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ABSTRACT

Dengue is a vector born disease transmitted by Aedes aegypti mosquito. It has seen an
increase in the number of cases in Southeast Asia and Malaysia. The burden of dengue
fever outbreaks is causing the loss of lives and unnecessary waste of resources to the
authorities. There have been numerous research work studying the variables involved
in the life-cycle of the dengue spread. Variables mainly related to the vector elements
such as being an “Urban Disease”, weather patterns (temperature and rain), moon
phases and land use. In this context, the easy access to internet technology through
smartphone's and lowest cost of devices worldwide opens the way to new possibilities
for data collection through volunteered geographic information. The aim of this study
is to develop an urban health system to generate an index based on factors influencing
the dengue outbreaks and study the interest by the citizens to be involved and
transmitting data using smartphones using an App. The data could in a later stage be
integrated into the developed system. The developed index was generated by combining
spatial and temporal factors consisting of land use, temperature, rainfall, moon phases.
The app would transmit the data comprising of the existence of mosquito larvae,
rubbish, known dengue cases in the neighborhood, the vector bites pattern including the
location and the date. This study was restricted geographically to the areas of Selangor
state in Malaysia and the federal territories of Kuala Lumpur and Putrajaya for using
data for the years of 2014. The findings show that, after generating the dengue index
for the years of 2014 and 2015, it was observed from the time series that the generated
dengue index reflected the fluctuation in the number of cases 52 days in average before
the occurrence of the actual number of cases. Finally, the results also show that the
number of cases of dengue increased during the new moon phase every lunar month
and the cases and sites increased during raining seasons with little rain and high
temperatures while they would decrease during raining seasons with lower
temperatures. Crowdsourcing data from volunteers were received from users within
Malaysia and other countries as well, however, the data was out of the temporal frame
with the dengue data used in this research. In conclusion, this research two forewarning
cycles that have been identified on upcoming dengue outbreaks; a short cycle coinciding
with the moon phases while a longer cycle coinciding with the weather, land use
variables. Finally, data obtained from crowdsourcing in this study shows that even if
there was no advertising about the developed app, there was an interest drawn in
Malaysia and outside the country to contribute voluntarily with information. This data
could be integrated with the index in the future to assist relevant authorities to pinpoint
spatially the locations to intervene ahead of probable dengue outbreaks.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Dengue is one of the most alarming urban health related diseases Malaysia has been
facing since the first outbreak in 1962 even though many dengue outbreaks have been
documented since the 1950s in the region (Chew, 2016). Ongoing urban developments
in Malaysia in particular and the world as a whole, taking into consideration the
alarming dengue outbreaks in the past years with the highest recorded in 1996
(L. P. Wong, 2016); this research on current and historical data is an attempt to predict
where outbreaks will occur by studying existing cases and probable expansions of the
outbreaks by developing a system to generate an index based on the well-known factors
contributing in dengue outbreaks and crowdsourcing for displaying the data using
Geographic Information System (GIS).

Dengue is the result of the effect of a growing urban environment and the high
concentration of the population in the cities (Cheong et al, 2014). Putrajaya, the new
administrative capital of Malaysia with its modern urban planning is no exception to
the outbreaks (Mulligan, 2012). Urban health studies the effects that these urban
environments have on the health of a population. Acevedo-Garcia, D. (2001) in their
report titled "Why Urban Health Matters™ by the World Health Organization (WHO), it
is stated that cities growth tend to promote unhealthy lifestyles, such as “convenient”
diets, sedentary behavior, smoking, and the consumption of alcoholic substances
(WHO, 2010) especially in marginalized populations (Holveck, 2007). Other effects

such as the availability in these environments of man-made containers, transportation



of recycled tires and other goods are responsible for the rapid growth of the dengue
epidemic globally from two (2) countries in the fifties (The Philippines and Thailand ),
to nine (9) countries in 1970 and reaching about 100 countries in 2014 (WHO, 2015).
Several factors are causing this disease, in this research a system will be developed in
order to make use of the well-known factors in an attempt to help reduce the dengue
outbreaks and the transmitting entity from spreading and developing further using
crowdsourcing.

Subsequently, a "Dengue Index" mechanism will be established in order to be
used by the relevant authorities to take necessary action. By this research, a "Dengue
Index" will be generated based on known factors to predetermine short-term prediction
of dengue outbreak. The index will help local authorities to pinpoint the most probable

dengue locations to use their resources in a systematic, timely and efficient manner.

1.2 DENGUE OUTBREAK

Dengue is a viral infection transmitted by Aedes mosquitoes female bite (WHO 2012).
Until today, there is no treatment for dengue fever. Incubation takes 3-14 days after the
insect bite and has flu-like symptoms (Murray, 2013). Severe dengue is a flu-like
vector-borne disease transmitted by the female mosquito (Aedes aegypti) bite from
human or carriers to other humans. The burden of dengue is even if the number of cases
is underreported according to the World Health Organization is mainly concentrated in
South-East Asia. Dengue has four distinct serotypes: DEN1-, DEN-2, DEN-3, DEN-4.
Recovery from one provides immunity, however, cross-immunity against the others is
minimal (WHO 2015). In the same report WHO reported that the disease repartition

globally has increased dramatically. There is no real evidence on the numbers used by



WHO, uncertainties in countries with high populations such as China, Brazil makes it
difficult to have realistic figures (Bhatt, 2013).

According to WHO; more than 70% of the worldwide repartition is concentrated
in South East Asia and Western Pacific although the severity of the disease has
increased in recent years in terms of dengue cases and number of countries. Although
vaccines are being tested, the flu-like disease cannot be treated. Dengue can be lethal if
not treated on time (Bhatt, 2013).

Aedes cannot be mentioned without introducing its common name "mosquito”
and the term " vector”. Vector-borne diseases are diseases transmitted from human to
human or animals to humans by insects such as mosquitoes, ticks, aquatic snails, tsetse
flies, sandflies. Half of the world population is affected by vector transmitted disease.
Mosquitoes are the most efficient transmitting disease vectors (WHO 2015).
Mosquitoes are the origin of 9 vector-borne diseases. There are three main species of
mosquitoes that transmit the diseases according to WHO report:
i) Aedes: Dengue fever, Rift Valley fever, Yellow fever, Chikungunya. ii). Anopheles:
Malaria, Culex, Japanese encephalitis. iii). Lymphatic filariasis: West Nile fever
(WHO 2014). The first dengue outbreak in Malaysia was recorded in 1962 with 41 cases
and 5 deaths, followed by an increasing number of outbreaks in the seventies with
thousands of cases and tens of deaths (Mudin, 2015) with an alarming all-time record
of more than 100,000 cases and 900 deaths. According to this research, it was reported
that the age group affected by the disease was the group between 15 and 49 years old
with no indication of ethnicity differentiation (Mudin, 2015).

Since 1990, the Malaysian government has put in place a surveillance system at

the hospitals and institute of medical research called “Dengue Virus Surveillance



System" (DVSS) (Mudin, 2015). According to The Star Malaysian daily newspaper, the
state of Johor (neighboring Singapore) had 10,660 dengue cases for the first 9 months
of 2015 where 32 deaths were reported. This is a sharp increase of 163% compared to
the same period last year (The Star, 2015). The state of Selangor remains highest with
the number of cases reaching fifty-six percent (56%) of the cases. These cases are
contributed by Klang Valley 49% and 7% from the federal territories of Kuala Lumpur-
Putrajaya during the period of 2000 to 2014 (Mudin, 2015). Taking into account that
there is no existing vaccine or cure for dengue (WHO 2015), World Health Organization
(WHO) has published a list of preventive actions in order to control the transmission of
the dengue virus (WHO 2015) which are:

i. Preventing mosquitoes from accessing egg-laying environments.

ii. Disposing of solid waste properly.

iii. Covering and disposing of domestic water storage containers.

iv. Applying proper insecticides.

v. Improving community participation in “Dengue Prevention”.

vi. Using mosquito repellents and mosquito nets.

vii. Active monitoring of vectors.

1.3 Crowdsourcing in Urban Health

Some study found that a social media system enabling the prevention of dengue in and
proposed a predictive surveillance system to forewarn the relevant authorities
(Lwin, 2014). The mechanism of this system enables the data to be sent to servers using
civic engagement. Using the crowdsourcing platform, it will enable citizens to relay

data through an intuitive user interface. Existing research work was done in the state of



Johor (Salawu, 2013) suggesting the use of a mashup web map to display and allowing
manual Volunteered Geographic Information (VGI). Knowing the number of mobile
phone users in Malaysia would be a determinant factor in vector surveillance through
crowdsourcing. According to Malaysian Communications And Multimedia
Commission (MCMC), as of 31st March 2014, there was a total number of 43,248,000
mobile phone subscribers throughout the country, with penetration of 144.20 per 100
inhabitants (MCMC, 2015). The same study reveals that as per the survey date, about
close to two-third (63.3%) of the mobile phone users access the Internet through their
mobile phones (MCMC, 2015). Below is the mobile phone users distribution by state
in Malaysia extracted from the 31st March 2014 MCMC report (MCMC, 2015).

Figure 1.1 shows clearly that the highest number of users of smartphones in Malaysia

is located in Selangor, Johor and Kuala Lumpur.
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Figure 1.1 Smartphone Penetration in Malaysia by State. Source: MCMC 2014



1.4 PROBLEM STATEMENTS

In Malaysia, dengue outbreaks and dengue cases are still present, the local authorities
are still struggling to pinpoint the areas of higher dengue risk. In addition, there is no
way for the communities to be involved in the fight nor to be alerted with the emergence

of outbreaks. Thus, in this research, the problems for the study are:

e Dengue outbreaks are on the rise on a yearly basis in Malaysia and the rest
of the world. All data collected by the relevant health authorities are post
dengue outbreak and the information is disseminated through slow
channels.

¢ Disseminating the information and persuading the citizens to be involved
even at a smaller scale would be a challenge. Gathering real-time data from
several parties would is time-consuming and requires tremendous efforts to
follow up and maintain digital data acquisition.

e Local authorities cannot pinpoint locations prone to dengue outbreaks as
there is no pre-dengue-outbreak alarm system to alert the population about
the probable risks ahead.

e There is no app for the citizens of Malaysia to volunteer and be involved in
relaying systematically the existence of dengue vector proliferation to the
relevant authorities.

e There is no accurate way to measure dengue through an index.



1.5 RESEARCH QUESTIONS

The following are the research questions:

a.

How do spatial and temporal factors system help to predict a dengue
outbreak in an urban health context?

How does a crowdsourcing system developed in this study support in
reducing the yearly growth of dengue cases in Malaysia?

How can we quantify a dengue outbreak and measure the severity of a
dengue outbreak in Malaysia through an index?

Would developing a mobile phone app encourage citizens to participate
voluntarily in flagging dengue known factors and make dengue information

disseminate faster?

1.6 AIM AND OBJECTIVES

This research aim to develop a system on urban health to generate a dengue index based

on using known spatiotemporal factors contributing positively in the vector’s lifecycle

and crowdsourcing. The process would allow the relevant authorities to identify areas

with high dengue outbreak probability. In this context, the main objectives are:

1.

2.

To analyze historical dengue outbreak data for the years of 2014 and 2015.
To develop a crowdsourcing system and analyzing the interest by the
citizens in responding voluntarily.

To develop a system to extract data of the vector supporting factor to
generate a dengue index.

To recommend the potential of crowdsourcing technology in handling

urban health issues.



1.7 RESEARCH SCOPE AND LIMITATION

1.7.1 RESEARCH SCOPE
The research scope would include:
1. Database timeframe for the research will be from the year 2014 to 2015 due
to the data limitation.
2. The development of this system based on the analysis of land use,
temperature, rainfall, moon phases and data from crowdsourcing.
3. Analyzing crowdsourcing data from the app (X-Waba) that has been
developed to support the calculation of dengue index.
4. Using temporal factors: temperature, rainfall, moon phase and the spatial

factor: land use to forecast dengue outbreaks.

1.7.2 RESEARCH LIMITATIONS

Three limitations have been identified in this study which are as follow:

1. Data Availability: This research would not be possible without the dengue outbreak
data provided in detail and in the continuous timeline required. Complete data is only
available for the years of 2014 and 2015 due to data restrictions by the government
policies.

2. Time Constraint: The research timeframe for this study is two years.

The time constraints for this research work is mainly for the data collection and

conversion into a seamless GIS database.



3. Crowdsourcing data availability:

I.  Crowdsourcing data will not be available if the app is not used by the citizens
or the level of participation is low.

ii.  The data collected by the app would be from the date the app starts to be used
until present which is outside of timeframe of the data made available by the

ministry of health in Malaysia.

1.8 RESEARCH SIGNIFICANCE AND CONTRIBUTION

This research will allow to predict dengue outbreaks and reduce the cases significantly.
Our contribution would be to use GIS tools to predict dengue outbreaks rather than
analyzing new outbreak data. The developed system will generate a dengue index based
on a set of variables influencing the life cycle of the vector. The index will be generated
on a daily basis to alert citizens through the volunteered geographic information
provided an existing surrounding data affecting the lifecycle and the behavior of the
Aedes mosquitoes. The Dengue Index will be displayed as a heat map representing the
probability of contracting dengue in a certain location of the study area. Once the system
is developed, it could be easily replicated in the rest of the states in Malaysia and even

in other countries suffering from the heavy dengue burden.

19 STUDY AREA

The location of the research will be concentrated in the state of Selangor (Figure 1.2)
and its federal territories which are Kuala Lumpur and Putrajaya in Malaysia. This
choice was made taking in consideration that the statistics show that the state of

Selangor and its federal territories have the highest number of dengue cases in the year



of 2014 (Mudin, 2015) it has the highest rate of smartphone penetration in the country
(MCMC, 2015). The state of Selangor is located on the west coast of Peninsular
Malaysia. it contains spatially the federal territories of Kuala Lumpur and Putrajaya.
Selangor also contains two cities, Shah Alam and Petaling Jaya. Thus, the state is the
most populated in the country with a total of more than 6.1 million population excluding
Kuala Lumpur and Putrajaya which is more than 20% of the overall population in
Malaysia (Figure 1.3). Selangor is located in Latitude 3.519863° and longitude
101.538116°, it is the largest state by area in West Malaysia with a total number of nine
districts which are namely Gombak, Hulu Langat, Hulu Selangor, Klang, Kuala Langat,
Kuala Selangor, Petaling, Sabak Bernam and Sepang. The study area has been selected
for the following criteria:

1. Mostly dense in the country in terms of population.

2. It has the highest smartphone penetration in the country.

3. The state of Selangor with the federal territories of Kuala Lumpur and Putrajaya

have recorded the highest cases of dengue fever (DF) in the country for the years

of 2014 and 2015.
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