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Introduction
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Logistic 
regression to 
estimate the 
climate 
suitability for 
the mosquito 
presence

Absolute 
abundance of 
female adults per 
ha using the flight 
range and the 
capture rate

MOST OF APPROACHES
1. Focus on local epidemiological or entomological 
data
2. Estimate the mosquito habitat suitability, which 
do not provide quantitative estimates of 
transmission risks/seasonality
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Transmissi
on 
potential 
of CHIKV, 
DENV, and 
Zika

Mosquito 
captures as a 
function of the 
mean 
temperature 
over a time 
window

Zardini et al. Lancet Planetary 
Health 2024

ASSUMPTIONS:
1. the local climate suitability 
determines the mosquito relative 
density2. increase in the mosquito 
abundance as a consequence of 
persisting favorable temperature 
conditions over a certain period



the method
Logistic regression model

𝜎 𝑖=
1

1+𝑒
−(𝑏0+∑

𝑗=1

𝑛

𝑏 𝑗𝑌 𝑖, 𝑗)
• Data: 

Presence-absence records for 1,892 US counties (Monaghan et al. 2019) and 4,372 
European locations (ECDC)

• Model:

Climate suitability

Paramet
er Description

Ae. aegypti Ae. albopictus 
(Americas)

Ae. albopictus 
(Europe)

Estimate p-
value Estimate p-value Estimate p-value

Intercept
-

0.331319
2

0.8735 -10.204877 0.003 -
17.45971 <0.001

Coeff. annual mean temperature 0.640627
7

<0.00
1 0.876233 <0.001 0.238323

3 <0.001

Coeff. maximum temperature of the 
warmest month

-
0.247313

2
0.001 -0.213569 0.126 0.537462

6 <0.001

Coeff. annual precipitation
-

0.001876
3

<0.00
1 0.001792 0.040 0.000873

2 <0.001

Coeff. precipitation in the warmest quarter - - 0.028052 <0.001 0.004820
6 <0.001

Environmental mask suitability
Annual mean precipitation at least of 

200 mm  
Mosquitoes survive long enough to 

complete the gonotrophic cycle+



the methodClimate suitability



Seasonal population dynamics
Temperature modulation function 
𝐶 (𝑑 )= 𝐿

1+𝑒−𝑘 (~𝑇 (𝑑 ,𝑤 )−𝑇 0 )

~𝑇 (𝑑 ,𝑤 )= 1
𝑤 ∑

𝑗=𝑑−𝑤+1

𝑑

𝑇 ( 𝑗 )

where

MCMC calibration based on capture data of female 
adults collected in 115 locations of Italy, US, Brazil
• : site and trap independent

•  : trap dependent
• : estimated climate suitability

Absolute abundance: flight range and trap specific 
capture rate

ILLUSTRATIVE FITS







Transmission potential
reproduction number

Average number of mosquitoes infected by a single infectious human host in a population of 
fully susceptible mosquitoes and hosts:

𝑅𝐻𝑉=𝜒𝑉 𝛽𝜙
1
𝛾
𝑁𝑉

𝑁𝐻

𝜔𝑉

𝜔𝑉+𝜇𝑉

Average number of hosts infected by a single infectious mosquito introduced in a population 
of fully susceptible mosquitoes and hosts:

𝑅𝑉𝐻=𝛽𝜙
𝜒𝐻

𝜇𝑉

Reproduction number:

𝑅0=𝑅𝐻𝑉 𝑅𝑉𝐻
Diekmann O et al. 2009 (J R Soc 
Interface)
Lloyd AL et al. 2007 (J R Soc 
Interface)





the methodModel vs entomological evidence
Historical records for Ae. aegypti [1900-1955]

True Positive
Ae. albopictus 99%

Ae. aegypti 98%

Occurrence records in Europe and the 
Americas

[Kraemer et al. 2015] 



the methodModel vs epidemiological evidence



the methodModeling exercise
Standardized the 
abundance of Ae. 
albopictus with respect 
to the maximum value 
predicted in Bologna

Number of 
consecutive days 
associated with a 
standardized mosquito 
abundance 



the methodConclusions

• Innovative method to estimate the overall abundance of mosquitoes over time, 
based on freely available eco-climatic data

• Provide estimates in areas where entomological data are scarce or unavailable 
• High temporal and spatial resolution

LIMITATIONS:
• Limited entomological data available for South America and Europe
• Climate suitability of the Americas calibrated against data aggregated at county 

level
• Dependence on estimates of capture rate
• Not account for progressive expansion and competition of mosquito species, and 

control measures
• Human mobility, level of immunity, case importations
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Climate suitability
Environmental mask suitability
Annual mean precipitation at least of 

200 mm  
Mosquitoes survive long enough to 

complete the gonotrophic cycle+





Climate suitability
Logistic regression model

𝜎 𝑖=
1

1+𝑒
−(𝑏0+∑

𝑗=1

𝑛

𝑏 𝑗𝑌 𝑖, 𝑗)
• Data: 

Presence-absence records for 1,892 US counties (Monaghan et al. 2019) and 4,372 
European locations (ECDC)

• Model:

Parame
ter Description

Ae. aegypti Ae. albopictus 
(Americas) Ae. albopictus (Europe)

Estimate Std. 
error

p-
value Estimate Std. 

error
p-

value Estimate Std. error p-value

Intercept
-

0.331319
2

2.08023
73 0.8735

-
10.20487

7
3.41893

9 0.003
-

17.4597
1

0.8290 <0.001

Coeff. annual mean 
temperature

0.640627
7

0.05804
53

<0.00
1 0.876233 0.13063

4
<0.00

1
0.23832

33 0.03409 <0.001
Coeff. maximum 

temperature of the 
warmest month

-
0.247313

2
0.07749

89 0.001 -
0.213569

0.13954
4 0.126 0.53746

26 0.03245 <0.001

Coeff. annual precipitation
-

0.001876
3

0.00038
27

<0.00
1 0.001792 0.00087

3 0.040 0.00087
32

0.000244
4 <0.001

Coeff. precipitation in the 
warmest quarter - - - 0.028052 0.00287

3
<0.00

1
0.00482

06
0.000876

0 <0.001



Reference
Threshold 0.5 Threshold 0.3 Threshold 0.7

True 
Positiv

e

False 
Positiv

e

True 
Positiv

e

False 
Positiv

e

True 
Positiv

e

False 
Positiv

e
Ae. 

albopictus 
(US)

Monaghan et al. 
2019 99% 13% 99% 22% 98% 8%

Ae. 
albopictus 
(Europe)

ECDC 99% 38% 99% 46% 94% 29%

Ae. aegypti Monaghan et al. 
2019 67% 7% 76% 13% 49% 4%



127 time series



173 time series













Number of 
consecutive days 
associated with 
an 

transmission potential
duration epidemic risk
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