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Course Introduction
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EPIDEMIOLOGy and spatial epidemiology

Epidemiology

Ø Epidemiology is dedicated to the study of the distribution, frequency, causes and

control of factors related to health and disease in well-defined human populations

and to the application of this study to protect and improve the health of the

population.

Ø Epidemiology especially studies the relationship between exposure and disease.

Ø Epidemiology is considered the basic science for preventive medicine and a source of

information to formulate public health policies.
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Ø Diseases do not occur randomily. They have causes, many of them human in origin,

which can be avoided.

Ø Epidemiologists have been pivoltal in identifying numerous etiological factors which,

at the time, justified the formulation of health policies geared towards the prevention

of diseases.
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Ø Epidemiology emerged from the study of infectious disease epidemics.

Ø Nowadays, epidemiology is concerned with the demographic study of any disease

with the help of statistics.
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Spatial epidemiology

“Spatial epidemiology is the description and analysis of geographic variations in disease with

respect to demographic, environmental, behavioural, socioeconomic, genetic, and infectious

risk factors”.

Elliot P, Wartenberg D. Spatial epidemiology: current approaches and futures challenges. Environ. Health Perspect. 2004; 112(9):998-1006. doi: 10.1289/ehp.6735.
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Ø Spatial epidemiology is related to describing diseases and the study of their causes

and prevention using different perspectives of analysis where location of events is a

basic component, given that it also studies the geographical variations of the diseases.

Ø Spatial epidemiology is a sub-field of epidemiology focused on the study of the

spatial distribution of health outcomes.

Ø Spatial epidemiology is based on a concept of health where individuals are seen in

their socio-cultural context.
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Main objective of spatial epidemiology:

Ø To show what part of the spatial variation of the distribution of the occurrence of a

health event is not explained by either the spatial distribution of known explanatory

factors, or by a random variation.

Ø In fact, very often we are interested in finding clues about an unknown risk factor of a

certain disease.
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Ø The study of the geographical distribution of health events has become enormously

interesting for epidemiologists in recent decades despite, as we will see below, having

a history of more than 200 years.

Ø The first disease maps were created to represent the location of cases of infectious

disease:

• Yellow fever in New York (Seaman, 1798)

• Cholera in London (Snow, 1854)
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Visualisation of the strategy to
contain the propagation of the
black death in the region of Bari,
Italy 1690-92.

2. Introduction to epidemiology and spatial statistics

EPIDEMIOLOGy and spatial epidemiology



15

Centro de Investigación Biomédica en Red
Epidemiología y Salud Pública

Centro de Investigación Biomédica en Red
Epidemiología y Salud Pública

Centro de Investigación Biomédica en Red
Epidemiología y Salud Pública

Seaman’s map of cases of yelllow fever

The points represent the deaths due to
yellow fever and the ”S” the dumping sites.

2. Introduction to epidemiology and spatial statistics

EPIDEMIOLOGy and spatial epidemiology



16

Centro de Investigación Biomédica en Red
Epidemiología y Salud Pública

Centro de Investigación Biomédica en Red
Epidemiología y Salud Pública

Centro de Investigación Biomédica en Red
Epidemiología y Salud Pública

Seaman’s map of cases of yellow fever
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Ø In the autumn of 1848, there was a second cholera epidemic in London, causing a

huge number of deaths.

Ø Neither its aetiology nor the way the disease was transmitted was known for sure.

Ø Two current theories:

• Contagion due to contact

• Miasmas
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Snow observed that:

Ø Miasmas could not be causing the disease: patients must have presented

respiratory symptoms due to inhaling the “miasmas” and not the acute diarrhoea

symptoms present in cholera.

Ø The deaths due to cholera that occurred between 1848-49 (second epidemic) were

concentrated in the districts of South London. The death rates observed in this area

were way higher than in the rest of the city (8.0 and 2.4 deaths per 1,000 inhabitants,

respectively).
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Furthermore, Snow observed that:

Ø The inhabitants of South London obtained their drinking water from waters below the

Thames (highly contaminated waters).

Ø The other areas of London obtained their drinking water from less contaminated

sections of the river (water from the Thames or its tributaries).
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Ø In 1853-1854, there was the third wave of the cholera epidemic in London.

Ø The inhabitants of some districts in the south of the city took their water from the

small tributaries of the river Thames or from the numerous public use water pumps.

Ø Human faeces were thrown into improvised sewers or directly into the river.
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Ø There were two companies responsible for the water supply: Sothwark and Vauxhall

Company and Lambeth Water Company.

Ø During the second cholera epidemic in 1848-49, both companies extracted their water

from the contaminated sections of the Thames, with the districts supplied by the two

companies recording similar number of deaths.
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Ø In 1853:

• Lambeth Water Company had moved their infrastructure upriver (non-

contaminated water).

• Southwark and Vauxhall Water Company continued to extract the lower waters.

Ø Snow observed that the mortality rate due to cholera in homes supplied by the second

company were 8.5 times higher than that of the homes supplied by the first.
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Ø At the beginning of September 1854:

• In the “Golden Square” area of London (in Soho), there was an unusually intense

epidemic outbreak of cholera (500 deaths in just 10 days).

• Most of the section’s residents extracted their water from a public use pump

located in Broad Street.
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Ø A map of the sector was created, marking the points corresponding to the deaths

due to cholera and the different existing drinking water pumps.

Ø It was surmised that the outbreak was due to the ingestion of contaminated waters

from the pump on Broad Street.
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Snow identified the spatial 
aggregation of the cases of 
cholera in London in 1857.
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Ø Snow took samples from the pump on Broad Street and 4 other nearby pumps (there

were differences regarding the clearness of the water).

Ø The distance between the residence of each victim and the nearest water pump was

calculated.

Ø It was observed that in 73 of the 83 cases, the pump in Broad Street was the nearest.

This fact was subsequently communicated to the health authorities, who closed the

pump.
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Evolution of the maps in spatial epidemiology

Ø Spot maps

Ø Choropleth maps

Ø Atlas of diseases, at the national and the international levels
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Evolution of the maps in spatial epidemiology

Ø Spot maps

Ø Yellow fever in New York (Seaman, 1798)

Ø Cholera in London (Snow, 1854)
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Evolution of the maps in spatial epidemiology

Ø Choropleta maps

Ø Geographical distribution of deaths due to heart disease, cancer and tuberculosis

in England and Wales (Haviland, 1878)

Ø Mortality by county in England and Wales, adjusted by age and sex (Stocks,

1936,1937,1939)
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Cancer among
females, 1851-1860 
(Haviland, 1878)

Lung cancer in females, 
1921-1930
(Stocks, 1939)
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Evolution of the maps in spatial epidemiology

Ø Atlas of diseases, at the national and international levels

Ø Atlas of the incidence of cancer in England and Wales 1968-85 (Swerdlow and dos

Santos Silva, 1993)

Ø Atlas of mortality in Europe 1980-81 and 1990-91 (OMS, 1997)
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Ø As we can see, spatial epidemiology has stemmed from the representation of the

spatial distribution of health events with the dual objective of characterising their

extension and establishing hypotheses concerning the possible causes.

Ø Spatial epidemiology has since grown enormously in terms of complexity (methods of

analysis, small units) and use.

Ø The confluence of epidemiology, statistics and informatics, together with huge

technological advances, have meant that spatial epidemiology has developed in leaps

and bounds.
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Developments since 1996

Ø Geographical Information Systems (SIG)

Ø Software to represent maps and to analyse spatial data

Ø Greater availability of georeferenced data (GPS, etc.)
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Developments since 1996

Ø Development of specialised statistical methods

• Sophisticated techniques to separate noise signal

• Methods to control spatial and time dependency

• Methods to detect clusters
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Problems in spatial epidemiology:

Ø Different scales (for example, autonomous regions, provinces, municipalities, districts,

neighbourhoods, post codes, census tracts, etc.)

Ø Changes in the boundaries of some of these units

Ø There can be georeferencing errors (due to wrong or inexistent addresses, etc.)

Ø Misalignment
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SPAtIAL statistics

Ø Spatial statistics is concerned with the exploration, description, visualisation and

analysis of data, considering their distribution characteristics in the space, which are

usually expressed using geographical coordinates.

Ø Spatial statistics is the branch of statistics that analyses georeferenced data or, in

other words, data for which their spatial coordinates are available (spatial data).
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Ø Spatial data is understood to be the measures and observations made in specific

locations or areas. In addition to the value of the measure, they incorporate the

location/position of the observed values.
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Characteristics of spatial data:

1. Spatial heterogeneity

• Observations are not homogenous in the space

2. Spatial dependency

• The observations in a location depend on other observations in other locations

(generally close by).
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Characteristics of spatial data:

1. Spatial heterogeneity

• Observations are not homogenous in the space
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There are two types of spatial heterogeneity:

Ø Heteroscedasticity:

• Structural cause: caused by using data coming from arbitrary spatial units

• Sample cause: existence of outliers, omission of relevant variables, errors of

measurement and other errors of specification.

Ø Structural change-instability: individuals are not homogeneous in the space (for

example, north-south; centre-periphery, etc.).
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Characteristics of spatial data:

2. Spatial dependency

• The observations in a location depend on other observations in other locations

(generally close by).
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There are two types of spatial dependency:

Ø Spatial interaction (substantive spatial dependency): this is a spillover effect of an

individual on another individual.

Ø Autocorrelation in the residual values (residual spatial dependency): caused by

spatially related errors of measurement.
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Types of spatial data:

Spatial data has traditionally been categorised in three large groups (Cressie, 1993):

1. Lattice data or areal data

2. Point processes

3. Geostatistical data
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1. Lattice data or areal data

Ø Lattice data or areal data corresponds to discrete random variables, or count data.

Ø In areal data, the exact location of the case is unknown.

Ø The locations are areas with well-defined geographical limits, usually administrative

units (cities, neighbourhoods, census tracts, etc.).
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1. Lattice data or areal data

Ø The response variable is the aggregated number of cases in this area in a determined

period.

Ø This was the type of data most commonly used when spatial data was in its infancy.
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1. Lattice data or areal data

Ø Observations coming from a random process about a set of spatial regions distributed

in a regular or an irregular manner.

Ø They are defined mathematically as a set of location indices with an associated set of

neighbors.

Ø Neighbors: neighbouring areas (proximity, contiguity, etc.) of a specific area.
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1. Lattice data or areal data
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2. Point processes

Ø Point processes correspond to Bernouilli random variables.

Ø In point processes, the exact location of the case is known and is random.

Ø The locations of the event of interest are observed in a determined region. For

example, the coordinates of the addresses of the cases of ALS in Catalonia.
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2. Point processes

Ø Information about these data is not public. They are collected in studies of cases and

controls, or in cohort studies.

Ø They can be aggregated by spatial units, creating areal data.
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2. Point processes

Ø In this case, it may be of interest:

• To evaluate whether the events follow a determined spatial pattern (aggregation,

regular shape, etc.)

• To study whether an observed pattern is associated with a certain variable

(exposure to an environmental variable such as atmospheric contamination;

proximity to contaminating focal points; socioeconomic context, etc.)
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2. Point processes
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2. Point processes
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3. Geostatistical data

Ø Geostatistical data correspond to continuous random variables.

Ø In geostatistical data the exact location of the cases is known and is fixed

(atmospheric contamination monitoring centres, seams of a certain metal, etc.)

Ø The response variable is measured in each location (for example, measures of

atmospheric contamination, measures of the chemical composition of the ground,

temperature, etc.).
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3. Geostatistical data

Ø This means we have measures taken at fixed points, defined anywhere in the space,

such that their localities define a spatially continuous surface area.

Ø The spatial distribution of the values of an attribute are usually extended across the

study region using mathematical models (for example, kriging).
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3. Geostatistical data
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But, what actually are the types of spatial design? Processes? Models? Methods?

Ø In 2012, Diggle proposed a change of paradigm and re-defined spatial statistics as ’a

set of statistical models and methods that aim to help scientists to understand

spatial phenomena that cannot be observed directly, to observe them indirectly with

incomplete information’, in the form of lattice data, point processes and geostatistical

data. The statistical model he proposed as the single base model is the log-Cox

model.
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Ø That is to say, Diggle (2012) unified spatial statistics much in the same way as

McCullagh and Nelder (1989) unified generalised linear models.
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