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estimate of the infestation level in the large urban areas 
(exceeding 600 hectares), where the health risk of mos-
quito vectored diseases is higher. 

We explored the spatial structure of Ae. albopictus us-
ing the data collected from the ovitrap network in the 
season 2008. The number and arrangement of the 
ovitraps had been defined on the base of the data of the 
2007 season by Carrieri et al. (unpublished data). Our 
specific aim was to detect significant clusters of abun-
dance and to depict, by means of geostatistical analysis, 
a continuous surface map of Ae. albopictus density in 
the study area. 

The definition of large continuous geographic areas 
with high or low abundance of Ae. albopictus may pro-
vide information on the environmental variables that 
promote species dispersion, useful to implement the dis-
ease risk surveillance programs to prevent CHIKV and 
Dengue epidemic. 

To achieve this aim, the mean egg density data col-
lected by ovitraps in the season 2007 were used to assess 
the mosquito population’s aggregation degree, through 
the application of the Taylor’s power law, and to define 
the minimum sample size to set-up a monitoring design 
for the year 2008 proficient to ensure a high degree of 
accuracy at the provincial and municipal scale. The reli-
ability of the method and its efficiency were assessed in 
the season 2008 measuring the relative variation. 
 
 
Materials and methods 
 
Study area 

The Emilia-Romagna Region is situated in the middle 
North of Italy, lying between 9°11' and 12°45'E longi-
tude and 43°44' to 44°59'N latitude. This region is 
bounded by the Apennine Mountains to the South and 
West, by the Adriatic Sea to the East, and by the Po 
River for most of the northern border (figure 1). Respec-
tively, 47% and 27% of the territory is represented by 
lowlands and hills, with a warm humid climate, charac-
terized by mean daily summer temperature of 24-30 °C 
(May-September) and a mean relative humidity of about 
60% (ARPA, 2008). 

The area has a mean annual rainfall of 600 mm, occur-
ring for 60% between April and October (ARPA, 2008). 
In 2008, the region included 341 municipalities for a 
total inhabited area of 22,122 km2. Seventy percent of 
the 4,275,843 (ISTAT, 2009) inhabitants live in the 
lowlands. 
 
Mosquito’s egg sampling 

The optimal number of ovitraps to be placed in an ur-
ban area varies as a function of the species density and 
dispersion; these parameters depend on weather trend, 
stage of colonization and other environmental condi-
tions (vegetation, breeding sites, etc.). At the initial step 
of colonization the density of the species is patchy and 
aggregated (low mosquito density and high data aggre-
gation) and more ovitraps are needed than in areas at a 
mature step of colonization (high mosquito density and 
more uniform spatial dispersion) in order to achieve the 
same reliability level. 

We calculated the minimum number of ovitraps 
needed according to the Taylor’s equation (Taylor, 
1961; Taylor, 1984; Kuno, 1991). This function has 
been largely used to quantify the aggregation degree and 
the statistically significant sample size in insects moni-
toring: 
(1)  S2 = a*mb 

b measures data aggregation (which is a constant of 
the species), and, when greater than 1, indicates a rela-
tionship between mean and variance, i.e. that data are 
aggregated; a is a constant depending on environmental 
conditions. Both are necessary to define the minimum 
sample unit through the following equation: 
(2)  N=[ZD/2/D]2*a*mb-2 

 
where Z is the Standard Normal Distribution Value for 

a given probability (Buntin, 1994); D is the precision 
level, and according to literature, D = 0.1 is considered 
a sufficient value (Southwood, 1978) while a D value 
between 0.2 and 0.3 is considered optimal for the bino-
mial sampling of Ae. aegypti (Mogi et al., 1990); m is 
the mean eggs density value. 

In our study, 242 municipalities participated to the 
monitoring network, and we referred to regional coordi-
nation of information on the environment (CORINE) 
Land Cover 2003 to individuate the classes (continuous 
urban fabric, discontinuous urban fabric, industrial or 
commercial units) which were considered as inhabited 
areas and covered a total area of 1,050 km2. Every in-
habited area was divided into a number of quadrants 
equal to the minimum number of ovitraps to be placed; 
2,741 ovitraps were positioned, and the distance be-
tween two ovitraps varied from 200 to 800 m, according 
to the number of quadrants per area. 

Ae. albopictus eggs were sampled weekly (from May 
to October). Each ovitrap was constituted by a black 
conic plastic cup (400 ml volume, upper diameter 8 cm, 
lower diameter 6 cm), filled up to 2/3 of its height with 
285 ml of de-chlorinated water (Celli et al., 1994). A 
masonite strip of 12.5 x 2.5 cm was used as egg deposi-
tion substrate. 
 
 

 
 

Figure 1. Emilia-Romagna Region map (Northern It-
aly). Abbreviations of nine provinces: PC = Piacenza, 
PR = Parma, RE = Reggio-Emilia, MO = Modena,  
BO = Bologna, FE = Ferrara, RA = Ravenna, FC = 
Forlì-Cesena, RN = Rimini. 

Albieri, A. et al. 
Environmental 
Science
(2010)

Calibrated with Emilio-Romagna surveillance data 
for applicability to the field conditions

Breeding site model
• Human population density
• Rainfall

Diapause thresholds
• Temperature
• Daylength

Density dependence
• Larva and pupa survival and development



Aedes albopictus-borne arbovirus transmission model

Susceptible Exposed Infectious

SusceptibleExposedInfectiousRecovered

Transmission model input
• (Relative) number of adult female mosquitoes
• Adult female mosquito lifetime
• Fecundity
• Mean air temperature

Number of vector-host interactions
• Maximum number of bites a human can stand
• Maximum number of bites a mosquito can deliver

Extrinsic incubation period (EIP)
• Temperature-driven
• Arbovirus-specific

The transmission model is based on
Erguler, K. et al. PLOS ONE (2017)



The ArboRisk Tool

The ArboRisk project (2021-2022) was commissioned by the 
European Centre for Disease Prevention and Control (ECDC).

Interactive maps of 
Aedes-borne viral 
disease outbreak risk

Autochthonous transmission 
risk of Aedes-borne viral 
disease 

• dengue
• chikungunya, and
• Zika

in EU/EEA, based on the 
dynamic transmission model of 
The Cyprus Institute



Harmonised continental surveillance datasets

vectorbase.org/popbio-map/web/

Over 10,000 data points from 
continental surveillance datasets 

AIMSurv

0.25o
resolution

~27 km

grid
cell

We grouped them into 136 regular grid cells 
shown as blue dots



Carrying capacity

Hydrological model
• Volume of water in soil (up to 7 cm depth) 

used as a proxy to breeding site availability
(ECMWF Integrated Forecasting System)

Carrying capacity
• Increases with precipitation, 

land cover, and human activities
• Decreases with evaporation and 

breeding site removal

Suitable for container breeders Suitable for wetland mosquitoes



UN WPP-Adjusted Population Density, v4.11
Copernicus Climate Change Service (C3S) Climate Data Store (CDS) Land cover classification (LCCS)

Environmental common ground

Land cover and (scaled) human population density 
found around the sampling locations

Characteristics of the land around vector-positive 
sampling locations:

• urban settings
• high population density
• grasslands



Breeding site availability and land cover

Assumption
Land characteristics 

similar to those around 
vector-positive sampling 

locations provide more 
breeding opportunities



Population dynamics under variable conditions
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ODE-based

Cumulative development

A model for insect life cycle 
under variable conditions

We developed a dynamically 
structured population model

Development proceeds at different 
rates as conditions change, and the 
progress is recorded

Several processes can be combined 
to act upon a life stage

Erguler, K. et al. Sci Rep (2022)
github.com/kerguler/Population
github.com/kerguler/Population.jl (thanks to Sean L. Wu)



Population dynamics under variable conditions

Adults can have an Erlang-distributed lifetime and an Erlang-distributed 
gonotrophic cycle, both of which are climate sensitive

github.com/kerguler/Population
github.com/kerguler/Population.jl (thanks to Sean L. Wu)



PopJSON

github.com/kerguler/PopJSON

We defined a JSON-based representation for climate sensitive population dynamics models
We wrote a parser in Node.js to turn PopJSON into C code
Accelerates model development, and helps to prevent errors
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Calibration on longitudinal surveillance
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Vector abundance – current and future projections
ERA5 (2010-2020) CMIP6 ssp245 (2090-2100)

CMIP6: ACCESS-CM2 of the NEX-GDDP-CMIP6 dataset

CMIP6 ssp585 (2090-2100)



Climate-driven vector-borne disease 
risk assessment

Wellcome Trust Digital Technology Development Awards
Climate-Sensitive Infectious Disease Modelling

Model and data repository
Dynamic open-access repository of 
vector-pathogen models, climate projections, 
environmental variables, and surveillance data

Short/medium/long-term predictions
Risk maps, seasonal activity, temporal projections
of vector activity and disease transmission

Decision support tool
Web-based interactive GIS platform to display risk, run
customized scenarios, and inform prevention and control

Under development
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