
ATOPY: 
Not All Or None

Angela Simpson MD PhD

Senior Lecturer

The University of Manchester



Genes

Environment

Asthma 
and 

Allergies



Allergy Epidemic is Environmental 
but Environmental Exposures show Inconsistent Associations

ÅBreast Feeding

ïProtects (Kull et al, JACI 2005;116:657-61)

ïIncreases the risk (Sears et al, Lancet 2002;360:901-7)

ïDoes not matter (Burgess et al, Pediatrics 2006;117:e787-92)

ÅCat ownership

ïGood (Hesselmar et al, CEA 1999;29:611-7)

ïBad (Noertjojo et al, JACI 1999;103:60-65)

ïDoes not matter (Rhodes et al, JACI 2001;108:720-5)



Allergic disease ïinconsistent 

associations



Manhattan plot of Gabriel Study

GWAS ïasthma



Manhattan plot of Gabriel Study

GWAS ïtotal IgE



Association studies of Asthma and 

Allergic Diseases are inconsistent 

because

ÅWe fail to consider both genetic 

and environmental factors 

ÅWe use simple definition of 

disease
ïDoctor diagnosed asthma

ïTotal IgE

ïAtopy (sensitisation to any allergen)



Manchester Asthma and Allergy 

Study

ÅUnselected birth cohort

ÅN~1000

ÅRecruited in utero 1995-7

ÅClinical follow up at age 1, 3, 5, 8 

and 11 years



How Representative of the General 

Population is MAAS Sample at Age 5
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Clinical Outcomes

ÅSubjective outcomes, age 1, 3 , 5, 8 and 

11 years

ïValidated questionnaires, 

Åsymptoms of asthma, eczema and rhinitis

Åphysician-diagnosed illness 

Åmedication use 

ÅAtopic status, age 1, 3, 5, 8 and 11 

years

ïSkin tests to inhalant and food allergens 

ïTotal and specific IgE  



Lung Function

ÅBaseline lung function 
ïSpecific airways resistance (sRaw) from 3 years

ïSpirometry, age 5, 8 and 11 

ÅPost-bronchodilator lung function, age 5, 11

ÅAirway responsiveness 
ïDry air challenge, age 5

ïMethacholine challenge, age 8, 11

ÅExhaled breath condensate (EBC), age 8

ÅExhaled Nitric Oxide (eNO), age 8, 11



Environmental Exposures

ÅAllergen levels (mite, cat and dog)

ÅEndotoxin 

ÅPet ownership and contact 

ÅSibship

ÅTobacco smoke exposure 

ÅChildcare arrangements 

ÅVaccination uptake 

ÅDuration of breastfeeding 

ÅDietary intake (Diet-Q), age 5, 8, 11

ÅAntibiotic and other medication usage (from 
primary care records)



Atopic Sensitisation



The presence of specific IgE

Gould and Sutton Nature Reviews Immunology 2008



Allergen-specific IgE 

sensitisation

ÅAllergic sensitization

ïa positive allergen-specific serum 

IgE (sIgE>0.35 kUA/L) test  or

ïskin prick test (MWD>3mm) 

ïto any common food or inhalant 

allergen



Cat

Dog

Pollen

House dust mite

Sensitisation to Allergens

Pet Ownership
Dog owner

Smoking Status
Smoker

Sex
Female

*p = <0.0001   p=0.001 - 0.0001   p=0.05 - 0.001* *

1 1.2 1.4 1.6 1.8 2 2.2 2.42.6 3.0

*

*

*

*

*

*

*

Simpson, Custovic et al, Clin Exp Allergy 2001; 31:391-399

Sensitisation - Risk Factors for Asthma
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Combined odds ratio for asthma in those 

with atopy was ~ 4.0 

(in affluent countries)

Weinmayr 2007

1 10



Odds ratio for the association of 

current wheeze with skin test 

reactivity ïthe effect of affluence

Weinmayr 2007



Atopic sensitisation

ÅIs

ïEasy to quantify

ïRisk factor for asthma

ÅBut

ïis neither necessary nor sufficient for 

disease

ïRelationship to asthma complex



Food allergy 

Ånegative 

predictive 

accuracy is high

ïFor skin test 

some extracts are 

less good

ÅPositive test is 

suggestive, but 

not diagnostic

Sampson JACI 2004



Sum of specific IgE to mite, cat and dog, age 5
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Probability for Persistent Wheeze Increases 

With Increasing Specific IgE Antibody Levels 
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Decrement in Lung Function With 

Increasing Specific IgE at Age 5 Years

P=0.004
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Simpson et al, J Allergy Clin Immunol 2005; 116: 744-749

Sum of IgE to mite, cat and dog

sRaw 

(kPa/s)

P=0.004
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Monitoring of Atopy and 

Prediction of Persistence 

of Wheezing



IgE age 3 years, sum of mite cat and dog
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Subsequent Persistence of Wheeze

P=0.03

M
a n c h e

t

s t e r 

e

A

A

s t

d

h

n
m a a

 l l r g y S u d ySimpson et al, J Allergy Clin Immunol 2005; 116: 744-749



IgE to Mite, Cat and Dog and the 

Prediction of Childhood Wheezing

In a 3 year-old child presenting to a 
physician with wheezing, will the 
wheeze continue in years to come?

ï0.5 kUA/L: 18% probability of persistence of 
wheezing

ï10 kUA/L: 50% probability of persistence of 
wheezing

ï30 kUA/L: 90% probability of persistence of 
wheezing

Ahlstedt S et al. Diagnosis of allergy. In: Custovic A, Platts Mills TAE eds. Managing Allergy, 2009



Gender, Age, 

Exposures
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Atopy and Asthma 

Exacerbations



Sensitisation, Exposure and Respiratory Virus 

Infection Increase the Risk of Hospital Admission
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ADULTS CHILDREN



Sum of specific IgE to mite, cat and dog
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Amongst Atopic Children, the Risk of Hospital 

Admission Increases With Increasing IgE

P=0.04
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Murray et al, Allergy Clin Immunol Int 2007; Suppl 2: 270-3



Odds Ratio 0 1 2 3

Sum of specific serum

IgE to mite, cat and 

dog

Interaction: Sum of IgE/

Virus infection

Use of Inhaled

corticosteroids

Interaction Between Specific IgE Levels and 

Virus Infection in Increasing the Risk of Hospital 

Admission in Asthmatic Children

P=0.004

P=0.002

P=0.004

Murray et al, Allergy Clin Immunol Int 2007; Suppl 2: 270-3



ÅIgE-antibody quantification 
ïIncreases the confidence that ñatopic sensitizationò 

contributes to the expression of asthma

ïMay help identify young children at risk of persistent 

symptoms

ïMay help identify asthmatics at risk of exacerbations

ïMay help treatment decision-making process

ÅDifferent sensitization profiles are 

associated with different clinical 

phenotypes

IgE-antibody Quantification and 

Clinical Expression of Asthma 

Simpson et al, JACI 2005; 116: 744-749

Marinho et al, Allergy 2007; 62: 1379-86

Murray et al, Allergy Clin Immunol Int 2007; Suppl 2: 270-3



We propose

ÅThe diagnostic label of atopy 

encompasses 

ïmultiple different phenotypes

ïwith different aetiologies

ï not all of which are associated with disease

ÅMore useful information may be 

obtained by identifying common 

underlying clusters that are 

characterized by IgE responses 



Phenotype definition ïlessons from 

asthma

Morgan et al, AJRCCM 2005;172):1253-8



Wheeze phenotypes in the 

population ïlatent classes

Henderson et al  Thorax 2008





How to Avoid the Constraints of the 

Investigator-imposed Classifications?

A Machine Learning Approach using Bayesian 
inference for unsupervised learning of latent 
variables to identify structure within the data:

ÅAllows one to model data with complex 
structure

ÅModel can be tailored to dataset

ÅPrior knowledge can be more precisely 
encoded in the dataset
ïNot just a ñblack boxò approach

ÅCan scale to large models (millions of records)



Acquired 
Sensitization at 

Age 1

Acquired 
Sensitization at 

Age 3

Acquired 
Sensitization at 

Age 5

Acquired 
Sensitization at 

Age 8

Skin Test at 
Age 1

Skin Test at 
Age 3

Skin Test at 
Age 5

Skin Test at 
Age 8

Sensitization 
Class

Probability of 
Sensitization at 

Age 1

Probability of 
Gaining 

Sensitization

Probability of 
Retaining 

Sensitization

Probability of 
Positive Skin Test 
Given Sensitized

Children (1053)

Allergens  

Probability of 
Positive Skin Test 

Given NOT 
Sensitized

Probability of 
Positive IgE Test 
Given Sensitized

Probability of 
Positive IgE Test 

Given NOT 
Sensitized

Switch Between 
Sensitization Classes

3 intervals 
(1-3, 3-5, 5-8)

IgE Test at 
Age 1

IgE Test at 
Age 3

IgE Test at 
Age 5

IgE Test at 
Age 8



Outcome: Sensitization Class

ÅA single multinomial latent variable

ÅEach child was then assigned to its highest 
probability class

ÅNo assumptions about the number or the 
nature of the classes

ÅThe unsupervised learning algorithm 
automatically discovered the latent structure 
ïAssumption: data missing at random

ïMissing data: inferred using Variational Message 
Passing - VMP
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Simpson et al, Am J Respir Crit Care Med 2010; 181(11):1200-6 



Results: Sensitisation Class

ÅñNo latent vulnerabilityò (623/1053, 59.2%)

Children With Latent Atopic Vulnerability 
Cluster Into Four Distinct Sensitisation Classes

Å(1) Non-dust Mite Atopic Vulnerability (9.5%)

Å(2) Dust Mite Atopic Vulnerability (4.5%)

Å(3) Multiple Late Atopic Vulnerability (16.2%) 

Å(4) Multiple Early Atopic Vulnerability (10.6%)
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