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Introduction

Motivation

� Variety of factors that lead to childhood asthma .

� Environmental, physiological and genetic factors.

� Complex interplay of these factors in�uence the probability
of a child having asthma.

Main Contributions

� Explore the interaction of these variety of factors using
graphical models .

� Graphical models allows us to incorporate prior clinical and
other structured domain knowledge in the analysis of data.

� We use the Infer.NET (http://research.microsoft.
com/mlp/ml/infer/infer.htm ) tool, which allows
Bayesian inference to be applied automatically to a speci�ed
graphical model. Infer.NET allows us to incorporate prior
knowledge to produce scienti�cally meaningful results.

Our Data

� Data obtained from the Manchester Asthma and Allergy
Study (Custovic et al. “The National Asthma Study Cam-
paign, Pediatr Allergy Immunol).

� A birth-cohort study of more than 1000 children in the
Manchester and Stockport area.

� Identify risk factors for the development of asthma and aller-
gies in children.

� We are primarily interested in physiological and environ-
mental (exposure) variables.

The Allergic Sensitization Model

Description of Model

� The allergic sensitization model is a Hidden Markov Model .

� 4 binary variables of for each of 8 allergens representing
whether the child is sensitized at a certain age.

� Measurements are the binary Skin Prick Tests and Serum-
Speci�c IgE Tests.

� Model includes a “ Sensitization Class” variable, which
serves as a means tocluster the children into different classes
of children with different sensitization properties.

� Link the sensitization class variable to asthma.

Inference : Would like to infer the following:

� Transition probabilities can be inferred in light of missing
measurements. These are the probabilities of gaining and
losing sensitization at various ages.

� True positive rates and False positive rates of the Skin Prick
Tests and Serum-Speci�c IgE Tests.

� Sensitization class variable with 2 to 6 states i.e. infer the
probability that a child is in a particular cluster.

� Variational Message Passing(Winn and Bishop, JMLR 2005)
was used to infer all latent variables.

Remarks

� This submodel show how clinical knowledge can be incorpo-
rated into a graphical model.

The Exposure Model

Description of Model

� The Exposure Model is a Bayes Point Machine (Herbrich,
Graepel, Campbell, JMLR 2001) with the following input
variables.

� The class variables(target variable) is obtained from the bi-
nary sensitization class variable inferred from the allergic
sensitization submodel.

� The feature vectors contain the following 8 exposure vari-
ables.

1. Daycare

2. Cat ownership

3. Dog ownership

4. Endotoxin

5. Glucan

6. Elder Siblings

7. Mean Body Mass Index

8. Gender

� The model is speci�ed by:

sl =
�

1 w 0x l + el � 0
0 otherwise

where x l are the feature vectors and sl are the targets and w
is a weight vector to be inferred.

Inference

� We would like to infer the weight vector w to assess the im-
portance of each exposure variable.

� We will also perform permutation testing .

� We do so using Expectation Propagation (Minka, UAI 2001).

Results

Allergic Sensitization Model

� The true positive rates of the Skin Prick Test and Speci�c IgE
Test were found to be 74.5� 0.64%and 89.3� 0.45%respec-
tively.

� The IgE test is more accurate than the skin test.

� Makes sense as IgE test is based on blood samples.

� Decreasing trend in the probability of gaining sensitization
for the inhaled allergens (mite, cat, dog and pollen). More
children gain sensitization to these allergens as they grow up.

� We also veri�ed the model by comparing it against the model
without the sensitization class variable by doing imputation
tests i.e. remove fraction of available and infer its log-probs.

� Clearly, the sensitization class variable improves the model .

2 Clusters

Red bars:
Many sens.
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Moderately sens.

Blue bars:
Few sens.

� The Sensitization Class variable isbinary . We expect the chil-
dren to be clustered into those who are vulnerable to allergies
and those who are not.

� The children are clustered into a group that is very sensitive
to various allergens (Cluster 1) and another that is not sensi-
tive to allergens (Cluster 2).

� The probability of having asthma if the child is in Cluster 1
(resp. 2) is22%(resp. 2.5%).

5 Clusters

� The sensitization class variable has 5 states. We
expect to see more latent structure in the data.

� Children in Cluster 1 have a very high probability of having
asthma – 42%.

� The children are clustered into general sensitization, inhaled
allergen sensitization and no sensitization, with mite-only
and pollen-only sensitization being somewhat smaller sub-
clusters.

� Vulnerable children can be further clustered into those who
are sensitized early (before 3) and those who are sensitized
later in life (after 3).

BPM Weights

� We performed permutation testing on the exposure model by
randomly permuting the labels 500 times.

� False positive rate = 5%, False discovery rate= 20%.

� Thus, we can be 80% certain thatincreased endotoxin expo-
sure and being a girl reduce one's vulnerability to allergies.

Conclusion

� Presented a graphical model of the immune system.

� Shown how Infer.NET can be used to apply the model to an-
alyze a large-scale immunological dataset.

� Automatic graphical modeling tools have great potential in
terms of speeding up the analyses of large datasets whilst
allowing rigorous incorporation of domain knowledge .


