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> Cat ownerss'n] o)

— Bad (Noertjojo et al, JACI 1999;103:60-65)
— Does not matter (Rhodes et al, JACI 2001;108:720-5)
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because

» \We fail to consider both genetic
and environmental factors

* WWe use simple definition of
disease

— Doctor diagnosed asthma
— Total IgE
— Atopy (sensitisation to any allergen)







% B Nottingham

B MAAS

High Risk Medium Risk Low Risk

Based on Broadfield et al, J Allergy Clin Immunol 2002; 109: 969-74



Symptoms of asthma, eczema and rninitis
* physician-diagnosed Iliness
* medication use

* Atopic status, age 1,
years
— Skin tests to inhalant and food allergens
— Total and specific IgE
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SpIrometry, age s
Post-bronchodilator lung function, age 5, 11
Alrway responsiven
— )ry :!]r c'n:!llan J'

. Exhaled Nitric OX|de (eNO) age 8, 11




Allergen levels (mite, cat and dog)
Enaotoxin

Pet ownersnip and contact

J]b?}h]p

0 Smoke exposure
rran Jl—*rnenb

Jgr

J Dletary mtake (Dlet Q) age 5, 8, 11

* Antibiotic and other medication usage (from
primary care records)




Atopic Sensitisation



e presence of specific'lg

N-linked
glycosylation

Gould and Sutton Nature Reviews Immunology 2008
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Sensitisation to Allergens - — R

House dust mite ; ; ;- : *
Cat | | | | et
Dog e
Pollen 5 L
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Pet Ownership

Dog owner : : g*

Smoking Status |_,_|,,_| .
Smoker i .

Sex P
Female = = = |

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

Simpson, Custovic et al, Clin Exp Allergy 2001; 31:391-399 w
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with atepy was ~ 4.0
(In affluent countries)
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Hong Kong

Dresden
MUH:CN 4

Athens
hessalonikl

1

1

Reykjavik 4
Rome 4
Utreciht 4

Hawkes Bay 4
Tromso 4

Almena 4

Cartagena

Madrid 1
Valencia
Linkceping 4
Oestersund 4
West Sussex 4

Weinmayr 2007




current wheeze with skin test
reactivity — the effect of affluence

Homng Kong

Almeria
Cartagens

had

eljing
Guangzhou
Fichincha
Tallinin

Weinmayr 2007
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Foeaallergy

negative

predictive 95% Predictive Level

accuracy is high e I —

— For skin test - Infants < 2 yrs - 95
Some extracts are “'“I"*m - 93
less good et

Positive test IS :1 .

suggestive, but Soybean

not diagnostic Wheat

Sampson JACI 2004
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0.37 1 2.72 7.39 20.09 54.60 148.40 403.43 1096.6

Sum of specific IgE to mite, cat and dog, age 5

Simpson et al, J Allergy Clin Immunol 2005; 116: 744-749 W
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0.37 1 2.72 7.39 20.09 54.60 148.40 403.43 1096.6

Sum of IgE to mite, cat and dog

Simpson et al, J Allergy Clin Immunol 2005; 116: 744-749 W



Monitoring of Atopy and
Prediction of Persistence
of Wheezing



7.39 20.09 54.60 148.40

2.72

0.37

IgE age 3 years, sum of mite cat and dog

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



>

U: [O J\/JJre, Qa arJ

N a S year-old cnild presenting to
r)n ySIClan With wneezing, will the
WHNEeze continue In years to come?

,5 AU VL. 18% probability of persistence of

' ~

— 10 kUA/L 50% probability of persistence of
wheezing

— 30 KUA/L: 90% probabillity of persistence of
wheezing

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



Gender, Age,
EXposures



Atopy and Asthma
Exacerbations



Green et al, BMJ 2002;324: 763-5

ADULTS CHILDREN
]
<0.
2 . | P<0.0001
151 il
©
IS
510 - .
8 P=0.008
5 "N
P=0.004
0 T T T T T T T |
Sensifisation ~ Virus -any Rhinovirus  Sensitisation& | - Sensitisation, Sensiisation  Virus Sensitisation Sensitisation |Sensitisation,  ICS use
exposure  \exposure & vrus & exposure & virus exposure &
virus

Murray et al, Thorax 2006; 61 (5): 376-382
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0.37 1 2.72 7.39 20.09 54.60 148.40 403.43

Sum of specific IgE to mite, cat and dog

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



r\drmssmn 11 /-\smma"s] Children

0das Ratio

Sum of Jr)egf‘
IgE to mite, cat

o[o]o]

Interaction: Sum of IgE/
Virus infection

Use of Inhaled
corticosteroids

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




Clinical Expression of Asthma

+ |gE-antibody guantification

— |ncreases the confidence that “atopic sensitization”
contributes to the expression of asthma

— May help identify young children at risk of persistent
symptoms

— May help identify asthmatics at risk of exacerbations
— May help treatment decision-making process

 Different sensitization profiles are
associated with different clinical
phenotypes

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



e diagnostic

ENCOMPASSES
— multiple diiterent phnenotyp

— With different aetiologies

— not all of which are associated with disease
More useful Information may be
obtained by identifying common
underlying clusters that are
characterized by IgE responses




Z-5Scores of Height Adjusted Flow (+/-se)

—8— Never Wheeze
—— Transient Early
—#— | ate Onset
—&— Persistent

1 ¥ I ¥ 1 1 ¥ 1

8 10 12 14 16 18
Age, years

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



Wheeze pHenotypes in the

population — latent classes

—a— Transient early (16%) -e®- Prolonged early (9%)
- #- Intermediate (3%) —a— Late (16%)
—o— Persistent (7%) —— Never/infrequent (59%)
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Henderson et al Thorax 2008



Beyond Atopy
Multiple Patterns of Sensitization in Relation to Asthma in a Birth Cohort Study

Angela Simpson'®, Vincent Y. F. Tan?*, John Winn3, Markus Svensén3, Christopher M. Bishop?,
David E. Heckerman® lain Buchan®, and Adnan Custovic’




Investlgator |mposed Classifications?

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

» Allows one to model data with complex
structure

* Model can be tailored to dataset

* Prior knowledge can be more precisely
encoded In the dataset

— Not just a “black box” approach
* Can scale to large models (millions of records)




Switch Between
Sensitization Classes

Sensitization

Class

Probability of
Sensitization at
Age 1l

Probability of
Gaining
Sensitization

Probability of
Retaining
Sensitization

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

Acquired
Sensitization at

Age 1

Skin Test at
Age 1

IgE Test at
Age 1l

Acquired

Sensitization at

Age 3

Skin Test at
Age 3

IgE Test at
Age 3

Acquired
Sensitization at
Age 5

Skin Test at
Age 5

IgE Test at
Age 5

Allergens

Acquired
Sensitization at
Age 8

Skin Test at
Age 8

IgE Test at
Age 8

Children (1053)

Probability of
Positive Skin Test
Given Sensitized

Probability o
Positive Skin Test
Given NOT

Probability of
Positive IgE Test
Given Sensitized

Probability o
Positive IgE Test
Given NOT




* A single multinemial latent variable

» Each child was then assigned to its highest
probability class

 No assumptions about the number or the
nature of the classes

« The unsupervised learning algorithm
automatically discovered the latent structure
— Assumption: data missing at random

— Missing data: inferred using Variational Message
Passing - VMP

Simpson et al, Am J Respir Crit Care Med 2010; 181(11):1200-6




Chilaren With' Latent Atopic Vulneranility
Cluster Into Four Distinct Sensitisation C

(1) NJn~JJ31 Myfe \U ch VJ!naf'Mh 9.5%)

* (3) Multlple Late Atopic Vulnerablllty (16 29%0)
* (4) Multiple Early Atopic Vulnerability (10.6%)

Simpson et al, Am J Respir Crit Care Med 2010; 181(11):1200-6 W



No latent
atopic
vulnerability

Non Dust Mite

Dust mite

Multiple Late

Multiple Early

Simpson et al, Am J Respir Crit Care Med 2010; 181(11):1200-6

€ S tctlne € FIVE ClIaSSES:

Number of sensitizations to each allergen and at each time point

pollen  milk egg mold peanut

Ige3 Ige5
Number of sensitizations Number of sensitizations
to each allergen at each time point

Ige8




Latent Atopic Vulnerability
Classes and Asthma

Asthma Persistent c .
Asthma exacerbation e':'s en lr:"e“
after age 1 wheeze wheeze
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Simpson et al, Am J Respir Crit Care Med 2010; 181(11):1200-6




Multiple Early Latent Class:

Significantly Poorer Lung Function

110.00

95% Cl)

105.00

100.00

FEV1 % predicted age 8 (mean

90.00

Mo latent MNon-dust Dust Mite Multiple Multiple
vulnerability Mite Late Early

Simpson et al, Am J Respir Crit Care Med 2010; 181(11):1200-6



Multiple Early Latent Class:

Significantly More Hyper-reactive

v.oo

G.00

bl
o
o

4.00

Dose-response ratio, age 8

3.00

Mo latent Not-Dust  Dust Mite Multiple Multiple
vulnerability mite Late Early

Simpson et al, Am J Respir Crit Care Med 2010; 181(11):1200-6



Multiple Early Latent Class:

Significantly More and Earlier Hospitalisations

Hospitalization with wheeze/asthma (any age) Hospitalization with wheeze/asthma (after age 3 yr)

Clusters
No latent atopic
vulnerability

Atopic vulnerability,
not dust mite

Atopic vulnerability,
dust mite

Atopic vulnerability,
multiple late

Atopic vulnerability,
multiple early
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Risk of hospital admission
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0 1000 2000 3000 4000 0 1000 2000 3000 4000

Age of the first hospital admission Age of the first hospital admission
for wheeze/asthma (days for wheeze/asthma (days

Simpson et al, Am J Respir Crit Care Med 2010; 181(11):1200-6




ATOPY = 2. ATOPY.
=1

Simpson et al, Am J Respir Crit Care Med 2010; 181(11):1200-6



/ /-’ Non du o
m I te_.._..._..............-
Multiple
Early

Dust mite

Simpson et al, Am J Respir Crit Care Med 2010; 181(11):1200-6 w
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IgE antiboady responses 00 Not refiect a
Sin JJe pnerury,)e Of: 0Py, put muitiple

 Need to
— confirm model in different datasets
— |dentify a simple diagnostic test




What Is the Marker of
the Different Types of
Sensitisation?

Can Component-resolved
Diagnostics Help?



Allergy or tolerance in children sensitized to peanut:
Prevalence and differentiation using component-resolved
diagnostics

Nicolaos Nicolaou, MD, MPhil,® Maryam Poorafshar, PhD,® Clare Murray, MD,” Angela Simpson, MD,?
Henric Winell, MSc,” Gina Kerry, RN,* Annika Harlin, MSc,” Ashley Woodcock, MD, FMedSci,” Staffan Ahlstedt, PhD,°
and Adnan Custovic, MD, PhD, FRCP® Manchester, United Kingdom, and Uppsala and Stockholm, Sweden




Amongst Peanut—sensitized Children

» 11.8% of children at age 8 years are
peanut-sensitized

» Majority of these children are peanut-
tolerant (I.e. do not have peanut allergy)

» The proportion of children with peanut
allergy amongst those sensitized to
peanut is only 22.4% (95% CI 14.8%—
32.3%)

Nicolaou et al, J Allergy Clin Immunol 2010; 125(1): 191-7



Microarray: Compoenent Detection

column component
Flow direction
nArah 1

nArah 2
nArah 3
8 9 10 11 12 rArah 8

rPhip1
nPhlp 4
rPhl p 5b
rPhlip 7
rPhl p 12

Nicolaou et al, J Allergy Clin Immunol 2010; 125(1): 191-7




Nicolaou et al, J Allergy Clin Immunol 2010; 125(1): 191-7




tolerance: Random Forests Classifier

* \WWhen all components were used:

— Only 7.7% peanut-tolerant subjects were
misclassified as peanut-allergic

— Only 6.9% peanut-allergic subjects were
wrongly classified as peanut-tolerant
* Ara h 2 - the most important predictor of

peanut allergy amongst all components
Investigated

» Predictive accuracy of Random Forests
analysis identical when only Ara h 2 was
used compared to all component

Nicolaou et al, J Allergy Clin Immunol 2010; 125(1): 191-7




 |dentification of a child at high risk of
asthma Is not possible with absolute

certainty (as yet)
* SIgE quantification in early life In
conjunction with clinical history can help
identify early wheezers at high risk of
developing persistent asthma

— Individual benefit — best practice
management

— Appropriate selection for intervention
studies

Sly PD et al, Lancet 2008; 372: 1100-06



Conclusions

4

WIthin eacn ¢
Information c
slok

levels ne

o)

— Gender and age

— Patient’s personal allergen exposure and other
anwwnrnsr] r=lJ sAr)JJ.JrsJ

— Genetlcs

Future — IgE measurement will have
much more to offer to clinicians




