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Asbstract: Food allergy is a disease that negatively affects quality of life, and in some cases its impact is serious. Diagnosing food allergies
prior to exposure to the allergen(s) has significant costs and results in overdiagnosis leading to the avoidance of food to which patients are
not allergic. Discovering relationships between features of food allergy data would support patients by finding their food allergens and
avoiding the use of costly diagnostics. This paper presents the potential of using machine learning algorithms in discovering these
relationships. The data was collected by the medical laboratory Intermedica through tests performed by patients with food allergies. The
apriori algorithm is applied to these data. The relationships discovered in our data are implemented in a software application, which also
has an interface to enter data about new patients being screened for food allergies. The set of discovered relationships leads to the creation
of a list of food allergens for a new patient, which helps them eliminate the molecular allergy test when it is not necessary and as a result,
reduce financial costs. The model also supports patients by not eliminating foods that do not harm them, thereby not risking a nutritional

deficit.
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1. Introduction

The term allergy means an oversensitivity to foreign substances
that are normally harmless. Alongside any genetic predisposition,
numerous nongenetic factors also play a role, such as exposure to
the allergen and nutritional condition. The most frequently
occurring allergy is a type 1 hypersensitivity reaction in which
specific IgE antibodies are formed [1].

A food allergy is an IgE-mediated reaction that leads to symptoms
within hours of having ingested the food. Possible symptoms
include burning or itching in the oral cavity, nausea,
gastrointestinal spasms, diarrhea, and skin rashes. Severe reactions
can also lead to asthma attacks, breathlessness, increased heart
rate, and panic attacks and confusion. In rare cases, anaphylaxis
can occur [2].

Food allergy can significantly affect patients’ quality of life. The
safest option available today remains the avoidance of food to
which they are allergic [3]. The elimination of food allergens,
proteins in foods or derivatives that cause abnormal immune
responses [4] may lead to the development of nutritional disorders
[5]. Information about food allergens is difficult to obtain in many
instances, and patients and their caregivers feel forced to develop
their own safety strategies, resulting in a higher level of social
isolation and discrimination [3]. In some cases, fatal reactions may
occur in children, adolescents, or adults who have allergies [6].
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Food allergies are more common in children because their
digestive tract and immune system are not fully formed. Most food
allergies appear in childhood and can pass as the child grows, such
as milk or egg allergies. Childhood food allergy is a serious,
potentially life-threatening condition known to substantially
impair quality of life among patients and their caregivers
[71,[8].[9].[10]. According to the European Academy of Allergy
and Clinical Immunology (EAACI), the number of children with
allergies in 2011 had doubled in the previous 10 years [11]. In
2011, food allergy was estimated to impact 8% of US children, of
which nearly 40% reported a history of severe reactions [7]. About
30% of children with food allergies are allergic to more than one
food [12], [13]. In the United States, every three minutes an
allergic food reaction sends a sufferer to the emergency room [14].
According to the World Allergy Organization white book of
allergies, the prevalence of allergic diseases on a global scale has
increased and 20-30% of the world's population is now affected by
one or more allergies [15],[16]. Compelling data on developing
countries also shows an increase in the prevalence of food allergy
[17]. It is expected that such increases will continue in line with
the rise in air pollution and ambient temperature. A combination
of host and environmental factors determine the intensity of
allergic reactions: increased vulnerability can be attributed to
various factors including changes in lifestyle, hygiene, diet, and
physical activity.

The schemes of food allergy diagnosis start with allergy focused
history and include skin prick tests (SPTs) and specific IgE tests
(sIgE) [18]. Depending on the case history, patients can be tested
for one or several food elements using the skin prick test (SPT)
provided they have not used antihistamines in the previous 10
days; this is to ensure that the analysis is completely accurate. It
may occur that during the application of the test the patient suffers
anaphylaxis, therefore it must be performed in the presence of an
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allergist [19]. A positive test result is reliable about 55% of the
time, while a negative result is 95% accurate. Positive results
suggest that the organism has produced allergic antibodies (IgE) to
a certain food element, indicating that the patient is sensitive to this
food, although it is not enough to determine the diagnosis. To
interpret the results, the doctor takes into account the patient’s
medical history, particularly any symptoms reported by family
members with allergies, and from the SPT results. Results are
available within about 30 minutes. A specific IgE test is performed
when it is not possible for the patient to perform the skin test; this
is used when it is not possible to stop using antihistamines, the
patient has eczema, or is very likely to suffer anaphylaxis during
the test. It is very important to note that the presence of IgE specific
to any food does not constitute a sure diagnosis of allergy, while a
negative test does not necessarily eliminate the presence of an
allergy. The patient may have a positive result for a certain food
but is asymptomatic, that is, not clinically allergic. The opposite
also occurs with a negative result is negative despite the patient
experiencing symptoms when exposed to the allergen. Therefore,
it is very important that testing is performed for the specific
suspected allergen based on clinical symptoms, family history, and
the patient's response to exposure to those food elements. About
50-60% of SPT skin tests and blood tests for food allergies, such
as a specific IgE, give a "false positive" result. This means that the
tests provide a positive result even if the patient is not actually
allergic to a specific food. [20] The test may detect similar proteins
that do not trigger allergic reactions. For example, an individual
who is allergic to peanuts may present a positive response to other
members of the legume family, such as green beans, even if eating
green beans has never been a problem [20]. Component resolved
diagnosis (CRD), an approach in which food allergies are utilized
to characterize the molecular components of each allergen
involved in a specific IgE-mediated response, would help to
provide a more accurate diagnosis, and facilitate a more
appropriate prognosis regarding the development of tolerance or
degree of risk, thus improving patient management [21]. CRD has
emerged as a promising diagnostic tool given the limitations of
conventional methods in diagnosing food allergies. On the other
hand, CRD approaches are expensive [22].

Patients screened for food allergies in medical laboratories usually
undergo a skin prick test (SPT) or blood tests. The data recorded
by Intermedica medical laboratory during tests performed on
patients with food allergies include details about the following:
gender; allergies to hazelnuts, peanuts, nuts, almonds, milk, egg
white, egg yolk, potatoes, celery allergy, carrots, tomatoes,
peaches, apples, soy, wheat flour, sesame, rye flour; and familial
characteristics such as Sister/Brother, allergic Sister/Brother, and
Allergic Parents. Discovering relationships within these
characteristics lead to the creation of a list of food allergens for a
given patient. These discovered relationships could be used to
create a list of food allergens for new patients screened for food
allergies.

Machine learning, which aims to teach computers how to learn and
act without being explicitly programmed [23] could be used to
discover relationships in the data feature for patients with food
allergies. Machine learning algorithms are used by Data Mining,
known also as the process of learning from experience by
analyzing historical data, to gather data [24],[25]. Applications and
examples of machine learning include Social Media Analysis [26],
Product Recommendation [27], Image Processing and Pattern
Recognition [28],[29],[30],[31], Natural Language Processing
[32], Insurance Claim Analysis [33], Bioinformatics and Medical
Diagnosis [34],[35], Search Engines [36], Financial Market

Analysis [37], and so on. Machine learning, because it is merely a
scientific approach to problem solving, has almost limitless
applications [23]. One approach to problem solving in machine
learning is "association", which finds potentially useful
relationships in data features. Apriori algorithm is the most well-
known algorithm of this approach. This algorithm is used to
discover relationships in our data features, which are implemented
in an application that is user friendly and can be used by medical
laboratory personnel to generate a list of food allergens for a new
patient being screened for a food allergy. The list of food allergens
could be cross checked with those resulting from a skin prick test
(SPT) or blood test in new patients. Because 50-60% of SPT skin
tests and specific IgE blood tests give a "false positive" result, the
costly CRD diagnostic tool will be suggested if the list resulting
from the skin prick test (SPT) or blood tests contains food allergens
that do not occur in the list arising from discovered relationships.
The CRD diagnostic tool will not be suggested if food allergens
are present in the list resulting from SPT or blood tests that are
found in the discovered relationships, as a result of reducing the
costs of food allergy diagnostics before allergen(s) exposure. The
patient is also supported by not allowing overdiagnosis and as a
result not eliminating foods to which they are not allergic but
which result in false positives. This solution contributes to the
improvement of quality of life for patients.

2. Methods and Data

Several methods were used in the study to achieve the final goal.
Initially, the literature study was carried out based on books and
scientific articles with the aim of obtaining information and the
latest findings on data mining that use machine learning algorithms
to mine historical data, food allergies, the effects of allergies on
patients and their lives, as well as the use of data mining to help
allergic patients. One of the approaches to discover knowledge in
data, using machine learning algorithms, is to use rule-based
methods that discover and generate rules to store, manipulate or
apply [38], [39]. Rules are typically in the form If ... Then ... and
are used for classification: where we are provided with classified
data, from which we expect to learn how to classify new cases or
associations: where we are interested in the relationship between
each feature of the data. Numerous experiments using machine
learning algorithms that discover rules were undertaken on the
collected data to ascertain useful knowledge.

2.1 Data

The data used in the study were provided by the medical laboratory
Intermedica. These data are records for patients who were tested
for food allergies with blood specific IgE or molecular allergy
tests. The dataset contains 155 instances and 21 attributes. features.
Features of our data are gender {M/F}, allergies to hazelnuts
{positive/negative}, peanuts {positive/negative}, nuts
{positive/negative},  almonds  {positive/negative},  milk
{positive/negative}, egg white {positive/negative}, egg yolk

{positive/negative},  potatoes  {positive/negative},  celery
{positive/negative}, carrots {positive/negative}, tomatoes
{positive/negative},  peaches  {positive/negative},  apple

{positive/negative}, soy {positive/negative}, wheat flour
{positive/negative}, sesame {positive/negative}, rye flour
{positive/negative}, Sister/Brother  {Yes/No},  Allergic
Sister/Brother {Yes/No}, Allergic Parents{no/one/two}. A study
published by the Environmental Research and Public Health
Institution in Australia found that family factors were determined

to be essential in the occurrence of food allergies in patients [40].
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Among these factors, it was found that the number of sisters and
brothers, whether they or the parents are also allergic, was a
determinant for food allergy.

2.2 Data Transformation

There are many negative values compared to positive values in
features about food allergies. Table 1 presents the percentage of
people in each milk allergy category.

Table 1. Percentage of people in each milk allergy category.

Number of | Percentage  of
Milk people in this | people in this
Allergy | category category
Positive 6 3.87%
Negative 149 96.13%

Such an imbalance in categories of a target feature, considered as
the class in data, is a challenging problem in the field of machine
learning and data mining [41]. A filter to balance categories of this
feature is applied in cases in which we generated rules where one
of our data features is a target. An irrelevant feature can
significantly degrade the performance of rule-based methods. As a
result, we applied the attribute selection in our data.

2.3 Machine Learning Algorithms applied to our data.

Experiments in our data are made by applying Part, C4.5 and
Apriori algorithm using Weka, a machine learning software
written in the Java programming language, as a tool. Part
algorithms discover rules and generate an unrestricted decision list
by combining the two major paradigms for rule generation-
creating rules from decision trees and the separate-and-conquer
rule-learning technique [42]. The C4.5 algorithm is based on the
top-down induction of decision trees: ID3 is the best-known and
most widely used learning algorithm, and was developed by Ross
Quinlan to which procedures to deal with numeric attributes,
missing values and noisy data were added. It is used to create a tree
structure model, a decision tree that can be converted into a rule
set [43]. The apriori algorithm finds frequent item sets via a
generate-and-test methodology where longer item sets are formed
from shorter ones. After item set generation a set of rules is
generated for each item set [44], [45].

2.4 Software application

The software application is created by using open source, free
tools. The programming language used for the software is PHP, a
widely used, free, and efficient server scripting language, and a
powerful tool for making dynamic and interactive Web pages or
Web applications. The database used for the software is MySQL,
a free and open source widely used relational database
management system (RDBMS) [46].

3. Results and discussion

Our dataset is imported to WEKA and Part, C4.5 and Apriori
Algorithms are applied. To learn a set of rules from previous data
where y is a target feature, the followed steps are:

e  The previous data {training examples [, y] to find an
unknown set of rules (f(x)) for y} are provided to the
learning algorithm.

e  The learning algorithm (Part or C4.5 algorithm) analyses
the training examples and produces a set of rules f.

e For each example of data {x,y}unused in the
construction of a set of rules f): x is added to the set of
rules f and predicts § = f(x).

e ThelossL (3,y) or alternatively [accuracy A(¥,y)] is then
measured.

e  Goal of the learning algorithm: find f that minimizes the
expected loss or alternatively maximizes the accuracy.

The 10-fold cross validation technique is used in our study to
evaluate how predictive is the set of rules learned with PART and
C4.5 algorithms and the accuracy of its measurement. The dataset
is divided in 10 parts known as folds. To estimate its accuracy the
algorithm is applied 10 times in these folds, where each time 9 are
used for training and one for testing. Each of the folds is used once
for testing and to average the accuracy results. The algorithm is
applied for the eleventh time to the entire dataset to produce the set
of discovered rules.

Some of the rules discovered by applying Part Algorithm are as
follows:

sesame allergy = negative AND

peanut allergy = negative AND
egg yolk allergy = negative AND
celery allergy = negative then hazelnut allergy = negative
carrots allergy = positive then hazelnut allergy = positive
almond allergy = negative AND
sesame allergy = negative then hazelnut allergy = negative

The set of rules generated from the decision tree found by C4.5
algorithm is shown below:

If sesame allergy = negative
and peanut allergy = positive then hazelnut allergy = positive
If sesame allergy = negative
and peanut allergy = negative
and egg yolk allergy = negative
and celery allergy = negative then hazelnut allergy = negative
If sesame allergy = negative
and peanut allergy = negative
and egg yolk allergy = negative
and celery allergy = positive then hazelnut allergy = positive
If sesame allergy = negative
and peanut allergy = negative
and egg yolk allergy = positive
and| almond allergy = positive then hazelnut allergy = positive
If sesame allergy = negative
and peanut allergy = negative
and egg yolk allergy = positive
and almond allergy = negative then hazelnut allergy = negative
if sesame allergy = positive then hazelnut allergy = positive

Table 2 shows the accuracy of the set of rules found by PART and
C4.5 algorithms for the target feature hazelnut allergy in the sub
dataset created after applying attribute selection and the class
balance filter.

Table 2: Accuracy of PART and C4.5 algorithms

Algorithm Accuracy
Part 85.9986%
C4.5 84.506%

As we want to create a list of food allergens, these accuracies are
not satisfiable. We applied the Apriori algorithm to ascertain
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association rules. Confidence is the metric type used in our study
to rank and measure the usefulness of the discovered association
rules; we set it to 90%. Some of the rules resulted from applying
Apriori in our data algorithm are as follows:

e Allergic Sister/Brother = no Allergic Parents=no => egg

yolk allergy =negative conf:(1)
e Allergic Sister/Brother = no => egg yolk allergy

=negative conf:(0.99)
e Allergic Parents = two => peanut allergy=positive
conf:(1)

e Allergic Sister/Brother = no Allergic Parents = two =>
peanut allergy=positive conf:(1)

e peanut allergy=positive almond allergy=positive =>
hazelnut allergy=positive conf:(1)

e nuts allergy=positive wheat flour allergy=positive =>
rye allergy=positive conf:(1)

e almond allergy=positive rye allergy=positive => wheat
flour allergy=positive conf:(1)

o rye allergy=positive celery allergy=positive => sesame
allergy = positive conf:(1)

e nuts allergy=positive potato allergy=positive => apple
allergy=positive conf:(1)

e peanut allergy=positive celery allergy=positive =>
carrots allergy=positive conf:(1)

e rye allergy=positive => hazelnut allergy=positive
sesame allergy = positive conf:(0.98)

o celery allergy=positive => hazelnut allergy=positive
conf:(0.96), carrots allergy=positive conf:(0.97)

e nuts allergy=positive => rye allergy=positive apple
allergy=positive conf:(1)

e wheat flour allergy=positive => apple allergy=positive
conf:(0.99), rye allergy=positive conf:(0.98)

e almond allergy=positive => hazelnut allergy=positive
conf:(0.96), soy allergy conf:(0.95)

e potato allergy=positive => peanut allergy=positive
conf:(0.98)

e egg yolk allergy = positive => milk allergy=positive
conf:(0.95)

The rules produced by the Apriori algorithm are implemented in a
software application. Due to the small number of examples in the
training dataset and limited number of food allergy features, this
software is a prototype. A user-friendly interface allows the user to
enter the data for a new patient screened for a food allergy. The
data gathered for the new patient also includes that concerning
food consumed during/before the allergic reaction. Figure 1 shows
a part of this interface. A webpage within the software offers a brief
description of how the application works.

Step 1 step2 (0 Step 3

rame Eleo_Martoin w

Male

Female

Yes
No

NextPeo- - |

Figure 1. Interface for entering data about a new patient.

4. Conclusion and Future Work

Allergic problems are increasing day to day and result in
significant cost to patients who suffer from allergic diseases and a
poor quality of life. Data Mining, through Machine Learning
algorithms, supports this patient cohort through the discovery of
associations of features that lead to the identification of food
allergens. The connections discovered through Machine Learning
algorithms help to determine if patients should be diagnosed with
the CRD tool and the foods they can consume, resulting in lower
costs to the patient and improved quality of life. The model found
through association rule learning assists the patient in creating a
list of food allergens. Based on this knowledge the patient is
instructed that they seek diagnosis with the CRD tool if, after
performing the SPT test or blood test for a specific food IgE, they
also test positive to other food elements not included in the list
created based on the association rules. This is undertaken so that
the patient does not eliminate foods to which they may not have an
allergy, but which provide a positive result due to cross reactions.
With the model we found, we improve the patient's life by
instructing them to: 1. eliminate the performance of the molecular
test if the result of the SPT or food sIgE analysis is positive only
in one or several elements displayed in the list created based on the
association rules. This helps the patient financially since the
molecular test is much more expensive than blood tests, and
normally much more expensive than SPT. 2. Avoid eliminating
foods that do not harm them and preventing the development of a
nutritional deficit, thus providing medical help. In the future, the
training data will be enriched with more examples from tests
performed by patients with food allergies and more features about
other foods that cause allergic reactions. As a result, the set of
discovered rules will be more inclusive. Also, in order to expand
the study even further in relation to medicine, models can be
defined about how to avoid nutritional deficiency in individuals
with allergies to more than one food. Seen from the point of view
of dietitians, it is an area of great interest for patients with food
allergies who, after expensive allergy tests and constant visits to
allergists, should be connected with a dietitian. In Albania, the
service of a dietitian, even in severe cases, is not offered as a public
service. This means that most patients do not fulfil these health
needs, thus endangering their health and quality of life.
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