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Abstract

Background The incidence of mosquito-borne infections has increased worldwide. Mainland Portugal’s
characteristics might favour the (re)emergence of mosquito-borne diseases. This study aimed to characterize the
spatial distribution of vectors and notification rates of imported cases of mosquito-borne infections in mainland
Portugal and demarcate the areas where these geographies overlap.

Methods We used data from imported cases of malaria, dengue and Zika from 2009 to 2019, alongside data on the
presence of mosquitoes capable of potentially transmitting these diseases at the municipality level (2009-2018). This
data was provided by the National Epidemiological Surveillance System and Regional Health Administrations, based
on reports from the Vector Surveillance Network. While the mosquitoes in question do not currently transmit these
diseases, they have the potential to do so if there is a significant increase in pathogen circulation. A spatial cluster
analysis was performed using the univariate Local Moran Index, the Bivariate Moran Local Index and the Mann-
Kendall method.

Results We found significant spatial variability in both notification rates of imported mosquito-borne infections
and the distribution of competent mosquito species. We identified clusters of simultaneous high concentrations
of vectors and imported cases of malaria in Condeixa-a-Nova (Coimbra), Cuba (Beja), Santiago do Cacém (Setubal),
Albufeira and Sao Bras de Alportel (Faro), most located on the Southern coast of Portugal. For dengue, we detected
clusters of simultaneous high concentrations of vectors and imported cases in Paredes, in the Northern region, and
Faro, on the southern coast. For Zika, no clusters were identified.

Conclusion This study identified areas with high notification rates of imported cases and the presence of competent
vectors. Surveillance, control, and awareness efforts are essential, as these areas may present higher risks for local
transmission in the future if ecological conditions remain or become suitable, potentially evolving into foci for disease
transmission.
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Background

Diseases transmitted by mosquitoes are a growing pub-
lic health problem worldwide [1, 2]. The incidence of
infectious diseases transmitted by mosquitoes has been
increasing due, among other factors, to climate change,
urbanization, environmental degradation and increased
human mobility [3, 4]. Some of these factors explain the
appearance of vectors and diseases transmitted by mos-
quitoes in new regions, particularly in areas of the north-
ern hemisphere, and the increase in incidence in endemic
areas [3, 5].

The interaction between climatic factors, entomologi-
cal characteristics, and human mobility and behavioural
patterns creates a dynamic environment for the trans-
mission and persistence of these diseases [6]. These com-
plex dynamics require a comprehensive examination of
the spatiotemporal distribution of cases of infection in
humans and the mosquito vectors that transmit diseases,
such as malaria, dengue and Zika. In this context, spatial
analysis using Geographic Information Systems (GIS)
and spatial statistics can be effectively used in surveil-
lance and epidemiological investigation, as it offers great
value in studying the spatiotemporal patterns of mos-
quito-borne infections and the distribution of mosquito
vectors [7, 8].

Using spatial analysis to monitor disease and vector
distribution dynamics can help predict disease outbreaks
and plan public health interventions [9]. Knowledge
about the density of spatial clusters and their location
helps public health decision-makers understand where to
implement site-specific policies and prevention measures
to prevent outbreaks from emerging [10, 11]. However, to
date, the number of studies that have used spatial analy-
sis methods to investigate diseases transmitted by mos-
quitoes in Europe is still limited, since researchers focus
more on endemic areas and give less importance to new
areas where epidemics might emerge [8, 12].

The identification and measurement of areas where
there is a significant spatial overlap between high rates
of imported cases and regions with high concentrations
of mosquito vectors are crucial for improving our capac-
ity to prioritize mosquito control and disease prevention
efforts, especially in non-endemic areas [13]. In many
cases, these imported infections might lead to localized
outbreaks, if ecological suitability is present, empha-
sizing the need for targeted interventions. Moreover, a
better understanding of the spatiotemporal distribution
of imported cases will provide critical insights into the
epidemiological characteristics of these diseases, which
is essential for preventing and controlling outbreaks
while ensuring the allocation of sufficient public health
resources [14].

In mainland Portugal, so far, 41 species of mosquitoes
have been identified. Portugal, being a climate change
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hotspot [12], may experience increased mosquito density
due to rising temperatures and extended breeding peri-
ods [15]. This scenario creates favourable conditions for
the (re)emergence of diseases transmitted by mosqui-
toes. It is important to note that malaria was endemic
until 1959 and outbreaks of yellow fever were recorded
in the 19th century [16, 17]. Moreover, in the last decade,
numerous imported cases of Zika, malaria and dengue
have been recorded with an increasing trend [18—20].

The introduction of exotic mosquito vector species,
such as Aedes albopictus and Aedes aegypti, also raises
concerns as they can transmit diseases like chikungunya,
yellow fever, and dengue. This poses challenges to pub-
lic health and requires strict surveillance [21, 22]. The Ae.
albopictus, a competent vector for dengue, chikungunya
and Zika diseases, was first detected in Europe in Albania
in 1979, and from then on, the introduction and distri-
bution of this mosquito expanded rapidly in many coun-
tries. This species is currently distributed throughout all
regions of the Mediterranean and is expanding to other
regions, including northern Europe [23].

Furthermore, the increasing mobility of human popu-
lations and the expansion of the tourism sector in Por-
tugal have contributed and will continue to contribute to
the importation of cases of mosquito-borne diseases [17,
23-25].

Dengue, chikungunya and Zika are the most imported
infections in Europe, due to the large volume of travel-
lers coming and going from endemic areas. Moreover,
the spread of invasive mosquito species might lead to the
circulation of exotic diseases in Europe [23].

These challenges require continued public health sur-
veillance. However, to date, few articles in the research
literature have provided spatiotemporal data on infection
cases, as well as on the population size and dynamics of
mosquito species relevant to the transmission of mos-
quito-borne diseases in Portugal [17, 26-29].

Therefore, the objective of this study was to character-
ize the spatiotemporal distribution of imported cases of
mosquito-borne infections and potential mosquito vec-
tors in mainland Portugal and demarcate the areas where
these geographies overlap. The resultant maps might
serve as practical tools for public health authorities, guid-
ing strategies for mosquito surveillance and allowing for
more effective prevention measures by prioritizing areas
where the potential for disease transmission might be
higher if they are and/or become ecologically suitable.
By doing so, this research contributes to ongoing efforts
to enhance public health surveillance, preparedness and
response, particularly in regions where the (re)emergence
of these diseases is becoming increasingly likely due to
environmental and climatic changes, such as mainland
Portugal.
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Methods

Data sources

Reported human cases

To achieve the objective, we used data on imported cases
notified in mainland Portugal for the period between
01/01/2009 and 31/12/2019. Mainland Portugal has 278
municipalities and had an average of 9,903,077 inhabit-
ants during the study period, according to Statistics Por-
tugal (Instituto Nacional de Estatistica, INE). Only the
continental part of Portugal was selected due to its spatial
contiguity and the distinct environmental characteristics
of the Azores and Madeira archipelagos.

The following infections were considered — malaria,
dengue and Zika — chosen because they are the ones
that are transmissible by mosquito vectors present in
Portugal.

Data was collected and made available by the National
Epidemiological Surveillance System (SINAVE). This
application system is designed to digitalize the notifi-
cation process for mandatory reporting of infectious
diseases, including those resistant to antimicrobials. It
automatically interacts with healthcare-associated infec-
tion surveillance systems. SINAVE began its activity in
2014 and its aim is to gather information on communi-
cable diseases and other risks to public health in Portugal
[30]. SINAVE works together with doctors, public health
services, laboratories, health authorities, and other pub-
lic, private and social institutions [31]. An electronic
platform supports the system by collecting, analysing,
interpreting and communicating data on communicable
diseases that are mandatory to report in real-time, such
as dengue, malaria and Zika. Regional and national dis-
ease transmission trends are identified and the need for
national prevention and control programs is monitored
[32]. National-level results are reported to the World
Health Organization (WHO) and the European Centre
for Disease Prevention and Control (ECDC), providing
disease information to the international community to
help prevent and control outbreaks, plan international
programs to reduce the impact of communicable diseases
on health [33, 34].

In addition to the counts of imported cases according to
the municipality, SINAVE also collects data on patients’
sociodemographic, sexual behaviour, geographic, and
clinical variables [35]. These variables include sex, age,
date of notification, nationality, profession, and the likely
origin of the infection (if acquired outside of Portugal).

Notification rates per 1 million inhabitants were cal-
culated for each infection, dividing the total number of
cases by the resident population during the correspond-
ing periods, whose estimates are provided by Statis-
tics Portugal [36]. Regarding spatial analyses, we used
the municipality of the patient’s residence. We spa-
tially analysed data from 2009 until the end of 2019. To
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avoid the Small Number Problem, a smoothing method
was applied to the obtained notification rates, which
improves the precision of the rates by borrowing the
strength of other observations. Specifically, an Empirical
Bayes approach was applied in combination with a spatial
average approach. Spatial weights were determined based
on queen contiguity adjacency.

Mosquitoes collected

Data on the number of mosquitoes with the potential for
disease transmission were collected between 2009 and
2019. More specifically, counts were obtained from the
total number of adult mosquitoes captured and identi-
fied in traps during entomological surveillance activi-
ties according to municipality. Although some of the
identified potential vectors have not been confirmed
as transmitters in mainland Portugal, they are consid-
ered possible transmitters, even if they are not cur-
rently infected, should there be a higher circulation of
pathogens.

This data was provided by the National Epidemiologi-
cal Surveillance System and the Regional Health Admin-
istrations, through reports from the Vector Surveillance
Network [32]. This network strengthens capacity across
regions to increase knowledge about the vector species
present, their distribution and abundance, the impact
of climate change, explaining their role as vectors and
detect invasive species promptly. The Center for the
Study of Vectors and Infectious Diseases is integrated
into the National Institute of Health Doutor Ricardo
Jorge (INSA). The Ricardo Jorge Institute, as the leading
authority in epidemiological surveillance, training and
dissemination of knowledge, participates in the Vector
Surveillance Network (Rede de Vigildncia de Vetores —
REVIVE) by hosting the Centre for Studies on Vectors
and Infectious Diseases (CEVDI) [37]. Regional Health
Administrations ensure the availability of equipment for
entomological surveillance activities. For adult mosquito
collections, CDC light traps and BG Sentinel traps (or
Mosquitaire and Vector traps), baited or not with carbon
dioxide (or other attractants recommended by suppli-
ers), as well as aspirators, are used. In monitoring inva-
sive mosquitoes, particularly Ae. albopictus, ovitraps with
oviposition strips are utilized. In mainland Portugal, the
most significant period for mosquito presence occurs
from May to October. Most collections are conducted
during this period of time. In ports and airports, surveil-
lance is year-round, as well as in areas where invasive
species have been identified. The sampling locations and
frequency are selected by the Regional Health Admin-
istrations, based on proximity to human populations,
mosquito presence history, impact on human activities,
potential breeding sites, and entry points for exotic/
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invasive species, considering previous experience under
the REVIVE program [32].

Due to the lack of data for the years 2016 and 2019 for
the Centro region of Portugal, we excluded these two
years from the study analysis.

We categorized mosquito species data according to
the types of infection they can transmit, as described in
Table 1. It is also important to note that malaria is not
caused by a single parasite but by a diverse group of spe-
cies within the genus Plasmodium [38]. It is crucial to
recognize that not all Plasmodium species can be trans-
mitted by the same mosquito vectors [39], which has sig-
nificant implications for understanding the transmission
dynamics of the disease. Previous studies have demon-
strated that different Plasmodium species interact with
various mosquito vectors, impacting transmission [40].

Spatial and spatiotemporal analyses
Local spatial association indicators (LISA)
To determine whether the observed patterns of the dis-
eases differ significantly from the expected (at random)
patterns, we applied the Anselin Local Moran’s I statis-
tic, which identifies statistically significant hot spots, cold
spots, and spatial disparities. The underlying null hypoth-
esis of the Anselin Local Moran’s I statistic is that the
spatial pattern of the variable is random, i.e., that there is
no spatial autocorrelation, meaning that the values of the
variable are spatially independent of each other and that
observed cluster or other spatial pattern is due to random
factors [41]. This statistic geographically represents local
groups with extremely high or low rates, comparing the
rate of a municipality with that of adjacent municipalities
[42]. Positive or negative statistical values demonstrate a
homogeneous grouping of high or low rates, respectively
[43]. Local Spatial Association Indicators (LISA) are sta-
tistics created by Anselin and colleagues [42], whose pur-
pose is to break down global statistics such as Moran’s I
into their local components to identify spatially varying
observations and outliers. We determined the Cluster
and Outlier Analysis (Anselin Local Moran’s I) for the
rates of each studied mosquito-borne infection and for
the counts of mosquitos capable of transmitting each of
the studied infections.

High-high clusters represent municipalities with high
notification rates of imported cases surrounded by oth-
ers with similarly high rates. Low-low clusters indicate

Table 1 Grouping of the species of mosquitos according to the
infection they can transmit
Malaria

Zika
Aedes.albopictus

Dengue

Anopheles maculipennis
Anopheles plumbeus
Anopheles claviger

Aedes albopictus

Anopheles algeriensis

Page 4 of 17

municipalities with low notification rates of imported
cases, also surrounded by others with low rates. High-
low outliers are municipalities with high notification
rates of imported cases surrounded by municipalities
with low rates, while low-high outliers are those with
low notification rates of imported cases surrounded by
municipalities with high rates. The same definitions of
clusters and outliers apply to the Bivariate Moran Local
Index method.

Bivariate Moran local index (BLISA)

Furthermore, the Bivariate Moran Local Index (BLISA)
was used to detect areas with a high prevalence of non-
autochthonous cases and, at the same time, a high pres-
ence of mosquitoes, corresponding to areas where there
will potentially be a greater risk of local transmission in
the future if they are and/or become ecologically suitable
[44]. High-high clusters correspond to municipalities
with high rates of imported cases surrounded by munici-
palities with high concentrations of mosquitos; low-low
clusters correspond to municipalities with low rates of
imported cases surrounded by municipalities with a low
concentration of mosquitos; high-low outliers corre-
spond to municipalities with high rates of imported cases
but are surrounded by municipalities with a low concen-
tration of mosquitos; low-high outliers correspond to
municipalities with low rates of notification of imported
cases surrounded by municipalities with a high concen-
tration of mosquitos. For this analysis, we focus only on
the period for which both data on cases and mosquitos
was available — 2009 to 2018, excluding the year 2016.

Mann-Kendall test

To examine spatiotemporal trends, we applied the non-
parametric Mann-Kendall test [45, 46]. Data were struc-
tured into a cube, with each bin representing event
counts over specified time intervals. Emerging Hot Spot
Analysis visualized trends, using the Mann-Kendall
Trend Test to categorize municipalities into hot and cold
spots. Analysis intervals were one year for mosquito vec-
tors and for malaria cases, six months for dengue cases,
and two months for Zika cases due to lower case num-
bers. Spatial relationships were defined using contiguity
edges, due to the similarity of neighbouring areas. The
Mann-Kendall test was applied independently to each
municipality to ensure random, independent variables.

Software

Microsoft Excel 365, ArcGIS Pro 2.9 and GeoDa software
were used for data processing and mapping. The Arc-
GIS software was used to analyse the distribution of the
vectors and the notification rates, to estimate Moran’s I
spatial autocorrelation and to conduct the spatiotempo-
ral analysis using the Mann-Kendall method. The GeoDa
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Table 2 Total number of imported cases infected with malaria,
Zika and dengue (2009-2019)

Malaria Zika Dengue
2009 36 0 0
2010 46 0 0
2011 47 0 0
2012 46 0 0
2013 99 0 0
2014 85 0 0
2015 198 0 13
2016 193 18 13
2017 90 1 11
2018 98 1 14
2019 113 0 28
Total 1051 20 79

Table 3 Total number of identified mosquitoes (adults) capable
of potentially transmitting malaria, Zika and dengue (2009-2018)

Malaria Dengue/Zika
2009 0 0
2010 148 0
2011 123 0
2012 241 0
2013 167 0
2014 144 0
2015 204 0
2017 281 57
2018 530 97
Total 1838 154

*2016 was excluded from the analysis because data on Centro region was not
available

software was used to smooth the rates using the Empiri-
cal Bayesian method and to estimate Moran’s bivariate
local spatial autocorrelation (BLISA).

Results

Descriptive statistics

During the study period, 1051 cases of malaria were
recorded, with 2015, 2016 and 2019 being the years with
the most cases — 79 cases of dengue (with more cases
in 2019) and 20 of Zika (18 cases in 2016) (Table 2). All
cases were imported from people who travelled from an
endemic country.

At the national level, males were most affected by these
infectious diseases in all age groups. The 30 to 59 years
old age group gathered almost three-quarters of all cases.

The majority of malaria cases likely originated in
Angola with 480 cases, followed by Mozambique, Guinea
Bissau, and other countries, primarily those located in
Africa. For Zika, most of cases originated from Bra-
zil, followed by Colombia, Cape Verde and Martinique.
Cases of dengue were from Brazil, Angola, Cape Verde,
India, Indonesia, Thailand, among others.
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Concerning vectors, 1,838 mosquitoes were identified
that transmit malaria, and 154 were identified that trans-
mit dengue and Zika during the study period (Table 3).

In this study, we identified various species of adult
mosquitoes across different municipalities. The most
prevalent species was Anopheles maculipennis, with a
total of 1,524 specimens recorded across multiple munic-
ipalities, indicating its widespread dominance. Anopheles
algeriensis was also present, with 124 specimens docu-
mented across municipalities, though in lower numbers
than An. maculipennis. Anopheles claviger had a total of
135 occurrences, suggesting a stable distribution but less
widespread presence. Anopheles plumbeus was recorded
in smaller numbers, with only 5 specimens, indicating a
sporadic presence across the surveyed municipalities.
Lastly, Ae. albopictus showed a notable presence, with
154 specimens observed.

Spatial and spatiotemporal analysis of imported mosquito-
borne infection notification rates

As depicted in Fig. 2A, high notification rates of imported
malaria cases are found across Portugal but predomi-
nate on the Portuguese coast, mainly in the Vouga basin
(Aveiro). The highest notification rate of imported cases
was found in Cuba (Beja), with 418 cases per 1,000,000
inhabitants. A depiction of the districts across mainland
Portugal is shown in Fig. 1.

In the case of dengue (Fig. 2B), the highest notification
rates of imported cases were in coastal municipalities,
particularly in the districts of Porto and Faro. The highest
rate was in Penamacor (Castelo Branco), with 203 cases
per 1,000,000 inhabitants.

Regarding Zika (Fig. 2C), the highest notification rates
of imported cases of infection are all close to the coast
with the sole exception of the region of Mirandela (Bra-
ganca), located in the northern interior region. The
highest rate was in Mira (Coimbra), with 84 cases per
1,000,000 inhabitants.

Applying the local clustering method (Local I of Moran)
to the notification rates of imported cases of malaria
(Fig. 3A), we found high-high clusters in the districts
of Aveiro, Lisboa and Porto. The low-low clusters were
spread across the interior, standing out in the districts of
Portalegre, Guarda, Vila Real and the “Pinhal” zone at the
junction of the Coimbra-Leiria-Castelo Branco-Santarém
districts. In the case of dengue (Fig. 3B), there were two
high-high clusters, one at the Porto Metropolitan Area
(Matosinhos, Porto, Vila Nova de Gaia and Santa Maria
da Feira), the other cluster comprising of Loulé and Faro
(Faro). As for Zika (Fig. 3C), low-low classification was
detected in Nazaré (Leiria).

Mann-Kendall analysis revealed an intensifying hot
spot of malaria (Fig. 4A) in the district of Lisbon and in
the municipality of Porto. This means that that area was
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a statistically significant hot spot for 90% of the time-step
intervals, including the final time step. Moreover, there
were consecutive hot spots in the immediate vicinity.
Sporadic hot spots were also observed in these two areas.

In the case of dengue (Fig. 4B), the municipality of
Cascais (Lisboa) was identified as consecutive hot spot
occurrences in the final time-step intervals. Sporadic
hotspots, by their turn, were located in neighbouring
municipalities, and also in the Porto Metropolitan Area.
Regarding Zika (Fig. 4C), only sporadic hot spots were
found, in the Lisboa and Settbal districts.

Spatial and spatiotemporal analysis of the mosquito
species
Regarding the geographic distribution of adult mosqui-
toes that can transmit malaria, 1,838 mosquitoes were
found in mainland Portugal during the study period, with
a greater number in the Sado basin (Setibal) and Loulé
(Faro) (Fig. 5A).

With regards to dengue and Zika, 97 adult mosquitoes
were identified in the municipality of Loulé and 57 mos-
quitoes in the municipality of Penafiel (Porto) (Fig. 5B).

Regarding the malaria vectors, high-high clusters were
observed in municipalities situated in the Sado basin and
vicinity, belonging to the Settbal, Evora and Beja districts
(Fig. 6A).

For the dengue and Zika mosquitoes, no high-high
clusters were identified and low-low clusters are spread
throughout the country. The municipalities of Loulé
(Faro) and Penafiel (Porto) stood out as high-low outliers
(Fig. 6B).

When analyzing mosquitos that could transmit malaria
(Fig. 7A), consecutive hot spots were identified in the
Sado basin and vicinity. Regarding mosquitos known
to transmit dengue and Zika (Fig. 7B), new hot spots
emerged in the south, namely in the Faro district and
consecutive hot spots in the interior of the Porto district.

Bivariate Moran local index to related notifications and

mosquito species

The Bivariate Moran Local Index (BLISA) was used to

detect areas with a high notification rate of imported

cases and, simultaneously, a high presence of mosquitoes.
Concerning malaria, BLISA analysis revealed clusters

of simultaneous high concentrations of vectors and high
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notification rates of imported cases in Condeixa-a-Nova
(Coimbra), Cuba (Beja), Santiago do Cacém (Setubal),
Albufeira and Sdo Bras de Alportel (Faro), most located
in the southern region of mainland Portugal (Fig. 8A).
For dengue, BLISA revealed clusters of simultaneous
high concentrations of vectors and high notification rates
of imported cases in Paredes, in the North region, and
Faro, in the South (Fig. 8B). For Zika, no high clusters
were identified (Fig. 8C).

Discussion
Our study provides a comprehensive perspective of the
spatiotemporal distribution of imported mosquito-borne
infectious in mainland Portugal. We found significant
spatial variability in the distribution of both notification
rates of imported mosquito-borne infections and the dis-
tribution of competent mosquito species, as revealed by
the spatial and spatiotemporal analyses conducted in this
study. Our results and spatiotemporal patterns also var-
ied according to infection and mosquito species.

For malaria, clusters of simultaneous high concentra-
tions of imported cases and vectors were prominent in
the Lisbon and Porto Metropolitan Area (intensifying

clusters) and Sado basin (consecutive clusters). A total of
1,838 mosquitoes capable of transmitting malaria were
identified, with a significant concentration observed
in the Sado basin (Setubal) region. Therefore, accord-
ing to the Bivariate local index of spatial autocorrelation
(BLISA), the Centre and the Southwest of Portugal were
identified as areas where local transmission of malaria
could potentially emerge in the future if environmental
conditions (both biotic and abiotic) are conducive. It is
important to note that, in the past, until the second half
of the 20th century, autochthonous malaria was present
in Portugal, especially in river basins such as Mondego,
Tagus, and quite prominently in the Sado basin, associ-
ated with the production of rice [47]. A study conducted
in Portugal on the malariogenic potential (i.e., the capac-
ity or likelihood of a specific area to support the trans-
mission and resurgence of malaria [17]) revealed that the
risk of malaria resurgence exists, although it is concen-
trated in areas identified as hotspots, more precisely in
the Tagus and Sado basins [47, 48]. Similarly, although
our studies may not be entirely comparable (due to dif-
ferences in scope, methods, and data used), we also
observed a hotspot in the Sado basin. In 2019, 8,641 cases
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of malaria were reported in the EU/EEA, and 9 of those
cases were reported as acquired in the EU (two each
by Germany, Greece, Spain and France, and one by the
Netherlands) [49]. Hence, climatic changes, coupled with
migratory flows from endemic countries, may increase
the risks of malaria (re)emergence in European countries,
such as Portugal [8].

Concerning dengue, we identified clusters of high
prevalence in the Porto Metropolitan Area (North of
Portugal), and in the municipalities of Faro and Loulé,
on the southern coast. The mosquitoes that transmit
dengue (and also Zika) - Ae. albopictus — were detected
in the municipalities of Paredes (located in the North of
Portugal) and Faro on the South coast. Accordingly, we
observed clusters of simultaneous high concentrations
of vectors and high concentrations of imported cases in
the municipalities of Paredes (North) and Faro, on the

southern coast. The introduction of the mosquito was
also detected recently in Alentejo in 2022 and in Lisbon
in 2023. Dengue existed in Portugal and Europe until the
last century. However, with the eradication of A. aegypti,
there were no autochthonous dengue cases until the out-
breaks in France and Croatia in 2010, following the intro-
duction of Ae. albopictus [50]. Subsequently, in 2012, the
initial dengue outbreak occurred in Madeira, attributed
to A. aegypti, where the vector is now established [27].
A review study focusing on Europe indicated that within
approximately 30 years, Ae. albopictus will find suitable
areas covering 68% of the continent, including the major-
ity of the British Isles, Ireland, and the southern regions
of Scandinavian countries. The present suitability of Ae.
albopictus has been identified in the northwest of the
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Iberian Peninsula, southern France, Italy, and the coast-
line extending from the western Balkans to Greece [19,
51].

Regarding Zika, no significant clusters of high con-
centrations of imported cases or areas with both high

concentrations of imported cases and competent vectors
were identified. Only sporadic hotspots were observed in
the Lisbon Metropolitan Area. Almost all cases of Zika
were imported from Brazil. In Portugal, the risk of Zika
importation is elevated due to the historical relations
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between Portugal and Brazil, characterized by significant
trade and travel [52-54].

Spatiotemporal analysis and GIS-generated maps pro-
vide relevant information that can help direct moni-
toring and surveillance efforts and plan public health

interventions. Knowledge about the density of spatial
clusters and their locations helps public health decision-
makers determine where to implement site-specific
policies, targeted surveillance and prevention measures
to prevent outbreaks from emerging. This study only
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characterized the distribution of imported cases and
mosquitoes and their co-occurrence. Hence, we recog-
nize that our paper is descriptive in nature and has a lim-
ited capacity to predict and determine locations with a
high risk of local transmission, as our study only accounts
for the locations of the competent vectors and imported
cases, disregarding other biotic and abiotic factors.
Therefore, caution is advised when interpreting these
exploratory results. Nevertheless, it constitutes an impor-
tant first step and helps to delineate hypotheses. Further
investigation is now being planned to incorporate those
variables in future studies by the team. For instance,
international travel and daily mobility are important ele-
ments in the study of mosquito-borne disease transmis-
sion [55]. Likewise, the environmental or socioeconomic
factors that characterise each municipality can also
impact the local disease and vector pool [56—58].

Strengths and limitations

Firstly, it is important to recognize that the high concen-
trations of imported cases in this study may not fully rep-
resent the true prevalence of mosquito-borne infections

in the population. This limitation arises from several
factors, including underreporting due to individuals’
reluctance to seek medical care, challenges in accessing
healthcare services, asymptomatic cases, and instances
where healthcare is sought outside the country. Further-
more, it is important to recognize that the geographic
distribution of notification rates does not represent
the risk of local transmission, as these rates are based
on imported cases. Instead, this distribution primarily
reflects areas with higher travel from endemic regions.
Another limitation of the study was the need to exclude
certain periods due to incomplete data. The Regional
Administration of Centro was unable to produce the
REVIVE reports for 2016 and 2019, forcing us to exclude
these two years from the analysis. Another limitation was
that the database of reported human cases was provided
for each disease over different time periods, as SINAVE
was established in 2014, five years after 2009. The only
data available between 2009 and the first half of 2014
were for malaria. Consequently, our analysis might be
affected by the exclusion of these periods. Additionally,
the limited data availability resulted in a reduced number
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of cases utilized for calculating notification rates in the
spatial analysis, potentially influencing the robustness of
the findings. Furthermore, the clusters detected in the
spatial analysis were explored without taking into consid-
eration other covariates, as we aimed to identify spatial
patterns and generate hypotheses regarding underlying
risks. As mentioned before, future studies should explore
the biotic and abiotic factors that explain the observed
patterns. Moreover, the analysis we conducted did not
provide species-specific information, as mosquito counts
were aggregated and reported by pathogen-specific
groups. Consequently, malaria had naturally higher mos-
quito numbers due to the larger number of species rep-
resented in these groups. Additionally, not all mosquito
species exhibit the same degree of anthropophilic behav-
iour. While Ae. albopictus is known for its preference
for biting humans, other species detected in the study
primarily feed on non-human animals, reducing their
potential role in the transmission of malaria to humans.
Additionally, it remains unclear whether there is a sam-
pling bias towards certain Portuguese regions, which
might partially explain the geographies of the vectors.
This bias could stem from the reactive nature of surveil-
lance efforts, often triggered by reports of symptomatic
cases in sentinel species that may not be evenly distrib-
uted nationwide [29]. Another limitation of our study
is that CDC traps are particularly effective for captur-
ing Culex species, while BG traps are optimized for Ae.
species. Therefore, other mosquito species may not be
adequately represented using these methods. This differ-
ence in trap effectiveness may impact the comprehensive
accuracy of mosquito surveillance and should be consid-
ered in interpreting the data [59, 60].

LISA method is an effective tool for identifying spa-
tial clusters, but it has some limitations in the context
of this study. First, it is sensitive to spatial scale and
neighbourhood definition, which can influence cluster
detection depending on the level of aggregation used.
Furthermore, LISA analysis performs multiple statistical
tests, increasing the risk of detecting clusters by chance.
LISA also does not consider the temporal dimension,
which has been an important limitation throughout the
study period. Municipalities with little data may result in
inconsistent or non-statistically significant results, which
limits the robustness of the analysis in areas with a low
density of cases. Finally, in very heterogeneous areas,
the method may present difficulties in interpreting spa-
tial patterns, especially when different sub-regions have
different dynamics. To mitigate these limitations, the
application of complementary approaches, such as spa-
tiotemporal analysis or spatial regression, would be rec-
ommended [42, 61, 62].

The Mann-Kendall method is useful for detecting
trends in time series, especially when working in public
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health, such as in the case of vector-borne diseases. How-
ever, like any statistical method, it has its limitations.
Municipalities and regions with fewer cases may show
results with little statistical significance due to the small
sample size. This is sensitive to short time series and does
not identify abrupt changes or provide the magnitude of
the trend. The method assumes that the trend is homoge-
neous across the time series, however, in epidemiological
scenarios, trends may vary over time [45, 63, 64].

Despite the limitations, this study can be of great use
for public health, as the spatiotemporal identification
of areas with a higher risk provides data that enable the
adaptation of intervention and prevention programs for
cases of infection. It is, to our knowledge, the first study
conducted in mainland Portugal that describes the spa-
tiotemporal epidemiology of a wide range of mosquito-
borne infections and their vectors.

Although local transmission has not yet occurred for
most of the infections studied, our findings can inform
several preventative recommendations: (1) strengthen
surveillance in critical areas identified by LISA and
Mann-Kendall analyses, prioritizing interventions and
monitoring in hotspot locations; ((2) conduct further
research to develop prediction models based on biotic
and abiotic factors; and (3) increase surveillance of at-
risk populations, improving awareness among travellers
to endemic regions by offering protective measures guid-
ance by health services, and ensuring rapid diagnosis,
treatment, and response through malaria screening of
travellers [65—-69].

Conclusions

In conclusion, this study identified areas with higher
notification rates of imported cases of mosquito-borne
infections concurrent with the presence of potential vec-
tors, highlighting the importance of continuous monitor-
ing of these regions. However, it is essential to highlight
that the identification of these areas does not necessar-
ily imply a risk of a local outbreak, but rather the need
for continued surveillance in critical areas identified by
LISA and Mann-Kendall analyses, prioritizing interven-
tions and monitoring in hotspot locations and additional
studies to better understand the biotic and abiotic factors
that may influence local transmission. The findings of this
research can greatly assist in public health management
and the implementation of intervention strategies, not
only in Portugal but also in European regions with similar
physical and social characteristics.
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