
The Gambia.  Model for G. morsitans

0

5

10

15

20

25

1 13 25 37

Month

P
o

p
u

la
ti

o
n
s

Observ ed

Model Puparia

Model Tenerals

Model Adults

Data courtesy of ITC, The Gambia

Climate-related trans-boundary pests. Rome February 2008Climate-related trans-boundary pests. Rome February 2008

Animal disease and plant pest dynamics and modellingAnimal disease and plant pest dynamics and modelling

David RogersDavid Rogers
Oxford University, UKOxford University, UK

david.rogers@zoo.ox.ac.ukdavid.rogers@zoo.ox.ac.uk



“……“…….preparing for an uncertain future”.preparing for an uncertain future”

The The EDENEDEN projectproject

EEmerging merging DDiseases in a changing iseases in a changing EEuropean uropean eeNNvironmentvironment

Climate-related trans-boundary pests. Rome February 2008Climate-related trans-boundary pests. Rome February 2008

European Union Framework 6 project, 2005 European Union Framework 6 project, 2005 -- 20092009



48 Partners
24 countries

EDEN NetworkEDEN Network

EuropeEurope



T
ic
k
 b

or
ne

 d
is
e
a
se

s

W
e
st
 N

ile
 V

ir
us

R
od

e
nt
 b

or
ne

 d
is
e
a
se

s

M
a
la
ri
a

L
e
is
h
m
a
n
ia
si
s

A
fr
ic
a
n 
P
la
tf
or
m

Data Management http://http://ergodd.zoo.ox.ac.uk/eden/index.phpergodd.zoo.ox.ac.uk/eden/index.php

and Horizontal and Horizontal IntegrationIntegration Teams (Teams (HITsHITs))

Disease Modelling
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Vertical SubVertical Sub--ProjectsProjects (SP)(SP)
EDEN StructureEDEN Structure



1)1) To describe the pastTo describe the past

2)2) To explain the presentTo explain the present

3)3) To predict the futureTo predict the future

EDEN AimsEDEN Aims



The ProblemThe Problem

Three stages of invasion:Three stages of invasion:

1.1.Arrival Arrival –– unpredictable ‘chance’ event, unpredictable ‘chance’ event, 
but loaded by human activities.but loaded by human activities.

2.2.EstablishmentEstablishment –– depends on local depends on local 
climatic and other conditions.climatic and other conditions.

3.3.Spread Spread –– natural diffusion, natural diffusion, 
trade,traveltrade,travel, etc., etc.



1)1) To develop statistical ‘Risk Maps’ of To develop statistical ‘Risk Maps’ of 
EDEN’sEDEN’s vectors and diseases.vectors and diseases.

2)2) To develop processTo develop process--based biological based biological 
models of pathogen, vector and host models of pathogen, vector and host 
interactions.interactions.

EDEN ModellingEDEN Modelling

AimsAims



What the User Wants What the User Wants –– a good modela good model



Biological ModelsBiological Models

Wrong model Wrong model 
assumption, or omissionassumption, or omission

The model can The model can nevernever work the way it was intendedwork the way it was intended

………… are put together as a series of componentsare put together as a series of components



Statistical Models…..Statistical Models…..

The model The model alwaysalways has some descriptive powerhas some descriptive power

…… are put together as a series of (initially crude) are put together as a series of (initially crude) 
correlationscorrelations



Monthly variation in Land Surface Monthly variation in Land Surface 
Temperature  (LST) and Sea Surface Temperature  (LST) and Sea Surface 

Temperature (SST)Temperature (SST)

Black, blue, green = lower temperatures.  Yellow, red white = hiBlack, blue, green = lower temperatures.  Yellow, red white = higher temperaturesgher temperatures



New Satellite imagery New Satellite imagery –– Terra/MODISTerra/MODIS



Statistical ModellingStatistical Modelling



Towards disease burden mapping?Towards disease burden mapping?

Rift Valley FeverRift Valley Fever
DengueDengue
Yellow FeverYellow FeverCutaneous leishmaniasisCutaneous leishmaniasisVisceral leishmaniasisVisceral leishmaniasis

CrimeanCrimean--Congo Haemorrhagic FeverCongo Haemorrhagic Fever
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From Statistics…..From Statistics…..

…….. to Biology.. to Biology

Vectors are often the most variable element of vectorVectors are often the most variable element of vector--
borne diseasesborne diseases

A good Early Warning System will have to A good Early Warning System will have to 
be based on a biological rather than be based on a biological rather than 
statistical description of diseases.statistical description of diseases.



Biological ModellingBiological Modelling



R0 = basic reproductive number of the disease
m = vector/host ratio
b,c = transmission coefficients
a = human biting rate
µµµµ = daily mortality rate
T = extrinsic incubation period (days)
r = rate of recovery of from infection

all of these 
may be 
affected by 
climate/weather
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In the beginning……In the beginning……
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Assumption of the ‘simple’ Ro equationAssumption of the ‘simple’ Ro equation
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EDEN Disease ModellingEDEN Disease Modelling
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The PresentThe Present

What can we learn from……

……?



The diseases we already have are The diseases we already have are 
changing naturally through space changing naturally through space 

and timeand time

……..usually we do not know the ..usually we do not know the 
reasons why (trade, travel, global reasons why (trade, travel, global 

change?)change?)



AedesAedes albopictusalbopictus –– the Asian Tiger Mosquitothe Asian Tiger Mosquito
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Tatem, A.J., Hay, S.I. & Rogers, D.J. (2006) PNAS 103, 6242-47

Climatic dendrogram of global shipping ports

AedesAedes albopictusalbopictus –– original ‘home’ (red), present original ‘home’ (red), present 
distribution (+ orange), and port interceptions (yellow)distribution (+ orange), and port interceptions (yellow)



Anopheles Anopheles gambiaegambiae –– the malaria mosquitothe malaria mosquito
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Google Earth, showing the locations of H5N1 records in AsiaGoogle Earth, showing the locations of H5N1 records in Asia

Travels of the domestic chickenTravels of the domestic chicken



H5N1 Risk mapsH5N1 Risk maps
With only environmental data …. or also with poultry density
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IxodesIxodes ricinusricinus –– vector of Lyme disease and TBEvector of Lyme disease and TBE

Enviro
nmentaL

Enviro
nmentaL

Change

Change



0

50

100

150

200

250

300

1994 1996 1998 2000 2002 2004

LB cases LB cases 

acquired in acquired in 

England & England & 

WalesWales

0.8

1

1.2

1.4

1.6 Roe deer Roe deer 
population population 

indexindex

BBS UK dataBBS UK data

ρρρρ = 0.779

Lyme Lyme borreliosisborreliosis and deer and deer 
abundance in the UKabundance in the UK

Analysis by Dr Jörn Scharlemann, Oxford

Roe deer

Coincidence Coincidence 
or or 
causal?causal?



New or newly emerging diseases do New or newly emerging diseases do 
not necessarily behave in the same not necessarily behave in the same 
way in new hosts, new vectors or way in new hosts, new vectors or 

new continentsnew continents

……..we rarely know the reasons why..we rarely know the reasons why



Passing the batonPassing the baton

–– there are also epidemiological Relay Racesthere are also epidemiological Relay Races



Domestic sheepDomestic sheep

BT virusBT virus

CulicoidesCulicoides sppspp..

Bluetongue Transmission CycleBluetongue Transmission Cycle

NEW
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Bluetongue. The ProblemBluetongue. The Problem

Nine introductions of different Nine introductions of different BTvBTv strains strains 
into N. Africa and Europe since 1998into N. Africa and Europe since 1998



Bluetongue restriction zones October 2007Bluetongue restriction zones October 2007



Bluetongue. The ProblemBluetongue. The Problem

Three stages of invasion:Three stages of invasion:

1.1.ArrivalArrival –– wind field studieswind field studies

2.2.EstablishmentEstablishment –– environmental studies/ environmental studies/ 
modelling modelling 

3.3.SpreadSpread –– wind field/environmental/modellingwind field/environmental/modelling



Bluetongue. EstablishmentBluetongue. Establishment

Single predictor variableSingle predictor variable 10 predictor variables10 predictor variables

BT overBT over--predicted?predicted? BT underBT under--predicted?predicted?

Predicted Risk maps for BT in Europe 2006



Bluetongue. EstablishmentBluetongue. Establishment
The UK situation 10.10.07The UK situation 10.10.07

BT confirmed BT confirmed 
casecase
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Probability of  suitability



Bluetongue. Why 2006?Bluetongue. Why 2006?
MODIS dayMODIS day--time temperature profiles in Europe 2001time temperature profiles in Europe 2001--20062006



CulexCulex pipienspipiens –– vector of West Nile Virus (WNV)vector of West Nile Virus (WNV)
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The Spread (and numbers) of Human West Nile The Spread (and numbers) of Human West Nile 
Virus cases in the USA 1999 to 2006Virus cases in the USA 1999 to 2006

19991999 20002000 20012001 20022002 20032003 20042004 20052005 20062006

Human cases are the Human cases are the darkerdarker colorscolors



Mosquito vector Incidental infections

Bird 
reservoir 
hosts

Incidental  infections

West 

Nile

virus

West Nile Virus Transmission CycleWest Nile Virus Transmission Cycle

At least 70 N. American mosquito species have been implicated inAt least 70 N. American mosquito species have been implicated in WNV transmissionWNV transmission



The FutureThe Future

How can we prepare for……

……?



The diseases we already have are The diseases we already have are 
changing naturally through space changing naturally through space 

and timeand time

……..usually we do not know the ..usually we do not know the 
reasons why (trade, travel, global reasons why (trade, travel, global 

change?)change?)

……..but some may be due to global ..but some may be due to global 
warmingwarming



It is uncertain that global warming will It is uncertain that global warming will 
cause an increase in cause an increase in allall vectorvector--borne borne 
diseasesdiseases

For example tickFor example tick--borne encephalitis and rodentborne encephalitis and rodent--borne borne 
hantaviruses appear to do better at lower temperatures … hantaviruses appear to do better at lower temperatures … 
and for different reasons…….and for different reasons…….



Changes in recorded Minimum Temperatures across Changes in recorded Minimum Temperatures across 
Europe between the 1980’s and 1990’s.Europe between the 1980’s and 1990’s.

Units are 0.1 degrees Celsius; increases in yellow/red, decreaseUnits are 0.1 degrees Celsius; increases in yellow/red, decreases in blues in blue



““We do these things not because they are easy, We do these things not because they are easy, 
but because they are hard.”but because they are hard.”

President J.F. Kennedy, on committing the USA to landing a 
man on the moon before the end of the 1960s.



Greater humanGreater human
exposure to ticks in exposure to ticks in 

forests?forests?

Higher Higher 
unemploymentunemployment

More wealth More wealth 
& leisure& leisure

Network ofNetwork of independent but synergistic independent but synergistic biological biological andand nonnon--biologicalbiological factorsfactors
Examples of data fromExamples of data from EstoniaEstonia,, LatviaLatvia,, LithuaniaLithuania..

Regeneration of shrubsRegeneration of shrubs

Increase in rodent Increase in rodent 
populations? populations? 
(transmission hosts)(transmission hosts)

Decline of agricultureDecline of agriculture
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More hosts forMore hosts for
adult ticksadult ticks

More ticksMore ticks

0

50

100

150

1
9
7
0

1
9
7
5

1
9
8
0

1
9
8
5

1
9
9
0

1
9
9
5

2
0
0
0

2
0
0
5

M
e
a
n
 n
y
m
p
h
s
, 
M
a
y
 &
 

J
u
n
e

Latvia

0

2

4

6

1
9
7
0

1
9
7
5

1
9
8
0

1
9
8
5

1
9
9
0

1
9
9
5

2
0
0
0

2
0
0
5W
il
d
 b
o
a
r
/
1
0
0
0
 h
a

4

8

12

16

1
9
7
0

1
9
7
5

1
9
8
0

1
9
8
5

1
9
9
0

1
9
9
5

2
0
0
0

2
0
0
5

R
o
e
 d
e
e
r
/
1
0
0
0
 h
a

Estonia, Latvia

Environmental Environmental 
awareness?awareness?

Increased coIncreased co--feeding feeding 
transmission of TBEVtransmission of TBEV

More infected ticksMore infected ticks

Sudden increaseSudden increase
in Spring temperaturein Spring temperature
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Faust, by Rembrandt

““What we don’t know is really what we need,What we don’t know is really what we need,
And what we know is of no use whatever!”And what we know is of no use whatever!”

Faust laments being unable to halt the plagueFaust laments being unable to halt the plague



ConclusionsConclusions

Global Warming and Animal Diseases.Global Warming and Animal Diseases.

1.1.Learn from the past.Learn from the past.

2.2.Understand the present. Background knowledge, Understand the present. Background knowledge, 
e.g. of pathogen, vector and host distributions, e.g. of pathogen, vector and host distributions, 
and how these are changing through space and and how these are changing through space and 
time time (environmental monitoring/satellite data/sentinel animals)(environmental monitoring/satellite data/sentinel animals)

3.3.Explore understanding in a modelling frameworkExplore understanding in a modelling framework

4.4.Develop forecasting tools Develop forecasting tools -- Disease Monitoring Disease Monitoring 
and Early Warning Systems (DMEWS)and Early Warning Systems (DMEWS)

5.5.Do not forget the public! Public/Veterinary Do not forget the public! Public/Veterinary 
Health and Information systems Health and Information systems (to recruit, advise, (to recruit, advise, 
forewarn and protect) forewarn and protect) 

6.6.Predict the future, but expect the unexpected!Predict the future, but expect the unexpected!



Thank youThank you







CLIMATE
SALES

Epidemiologist Climatologist

Problems with InterProblems with Inter--Disciplinary studiesDisciplinary studies



Birth

Death

Immigration

Emigration

Transmission 

Infection

Recovery

Immunity

Modelling: the long and winding roadModelling: the long and winding road
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Biological or 
process based 
models are really 

hard!

?

Statistical 
models are scary!

A Risk Map!Snoopy Ph.D.
A Model! (The R0 equation)



Satellite predicted presence/absence maps for 4 WNV Satellite predicted presence/absence maps for 4 WNV 
mosquito vectors.mosquito vectors.

TALA Research, Oxford

DarsieDarsie & & 
Ward map Ward map 
(in yellow)(in yellow)

At least 70 N. American mosquito species have been implicated inAt least 70 N. American mosquito species have been implicated in WNV transmissionWNV transmission


