
Modelling the risk of introduction of urban

yellow fever, Zika virus and chikungunya fever

in Aedes infested areas

Eduardo Massad

School of Medicine, University of São Paulo, Brazil

edmassad@usp.br





1933

Global spread of infection
a function of air travel networks ….

2010

courtesy of Prof. Paul Fine





Table 1 Descriptions of the subpopulations

Class Description

SH

Susceptible individuals who never travelled to the

endemic country

IH

Individuals who acquired the infection in their

home-country (authoctonous)

RH

Authoctonous cases who recovered from

the infection

ST

Susceptible travellers who returned susceptible to

their home-country

IT Autocthonous cases among returning travellers

RT Recovered individuals from IT class

∗

ST

Susceptible travellers who are returning susceptible to

their home-country

∗

IT

Travellers who acquired the infection at the visited country

and return infectious

∗

RT Recovered individuals from
∗

IT class in the visited country
∗∗

RT Recovered individuals from
∗

IT class in the home-country

SM Susceptible mosquitoes at the home-country

LM Latent mosquitoes at the home-country

IM

Infectious mosquitoes at the home-country

(infected by IH, IT, and
∗

IT )





0 TGB
TOTI

TR

∫ ∫ ∫
−−−+−−++−

+−− ∫
=

O

RO

R

GBRIGB

GB

IT

I
T

TT

T

TTTT

T

I

Tdss

IGBRO eeeTeSdTdTdTTI
0

)(

0

))(())((

0

)()(
)3( )()0()( 0 µγµσγµ

σµλ

γσλ



∫ ∫ ∫
−−−+−−++−

+−− ∫
=

O

RO

R

GBRIGB

GB

IT

I
T

TT

T

TTTT

T

I

Tdss

IGBR eeeTedTdTdTTp
0

)(

0

))(())((

0

)()(

0 )()( 0 µγµσγµ
σµλ

γσλ



( )

MMMM
H

M
M

H

H
MMMESS

M

HHHH
H

HHHH

H

H
M

H

H

H
HHHH

H

H
M

H

LL
I

acS
dL

N

I
acSSStcp

dt

dS

RI
dt

dR

I
N

S
abI

dt

dI

N
NrS

N

S
abI

dt

dS

−−=

−−=

−=

++−=









−+−−=

)(

1

µγ

µ

µγ

γαµ

κ
µ

( )[ ] ( )

[ ] ( )

MMMM

HHHH

ESIEE

E

EE
MM

E

ESSEE

E

EE
MMMM

E

ESIMMMM
M

MMMM

H

M

ILSN

RISN

ItcpI
IS

Igr
dt

dI

StcpS
IS

IrgSr
dt

dS

ItcpIL
dt

dI

LL
N

acS
dt

++=

++=

−−






 +
−=

−−






 +
−−+=

+−=

−−=

)(1

)(11

)(

µ
κ

µ
κ

µγ

µγ































0.001

0.0015

0.002

0.0025

0.003

F
o

rc
e

 o
f 

In
fe

ct
io

n

0

0.0005

0.001

0 2 4 6 8 10 12

F
o

rc
e

 o
f 

In
fe

ct
io

n

Time (months)



0.0004

0.0005

0.0006

0.0007

0.0008

0.0009

0.001

F
o

rc
e

 o
f 

In
fe

ct
io

n

0

0.0001

0.0002

0.0003

0 2 4 6 8 10 12

F
o

rc
e

 o
f 

In
fe

ct
io

n

Time (months)









Brazil Mexico Philippines Thailand Indonesia Viet Nam India Colombia Venez Sri Lanka Bolivia El Salvador Cambodia Paraguay Nicaragua Peru Total

Albania 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Austria 157 14 10 40 2 5 1 3 3 5 0 1 2 1 1 3 246

Belgium 60 12 8 44 2 2 1 5 2 6 1 2 2 2 1 2 156

Bulgaria 3 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 6

Czech 34 7 2 15 1 14 1 0 1 5 0 0 1 0 0 1 83

Germany 508 110 50 352 19 47 8 35 25 72 3 13 13 11 20 23 1310

Dennm 61 10 14 93 2 8 1 2 2 8 1 2 1 1 3 4 213

Spain 535 280 27 54 3 4 2 139 203 4 34 42 3 37 38 80 1485

Finland 18 3 3 21 1 2 0 1 1 1 0 0 0 0 1 2 53

France 802 160 34 227 20 54 6 36 37 49 3 23 86 20 18 54 1629

Greece 33 5 6 10 1 0 0 1 3 3 0 0 0 0 0 0 64

Switzer 227 29 16 108 7 10 3 12 9 41 1 5 5 4 5 12 495

UK 574 122 141 357 18 26 28 31 23 206 3 8 17 7 10 29 1600

Croatia 11 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 16

Hungary 22 4 1 7 0 1 0 0 1 1 0 0 0 0 0 1 38

Italy 798 123 70 116 9 7 6 32 75 87 5 27 5 24 15 40 1439Italy 798 123 70 116 9 7 6 32 75 87 5 27 5 24 15 40 1439

Malta 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 5

Nether 153 59 30 99 25 11 2 7 8 11 1 4 6 3 12 11 444

Norway 42 5 18 62 1 8 1 1 1 16 0 1 1 1 4 2 165

Poland 32 5 2 9 0 5 1 1 1 1 0 0 0 0 0 1 58

Portugal 789 8 2 8 1 1 0 4 38 1 0 1 0 1 1 3 859

Romania 12 3 2 3 0 0 0 1 1 1 0 0 0 0 0 0 24

Serbia 2 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 6

Sweden 51 6 10 89 1 4 1 3 1 7 2 4 2 4 3 4 193

Slovenia 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

Slovakia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Turkey 87 8 11 25 5 1 2 2 5 4 0 1 0 1 0 1 154

Total

5018 ±

26 976 ± 15 461 ± 17 1744 ± 15 122 ± 7 212 ± 12 66 ± 3 316 ± 15 440 ± 19 530 ± 19 55 ± 16 136 ± 40 145 ± 25 118 ± 37 133 ± 35 274 ± 15

10746 ±

316
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Zika virus has probably been introduced into 

Brazil by infected travellers from French Polynesia 

in 2013/2014in 2013/2014
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“Prediction is very difficult, 

especially about the future”especially about the future”

Niels Bohr
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