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BACKGROUND

INTRODUCTION

The world is becoming increasingly more urban. By 
2030 urban populations are projected to increase 
by 68% from 3.4 billion to 5 billion, while urban land 
cover is expected to increase by 200% (since the year 
2000) (Fragkias et al., 2013). Put in a different way, 
the World Health Organization (WHO) reports that by 
2030, six out of every ten people will live in cities. While 
historically Western cities have experienced the lion’s 
share of population increase, it is believed that further 
urban growth will take place primarily in the cities of 
developing countries, a milieu wherein urbanization 
occurs more rapidly, sometimes in unplanned and 
unsustainable ways (Alirol et al., 2011; Godfrey 
and Julien, 2005; Eckert and Kohler, 2014). When 
urbanization is unplanned, rapid, and unsupported 
by public infrastructure and services, it often results 
in informal settlements (e.g. shantytowns) with 
inadequate housing, poor sanitation, and crowding, all 
of which facilitate the spread of infectious diseases 
(Godfrey and Julien, 2005; Moore et al. 2003; Eckert 
and Kohler, 2014). 

Some consider dengue fever the most prevalent 
vector-borne infectious disease (Gubler, 2011). It was 
reported in 2011 that nearly 2.5 billion people were 
living in areas affected by dengue (WHO, 2011). A recent 
study estimates the annual global cost of dengue at 
$8.9 billion dollars, resulting from a total of 58 million 
symptomatic dengue virus infections (95% uncertainty 
interval [95% UI] 24 million–122 million), of which 13,586 
were fatal (95% UI 4,200–34,700) (Sheppard et al., 2016). 
As some researchers assert, control of the principal 
vector, the mosquito Aedes aegypti, is the only option 
for prevention and control given the lack of vaccine or 
specific treatment for the disease (Suaya et al., 2007; 
Massad and Coutinho, 2011). Therefore,  as the world 
becomes more urbanized and populations continue to 
grow, the utilization of new and innovative approaches to 
infectious disease vector control, at both the community 
and administrative levels, will be increasingly necessary 
to combat the spread of this disease.  

AEDES AEGYPTI: GENESIS & DISTRIBUTION

The Aedes aegypti mosquito is the principal disease 
vector, alongside Aedes albopictus, of dengue, 
chikungunya, zika, and yellow fevers (CDC, 2016). While 
the ancestor of the domesticated form of  Ae. aegypti 
almost certainly originates in sub-Saharan Africa, 
presence of ae. Aegypti in the Americas has been 
linked to the arrival of Europeans, where it is believed 
they were transported via ships wherein conditions 
were favorable to facilitate selection of a domestic type 
(Powell and Tabachnik, 2013). 

Civilization can be seen as a driver in the prevalence 
of this particular mosquito: where humans go, so 
follows Ae. aegypti. As the researcher Paul Reiter 
(2010) asserts, humans are the perfect host for Ae. 
aegypti because they provide safe shelter, plentiful 
food, and abundant sites for procreation. It is perhaps 
for this reason that Ae. aegypti are rarely found more 
than 100m from human habitations and feed almost 
exclusively on human blood. Analogous to other 
mosquito species, Ae aegypti is known for its daytime 
activity with peak biting times occurring early in the 
morning and in the evening before dusk wherein a 
female will take blood meals from multiple people 
(WHO, 2016).

Urban breeding habitats for Ae. aegypti are typically 
man-made containers that collect and hold water such 
as tires, buckets, water storage objects/devices, and 
disposable containers; large “permanent” containers 
such as concrete barrels in construction sites; 
washtubs; water feeders for livestock; swimming pools 
(out of season and/or not in use); potholes and ditches; 
detention and retention ponds; and engineered drainage 
systems that may be poorly working (e.g.. storm 
water drainage) (Irwin et al., 2008; Keating et al., 2004; 
Reiter, 2010; Troyo et al., 2008). Dengue-transmitting 
mosquitoes lay eggs on the walls of these water-filled 
containers and, once hatched, can survive for months 
submerged beneath the water’s surface. Additionally, 
Ae. aegypti can lay dozens of eggs up to five times 
during the course of their 8-10 day life cycle, making 



4 | The Geneva Challenge 2016

it one of nature’s most prolific propagators (CDC, 
2016). Ae. aegypti can be found all along the equatorial 
Tropics but has recently experienced an increase in 
range, spreading to the southeastern United States as 
well as southern Europe (Kraemer et al., 2015).

THE GLOBAL BURDEN OF DENGUE

Dengue (also Dengue Haemorrhagic Fever) is a 
mosquito-born viral disease transmitted by female 
mosquitoes of the species Aedes aegypti and Aedes 
albopictus, typically found in urban and peri-urban 
environments. The disease has a historical stronghold 
in the tropics where variations in transmission risk are 
related to temperature, rainfall, and unplanned rapid 
urbanization (WHO, 2016). 

While there are undoubtedly many factors that have 
contributed to the emergence of epidemic dengue, the 
researcher Duane Gubler (2011) cites the following 
as the principal drivers: urbanization, globalization, 
and lack of effective mosquito control. As a result, 
incidence of dengue continues to grow worldwide 
and member states in the WHO network reported 
nearly 2.4 million cases annually in 2010, 2013, and 
2015. However, arriving at accurate numbers of 
dengue incidence can be a challenge. The disease 
presents with flu-like symptoms, which in concert 
with the passive surveillance systems typical of 
dengue endemic countries, can lead to widespread 
misclassification and underreporting of cases (Gubler, 
2011). For example, a recent study from Bhatt et 
al. (2012) estimates 390 million dengue infections 
annually (95% credible interval 284–528 million) with 
96 million manifesting with any severity of disease, 

Vector-Borne Diseases Vector Species Descriptions (WHO, CDC)

Chikungunya Aedes aegypti, Aedes albopictus Identified in over 60 countries in Asia, Africa, Europe and the Ameri-
cas. Africa, Asia, and India most at risk. Since 2005, India, Indonesia, 
Maldives, Myanmar and Thailand have reported over 1.9 million 
cases.

Dengue Aedes aegypti, Aedes albopictus Estimate of 390 million infections each year with 128 countries at 
risk.

Eastern Equine Encephalitis Culiseta melanura and Aedes, 
Coquillettidia, Culex species

Distributed throughout Eastern United States in woodland areas. 
Average of 8 cases each year.

Japanese Encephalitis Culex species Distributed throughout many countries in Asia. 68,000 cases each 
year.

LaCrosse Encephalitis Aedes triseriatus Distributed throughout Midwestern and southeastern states in the 
United States. Approximately 80-100 cases each year.

Malaria Anopheles species As of 2015, 95 countries and territories had disease transmissions 
with Sub-Saharan Africa being the most concentrated. Approximately 
3.2 billion people at risk of Malaria.

St. Louis Encephalitis Culex species Distributed in eastern and central United States. Average of 7 cases 
each year.

West Nile Virus Primarily Aedes, Anopheles, 
Culex species

Distributed in Africa, Europe, the Middle East, North America and 
West Asia. Recent outbreaks in the USA (since 1999).

Yellow Fever Aedes aegypti, Aedes albopictus 47 countries in Africa and Central and Southern Americans at risk. 
4,000–170,000 severe cases and 29,000–60,000 deaths based on 
2013 modeling.

Zika Virus Aedes aegypti, Aedes albopictus Mainly distributed in Central and South America.  No official number 
of reported cases internationally; less than 1,000 cases in the United 
States.

Table 1. Common vector-borne diseases, the mosquitoes that transmit them, and their global impact and distributions



5 | The Geneva Challenge 2016

while yet another study estimates that 3.9 billion people 
in nearly 128 countries are at risk of viral infection by 
dengue (Brady et al., 2013).

Widespread global outbreaks of dengue were reported 
in 2015 with the Philippines reporting 169,000 cases 
and Malaysia reporting more than 111,000 suspected 
cases, representing a respective 59.5% and 16% 
increase in case numbers from the previous year. While 
there is no specific treatment for dengue, the disease 
is rarely lethal. If left untreated it can progress to 
severe dengue (also known as dengue haemorrhagic 
fever), which disproportionately affects the young 
and is a leading cause of serious illness and death for 
children in some Asian and Latin American countries 
(WHO, 2016). However, the relatively low mortality 
rates associated with dengue belie the true burden of 
the disease upon communities in which it is endemic. 
Dengue epidemics induce considerable chaos, social 
upheaval, and economic loss in the communities where 
they occur (Gubler, 2011).   

VECTOR CONTROL IN THE DEVELOPING WORLD

According to the CDC, Ae. aegypti is an increasingly 
difficult disease vector to control and eliminate due 
to environmental adaptations that make it highly 
resilient and able to recover population loss as a 
result of various disturbances: natural phenomena 
(e.g.. drought); or human intervention (e.g.. control 
measures). In fact, Ae. aegypti larvae can withstand 
a phenomena known as desiccation (drying), where 
they survive without water for months by clinging to 
the inner walls of containers and essentially waiting for 
water to return and thus spur hatching (CDC, 2016). 

Researchers have reported on the historic success of 
dichlorodiphenyltrichloroethane (DDT) in eliminating 
Ae. aegypti, noting that after World War II the species 
was eliminated from 22 countries due to widespread 
application of the chemical (Reiter, 2010). However, 
due to the environmentally persistent qualities of DDT, 
its tendency to bioaccumulate in various biota,  and 
its potential to cause negative health outcomes for 

exposed populations, it is used sparingly today and 
only typically in South America, Africa and parts of Asia 
(NPIC, 1999). As a result, many authorities have turned 
to the highly visible and politically popular method of 
spraying insecticidal aerosols (organophosphates or 
pyrethroids) from hand-held devices, road vehicles, or 
aircraft to cull mosquito populations (Gubler, 2011). 
This so-called ‘blanket approach’ is generally as 
expensive as it is ineffective, especially in the case of 
Ae. aegypti, which spends most of its time indoors, 
where it is far away from any aerosolized chemicals 
present outside (Reiter, 2010; Gubler, 2011).
 
In developing countries, vector habitat control 
interventions typically target mosquitoes at the larval 
stage through source reduction, chemical interventions, 
and biological control. Larviciding is an approach that 
seeks to destroy mosquito larvae before they can 
mature to adulthood and disperse; the method requires 
direct application of chemical insecticides to larval 
habitats. However, evidence supporting the efficacy 
of this method is rather weak despite the fact that 
it remains a pervasive population reduction tactic. 
Larval habitats can be small, dispersed, and transient 
in nature, making them difficult to target successfully. 
Source reduction involves the removal or permanent 
destruction of mosquito breeding sites, which is 
particularly effectual for control of container-breeding 
mosquito species such as Ae. aegypti and is far less 
disruptive to the environment than chemical larviciding 
(CDC, 2016; EPA, 2016). 

Other methods for disease vector habitat control 
include community-education and surveillance 
techniques (Healy et al., 2014; Troyo et al., 2008; WHO 
2016). Nevertheless, successful mosquito control is 
a multi-faceted issue with no universally efficacious 
approach, as evidenced by a study conducted in 
Puntarenas City, Costa Rica, which found that after 
a decade of applied vector control measures that 
included chemical larviciding, surveillance, community-
education, and environmental management, disease 
vector densities could not be lowered to threshold 
levels (Troyo et al., 2008). In fact, the researchers found 
that 80% of viable vector habitats were located indoors. 
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These findings reinforce the belief that current disease 
vector control methods are far from perfect and that 
innovation and progression are necessary to keep pace 
not only with the evolution of these disease vector 
habitats but with the ever changing environment as 
well.

PARTICIPATORY GIS (PGIS), COMMUNITY
EDUCATION & VECTOR HABITAT CONTROL

A Geographic Information System (GIS) is a computing 
application able to create, store, manipulate, visualize, 
and analyze geographic information (Goodchild, 
2006). In defining Participatory GIS,  Dunn (2007. 
619) comments, “a PGIS entails widening the notion 
of participants or ‘users’ to include ‘the public’ and, 
particularly, marginalized groups[...]and involves local 
communities in the creation of information to be fed 
into the GIS and subsequently used in spatial decision 
making which affects them.”

The World Health Organization’s principal strategy for 
controlling infectious disease vectors is community-
based source reduction, or the destruction of breeding 
sites by community members (Reiter, 2010; WHO, 
2016). Current research has been inconclusive thus far 
in determining the true efficacy of integrating PGIS and 
community-educational approaches into controlling 
disease vector habitats, but generally the results have 
been encouraging and provide a good jumping-off 
point for future improvements. Dongus et al. (2011) 
utilized PGIS as a component in operational malaria 
vector control in Dar es Salaam, Tanzania and found 
that the PGIS element resulted in greater accuracy in 
identification of larval habitats within the study area. 
Another recent study conducted in two counties in 
New Jersey measured whether active community 
education on source reduction methods for mosquito 
habitat control have a positive effect on the reduction 
of incidences of container habitats. Results from the 
study indicated that treatment sites (i.e. those exposed 
to community education on source reduction methods) 
exhibited greater source reduction behaviour than 
control sites (i.e. those not exposed to any community 

education) by a factor of 68.2% to 23% respectively. 
Additionally, a repeated measures analysis showed 
significant reduction of container habitats in treatment 
sites compared to the increase observed in control 
sites for both counties (Healy et al., 2014). 

A similar study in 2016 yielded contrasting results. 
Bodner et al. (2016) tested the effectiveness of print 
education materials at reducing urban mosquito 
exposure through improving resident knowledge of 
and attitudes towards mosquitoes and mosquito 
management in Washington DC. The researchers 
used a before and after control intervention (BACI) 
design to measure the relative improvements—or lack 
thereof—in the knowledge, attitude, and practices (KAP) 
of residents to mosquitoes. Researchers compared 
intervention households, which received education 
materials, to control households, which did not receive 
any materials. While their findings suggest that 
printed educational materials had an overall negative 
influence on household source reduction practices, the 
findings also showed decreases in overall mosquito 
abundances due to reductions in container habitats, 
indicating that resident‐based mosquito management 
can be effective at reducing the development of vector 
mosquitoes and exposure to biting adults.

CROWDSOURCING APPLICATIONS FOR PUBLIC 
HEALTH

According to Brabham et al. (2014), crowdsourcing 
is an online, distributed, problem-solving, and 
production model that uses the collective intelligence 
of networked communities for specific purposes. 
Collective intelligence refers to the scaled-up capacity 
of large groups, fostered by the network structure of 
the Internet, with the ability to engage in large-scale 
interactions (Levy, 1995; Noveck, 2006; Terranova, 
2004). 

An application utilizing a crowdsourcing approach 
to data collection would foster a network of citizen 
sensors “who actively observe, report, collect, analyse, 
and disseminate information via text, audio or video 
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messages,” (Sheth, 2009. 80). Goodchild (2009. 218) 
couches this concept of citizen sensing networks 
within the larger field of Volunteered Geographic 
Information (VGI) and conceptualizes this network as 
having over “6 billion components, each an intelligent 
synthesizer and interpreter of local information,” and 
states that “One can see VGI as an effective use of 
this network, enabled by Web 2.0 and the technology 
of broadband communication.” Boulos, et al. (2011. 6) 
asserts that a benefit of utilizing these citizen sensing 
networks is the fact that, “humans continuously 
subconsciously and consciously sense, process, and 
induce inferences from events around them in real-
time.”

Brabham et al. (2014) proposes a four-type typology 
for understanding the kinds of Public Health issues 
that would be most appropriate for a crowdsourcing 
approach. They are Knowledge Discovery and 
Management (KDM); Distributed Human Intelligence 
Tasking (DHIT); Broadcast Search (BS); and Peer-
Vetted Creative Production (PVCP). A KDM approach to 
crowdsourcing is especially ideal for issues that require 
information gathering, organizing, and reporting (i.e. 
the creation of collective resources). KDM, according 
to Brabham et al. (2014), involves the mobilization of 
an online community in the service of this information 
gathering and reporting, and is typically utilized by 
organizations when the problems they face require the 
discovery of information existing in scattered locations 
outside of the organization.

Advantages of a crowdsourcing approach include 
real-time data collection that is both time stamped and 
georeferenced, as well as the overall accessibility of 
the data for further analysis (Schootman et al., 2016). 
According to Schootman et al. (2016. 3), “the ability of 
crowdsourcing to monitor environments and disease 
phenomena in real-time among large populations 
is unparalleled.” Additionally the instantaneous 
access to location-specific social commentary and 
spatio-temporal fluctuations in phenomena provide 
meaningful data that may facilitate the detection of 
associations otherwise invisible in less frequent or 
lower resolution data sources (Schootman et al., 2016). 

Limitations of crowdsourcing include the reliance 
on self-reported data, the need to sift through large 
amounts of data in order to gain any meaningful 
insights, and the potential for selection bias to occur 
(Schootman et al., 2016). Another potential limitation 
of this approach is that low income or income-deprived 
locales may have limited access to the requisite mobile 
cellular networks, thus inhibiting the overall efficacy. 
However, researchers ultimately see potential for 
crowdsourcing in these areas due to the successful 
efforts of researchers in parallel fields, who have 
utilized mobile networks to deliver healthcare and 
communicate with physicians in income-deprived 
countries such as Nepal, Botswana, and Bolivia 
(Schootman et al. 2016; Ndlovu et al., 2014; Patterson 
V., 2014; Piette et al. 2014).
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OUR PROPOSAL

A MOBILE CROWDSOURCING APPLICATION FOR 
DISEASE VECTOR HABITAT CONTROL 

We are proposing the design and implementation of 
a mobile smartphone application that would facilitate 
more accurate and robust collection of real-time 
data pertaining to infectious disease vector habitats 
in rapidly urbanizing locales. The principal goal of 
UrbanEyes would be to aid local authorities and 
governments in their efforts to identify and remediate 
infectious disease vector habitats in urban and peri-
urban areas. This goal would be achieved through 
education, surveillance, and real-time data collection 
via mobile smartphones.  

App Primary Functions

Education
• Identification – users are provided with written 

instructions including photographic examples on 
how to accurately identify the following: typical Ae. 
aegypti habitats; presence of Ae. aegypti larvae; 
presence of Ae. aegypti adults.

• Source Reduction – users are provided with 
information about how to reduce the number of 
vector habitats on their own premises through 
active removal of plastic and/or peridomestic 
containers. 

Surveillance
• Geotagging – users are prompted to drop a pin on a 

map interface where they suspect a vector habitat 
to be located.

• Reporting – once a pin is dropped, users are 
prompted to answer a series of questions designed 
to provide context for their suspected vector 
habitat such as the type of habitat (e.g. a plastic 
container), whether larvae are present, and whether 
or not the habitat is visible from the road.

• Additional Information – users are prompted to 
provide a photograph of the suspected vector 
habitat. 

 
Data Collection
• Crowdsourcing – every geotagged location 

(dropped pin) of a suspected vector habitat will be 
visible on the application’s map interface, updated 
in real time, such that users can see where habitat 
hotspots exist and if their current location has 
already been geotagged. 

• Aggregation – all of the geolocated suspected 
vector habitats, information from the reports and 
images will be summarized in tabular form and 
stored in an online database. 

SUPPORTING URBANEYES

Funding
Due to the fact that UrbanEyes targets cities in the 
developing world whose governments are often 
economically disadvantaged, receiving funding for the 
app through government support might not be a viable 
option. Typical costs for the design and development 
of a mobile application are wide-ranging with cost 
largely being a function of app complexity. However, 
most industry professionals agree on a baseline cost 
of approximately $150,000 for development of the first 
iteration of the app (Fueled, Formotus).
 
While there are many routes one can take to secure 
funding for a project such as this, one popular and 
proven approach is to do so through angel investors. 
According to Forbes, an angel investor is an individual 
who invests in early stage or start-up companies in 
exchange for an equity ownership interest, with a typical 
investment ranging from $25,000–$100,000. Angel.co is 
a website that connects investors to startups of all kinds 
and vice versa. By accessing Angel.co and selecting 
to view individuals or entities who invest specifically in 
Health Care Information Technology, one can see there 
are approximately 13,000 potential investors in this field. 
It would therefore be feasible to seek funding from any 
number of these individuals or entities, thus lessening 
the financial burden on governments of developing 
countries who wish to integrate UrbanEyes into their 
Public Health programs.
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Yet another route to securing funding for Urban Eyes 
could be done by way of crowdfunding, which is the 
practice of funding a project or venture by raising 
monetary contributions from a large number of people, 
typically through an online medium such as Kickstarter 
or GoFundMe. Stats from Kickstarter report the number 
of successfully funded projects categorized under 
‘Technology’ at 4,600 with 864 of those raising between 
$100,000 - $999,999, and 60 raising more than $1 
million (Kickstarter).  

Marketing
Given the aforementioned budgetary constraints often 
experienced by governments and localities of the 
developing world, the marketing scheme for cities, 
countries, and/or agencies who want to encourage 
citizen participation in UrbanEyes should be optimized 
for cost. While not all tenets of guerilla marketing 
would necessarily apply, the basic axiom of prioritizing 
the investment of energy over money is particularly apt. 
In a world that is becoming ever more connected, the 
advent of social media provides enormous opportunity 
to reach people and engage in the dialogues that spur 
the type of community-level participation requisite for 
the success of a project like UrbanEyes. 

The website Statista.com reports that the number of 
worldwide social media users is estimated to reach 
2.5 billion by 2018, with approximately 500 million 
coming from China and 250 million from India. 
Business researchers assert the power of social media 
to build relationships between organizations and 
their customers, employees, communities, and other 
stakeholders (Felix et al. 2016). Therefore, if a city or 
country wants to encourage citizens to participate in 
active data collection via UrbanEyes, a logical approach 
would be to generate exposure by featuring the app on 
various social media platforms (e.g. Instagram, Twitter, 
Facebook) with the hashtag #UrbanEyes. This exposure 
could be bolstered at regional as well as global scales 
with endorsement by premier international health 
organizations such as WHO, PAHO, Worldbank, UNICEF, 
UNDP, and International Red Cross.

Data Management
All data collected by UrbanEyes would be publicly 
available, stored on an open source database system 
like PostgresSQL, MySQL, Firebird, Cubrid, MariaDB, 
or MongoDB. Cities or countries wishing to access 
UrbanEyes data would simply need to query the 
database for the requisite entries and download. Once 
obtained, the data would need to be further cleaned 
and harmonized, depending on its application, by data 
analysts or GIS professionals employed by the local 
governments in question.
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Fig. 1 UrbanEyes Operations Flow Chart
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CASE STUDY

MALAYSIA’S DENGUE PROBLEM

Malaysia is a highly open, upper middle-income nation 
with plans to achieve a high-income, developed nation 
status by 2020 (CIA, 2016; World Bank, 2016). As of 
2015, 74.7% of the population lives in an urban setting 
with an urbanization rate of 2.66% (CIA, 2016). With a 
gross domestic product (GDP) of 292.2 billion dollars 
(World Bank, 2016), Malaysia is considered to be in the 
upper echelon of developing and emerging economies 
alongside Poland, Russia, and Chile (Pew, 2016). 
Despite this designation, Malaysia is exceptionally well-
connected digitally. According to the Pew Research 
Center, 65% of Malaysian adults report using the 
internet daily, while 68% report owning a smartphone. 

However, despite the relative economic success of the 
country, dengue has been a persistent health issue in 
Malaysia, likely because of its high population (30.3 
million in 2015) and tropical location. 2015 was by far 
the worst year in recent history for dengue in Malaysia, 
with 120,836 cases and 336 deaths reported, up from 
approximately 100,000 cases and 200 deaths in 2014 
and 40,000 cases and 92 deaths in 2013. 

THE ECONOMIC BURDEN OF DENGUE IN MALAYSIA

Due to the persistence of dengue in Malaysia, 
prevention and treatment have been costly financial 
burdens for the country, with a calculated cost of 
US$175.5 million in 2010, or 0.03% of the country’s 
GDP, for the public sectors (Packierisamy et al., 
2015). Additionally, Packierisamy et al. (2015) report 
that Malaysia’s costs are much higher compared 
to neighboring countries’ average expenditures on 
dengue prevention and treatment: 0.01% and 0.02% 
of GDP for Cambodia and Singapore, respectively. 
Inherent in this issue is Malaysia’s misallocation of 
resources: of the $175.5 million spent to combat 
dengue in 2010, only 15% was allocated for education 
and promotion of habitat management methods (i.e. 
source-reduction) (Packierisamy et al., 2015). This is 
an important fact because active community education 
on container-habitat management has been shown to 
have a significant impact in controlling populations of 
container-breeding mosquitoes (Al-Muhandis, 2011; 
Packierisamy et al., 2015; Bodner et al. 2016). 

UrbanEyes would be a relatively low-cost aide in 
combating dengue by not only providing a baseline 
of education for populations on source reduction 

Line Item and Totals District Level State Level Federal Level All Levels

Aggregate (US$million)

Human Resources 44.41 3.06 0.14 47.61
Building 3.87 0.35 0.04 4.56
Vehicles 5.15 0.29 0.01 5.44
Fogging equipment 3.89 N/A N/A 3.89

Pesticides 8.02 N/A N/A 8.02
PPE 1.83 N/A N/A 1.83
Outsourced fogging services 0.57 N/A N/A 0.57
National dengue prevention advertisement program NA N/A N/A 1.53
Total (US$million) 67.73 4 1.72 73.45
Per reported case (US$) 1467.02 86.6 37.21 1590.9
Per capita population (US$) 2.47 0.15 0.06 2.68

Table 2. Dengue vector control costs by line item and level of government, Malaysia, 2010 (Packierisamy et al., 2015)
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methods, but by spatializing data on potential vector 
habitats, thereby allowing local governments and 
authorities to allocate resources in a more efficient, 
focused manner than the currently favored method 
of spraying insecticidal aerosols, which is costly and 
ineffective. By encouraging citizens to play an active 
role in the control of vector habitats, the total cost 
of prevention and treatment for dengue could be 
significantly lowered. 

STUDY AREA - KUALA LUMPUR, MALAYSIA

In this case study we focus on Kuala Lumpur, the 
capital city of Malaysia. Kuala Lumpur is the most 
populous city in Malaysia, with a density of 17,831 
inhabitants per square mile. In terms of per capita 
reported dengue cases, Kuala Lumpur is second only to 
the state of Selangor, with over 4,000 cases of dengue 
reported as of July 2016 (idengue.remotesensing.
gov.my, 2016), and approximately 22 cases per day. 
With a smartphone penetration rate of 220.8 per 100 
inhabitants (skmm.gov.my, 2014), Kuala Lumpur has 
the highest rate of anywhere in Malaysia. Thus, by 
being the largest, most densely populated city with the 
second highest rate of Dengue cases and the highest 
rate of smartphone users, Kuala Lumpur makes for an 
ideal study area.

GOVERNMENT & COMMUNITY INTERVENTIONS

Due to the recent surge in dengue cases, there has 
been a rise in both public and government efforts to 
combat the disease. Citizens have been demanding 
action from the government, while volunteers have 
formed “anti-dengue squads” that work together to 
identify and larvicide Ae. aegypti larval habitats found 
in clogged drains and other areas (Packierisamy 
et al., 2015; irinnews.org, 2015). Agencies such as 
the Malaysian Remote Sensing Agency (ARSM), 
the Ministry of Health (MoH), and Kmuniti Bebas 
Denggi— a flagship project of Malaysia’s Ministry of 
Science, Technology and Innovation (MOSTI) focused 
on educating and warning the public about dengue 

fever—have started initiatives to collect spatial data 
on reported dengue cases (bebasdenggi.my, 2016; 
idengue.remotesensing.gov.my, 2016; moh.gov.my, 
2016).

iDengue is a Malaysian agency dedicated to mapping 
out the reported cases and hot spots throughout 
the country. As this agency is already committed 
to collecting spatial data on this phenomena, we 
envision a seamless integration of UrbanEyes with 
the Malaysian government, acting as a supplemental 
data source to assist iDengue in mapping out vector 
habitats. Additionally, UrbanEyes, with the full 
support of Malaysian agencies like iDengue and the 
Health Ministry, could more effectively disseminate 
educational materials on source reduction methods, 
a proven approach to controlling populations of 
container-breeding mosquitoes like Ae. aegypti. 
Given this precedent of proactivity on behalf of the 
government and the community, we believe UrbanEyes 
could be a highly effective tool for Malaysia in its 
efforts to control infectious disease vector populations. 

METHODS & ANALYSIS OF CASE STUDY

We envision the UrbanEyes app to work in a 
collaborative capacity with public and government 
agencies such as iDengue, which could mobilize their 
member networks to utilize the app to crowdsource 
data on vector habitats. The methods and utilization 
of UrbanEyes will essentially follow its operations flow 
chart. 

Education
• Public education on dengue appears to be fairly 

active in Malaysia (bebasdenggi.my, 2016, www.
irinnews.org, 2015) which is favorable for the 
successful integration of the UrbanEyes. In working 
with the public, agency workers and citizens will 
first be educated on how to identify typical Ae. 
aegypti habitats and how to rid their own homes 
and properties of potential habitats through source 
reduction. 
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Surveillance (VGI)
• Government officials and public volunteers will 

use the app to locate current or potential habitats 
throughout Kuala Lumpur. As an individual 
identifies a vector habitat, a picture of it can be 
taken and its location will be geotagged. Users will 
then report information and descriptions of the 
habitat by completing a series of questions.

Data collection (Database)
• Crowdsourced data will be stored in a database 

that can be accessed by the public. Geotagged 
locations will be visualized in the map interface 
which will be updated in real time. Attribute data 
will also be provided summarized in tabular form. 

Results of Crowdsourced Data with UrbanEyes & PGIS
Anyone using UrbanEyes will be able to visually locate 
areas with a high density of pins (i.e. ‘hotspots’) on the 
map interface to either validate the habitat or remediate 
it via the application of insecticides, larvicides, or 
by simply removing the structure containing the 
habitat (i.e. ‘source reduction’). ARSM and MoH can 
incorporate the spatial and attribute data with GIS 
into their research to potentially gain insights into the 
geographic distributions of vector habitats in Kuala 
Lumpur. This data can be spatially and statistically 
analyzed to identify hotspots, patterns, trends, and 
even interpolate where habitats may arise in the future. 
A similar study has been done using PGIS on a smaller 
scale without the use of electronics for the volunteers. 
Mwangungulu et al. (2016) had participants identify 
areas on gridded maps based on the density of 
mosquitoes from high to low, which were then digitized 
and interpolated utilizing Inverse Distance Weighting 
(IDW). 

DISCUSSION OF CASE STUDY

Limitations of the UrbanEyes data include validation 
of the habitat data collected by users, potential 
for selection bias to occur, and incentivizing active 
participation by the public in using the app to collect 
data. Much of the data collected with the UrbanEyes 

app will not be done by professionals, but rather by 
public volunteers, which may result in any number of 
erroneous contributions (Kanhere, 2013). Additionally, 
varying devices may have different levels of accuracies 
that affect data integrity (Stevens, 2010). The 
use of UrbanEyes to collect data hinges on public 
volunteerism; based on the documented precedent of 
public activity to combat dengue, the assumption is 
that the Malaysian public will embrace this application 
freely. However, the challenges of fostering a level 
of necessary participation with the app cannot be 
understated.

 



Fig. 1 Map of Malaysian population density per square mile by state territories



Fig. 2 Malaysian dengue cases. Dengue case rates are per 1000 citizens based on total recorded cases as of July, 2016 by state territories



Fig. 3 Malaysian smart phone user rate based on subscriptions by state territories. A rate over 100 indicates multiple sub-
scriptions, i.e. a penetration rate of 200 per 100 citizens is approximately one person having two subscriptions.
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FUTURES

WHERE CAN URBANEYES GO?   

Current vector disease control methods are far from 
perfect as evidenced by the study in Puntarenas 
City, Costa Rica wherein threshold levels were not 
achieved even after a decade of surveillance and 
chemical control measures (Troyo et al., 2008). Yet 
another example comes from a study in Tanzania 
where larviciding was not fully optimal due to improper 
application and lack of knowledge by participants as 
to the location of the targeted vector larval habitats 
(Dongus et al., 2011). 

The proposed mobile app UrbanEyes will attempt to 
correct for these shortcomings by tapping into the 
collective knowledge of citizens and using them as a 
network of citizen sensors. This “eyes on the street 
approach” and utilization of citizens as sensors not 
only aids public health agencies in filling in the gaps 
of habitat locations, but is also especially appropriate 
for areas that are infrastructure deficient and cannot 
adequately allocate resources or funds to address 
public concerns (Dongus et al., 2011). Perhaps the 
greatest potential of the UrbanEyes app lies in its 
scalability. So long as it has definitive habitat attributes, 
any vector can be targeted, identified, and its location 
geocoded using the UrbanEyes app, thus greatly 
enhancing the quality and robustness of current 
methods of data collection on these increasingly 
important disease vectors. 
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