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ABSTRACT
Since Dengue fever (DF) and its related forms, Dengue Hemorrhagic fever (DHF) and
Dengue Shock Syndrome (DSS) have become important health concerns worldwide, it is also
imperative to develop methods which will help in the analysis of the incidences. Dengue fever
cases are growing in number as it also invades widely, affecting larger number of countries
and crossing climatic boundaries. Considering that the disease as of now has neither an
effective vaccine nor a cure, monitoring in order to prevent or control is the resorted
alternative. GIS and its related technologies offer a wealth of interesting capabilities towards
achieving this goal.
The intention of this study was to develop methods to describe dengue fever outbreaks taking
Rio de Janeiro, Brazil as a case study. Careful study of Census data with appropriate attributes
was made to find out their potential influence on dengue fever incidence in the various
regions or census districts. Dengue incidence data from year 2000 to year 2008 reported by
the municipal secretariat of Rio was used to extract the necessary census districts. Base map
files in MapInfo format were converted to shape files. Using ArcGIS it was possible to merge
the dengue fever incidence data with the available base map file of the City of Rio according
to corresponding census districts. Choropleth maps were then created using different
attributes from which patterns and trends could be used to describe the characteristic of the
outbreak with respect to the socio-economic conditions. Incidence data were also plotted in
Excel to see temporal variations. Cluster analysis were performed with the Moran I technique
on critical periods and years of dengue outbreak. Using the square root of dengue incidence
from January to April 2002 and 2008, inverse distance was selected as the conceptualised
spatial relationship, Euclidean distance as the distance method. More detailed analyses were
then done on the selected critical years of dengue outbreak, (years 2002 and 2008), to
investigate the influence of socio-economic variables on dengue incidence per census district.
Dengue incidence rate appeared to be higher during the rainy and warmer months between
December and May. Outbreaks of dengue occurred in years 2002 and 2008 over the study
period of year 2000 to 2008. Some factors included in the census data were influential in the
dengue prevalence according to districts. Satisfactory results can be achieved by using this
strategy as a quick method for assessing potential dengue attack, spread and possible enabling
conditions. The method has the advantage where there is limited access to field work, less
financial means for acquisition of data and other vital resources.
A number of difficulties were encountered during the study however and leaves areas where
further work can be done for improvements. More variables would be required in order to
make a complete and comprehensive description of influential conditions and factors. There
is still a gap in the analytical tools required for multi-dimensional investigations as the ones
encountered in this study. It is vital to integrate ‘GPS’ and ‘Remote Sensing’ in order to
obtain a variety of up-to-date data with higher resolution.
Keywords: Dengue Fever, Geographical Information Systems, Spatio-Temporal, SocioEconomic Factors, Autocorrelation, Rio de Janeiro
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1 DENGUE FEVER, AN EMERGING GLOBAL THREAT
1.1 Introduction
Dengue fever is a disease caused by a family of viruses that are transmitted by mosquitoes. In
recent years Dengue has become a major international public health concern, (WHO, 2002). It
is an acute illness of sudden onset that usually follows a benign course with headache, fever,
exhaustion, severe joint and muscle pain, swollen gland and rash, (Cunha, 2007). The
presence (the "dengue triad") of fever, rash, and headache (and other pains) is particularly
characteristic of dengue.
Dengue attacks people with low levels of immunity. Because it is caused by one of four
serotypes (DEN-1,-2,-3,-4) of virus, it is possible to get dengue fever multiple times.
However, an attack of dengue produces immunity for a lifetime to that particular serotype to
which the patient was exposed, (Cunha, 2007; WHO, 2002). Dengue hemorrhagic fever
(DHF) is a more severe form of the viral illness. Manifestations include headache, fever, rash,
and evidence of haemorrhage in the body. Dengue haemorrhagic fever (DHF), was first
recognized in the 1950s during the dengue epidemics in the Philippines and Thailand, but
today DHF affects most Asian countries and has become a leading cause of hospitalisation
and death among children in several of them, (WHO, 2002).
Dengue is prevalent throughout the tropical and subtropical regions around the world,
predominantly in urban and semi-urban areas, (WHO, 2002). Outbreaks have occurred in the
Caribbean, including Puerto Rico, the U.S. Virgin Islands, Cuba, and Central America. Cases
have also been imported via tourists returning from areas with widespread dengue, including
Tahiti, the South Pacific, Southeast Asia, the West Indies, India, and the Middle East, (Cunha,
2007). The virus is contracted from the bite of a striped Aedes (Ae.) aegypti mosquito that has
previously bitten an infected person. The mosquito flourishes during rainy seasons but can
breed in water-filled flower pots, plastic bags, and cans year-round. A mosquito bite can
inflict the disease.
After being bitten by a mosquito carrying the virus, the incubation period ranges from three to
15 (usually five to eight) days before the signs and symptoms of dengue appear. Dengue starts
with chills, headache, pain upon moving the eyes, and low backache. Painful aching in the
legs and joints occurs during the first hours of illness. The temperature rises quickly as high as
104° F (40° C), with relative low heart rate, (Cunha, 2007). Because dengue is caused by a
virus, there is no specific medicine or antibiotic to treat it. For typical dengue, the treatment is
purely concerned with relief of the symptoms (symptomatic), (Cunha, 2007; WHO, 2002).
Rest and fluid intake for adequate hydration is important.
The transmission of the virus to mosquitoes must be interrupted to prevent the illness. To this
end, patients are kept under mosquito netting until the second bout of fever is over and they
are no longer contagious. The prevention of dengue requires control or eradication of the
mosquitoes carrying the virus that causes dengue. In nations plagued by dengue fever, people
are urged to empty stagnant water from old tyres, trash cans, and flower pots.

1.2 Motivation
According to Health GIS AgIT (2007), the world is facing a serious challenge from new
emerging diseases such as SARS, Bird Flu, Dengue, and also the old ones such as AIDS,
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malaria, and many others. Medicines are not the only answers to fight them. A strategy to
prevent their appearance is the key to ensure safety from these deadly diseases. These diseases
come about due to various spatial factors such as climate, environment, water quality and
management, education, air pollution, natural disasters, social and many others. There is a
need to understand the spatial relationship and impact of these factors on the human health.
This will facilitate the work of decision makers in health sector to plan the strategy for a
preparedness plan to combat the emergence of these diseases and ensure safer living
conditions to people without the fear of diseases.
The global prevalence of dengue has grown dramatically in recent decades. The disease is
now endemic in more than 100 countries in world (Africa, the Americas, the Eastern
Mediterranean, South-east Asia and the Western Pacific). South-east Asia and the Western
Pacific are most seriously affected, (WHO, 2002). According to WHO (2002), only nine
countries had experienced DHF epidemics before 1970, a number that had increased more
than four-fold by 1995. Some 2.5 billion people or two fifths of the world's population are
now at risk from dengue, (WHO, 2002; CDC, 2008). The World Health Organisation
currently estimates there may be 50 million cases of dengue infection worldwide every year.
In 2001 alone, there were more than 609 000 reported cases of dengue in the Americas, of
which 15 000 cases were DHF. This is greater than double the number of dengue cases which
were recorded in the same region in 1995, (WHO, 2002). Not only is the number of cases
increasing as the disease is spreading to new areas, but explosive outbreaks are occurring. In
2001, Brazil reported over 390 000 cases including more than 670 cases of DHF, (WHO,
2002).

Figure 1, Areas of dengue fever cases reported in 2005, Western Hemisphere. Source: center for disease control
and prevention. Source: Center for Disease Control and Prevention
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Figure 2a, Areas of dengue fever cases reported in 2005, Eastern Hemisphere. Source:
Center for Disease Control and Prevention

The emergence of dengue/DHF as a major public health problem has been most dramatic in
the American region. In an effort to prevent urban yellow fever, (which is also transmitted by
Aedes Aegypti), the Pan American Health Organization started a campaign that eradicated Ae.
aegypti from most Central and South American countries in the 1950s and 1960s, CDC
(2008). As a result, dengue epidemics occurred only sporadically in some islands of the
Caribbean during this period. The Ae aegypti eradication program, which was officially
discontinued in the United States in 1970, gradually lost strength elsewhere, and the mosquito
began to re-infest countries from which it had been eradicated. As a result, the geographic
distribution of Ae aegypti in 2002 was much wider than that before the eradication program,
CDC (2008). (Figure 2b below)
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Reinfestation by Aedes aegypti in the Americas
1970

2002

Figure 2b Source: PAHO/WHO, 2002 in CDC (2008). Distribution of Aedes aegypti in the Americas in
1970, at the end of the mosquito eradication program, and in 2002
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Figure 3, Distribution of cases of Dengue reported in Brazil by Federal Unit. Epidemiological week 1 to
12, 2007. Source: (Federal Unit, 2007).

Figure 4, Distribution of dengue in Rio de Janeiro, January, 2008, source (Rio
Prefeitura, 2008)
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Figure 5, Distribution of dengue in Rio de Janeiro, March, 2008 source: (Rio Prefeitura,
2008).
As reported by ABC News of the 3 rd April, 2008, more than 57,000 people have been infected
in a dengue fever outbreak in Brazil's Rio de Janeiro state, with 67 fatalities recorded so far,
regional health authorities say. The tourist city of Rio was worst hit by mosquito-borne
epidemic, with 44 of the deaths and 36,600 of the infections occurring there. In extreme cases
of dengue fever, haemorrhage and death can follow. Children are especially at risk and no
vaccine is yet commercially available.

1.3 Factors Encouraging Global Emergence of Dengue Fever
The reasons for the dramatic global emergence of DF/DHF as a major public health problem
are complex and not well understood. However, several important factors can be identified as
suggested by CDC (2008).
1. First, major global demographic changes have occurred, the most important of which
have been uncontrolled urbanization and concurrent population growth. These
demographic changes have resulted in substandard housing and inadequate water,
sewer, and waste management systems, all of which increase Ae. aegypti population
densities and facilitate transmission of Ae aegypti-borne disease.
2. In most countries the public health infrastructure has deteriorated. Limited financial
and human resources and competing priorities have resulted in a "crisis mentality"
with emphasis on implementing so-called emergency control methods in response to
epidemics rather than on developing programs to prevent epidemic transmission. This
approach has been particularly detrimental to dengue control because, in most
countries, surveillance is passive; the system to detect increased transmission normally
relies on reports by local physicians who often do not consider dengue in their
differential diagnoses. As a result, an epidemic has often reached or passed its peak
before it is recognized.
3. Increased travel by airplane provides the ideal mechanism for infected human
transport of dengue viruses between population centres of the tropics, resulting in a
frequent exchange of dengue viruses and other pathogens.
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4. Lastly, effective mosquito control is virtually nonexistent in most dengue-endemic
countries. Considerable emphasis in the past has been placed on ultra-low-volume
insecticide space sprays for adult mosquito control, a relatively ineffective approach
for controlling Ae. aegypti.

1.4 Background of Study area
1.4.1 Location

Figure 6, Map of Brazil. Source: Maryland Secretary of State
Brazil is the fifth largest country in the world; in terms of population (186 million in 2005) as
well as land area. It is the economic leader of South America, with the ninth largest economy
in the world, and a large iron and aluminium ore reserve, (Rosenberg, 2008). Brazil
encompasses so much of South America that it shares borders with all South American
nations except Ecuador and Chile as shown in figure 6 above. Brazil is divided into 26 states
and a Federal District. The state of Amazonas has the largest area (1,570,745,680 sq km), the
most populous is Sao Paulo; 39,827,570 (2007), IBGE (2008). Rio de Janeiro; 15,424,375
(2007) is the second most populated state and was the capital of Brazil until 1960 that it was
replaced by Brasilia. The city of Rio de Janeiro is the capital of the state of Rio de Janeiro and
according to IBGE (2008) has a population of 6,093.472 and spans an area of 1.182,30 Km2.
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Figure 7, Map of the state of Rio de Janeiro. Source: Maryland Secretary of State

The state of, Rio de Janeiro, south east of Brazil, is located on a flat and narrow coastal plain,
between the foothills of the Brazilian Highlands and the Atlantic Ocean (as indicated in figure
7 above), on the shore of Guanabara Bay of the Atlantic ocean. It has latitude/longitude
22°54'S, 43°10'W and a coastline, 78km long, (Cities of the world, 2007).

1.4.2 Climate
Rio is in a tropical zone, and the weather is typically hot and humid. Cool ocean breezes
moderate the temperatures in the area. Summer months of December to March are very hot,
with temperatures sometimes exceeding 35 to 39 oC. During the rest of the year, temperatures
range between 20 to 30 oC. The annual average temperature is 23 oC. The annual average
precipitation is 1080mm, but some of the higher elevations get more, (Cities of the world,
2007).

1.4.3 Physical features and Socio-economy
Rio de Janeiro, the second largest city and former capital of Brazil, is the cultural centre of the
country and a financial, commercial, communications, and transportation hub. It has an
international airport and a subway. Rio, as it is popularly known, has one of the world's most
beautiful natural harbours. It is surrounded by low mountain ranges whose spurs extend
almost to the waterside, thus dividing the city. Among its natural landmarks are Sugar Loaf
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Mt. (1,296 ft/395 m); Corcovado peak (2,310 ft/704 m), site of a colossal statue of Jesus; and
the hills of Tijuca (3,350 ft/1,021 m) and Gávea (2,760 ft/841 m), Infoplease (2008).
According to Infoplease (2008), the city acquired its modern outline in the early 1900s, and
extensive public sanitation and remodelling are continuing. Hills have been levelled, tunnels
bored (the longest underground urban highway, linking the northern and southern sections of
the city, opened in 1968), parts of the bay filled, parks laid out, and beautiful palm-lined
drives built to connect the various districts. Favellas, or slums, are interspersed throughout the
city. Although Rio remains a major tourist centre, its success has been hampered by a serious
crime problem, Infoplease (2008).

1.5 Aim of this study
This study aims at mapping the temporal spread of Dengue in Rio de Janeiro in an attempt to
display the correlation between the spread and some socio-economic, demographic,
environmental and climatic factors. Hence risk zones can be mapped and suggestions made
for mitigation or response planning.

1.6 Objectives
-

Determine connection (correlation) between infection and socio-economic status
education, income,
determine neighbourhoods (districts) at greatest risks
Investigation of feasibility in using GIS tools/analysis in epidemiological studies.
determine the response efforts in place (epidemic management)
suggest mitigation/response planning strategies
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2 GIS AS A POTENTIAL TOOL IN PUBLIC HEALTH
SERVICES
2.1 Introduction of Computers in Geographic Studies
Computerization offers an immense potential in the way we communicate, analyse our
surroundings and make decisions, (Bernhardsen, 2002). Data representing the real world can
be captured, stored and processed so that they can be presented later in simplified forms to
meet specific purposes. This is motivated by the fact that most of our decisions depend on the
details of our surroundings and require information about specific places on the earth’s
surface. This kind of information is described “geographical” because it helps us to
distinguish one place from another and to make decisions for one place that are appropriate
for that location, (Bernhardsen, 2002). According to Bernhardsen, geographic information
allows us to apply general principles to the specific conditions of each location, allows us to
track what is happening at any place, and helps us to understand how one place differs from
another. Geographic information, therefore, is vital for successful planning and decision
making in today’s society.
As reported in Bernhardsen (2002); (DeMeers, 2005 quoted in DeMers 2009), specialised
systems (collectively called geographic information systems, GIS) have been developed to
process geographic information in various ways since the mid-1970s. These include the
following:
 techniques to input geographic information, converting the information to digital form
(digitizing, encoding, geocoding, projecting, georeferencing, GPS, remote sensing)
 techniques for storing such information in compact format on computer disks,
compact disks (CDs) and other digital storage media
 Methods for automated analysis of geographical data, to search for patterns, combine
different kinds of data, make measurements, find optimum sites or routes, and many
other different tasks. (geostatistics, clusters, buffers, overlays, shortest paths,
photogrammetry, etc)
 Methods to predict the outcome of various scenarios, such as the effects of climate
change on vegetation (modelling)
 Techniques for display of data in the form of maps, images and other formats
(visualization)
 Capabilities for output of results in the form of numbers and tables.

2.2 What is GIS?
It can be defined as “ a system for capturing, checking, integrating, manipulating, analysing
and displaying data which are spatially referenced to the Earth”, Department of the
Environment (1987) reported in Heywood (2002). There are however, many other definitions
and which can be explained by the fact as suggested in Pickles (1995) that any definition of
GIS depends on who is giving it, and their background and viewpoint.
Harmon (2003) and Delaney (1999) also put it as being composed of a number of components
or elements:
o People- who use the system (including experts)
o Applications- the programs and processes used in doing work
16

o Data- information to support the applications (spatial or attribute, in digital format)
o Software- the main GIS software, commercial or non-commercial packages of
computer instructions for use with GIS data (e.g ArcGis, ArcView, MapInfo, Atlas,
etc.)
o Hardware- the physical components on which the system runs (computer and
peripheral devices)
As summarised by The Department of the Environment (1987) in Heywood (2002); DeMers
(2009), a ‘well-designed GIS’ should be able to provide:
1. quick and easy access to large volumes of data
2. the ability to :
• select detail by area or theme;
• link or merge one data set with another;
• analyse spatial characteristics of data
• search for particular characteristics or features in an area;
• update data quickly and cheaply; and
• model data and assess alternatives
3. Output capabilities (maps, graphs, address list and summary statistics) tailored to meet
particular needs.
The use of GIS to solve real-world geographic problems and provide long-term return on
investment has grown dramatically in recent years. DeMers (2009) and Delaney (1999)
attribute this to the following factors:
 the decreasing cost of computers, GIS software and pre-captured data;
 increasing user-friendly software;
 the realisation of the potential benefits of using GIS;
 the increasing availability of spatial data in digital format;
 the appearance of GIS education and training programs in universities, colleges and
schools providing a GIS work force;
 the development of complementary technologies, such as remote sensing and global
positioning systems; and
 the growing need for conducting spatial decision-making in a more scientific and
accountable manner.
GIS makes use of data like digital maps, digital imaging of scanned maps and photos, satellite
data, ground truth, video images, tabular data and text data in different applications like; the
operation and maintenance of networks and other facilities, natural resources management,
road planning, real estate management and map production.
Heywood (2002); DeMers (2009) put some applications of GIS according to activity areas in
the society:
Activity
Application
Socio-economic/government
Health
Local government
Transport planning
Service planning
Urban management
Defence

Target site identification
17

Commerce and business

Utilities

Environmental management

Tactical support planning
Mobile command modelling
Intelligence data integration
Crime analysis
Market share analysis
Insurance
Fleet management
Direct marketing
Target marketing
Retail site location
Network management
Service provision
Telecommunications
Emergency services/repairs
(Landfill) site selection and
mineral mapping potential
pollution monitoring
natural hazard assessment
resource management
environmental impact assessment

GIS involves disciplines like computer sciences, cartography, photogrammetry, surveying,
remote sensing, geography, hydrology, statistics, information science, planning and it benefits
users like water supply and sewage engineers, planners, biologists, cartographers, surveyors,
police, educators, managers, just to name a few.
The advances in GIS technology in recent years have been impressive, and so too have been
the wide range of its applications, (Easa, 2000). Meanwhile, the developed world has
implemented and expanded the use of GIS in several domains because of its benefits, the
developing world is just getting into it and the pace of progress is extremely slow. Although
the first GIS application was introduced in the developing world in the late eighties it is still
no common use everywhere, (Maaike, 2001). The African continent lags behind the Latin
American countries and the Asian continent as far as the application of GIS is concerned and
more general, the use of IT (Information Technology). Even within countries the differences
can be large (e.g. South Africa and India making more use than the other countries in their
respective continents).

2.3 Health GIS
As stated by Gatrell (1998), the spatial patterning of health events and disease outcomes
stretches back at least to as far as the nineteenth century. As he puts it, these kinds of
investigations have made use of classical tools of visualisation, as well as methods of data
exploration and modelling drawn from the statistical and epidemiological sciences. Studies of
the nature mentioned above have been going on too within the social science context (less
within a natural science paradigm) that have involved studies of the variations and
inequalities, not only in terms of health outcomes but also in terms of access to, and the
provision of services. Both study areas described have in common the recognition that space
and place ‘make’ a difference, Gatrell (1998). As ESRI (2008) puts it ‘most health and human
18

service problems facing the world today exist in a geographic context and any analysis must
consider that’.
There appears to be tensions between health researchers looking at disease incidence from a
biomedical position and those with the viewpoint of health as a social consequence. Hence
there is the question of whether we are studying geography of diseases (bio-medical enquiry)
or geography of health, where much priority is given to perceptions of health and illness as to
quantitative expressions of ill-health. As reported in Gatrell (1998), GIS has most commonly
been used within the biomedical framework in studies of disease incidence. Researchers,
public health professionals, policy makers, and others use GIS to better understand
geographic relationships that affect health outcomes, public health risks, disease transmission,
access to health care, and other public health concerns, CDC (2008). GIS can be very useful
in different health-related studies. It can be used to study; communicable diseases or links for
forecasting models, (Cliff et al., 1986) and Leukaemia in children, (Openshaw et al., 1987)
reported in Birkin (1996); Hjalmars (1998). GIS will be useful as a decision support tool to
plan the spatial configuration of health services, improving emergency/incident management
services, planning response by health service workers to major disasters and emergencies,
Gatrell (1998); ESRI (2008).

2.4 Theoretical framework of Study
2.4.1 Factors influencing spread of vector-borne diseases
Previous studies of dengue occurrence highlight the role of demographic changes, such as
unplanned rural-urban migration and increasing population in areas lacking adequate
infrastructure in disease transmission and the spread of harmful pathogens into previously
unaffected areas, ( Keating, 2001).
Socio-economic status and human settlement patterns also affect human vulnerability to
vector-borne diseases. For example, if preventive measures such as screens, insect repellants
or vaccinations are available and affordable to risk populations of mosquito-borne diseases,
infection can be drastically lowered. Also impoverished populations often find it necessary to
migrate in order to find work. Such migrations may facilitate the introduction and distribution
of new infectious agents into communities with previously acquired immunity, (Monath,
1995; Gubler & Kuno, 1997 quoted in Keating, 2001).
Patz et al., 1996 quoted in Keating, 2001 also point out the defect of temperature and
precipitation fluctuations in introducing and propagating harmful pathogens affecting human
populations today. Temperature changes affect vector-borne disease transmission and
epidemic potential by altering the vector’s reproductive or biting rate; by altering the extrinsic
incubation period of the pathogen; and by increasing or decreasing vector-pathogen-host
interaction and thereby affecting host susceptibility, ( WHO,1998; Gratz, 1999 reported by
Keating, 2001).
Precipitation affects adult female mosquito density and hence disease transmission, (Keating,
2001). An increase in the number of adult female mosquitoes increases the odds of a
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mosquito acquiring a pathogen and transmitting it to a second susceptible host, (Gubler &
Kuno 1997 quoted in Keating 2001).
As a result of the fact that insects and ticks thrive in warm, moist climates and have the ability
to exploit newly disturbed ecosystems, tropical and subtropical regions experiencing high
levels of urbanisation and increased deforestation are often the areas at the greatest risk for
vector-borne disease epidemics.

2.4.2 Potential of GIS in Public Health Studies
As stressed in Gatrell (1998), ‘one major area in which GIS and health research have come
together is via the study of environmental epidemiology.’ In environmental epidemiology
links between disease and the physical environment are looked for while impacts of lifestyle
factors like smoking, diet and physical exercise are controlled.
Gatrell (1998); Birkin (1996) also contrast environmental epidemiology with what is defined
as geographical or spatial epidemiology, where description, exploration or modelling of
disease incidence does not necessarily involve making direct links to environmental
contamination. In this case, studies of disease clustering, cluster identification, association
with potential point and line sources of pollution, and space-time disease incidence, are given
precedence.
GIS plays a vital role in the ‘new’ public health notion. As suggested in Gatrell (1998), the
‘new’ public health sees health as more than the avoidance of early death, though
conveniently it is out to measure this. It gives due importance to the quality of life for the
individual in the community, recognising that this is partly to be explained by individual
decision-making but also to a larger extent by the socio-economic settings (at both a national
and local scale) within which the individual is located. The majority part of public health
medicine therefore approaches issues at basically, a local level. As emphasized in Gatrell
(1998), this implies there is interest in assessment of health needs at quite a small scale, that
requires the use of census and other data in order to perceive what services are required, and
where.
GIS can therefore be useful here in a number of different ways. Some use has been made of
GIS in determining the boundaries of localities, for example (Bullen et al., 1994) reported in
Gatrell (1998). Specific areas of public health which can benefit from a GIS approach
amongst others are those involved with the uptake of services for preventive medicine, such
as childhood immunisation and the screening of breast and cervical cancers in women, Gatrell
(1998). Hence questions of accessibility like ‘to what extent does distance to the surgery or
health care centre constrain the uptake of services?’ GIS will prove a useful framework in
responding to such accessibility matters as investigation has to deal with data on the road
network and patterns of public transport which are more sensitive than simply measuring
straight-line distances.
Though GIS can be a very useful framework in approaching health investigations, it must be
used with care in order to meet the scientific basis of GIS-related health research as argued by
Geoff Jacquez in Gatrell (1998). Hence it is imperative to address the need for more thorough
and rigorous spatial analysis of health data. Despite the great deal of interest and attention that
GIS has generated in the health service in recent years, there are concerns that technology is
driving the application rather that the reverse, Birkin et al., (1996).
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2.4.3 Recent applications of GIS in health
Though GIS as a technology is well developed, its implications for studies of human health
are only now beginning to be understood, Gatrell (1998). A good number contributions are
being made by GIS in exposure assessment, the identification of study populations, disease
mapping, public health surveillance and the targeting of health interventions, just to list a few.
Exposure assessment is one area of promise which aims at reconstructing an individual’s
exposure to factors related to human health. For example, the Hjalmars et al. (1994) study
which accounts for migration in their statistical analysis of childhood leukaemia in Sweden in
relation to the Chernobyl incident, Gatrell (1998). Researchers have employed GIS to identify
subjects in case-control and cohort studies, Gatrell (1998). In such studies, a combination of
GIS’s spatially referenced relational databases, address-matching capabilities, buffering and
topological operations allow potential exposures, covariates and confounders to be accounted
for when identifying study subjects. Disease mapping can be done without necessarily
requiring a GIS but as suggested by Gatrell, it greatly eases the cartographic task because of
its embedded relational database. As pointed out in Teutsch and churchill (1994), public
health surveillance activities include the detection of epidemics, the assessment of infectious
disease potential, and the design and evaluation of health interventions among other activities.
Many people see rapid development of a new field of public informatics which recognises the
part played by GIS in the management and analysis of public health surveillance data. Some
examples as pointed out in Gatrell (1998) include the monitoring of reproductive outcomes in
mothers living near hazardous waste sites (Stallones et al., 1992). In addition, GIS is proving
an invaluable tool in locating health care facilities and for targeting health care interventions
(Barnes and Peck, 1994). The ability of GIS to identify and map environmental factors
associated with disease vectors makes it increasingly essential in infectious and vector-borne
disease surveillance. Among others, the following reported examples illustrate this fact:
malaria (Kitron et al., (1994), onchocerciasis (Richards, 1993). This is the basis on which this
current project is approached. Dengue is a vector-borne disease and its spread has a close link
to environmental factors.

2.4.4 Geographic information system (GIS) in previous Dengue studies
Geographic information system has been applied in the study of dengue fever in a number of
studies. Barrera R. et al, (2000), did a stratification of a city with hyperendemic dengue
hemorrhagic fever transmission to identify hotspots for the application of surveillance and
control measures. Tran et al, (2004), used the knox test, a classic space-time analysis
technique to detect spatio-temporal clustering and demonstrated the relevance and potential of
the use of GIS and spatial statistics for elaboration of a dengue fever surveillance strategy.
Using frequency, duration and intensity indicators, Wen, T. H et al (2006) developed a model
of spatial health risk with temporal characteristics to map the distribution of dengue cases and
identify risk areas. Some studies have been done in relation to the vector of dengue.
Strickman and Kittayapong (2002) identified locations with higher concentrations of the
vectors using spatial analysis. Other interesting studies involving dengue and GIS are cited
below:
- Exploratory Space-Time Analysis Of Reported Dengue Cases During An Outbreak In
Florida, Puerto Rico, 1991-1992 By AC Morrison, A Getis, M Santiago, JG Rigau-
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-

-

-

Perez, and P Reiter
Am J Trop Med Hyg 1998; 58: 287-298
Household Survey Of Dengue Infection In Central Brazil: Spatial Point Pattern
Analysis And Risk Factor Assessment By João B. Siqueira, Celina M. T. Martelli,
Ivan J. Maciel, Renato M. Oliveira, Maria G. Ribeiro, Flúvia P. Amorim, Bruno
C. Moreira, Divina D. P. Cardoso, Wayner V. Souza, and Ana Lúcia S. S.
Andrade.
Spatial Patterns Of And Risk Factors for Seropositivity for Dengue Infection By
Birgit H. B. Van Benthem, Sophie O. Vanwambeke, Nardlada Khantikul,
Chantal Burghoorn-Maas, Kamolwan Panart, Linda Oskam, Eric F. Lambin, and
Pradya Somboon.
The Use Of GIS in Ovitraps Monitoring for Dengue Control in Singapore By Ginny
Tan Ai-leen and Ren Jin song.
Spatial Correlation of Incidence of Dengue With Socioeconomic, Demographic and
Environmental Variables in a Brazilian City By Adriano Mondini and Francisco
Chiaravalloti-Neto
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3 MATERIALS AND METHODS
3.1 Data Collection
The data used in this study had been documented by someone with expertise in the field of
geographic information systems. Being a resident of the city of Rio and a one-time victim of
dengue fever infection, there was extra benefit of insight of knowledge in the study
framework. This expert who actively works with GIS provided the digitised base maps of the
study area. The maps were produced in MapInfo which were subsequently converted to ESRI
shape files. The map file attributes included the following:
- total number of homes
- number of permanent homes
- number of villas
- number of apartments
- proportion of homes with water supply network
- proportion of homes with toilets (sewage collection)
- proportion of homes with trash collectors
- total number of family heads
- proportion of literate family heads
- years of study
- average monthly income of family heads
- total number of inhabitants
- proportion of inhabitants between 16 and 21 years
- proportion of inhabitants between 22 and 31 years
- proportion of inhabitants between 32 and 46 years
- proportion of inhabitants between 47 and 61 years
- proportion of inhabitants between 62 and 71 years
The data with these attributes was sorted according to districts as basic units which are
equivalent to those made use of during census. Dengue data together with the population of
each census district was downloaded from the municipality of Rio de Janeiro website. This
data was classified according to the census districts, and the reported dengue fever cases
registered for each month from year 2000 to year 2008. The computed incidences per 100 000
of population were tabulated accordingly as well.

3.2 Study design
Considering vector breeding and disease transmission have close connection to socioeconomic, demographic status of a community among others, this study is designed to assess
the potential influence of some basic factors on the prevalence of dengue fever in the city of
Rio de Janeiro, Brazil. Use is made of the Brazil’s year 2000 population census in which
information about housing types, availability of water network, toilets, trash collection
facility, number of family heads, their educational levels and income are classified according
to census districts. Age group distribution is also incorporated. Combining and aggregating
the study areal units’ attributes established during census with the corresponding dengue fever
incidences, possible correlations can then be made between them. This can give indications of
degree of risk to disease exposure and appropriate measures can then be taken on social
facilities and others to reduce infection impact or prevent the disease in hard-hit areas in the
future.
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The base maps in MapInfo were converted to shape files as it permits the use of ArcGis
software that was more familiar and available. The downloaded dengue files stored in Excel
were merged with the base map areal units to maintain corresponding census districts.
Choropleth maps of the various attributes were then created. After creating maps of the
different months of the years 2000 to 2008, some patterns and trends led to the option to
emphasise on years 2002 and 2008. A plot of the total sum of dengue infection in the city of
Rio by year also showed the number of cases in 2002 and 2008 outstandingly high. Literature
studies also found reported in several accounts, that these years endured dengue fever at the
epidemic level. The sum of dengue incidences between January and April of each of these
years was made following observations from monthly plots of each year that showed this
period was critical. Choropleth maps of years 2002 and 2008 containing the critical period
were created and then the autocorrelation analysis technique applied to investigate their
pattern.

3.3 Analytical framework
Information on the attributes of features as well as their locations forms a basic part of GIS
data. This information is made use of in creating maps that can be analysed visually.
Statistical analysis provides further assistance to extracting additional information from GIS
data that might not be obvious by simply looking at the map; Information such as ‘how
attribute values are distributed’, whether there are spatial trends in the data, or whether the
features form spatial patterns. Unlike query functions such as ‘identify’ or ‘selection’, which
provide information about individual features, statistical analysis reveals the characteristics of
a set of features as a whole.
Identification and confirmation of spatial patterns such as the centre of a group of features, the
directional trend, or whether features form clusters are some uses of statistical analysis.
While patterns may be apparent on a map, trying to draw conclusions from a map can be
difficult. How data is classified and symbolised can obscure or overemphasise patterns.
Statistical functions analyse the underlying data and give a measure that can be used to
confirm the existence and strength of the pattern.
Spatial statistics focus on the spatial relationships between features. They give information on
how compact or dispersed the features are, whether they are oriented in a particular direction,
and whether they form clusters. The spatial relationship is usually defined as distance (how
far apart features are) but can also be other forms of interaction between features. Some
spatial statistics take into consideration the spatial relationships of the features and the values
of the attributes associated with the features. These are known as weighted statistics. The
spatial relationship is influenced by the values. Weighted spatial statistics are used to find out
if features possessing similar values occur together. For example if areas having similar
disease cases occur together.
Statistical functions can also be classified as descriptive (e.g. mean value, frequency
distribution values etc) or inferential. Descriptive statistics are often useful for comparing two
sets of features for the same area. Inferential statistics use probability theory to either predict
the likely occurrence of values (using a set of known values), or to assess the likelihood that
any pattern or trend in the data is not due to chance. The function provides a measure of the
pattern or relationship. A statistical test can then be performed on this measure to determine
whether it is significant at some level of confidence. Confidence levels may be very important
in making some decisions. For example, if it involves public safety or legal implications or if
there is need to be certain about the existence of a pattern before further research is conducted
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on the data such as looking for relationships between features that may be causing the pattern.
If the statistical analysis indicates disease cases occur in clusters, a test can then be run to find
out the chance that the clusters occurred by chance. For example, it may be found that there is
a 95% likelihood that the clusters did not occur by chance, indicating the disease cases may be
linked in some way.
Essentially to determine the probability, the test compares the measure got for the existing
features to the measure expected for the same number of features spread over the same area,
but distributed randomly. The identification of patterns is essential to understanding how
geographic phenomena behave. There are other benefits of using statistics to measure pattern
over visually analysing the distribution of features. On a choropleth map, the classification
method used, the number of classes, and the ranges can change whether or not there appears
to be a pattern. But since statistical measures use the actual values of each feature, the
resulting measure will be the same, regardless of how the map is displayed. The ‘Analysing
Pattern tools’ calculate statistics that quantify geographic patterns. There are a number of
them in ArcGIS. However, in this study, emphasis is put on the ‘Spatial Autocorrelation tool
(Moran’s I)’. It measures spatial autocorrelation based on feature locations and attribute
values. It is available with any ArcGIS license.
ESRI (2007) describes how spatial autocorrelation tool works as follows: Given a set of
features and an associated attribute, it evaluates whether the pattern expressed is clustered,
dispersed, or random. The tool calculates the Moran's I Index value and a Z score evaluating
the significance of the index value. In general, a Moran's Index value near +1.0 indicates
clustering while an index value near -1.0 indicates dispersion. However, without looking at
statistical significance we have no basis for knowing if the ‘I’ value is anything more than
random chance.
In the case of the Spatial Autocorrelation tool, the null hypothesis states that "there is no
spatial clustering of the values". When the Z score is large (or small) enough to such that it
falls outside of the desired significance, the null hypothesis can be rejected. When the null
hypothesis is rejected, the next step is to inspect the value of the Moran's I Index. If the value
is greater than 0, the set of features exhibits a clustered pattern. If the value is less than 0, the
set of features exhibits a dispersed pattern.
According to ESRI (2007) the potential applications of the autocorrelation tool are as follows:
•

•
•
•

•
•

Determine the feasibility of using a particular statistical method (for example, linear
regression analysis and many other statistical techniques require independent
observations).
Perform spatial filtering prior to regression analysis to avoid violating assumptions of
data independence.
Help identify an appropriate neighbourhood distance for a variety of spatial analysis
methods.
Determine the feasibility of using a particular statistical method. For example, linear
regression analysis and many other statistical techniques require independent
observations. It is also useful in testing regression residuals.
Help identify an appropriate neighbourhood distance for a variety of spatial analysis
methods. For example, find the distance where spatial autocorrelation is strongest.
Measure broad trends in ethnic or racial segregation over time—is segregation
increasing or decreasing.
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•

Summarize the diffusion of an idea, disease or trend over space and time—is the idea,
disease, or trend remaining isolated and concentrated or spreading and becoming more
diffuse.

As applied in Mondini et al, 2008, the square root of dengue incidences from January to April
2002 and January to April 2008 was chosen to analyze the spatial autocorrelation as it gives
rise to better approximation of the normal distribution. The spatial dependence measure was
the global Moran index:

i, j = 1, 2,…, 158 census districts and

Xi, square root of dengue incidences from January to April, 2002 and 2008.
Wij spatial weights attributed to a pair of census districts.
The Moran indices were calculated by means of tools from the ArcGIS 9.0 software, in which
the spatial weights,Wij were the inverse distance between the centroids of i and j census
districts. The neighbourhood matrix for the 158 census districts is defined by contiguous
districts with, at least, one point in common. The Moran index is the correlation between the
values of a variable, which are the neighbouring district (i e j).
The variation of this index is between -1 and +1. To test this autocorrelation coefficient there
is a null hypothesis of non-spatial correlation and another with the proximity among the
geographic areas, defined by the matrix of spatial weight, Wij and distance weights (threshold)
on neighbourhood criteria

3.3.1 Execution of autocorrelation
We find the function under Analyzing patterns in the spatial statistics tools of the
ArcToolbox. The input field is the square root of dengue incidence between January and April
of year 2002/2008. The ‘inverse distance’ is selected as the conceptualized spatial
relationship. ‘Euclidean distance’ is used for the distance method. For standardization,
‘None’, distance band or threshold distance, default ‘0’, and no weight matrix file used. This
is because we are using the ‘inverse distance’ selection for the spatial relationship. The input
therefore looks as follows:
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Checking the box ‘display output graphically’ and clicking ‘ok’ gives the computation results
for years 2002 and 2008 study periods as seen in the result section below.
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4 RESULTS
4.1 MAPS OF SOCIO-ECONOMIC INDICATORS
4.1.1 Water, toilet, trash collection, income

4.1.2 Family heads, literate family heads, years of study, total inhabitants
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4.1.3 Total homes, permanent homes, villas, apartments

4.1.4 Age groups
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4.2 MAPS OF DENGUE INFECTION BETWEEN JANUARY AND
APRIL (of YEARS 2000 to 2008)
4.2.1 Year 2000
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4.2.2 Year 2001

4.2.3 Year 2002
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4.2.4 Year 2003

4.2.5 Year 2004
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4.2.6 Year 2005

4.2.7 Year 2006
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4.2.8 Year 2007

4.2.9 Year 2008
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4.3 Plot of Total sum of Dengue cases in Rio by year

4.4 Plot of Monthly sum of dengue infection in Rio in 2002
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4.5 Plot of Monthly sum of dengue infection in Rio in 2008
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4.6 Dengue infection, January to April total, years 2002 and 2008
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4.7 Outcome of autocorrelation (Moran I)
4.7.1 Year 2002 (jan-apr) dengue incidence total

Performing a similar operation for the 2008 study period, the following output is produced.

4.7.2 Year 2008 (jan-apr) dengue incidence total
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4.7.3 Table of Results of computations
Z score

Moran I index

Year 2002

6.34

0.05

Significance
level
0.01

Year2008

2.51

0.02

0.05

Comment
Clustered, there
is less than 1%
likelihood that
this
clustered
pattern could be
result of random
chance
Clustered, there
is less than 5%
likelihood that
this
clustered
pattern could be
result of random
chance

Since Z scores are out of null hypothesis significance range, the null hypothesis (there is no
spatial clustering of the values) can be rejected as discussed earlier. Going forward to look at
the Moran’s I index, it is seen that both are above ‘0’ and hence indicative of clustering
pattern of features.
Knowing that there exist clusters, further investigation to find out the effect of some variables
on existence of clusters can then be done. Regression analysis gives indication of how some
variables will influence the formation of clusters of dengue disease.
Hence determining the effects of some factors like absence of water supply to homes, absence
of toilets, absence of trash collectors, income disparity, literacy level, house types, population
densities among others give idea of disease clustering factors.
Deducing the equation of trendlines and values of R2 some useful information can be got to
explain effect of the independent variables over the dependent variable (incidence)
R2 - denotes the percentage of variation in the dependent variable accounted for by the
independent predictor variables.
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4.8 Regression analysis
4.8.1 Deficiency in Water supply vs dengue incidence total, (jan-apr)
2002
1/water vs incid02
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4.8.2 Deficiency in Water supply vs dengue incidence total, (jan-apr)
2008
1/water vs incid08
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18000

y = 366495x + 2109,2
R2 = 0,0381

16000
14000

incid08

12000
Sheet1$.jan_aprtot

10000

Linear (Sheet1$.jan_aprtot)

8000
6000
4000
2000
0
0

0,002

0,004

0,006

0,008
1/water
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4.8.3 Defficiency in toilets vs dengue incidence total, (jan-apr) 2002
1/toilets vs incid02
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y = 217772x + 2436,9
R2 = 0,0138

16000
14000

incid02

12000
Series1

10000

Linear (Series1)

8000
6000
4000
2000
0
0

0,002

0,004

0,006

0,008

0,01

0,012

0,014

0,016

1/toilets

4.8.4 Defficiency in toilets vs dengue incidence total, (jan-apr) 2008
1/toilets vs incid08
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y = 129546x + 2252,9
R2 = 0,0066
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4.8.5 Defficiency in trash collectors vs dengue incidence total, (jan-apr)
2002
1/trashcol vs incid02
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y = 331047x + 2368,1
R2 = 0,0257
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4.8.6 Defficiency in trash collectors vs dengue incidence total, (jan-apr)
2008
1/trashcol vs incid08
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y = 205713x + 2206,2
R2 = 0,0134
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4.8.7 Defficiency in education vs dengue incidence total, (jan-apr) 2002
1/literate vs incid02
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y = 205270x + 2441
R2 = 0,0134
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4.8.8 Defficiency in education vs dengue incidence total, (jan-apr) 2008
1/literate vs incid08
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y = 126228x + 2252,4
R2 = 0,0068
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4.8.9 Defficiency in income vs dengue incidence total, (jan-apr) 2002
1/income vs incid02
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y = 15174x + 2458,4
R2 = 0,013
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4.8.10

Defficiency in income vs dengue incidence total, (jan-apr) 2008
1/income vs incid08

20000
18000

y = 13169x + 2230,9
R2 = 0,0132

16000
14000

incid08

12000
Series1

10000

Linear (Series1)

8000
6000
4000
2000
0
0

0,05

0,1

0,15

0,2

1/income

43

0,25

0,3

4.8.11
Population distribution vs dengue incidence total, (jan-apr)
2002
1/pop vs incid02
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y = 158101x + 2565,4
R2 = 0,001
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4.8.12
Population distribution vs dengue incidence total, (jan-apr)
2008
1/pop vs incid08
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R2 = 0,0044
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4.8.13

Villas distribution vs dengue incidence total, (jan-apr) 2002
1/villas vs incid02
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R2 = 0,007
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4.8.14

Villas distribution vs dengue incidence total, (jan-apr) 2008
1/villas vs incid08
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4.8.15
Apartments distribution vs dengue incidence total, (jan-apr)
2002
1/ apart . vs incid02
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4.8.16
Apartments distribution vs dengue incidence total, (jan-apr)
2008
1/ apart vs incid08

20000
y = 35681x + 2212.9

18000

R 2 = 0.0139

16000
14000
12000
10000
8000
6000
4000
2000
0
0

0.01

0.02

0.03

0.04

0.05

1/ apart

46

0.06

0.07

0.08

5 DISCUSSION
5.1 Influence of Socio-Economy and Sanitary Services
The maps created with some attributes which give socio-economic indications of the various
census districts in the city of Rio de Janeiro show disparity in supplies of some of the basic
facilities. Water supply, sewage and trash collection services show similar patterns over the
regions. Averagely, less than 43% of houses in the west and southwest parts of the city are
exposed to these three services, while more than 43% of the houses in the rest of the city are
exposed to these same services (i.e. NE, E and SE). However, in no region do 100% of houses
enjoy these services. Looking at the income distribution map, the west and south western
parts of the city earn the lowest incomes while the southern parts, the greatest. The south
eastern parts earn high to moderate incomes while the north east moderate to low. This is in
agreement with information in literature, (Wikipedia, 2008). Simple regression analyses of the
above-mentioned variables also showed positive correlation with dengue incidences of the
considered epidemic years (2002 and 2008). Deficiency in water supply, toilets and trash
collection services led to increases in dengue infection during the critical period January to
April of the epidemic years considered. As reported in other studies, (Guha-sapir &
Schimmer, 2005), these facilities, which can be described as sanitary conditions, are essential
in reducing the risk of disease infections and dengue fever in particular. Hence we can say
based on these facts, that no part of Rio de Janeiro is 100% risk free of dengue fever
transmission.
Constant water supply limits the use of alternative ways of water supply that involve storing
like wells, tanks, and so forth which promote dengue vector spread and consequently, the
disease. As depicted by the map of water supply, considerable number of census districts need
to have complete water supply coverage and hopefully with regular supply. This holds true
too to sewage and trash collection in which irregular supply of services promotes mosquito
breeding conditions which increase dengue fever transmission risk. Good incomes can also be
important in reducing dengue transmission risk in that wealthier people can acquire
preventive equipment like mosquito nets, sprays and more decent and healthier residential
environments. They also have the potential of being well-nourished and can therefore develop
a stronger immune system than the poor and malnourished. As some studies have it, low
socio-economic status of residents is a risk factor for dengue transmission, (Penna, 2004). It
should be stressed too that same results might not be achieved when considering socioeconomic status and dengue transmission at individual levels. Rather, socio-economic is
treated as an environmental measure. The risk of dengue virus infection is not dependent on
the physiological characteristics of individual residents, but on the environmental
characteristics of the region where the group of individuals live. These characteristics
encompass other individuals, the natural environment and the manner in which this
environment is influenced by human activities. This is because neighbouring individuals have
effect on each other and on the area they live which in turn affects the breeding sites for
disease vectors. Nevertheless, availability of water, sewage, trash collection services and high
incomes are not the exclusive determining or guaranteeing factors for dengue transmission
reduction as have been reported in some studies (Guha-Sapir & Schimmer, 2005).
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5.2 Influence of Population Distribution
Looking at the maps created of total number of family heads per district, proportion of literate
family heads, years of education, and total number of inhabitants per district, there is wide
difference between the various regions or census districts of Rio de Janeiro. There seems to be
a higher number of inhabitants and family heads as from the centre to western part of the city
meanwhile the south, centre, and north-western parts posses the more literate family heads
with more years of education. Looking at plots to find out the influence of population on
incidence rate, a slight inclination or increase in cases is seen with decrease in population. The
tendency is more in the year 2008 than 2002. Since it is absolute population and not
population density that is considered in this case, the trend may not be very explicit. It is
thought, that the higher the density of the population, the greater the risk of dengue fever
transmission since it makes it easy for mosquitoes to fly and attack.

5.3 Influence of Education
There is a positive correlation between dengue incidence rate and education or literacy level.
The more educated the community is, the less the incidence rate. This can be interpreted in
terms of information capability. The more educated people get to acquire knowledge about
preventive measures easily and hence infection levels can be reduced within these groups of
people. Some studies have also found that though communities may perform well in terms of
knowledge of the disease, they may also do less well in attitude and practice. Therefore
behavioural change is an area to focus on in social mobilisation programmes, (Guha-Sapir &
Schimmer, 2005). Radio and television could be very effective means of knowledge
dissemination.

5.4 Influence of Housing Types
Maps made from total number of homes (which are not so different from the total number of
permanent homes) in the city of Rio, show that there are greater number of homes in the
centre and western regions of the city and lowest in the north eastern region. From the created
maps as well, Villas or single family homes seem to be found predominantly in the centre and
western regions and get fewer in the eastern and southern parts of the city. Meanwhile there
are large numbers of apartment homes mainly in the south, south-eastern regions, and very
few in the western parts of the city. The centre and north-eastern regions have moderate
numbers of apartments. The distribution of apartments and villas could have an effect on
dengue fever transmission.
From plots made to find out the influence on villas on dengue incidence, the year 2002
showed a very weak relation between the absence of villas and dengue incidence increase
while year 2008 showed an altogether opposite relationship though with a very low R2 value
too. Probably the influence of villas is greatly masked by the influence of other variables and
makes it insignificant in describing a relationship. Meanwhile, the absence of apartments
showed a stronger relationship with increase in dengue incidence rate in both years of
consideration, 2002 and 2008. In another study, (Mondini et al., 2008) the identification of
one-story homes as an important risk factor in dengue fever occurrence is highlighted as a
factor that can be used to define areas of higher risk therefore demanding different control
measures. Knowing the number of residents in a home is also an important consideration; the
higher the number of inhabitants in a home, the greater the risk of disease transmission.
Another reason why residents of apartments may have lower risk of infection is that they are
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not normally exposed to surroundings like those of single family homes which can provide
conditions for mosquito breeding sites. Dengue transmission risk therefore necessitates a
multi-level approach of analysis in which different variables are tested.

5.5 Influence of Age Distribution
Choropleth maps created of residents of the different age groups showed very similar map
results. They indicate a uniform distribution of all age groups over the different districts in the
city. However, age is probably an important factor in dengue transmission consideration. The
young and more active population are more dynamic and could be more exposed to infected
areas. On the other hand, students and the younger population as a whole may also be more
aware of the disease incidence than housewives, unemployed and the less mobile elderly.

5.6 Influence of Seasons and Climatic Factors
Maps created from dengue incidence data show the period of each year that dengue infection
is predominant. The most of dengue incidences are reported approximately around January to
April each year. Towards the months of May-June, the incidences start dropping till around
December when signs of a rise start to appear. This clearly shows the seasonal influence on
this disease, indicating the climatic factors also play a key role in the disease on-set and
dispersion. Studying variation in temperature, rainfall, humidity, vegetation and other
ecological factors are essential requirements for a complete dengue risk mapping. Such data
was not available for this study stressing the limitations encountered in an attempt to map out
dengue transmission risk zones. Nevertheless, as the average figures over the city of Rio de
Janeiro indicate, temperatures are higher in the dengue prevalent period of January to April
each year, drop as from May to September and start rising as from October. Precipitation
seems to follow the same pattern, reiterating the parts played by temperatures and
precipitation in mosquito vector breeding and dengue transmission.

5.7 Epidemic Build-Up
Plots of yearly dengue incidences confirm the pattern seen from the choropleth maps created.
Years 2002 and 2008 show outstandingly large figures and intensity corresponding to the
dengue outbreak reports of these years. Careful studies at the maps also indicate the gradual
development of the dengue incidence over the years before each of the mentioned epidemic
years. After the 2002 epidemic, a drop is seen over years 2003, 2004 and 2005. The
explanation can be, that stringent measures were taken immediately after the outbreak of 2002
and sustained for a few years before the situation started rising again in 2006 prior to the 2008
epidemic. Moreover, there is usually a reduction in susceptible individuals after an outbreak
due to a particular serotype. Careful understanding of such trends therefore can be very
important to avert dengue fever outbreaks in endemic zones.
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5.8 CONCLUSION
Geographic information system provides appropriate tools which can be used in analysing
various data in an attempt to describe dengue fever infection and outbreaks in particular. In
this study, chloropleth maps created in ArcGIS helped to show patterns that lead to dengue
fever outbreaks. As was the case here, warmer, rainy periods between December and May
indicated higher dengue prevalence while years 2002 and 2008 stood out as years of dengue
outbreak (among the years of selection from 2000 to 2008). GIS offers means of analysing
(Moran I and GIS analysis) the correlation between certain factors and dengue incidence per
areal unit and hence appropriate measures can be taken to reduce the influence of such
factors. For example, low water supply among other factors could be compared easily with
the dengue incidence rate for a given areal unit. Clustering effects of dengue incidence which
give information on infection intensity and inter-relationship could be measured appropriately
with GIS techniques.
Very useful properties of GIS software are its converting and merging capabilities. Data
available in MapInfo format was converted easily into shapefiles which were very handy in
ArcGIS. Data accessible from different sources could then be merged appropriately according
to specified characteristics. This technique was very vital in this study since dengue data that
was not digitised was merged with geo-referenced base map file classified according to
census districts. Hence GIS offers opportunities of making studies of issues by combining
data from a variety of sources. This is important in reducing the burden of movement for field
work and the cost of study as a whole.
Though this study used a good number of variables to investigate their influence on dengue
transmission or incidence rate, there is still a greater need for more variables to be included to
be able to make a comprehensive description of dengue fever outbreak. A dengue
transmission risk map therefore will also necessitate a multi-level approach of analysis in
which different variables will be tested. It was not possible to acquire data for climatic factors
and other valuable variables like incidence composition by age, sex, occupation, mobility and
so on. Census data was used and the last census conducted in Brazil was in the year 2000 and
certainly not very explicit of current situation. The absence of point data makes description of
specific dengue cases impossible and the use of essential GIS functions difficult. Language
barrier was an issue; interpreting material mostly available in Portuguese presented a hurdle.
In any case this study provides satisfactory results for describing dengue epidemic outbreak
and possible causes. It offers a quick method for assessing potential dengue attack and spread.
Using available census data limits cost for field studies and other data collection. Aggregated
dengue incidence data by district can be related to regional, ecological or environmental
conditions. As Schaerström (1996) puts it, ‘health and disease can be regarded as one sort of
outcome, among many, of the interplay between man and the environment in the widest sense
of the word- that is, human ecology’.

5.9 RECOMMENDATION
The study will be very much improved if more variables are exploited; climatic factors,
vegetation and hydrology of the study region. Mosquito distribution parameters could also be
included to enhance credibility of risk maps. Point data will give some individual
characteristics and experiences of dengue victims. Finally, integrating GIS-related
technologies like GPS and Remote Sensing will facilitate the acquisition and analysis of more
valuable data vital for such studies.
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