TELE-EPIDEMIOLOGY

USING SPACE
TO FIGHT DISEASE

Faced with the threat of spreading infectious diseases, epidemiology is becoming increasingly
important. Tele-epidemiology collates the data collected in the field and satellite data to track
down and prevent infection.

Malaria, Lyme disease, the common liver fluke,
bluetongue disease, etc. These diseases gain
more ground every year thus increasing the risk
of epidemics. What do they have in common?
They are all transmitted by small organisms,
often arthropods (mosquitoes, flies, ticks, lice
or fleas), which are called vectors because they
transmit the infectious agent from one host to
another. The distribution area of these vectors
is gradually expanding, with climate change
opening up altitudes and latitudes that were previously protected from them. New, sometimes
vulnerable regions are thus seriously affected.
Faced with this scourge, research is intensifying
to decipher the space-time dynamic of the
diseases and to obtain forecast maps of high risk
areas in order to anticipate and contain epidemics more efficiently.

The MULTITICK, BUSHTICK, TICKRISK, EPISTIS, EPIDEMOIST, DYNMAP and SATHELI projects have been financed by
Stereo II, the Belgian science policy (BELSPO) research programme for Earth observation.
More information: eoedu.belspo.be > teacher’s corner ; eo.belspo.be > Directory > Projects
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At the entrance of Latvian forests hikers are notified of the risks linked to tick abundance.
(Photo: S. Vanwambeke)

EPIDEMIOLOGY TURNS TO SPACE
Tele-epidemiology combines data sets from
multidisciplinary areas (physical factors such
as temperature or humidity, biological readings,
health data, socioeconomic data, etc.) with satellite observation data (climatological, environmental, land use, etc.). This allows us to analyse
the mechanisms of emergence, propagation and
transmission of infectious diseases, firstly, by
investigating the “climate - environment - health”
relationships, and secondly, by updating the
links that exist between the infectious diseases
and the environment in which they develop, all
with the help of space technology. The ultimate
objective is to provide public health stakeholders
with tools, risk maps for instance, allowing them
to monitor and anticipate epidemics.
A great number of statistical and non-statistical
products have been developed to facilitate the
work of epidemiologists: quantification of the
cases of disease, identification of the factors
characteristic of the affected areas, definition of
the high risk areas, forecasting models, prevention programmes, etc. Remote sensing is now
involved in every step of this research.

TICKS MOVING WITH THE CLIMATE
Ticks travel. They move easily from one continent to another on the back of their host. Very
sensitive to climate change and local modifications in temperature, exposure, humidity, etc.,
their distribution area is evolving and expanding.
In Europe, the majority of vector diseases are
transmitted by ticks. Several thousands of people
are affected by Lyme disease every year and the
number is increasing.

The MULTITICK study focused on the environmental factors that influence the distribution of
tick-borne diseases in Europe. Researchers chose
to concentrate on Lyme disease in Belgium and
the Baltic states. Ticks and the host animals,
which are essential to their survival, have a specific habitat, which they choose according to their
needs and is linked to particular environmental
characteristics. Therefore, the tick can be strictly
associated with certain environmental factors
(type of vegetation, temperature, etc.). Many of
these specific factors can be derived from remote
sensing data and then entered into models that
allow us to identify which environments are
most favourable to the appearance of the disease.
The study’s originality lies in the fact that several
types of observable factors (environmental,
human, etc.) were examined at a number of
scales. The majority of studies carried out up
until now have focused on one type of factor and
one specific scale (land use data deduced from
high resolution images or climate data deduced
from low resolution images, for instance). The
research team therefore combined the scales
by using low and high resolution images and
several statistical techniques to collate the data
obtained. The results confirmed that the spatial
distribution of tick-borne diseases is determined
by a set of factors that operate at different scales.
The project also showed that environmental
factors don’t explain everything; for example,
the way in which humans develop and manage
their land must also be taken into account. The
research carried out therefore provided a rather
innovative integrated vision in the domains of
the environment and the ecology of diseases.
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Collection of ticks in an
abandoned field in southern
Norway for the BUSHTICK
project.

Continuing along the same vein, the team began
work on the BUSHTICK project. This project
studies the dynamics of abandoned farming
areas in order to better understand the impact of
land development and management changes on
the risk of the presence of ticks and the occurrence of diseases. In the south of Norway, the
project’s study area, there is an increase in the
ticks’ area of distribution, along with an increase
in tick-borne diseases among human and
animal populations. To be exact, the researchers
are examining “areas of bush”, i.e. cultivated
areas or pastures which have been abandoned
and where nature has taken over. Indeed, while
forests are well known for being a favourable
habitat for ticks, we still have little information
on these areas that have been left to return to
their wild state. These unmaintained areas are
less exposed to wind and or any type of disturbance, and are therefore more likely to contain
ticks than a pasture or a field.
The aim of the project is to produce a map of the
vegetation’s evolution in the region during the
past three decades in order to better understand
the processes of abandoning grasslands and
their return to a wild state. To be able to detect
gradual changes in the vegetation’s density, the
researchers have to test several land use classification methods. For each of the methods used,
they selected the most efficient components:
some of them allow the structure of the landscape to be analysed thanks to the definition of
classes of land use at a given time, while others
deduce continuous information from time series,

which is more useful for the observation of
gradual processes. By combining the advantages
of the different methods, the team hopes to be
able to draw up maps of bush encroachment
and define the impact of land use changes and
land management on the risk of the presence
of ticks and the appearance of the diseases associated with them. The ultimate goal is to be able
to unravel the complex network of interactions
that exist between environmental variables, land
development and tick-borne diseases.
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Risk map for the presence of
R. microplus in Western Africa,
created by determining the
favorable climate zones for
this vector.
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TICK JUMP

Rhipicephalus microplus,
a tropical tick that recently
arrived in Western Africa,
threatens the growth and milk
production.
(Photo: M. Madder)

Rhipicephalus microplus, a tropical tick, appeared
in Benin in 2006. It probably arrived on the
African continent as a stowaway on the back
of Brazilian cows. There is no trace of it in
West Africa before 2007. This dangerous tick
causes anaemia and skin and udder infections.
It is also a vector for several particularly serious
cattle diseases, such as babesiosis and anaplasmosis, which cause a high fever, weight loss,
a reduction in milk production and sometimes
death in animals. The cost of these diseases is
considerable for the farmers.
Resistant to acaricides, the tick is very difficult to
eradicate once it has been established. There is
a great risk of expansion of the area occupied by
the tick, which is encouraged by the farming system used in West Africa. The cattle aren’t kept in
closed pastures but are required to roam to find
food and water. Therefore, they can transport the
ticks over more than a hundred kilometres.
The fruit of a collaboration between UCL,

the Institute of Tropical Medicine in Antwerp
and the Spanish University of Zaragoza, the
TICKRISK project worked on producing a map
of potential habitats for the tick in West Africa,
to help the authorities set up targeted monitoring. They developed the use of smartphones
among the players in the field to facilitate the
collection and centralisation of the data, via the
VECMAP application. Thanks to the results of
the tick collections in Benin, the researchers
were able to establish which environmental
conditions were favourable to them. On the
basis of this information and satellite data, they
were able to draw up a detailed map of the risk
of invasion in West Africa. This map enabled
them to show that very large areas of the land
studied are indeed high risk areas.

VECMAP, a smartphone application
Developed by the company AVIA-GIS with the collaboration of the scientific teams working on the EPIDEMOIST and TICKRISK
projects, among others, VECMAP is a support service for the management of diseases transmitted by vectors such as mosquitoes or ticks (malaria, chikungunya, etc.). From sampling to spatial modelling, the mobile application goes through all the
steps leading to the mapping of high risk areas. It simplifies and improves field and laboratory work as well as the modelling
of distribution thanks to satellite data. It facilitates data collection in the field thanks to the smartphones, and then combines
these data with satellite data for the statistical modelling of the disease’s distribution. The terrain allows the researchers to
determine the distribution of the disease’s vector while the remote sensing data provides indicators such as climatic seasonality or the vegetation index. The data collected can be transferred at any time to a centralised database to be stored there.
Costly and laborious field work is thus facilitated and optimised.
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EPISTIS project includes seven partners,
specialised in complementary disciplines: the
techniques and approaches of the remote sensing
specialists complemented those of the specialists
in epidemiology. A wealth that has led the university and SME teams to think in an innovative way.

TAILOR-MADE MODELLING
Confirming Belgian know-how, the EPISTIS
study began in 2006 and continued for four years.
The project’s goal was to create a network of
expertise in the domain of space technology
applied to epidemiology. The teams developed
several tools using remote sensing in order to
obtain a better analysis of the spatial-temporal
dynamics of the transmission of diseases. Results
which can help local managers and vets to take
crucial decisions. Spatial epidemiology requires
a multidisciplinary approach. The wide-scale

Two case studies were selected. They are very
different but complementary owing to their epidemiological characteristics and the specific control
strategies associated with them. The first one deals
with the presence and propagation of bluetongue,
a vector-borne disease present in Belgium, Italy
and the Mediterranean basin. The second one
relates to the dynamics and the transmission of
a highly contagious disease, foot-and-mouth, in
Kruger national park in South Africa. The major
factors in a vector-borne disease are those that
influence the dynamics and installation of the infected vectors. In the case of a contagious disease,
attention is focused on the likelihood of contact
between infected and uninfected animals; it is
necessary to take into account the effectiveness
of the fences erected to prevent contact as well as
the factors affecting the dynamics of the infected animals. While the subjects are specific, the
innovative approaches developed are applicable to
other diseases (even human) with similar characteristics. The study begins with an epidemiological
analysis which compiles the information on the
occurrence of the disease, the vectors, the potential
hosts, wild animals, cattle and the human population. Extra data, such as soil maps or topographical
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WorldView-2 image in false
colours (near infrared, red,
green) of the study site of
the EPISTIS project in South
Africa, acquired during the dry
season (July 2012). Several
burned areas are clearly visible.

indicators, are added to this. Low, medium,
high and very high resolution satellite data are
integrated and used for different types of modelling, at different scales. It is therefore possible
to create a distribution model on a national or
regional scale, a model of local propagation, or a
model based on very high resolution for a detailed
result targeting a precise area. All models are then
integrated into a Space-Time Information System
(STIS) used as a decision-making support tool.
The ultimate goals are to be able to estimate the
risks of future propagation, to determine the
fences’ level of effectiveness and to improve the
disease’s management and control. EPISTIS
has created a real network of Belgian expertise in
tele-epidemiology and has set up a large number
of innovative tools: the STIS information system,
several new distribution and propagation models
as well as additional land modelling approaches,
which are based on data from high and very high
resolution sensors. The operational applications of

the project’s results go well beyond the laboratory
activities involved in this research and can be
useful for all tele-epidemiology researchers.
Similarly, the EPIDEMOIST project took a closer
look at bluetongue disease in Italy. The team
tackled a specific question: why is the density of
midges (vectors of the disease) different in the
north and south of Calabria even though the
climate conditions seem similar? The project,
initiated by the SME AVIA-GIS, in collaboration
with the University of Ghent, aimed to improve
the VECMAP application, and to fine tune the
midge distribution models by integrating the type
of soil and its level of humidity. The lifecycle of the
vectors often has a development stage in the soil,
which explains the decisive impact of this factor
on their spatial distribution. In an effort to offer an
alternative to fastidious and costly field measurements, the project sought to extract humidity
indicators from the soil based on optical and radar
satellite images. While optical images
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AUTOMATIC UPDATE

Above: probability map for
the presence (red) or
absence (yellow) of the
midge C. imicola, vector of
the blue tongue disease in
Calabria.
Below: distribution map
of sand (light) and moist
clay soils (dark).

offer the advantage of being easier to process, they
are however unusable when clouds are present. In
this case, it is necessary to use radar images, but
they require more extensive processing before
they can be used. Thanks to these two types of
images, it was possible to extract three interesting variables: apparent thermal inertia, the soil
dryness index and the soil moisture index. These
variables can be integrated into the spatial models
of other vector-borne diseases. The results obtained are very promising but the methods still need
to be fine-tuned before being operational. In particular, they aren’t really suitable in the presence
of abundant vegetation. Nevertheless, advances in
the project already allow a better understanding of
the impact of factors such as soil moisture or vegetative barriers on the propagation of a vector-borne
disease, therefore justifying the implementation of
more efficient and targeted control measures.

And what if the forecast maps were to become
dynamic? If an easy update could be envisaged?
This is the challenge that the DYNMAP project researchers set themselves. The idea is to
merge the data from different sources and with
different spatial resolutions to obtain dynamic
predictive mapping. The research carried out
endeavoured to develop such a tool for the
habitat of the mosquito which is the vector for
malaria in Asia. The method obtained allows the
data from different resolutions to be combined,
as well as allowing the high resolution images to
be updated almost automatically with the help of
time series of low or medium resolution images.
This application provides more detailed information on land use, such as the location of rice
fields, thus allowing researchers to expand their
knowledge on the relationship between the
malaria vectors and environmental indicators.

The globalisation of trade and the increase of passenger traffic by air, illustrated here by the map of the
global aviation network in 2009, are important risk factors in the distribution of infectious diseases.

TELE-EPIDEMIOLOGY
Probability map for the
presence of the mosquito Anopheles dirus sensu lato,
one of the vector species of
malaria in South East Asia.
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The project also confirms the hypothesis of
a habitat in recession for Anopheles dirus
sensu lato. during the dry season, as well as
the influence of parameters such as land use
and relative humidity on the presence of the
mosquito. The project also validated the quantity
of water contained in a leaf as a valid indicator to
estimate this relative humidity. The research has
therefore yielded many results and numerous
applications. DYNMAP has opened the way to
the development of new products based on the
use of remote sensing data that can be used in
epidemiology.

This multidisciplinary project integrates perfectly into the philosophy of the STEREO II programme. It is the fruit of a close collaboration
between two complementary sources of expertise: the Institute of Tropical Medicine’s practical
knowledge of the terrain and the diseases, and
UCL’s theoretical experience of data processing
and classification.

SATHELI, a snail under scrutiny
EUR 8.2 million a year, that is the economic impact of the common liver fluke on the dairy
sector alone in Flanders. The intermediary host of the common liver fluke is the Galba
truncatula mud snail, which lives in ponds and puddles (Small Water Bodies – SWB).
The SATHELI study began in February 2012. The
“tailor-made” technique developed by researchers
to detect high risk areas (small bodies of water)
combines WorldView-2 satellite data (up to a resolution of 50 cm) with even more precise data collected by a drone. The models forecasting the risk
of infection that have been developed will allow
farmers to make a better choice as to where and
when their cattle should graze, in order to avoid
infection as much as possible.

