heits QUi 9/25 6/25 2/25 7/25 4/25

Not Current Asthma




Table E4.Geometric mean total serum fyfU/ml) in relation to sensitization (specific Igkb >0.35 1U/ml) and physiciadiagnosisof asthma.

Sensitization
Positive Negative
Allergen N Asthma N No Asthma N Asthma N No Asthma
Cat Dander 69 191 (147-248) 150 139 (115-168) 80 .9@R.1-39.5) | 664 25.0(22.5-27.7)
Dog Dander 66 192 (145-253) | 125 167 (136-205) | 83 30.8 (22.6-41.9) | 689 25.7 (23.2-28.5)
Any Mammal 79 177 (136-231) 168 130 (109-157 70 .0247.7-32.5) | 646 24.2 (21.8-26.9)
Any Allergen” 97  148(116-188) | 289 107 (93.3-124) | 52 16.9 (12.1-23.6) | 525 18.3 (16.4-20.3)

Footnotes:

§ Geometric means * 95% confidence intervals
~ Allergens assayed include: cat dander, dog dadderepithelium, horse dander, dust mite (D. pilyer birch, timothy grass, adternaria.



Table E5. Effect of cat and/or dog ownership on sensitmato cat and dog dander among individuals witlsigeent or late onset current asthma
[A] and among all individuals in the cohort [B].

A
Cat IgE: Class 6/5 Class 4 Class 3 Class 2/1 Any High Titer Negative
Cat Owners 17 1 1 2 3 7 2 10
with dog 9 1 0 2 1 4 1 6
without dog 8 0 1 0 2 3 1 4
Non-Cat Owners 71 6 10 12 10 38 16 32
with doc 33 2 3 6 6 17 5 16
without dog 38 4 7 6 4 21 11 16
Dog IgE: Class 6/5 Class 4 Class 3 Class 2/1 Any High Titer Negative
Dog Owners 42 3 4 2 10 19 7 23
with cai 9 1 0 0 2 3 1 6
withouli ca 33 2 4 2 8 16 6 17
Non-Dog Owners 46 6 7 3 9 25 13 21
with cai 8 0 1 0 3 4 1 3
withouli ca 38 6 6 3 6 21 12 18
B.
Cat IgE: Class 6/5 Class 4 Class 3 Class 2/1 Any High Titer Negative
Cat Owners 279 6 6 17 22 51 12 228
with dog 17€ 5 3 7 17 32 8 144
without dog 102 1 3 1C 5 19 4 84
Non-Cat Owners 684 11 31 60 66 38 42 516
with doc 33C 3 13 34 26 17 16 254
without dog 354 8 18 26 40 21 26 262
Dog IgE: Class 6/5 Class 4 Class 3 Class 2/1 Any High Titer Negative
Dog Owners 50€ 6 6 34 46 92 12 414
with cai 17€ 2 2 9 11 24 4 152
withoui ca 33C 4 4 25 35 68 8 262
Non-Dog Owners 457 8 13 32 49 102 21 355
with cai 102 0 2 5 7 14 2 89
withoui cal 354 8 11 27 42 88 19 26€




Table E6.Relationship of current cat ownership to the preneé of IgE antibodies specific for cat dander @atdoroteins.

IgE Antibody Titers (IU/ml)

Odds Ratio for

Allergen Cat Ownership Negative (<0.35) 0.36-17.5 (Class 1-3 >17.5 (Class 4-6) 9E >0.35 1U/ml*
Cat Owners, n [%] 228 [82%)] 39 [14%)] 12 [4.3%)]
Cat Dander 0.69, p =0.035
Non-Cat Owners, n [%] 516 [75%)] 126 [18%)] 42 [6.1%)]
Cat Owners, n [%)] 236 [85%)] 34 [12%)] 9 [3.2%)]
Feld1 0.62, p =0.012
Non-Cat Owners, n [%] 528 [77%)] 112 [16%] 42 [6.2%]
Cat Owners, n [%)] 269 [97%)] 6 [2.2%)] 2 [0.7%)]
Feld 2 1.16,p=n.s.
Non-Cat Owners, n [%)] 665 [97%)] 15 [2.2%)] 2 [0.3%)]
Cat Owners, n [%] 258 [94%)] 11 [4.0%)] 4 [1.5%)]
Feld 4 0.54, p =0.034
Non-Cat Owners, n [%)] 612 [90%)] 61 [9.0%)] 5[0.7%]
Footnotes:

*Qdds ratios for prevalence of specific IgE antil@sdn each group comparing cat owner to non-cateosv



Table E7A. Multivariate logistic binomial regression of thdatonship of physician diagnosis
of asthma to IgE antibodies to: Fel d 1, Can fan€2, and Can f 5.

A. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)
Feld 1 2.2 (1.4-3.6)** 2.3 (1.1-4.9)*
Canfl 2.0 (0.92-4.4) 3.8 (0.90-16)
Canf?2 0.83 (0.31-2.2) 2.9 (0.20-43)
Canf5s 1.9 (1.1-3.6)* 4.5 (1.1-19)*

B. Any Positive (>0.35 IU/ml) High Titer (>17.5 IUMml)
Feld 1 2.5 (1.6-4.0)*** 3.2 (1.7-6.2)***
Canf5s 2.3 (1.4-4.0)** 8.2 (2.3-29)***

C. Any Positive (>0.35 IU/ml) High Titer (>17.5 1U/ml)
Canf1l 3.0 (1.4-6.5)** 7.2 (1.9-27)
Canf2 0.71 (0.27-1.9) 2.0 (0.14-27)
Canf5s 2.8 (1.6-5.0)*** 5.0 (1.2-21)*

D. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)
Canf1l 2.6 (1.4-5.1)** 8.6 (2.7-27)%**
Canf5s 2.7 (1.6-4.8)*** 5.5 (1.4-22)*

Table E7B. Multivariate logistic binomial regression of théatonship of physician diagnosis
of asthma to IgE antibodies to: cat dander, doglégrgrass pollen, and birch pollen.

A. Any Positive (>0.35 IU/ml) High Titer (>17.5 IU/ml)
Cat Dander 1.5 (0.74-2.9) 1.7 (0.81-3.6)
Dog Dander 2.7 (1.4-5.5)** 9.0 (3.7-22)***
Grass Pollen 0.95 (0.57-1.6) 1.2 (0.58-2.3)
Birch Pollen 1.4 (0.85-2.4) 1.7 (0.87-3.2)

B. Any Positive (>0.35 1U/ml) High Titer (>17.5 IUMl)
Dog Dander 4.5 (3.1-6.6)*** 14 (6.4-30)***

* p<0.05

**p<0.01

*ek n<0.001



Table E7C.Multivariate logistic binomial regression of thdatonship of physician diagnosis
of asthma to IgE antibodies to: cat dander, dothefpim, grass pollen, and birch pollen.

A.

Any Positive (>0.35 1U/ml)

High Titer (>17.5 IU/ml)

Cat Dander
Dog Epithelium
Grass Pollen

Birch Pollen

2.5 (1.5-4.0)%**
1.7 (0.97-3.1)
0.95 (0.58-1.6)
1.7 (0.99-2.7)

3.3 (1.7-6.3)**

2.4 (0.65-8.7)
1.2 (0.62-2.3)

1.8 (0.97-3.3)

Table E7D.Multivariate logistic binomial regression of théatonship of current asthma to IgE
antibodies to: Feld 1, Can f 1, Can f 2, and Can f

A. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)
Feld 1 2.9 (1.6-5.0)*** 3.2 (1.4-7.0)*
Canfl 2.0 (0.89-4.6) 5.0 (1.2-21)*
Canf2 1.1 (0.41-3.0) 3.5 (0.23-53)
Canf5 1.7 (0.85-3.3) 3.6 (0.77-16)

B. Any Positive (>0.35 IU/ml) High Titer (>17.5 IUMl)
Feld 1 3.3 (2.0-5.6)*** 3.2 (1.5-7.0)**
Canf1l 2.7 (1.4-5.2)** 11 (3.2-35)***

C. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)
Canfl 3.0 (1.3-6.9)** 12 (3.1-44)%*+
Canf2 1.1 (0.39-2.9) 2.1 (0.16-29)
Canf5s 2.7 (1.4-5.1)** 4.1 (0.91-19)

D. Any Positive (>0.35 IU/ml) High Titer (>17.5 IU/ml)
Canfl 3.1 (1.5-6.4)** 14 (4.5-46)***
Canf5s 2.7 (1.4-5.0)** 4.6 (1.1-19)*




Table E7E. Multivariate logistic binomial regression of théatonship of current asthma to IgE

antibodies to: cat dander, dog dander, grass palahbirch pollen.
High Titer (>17.5 IU/ml)

A. Any Positive (>0.35 1U/ml)
Cat Dander 2.2 (1.0-4.6)* 1.7 (0.75-4.0)
Dog Dander 1.9 (0.87-4.0) 13 (5.1-31)***
Grass Pollen 0.98 (0.56-1.7) 1.3 (0.58-2.8)
Birch Pollen 1.7 (0.94-3.1) 1.7 (0.81-3.6)

Table E7F. Multivariate logistic binomial regression of théatonship of current asthma to IgE

antibodies to: cat dander, dog epithelium, gradiepoand birch pollen.
Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)

A.
Cat Dander 2.7 (1.5-4.8)*** 3.8 (1.9-7.6)***
Dog Epithelium 1.8 (0.98-3.4) 3.3 (0.89-12)
Grass Pollen 0.99 (0.56-1.7) 1.3 (0.64-2.8)
Birch Pollen 1.8 (1.0-3.2)* 1.8 (0.92-3.7)
B. Any Positive (>0.35 IU/ml) High Titer (>17.5 IU/ml)
Cat Dander 3.4 (2.1-5.6)*** 4.9 (2.6-9.2)***
Birch Pollen 1.9 (1.1-3.1)* 2.0 (1.1-3.9)*




Table E7G. Multivariate logistic binomial regression of thdatonship of physician diagnosis
of asthma to IgE antibodies to: Fel d 1, Can frasg pollen, and birch pollen.

A. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)
Feld 1 2.2 (1.3-3.7)** 2.8 (1.4-5.5)*
Canf5 2.0 (1.1-3.6)* 7.4 (2.1-26)**

Grass Pollen 0.98 (0.59-1.6) 1.2 (0.59-2.3)
Birch Pollen 1.5 (0.87-2.6) 1.8 (0.95-3.4)

Table E7H. Multivariate logistic binomial regression of théatonship of current asthma to IgE
antibodies to: Fel d 1, Can f 5, grass pollen, l@nch pollen.

A. Any Positive (>0.35 1U/ml) High Titer (>17.5 1U/ml)
Feld 1 2.8 (1.6-4.9)*+ 4.1 (2.0-8.2)%
Canf5s 1.8 (0.97-3.4) 6.9 (2.0-24)*

Grass Pollen 0.97 (0.54-1.7) 1.2 (0.57-2.7)
Birch Pollen 1.8 (0.95-3.3) 1.8 (0.86-3.6)

10



Table E7I. Multivariate logistic binomial regression of théatonship of current persistent asthma to IgEkatties to: cat dander,

dog dander, grass pollen, and birch pollen.

Any Positive (>0.35 1U/ml)

A.
Cat Dander 3.9 (1.4-11)*
Dog Dander 1.8 (0.66-5.1)
Grass Pollen 0.64 (0.30-1.3)
Birch Pollen 1.8 (0.84-4.0)

B. Any Positive (>0.35 1U/ml)
Cat Dander 6.0 (3.0-12)***
Grass Pollen 0.62 (0.30-1.3)
Birch Pollen 2.0 (0.95-4.3)

C. Any Positive (>0.35 IU/ml)
Cat Dander 5.6 (2.8-11)***

Birch Pollen 1.6 (0.83-3.2)
D. Any Positive (>0.35 1U/ml)
Cat Dander 7.2 (3.9-13)***

High Titer (>17.5 IU/ml)

11

A.
Cat Dander 0.93 (0.29-3.0)
Dog Dander 33 (12-97)***
Grass Pollen 1.0 (0.32-3.2)
Birch Pollen 1.5(0.51-4.1)

B. High Titer (>17.5 IU/ml)
Cat Dander 0.93 (0.29-3.0)
Dog Dander 33 (12-97)***
Birch Pollen 1.5 (0.54-3.9)

C. High Titer (>17.5 1U/ml)
Dog Dander 32 (14-72)%*+
Birch Pollen 1.5 (0.55-3.8)

D. High Titer (>17.5 1U/ml)
Dog Dander 35 (16-76)***




Table E7J.Multivariate logistic binomial regression of theéatonship of current persistent asthma to IgEkaies to: Fel d 1, Can
f 5, grass pollen, and birch pollen.

A. Any Positive (>0.35 1U/ml) A. High Titer (>17.5 1U/ml)
Feld1 3.6 (1.6-7.9)** Feld1 3.9 (1.6-9.7)**
Canf5s 3.2 (1.4-7.3)** Canf5s 12 (3.4-42)%*+

Grass Pollen 0.71 (0.33-1.6) Grass Pollen 0.97 (0.32-3.0)
Birch Pollen 1.4 (0.61-3.3) Birch Pollen 1.5(0.58-4.1)

B. Any Positive (>0.35 1U/ml) B. High Titer (>17.5 IU/ml)
Feld 1 3.8 (1.7-8.3)*** Feld 1 3.9 (1.6-9.5)**
Canf5s 3.6 (1.7-7.9)*** Canf5s 12 (3.4-42)%*+

Grass Pollen 0.83 (0.41-1.7) Birch Pollen 1.5 (0.59-4.0)

C. Any Positive (>0.35 IU/ml) C. High Titer (>17.5 IU/ml)
Feld 1 3.5 (1.7-7.5)*** Feld 1 4.3 (1.8-10)***
Canf5s 3.6 (1.7-7.7)%* Canf5s 13 (3.7-45)***

D. Any Positive (>0.35 1U/ml) D. High Titer (>17.5 1U/ml)
Canf5s 7.9 (4.3-15)*** Canf5s 25 (8.0-77)***

12
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IlgG4 to Fel d 1 (Units/ml)
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