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Abstract

Social media data offer unique challenges and opportunities for monitoring and surveillance of public health. The identification
of epidemic suspect depends on doctor’s experience, symptoms and laboratory tests. Delay in identifying the beginning of
infectious epidemic results in a big damage to a society. To handle the cases of epidemic effectively, a low-cost, accurate and
timely diagnosis system is needed. An intelligent technique based on Rough set theory for identifying suspect of HIN1 using
social media, has been presented in this paper.

Classification of symptoms from the dataset has been performed using machine learning techniques. From the large number
of symptom attributes mined from the dataset, HIN1 related symptom attributes, have been extracted. These extracted
attributes contribute maximum to the decision-making process. Rough set theory has been used to evaluate significant
attributes (symptoms) from symptom attribute set by generating reducts using indiscernibility relation. Identification of
suspects is performed using significant conditional attributes and dependency rules generated from reducts. The utilization of
presented social media based medical decision support system turn out to be an effective approach to assist government and

health agencies in decision-making.
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1. Introduction

Latest Technologies are emerging to deal with the extraction
of knowledge from these data sources in different domains
(Hassanien & Ali, 2004; Tripathy et al., 2011; Moses &
Deisy, 2015). Economic domain is the major sector, where
extensive amount of work has been carried out in comparison
to medical sciences (Tay & Shen, 2002). Internet is one of the
most important resources in the field of surveillance systems
for tracking disease outbreaks. It provides an opportunity for
low-cost, fast computation of data in comparison to existing
traditional surveillance systems (Jain & Kumar, 2015).
Social media has been a primary focus in the domain of
information retrieval and text mining (Pang & Lee, 2008).
Social media users are conscious of their health and share
their personal experience, with the causes or symptoms that
are related to them (Ceron, 2013).

The medical diagnosis system varies from the level at which
they attempt to deal with different complicated aspects of
diagnosis like importance of symptoms, varied symptom
patterns and the relation between diseases themselves
(Nallamuth & Palanichamy, 2015). Delay in identifying the
beginning of an infectious epidemic result in critical stage to
a society (Glik, 2007). The work has been concerned in the
domain of medical sciences for improving the facilities and
enhancing in diagnosis of diseases using social media data

and Rough set theory. Rough sets provide effective solution
for managing the uncertainties and imprecision present in
text data as compared to fuzzy sets, which deals with partial
membership (Kumara & Inbaranib,2015; Pandey ez al.,2013).

With the popularity of social media platforms such as
Twitter, an Intelligent Technique based on Rough sets theory
has been proposed to identify the suspect of Swine Flu Virus
(HIN1) by considering significant symptoms indicated in the
tweets. The prominent two sub tasks of proposed work are:

Identification of important conditional attributes (symptoms)
from tweets

Discovery of decision rules characterizing dependency
between the values of conditional attributes and decision
attributes

2. Public health emergencies

Social networking sites are one of the easiest and cheapest
techniques for spreading information rapidly (Emarketer,
2015).Public terminology (keywords) used during the epidemic
provides a measure to gain knowledge and help in information
retrieval (Jain & Kumar, 2015). Impact of Influenza-A HIN1
in India during different time intervals is shown in Figure 1.
Data has been collected for Indian region using Geo-tagging
feature provided by the Twitter API (Twitter, 2015).
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Fig. 1. Year wise cases of Influenza-A HIN1 (PIB, 2015)

3. Related work

The traditional method for identification of the suspect
is based on clinical data sets or surveying results. Earlier
work showed that social media data provide a rich source
of information, which helps in identification of the disease
outbreak in the world (Santos & Matos, 2014). Chew (2010)
proposed a method based on precise keywords related to
HINTI during 2009 HIN1 pandemic, using Twitter. Hu ez al.
(2011) system is based on Google web search queries related
to an influenza epidemic. Lampos & Cristianini (2010)
used content analysis and regression models to measure
and monitor levels of HIN1 pandemic in the United States.
Aramaki et al. (2011) used support vector machine (SVM)
for predicting influenza rates in Japan. Stewart & Diaz (2012)
proposed a daily activity system related to corresponding
disease and symptoms with an early-warning system. Bodnar
& Salathe (2013) applied various classification techniques
for detecting influenza. Parker ef al. (2013) developed a low-
cost framework for tracking public health condition trends
via Twitter.

4. Rough sets theory

Rough sets theory is used to process uncertain and
incomplete information (Pawlak, 1982). It is a mathematical
tool used for approximate reasoning of decision making and
helps in classification of objects. It deals with imprecision,
vagueness and uncertainty in data analysis (Qian et al., 2008;
Peng et al., 2008) and has successfully been applied to many
practical problems (Pawlak, 1991; Hassanien & Ali, 2004).
There are four main concepts of Rough set theory such as
information systems, indiscernibility, reduction of attributes,
and dependency (Pawlak, 1991; Jiye, 2007). Presently,
research on Rough sets focus on many significant issues, like
attribute reduction problems, approximation operator models
axiomatic systems, generalizations (Jia et al., 2016). It helps

in finding patterns in text data, dimensionality reduction,
attribute dependency analysis, feature identification and
classification, which make it suitable for text classification
and rule generation (Miao et al., 2009). Reduct and Core,
which play a vital role in finding significant rules, are
important in the development of decision support system (Jia
etal.,2016).

5. Proposed method

The proposed method is based on the identification of relevant
tweets containing HIN1 related symptoms and analyzed
using Rough set theory for identification of suspects. From a
large number of attributes mined from the dataset, significant
attributes that contribute maximum to the decision-making
need to be extracted. The system is divided into five phases:
data collection phase, preprocessing of tweets, symptom
identification, information system and suspect identification
phase. The system architecture is shown in Figure 2.

Step 1: Data collection

In this phase, identification of related tweets which indicates
the presence of HINI symptoms are fetched using Twitter
API (Twitter, 2015) with the help of significant keywords
and medical science terms. Significant keywords collection
methodology is based on Jain & Kumar (2015), which gives
dynamic keywords. Some of the significant keywords are:

Keywords: {#SwineFlu #flu #HIN1 #Swine #swinevir
us,##h1nl #influenza #swinefluindia,
#delhiSwineflu #Fluvirus}

#infuenzavirus,
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Fig. 2. Framework for identification of suspect

Step 2: Pre-processing of tweets

Every word present in a tweet is prominent in decision
making. Thus, pre-processing is required to decrease the
noise from tweets and filter out irrelevant tweets (Khan et
al., 2016). Pre-processing steps such as tokenization, stop
word removal, stemming, lemmatization, feature weighting,
dimensionality reduction and frequency based methods were
applied for normalization of tweets. Every relevant word

related to HIN1 is a feature and classification techniques
such as SVM, Naive Bayes, Random Forest and Decision
Tree were applied. The results are explained in terms of
precision, recall, accuracy, and F-measure and shown in
Table 1. The F-measure provides the overall performance
of a classifier and is calculated using the following formula
presented in Equation (1):

2(Precision) (Recall)

F — measure =

&)

Precision + Recall

Table 1. Comparison of classification techniques

Classifier F-Measure Precision Recall
Naive Bayes 0.77 0.70 0.86
SVM 0.77 0.70 0.84
Random Forest 0.70 0.66 0.75
Decision Tree 0.70 0.67 0.74

Step 3: Symptoms identification

Symptoms of HIN1 flu virus has been taken from Centers
for Disease Control and Prevention (CDCP, 2015), National
Health Portal of India (NHP, 2015) and Apollo Health
services (Apollo health city, 2015). Every tweet is examined

for match/similarity from the existing list of symptoms and
if found, store them into the suspect information Table. To
improve symptom analysis, alias corresponding to symptoms
is also considered and presented in Table 2.

Table 2. Symptoms and corresponding alias and attributes.

Symptoms Alias Attribute
Fever Mild fever, High temperature, feverishness a
Cough & Cold Chilly a,
Headache Head pain a,
Running nose Blocked nose a,
Sore throat tonsillitis a,
Shortness of breath breathing trouble, bronchitis a,
Loss of appetite Fatigue, illness, dizziness a,
Diarrhoea Loose motion a
Vomiting abdominal pain a,

High Risk Diseases Sick a

1S
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Significant symptom is considered as an attribute. New
significant symptom is created, which represent High
Risk Diseases(al0) = {Heart diseases, Kidney disorders,
Pneumonia, Liver disorders, Metabolic disorders, Blood
disorders, Endocrine disorders, Lung diseases, Asthma,
Weak immune system}.

Step 4: Information system

Consider a suspect information system represented in Table
2 of ‘n’ Twitter users ‘ti’ where, i = (1,2,...., n) as the set of
objects of the universe with a set of attributes given in are

found using Jhonson algorithm and Genetic algorithm using
Rosetta tool (Hvidsten, 2013):

6. Results

Proposed approach provides following general rules for
identification of HIN1 suspect. For suspect identification
Rule 4 and Rule 5 represent the relevant symptoms from
Jhonson algorithm and Rule 1 to Rule 5 represent relevant
symptoms for the possible suspect using from Genetic
Algorithm. Applying these rules on the test data, results in
the outcomes presented in Table 4.

Table 3. Classical view of the Suspect information system.
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Table 2. The attribute Suspect is considered as the decision
attribute with value=1, represent suspect and with value=0,
represent not suspect. For particular, user ‘t1’ is characterized
in the table by the attribute value set (fever, yes), (cough &
cold, no), (headache, yes), (running nose, yes), (sore throat,
yes), (short of breath, yes), (loss of appetite, yes), (diarrhea,
yes), (vomiting, yes), (High risk disease, yes) which form the
information about the particular user. The reduced medical
information system is presented in Table 3.

Step 5: Discovering important rules

In this phase, selection of important rules based on Rough
sets theory is applied, which help in identifying the suspect
from the data set. Consider a decision table L = (T, A, D),
where T = {t0, t1, tm—1} is a set of records in the table. A =
{a0, al, ..., ap—1} is a set of the condition attributes and D is
a set of the decision attributes. Let us consider decision tables
with one decision attribute. A set of rules R is generated from
this table L, where R = {Rule0, Rulel, ..., Rulen—1} is called
as reduct (Jiye, 2007). Reducts contains a set of attributes
that are sufficient to define all information in the data (Jiye,
2007). The new decision table is constructed as follows. A
new decision table Smx(n+1) has been prepared, where each
record from the original decision table u0, ul, ...,um—1 is the
row, and the columns of this new table consisting of Rule0,
Rulel, ...,Rulen—1 and the decision attributes. Decision rules

Rules from Jhonson algorithm
Rule 1: a, (n) AND a, (n) => D (0)
Rule 2:a (y) AND a, (n) => D (0)
Rule 3:a, (n) AND a, (n) =>D (0)
Rule 4:a (y) =>D (1)

Rule 5: a(y) AND a,(y) => D (1)

Rules from Genetic algorithm
Rule 1:a10(y) => D(1)

Rule 2: a (y) => D(1)

Rule 3:a, (n) AND a, (n) => D(1)
Rule 4:a, (n) AND a,(y) => D(1)
Rule 5:a, (n) AND a, (n) =>D (1)
Rule 6: a, (n) AND a (n) => D(0)
Rule 7:a, (n) AND a, (n) => D(0)
Rule 8:a, (n) AND a, (n) => D(0)
Rule 9:a,(y) AND a, (n) AND al0 (n) => D(0)
Rule 10: a,(y) AND a, (n) => D(0)
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Table 4. Identification of suspected Tweets.

Algorithm

No. of Tweets

Suspected tweets
Tweets with symptoms
Irrelevant tweets
Total

28
702
1106
1836

7. Conclusion

An effective social media based Medical Decision Support
system has been developed for identification of suspect of
HINTI flu virus. The experimental results showed that Rough
set theory helps in finding minimal set of attributes using
attribute reduction techniques and hence, preserves the
power of decision-making. Rough set theory find suitable
in decision-making because it does not required preliminary
information related to data, such as probability assignment
in Bayesian data analysis and Dempster-Shafer theory, grade
of membership in fuzzy set theory. Proposed approach is
one of the novel attempts using social media data rather
than clinical data sets for decision making in identification
of suspects. This approach can be applied in real-world
multi-attributes group decision making problems like in
economic sector, election prediction, government policies,
sports events etc. The experimental results strongly suggest
that it can perform better, if data has been collected from
different demographic regions with multiple time-intervals.
This work is only for experimental study and generated
rules may not applicable in same form in context to real life
problems. Suitable amendments should be incorporated as
per circumstances.

In future research work, incorporation of features and
reduction algorithms along with other intelligent techniques
may be considered to develop a social media based expert
system.
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