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Abstract. The rapidly growing field of three-dimensional sofrware modeling of the Earth holds promise for applications
in the geospatial health sciences. Easy-to-use, intuitive virtual globe technologies such as Google Earth™ enable scien-
tists around the world to share their data and research results in a visually attractive and readily understandable fash-
ion without the need for highly sophisticated geographical information systems {GIS) or much technical assistance. This
paper discusses the utility of the rapid and simultaneous visualization of how the agents of parasitic diseases are dis-
tributed, as well as that of their vectors and/or intermediate hosts together with other spatially-explicit information.
The resulting better understanding of the epidemiology of infectious diseases, and the multidimensional environment
in which they occus, are highlighted. In particular, the value of Google Earth™, and its web-based pendant Google
Maps™, are reviewed from a public health view point, combining results from literature searches and experiences
gained thus far from a multidisciplinary project aimed at optimizing schistosomiasis control and transmission surveil-
fance in sub-Saharan Africa. Although the basic analytical capabilities of virtual globe applications are limited, we con-
clude that they have considerable potential in the support and promotion of the geospatial health sciences as a user-
friendly, straightforward GIS tool for the improvement of data collation, visnalization and exploration. The porential
of these systems for data sharing and broad dissemination of scientific research and results is emphasized.

Keywords: geospatial healeh, virtual globes, Google Earth™, geographical information system, vector-borne disease,
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Introduction

An important aspect of epidemiology is the study
of risk factors for an infection and disease-related
morbidity and mortality. The identification of
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causal pathways between risk factors and disease in
turn allows the design and implementation of pre-
ventive and control measures which aim to reduce
disease burdens. [nfectious diseases are often con-
sidered “environmental” diseases because a consid-
erable fraction of their burden can be attributed to
environmental factors (Listorti and Doumani, 2001;
Priiss-Ustiin and Corvalan, 2007). Hence, distribu-
tion patterns of infectious diseases are strongly asso-
ciated with the spatially heterogeneous environment
in which they are entranced (Wooclhouse et al.,
1997, Brooker and Clements, 2009).
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Visualization of this heterogeneity, at different
spatial scales, is paramount in revealing new
insights into the patterns of disease, The simultane-
ous visualization of health data with environmental
data obtained from a diversity of sources thus holds
promise to further our understanding of environ-
mental-health linkages and can generate new
hypotheses to be tested in future research.
Geographical information systems (GIS} are
designed for this purpose and conrain an increasing
number of sophisticated capabilities for data display
and analysis. The use of GIS in spatial epidemiology
in human and animal health and the geospatial
health sciences in general have been firmly estab-
lished as a useful tool for collating, exploring, visu-
alizing and analyzing health data in 2 spatially
explicit manner (Yang et al., 2005; Rinaldi et ai.,
2006; Brooker, 2007). The integration of remotely-
sensed environmental data into a GIS platform can
assist in a better understanding of the spatio-tempo-
ral dynamics of a wide range of disease systems,
especially those with environmental correlates.
However, high-resolution, geo-rectified imagery in a
digitized format is difficult to visualize and explore
without the expertise and availability of sophisticat-
ed (and often expensive) GIS software. This remains
a hurdle for fully harnessing GIS for elucidation of
spatial epidemiology and geospatial health, especial-
ly in a developing world context.

Recent advances in the development of virtual globe
technology has provided an opportunity for a cheap
and accessible method to communicate epidemiologi-
cal data more effectively to non-specialists, as well as
among scientists, Virtual globe technologies, such as
Google Earth™ are essentially web-based GIS tools
which brings some of the functionality of applied GIS
to the non-specialist. It is thus suitable for the display
and dissemination of research results where location
and spatial variation are critical components. While
virtual globe applications have limited analytic func-
tions and are not designed to replace professional GIS
software, they may be a useful complement to tradi-
tional GIS technologies and geostatistical analyses
tools. In our opinion, the virtual globe technology
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holds a large and hitherto under-explored potential
for applications in the health sciences, especially in
low-income couniries.

This article reviews recent advances in the appli-
cation of the Google Earth™ virtual globe (and its
web-page pendant, Google Maps™) for epidemio-
logical purposes. The specific objectives are: (i} to
review existing scientific literature and available
Internet resources (web-based research projects),
and (i} to illustrate its applicability within the con-
text of an EU-funded multi-partner research project
to improve the management and transmission con-
trol of schistosomiasis in sub-Saharan Africa.
Finally, the potential of virtual globe technology for
surveillance and control of vector-borne and other
infectious diseases that depend on intermediate
hosts are discussed and a set of conclusions drawn
from the examples presented.

Virtual globes and Google Earth™: brief back-
ground

A virtual globe is essentially a three-dimensional
(3-D) fepresentation of the Earth, usually based on
satellite imagery, upon which various types of infor-
mation with a spatial character can be superim-
posed. A virtual globe provides the users with the
ability to add their own data, to share the added data
layer with other users, and to freely move around in
the virtual environment by zooming and changing
the position and viewing angle. The first widely pub-
Licized virtual globe was Google Earth™ and there
are a growing number of publications using Google
Earth™ for display purposes and a host of applica-
tions as discussed later. There are also several other
virtual globe technologies currently available online
such as NASA's WorldWind (NASA Ames Research
Center, 2004, http//worldwind.arc.nasa.gov/),
ESRIs ArcGIS explorer (ESRI,
http:/fwww.esri.com/software/arcgis/explorer/
index.html), Microsoft’s  Virtual  Earth
{http://www.microsoft.com/virtualearth/)
and Free Earth by the Poly® Group
(http/freecarth.poly9.com/). A thorough review of
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available online geo-informatics services and other
virtual globes has been published by Boulos (2005).
The current paper emphasizes Google Earth™ due
1o its dominance among the virtual globe technolo-
gies and it is not within the scope of this paper to
describe all currently available virtual globe tech-
nologies or to discuss their strengths and limitations
in a comparative way.

Launched without much publicity, the prominence
of Google Earth™ is now manifested by peaks of 12
million hits per hour (Blamont, 2008). Perhaps
Google Earth’s biggest impact is the opening of the
exploration of spatially-explicit data to a large audi-
ence of mainly laymen. Google Earth™ was original-
ly called Earth Viewer and was developed by Keyhole
Inc., a company acquired by Google in 2004 which
faunched it as a virtual globe programme in 2005.
Essentially, Google Earth maps the world by super-
imposing satellite raster imagery, aerial photography,
vector maps and other layers, in a single and inte-
grated tool, allowing users to interactively “fly” in
three-dimensional space, zooming from global to
regional and local levels. Although Google Earth™ is
primarily aimed at the general public, and mainly as
a search tool, it has also attracted a large community
using the application for a wider array of applications
and purposes. Google Earth™ is a stand-alone appli-
cation, and the user is required to install the software
before it can be used. The web-based pendant to
Google Earth™, Google Maps™, is a complete web-
page with no need for the users to install any addi-
tional software to be able to browse the maps dis-
played by the provider. Like Google Earth™, Google
Maps™ can include satellite imagery, but are limited
to a two-dimensional (2-D) view - without Google
Earth’s 3-D “tilt” feature. Thus, Google Maps™ is
essentially not a virtual globe; however, it is included
in this review as it is often used in parallel with
Google Earth™ on research project web pages to
maximize outreach and target a wider audience.

The primary method for visualizing data in Google
Earth™ js through the creation of Keyhole markup
language (KML) files for managing and displaying
3-D geospatial data, an approach developed by
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Keyhole Inc. The most recent version of KML (ver-
sion 2.1) contains many features relevant to scienzif-
ic data, such as large data support and the ability to
timestamp features and to create animations. To our
knowledge, Google Earth™ is currently the only vir-
tual globe technology that fully supports all of these
features, but KML is supported by 2 number of other
virtual globe applications and GIS packages and is
therefore already becoming a de facto standard.
There are numerous ways to produce KML files for
Google Earth™, with detailed documentation and
tutorials freely available online
{hitps//fearth.google.com/fuserguide/v4/ug_kml hrml).
New tools and add-ons to existing software pack-
ages are increasingly being developed to make this
task as quick and easy as possible. Users of ESRPs
ArcGIS products (version 9.2 and onwards) can now
export their vector and raster layers or complete map
projects directly into KML file format. The users of
the Matrix Laboratory (MATLAB) platform can
export results of geostatistical analysis to Google
Earth™ by using the Google Earth™ Toolbox. In
addition, other large software developers are now
integrating their own software with Google Earth™,
Of particular relevance for flood-related disease
management, DHI Water and Environment
{http:/iwww.dhigroup.com), an  independent
research and consulting organization, has develaped
a tool that facilitates the installation of flood maps
from their MIKE FLOOD software (DHI, 2005) in
Google Earth™ to visualize and animate models of
different flooding scenarios.

Google Earth™ and the scientific community

Virtual globe applications in general, and Google
Earth™ in particular, are increasingly being recog-
nized by the scientific community as far more than
just a handy map or a fun toy (Butler, 2006b). They
are becoming a meeting place for scientists and non-
scientists alike, offering a way to connect and share
data with each other, and exchange scientific ideas.
To obtain an overview of the growing use of Google
Earth™ in the peer-reviewed literature, we searched
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two widely used electronic databases, namely (i) IS
Web of Science (http:/fapps.isiknowledge.com) and
{(ii) US Medical Library of Medicine and the
National Institutes of Health’s PubMed/MEDLINE
and Pubmed Central databases
{http://www.ncbi.nlm.nih.gov/pubmed/) by employ-
ing the keyword “Google Earth”. Since we are also
interested in research employing Google Maps™, we
did a cross search with keyword “Google Maps”.
Qur search was conducted on February 1, 2009,
being restricted to the years 2005 to 2008. Since the
launch of Google Earth™ in mid-2003, a steady
increase of publications has been noted. In total,
123 publications with reference to the application of
Google Earth™ and/or Google Maps™ were identi-
fied (Fig. 1). Of these most pertained to the use of
Google Earth™ only, while about 15% deal with
Google Maps™ and about 7% explicitly makes use
of both Google Earth™ and Google Maps™. The
first publications with explicit reference to Google
Earth™ mainly discussed this new tool in its own
right. Since then, there has been a steady increase in
publications, with more than 70 publications alone
in 2008 pertained to actual application of Google
Earth™ for scientific purposes.

50 4
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Fig. 1. The number of published articles since 2005 with ref-
erence to Google Earth™ and/or Google Maps™ is steadily
growing {ISI Web of Science and PubMed/MEDLINE}.
Health-related work {filled sections) has contributed around
30% of the total number of published papers (total bar} since
the initiation of Google Earch™ in mid-2005.
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The application pertain to a wide variety of sci-
entific disciplines, including geology, paleontology
{Conroy et al., 2008), environmental management
{Pearce et al., 2007; Nethery et al., 2008}, conser-
vation {Bruno et al., 2007; Aburto-Oropeza et al.,
2008) and medicine {Mikula et al., 2007; Weibel,
2008). Not only the field of application, but also
the tasks show a wide range, from the visualization
of earthquakes and tsunamis (Yuan et al, 2008),
oasis detection in deserts (Luedeling and Buerkert,
2008), estimating the size of irrigated agriculture
(Thenkabail et al., 2007}, as an educational tool
{Doering and Veletsianos, 2007; Patterson, 2007)
for global bicdiversity assessments (Guralnick et
al., 2007}, community mapping (Lefer et al., 2008)
and to tracking polie virus down the Congo River
{Kamadjeu, 2009). The field where Google Earth™
has seen the most extensive use thus far is in the
environmental sciences. However, also within the
health sciences and public health-related projects in
particular, the use of Google Earth™ is growing, as
witnessed by the increasing number of articles pub-
lished in the peer-reviewed literature (Sundvall et
al., 2007; Boulos et al., 2008; East et al., 2008;
Freifeld et al., 2008; Gao et al., 2008; Lefer et al.,
2008; Lozano-Fuentes et al., 2008; Yi et al., 2008;
Kamadjeu, 2009). One of the carliest references
made to the potential of virtual globe technology
for disease mapping was highlighted by Malone in
2005 (Malone, 2005). In the literature searched,
the use of Google Earth™ in the health sciences
accounted for approximately 30% of all published
work.

In addition to its direct application in scientific
publications, Google Earth™ js also being used ret-
rospectively by creating and publishing Google
Earth™ KML files of key findings to supplement the
scientific publications and broaden the dissemina-
tion of knowledge. An example of particular rele-
vance to the topic of this paper is a collaborative
project between epidemiologists looking at the
impact of climate change on vector-borne diseases
and Google. Based on the findings from several sep-
arate studies (Hales et al., 2002; Tanser et al., 2003;
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Ezzati et al., 2004; Ebi et al., 2005), these research
groups created a KML animation named “Global
Warming and Disease” (http://blog.google.org/
2008/04/global-warming-heats-up-infectious. htmi)
that shows the projections for the changes in the
global transmission of dengue fever and of malar-
ia in Africa. Furthermore, large amounts of data
are becoming available, often in real time, in for-
mats that can be displayed by virtual globe appli-
cations, and often in parallel with custom website
Google Maps™, For example, a complete database
dealing with the distribution of African vertebrate
species from the Zoological Musenm of
Copenhagen (Galster et al., 2007; Hansen et al,,
2007a,b; Rasmussen et al., 2007) can be browsed
and visualized through a Google Maps™ interface
on  the  Museum’s  web-page  (httpi/
130.225.211.158/subsaharanafrica/subsaharan.ht
m). Likewise, millions of animal and plant species
distributions from the Global Biodiversity
Information  Facility,  headquartered in
Copenhagen, are available for visualization in
Google Earth™ (http://ge.gbif.net/).

Web-based health projects

A search through the Google Internet browser for
web-based projects using the search terms “Google
Earth”, “spatial”, “health” and “epidemiology”
revealed several official websites curreatly using
either Google Earth™ or Google Maps™ to display
health-related data. We identified at least 17 projects
relevant to the topic of this paper that currently have
health maps or data available through project or
institutiona! websites, The projects deal with a vari-
ety of epidemiological subjects and diseases, from
malaria data display in the Malaria Atlas Project
(MAP} (hetp://www.map.ox.ac.uk), to the ‘mashing’
together genetic and epidemiological data on patho-
genic micro-organisms in the Spatialepidemiology.net
facility (http:/Awrww.spatialepidemiology.net). The lat-
ter not only provides a Google Farth™ map-based
interface for the display and analysis of epidemiclog-
ical data, but also allows the user to create their own
maps eastly through the Google Maps™ application
programming interface (API). A list of links to a selec-
tion of projects has been summarized in Table 1.

Table 1. List of official web-based projects where Google Earth™ and/or Google Maps™ is used to display infectious disease
darta, e.g. as part of decision support systems or to disseminate the results of research projects.

Organization/project Subject/disease(s)

Link to project web-page

CONTRAST Schistosomiasis in sub-Saharan Africa  htepiffeu-contrast.en

Epispider.ozg Global disease maps

Harvard-MIT Division of Health Sciences  Global disease alert map

& Technology and Chiidren’s Hospital
Informatics Program

Imperial College London

Pathogenic micro-organisms,

htep:/harww.epispider.orgfindex.php
hupdiwww. heaithmap.orgfen

http:ffarwrw.spatialepidemiology.net/

Batrachochytritm dendrobatidis

Kenya Medical Research Institute (KEMRI) The Malaria Atlas Project {MADP}

and the University of Oxford

National Caneer Institute, US National Cancer
Institutes of Health

Nature Avian flu

heepiwerw. map.ox.ac.uk/MAP_dara heml
htep:/fli-gis.cancer.gov/maps/

:Hferww.nature.com/news/2006/060105/
ful mews060105-1.html

RAMS-ATD, Colorado State University Dengue Decision Support System Project  hitpifwww.rams-aid.org/DDSS/ddss_GE.php

RAMS-AID, Colorado State University West Nile Virus Decision Support System http/fwww.ivce-ddss.org/mapserver/

Wildlife Disease Information Node

Google.org {Google Earth outreach initiave) Various

Global Wildlife Disease

rmwtLarimermap.php

hetp:fiwiidiifedisease.nbii.goviwdinNewsDi
gestMap.jsp

httpr/fearth google.comfoutreach/p,_health.html
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A detatled analysis of the individual projects is not
the scope of this paper. For this, the reader is referred
to the Google Earth OQutreach initiative website
(httpi/fearth.google.com/outreach/findex.html) that
contains an updated online overview of public health
related showcases (http:/fearth.google.com/ out-
reach/p_health.html). One example worth highlight-
ing, however, is the scientific journal Nature’s use of
Google Earth™ to track the spread of the HS5N1
avian influenza virus around the globe (Butler,
2006a), a project that won the Association of Online
Publishers (AOP} Use of a New Digital Platform
Award 2006. This Google Earth™ presentation
compiles data on outbreaks of avian flu in birds from
2003 and onwards, confirmed human cases of infec-
tion, as well as other relevant spatial data layers, in
order to map cases and outbreaks by location and
time, with links to relevant web resources from the
United Nation’s Food and Agriculture QOrganization
(FAQ), the World Health Organization (WHO), and
other organizations (Butler, 2006a). This example
demonstrates the potential of the so-called
“mashups™ in Google Earth™, a term originally
used to describe the mixing together of musical
tracks, but now referring to websites that weave data
from different sources into a new service (Boulos et
al., 2008). A link to the project web-page and the
KML file can be found in Table 1.

Using Google Earth™ to map and monitor schisto-
somiasis in sub-Saharan Africa

The CONTRAST project

Google Earth™ and Google Maps™ have been
applied within the framework of the EU-funded
project which carries the acronym CONTRAST
(http/fwarw.ecu-contrast.ew}). The project aims to
build a multi-disciplinary research platform to bet-
ter understand which interventions to be used to
control the snail-borne parasitic disease schistoso-
miasis and how to tailor interventions at the local
level. The morbidity of this disease is predominant-
ly controlled by chemotherapy campaigns, but in
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order to achieve enduring success in reducing trans-
mission, a thorough consideration of the environ-
mental components is essential since the disease is
completely dependent on its freshwater-dwelling
intermediate host snail. The CONTRAST project is
muitidisciplinary, bringing together key skills and
expertise to generate new knowledge on biological,
environmental and sociceconomic factors relating
to schistosomiasis in different parts of Africa. It con-
sists of a strong research node network across
Africa. These nodes are working on establishing
innovative molecular tools to characterize both
snails and schistosomes, defining the importance of
host-parasite dynamics across different eco-epidemi-
ological settings and developing new spatial models
for disease risk mapping and prediction. An addi-
tional aim of CONTRAST is to encourage and
assess novel local control interventions using a
social science approach, while ensuring widespread
dispersal and access to information.

Virtual globe technology lends itself particulatly
well to the activities within the CONTRAST project
that are concerned with the spatial epidemiology for
schistosomiasis risk mapping and prediction at non-
sampled locations. At the moment, Google’s virtual
globe technologies are used for a variety of purpos-
es, ranging from partner communication, data visu-
alization and validation and to the dissemination of
project research and results. The conceptual dia-
gram in Figure 2, illustrates where and how Google
Earth™ and Google Maps™ are used in the project
work flows and stages.

The overall communication and assembly of proj-
ect-related data takes place via the CONTRAST
web-page (Fig. 2; stage 1), where Google Earth™
and Google Maps™ are used to communicate in a
spatially-explicit manner. New data collected by the
project partners during epidemiological and mala-
cological surveys can be entered online using a stan-
dardized format managed by the FireFlower data
management system ({(http://www.fireflower.ca}.
Historic data on schistosome parasites and interme-
diate host snails for all of sub-Saharan Africa are
continuously being collated and digitized using a
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Fig. 2. Concepwial diagram showing the work-flow and
stages in the BU-funded CONTRAST project, refating specif-
ically to the spatial epidemiclogy for schistosomiasis risk
mapping and prediction at non-sampled locations. The red
boxes indicate processes where Google’s virrual globe tech-
nologies are applied.

systematic approach to review extant literature and
managed in a relational database with direct KML
export capabilities (Fig. 2; stage 2). Here, the
Google Earth™ display of data can be used for data
location geo-referencing, validation and gap identi-
fication. The development of predictive models of
disease distribution takes place via spatial and geo-
statistical analysis (Fig. 2; stage 3). As Google
Earth™ has no analytical capabilities, this process
essentially takes place through statistical software
packages (STATA, Stata Corporation, College
Station, TX, USA, version 9.2; WinBUGS, Imperial
College & Medical Research Council, London, UK,
version 1.4.2; and R, http/fwww.R-project.org) as
well as more conventional GIS packages. Finally, in
addition to the common dissemination of results
through scientific literature, models and other
research results can be readily iflustrated via Google
Earth™ (Fig. 2; stage 4). The extensive public inter-
est in such visualizations makes scientific informa-
tion widely accessible to general users. Personal data
and results can be “mashed up” with other spatial
data and thus stimulate scientific debate and the
articulation of new research questions and hypothe-
ses. Data visualization is also useful for decision

support, particularly the spatial targering of disease
control measures, but also the identification of
knowledge gaps and the stimulation of further data
collecrion,

Enbancing partner communication and data sharing

Three examples are provided here thar illustrate
how Google’s virtual globe technologies are used in
the CONTRAST project. They relate to the specif-
ic work-flows and stages depicted in the diagram of
Figure 2. The first example pertains to project man-
agement and information exchange. Of note, the
CONTRAST project brings together not less than
14 partner institutions, four of them located in
Europe (Belgium, Denmark, Switzerland and UK),
and the remaining 10 based across sub-Saharan
Africa {Cameroon, Kenya, Niger, Senegal,
Tanzania, Uganda, Zambia and Zanzibar). The
management of such a large body of institutions
and in variety of settings is not only a challenge
from a logistics point of view, but also comprises a
challenge with regard to communication. To
enhance information exchange among the CON-
TRAST partners and the scientific community at
[arge, a website was created at the onset of the proj-
ect. This website is hosted by the University of
Copenhagen, and managed by the project coordi-
nator unit there. On the website, a mapping service
is available which has been developed using the
Google Maps™, This gives CONTRAST partners
and the public an opportunity to follow the
progress and development of the ongoing research.
On the CONTRAST web-page Google Maps™ is
used to show partner and research node locations
and associated information. In this way, partners
and other stakeholders can gain quick updates with
regard to the status of the fieldwork that takes
place throughout the year at the various study loca-
tions. This is possible because all partners in the
CONTRAST project have been equipped with suit-
able hand-held global positioning systems (GPS)
devices ensuring that the recording of geographical
coordinates is a standard part of any fieldwork
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Fig. 3. An example of the use of Google Earth™ ¢o “fly” the user to fieldwork locations of interest, and illustrate the most
impartant findings from the given fieldtrips by means of attached info-balloons. The user can either download a full Google
Earth™ presentation of the on-going CONTRAST-related field work as a KML file or view directly on the project web-page

through Google Maps™,

exercise. An example of a spatial illustration of
fieldwork in progress can be seen in Figure 3.

Developing a digital, interactive atlas of the distri-
bution of schistosomiasis and bost suails

The second example pertains to the role of Google
Earth™ in the efforts to develop a digital, interac-
tive atlas of the distribution of schistosomiasis and
intermediate host snails. It is thus a logical continu-
ation of tremendous efforts made by the University
of Bordeaux (France) and the WHO in the 1980s
that resulted in the publication of the first global,
printed atlas of schistosomiasis {Doumenge et al.,

1987). A major shortcoming of this atlas, which is
due to its appearance before the “age of the
Internet”, is that it cannot be readily updated as
new data become available. However, with the
advent of more advanced GIS facilities in the mid-
1990s, the WHO has launched a new effort to
develop a global digital helminth atlas (Brooker et
al., 2000).

The value of disease atlases as a means of visual-
ly revealing spatial patterns of disease occurrence
has been emphasized {Lawson and Williams, 2001),
and since the inception of the CONTRAST project
in October 2006, considerable efforts have gone
into digitizing and geo-referencing historical
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Fig. 4. A Google Earth™ illustration of the locations where data records of Schistosoma bagmatobinm (red placemarks) and
Schistosoma mansoni (green marks) are currently available in the CONTRAST database. The points are overlaid on the
CONTRAST African partner countries and the lake and river basins covered by the project. The information is contained in

a single KML file.

records of schistosomiasis prevalence and interme-
diate host snail species. These data are being
assermnbled in the open source MySQL relational
database management system, and continuously
updated. Currently the database consists of more
than 4,000 geo-referenced locations with associat-
ed parasite prevalence data along with information
on the distribution of the intermediate host snail
species associated with the transmission of schisto-
somiasis. Geo-referencing, the process of convert-
ing text descriptions of locations to computer-read-
able geographical locations (e.g. latitudes and lon-
gitudes), is carried out using gazetteers such as the
BioGeoMancer (http://www.biogeomancer.org/)

(Guralnick et al., 2006), which uses the Google
Maps™ APl. Google Earth™ can be wsed to cap-
ture point and polygon coordinates, and also pro-
vides a measure tool that helps to find precise loca-
tions based on location descriptions {for instruc-
tions how to use these tools, the reader is referred
to the Global Biodiversity Information Facility’s
Biodiversity Data Portal http:/ge.ghif.net/gbifcap-
co.php). The CONTRAST database is planned to
be made publicly available, using Google’s virtual
globe technology as part of the database interface.
A snapshot of some of the database contents can be
viewed in Figure 4.

The advantages with this approach is that any
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person working with the database can directly
export any chosen data selection directly from the
database to a KML file for instant viewing in
Google Earth™, The files can be e-mailed to col-
leagues (who may have no knowledge of or access
to GIS), and then simply “dragged and dropped” by
the recipient onto their own desktop Google
Earth™ display, where the layer is immediately
draped over the Google Earth™ landscape. This
simple and instant mapping in Google Earth™
serves several purposes. It has made it possible to
quickly identify spatial data gaps and been helpful
in identifying areas where further epidemiological
and malacological surveys are warranted. It has also
proven instrumental in validating the global posi-
tion of the thousands of localities (small rural settle-
ments, towns, etc.) that have been retrospectively
geo-referenced: partners in various geographical
regions can quickly indentify geo-coding errors, and
hence assist with improving the precision of the geo-
graphical coordinates.
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Visualizing, exploring and disseminating project
information and results

The third example highlights how mapping exer-
cises of relevance for geospatial health applications
can be “mashed up” and presented. Suppose that
data have been collected and analyzed and predic-
tions generated, the next obvious step — besides sci-
entific publication — is the preparation of the data
and results for web-sharing. In the CONTRAST
project this indeed is one of the main objectives. We
conjecture that one eminently appealing option for
sharing the results of such a mapping project to a
wider community is via Google Earth™.

In CONTRAST, a KML mashup of relevant
project information together with data, maps and
models on parasite and intermediate host snail dis-
tributions has been put together for Google Earth™
virtual globe presentation (Fig. 5). Any information
and layers of choice can be written into the KML,
making it possible to illustrate and disseminate mul-
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Fig. 5. A screenshot showing a snapshot of the CONTRAST KML mashup. The user is guided through project-related infor-
mation, data and maps through a systemn of information balloons with links, and can decide which data layers to view through
the side pane to the left. A link 1o the full KML can be found on the CONTRAST web-page (http:/www.en-contrast.en/),
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tiple information and results within a single file. In
the CONTRAST KML presentation, the user is first
guided through some introductory information on
the CONTRAST project and background informa-
tion on schistosomiasis and the intermediate host
snail species. Through spatially referenced informa-
tion “balloons”, an introduction is also given to
each project partner and research node. The next
part of the presentation gives an overview of the
fieldwork that has been undertaken by “flying™ the
user directly to the fieldwork locations — and pro-
viding additional information on findings, relevant
links to publications, etc.

The central part of the KML pertains to outputs
from the CONTRAST databases on parasitology
and malacology, along with various other spatially-
explicit data layers (e.g. environmental data). These
can be CONTRAST-generated layers, or spatia] lay-
ers from other sources that could be of relevance for
viewing together with the CONTRAST data.
Finally, various map outputs from the geospatial
analysis that has been undertaken can be viewed,
along with short descriptions of the main findings
and links to any available published papers. The
user is guided through all the information, data and
results contained in the KML through the informa-
tion balloons that can be linked to geographical
locations, relevant web links or other KML files. It
is also possible to navigate using the side pane in the
Google Earth™ user interface, to switch on and off
the individual layers. Layers of interest to the user
can be viewed individually or together with other
lavers in the CONTRAST KML.

The key strength of the virtual globe technologies
is the ease with which data can be incorporated
from a number of different providers and visualized
simultanecusly to indentify relationships for subse-
quent quantitative investigation. Accordingly the
layers comprising the CONTRAST mashup can eas-
ily be viewed in conjunction with other spatially dis-
tributed data to further explore data and model
results. In addition to the data already in the
CONTRAST KML file, large amounts of
environmental data are now available in KML
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format from a number of projects and data centres,
including Kings College Geodata portal
(http:/fwww.kel.ac.uk/schools/sspp/geography/resea
rch/emm/geodata/), the Reading e-Science Centre
(http:/fwrww.resc.rdg.ac.uk/), among others.

Discussion and conclusions

The ease, efficiency, and speed of data communi-
cation and analyses are paramount to, and charac-
teristic of, any mature science. The key strengths of
virtual globe applications are their simple, intuitive
nature and ability to incorporate new data in a
straightforward manner. GIS software is already an
important tool for uaderstanding spatial and tem-
poral factors in a wide range of disciplines, increas-
ingly so in geospatial health research investigating
links between diseases and the multidimensional
environment in which they exist. However, com-
mercial GIS tools have traditionally been an expen-
sive and complex solution, especially in the devel-
oping world. They are often not mutually compati-
ble, making it difficult to combine data from differ-
ent sources in a smooth manner. Google Earth™
and other virtual globe applications offer
researchers a simpler alternative to GIS software
and it is probable that this will lead to increased
data sharing (beyond static images) while enabling
the implementation of a new and exciting science.
Thus, Google Earth™ has the potential of making
mapping accessible to a new set of public health
users in developing countries. The availability and
quality of satellite imagery, combined with features
such as KML or image overlay provide a flexible but
yet powerful platform that set it apart from tradi-
tional mapping tools. It should, however, be empha-
sized that virtual globe applications are engineered
1o do only a small portion of what a full GIS tech-
nology does, and should be viewed as a complement
to, rather than a full replacement of more sophisti-
cated GIS technologies.

The following points are offered for discussion
regarding some of the merits and limitations of
Google Earth™ as compared to other virtual globe
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technologies and GIS. First and foremost, Google
Earth™ allows easy simultaneous visualization of
point data together with many of types of auxiliary
environmental data making it well-suited for
“exploratory” phases of scientific work. Users can
upload their own geo-referenced data {in point, poly-
gon and raster format) and share it with selected
users oz, alternatively, the whole impressive network
which is the Google Earth™ community today.
Although Google Earth™ does not offer traditional
GIS functionality, it can be used also to add content,
such as points or lines to the existing maps, measure
areas and distances, derive coordinates and ultimate-
ly load GPS data.

Second, with regard to web-based data sharing,
the data is readily located on Internet servers so users
do not have to download or install any data locally.
However, the need to access the Internet, e.g. to cap-
ture satellite images of areas of interest is a limita-
tion, that will impede the use of Google Earth™ for
this purpose in some parts of the world.

Third, the base maps in Google Earth™ (remote
sensing images, roads, administrative units, topogra-
phy, etc.) are extensive and above all, frequently
updated and with constantly improving quality.
Though still far from suitable for all kinds of epi-
demiological studies, this brings new promise for the
improved use of remote sensing applied to epidemi-
ology, which has been criticized for not fulfilling its
potential (Herbreteau et al., 2007).

Presently, high-resolution IKONOS images (spa-
tial resolution of 2 m or better) cover about 20-30%
of the world. The limitation here is that non-urban
areas in the developing parts of the world suffer
from poor coverage of high-resolution satellite
imagery. This is a limitation which is a particular
problem with regard to rural, local studies of many
diseases, e.g. schistosomiasis and other neglected
tropical diseases, but also malaria. Another Hmita-
tion with acquiring high resolution imagery through
Google Earth™ is that satellite image data are
intended for optimized ground cover presentation,
which makes it weak for analysis purposes as the
time of image acquisition cannot be chosen

(Monkkonen, 2008; Kamadjeu, 2009).

The strength of the Google Earth™ is that it uses
a single coordinate system, i.e. the world geodetic
systern (W(GS-84) and that the geodata are visual-
ized using a 3-D model rather than a projected 2-D
system. This means that the user avoids having to
deal with the complexity of understanding and
merging of maps and layers from different projec-
tion systems. The fact that more and more people
and organizations are now producing KML versions
of their spatial data (as opposed to other spatial
data formats that require different types of GIS soft-
ware) means that it has become easy for scientists,
and the general public alike, to quickly prepare
mashups and explore data obtained by different
research groups.

The use of Google Earth™ and Google Maps™ in
the CONTRAST project, which is generally applica-
ble to other research projects with geospatial health
components, can be summarized into a few overall
categories such as:

(i} visualization;

(it} communication;

(ii) data-exploration (e.g. the identification of spa-
tial and temporal disease clustering);

(iv} validation;

(v) dissemination of research result for a wider
audience; and

(vi) support for decision-making.

A remaining problem, still hindering the full
potential of virtual globe applications for these pur-
poses, is how to attain proper geo-referencing of the
disease-related data, not least for the vectors and the
intermediate hosts carrying the infectious agents.
Failure to include spatial information may eliminate
potentially highly productive routes to analysis,
including those not yet foreseen. But these data are
frequently inadequate or absent. This remains one of
the main obstacles for the direct mapping of vector-
borne diseases and the exploration of relationships
with the heterogeneous environment in which they
exist. Other important issues, not dealt with in this
paper, pertain to the ethics of displaying traceable
health information in public space and concerns with
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confidentiality of the data (Curtis et al.,, 2006).
According to some, the type of visualization exem-
plified by the virtual globes crosses several key
thresholds in communicating scientific and environ-
mental information (Sheppard and Cizek, 2009).
Thus, while the appeal of these techniques are evi-
dent, with unprecedented opportunities for public
access to data and collaborative engagement over the
web, there are nonetheless risks that need to be con-
sidered before applying these techniques in areas of
public interest, such as planning and policy-making.

At present, Google Earth™ appears to be primari-
ly used as a geo-browser for exploring spatially ref-
erenced data. However, its functionality can be inte-
grated with various analytical tools for spatial
analysis (e.g. GIS and open source statistical pack-
ages such as R (Bivand, 2006; Yi et al., 2008) while
facilitating the sharing of spatially-referenced data
berween international research groups, 2nd agencies
(Wood et al., 2007). We hope this paper will stimu-
late further exploration of virtual globe applications
for spatial epidemiologists, and that this could also
introduce to the broader research community the
potential of recording and making accessible spatial
data in appropriate formats. We will continue to use
Google Earth™ and Google Maps™ as an integral
part of the ongoing CONTRAST project and we
invite readers to check our website, as well as the
web-sites of the many other research projects men-
tioned in this paper, to witness how virtual globe
applications ¢an be used for the display and sharing
of data and research relevant to the management
and control of vector-borne and other environmen-
tal diseases.
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