RIASE

REVISTA IBERO-AMERICANA DE SAUDE E ENVELHECIMENTO
REVISTA IBERO-AMERICANA DE SALUD Y ENVEJECIMIENTO

INVASIVE MOSQUITOES IN EUROPE AND IMPORTANCE
OF THEIR SURVEILLANCE IN PORTUGAL

Marcia Alexandra da Silva Marques - Master in Quality and Environmental Management.
Superior Diagnostic and Therapeutic Technique - Environmental Health in the Public Health Unit
of the Health Centers Group of Alentejo Central of the Regional Health Administration of
Alentejo. Portugal

Maria Jodo Alves - Assistant Researcher at the National Institute of Health Dr. Ricardo Jorge.
PhD in Biology. Master in Biotechnology. Graduated in biology

Jodo Manuel Bernardo - Teacher at the Department of Landscape, Environment and Planning at
the University of Evora. PhD in Ecology. Graduated in Biology

VOL. 3 N2 3 DECEMBER 2017



INVASIVE MOSQUITOES IN EUROPE AND IMPORTANCE OF THEIR SURVEILLANCE IN PORTUGAL

ABSTRACT

Objective: To analyze the invasive process of mosquito species that represent a greater
risk to Public Health in Portugal and Europe, its distribution and behavior in face of en-
vironmental conditions and to evaluate the importance of the existence of surveillance
programs.

Methods: Data at European level were obtained from reports and risk assessments. At the
national level, a questionnaire was used, based on data from the REVIVE Program and the
Portuguese Institute of the Sea and Atmosphere and the SPSS program, version 21.
Results: The data reveal adequate climatic conditions in Portugal for the introduction of
invasive species that are vectors of disease, as has happened in some European coun-
tries and as occurred with the occurrence of Aedes aegypti in Madeira in 2012.
Conclusions: mosquitoes that represent the greatest risk to public health in Portugal and
Europe are Aedes aegypti and Aedes albopictus. In Madeira, once the vector and the patho-
gen were introduced, climatic conditions favored the occurrence of Dengue cases. On the
other hand, it is not clear responsibility for control when disease or discomfort occurs
in Portugal.

Keywords: Vector-borne diseases; Aedes aegypti; Aedes albopictus; mosquitoes.

INTRODUCTION

Mosquitoes play important roles in many ecosystems. However, they can be important
vectors of pathogenic microorganisms causing harm to human health. Throughout his-
tory, many millions of cases of diseases transmitted by these vectors have been repor-

ted, being attributed many deaths and even more cases of morbidity(:2).

Tropical regions are the hardest hit. However, the increase in the dispersion of the spe-
cies of mosquito vectors, primarily due to the increased movement of people and goods

leads to increased risks to other regions®#.

The probability of survival and the subsequent establishment of invasive species in
different geographical areas increase if the ecological conditions are favorable to them.
Mosquitoes are not adapted to very low temperatures or very high temperatures. Thus,
if climate change leads to an increase in minimum temperatures, it can increase the risk

of dispersion'.
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In Europe, the species considered to be the greatest threats to public health are Aedes

aegypti and Aedes albopictus, has already been responsible for several cases of disease!.

In Portugal, the date of preparation of this work was not yet detected the presence of
Aedes albopictus, but Aedes aegypti is present on the island of Madeira and caused a

Dengue outbreak in 2012.

This paper reviews the literature on mosquitoes that are relevant in terms of public
health in Europe and Portugal, explaining their presence and impacts, emphasizing the
most significant aspects and the importance of their surveillance in our country. Thus,
the objectives are: to identify the fauna of invading disease-causing mosquitoes in
Europe; identify the risk associated with causing mosquito disease in Portugal; unders-
tand whether climate change may contribute to the dispersion of invading mosquitoes;
to determine the influence of environmental factors on the ecology, development and
survival of invasive mosquitoes causing disease; evaluate the importance of the existen-

ce of surveillance programs and identify forms of intervention.

MATERIAL AND METHODS

Data at European level, were obtained in reports and risk assessments from European
Center for Disease Prevention and Control (ECDC) and the European Network for
Arthropod Vector Surveillance for Human Public Health (VBORNET).

In the analysis of the occurrence of Aedes aegypti in Portugal and in relation to climatic
factors and other species, we used data from the REVIVE Program and the Portuguese

Institute of the Sea and Atmosphere and the SPSS Program, version 21.

In the identification of forms of action in relation to occurrences of situations related to
mosquitoes in the last ten years, a questionnaire was sent to the Regional Health Admi-
nistrations. Four completed questionnaires were collected namely from the ARS Center,

Lisboa e Vale do Tejo, Alentejo and Algarve.
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RESULTS

Mosquitoes live in a wide variety of habitats, except for those that are permanently fro-
zen, and have been increasingly distributed throughout the world in recent decades. Se-
veral factors have contributed to the dispersion of mosquitoes. The increase in global tra-
de and the migration of human beings are the main causes of the dispersion of mosqui-
toes, while extending their habitats of forests to urban environments. Some species show

great plasticity'@.

Although mosquito-borne diseases are much more prevalent in tropical than temperate
regions, due to favorable vector climatic conditions in these areas, there have always been
endemic and autochthonous epidemics in Europe. However, the worry is increasing be-

cause vectors and pathogens are increasingly being introduced into new areas.

Some vector-borne diseases are emerging, or reappearing after long absences, while
others are spreading. Its occurrence is often associated with changes in ecosystems, hu-

man behavior and climate.
This is illustrated by the recent outbreaks of Chikungunya and West Nile*7).

In Portugal, a key to identify mosquitoes from mainland Portugal, the Azores and

Madeira was published in 1999, with 45 being the number of species identified®.

In order to know exactly which vector species are present in Portugal, in what regions
and what their vectorial capacity, a Vector Surveillance Network was created, called
REVIVE, at national level, resulting from a Protocol between the General Direction of
Health, Institute of Health Administration and Social Affairs, IP- Regido Auténoma da
Madeira and the Center for the Study of Vectors and Infectious Diseases Dr. Francisco

Cambournac/National Institute of Health Dr. Ricardo Jorge”.

Between 2008 and 2012 the REVIVE identified 25 species belonging to thoe mosquito
fauna of Portugal, including Aedes aegypti, identified for the first time in Madeira in
200519 No invasive species were found, except for Aedes aegypti identified in Madeira.
In neither case human pathogenic flaviviruses was identified®. In 2005 Aedes aegypti
was detected in Madeira, and in October 2012 an outbreak of Dengue occurred in the
archipelago. Aedes aegypti, absent from mainland Portugal since 1956, is currently rea-
son of concern by the health authorities, due to the probability of reintroduction on the

continent.
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Oh the most abundant species in Portugal, two deserve special attention: Culex pipiens
and Culex theileri both reservoirs and vectors of West Nile virus and both already respon-
sible for disease transmission in Portugal. West Nile virus was isolated in Culex pipiens in

the Algarve and Culex theileri was already a vector of Filariosis in Alcacer do Sal*?.

The temperature is an important factor in both the vector density and in its vector capa-
bilities, increasing or decreasing the vector survival, affecting the growth rate of their
populations, interfering with their susceptibility to pathogens, changing the agent of
the incubation period vector and changing the activity and standard transmission be-

tween stations!?.

Increasing the temperature of the water in the breeding, the larval-adult transforma-
tion occurs more quickly, speeding up the reproductive cycle. By decreasing the time re-
quired for maturation, the size of the larvae is reduced and, consequently, smaller adults
are formed®. The temperature limits for disease transmission by mosquitoes are 14-
18°C at the lower limit and 35-40°C at the upper limit. A small increase in the lower li-
mit could lead to an increase in disease transmission. However, an increase in the upper

limit would lead to the death of the mosquito?.

Climate affects the geographical and temporal distribution of disease vectors represent-
ing a major threat to health security'®!*). Vector-borne diseases often exhibit distinct
seasonal patterns, showing that the ecology, development, behavior and survival of mos-
quitoes and the dynamics of disease transmission are influenced by climatic factors. The
same factors also play a crucial role in the survival and transmission of the pathogens
they transmit®. Countries with a temperate climate, such as Portugal, run the risk of
future climatic conditions being more favorable to vector-borne diseases due to climate

changel?.

The climate change scenarios set for our country indicate an increase in the number of
days with temperatures suitable for the transmission of malaria, so the risk of contract-
ing disease in Portugal, in the presence of infected mosquitoes, would go from very low
to medium. The mosquito vector of dengue, Aedes is also highly sensitive to climatic con-
ditions. Several studies suggest that climate change can expose more than two billion
people to Dengue transmission by 2080"4. At this time there is no risk of contracting
Dengue in Portugal since the vector has not been identified. However, if there were vec-
tor introduction the risk would be low. The climate change scenarios point to an increa-
se in the number of days adequate for virus transmission, leading to an increase in their

distribution, so that the risk of contracting the disease would become medium.
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The West Nile virus has, in the present circumstances, a low risk in our country, despite
the presence of competent vectors (various species of Anopheles and Culex) and viruses
(in vectors, animals and humans). In scenarios of climate change in Portugal, periods of
survival of mosquito vectors tend to increase, which could lead to an increasing number

of hosts and consequent increased risk of contracting the disease to medium level.

In Europe there have been records of various diseases transmitted by mosquitoes.
Dengue, Chikungunya, West Nile, Malaria and Filariasis are the most important. Table 1
shows the relationship of these diseases with their transmission in Europe and the vec-

tor mosquito!®).

Table 1 - Relationship between Malaria, Dengue, Chikungunya, West Nile Virus
and Filariasis, with its distribution in Europe and the vector mosquito.

Disease Transmission in Europe Vectors
Malaria Endemic until the middle of th 20th century, since Anopheles spp.
then only esporadic cases. Epidemic in greece in 2011.
Dengue Until the beginning of the 20th century; Aedes aegypti, Aedes
Croatia and France. albopictus.
Cx. pipiens, Cx.

modestus, Aedes
japonicus, Aedes
West Nile Virus Endemic in Southern Europe. atropalpus, Aedes
albopictus, Ochlerotatus
caspius, Aedes cinereus,
Aedes vexans,
Anopheles maculipennis.

Chikungunya Italy 2007; France 2010. Aedes aegypti,
Aedes albopictus.
Ochlerotatus caspius,
Filariosis Isolated cases especially in France, Italy and Spain. Aedes vexans,
Culex theileri.

Source: Adapted from World Health Organization/European Mosquito Control Association. Guidelines for
the control of invasive mosquitoes and vector-borne diseases in Europe 2011.
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The vector-borne diseases are a specific group of infections that pose a threat to Europe
and require surveillance of exotic mosquito species such as Aedes albopictus, Aedes aegypti,

Aedes atropalpus, Aedes japonicus, Aedes koreicus and Aedes triseriatus”).

The most important vector for Public Health in Europe is Aedes albopictus, due to its
expansion and vector competence. It was first identified in 1979 in Albania. Colonization
in Europe continued in Italy in 1990 and gradually spread to other countries (Figure 1)
such as France, Greece, Spain, Slovenia and Albania, and is also present in southern
Switzerland and is sporadically identified in Germany. This expansion continues to
occur, which represents a serious risk to Public Health. Aedes albopictus was the vector
responsible for a Chikungunya epidemic in 2007, near Ravenna, Italy. In 2010 he was

responsible for registering cases of Dengue in Marseille and Croatia and two cases of

Chikungunya in France(®17),

T".“: . “ R-/g’ i o | ‘ Pr_/.gf

Figure 1 - Distribution of Aedes albopictus in Europe, 1995-2011.

Source: Print Screen of Guidelines for the surveillance of invasive mosquitoes in Europe, European Centre for
Disease Prevention and Control, 2012.
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Risk maps developed by Benedict et al. (2007) and ECDC (2009) predicted an expansion
of Aedes albopictus by Europe, especially along the Mediterranean basin, which was ve-

rified, as can be seen in Figure 2.

Aedes albopictus
Current known distribution: October 2013
™ Established
Introduced

= Absent
= No Data ¥
Unknown

Qutermost regions
= Azores (PT) T
% Canary Islands (ES)

= Madeira (PT)

» Svalbard/Jan Mayen (NO)

ECDC 2013/VBORNET

Figure 2 - Distribution of Aedes albopictus in Europe, 2013.

Source: European Center for Disease Prevention and Control/Vbornet, 2013. Available at: http://www.ecdc.
europa.eu/en/healthtopics/vectors/vector-maps/Pages/VBORNET _maps.aspx. Consultation on 25-02-2014.
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Another important vector is Aedes aegypti, which had disappeared from Europe in the last
50 years, was recently reintroduced around the Black Sea in southern Russia, Abkhazia,
Georgia and Portugal in Madeira (Figure 3), increasing the concern of the Health Authori-
ties. The high number of flights between the European continent and Madeira increases

the likelihood of reintroduction of this species©20),

Aedes aegypti
Current known distribution: October 2013”

= Established
Introduced

= Absent
= No Data 7
Unknown

Outermost regions
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™ Canary Islands (ES)
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& 2 .
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ECDC 2013/WVBORNET

Figure 3 - Distribution of Aedes aegypti in Europe, 2013.

Source: European Center for Disease Prevention and Control/Vbornet, 2013. Available at: http://www.ecdc.
europa.eu/en/healthtopics/vectors/vector-maps/Pages/VBORNET _maps.aspx. Consultation on 25-02-2014.
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In Portugal, besides the risk of reintroduction in mainland of Aedes aegypti, there is still
the risk of introduction of Aedes albopictus. Portugal is presented as one of the European
countries with a high probability of installing this vector, not only because of climatic

conditions but also because of human migrations and commercial traffic®”.19.

The authors used a genetic algorithm to determine the ecological niche of Aedes albopictus
and to provide a global ecological risk map of species propagation. They combined this
analysis with the risk of importing tires from infested countries and their proximity to
countries that have already been invaded to develop a list of countries at greatest risk of

establishment (Figure 4)17.

Figure 4 - Prediction of distribution potential of Aedes albopictus (darker shades indicate a greater number of
models for suitable habitat).

Source: BENEDICT et al. (2007).

According to this study, the northern coast of our country is the area that has the
highest risk of establishment. The environmental conditions considered were: the mean
winter minimum temperature, above 0°C, which allows hibernation of eggs; the mean
annual precipitation of 500 mm above, some precipitation in the summer and the mean

summer temperatures above 20°C to allow their active dispersion.

R IAS E ONLINE 2017. DECEMBER. 3(3): 995 - 1010 1003



INVASIVE MOSQUITOES IN EUROPE AND IMPORTANCE OF THEIR SURVEILLANCE IN PORTUGAL

The introduction of new invasive species is a worry. Aedes albopictus is found in many
European countries. According to the risk maps published by this species, once intro-
duced, it is very likely to settle in our country. This species is a great vector of dengue
and a competent vector of over 20 arboviruses with potential impact on human health,

including yellow fever, West Nile and Chikungunya'®717.

Aedes aegypti was registered in the Autonomous Region of Madeira, for the first time in
2004-200519 In previous studies carried out between 1977 and 1979, this species had

not been identified®?.

In 2005, the population of Santa Luzia, city of Funchal, began to to complain from the
bites of an aggressive mosquito and were realized crops which led to identification of

Aedes aegyptit®. In 2006 the species was for six neighborhoods in the city of Funchal.

Control actions have been taken such as reducing breeding sites, treatments with insec-
ticides and education campaigns among the population, promoting individual protection

and breeding reduction. However, the mosquito population persisted?.

On October 3, 2012, two cases of Dengue virus infection on Madeira Island were confir-
med at the CEVDI/INSA laboratory. On October 10, 18 more cases and 191 probable ca-

ses of Dengue were confirmed@V.

Since the beginning of the outbreak, October 3, 2012, until the day September 1, 2013
(latest data released by the DGS, the September 12, 2013) has been reported 2187 pro-
bable cases of Dengue fever, without any death. The number of Dengue cases with la-
boratorial confirmation declined steadily from mid-November 2012, and the outbreak
was considered controlled on 3 March 2013. After that date, none of the cases identified

was originated in Madeira Island(?229,

The tests performed by the National Institute of Health identified the Dengue Virus
Serotype 1 (DENV-1) with Latin American origin (Alves et al, 2013).

The ECDC's risk assessment concluded that this outbreak of Dengue fever in Madeira
was a significant public health event due not only to the local population but also to the

large number of tourists in the Madeira archipelago®®?.

Based on data from the REVIVE program, a sample of 366 adult mosquitoes crop in two
municipalities and 144 immature crops was analyzed in four municipalities in 2010,
2011 and 2012. The species with the highest average number of individuals per crop was

Aedes aegypti.
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The level of occurrence of Aedes aegypti adult mosquitoes were positively related to the
minimum temperature, ie, increased with increasing the minimum temperature and
with the minimum relative humidity values recorded during the harvest. Thus, their

occurrence increases when there is an increase in the minimum relative humidity.

The main objective of epidemiological surveillance is the early detection of cases of
introduction or alteration of mosquito species abundances, so that control measures are
indicated in a timely manner in order to avoid new occurrences, thus preventing
epidemics. Surveillance includes the data picking systematic and continuous, notifica-
tion of confirmed cases, monitoring the distribution, dissemination and severity of ca-
ses, determination of geographical distribution and vector density, evaluation of the ef-
fectiveness of prevention and control programs, identification of risk areas and inter-

pretation and dissemination of data.

The European Center for Disease Prevention and Control (ECDC) was established in
2005. It is an EU agency based in Stockholm, Sweden, with the aim of strengthening
Europe's defenses against infectious diseases. ECDC is the entity responsible for the

identification, assessment and reporting of infectious disease threats to human health.

ECDC has developed the Program on emerging and vector-borne diseases and a network
of vector surveillance across Europe (VBORNET) for which Portugal collaborates through
the REVIVE program.

Portugal (mainland) is one of the countries that, although it does not have invasive mos-
quitoes, have climatic conditions that allow the survival and proliferation of its eggs, so,
according to the ECDC Guidelines, it must have surveillance programs. In the archipe-
lago of Madeira, once the Aedes aegypti vector is established, it must be accompanied by

its seasonal dynamics and monitored commercial routes, to prevent their expansion.

The International Health Regulations (IHR) establishes procedures to prevent the spread
of diseases at international level, through monitoring, surveillance and response to
emergencies in Public Health. Thus, according to the IHR, the State should be equipped
with programs and trained people to control vectors and reservoirs at their points of

entry (ports, airports and borders).

According to the results of the REVIVE Surveillance Program, no invasive species was
found at the date of this study except for Aedes aegypti identified in Madeira. In no case

were flaviviruses pathogenic to humans!2®.
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In order to understand how it is made to management and control, during events
related to mosquitoes in Portugal questionnaires were sent to the Regional Health
Administrations. Were recorded ten occurrences related to mosquitoes in the last ten
years under the Regional Health Administrations, which resulted in two hospitaliza-
tions in the Alentejo, resulting from stinging and in two West Nile virus cases in the

Algarve. The remaining situations refer to discomfort.

In some situations, the Health Authorities contacted the municipalities, in other situa-
tions they had the support of tour operators and the Public Health Department of the
Algarve counted with the collaboration of public management entities in the environ-
mental area such as APA-ARH and the CCDR (Regional Coordination and Development
Commission) of the Algarve, in addition to the municipalities, for the implementation of

control measures.

The information to the population seems to have been made with the support of the
social media and some awareness actions in the room. In some cases the information fo-
cused on preventive measures (Alentejo), in others reassure of the population (Algarve)

and in others only information on measures implemented (Lisbon).

CONCLUSIONS

Mosquitoes represent a public health problem when they occur in high densities, caus-
ing discomfort, or when they are vectors of disease, infecting people and animals with

pathogens.

The mosquito species that represent the highest risk for Public Health in Portugal and
Europe are Aedes aegypti and Aedes albopictus, and have already been responsible for se-
veral cases of disease. Aedes aegypti is part of the mainland Portugal mosquito fauna,
although it has not been identified since 1956, and there is a risk of introduction of

Aedes albopictus.

Of the most abundant autochthonous species in mainland Portugal, two are reservoirs
and vectors of West Nile virus, Culex pipiens and Culex theileri®, both already responsi-
ble for the transmission of disease in Portugal. The West Nile virus was isolated in Culex
pipiens in the Algarve® and Culex theileri was already vector of Filariosis in the muni-
cipality of Alcacer do Sal?”). Serological tests on birds and horses reveal the presence

and circulation of West Nile virus in Portugal®®.
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Mosquitoes do not survive for long either at very low temperatures or at very high tem-
peratures. The predictions of climate change point to an increase in temperatures.
Rising maximum temperatures may increase species mortality, but raising the minimum
temperature may lead to increases in density. On the other hand, a warmer atmosphere
contains more humidity. Also the increase of precipitation can lead to the increase of
the number of breeding places. The combination of these factors may be responsible for

the increased risk of transmission of arboviruses in Portugal.

In the analysis of the relationship between climatic factors and dengue cases during the
outbreak that began in Madeira in 2012, it can be concluded that, once the pathogen
was introduced, climatic conditions favored the occurrence of Dengue cases. The three
climatic factors considered (temperature, humidity and precipitation) provide favorable
conditions for the development of the Aedes aegypti vector, which together with the in-

crease of its density and the presence of the virus trigger the transmission of Dengue.

The results, in the analysis to REVIVE data 2010-2012, demonstrate that the occurrence
of Aedes aegypti in Madeira was influenced by the climatic factors minimum temperatu-

re and minimum relative humidity.

It can also be concluded that Portugal does not have a guide document that establishes
communication circuits, action strategies, responsibilities, control criteria and methods,
collaboration strategies in information to the population, among others. Thus, we expect
the publication by the DGS of a National Contingency Plan to clearly define responsibi-

lities and action measures in case of vector-borne disease events in Portugal.

We suggest the development of a prevention plan aimed at both the prevention and
control of vector populations, which although not infected, are present in our country
and to prevent the installation of invasive species such as Aedes aegypti and Aedes

albopictus.
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