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Dutch Summary 
 
Vector-overdraagbare ziektes zijn een specifieke groep van infecties die een opkomende 
bedreiging vormen voor Europa en waarvoor bijzondere aandacht nodig is. Het 
verwerven van kennis over deze vectoren, belangrijk voor de volksgezondheid, is een 
essentiële stap om het huidige uitbraakrisico te kunnen inschatten en om de acties die 
ondernomen moet worden te bepalen. Daarom heeft het ‘European Centre for Disease 
Prevention and Control’ (ECDC) richtlijnen gepubliceerd die het uitvoeren van een 
aangepaste surveillance voor invasieve en exotische muggensoorten (IMS en EMS) moet 
ondersteunen.  
Gebaseerd op deze richtlijnen werd een exotisch muggensurveillance project (ExoSurv) 
opgericht in België voor zes maanden met de volgende zes objectieven: 1) het opsporen 
van mogelijke plaatsen van introductie en vestiging van EMS in een vroeg stadium in 
België, 2) de vestiging van Aedes j. japonicus� in Natoye inschatten en de 
kwaliteit/efficiëntie van de gebruikte controlemaatregelen beoordelen, (3) de vestiging 
van Aedes koreicus� in Maasmechelen inschatten en de mogelijk verspreiding van deze 
EMS opsporen, (4) het ondersteunen van de snelle uitvoering van controlemaatregelen 
om de EMS populatie te elimineren, (5) de verspreiding van de resultaten van het project 
naar de wetenschappelijke gemeenschap, de eindgebruikers en het brede publiek, (6) het 
opsporen van mogelijke plaatsen van introductie en vestiging van exotische 
knijtensoorten (EKS) (Ceratopogonidae) in een vroeg stadium in België. 
 
Op 21 importplaatsen (6 bandenbedrijven, 5 serres/plantenbedrijven, 3 havens, 3 
luchthavens en 4 parkings) werden adulte muggen gevangen met een CO2-val (Mosquito 
Magnet Liberty Plus (MMLP)) van juli tot en met oktober 2012. Eveneens werden drie 
ovipositie vallen op elke importplaats opgezet en werden larvale broedplaatsen, indien 
aanwezig, geïnspecteerd. Geen nieuwe EMS werden geïntroduceerd of hadden zich 
gevestigd op de 21 gesurveilleerde plaatsen. Een totaal van 844 adulte specimens werd 
verzameld, behorend tot 14 soorten. Op vijf importplaatsen (3 luchthavens, 1 
plantenbedrijf en 1 parking) werd een OVI 220V lichtval geplaatst om adulte EKS te 
vangen. Geen EKS werden geïntroduceerd of gevonden op deze vijf plaatsen. Hoewel 
geen nieuwe EMS (en geen EKS) gevonden werden op dit moment, is verdere 
surveillance aangeraden om toekomstige introducties en vestigingen te voorkomen. 
 
In België werd in 2002 voor het eerst de exotische mug Ae. j. japonicus� ontdekt in een 
tweedehands bandenbedrijf te Natoye. Een longitudinale studie in 2009 en 2010 
bevestigde de vestiging van deze exotische mug in dit bandenbedrijf alsook de 
aanwezigheid ervan in een nabijgelegen bandenbedrijf. In april 2012 werd de vector 
controle met VectoBac van Ae. j. japonicus� gestart te Natoye om de populatie te 
elimineren. In het Exosurv project werd surveillance (MMLP, ovipositie vallen en larvale 
staalnames) uitgevoerd om de kwaliteit/efficiëntie van de controlemaatregelen te 
evalueren en om de mogelijke verspreiding van deze EMS in de omgeving te kunnen 
bepalen. Tien jaar na de introductie is er bewijs van een beperkte verspreiding van Ae. j. 
japonicus� buiten de bandenbedrijven, vooral in zuidwestelijke richting, tot 2km van het 
eerste bandenbedrijf te Natoye. Al na de eerste behandeling met VectoBac daalde de 
populatie van Ae. j. japonicus� te Natoye drastisch. Alhoewel de behandeling heel 
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effectief was, is de populatie nog niet geëlimineerd. Verdere surveillance en 
controlemaatregelen zijn noodzakelijk in 2013 om deze soort te elimineren in het 
gekoloniseerde gebied en de omgeving.  
 
In 2008 was er een eerste melding van Ae. koreicus� in België in een bos gelegen naast 
het industrieel gebied ‘Op de Berg’ te Maasmechelen. De vestiging van Ae. koreicus� 
werd bevestigd gedurende een longitudinale studie in 2009 en tijdens random bezoeken 
in 2010 en 2011. Ook werd een lichte verspreiding tot op 4km in oost richting 
waargenomen. In tegenstelling tot de situatie met Ae. j. japonicus�,  is er weinig geweten 
over de invasieve capaciteiten van Ae. koreicus�. Daarom werden er geen vector 
controlemaatregelen opgestart te Maasmechelen. Tijdens dit project werd er surveillance 
(MMLP, ovipositie vallen en larvale staalnames) uitgevoerd om de mogelijk verspreiding 
van de Ae. koreicus� populatie in de omgeving in te schatten. Vijf jaar na de introductie 
blijkt deze EMS zich goed gevestigd te hebben tot op 1 km van de industriële zone ‘Op 
de Berg’ te Maasmechelen. Alhoewel weinig geweten is over deze exotische soort, is 
België verantwoordelijk om dit mogelijk toekomstig probleem voor de volksgezondheid 
aan te pakken. 
 
Routine EMS inspecties op importplaatsen met een hoog risico in België worden 
aangeraden om zo vroeg mogelijk de aanwezigheid van EMS te detecteren. 
Beleidsmensen worden sterk aanbevolen om te kiezen voor een structurele oplossing om 
het niveau van de bestaande expertise te behouden en te verbeteren en om surveillance op 
lange termijn te verzekeren. Het oprichten van een nationaal centrum dat de expertise zou 
centraliseren en dat vector monitoring, surveillance, controle alsook vroege detectie en 
preventie zou vergemakkelijken, is een voorbeeld van een structurele oplossing. 
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French Summary 
 
Les maladies transmises par les vecteurs présentent une menace émergente pour l'Europe 
et requirent une attention particulière. L'acquisition de connaissances sur ces vecteurs, 
important pour la santé publique, est une étape indispensable dans l’estimation des 
risques d’épidémie actuelle et dans la détermination des actions nécessaires. Par 
conséquent, le ‘European Centre for Disease Prevention and Control’ (ECDC) a publié 
des lignes directrices qui doivent soutenir une surveillance adaptée aux espèces de 
moustiques envahissantes et exotiques (MQE). 
Sur la base de ces lignes directrices, un projet de surveillance des moustiques exotiques 
(ExoSurv) a été établi en Belgique pour six mois avec les six objectifs suivants: 1) 
identifier les endroits potentiels d'introduction et d’établissement de MQE à un stade 
précoce en Belgique, 2) examiner l’établissement d' Aedes j. japonicus� à Natoye et 
vérifier la qualité/efficacité des mesures de contrôle utilisé, (3) examiner l’établissement 
et la dispersion potentiel d' Aedes koreicus� à Maasmechelen, (4) appuyer la mise en 
œuvre rapide des mesures de contrôle pour éliminer la population des MQE, (5) diffuser 
les résultats du projet à la communauté scientifique, les utilisateurs finaux et le grand 
public, (6) détecter des lieux potentiels d'introduction et d’établissement des espèces de 
moucherons exotiques (MCE) (Ceratopogonidae) à un stade précoce en Belgique. 
 
Sur 21 points d’entrées (6 entreprises des pneus usagés, 5 serres/entreprises de plantes, 3 
ports, 3 aéroports et 4 parkings) des moustiques adultes ont été capturés avec un piège à 
CO2 (Mosquito Magnet Liberty Plus (MMLP)) de juillet à octobre 2012. De même, trois 
pièges d'oviposition ont été place à chaque point d’entrée et des gîtes larvaires, si 
présents, ont été inspectés. Pas de nouveau MQE ont été introduites ou se sont installés 
sur les 21 sites surveillées. Un total de 844 spécimens adultes ont été collectés, 
appartenant à 14 espèces. A cinq endroits d'importation (3 aéroports, 1 parking et 1 
entreprise de plante) un piège lumineux (OVI 220V) a été positionné pour capturer des 
MCE adultes. Pas de MCE ont été introduites ou trouvés sur ces cinq points d’entrées. 
Bien qu'aucun nouveau MQE (et pas de MCE) ont été trouvées pour le moment, une 
surveillance de routine est recommandée pour éviter de futures introductions et 
établissements. 
 
En Belgique le moustique exotique Ae. j. japonicus� a été découvert pour la première 
fois en 2002 dans une entreprise de pneus usagés à Natoye. Une étude longitudinale en 
2009 et 2010 a confirmé l’établissement du MQE dans l'entreprise de pneus et sa 
présence dans une autre entreprise de pneus à proximité.  En avril 2012, le contrôle d’Ae. 
j. japonicus� avec VectoBac a été initié à Natoye pour éliminer la population. Dans le 
projet Exosurv une surveillance (MMLP, pièges d’oviposition et échantillonnage des 
larves) a été réalisée pour évaluer la qualité/efficacité des mesures de contrôle et pour 
déterminer la dispersion potentiel du MQE dans la région. Dix ans après l'introduction, il 
y a des preuves d'une propagation limitée d’Ae. j. japonicus� en dehors des entreprises de 
pneus usagés, en particulier vers le sud-ouest, jusqu'à 2km de la première entreprise de 
pneus à Natoye. Déjà après le premier traitement avec VectoBac la population d’Ae. j. 
japonicus� à Natoye a diminué de manière drastique. Bien que le traitement a été très 
efficace, la population n'est pas encore éliminée. Renforcement de la surveillance et des 
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mesures de contrôle sont nécessaires en 2013 afin d'éliminer cette espèce dans la zone 
colonisée et environs. 
 
En 2008, Ae. koreicus� a été trouvé pour la première fois en Belgique dans une forêt à 
côté de la zone industrielle ‘Op de Berg’ à Maasmechelen. L’établissement d'Ae. 
koreicus� a été confirmé lors d'une étude longitudinale en 2009 et au cours des visites 
aléatoires en 2010 et 2011. Aussi une légère dispersion jusqu’à 4 km à l'est a été 
observée. A l’inverse d’Ae. j. japonicus�, la capacité invasive d’Ae. koreicus� reste 
largement inconnu. Jusqu’à présent ce MQE n'a pas fait l’objet de mesure de contrôle à 
Maasmechelen. Au cours de ce projet une surveillance (MMLP, pièges d’oviposition et 
échantillonnage des larves) a été réalisée pour évaluer la dispersion potentiel de la 
population d’Ae. koreicus� dans les environs. Cinq ans après l'introduction, il semble que 
le MQE est bien établi jusqu'à 1km de la zone industrielle ‘Op de Berg’ à Maasmechelen. 
Bien que peu soit connu au sujet de cette espèce exotique, la Belgique est responsable de 
faire face à ce problème potentiel pour la santé publique dans l'avenir. 
 
Des inspections de routine des MQE sur les point d’entrées qui présentent un risque élevé 
en Belgique sont recommandées pour détecter dès que possible la présence des MQE. 
Nous recommandons aux décideurs politiques d'opter pour une solution structurelle afin 
de maintenir et d’améliorer le niveau d'expertise présente et de garantir une surveillance à 
long terme. La mise en place d'un centre national, qui centraliserait l'expertise et 
faciliterait le monitoring des vecteurs, la surveillance, le contrôle et la prévention et 
détection à un stade précoce, est un exemple d'une solution structurelle. 



1. General introduction 
 
“Vector-borne diseases are a specific group of infections that present a (re-)emerging 
threat to Europe and require particular attention. The recent notifications of 
autochthonous transmission of dengue fever and chikungunya fever cases in Europe show 
its vulnerability to these diseases in areas where the vector, the invasive mosquito Aedes 
albopictus�, is present. Strengthening surveillance of exotic mosquito species such as Ae. 
albopictus�, Aedes aegypti�, Aedes atropalpus�, Aedes japonicus�, Aedes koreicus� 
and Aedes triseriatus�, in areas at risk of importation or spread of mosquitoes and risk of 
virus transmission is therefore required. This is particularly important in the context of 
environmental and climate changes which might allow an increase of vector populations 
and virus amplification. The collection of information and data on vectors of public 
health (PH) significance are of crucial importance to understand the levels of risk that 
countries face, and to define the actions that need to be taken. 
Therefore ECDC has produced guidelines that aim at supporting the implementation of 
tailored surveillance for Invasive Mosquito Species (IMS) of PH relevance. They provide 
evidence-based guidance and technical support for focused field data collection, 
proposing adaptations dictated by the epidemiological situation and taking into account 
estimated costs. They may also contribute to harmonising surveillance methods and 
information records at the EU level so that data from different countries/areas can be 
compared over time. They intend to provide support both to non-specialists of mosquito 
surveillance, stakeholders in PH and decision/policy makers, and to professionals 
involved in implementing IMS surveillance or control. In March 2012 the EU asked the 
member states to evaluate these guidelines.” (Schaffner et al. 2012) 
 
Note: an exotic mosquito species (EMS) is a species living outside its native 
distributional range, which has arrived in its new environment either deliberate or 
accidental. An invasive mosquito species (IMS) is an exotic species that has established a 
viable population, from which it is spreading into the new environment, colonising new 
areas and affecting the environments, areas and habitats they invade (Versteirt 2012). In 
this report we will use ‘exotic’ instead of ‘invasive’ mosquito species. 
 
Belgium was one of the countries which declared its candidature. Based on a large 
sampling of the MODIRISK project (2007-2010) no exotic mosquito species is widely 
established in Belgium (Versteirt et al. 2012). However, two exotic mosquito species are 
locally established in Belgium since at least 5 years, Ae. japonicus� in Natoye (province 
of Namur) and Ae. koreicus� in Maasmechelen (province of Limburg), while Ae. 
albopictus� was intercepted in a tire company close to Antwerp in 2000, but did not 
establish itself in the area (Schaffner et al. 2004). 
Based on the ECDC guidelines an exotic mosquito surveillance project (ExoSurv) was 
set-up in Belgium.  
 
Surveillance methods and strategies were adapted to the local situation in Belgium, which 
determines the strategies and methods to be implemented. Three scenarios exist 
(Schaffner et al. 2012): 
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Scenario 1: No established EMS (but with risk of introduction and establishment). 
� No EMS known to be established indicates a situation where no reports of EMS exist 

or where initial findings of EMS have not been confirmed during the following 
months/years. 

� There is a risk of introduction of exotic mosquitoes to a region or country related to 
the levels of the following: 
o commercial trade of goods associated with transport of exotic mosquitoes 

(primarily used tires), 
o ground traffic originating from colonised areas within 600 km, 
o air traffic originating from any colonised and Mosquito Borne Disease (MBD)-

endemic/epidemic areas. 
� There is a risk of establishment and spread of an EMS if models show the 

climate/environment match its specific ecological requirements. In this scenario, IMS 
can be repeatedly reported but may not become established (over at least 2 seasons), 
possibly due to unfavourable climatic or environmental conditions, or to immediate 
application of efficient mosquito control measures. 

 
Scenario 2: Locally established EMS (with low risk of spreading into new areas). 
� Locally established EMS indicates a situation where the exotic species is still at the 

very beginning of the colonization phase with a population restricted to a small area 
with an indicative maximum area of 25 km² (i.e. a facility, a road service area at or 
nearby a country border crossing, a port, a village). 

� The absence of evidence of spreading may indicate that the EMS population is not 
(yet) adapted to the local conditions or has not reached the density needed to spread 
further and thus the risk can still be considered to be low. 

 
Scenario 3: Widely established IMS (with high risk of spreading into new areas). 
� Widely established IMS populations indicate a situation where the exotic species 

becomes invasive, i.e. has already colonised at least several patches or villages, or a 
large area or town, with an area of more than 25 km². This indicates the local spread 
has already started, and that the IMS population is high enough to mean a high risk of 
further spread. 

 
In Belgium only the first two scenarios are applicable. So the implementation of 
surveillance was based on the surveillance measures for those two scenarios. 
 
This project gave the opportunity to also survey the introduction of other exotic vectors 
of emerging viruses, such as Ceratopogonidae (e.g. Culicoides) (Figure 1). Since the 
outbreak of the Bluetongue and Schmallenberg virus in sheep and cattle in Belgium in 
respectively 2006 and 2011, the interest in surveying Culicoides increased. Although 
local species are capable to transmit these viruses, it is necessary to also do a risk 
assessment on the possible introduction of exotic species, like Culicoides imicola, which 
is a vector of many arboviruses (e.g. African Horse Sickness virus). Therefore, 
Ceratopogonidae were also captured at possible risk areas. During a previous period 
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(2006-2012) no exotic Ceratopogonidae were collected (survey by ITM financed by the 
Federal Agency for the Safety of the Food Chain - FASFC). 
 
 

 
Figure 1: comparison of a mosquito (above) and a Culicoides biting midge (below) 

 



2. Aim and Objectives 
 
The main aim of the ExoSurv project was the early detection of any introduction of 
EMS into Belgium, and survey of its possible establishment and spread. “For this 
aim, the surveillance network must be organised to allow the early detection of any 
introduction or initial spread of EMS, before it establishes permanent populations and 
spreads over a wide area. The network must optimize resources by intelligently targeting 
the surveillance operations at as many previously defined high risk sites as possible or at 
Points of Entry (PoE). On the basis of the observed colonization dynamics in Europe and 
other continents, specific sites at risk of introduction may be identified and surveillance 
measures adopted and proportionally tailored to the level of identified risk based on 
levels of trade and travel with areas already colonised by EMS. The early detection of 
new foci of introduction, in the first phase of the colonization process when the species is 
not locally well established, will allow the rapid adoption of intensive and adapted 
control measures with the best chance of rapidly eliminating the threat.” (Schaffner et al. 
2012) 
 
Objective 1: to detect possible foci of introduction and establishment of EMS at 
early stage in Belgium (Scenario 1: no established EMS). 
Possible foci of introduction include platforms of imported used tires, 
shelters/greenhouses for imported cutting plants (e.g. Lucky Bamboo), main parking lots 
at country borders, highways and road axes originating from colonised areas, ports and 
airports. 
 
Objective 2a: to quantify the establishment of Ae. j. japonicus���� at Natoye and asses 
the quality/efficacy of the control measures used (Scenario 2: locally established 
EMS - already controlled). 
 
In 2002 during an extension of a French study on the introduction of Ae. j. japonicus� in 
metropolitan France (Schaffner et al. 2003), infestation of Ae. j. japonicus� was 
discovered at a second hand tire company (Havelange) at Natoye (Versteirt 2012). In 
2003 and 2004 adult and larval sampling was performed with still positive results. In 
2007 and 2008 during the MODIRISK project Ae. j. japonicus� was still present and it 
seemed that this species was well established at the Havelange company (Natoye 1), 
while at another second hand tire company in the neighbourhood (Sarri Pneus (Natoye 2)) 
only two larvae were found (Versteirt 2012).  
Since 13 April 2012 vector control (VectoBac and VectoMax) of Ae. j. japonicus� has 
finally been started at both sites at Natoye to eliminate the population. Surveillance was 
carried out to assess the quality/efficacy of the control measures and to determine the 
possible extent and routes of spread of this EMS in its surrounding areas (periphery of 5-
10km).  
 
Objective 2b: to quantify the establishment of Ae. koreicus���� at Maasmechelen and 
detect the possible spread of this EMS (Scenario 2: locally established EMS - not 
controlled yet) 
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During the MODIRISK project in 2007 and 2008 a new exotic species Ae. koreicus� has 
been found on several occasions and its establishment was confirmed during random 
visits in 2010 (Versteirt 2012). The population seems viable (hibernating) at the industrial 
zone of Maasmechelen from which it temporarily and locally expands (Versteirt 2012). 
At Maasmechelen (2 opposite sites near sand mine) no vector control measures have been 
started. Surveillance was carried out to assess the persistence of the Ae. koreicus� 
population and also in the surroundings (periphery of 4-6km) to detect possible spread. 
 
Objective 3: to evaluate the efficiency of the oviposition trap compared to the CO2-
trap (MMLP) in low density areas of Aedes species. 
This study was implemented in the colonised area of Ae. koreicus� in Maasmechelen 
(near sand mine). 
 
Objective 4: to support rapid implementation of control measures to eliminate the 
EMS population (Scenario 1 & 2) 
 
Objective 5: to disseminate project outputs to the scientific community, end users 
and the general public 
 
To survey the possible introduction of other vectors of emerging viruses, a sixth objective 
was added.  
Objective 6: to detect possible foci of introduction and establishment of exotic biting 
midges (Ceratopogonidae) at early stage in Belgium. 
Possible foci of introduction include main parking lots at country borders, highways and 
road axes originating from colonised areas, shelters of imported cutting plants and 
airports. 
 



3. Risk assessment of the introduction of new exotic mosquito 
species (Culicidae) and Culicoides (Ceratopogonidae) in 
Belgium (Objectives 1 & 6) 

3.1. Introduction 
 
The incidence and geographical spread of Mosquito- & Culicoides-borne diseases is 
increasing in Europe (WHO 2004, Carpenter et al. 2009). Recent autochthonous dengue 
and chikungunya fever outbreaks in humans (Gould et al. 2010), and the bluetongue virus 
(BTV) and Schmallenberg virus (SBV) outbreaks in livestock in Europe (Carpenter et al. 
2009, Lievaart-Peterson et al. 2012) are an example. Increasing globalisation (global 
movement of goods, animals and humans) and climate change seem to be the causes of 
these epidemics. Introduction of the vectors or their pathogens through global transport is 
becoming more and more a topical issue that cannot be ignored anymore. 
Mosquitoes of the Aedes genus (Culicidae) are (potential) vectors of several arboviruses 
(Medlock et al. 2012) and have an invasive potential, as their eggs can tolerate long 
droughts and thus long transports (Reiter & Sprenger 1987). Already six species have 
been introduced in Europe, of which at least three (Ae. albopictus�, Ae. aegypti� & Ae. j. 
japonicus�) became regionally established. In 2000, one larva and one pupa of Ae. 
albopictus� was intercepted in a tire company in Belgium (Antwerp), but did not 
establish itself in the area (Schaffner et al. 2004). Since 2005, regular introductions of 
Aedes species occur in the Netherlands through lucky bamboo and the second hand tire 
transport (Scholte et al. 2007, 2010). 
Less is known on the invasive potential of Culicoides (Ceratopogonidae) through local 
and global transportation networks (Carpenter et al. 2009). Evidence exists of 
introductions of Culicoides through shipments in China (Nie et al. 2003, 2005). However, 
only few countries have a surveillance plan for these biting midges. In Australia imports 
at borders seem to be screened for exotic Culicoides species from Southeast Asia 
(Carpenter et al. 2009). Surveillance of the import of Culicoides is not only needed to 
intercept exotic species, but also endemic species which might carry exotic pathogens. 
During a recent inventory study of mosquitoes (MODIRISK 2007-2010) in Belgium the 
local establishment of two exotic mosquito species (EMS) has been detected (Coosemans 
et al. 2011, Versteirt 2012). At one site (Natoye) Ae. j. japonicus� was already found in 
2002 and seemed to be still established locally in 2008 without spreading to the 
surroundings (Versteirt 2012). At the other site (Maasmechelen) Ae. koreicus� was found 
for the first time in 2008 and seemed also only locally established. Although it was clear 
Ae. j. japonicus� was introduced through the second hand tire trade, the origin of import 
of Ae. koreicus� remained unclear as it was found in a forest near an industrial zone.  
These findings together with the general emergence of mosquito- and Culicoides-borne 
diseases emphasize the need for the implementation of a surveillance programme in 
Belgium to detect possible foci of introduction and establishment of EMS and exotic 
biting midges (EBM) at early stage in Belgium. Following a call in March 2012 by the 
European Centre for Disease Prevention and Control (ECDC) to evaluate new guidelines 
for the surveillance of invasive mosquitoes in Europe, the Belgium candidature was 
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accepted and Belgium got the opportunity to implement the surveillance of EMS during 6 
months. Although the focus was on mosquitoes, this opportunity was also used to survey 
EBM. Possible points of entry were surveyed and results are presented and discussed in 
this chapter. 
 

3.2. Materials and Methods 

3.2.1. Selection and description of the points of entry (PoE) 
 
Possible points of entry (PoE) include platforms of imported used tires, 
shelters/greenhouses for imported cutting plants (e.g. Lucky Bamboo), main parking lots 
at country borders, highways and road axes originating from colonised areas, ports and 
airports. During the MODIRISK project (2007-2010) 18 PoE were sampled during one 
week in 2007 or 2008 (Coosemans et al. 2011). We reselected 10 sites for the present 
study. Intyre nv was not selected as they only trade in car tires, which are less interesting 
for EMS (Schaffner et al. 2012). We added 17 other PoE based on the risk they pose to 
importing EMS (or EBM) following the ECDC guidelines (Schaffner et al. 2012). If 
necessary, the new sites were visited in advance to check the suitability for the import of 
EMS (or EBM). In total 27 PoE (including the colonised site at Natoye) were listed 
(Table 1). A standard email was send (or a phone call was made) to the PoE to ask their 
cooperation.  
Twenty two of the 27 sites reacted positively (Table 1). For 2 airports (AZ and AL) and 1 
port (A2) the contact persons were from the border inspection of the Federal Agency for 
the Safety of the Food Chain (FASFC), which were very helpful in identifying the most 
risk full locations and in getting the administration for the permission. The same contact 
persons were used as in the MODIRISK project for the airport AO and the ports A2 and 
PG. After a visit to the port of Liège (PL), this PoE did not seem to be suitable, as mainly 
industrial material is imported from other ports in Belgium or neighbouring European 
countries. Four imported used tire companies (AT, N1, DI, MB) were sampled during the 
MODIRISK project and two new tire companies (VP, TR) were advised by contact 
persons at two other tire companies (AT, N1). Tire company MB and a new one BT 
located at the same industrial area in Maasmechelen were not interested to cooperate. As 
alternative we contacted the rubber recycling company (3R) close to these tire companies, 
which agreed to put traps on its property. The shelters/greenhouses were mainly found 
during a search on the internet, except for EB, which was also sampled during the 
MODIRISK project. As BF went bankrupt, EC was selected as alternative in the region 
of Brussels, which was advised by the contact person of EV. Parking lots were selected 
using Google maps and an internet search for the contact persons. Two parking lots (E1 
and E2) were run by Autogrill, while two other (E3 and E7) by a hotel or restaurant. All 
four agreed to cooperate. Texaco at the parking lot E4 was not interested and we did not 
find a contact person for the parking lot E9. This makes a total number of 21 PoE’s 
(Figure 2).  
Sites were distributed over Belgium according to the proportional financing by the three 
Belgian regions (Flanders, Wallonia and Brussels) (Figure 2). The federal authority made 
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a financial contribution to this project corresponding to 30%, which was not taken into 
account for allocating the PoE, only the regional contributions (70% in total) were. 
 
� Flanders: 58% (of 70%) = 12 sites 

3 ports (PG, A1, A2) 
2 airports (AZ, AO) 
3 shelters/greenhouses for imported cutting plants/fruit/vegetables (EB, EP, PE) 
3 platforms for imported used tires (AT, DI, 3R) 
1 main parking lot at country borders (E7) 
 

� Wallonia: 33% (of 70%) = 7 sites 
0 ports  
1 airport (AL) 
0 shelters/greenhouses for imported cutting plants/fruit/vegetables 
3 platforms for imported used tires (N1, VP, TR) 
3 main parking lots at country borders (E1, E2, E3) 

 
� Brussels: 9% ( of 70%)= 2 sites 

0 ports 
0 airports 
2 shelters/greenhouses for imported cutting plants/fruit/vegetables (EV, EC) 
0 platforms for imported used tires 
0 main parking lots at country borders 

 

 
Figure 2: map of Belgium with location of the different points of entry (PoE) and distribution according to 

the three regions (based on the financial contribution of 70%)

Total of 21 PoE: 
Flanders (12 (58%)): 2      , 3      , 3      , 3     , 1 

Wallonia (7 (33%)): 1      , 3      , 3 

Brussels (2 (9%)): 2  



Table 1: PoE (27 sites) with their site code, address, municipality, zip code, longitude and latitude 
Site Code Site Name Address Municipality ZIP Code Longitude Latitude Comments 

AL Airport Liège (Aviapartner) PIF Liège – Bierset, SAB SA Grace-Hollogne 4460 5.43139 50.63779  

AO Airport Ostend (Aviapartner) Nieuwpoortsesteenweg 889 Oostende 8400 2.86668 51.20387 MODIRISK site 

AZ Airport Zaventem (Swissport) Brucargo building 706, BP 36 
- Kamer 7307 

Brucargo 1931 4.46390 50.90605 MODIRISK site 

A1 Port Antwerp1 (Hapag-Lloyd) Antwerpsebaan 58 Antwerpen 2000 4.34514 51.32941 MODIRISK site 

A2 Port Antwerp 2 (Nova Natie) Koordekenshoef Antwerpen 2000 4.39513 51.25223 MODIRISK site 

PG Port Ghent (Honda Europe) Langerbruggestraat 104 Gent 9000 3.75113 51.10875 MODIRISK site 

PL Port autonome de Liège Quai de Maestricht, 14 Liège 4000 5.58449 50.64756 not suitable 

3R Tires 3R rubber recycling 
company  

Meerkenstraat 40 Dilsen-Stokkem 3650 5.69714 51.01401   

AT Tires ATB banden Kerkstraat 90 Beveren 9210 4.19351 51.21351 MODIRISK site 

DI Tires Diroco International Europark 1029 Houthalen-Helchteren 3530 5.39816 51.03915 MODIRISK site 

N1 Tires Natoye 1 (Havelange) Rue de Lenny 103 Hamois 5360 5.04574 50.33920 MODIRISK site 

MB Tires Maasland Banden Teutelbergstraat 59 Dilsen-Stokkem 3650 5.69032 51.01444 MODIRISK site, not 
interested anymore 

BT Tires Beltyre international trading 
nv 

Meerkensstraat 43 Dilsen-Stokkem 3650 5.69246 51.01582 not interested  

TR Tires Trains de Roue Rue Balasse 132 La Louviere 7110 4.14128 50.47250   

VP Tires Vise Pneu SA Rue de Waremme 128 Villers Le Bouillet 4530 5.25975 50.58533   

EB Shelter Euro Bonsai Hoekskensstraat 105a Lochristi 9080 3.83611 51.11228 MODIRISK site 

EC Shelter European Centre of Fruit 
and Vegetables 

Werkhuizenkaai 112 Brussel 1000 4.37289 50.87615  
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Site Code Site Name Address Municipality ZIP Code Longitude Latitude Comments 

EP Shelter Exotic Plants BVBA Vlamingstraat, 1 Wevelgem 8560 3.21149 50.81588   

EV Shelter Euroveiling Oorlogskruisenlaan 1 Brussel 1120 5.25975 50.58533   

BF Shelter Boel Fresh Flowers Ankerstraat 39 Brussel 1120 4.37822 50.88942 not existing anymore 

PE Shelter Petrivo Mussepi 25 Sint-Katelijne-Waver 2860 4.50721 51.05536   

E1 Parking lot E411 1 (Best Western 
Hotel) 

Drève de l'Arc-en-ciel Arlon 6700 5.78419 49.67673   

E2 Parking lot E411 2 (AC Hotel) Aire de Hondelange Messancy 6780 5.83029 49.64382   

E3 Parking lot E411 3 (Hotel ‘Le Pôle 
Européen’) 

Complexe douanier Aubange 6790 5.80532 49.55118   

E9 Parking lot E19 (Hensies) E19 (A7) Hensies 7350 3.66946 50.43851 no contact person found 

E4 Parking lot E40 (Mannekensvere, 
Texaco) 

E 40 (A18) Middelkerke 8433 2.81802 51.13425 not interested  

E7 Parking lot E17 (Inter Restaurant) Paradijsstraat 40 Rekkem 8930 3.16990 50.76562   



3.2.1.1. Airports 
 
Airport of Liège (AL): Aviapartner (Figure 3) 
The airport of Liège is located in a semi-rural zone. Cargo (fruit, flowers, vegetables and 
other materials) from Israel, Iceland, Ethiopia, United States, Malaysia, Turkey are 
brought in. The traps were set-up inside a hangar of Aviapartner where cargo with 
flowers, fruit or vegetables is passing or opened. 
 
Airport of Ostend (AO): Aviapartner (Figure 4) 
The airport of Ostend is located in a semi-rural zone. The cargo that is brought in, exists 
of general wares but also perishable wares such as vegetables and fruit from Egypt, fish 
from Uganda and Tanzania, flowers from Kenya and South-Africa. The traps were set-up 
inside a hangar of Aviapartner where cargo is passing or opened. 
 
Airport of Zaventem (AZ): Swissport (Brucargo) (Figure 5) 
In contrast to the airport of Ostend and Liège, the airport of Zaventem is located in an 
industrial zone. The cargo exists of fruits and vegetables from all continents. The traps 
were set-up inside a hangar of Swissport where cargo is passing or opened. 
 
3.2.1.2. Ports 
 
Port of Antwerp 1 (A1): Hapag Lloyd (Figure 6) 
Hapag-Lloyd is one of the largest container shipping lines in the world, receiving 
containers from all over the world. In the harbour of Antwerp, it is close to the cross-
border natural park De Zoom-Kalmthoutse Heide. The traps where placed outside where 
the containers are opened. 
 
Port of Antwerp 2 (A2): Nova Natie (Figure 7) 
Nova Natie is located in the harbour of Antwerp and is surrounded by water. This 
company is active in transport of different cargo. It was not authorized to place the traps 
where fresh fruit and vegetables were delivered, as these are immediately stored in a cool 
chamber. Alternatively, the traps where place at the arrival place of tropical wood. The 
traps were set-up inside the building. 
 
Port of Ghent (PG): Honda Europe (Figure 8) 
The company Honda Europe is located in the industrial zone of the port of Ghent. At 
Honda Europe, cars from Japan and European countries are brought to Ghent with ships.  
The MMLP trap and ovitraps were placed outside near the place where the cargo is 
unloaded.  
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Figure 3: ovitraps ����, MMLP trap ���� and OVI-light trap ���� at Airport Liège (above), Airport Liege (© 
Airport Liège) (below) 
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Figure 4: ovitraps ����, MMLP trap ���� and OVI-light trap ���� at Airport Ostend (above), entrance to 
hangar (left) Airport Ostend (below) 
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Figure 5: ovitraps ����, MMLP trap ���� and OVI-light trap ���� at Airport Zaventem (above), cargo at the 
Swissport hangar (Airport Zaventem) (below) 
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Figure 6: ovitraps ���� and MMLP trap ���� at Hapag Lloyd (above), location of the traps at Hapag Lloyd 
(port Antwerp 1) (below) 
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 Figure 7: ovitraps ���� and MMLP trap ���� at Nova Natie (above), hangar with tropical wood (left) at 
Nova Natie (port Antwerp 2) (below) 
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Figure 8: ovitraps ���� and MMLP trap ���� at Port Ghent (above), location of the MMLP trap (green 
circle) at Honda Europe (Port Ghent) (below) 
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3.2.1.3. Imported used tire companies 

 
Rubber recycling company 3R (3R) (Figure 9) 
3R is a company that reduces factory rubber scrap. They mainly import rubber from 
Belgium and the Netherlands. 3R is located in the industrial area of Dilsem-Stokkem that 
is surrounded with forest and lakes. Beltyre nv and Maasland Banden located at the same 
industrial area in Maasmechelen were not interested to cooperate. As alternative we 
contacted the rubber recycling company 3R close to the two tire companies, which agreed 
to put traps on its property. The traps were set-up outside near the rubber containers. 
 
ATB Banden nv (AT) (Figure 10) 
ATB is a tire company that trades in new and used tires from tractors, excavators, trailers, 
earthmovers, trucks, aircrafts, cars and others. It is located in a rural zone in Vrasene. 
They import tires from Europe, America and Asia. The traps were set-up outside where 
the second-hand tires are stocked.  
 
Diroco International (DI) (Figure 11) 
Diroco International is a tire company that trades in new and second hand car tires mainly 
brought in from Germany or other European countries. It is located in an industrial zone 
in Houthalen-Helchteren. The traps were set-up outside where the second-hand tires are 
stocked. 
 
Natoye 1 (N1): Havelange (Figure 12) 
As tire company, a few years ago Havelange imported tires from Japan. At this moment 
nothing is imported anymore from Japan, only from Europe. Once a month tires are 
imported from Italy and other countries of import include Germany and the Netherlands. 
Within Belgium tires come from the port of Antwerp (Donkers Banden). Havelange is 
located in a rural zone in Natoye. The traps were set-up outside where the second-hand 
tires are stocked. 
 
Trains de Roue (TR) (Figure 13) 
Train de Roue is a tire company that trades in used tires from tractors, excavators, 
trailers, earthmovers, trucks, aircrafts, cars and others. It is located in a rural zone in La 
Louvière. They import tires from Europe, Africa, America and Asia. The traps were set-
up outside where the second-hand tires are stocked. 
 
Visé-Pneu SA (VP) (Figure 14) 
Visé-Pneu is a tire company that trades in used tires from tractors, trucks, cars and others. 
Visé-Pneu is located in a rural zone in Villers-le-Bouillet. They import tires from Europe, 
Africa, America and Asia. The traps were set-up outside where the second-hand tires are 
stocked. 
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Figure 9: ovitraps ���� and MMLP trap ���� at the rubber recycling company 3R with indication of the two 
tire companies Maasland Banden (MB) and Beltyre (BT) (above), location of the MMLP trap at 3R 

rubber recycling company (below) 
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Figure 10: ovitraps ���� and MMLP trap ���� at ATB banden (above), larval sampling of stocked tires 

outside at ATB banden (below) 
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Figure 11: ovitraps ���� and MMLP trap ���� at Diroco International (above), entrance of Diroco 
International (below) 
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Figure 12: ovitraps ���� and MMLP trap ���� at Havelange (Natoye 1) (above), stocked tires at the back at 
Havelange (Natoye 1) (below) 
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Figure 13: ovitraps ���� and MMLP trap ���� at Train de Roue (above), stocked tires outside at Train de 

Roue (below) 
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Figure 14: ovitraps ���� and MMLP trap ���� at Visé-Pneu (above), entrance of Visé-pneu (below) 
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3.2.1.4. Shelters/greenhouses for imported cutting plants/fruits/vegetables 

 
Euro Bonsai (EB) (Figure 15) 
Euro Bonsai is located in a rural zone in Lochristi. They import lucky bamboo and bonsai 
from China, Korea and Japan. All traps where placed inside the greenhouse where the 
lucky bamboo and bonsai are unpacked. 
 
European Centre of Fruit and Vegetables (EC) (Figure 16) 
The European Centre of Fruit and Vegetables is located in an industrial zone of Brussels. 
In this centre every year close to a million tons of fruit and vegetables are being traded. A 
very large number of importers-exporters present their fruit and vegetables from all over 
the world. The traps where placed outside near the customs office where 5% of the fruit 
and vegetables cargo from different continents is checked for the first time. 
 
Exotic Plants BVBA (EP) (Figure 17) 
Exotic plants is a wholesale business with flowers, plants mainly originated from 
Belgium and the Netherlands. Exotic plants is located in an industrial zone in Wevelgem. 
The traps where placed outside between the flowers and plants. 
 
Euroveiling (EV) (Figure 18) 
Euroveiling is the biggest sale for plants and flowers on the Belgian market. The plants 
and flowers are brought in from Belgium, the Netherlands, southern Europe, Israel, 
Ethiopia, Kenya, Columbia and Ecuador. Euroveiling is located in an industrial zone of 
Brussels. The traps were setup inside where cargo with flowers from Israel is opened. 
 
Petrivo (PE) (Figure 19) 
Petrivo and Petrova Plants are two companies on one location in Sint-Katelijne-Waver, 
with more than 20 years experience in the import and acclimatizing of tropical plants, 
Mediterranean plants, Japanese trees and garden bonsais. Petrivo is located in a rural zone 
where an artificial pond is present. The traps were set-up inside the greenhouse. 
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Figure 15: ovitraps ���� and MMLP trap ���� at Euro Bonsai (above), Lucky bamboo at Eurobonsai (below) 
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Figure 16: ovitraps ���� and MMLP trap ���� at the European Centre of Fruit and Vegetables (above), 
location of the MMLP trap at the European Centre of Fruit and Vegetables (below) 
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Figure 17: ovitraps ���� and MMLP trap ���� at Exotic Plants (above), location of the MMLP trap at Exotic 
Plants (below) 
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Figure 18: ovitraps ����, MMLP trap ���� and OVI-light trap ���� at Euroveiling (above), MMLP trap at 

Euroveiling (left, below), auction room at Euroveiling (© Euroveiling) (right, below) 
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Figure 19: ovitraps ���� and MMLP trap ���� at Petrivo (above), entrance of Petrivo (below) 
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3.2.1.5. Parking lots at the country border originating from colonised areas 

 
E411 1 (E1): Best Western Hotel (Figure 20) 
The Best Western Hotel is located near the highway E411 (E25) at Arlon with direction 
towards Luxemburg. It is located in a rural zone near forests. The traps where placed 
outside on the parking lot of this hotel close to the direction room. 
 
E411 2 (E2): AC Hotel (Figure 21) 
This parking lot is located near the country border Belgium-Luxemburg on the highway 
E411 (E25) at ‘Aire de Hondelange’ in Messancy. The parking lot is situated in a rural 
area. The traps were set-up outside close to the restaurant hidden behind some trees. 
 
E411 3 (E3): Hotel ‘le Pôle Européen’ (Figure 22) 
This parking lot is located near the country border Belgium-France on the highway E411 
(A28) in Aubange. The parking lot is located next to the forest. The traps were set-up 
outside at the private property of the hotel. 
 
E17 (E7): Inter Restaurant (Figure 23) 
This parking lot is located near the country border Belgium-France on the highway E17 
(A22) in Rekkem. The parking lot is situated in a rural area. The traps were set-up outside 
on the private property of the restaurant. 
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 Figure 20: ovitraps ���� and MMLP trap ���� at the parking lot of the Best Western Hotel at Arlon (above), 
view of the parking lot of the Best Western Hotel (below) 
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Figure 21: ovitraps ���� and MMLP trap ���� at the parking lot ‘Aire de Hondelange’ next to AC Hotel 
(above), view of the parking lot ‘Aire de Hondelange’ next to the AC Hotel (below) 
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  Figure 22: ovitraps ���� and MMLP trap ���� at the hotel ‘le Pôle Européen’ next to the parking lot 
(above), view of the parking lot next to the hotel ‘le Pôle Européen’ (below) 
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 Figure 23: ovitraps ����, MMLP trap ���� and OVI-light trap ���� at Inter Restaurant next to the parking lot 
(above), view of the parking lot next to Inter Restaurant (below) 
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3.2.2. Adult mosquito, egg and larval sampling 
 
At each PoE adult mosquitoes were captured using one CO2-trap (Mosquito Magnet™ 
Liberty Plus (MMLP), Figure 24), which produces CO2 by burning propane. Attracted 
mosquitoes are then pulled in by a fan. Each PoE was sampled monthly (every four 
weeks) from July or August till October 2012 (3 or 4 trapping periods). MMLP traps 
were operating during one week each month and placed as close as possible to the 
breeding places (e.g. tires, lucky bamboo vessels), the place where containers are opened 
with lucky bamboo, fresh flowers, fruit or vegetables, and where cars or trucks are 
opened at parking lots. The captured mosquitoes and by-catch were transported in their 
MMLP net enclosed in a sealable, fully labelled plastic bag in a cool box. At the lab they 
were put in the freezer for at least 2h to kill the mosquitoes and to store for later sorting 
and identification (Schaffner et al. 2001, 2012). 
Although MMLP traps only seem to have a fair to good efficacy in some situations to 
capture Aedes species (Schaffner et al. 2012), during the MODIRISK project they seemed 
more efficient than the BG sentinel traps in capturing Ae. koreicus� and they capture the 
highest diversity of mosquitoes (Versteirt 2012). Also for Ae. albopictus� the MML 
(Mosquito Magnet Liberty) trap captured most individuals in North Central Florida (Hoel 
et al. 2009).  
 
 

 
Figure 24: Mosquito Magnet Liberty Plus (right), oviposition trap with piece of polystyrene 

(left) 
 
Also three oviposition traps (ovitraps, Figure 24) were placed at each PoE around the 
MMLP at a distance of 50-100m. They consist of a small black plastic bucket (0.5 to 2.0l, 
2/3 filled with an oak infusion and sometimes with a hole preventing overflowing and 
flooding the eggs) and an oviposition support (piece of polystyrene). Ovitraps were 
sampled every month. In the lab polystyrenes were stored at room temperature or in a 
fridge. The pieces of polystyrene were checked for eggs under a stereomicroscope 
(Figure 25). Positive polystyrenes were immerged in water in secured containers, which 
were stored in a secured mosquito breeding room at ITM. Hatched larvae (3rd or 4th instar 
(L3 or L4)) were stored in 70% ethanol for identification (Schaffner et al. 2001, 2012). 
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The ECDC guidelines for the placement of both trap types (Schaffner et al. 2012) were 
taken into account. 
 

 
Figure 25: eggs of Aedes koreicus���� on polystyrene piece (© Veerle Versteirt) 

 
At each PoE, 20 potential larval breeding sites, if present, were inspected. Larval 
sampling was done twice at most PoE, more precisely in August and September 2012. At 
the second hand tire companies larvae were searched for every month from July till 
October 2012. Potential breeding sites were small man-made water containers that 
accumulate dead leaves, algae and/or other organic matter. Also natural containers like 
tree holes and other similar water bodies were inspected. Each potential breeding site was 
sampled to maximize collection. For small sites, one dip with a plastic tray or total 
clearance of sites (e.g. bucket, tree hole, small water containers) was performed (Figure 
26). For larger sites (e.g. big tires, animal water trough) four to six dips were made with 
an aquarium net (Figure 26). Larvae were collected with a plastic pipette and put in a 
fully labelled vial with water (for rearing the larvae to 4th instar (L4) or to adults) or 
directly in 80% ethanol for later species determination (Schaffner et al. 2001, 2012). 
 
A quality check of the identifications was performed by F. Schaffner on 19/11/2012 
(Annex 1). 
 

 
Figure 26: material for larval sampling (right), total clearance of potential breeding site (left) 



47 
 

3.2.3. Adult Culicoides sampling 
 
Adult Culicoides were only sampled at 5 PoE: Ostend Airport (AO), Zaventem Airport 
(Brucargo) (AZ), Liège Airport (AL), Euroveiling (EV) and the parking lot at the E17 
(E7). At each of these PoE one OVI 220V down-draught black light (8W) trap (ARC-
Onderstepoort Veterinary Institute, Onderstepoort, SA) was placed at 1.5 to 2 m above 
ground level (Figure 27). At least 30m distance was kept between the light trap and 
MMLP trap to reduce interference, as the range of attraction for female Culicoides is 
about 30m (Rigot & Gilbert 2012) and the MMLP trap attracts species from about 36m 
away (Versteirt 2012). Traps were operated during two consecutive days (48h) on a 
monthly basis from July till October 2012. Midges were collected into a 500ml cup with 
60% ethanol. A few drops of soap were added to break the surface tension. After 
retrieval, insects were transferred to 80% ethanol, Culicoides sorted and identified to 
complex or species level (Delécolle 1985). 
 
 

 
Figure 27: OVI-light trap (right), Culicoides dewulfi (left) 

 

3.2.4. Data management and analyses 
 
The Smart-To-Web tool Vecmap was used to enter the data in the field (Bastier 2012) 
and Access to create the database.  
To compare the MMLP results of ExoSurv with those of the MODIRISK project, 
following diversity measures were calculated. Simpson's index of diversity, (1 - D = 1 - 
Σ[ni*(ni - 1)/N*(N - 1)], where ni is number of the i-th species and N is the number of 
individuals in the studied habitat), is a measurement of the probability that two randomly 
selected individuals in an area belong to a different species. The closer 1-D is to one, the 
more diverse the habitat is. Shannon Wiener index (H’ = - Σpi * ln pi, where pi is the 
proportion of the i-th species in the studied habitat) was used as a measure of community 
heterogeneity (Krebs, 1989). Shannon evenness (E’ = H’/ln(S), where S is the total 
number of species) calculates how individuals are distributed among species per habitat. 
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3.3. Results and Discussion 

3.3.1. Abnormal meteorology in 2012 (RMI 2012) 
 
Following observations were made by the RMI in August 2012 (second decade (10 
days)). From 11 till 20 August 2012 total rainfall was extremely low with 0mm (normal: 
25.1mm). Since 1901 this is the fifth time that no rain was recorded during the second 
decade of August: this happened already in 1947, 1973, 1995 and 1997. Values of the 
average temperature and sunshine were abnormally high, with respectively 22.3°C 
(normal: 18.5°C) and 93.8h (normal: 64.8h). 
 
Following observations were made by the RMI in September 2012 (first decade (10 
days)). From 1 till 10 September 2012 total rainfall was extremely low with 0mm 
(normal: 22.1mm). Sunshine was abnormally high with 86.7h (normal: 50.8h). Average 
temperature was normal with 17.3°C (normal: 15.9°C). 
 
Following observations were made by the RMI in October 2012 (first decade (10 days)). 
From 1 till 10 October 2012 total rainfall was abnormally high with 64.8mm (normal: 
29.6mm). Values of the average temperature and sunshine were normal, with respectively 
11.7°C (normal: 12.7) and 41.3h (normal: 35.2h). 
 
The minimum and maximum temperature and precipitation per day in 2012 was plotted 
for Natoye (April till October, Chapter 4.4.1.4. p.84) and Maasmechelen (July till 
October, Chapter 5.3.1.4. p.110). 
 

3.3.2. Surveillance of mosquitoes at the PoE 

3.3.2.1. Airports 

 
The airport of Ostend (AO) and the airport of Liège (AL) were sampled from July till 
October 2012, while the airport of Zaventem (AZ) was sampled from August till October 
2012. In July no permission was obtained yet for the use of the MMLP at the airport of 
Zaventem. All traps were set-up inside a hangar where cargo is passing or opened. 
 
A summary of the sampling, total specimens and species number and sampling period per 
trapping method is presented in Table 2. The lowest number of adult mosquitoes was 
captured at AZ, while a similar number was found at the two other airports. The fact that 
AZ is located in an industrial zone, while AL and AO are closer to rural and urban areas 
might explain the low capture number at AZ. In general the number of mosquito species 
captured was low. No Aedes eggs were collected with the ovitraps and no mosquito 
larvae were found during larval search. Only few potential breeding sites were found and 
even none at AL. 
 
The number of adult mosquitoes captured was highest in October 2012 at all airports 
(Figure 28), probably because of the abnormally high amount of rain in the first week of 
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October, following some dry periods in August and September 2012 (RMI, 2012) 
increasing the possible  number of breeding places. In total three species were found of 
which two belong to the same complex of Culex pipiens. Most individuals belonged to 
Cx. pipiens s.s. (Figure 29). No exotic Aedes species were captured during the survey. 
 
 

Table 2: summary of sampling, total specimens and species number, and sampling period per trapping method at the 
three surveyed airports 

1MMLP = Mosquito Magnet Liberty Plus, OT = oviposition traps, LS = larval sampling, , PBS = potential breeding site 
2N° trap weeks without problems with MMLP/n° trap weeks planned 
3N° samplings with polystyrene piece found back/ n° samplings planned 
4N° samplings with number of PBS sampled between brackets 

 
 
 
 
 

3 Airports 
AL AO AZ 
Airport Liège  
(Aviapartner) 

Airport Ostend 
(Aviapartner) 

Airport Zaventem 
(Swissport) 

MMLP1 

N° trap weeks2 11/11 4/4 4/4 3/3 

Total specimens 131 60 67 4 

Species richness 3 2 3 1 

OT1 

N° samplings3 27/28 9/9 9/9 9/10 

Sampling period 16/7-11/10/2012 31/7-11/10/2012 16/7-9/10/2012 2/8-10/10/2012 

Presence IMS eggs  negative negative negative negative 

LS1 

N° samplings4 (8-9/2012) 7 (5 PBS1) 0 3 (2 PBS) 4 (3 PBS) 

Total specimens 0 0 0 0 

Species richness 0 0 0 0 
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Figure 28: number of specimens per species captured per trap week for each airport (AL = airport 

Liège, AO = airport Ostend, AZ = airport Zaventem) 
 
 
 

 
Figure 29: species composition of the MMLP traps at the three airports (n = 131) 

 
 
 
 
 

 

0

5

10

15

20

25

30

35

40

45

24
-3

1-
07

-2
01

2

09
-1

6-
08

-2
01

2

05
-1

2-
09

-2
01

2

04
-1

1-
10

-2
01

2

09
-1

6-
07

-2
01

2

06
-1

3-
08

-2
01

2

03
-1

0-
09

-2
01

2

02
-0

9-
10

-2
01

2

07
-1

4-
08

-2
01

2

04
-1

1-
09

-2
01

2

03
-1

0-
10

-2
01

2

AL AO AZ

N
um

be
r 

of
 s

pe
ci

m
en

s

Culiseta annulata

Culex pipiens/torrentium

Culex pipiens

 

54%

45%

1%

Culex pipiens

Culex pipiens/torrentium

Culiseta annulata



51 
 

3.3.2.2. Ports 

 
All ports were sampled from July till October 2012. However, in August and September 
2012 the MMLP trap at the port of Ghent (PG) did not work. At Nova Natie (A2) all traps 
(MMLP and ovitraps) were set-up inside a hangar where tropical wood is unloaded, while 
traps were set-up outside the building at PG and Hapag Lloyd (A1). 
 
 

Table 3: summary of sampling, total specimens and species number, and sampling period per trapping method at the three 
surveyed ports 

3 Ports 
A1 A2 PG 
Port Antwerp 1 
(Hapag-Lloyd) 

Port Antwerp 2 
(Nova Natie) 

Port Ghent (Honda 
Europe) 

MMLP1 

N° trap weeks2 10/12 4/4 4/4 2/4 

Total specimens 93 38 2 53 

Species richness 6 6 1 2 

OT1 

N° samplings3 26/27 8/9 9/9 9/9 

Sampling period 16/7 till 9/10/2012 20/7 till 8/10/2012 17/7 till 8/10/2012 16/7 till 9/10/2012 

Presence IMS eggs negative negative negative negative 

LS1 

N° samplings4 (9/2012) 3 (3 PBS1) 1 (1 PBS) 1 (1 PBS) 1 (1 PBS) 

Total specimens 0 0 0 0 

Species richness 0 0 0 0 
1MMLP = Mosquito Magnet Liberty Plus, OT = oviposition traps, LS = larval sampling, , PBS = potential breeding site 
2N° trap weeks without problems with MMLP/n° trap weeks planned 
3N° samplings with polystyrene piece found back/ n° samplings planned 
4N° samplings with number of PBS sampled between brackets 

 
 
A summary of the sampling, total specimens and species number and sampling period per 
trapping method is presented in Table 3. At PG and A1 the highest number of adults was 
captured, while at A2 only 2 adults were collected. Next to the fact that at A2 the traps 
was set-up inside the building, its location in the centre of the harbour surrounded by 
water makes it more difficult for mosquitoes to access this location when coming from 
the main land. Species richness was highest at A1 because of its close location to the 
cross-border natural park De Zoom-Kalmthoutse Heide. No Aedes eggs were collected 
with the ovitraps and no mosquito larvae were found during larval search. Only few 
potential breeding sites were found. 
 
The number of adult mosquitoes captured were highest in October 2012 at A2 and PG 
(Figure 30), probably because of an increase in breeding sites caused by the high amount 
of rain the beginning of that month, after the dry period in August-September 2012 (RMI, 
2012). In contrast, captures were highest in July 2012 at A1. In total six species were 
found of which two belong to the same complex of Cx. pipiens. Most individuals 
belonged to Cx. pipiens s.s. (Figure 31). No exotic Aedes species were captured during 
the survey. 
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Figure 30: number of specimens per species captured per trap week for each port (A1 = port 

Antwerp 1 (Hapag-Lloyd), A2 = port Antwerp 2 (Nova Natie), PG = port Ghent) 
 
 

 
Figure 31: species composition of the MMLP traps at the three ports (n = 93) 
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3.3.2.3. Imported used tire companies 

 
Four imported tire companies were sampled from July till October 2012 with all MMLP 
and ovitraps located outside close to the stocked tires. The rubber recycling company 3R 
(3R) close to two tire companies, which was not interested to cooperate, was sampled 
from August till October 2012. The locally colonised tire company Havelange at Natoye 
(N1) was sampled from April till October 2012, following an elimination programme in 
April (see Chapter 4). Of N1 only the larval sampling results were included after control 
has taken place, not the result from before the control. This makes comparison with the 
MMLP possible. 
 
A summary of the sampling, total specimens and species number and sampling period per 
trapping method is presented in Table 4. The highest number of adults was captured at 
TR, while the lowest number at DI. Species richness was highest at 3R, probably because 
of its location near a natural area with forest and lakes. In June and August 2012 eggs of 
Aedes geniculatus and Ae. j. japonicus� were collected with the ovitraps at N1, where 
Ae. j. japonicus� is locally established. At TR eggs of the endemic mosquito Ae. 
geniculatus were collected in August. No eggs of new exotic Aedes species were 
collected with the ovitraps at the tire or rubber recycling companies. At each tire 
company mosquito larvae were found during larval search with the highest species 
richness at N1 and TR. No EMS larvae were found however. Only few potential breeding 
sites and no mosquito larvae were found at the rubber recycling company, as we could 
not enter the two tire companies to search for larvae.  
 
The number of adult mosquitoes captured were highest in August 2012 at most tire 
companies, except for DI and N1 (Figure 32 & 33). As at N1 control measures were 
performed it is difficult to interpret seasonality. In contrast, captures were highest in 
September 2012 at DI (Figure 32). In general, a similar number of Culex specimens was 
captured in all four months, while a clear peak of Anopheles plumbeus was apparent in 
August 2012 (Figure 33). In contrast to the other PoE, a clear peak in October 2012 was 
not found at the tire companies. As the density of breeding sites (tires) is high, the dry 
period in August and September, and the high rainfall in October 2012 (RMI, 2012) 
might have had less influence on the adult captures than at the other PoE. The warm 
period in August might have even increased their development. 
An. plumbeus and Ae. geniculatus were only collected at three sites, 3R, AT and TR, and 
AT, N1 and TR respectively (Figure 32). Five species were only collected at 3R (Aedes 
vexans, Aedes cinereus/geminus, Aedes annulipes, Anopheles maculipennis/messae, 
Anopheles claviger) (Figure 32), which is probably linked to the natural area with some 
ponds nearby. 
In total 11 species were collected with the MMLP of which two belong to the same 
complex of Cx. pipiens. Most individuals belonged to Cx. pipiens s.s. (Figure 34). An. 
plumbeus was the second numerous species captured with the MMLP. No exotic Aedes 
species were captured with the MMLP. In contrast, the species composition of the larval 
sampling did include the, already locally established, exotic mosquito Ae. j. japonicus� 
(Figure 35). No new exotic Aedes species were found however. Most of the container 
breeding species found with the MMLP were also found during larval sampling, although 
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not always in the same proportion (e.g. Ae. geniculatus). Most larvae belonged to the Cx. 
pipiens complex and An. plumbeus was still the second numerous larva found. In 
contrast, larvae of Culex h. hortensis were collected at N1 and TR, but no adults were 
captured with the MMLP. Finally, the five species only captured at 3R and Coquillettidia 
richiardii were not collected as larvae, as they are no typical container breeding species 
and prefer larger water bodies. 
 



Table 4: summary of sampling, total specimens and species number, and sampling period per trapping method at the six surveyed imported used tire 
companies 

1MMLP = Mosquito Magnet Liberty Plus, OT = oviposition traps, LS = larval sampling, , PBS = potential breeding site 
2N° trap weeks without problems with MMLP/n° trap weeks planned 
3N° samplings with polystyrene piece found back/ n° samplings planned 
4N° samplings with number of PBS sampled between brackets 
 

 

6 Imported used tire companies 
3R AT DI N1 TR VP 
3R rubber 
recycling 

ATB Banden 
Diroco 
International 

Natoye 1 
(Havelange) 

Train de Roue 
SPRL 

Visé Pneus 

MMLP1 

N° trap weeks2 25/25 3/3 4/4 4/4 6/6 4/4 4/4 

Total specimens 419 55 83 27 62 137 55 

Species richness 11 10 4 3 5 5 2 

OT1 

N° samplings3 82/94 5/6 8/9 7/9 46/48 8/13 8/9 

Sampling period 
13/4 till 
26/10/2012 

9/8 till 
11/10/2012 

17/7 till 
8/10/2012 

18/7 till 
11/10/2012 

13/4 till 
26/10/2012 

26/7 till 
10/10/2012 

18/7 till 
11/10/2012 

Presence IMS eggs 
positive  
(6-8/2012) 

negative negative negative 
positive  
(6-8/2012) 

negative negative 

LS1 

N° samplings4  
(4����10/2012) 

36 (9 PBS1) 1 (1 PBS) 4 (1 PBS) 2 (2 PBS) 18 (2 PBS) 7 (2 PBS) 4 (1 PBS) 

Total specimens 1244 0 111 58 642 284 149 

Species richness 7 0 3 1 5 5 1 



Figure 32: number of specimens per species captured per trap week for each imported used tire company 
(3R = 3R rubber recycling company, AT = ATB Banden, DI = Diroco International, N1 = Natoye 1 

(Havelange), TR = Train de Roue SPRL, VP = Visé Pneu) 
 
 
 

 
Figure 33: number of specimens per species captured per month in all imported used tyre companies 

(excluding N1). 
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Figure 34: species composition of the MMLP traps at the six imported used tire companies (n = 419) 

 
 

 
 

Figure 35: species composition of the larval search at the six imported used tire companies (n = 1244) 
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3.3.2.4. Shelters/greenhouses for imported cutting plants/fruits/vegetables 

 
Eurobonsai (EB), Exotic Plants (EP), Petrivo (PE) and Euroveiling (EV) were sampled 
from July till October 2012. At EV the MMLP trap did not work in October 2012. At the 
European Centre of Fruit and Vegetables (EC) the MMLP could not be used in August 
2012 due to problems with the permission. However, collection with the ovitraps 
continued at EC in August. Although we could capture with the MMLP at EC in 
September and October 2012, the trap did not work in these two months. Only at EP the 
MMLP and ovitraps were set-up outside the building. 
 
A summary of the sampling, total specimens and species number and sampling period per 
trapping method is presented in Table 5. The highest number of adults was collected at 
EP, probably because at EP the traps were located outside the building. No mosquitoes 
were captured with the MMLP at EC, where only one capture was performed. In total 
four species were found. All shelters had a similar species richness, except for EC. No 
Aedes eggs were collected with the ovitraps and no mosquito larvae were found during 
larval search. Only few potential breeding sites were found. 
 
The number of adult mosquitoes captured was highest in October 2012 at EB and EP 
(Figure 36), probably because of the abnormally high amount of rain in the first week of 
October, following some dry periods in August and September 2012 (RMI, 2012) 
increasing the possible number of breeding places. In contrast, more mosquitoes were 
collected during July and August 2012 at PE. An artificial pond is present at PE, which 
makes the need for rain less necessary for the mosquitoes and might also explain the 
presence of Anopheles claviger at this PoE. In total four species were found of which two 
belong to the same complex of Culex pipiens. Most individuals belonged to Cx. pipiens 
s.s. (Figure 37). Culiseta annulata was only collected at EV. No exotic Aedes species 
were captured during the survey. 
 
 
 



Table 5: summary of sampling, total specimens and species number, and sampling period per trapping method at the five surveyed shelters/greenhouses for imported 
plants/fruits/vegetables 

5 Shelters/greenhouses for imported 
plants/fruits/vegetables 

EB EC EP EV PE 

Euro Bonsai 
European Centre of 
Fruit & Vegetables 

Exotic Plants Euroveiling Petrivo 

MMLP1 

N° trap weeks2 16/19 4/4 1/3 4/4 3/4 4/4 

Total specimens 161 17 0 108 7 29 

Species richness 4 2 0 3 3 3 

OT1 

N° samplings3 40/45 9/9 7/9 8/9 8/9 8/9 

Sampling period 16/7 till 10/10/2012 16/7 till 9/10/2012 31/7 till 10/10/2012 16/7 till 9/10/2012 17/7 till 10/10/2012 17/7 till 10/10/2012 

Presence IMS eggs negative negative negative negative negative negative 

LS1 

N° samplings4  
(8-9/2012) 9 (7 PBS1) 4 (3 PBS) 0 1 (1 PBS) 1 (1 PBS) 3 (2 PBS) 
Total specimens 0 0 0 0 0 0 
Species richness 0 0 0 0 0 0 

1MMLP = Mosquito Magnet Liberty Plus, OT = oviposition traps, LS = larval sampling, , PBS = potential breeding site 
2N° trap weeks without problems with MMLP/n° trap weeks planned 
3N° samplings with polystyrene piece found back/ n° samplings planned 
4N° samplings with number of PBS sampled between brackets 
 

 



 
Figure 36: number of specimens per species captured per trap week for each shelter/greenhouse for 

imported plants/fruits/vegetables (EB = Euro Bonsai, EC = European Centre of Fruit and Vegetables, 
EP = Exotic Plants, EV = Euroveiling, PE = Petrivo)  

 
 

 
Figure 37: species composition of the MMLP traps at the five shelters/greenhouses for imported 

plants/fruits/vegetables (n = 161) 
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3.3.2.5. Parking lots at the country border originating from colonised areas 

 
All parking lots were sampled from July till October 2012. At the parking lot at the E17 
(E7) and at the E411 in Arlon (E1) adults were captured in all months. At the parking lot 
at the E411 in Messancy (E2) and the E411 in Aubange (E3) the MMLP only was set-up 
from July till September 2012, and in July, September and October 2012, respectively. 
This was due to vandalism and theft of the MMLP at E2 and E3, respectively. However, 
collection with the ovitraps was done at all parking lots from July till October 2012. 
However, twice a person had urinated in an ovitrap at E3. 
 
 

Table 6: summary of sampling, total specimens and species number, and sampling period per trapping method at the 
four surveyed parking lots at the country border 

4 Parking lots at the country border 

E1 E2 E3 E7 
E411 1 
(Best Western 
Hotel, Arlon) 

E411 2  
(AC Hotel, 
Messancy) 

E411 3  
(Hotel ‘le Pôle 
Européen’, 
Aubange) 

E17  
(Inter 
Restaurant, 
Rekkem) 

MMLP1 

N° trap weeks2 8/14 2/4 2/3 1/3 3/4 

Total specimens 38 4 10 6 18 

Species richness 8 3 3 4 3 

OT1 

N° samplings3 35/37 9/9 7/9 10/10 9/9 

Sampling period 
16/7 till 
12/10/2012 

19/7 till 
12/10/2012 

19/7 till 
12/10/2012 

19/7 till 
12/10/2012 

16/7 till 
9/10/2012 

Presence IMS eggs negative negative  negative negative negative 

LS1 

N° samplings4  
(8-9/2012) 

5 (4 PBS1) 1 (1 PBS) 1 (1 PBS) 1 (1 PBS) 2 (1 PBS) 

Total specimens 0 0 0 0 0 

Species richness 0 0 0 0 0 
1MMLP = Mosquito Magnet Liberty Plus, OT = oviposition traps, LS = larval sampling, , PBS = potential breeding site 
2N° trap weeks without problems with MMLP/n° trap weeks planned 
3N° samplings with polystyrene piece found back/ n° samplings planned 
4N° samplings with number of PBS sampled between brackets 

 
 
A summary of the sampling, total specimens and species number and sampling period per 
trapping method is presented in Table 6. Few adult mosquitoes were captured at the 
parking lots with the lowest number at E1. On the other hand, species richness was high 
at all sites, probably because of the presence of rural and natural areas (mainly forest) 
nearby. No Aedes eggs were collected with the ovitraps and no mosquito larvae were 
found during larval search. Only few potential breeding sites were found. 
 
More adults were captured in August than in July (E1, E2, E7) and September 2012 (E7) 
(Figure 38). In total 8 species were collected of which two belong to the same complex 
of Culex pipiens. Most individuals belonged to Cx. pipiens s.s. (Figure 39). At E3 no 



62 
 

specimens of the Cx. pipiens complex were captured, only four other species. The 
location of the parking lot E3 next to a forest might explain this. 
 
 

 
Figure 38: number of specimens per species captured per trap week for each parking lot at the 

country border (E1 = E411 1 Arlon, E2 = E411 2 Messancy, E3 = E411 3 Aubange, E7 = Rekkem) 
 

 
Figure 39: species composition of the MMLP traps at the four parking lots at the country border (n = 

38) 
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3.3.2.6. Summary and comparison with MODIRISK project (IRA_industry) 

 
The total number of specimens sampled at the PoE was lower than during the 
MODIRISK project at the industrial Import Risk Areas (IRA_industry), although much 
more weeks were sampled (Table 7). Some abnormally dry periods occurred in August 
and September 2012 (RMI, 2012), which might have caused the low number of 
mosquitoes sampled. On the other hand, species richness and diversity indices were 
higher during the ExoSurv project (Table 7). Next to the higher number of trap weeks, 
this is probably also the effect of the parking lots, which had a very high diversity 
compared to the number of individuals captured.  
In general 10 species collected during the MODIRISK project at the import risk areas 
were also collected during ExoSurv (Versteirt 2012), indicating that a representative 
sampling of the species present at these sites was obtained. One species was not 
collected, Ae. j. japonicus�. It seems the MMLP trap might miss this exotic Aedes 
species and other trapping methods might be more appropriate to collect this species 
(gravid traps, human landing collection, Versteirt 2012). No additional exotic Aedes 
species were captured during the surveillance (Figure 40). An. maculipennis/messae, Ae. 
annulipes, Ae. vexans and Aedes cantans were captured at the PoE during Exosurv, but 
not during MODIRISK. The first three species were only captured at 3R close to the two 
tire companies at Maasmechelen and close to some ponds (possible breeding sites), while 
Ae. cantans was only captured at parking lot E3 close to the forest, where it often had its 
breeding sites (Versteirt 2012).  
 
 

Table 7: comparison of the MMLP sampling results between the ExoSurv 
project and the MODIRISK project (Versteirt 2012) 

MMLP sampling ExoSurv 
(PoE1) 

MODIRISK 
(IRA_industry1) 

N° of sites sampled 21 26 
N° trap weeks 70 26 
Species richness 14 11 
Total specimens 844 1031 
Mean n° of specimens/trap 12.1 38.2 
Simpsons index 0.406 0.099 
Shannon-Wiener diversity 0.951 0.274 
Shannon-Wiener eveness 0.360 0.114 

1PoE = point of entry, IRA_industry  = industrial import risk area 
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Figure 40: Species composition of the MMLP traps at the point of entries in Belgium (n = 844) 

 

3.3.3. Surveillance of Culicoides at the PoE 
 
The parking lot of the E17 (E7), the airport of Ostend (AO) and Liège (AL) were sampled 
from July till October 2012. However, the trap fell down after being hit by a forklift in 
July 2012 at AO, while at AL the cup fell of twice. Sampling could only start in August 
2012 at the airport of Zaventem (AZ) and in September 2012 at Euroveiling (EV). At the 
three airports and EV the light traps were set-up inside the hangar where cargo is passing 
or opened. At E7 the light trap hung outside close to a cow stable. 
 
A summary of the sampling, total specimens and species number per PoE is presented in 
Table 8. Only one individual belonging to the endemic species Culicoides punctatus was 
collected at AO. At the other airports AL and AZ and the shelter for imported cutting 
flowers EV, no Culicoides were captured. The low or zero captures at the airports and EV 
can be explained by the fact that the trap hang inside the building, which decreases 
visibility for endemic Culicoides from outside. The fact that AO is nearby rural area, 
which offers more breeding sites to Culicoides than urban areas (Deblauwe et al. in prep), 
might explain the one endemic Culicoides captured. 
As expected, the highest number of Culicoides individuals and species was captured at 
E7, as the trap hung outside in rural area (Table 8). The highest numbers were collected 
in July and August 2012 (Figure 41). The dry weather in the middle of August and the 
beginning of September might explain the few Culicoides captured in September and the 
beginning of October. No exotic Culicoides species was collected at this PoE. Most of the 
specimens belonged to the endemic species Culicoides chiopterus and Culicoides dewulfi 
(Figure 42). This can easily be explained by the meadow and cow stable nearby, as their 
main breeding site is cow dung (Zimmer et al. 2008). The other species are halophilic and 
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often breeding in brackish water, which might be found in mud around drinking troughs 
(Kettle 1962). 
 
 

Table 8: summary of sampling, total specimens and species number per PoE for the Culicoides captures with 
OVI-light traps 

PoE N° samplings1 Total specimens Species richness 
E7 E17 (Inter Restaurant, Rekkem) 4/4 33 6 
AO  Airport Ostend (Aviapartner) 3/4 1 1 
AL Airport Liège (Aviapartner) 2/4 0 0 
AZ Airport Zaventem (Swissport) 3/3 0 0 
EV Euroveiling 2/2 0 0 
1N° samplings without problems/ n° samplings planned 

 
 

 
Figure 41: number of specimens per Culicoides species captured per trap period (48h) at the parking 

lot E7 (= E17 Rekkem) 
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Figure 42: Culicoides species composition of the light trap catch at the parking lot of the E17 (E7) (n 

= 33) 
 

3.4. Conclusions 

3.4.1. Surveillance of mosquitoes at the PoE 
 
No additional EMS have been introduced or was found to be established in Belgium at 
the surveyed PoE in 2012. Although the number of adult mosquitoes captured with the 
MMLP traps was low, the number of species recorded was comparable to that recorded 
during the MODIRISK project at similar sites and gives a representative image of the 
species present at these PoE. There might be different reasons why the captures with the 
MMLP traps were low. First, the fact that many MMLP traps were set-up inside the 
building decreased the number of adults captured. Second, probably the dry summer (no 
rain: 9-19/8/2012 (since 1997) & 1-9/9/2012, RMI 2012) also caused low captures in 
August and September especially at PoE where the MMLP trap was set-up outside the 
building. At the imported used tire companies, on the other hand, captures were higher 
because of the continuous presence of potential breeding sites and the hot month of 
August even seemed to increase the number of mosquitoes at these sites.  
 
Although the surveillance of the PoE during the ExoSurv project indicates that no new 
EMS were found at this moment, this does not mean that the result will be the same the 
coming years. This was a snapshot of one season. The sampling period of ExoSurv was 
short, only one summer and autumn of one year. And July was even more of a trial 
month, as AZ, AL, 3R and EC were not fully sampled.  
In total 21 PoE were sampled. Some good important risk companies in Belgium for the 
import of Aedes species were identified. During the survey, however, it became clearer 
that some PoE did not pose a major risk. DI only imports small car tires from Germany, 
while EP and PE do not import exotic plants transported in water recipients and have very 
clean shelters with few potential breeding sites. These three companies could be replaced 
by PoE with a higher risk.  
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Some problems were encountered during this surveillance programme.  
� Preparation time was too short to do a thorough site investigation and to have enough 

time to get the necessary permissions. Not all selected PoE could be visited before the 
start of the surveillance.  

� During the preparation of the surveillance, it was noted that no lists are available of 
risk companies in Belgium. Especially the imported used tire companies seem to be 
unknown to the Federal and Regional Public Services. Only lists of waste tire 
companies were available.  

� Not all high risk companies were willing to cooperate. A lot of phone calls were made 
to BT and MB. At BT the director could never come to the phone, while at MB it was 
made clear that they were not interested to cooperate at this moment, but might be in 
the future.  

� MMLP traps and ovitraps were prone to be stolen and vandalised. At parking lots (E3 
and E2) twice an MMLP trap was stolen. One MMLP trap was found back next to a 
garbage container at a parking lot at Neufchâteau with the gas tube cut through. The 
custom authorities at the parking lots of the E411 were very helpful in recovering the 
MMLP trap and offering a safer location. However, even then it was still vandalised 
the next time. Since these thefts, MMLP traps were secured at PoE with a lot of 
people passing. Also ovitraps disappeared at DI and EV or were urinated in at E3. 

� It was not always possible to select the ideal location of the trap at PoE, especially at 
the ports, airports and parking lots. At these PoE the risk of damage to the trap or 
vandalism is greater than at other PoE as a lot of people or vehicles (e.g. forklifts) are 
passing. 

� Larval breeding sites are scarce at most PoE. The search for larval breeding sites is 
off course a learning process, which improved towards the end of the Exosurv project. 
Also the dry summer might have played a role in this scarcity of potential breeding 
sites. 

 

3.4.2. Surveillance of Culicoides at the PoE 
 
No EBM have been introduced or was found to be established in Belgium at the surveyed 
PoE in 2012. Also for the Culicoides, the number of adults captured was low. This can 
mainly be explained by the fact that most light traps hung inside the building. However, it 
seems also here the dry summer might have played a role. Notwithstanding the low 
captures, sampling seemed to be representative, as the species captured confirmed the 
potential breeding sites nearby. 
 
As with mosquitoes, the fact that the surveillance of the PoE during the ExoSurv project 
indicates that no EBM were found at this moment, this does not mean that the result will 
be the same the coming years. 
In total 5 PoE were sampled. As this was part of a surveillance programme of mainly 
mosquitoes, not all import risk sites for Culicoides could be surveyed. However, the ones 
that were surveyed, were those with a high risk of importation. 
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The main problem encountered was at the airports. The trap hung inside the hangar where 
a lot of forklifts are driving and people are working. The risk of damage to the trap or 
vandalism was greater than at the other PoE. 
 

3.5. Recommendations: how to avoid introduction of EMS/EBM at a 
PoE? 
 
� A more thorough investigation including interviews in situ, questionnaires, … is 

necessary to come up with a hierarchical list of PoE ranked from high risk to low risk 
(cfr. Schaffner et al. 2012). Off course more time will be needed for this (2-3 months) 
than was available during the ExoSurv project. A personal contact is much better to 
increase the knowledge on the PoE than a telephone call. The site can be inspected 
better, such as how the tires are stocked, if suitable breeding places are nearby, where 
the MMLP trap/light trap can be placed, … Also more info on import routes can be 
obtained in this way. According to the resulting hierarchical list, the most important 
PoE to be surveyed can be selected taking into account the personnel and budget 
present. 

� A better knowledge on specific activities of risk companies by the Federal or 
Regional Public Service is necessary. A list of risk companies could be obtained by 
the implementation of a necessary license, which is acquired only if certain 
regulations (e.g. stocking tires in the right way, changing and cleaning the recipients 
of lucky bamboo, …) are fulfilled. Further, regular inspections could be implied and 
when the regulations are not met anymore the license could be lost. Finally, an 
obligate surveillance should be implemented, so no high risk companies can decline a 
collaboration. 

� Training personnel is time and money consuming. It takes some time before 
developing the required skills for sampling, larval prospection, mosquito 
identification. This initial investment is only meaningful if a structural framework is 
foreseen to perform surveillance on a routine basis. If not the expertise and the 
acquired experience will be lost. Moreover every time there is an expressed need for 
surveillance (e.g. because of a risk for epidemics) expertise has to be rebuild from 
scratch losing precious time to take the appropriate decision. In the present project 
ExoSurv it has to be noted that both persons got some skills prior to the start of the 
project. Decision makers are strongly recommended to go for a structural solution to 
keep and improve the level of expertise to assure a surveillance in the long term. 

� A next step after the creation of an inter-ministerial working group ‘Exotic 
Mosquitoes’ is therefore the creation of a national centre of excellence on vectors and 
vector risk in Belgium that would centralise expertise on a wide range of skills and 
knowledge in operational, strategic and scientific fields, which would facilitate not 
only vector monitoring, surveillance and control, but as well early warning/detection 
systems and prevention (Versteirt 2012) (cfr. France (Centre National d’Expertise sur 
les Vecteurs, CNEV), The Netherlands (Centre for Monitoring of Vectors, CMV), 
UK (Health Protection Agency, HPA). 
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4. Assessment of the efficacy of the control measures against 
Ae. j. japonicus���� at Natoye, Belgium (Objectives 2A & 4) 

4.1. Introduction 
 
The invasive rock hole and container-breeding species Aedes j. japonicus� is native from 
East Asia (Japan, Korea, Taiwan, eastern China and Russia) (Tanaka et al. 1979). Its 
establishment was detected for the first time outside its native range in 1998 in north-
eastern USA (Peyton et al. 1999). After a rapid spread, it is now widely established in 
Northern USA (31 states) (Hardstone & Andreadis 2012) and in parts of Canada 
(Thielman & Hunter 2006). It was intercepted in New Zealand in 1993, 1998 and 1999 
(Laird et al. 1994, Sandlant 2003) and recorded in 2000 from France, where it was 
eliminated (Schaffner et al. 2003). In 2002 it was detected for the first time in Belgium, 
but since it does not seem to spread and stays locally established (Versteirt 2012). The 
first detection of a wide establishment in Central Europe was in 2008 (Schaffner et al. 
2009). In northern Switzerland it has expanded its range in all directions and reached 
southern Germany, south-eastern Austria and Slovenia, where it is now also found 
established (Schaffner et al. 2009, Becker et al. 2011, Medlock et al. 2012) (Figure 43).  
Ae. j. japonicus� is adapted to the cold and overwinters as egg (Andreadis et al. 2001). 
Eggs may hatch as soon as temperature is favourable (snow melting). Larvae are found in 
rock or tree holes and artificial sites such as tires filled with water and debris. Females 
bite mammals, including humans, in the field (Apperson et al. 2004, Versteirt 2012) and 
birds in laboratory conditions (Sardelis et al. 2003). It is a competent laboratory vector 
for West Nile Virus, Japanese Encephalitis Virus and La Crosse Virus, and a moderately 
efficient vector for St. Louis Encephalitis Virus and Eastern Equine Encephalitis Virus 
(Medlock et al. 2012). 
 
In Belgium Ae. j. japonicus� is not spreading as fast as in the other European countries. 
In 2002 during an extension of a French study on the introduction of Ae. j. japonicus� in 
metropolitan France (Schaffner et al. 2003), infestation of Ae. j. japonicus� was 
discovered at a second hand tire company (Havelange) at Natoye (N1) in Belgium 
(Versteirt 2012). In 2003 and 2004 adult and larval sampling was performed with still 
positive results. In 2007 and 2008 during the MODIRISK project Ae. j. japonicus� was 
still present and it seemed that this species was well established at the Havelange 
company (N1), while at another second hand tire company in the neighbourhood (Sarri 
Pneus (N2)) only two larvae were found (Versteirt 2012) (Figure 44). A longitudinal 
study of the MODIRISK project in 2009 and 2010 confirmed its establishment at 
Havelange (N1). 
The second hand tire company Havelange at Natoye (N1) is probably the PoE for this 
mosquito, as a few years ago they imported tires from Japan. At this moment nothing is 
imported anymore from Japan, only from Europe. Once a month tires are imported from 
Italy and other countries of import include Germany and the Netherlands. Within 
Belgium tires come from the port of Antwerp (Donkers Banden). However, the risk of 
introduction for new invasive mosquitoes still exists as in Italy Aedes albopictus� is 
established and the Netherlands regular introductions occur. 



70 
 

 
Figure 43: current known distribution of Ae. j. japonicus���� in Europe (ECDC, VBORNET) 

 
 

 
Figure 44: map of Belgium with indication of the two second hand tire companies Havelange (N1) 
and Sarri Pneus (N2) 
 

N1 

N2 
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On 13 April 2012 vector control with VectoBac WG (aqueous suspension formulation of 
Bacteria killing insects Bacillus thuringiensis subspecies israelensis (Bti)) of Ae. j. 
japonicus� has finally been started at both sites at Natoye to eliminate the population. 
Surveillance was carried out to assess the quality/efficacy of the control measures and to 
determine the possible extent and routes of spread of this EMS in its surrounding areas 
(periphery of 5-10km). 
 

4.2. Elimination programme (12-13/04/2012) 
 
On 12 April 2012 a first larval search was performed at the colonised area of Natoye (N1 
(Havelange) & N2 (Sarri Pneus)) (Figure 44 & 45). Larvae of Ae. j. japonicus� (122) 
were collected in eight tires, while larvae of Ae. geniculatus (319) in seven tires. The tree 
holes close to N1 were negative. Afterwards the mechanical treatment started and tires 
with a low turnover were emptied, organised and covered by plastic sheets in such a way 
few potential breeding sites were created (Figure 46). Also four gravid traps were placed 
around N1 and run for the night.  
 
 

 

 
Figure 45: Larval inspections of tires and tree holes at the colonised area N1 (< 500m) (© Francis 

Schaffner) 
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Figure 46: mechanical treatment of the tires with a low turnover at N1 (< 500m) (© Francis 

Schaffner) 
 
 
On 13 April 2012 the four gravid traps were checked, but no adult mosquitoes were 
captured. Larval sampling was done within a perimeter of about 2km around N1 and two 
of ten potential breeding sites (tires in a field and a water trough) were found positive in 
southwest direction (Figure 47). A total of 50 Ae. j. japonicus� larvae were collected. 
The Civil Protection received training on the biochemical treatment with VectoBac WG 
(Bti) and all tires at N1 and N2 were treated together with the two other positive breeding 
sites found in the surroundings (Figure 48). In the same perimeter of 2km, 21 oviposition 
traps were set-up at 13 subsites. Ten ovitraps at six subsites were located at the colonised 
area (< 500m from N1), while 11 at seven subsites were located around the colonised 
area (> 500m from N1). 
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The results of the surveillance before and after this first treatment (13/04/2012 till 
26/06/2012) were also be included in the results of the Exosurv project as this gives a 
better picture of the different events. 
 
 

 

 
Figure 47: Larval inspections of potential breeding sites around the colonised area N1 (> 500m) with 

negative (above) and positive (treated) (below) sites (© Francis Schaffner) 
 
 



74 
 

 

 
Figure 48: Preparation of the larvicide (above), training of the Civil Protection and treatment 

(below) (© Francis Schaffner) 
 

4.3. Materials and Methods 
 
For details on the sampling and handling protocol of larval sampling, MMLP traps and 
ovitraps see Chapter 3.2.2. To avoid proliferation of Ae. j. japonicus� in the 
surroundings of Natoye, it was decided to treat all ovitraps with VectoMax, starting from 
03/08/2012. Non-hatching eggs from ovitraps were identified at the University of Zurich 
using MALDI-TOF mass spectrometry as described in Kaufmann et al. (2012). A quality 
check of the identifications was performed by F. Schaffner on 19/11/2012 (Annex 1).  
 
The Smart-To-Web tool Vecmap was used to enter the data in the field (Bastier 2012) 
and Access to create the database.  
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4.3.1. Inspection of the colonised area (< 500m from N1) 
 
� Before the start of the ExoSurv project 
Larval sampling of the two known potential breeding sites (tires at N1 and tree holes 
close to N1) was done from April till June 2012 on four occasions (27/04/2012, 
18/05/2012, 05/06/2012 & 26/06/2012) by one or two persons. About 40 to 60 tires at N1 
were checked for larvae on each visit. On 05/06/2012 several tree holes were checked in 
the forest Bois Henrard by walking in southwest direction. 
The ten ovitraps at six subsites were sampled every two to three weeks from April till 
June 2012 on the same days as the larval sampling (Figure 49).  
One MMLP trap was placed at N1 (two trap weeks) on 05/06/2012 (Figure 50). 
 
 

 
Figure 49: indication of the six subsites where ten ovitraps were sampled at the colonised area N1 

 
 
� After the start of the ExoSurv project 
Larvae were searched for one day per month by two persons from July till October 2012. 
The two known potential breeding sites (tires and tree holes at N1) were re-checked on 
each visit and new sites were added to the survey. About 40 to 60 tires at N1 were 
checked for larvae on each visit. 
The ten ovitraps at six subsites were also kept in place and sampled every month from 
July till October 2012 (Figure 49). 
The MMLP at N1 was kept in place, as it was the site of first detection of Ae. j. 
japonicus�, and operated during one week per month from July till October 2012. 

N1 

Ovitrapping period 
    13/04-26/10/2012 
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A data logger (Hygropuce, Waranet solutions SAS) for temperature and humidity was 
set-up at N1 (blue, TH012) (Figure 51). Temperature and precipitation data from the 
weather stations at Ciney, Crupet and Sart-Bernard were also retrieved from the Royal 
Meteorological Institute. 
 
 

 
Figure 50: location of the MMLP trap at N1 (right) and N2 (left) 

 
 

 
Figure 51: data logger installed at N1 (right) and downloading data (left) 

 

4.3.2. Inspection around the colonised area (> 500m from N1) 
 
� Before the start of the ExoSurv project 
Potential breeding sites were screened for larvae within a perimeter of about 2km around 
N1 from April till June 2012 on four occasions (27/04/2012, 18/05/2012, 05/06/2012 & 
26/06/2012) by one or two persons. Most breeding sites were re-checked on each visit, 
especially those that were once positive for Ae. j. japonicus�, and new sites were added 
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to the survey. About 40 to 60 tires at N2 were checked for larvae on three visits (not on 
18/05/2012). 
The 11 ovitraps at seven subsites were sampled every two to three weeks from April till 
June 2012 on the same days as the larval sampling (Figure 52). On 05/06/2012 one 
subsite with two ovitraps was added to the survey during one month. 
One MMLP trap was placed at N2 (one trap week) on 05/06/2012 (Figure 50). 
 
 

 
Figure 52: transects (red, 5km) around the colonised area N1 indicating the 23 subsites of the 44 ovitraps 

 
  
� After the start of the ExoSurv project 
Potential breeding sites were inspected one day per month by two persons from July till 
October 2012 on a transect of 10km in southwest direction. This was based on the 
positive breeding sites found in southwest direction from April till June 2012. Every 5km 
on the 10km transect potential breeding sites were inspected in a perimeter of 1km. 
Around N1 breeding sites were inspected in the same perimeter of 2km as before the 
ExoSurv project (Figure 53). Most already known breeding sites were re-checked on 
each visit, especially those that were once positive for Ae. j. japonicus�, and new sites 
were added to the survey. When no potential breeding sites were found anymore in the 
defined perimeters, also sites close to ovitraps were checked for larvae. About 40 to 60 
tires at N2 and about 20-30 tires at farms were checked for larvae on each visit. 
Six out of eight subsites with ovitraps sampled till June 2012 were not sampled anymore 
during ExoSurv. New ovitraps were placed on eight transects of 5km around the MMLP 
trap at N1. Two ovitraps (5-10m from each other) were placed at a subsite at a distance of 
about 1km, 3km or 5km from the MMLP trap, taking into account the accessibility of the 

N1 
5 km 

Ovitrapping  
frequency & period 
 

  8x (13/04-26/10/2012) 
  6x (13/04-24/08/2012) 
  4x (29/06-26/10/2012) 
  4x (13/04-26/06/2012) 
  1x (05-26/06/2012) 
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subsites. Two ovitraps were alternately placed at 3km and 5km on the transects. In total 
32 new ovitraps were set-up around N1 ((8 transects x 2 subsites) x 2 ovitraps) (Figure 
52). 
No MMLP trap was set-up around the colonised area N1. 
 
 

 
Figure 53: transect (10 km, red line) with indication of larval sampling perimeters (1km or 2km, green 
circles) 

 

4.3.3. Extra control measures 
 
On 05/06/2012 the Civil Protection and personnel of ITM was trained to use VectoMax 
(granules containing Bacteria killing insects Bti and Bacillus sphaericus (Bs)). During the 
survey, control of Ae. j. japonicus� continued. Each time positive breeding sites or 
ovitraps were found this was followed by a control measure with VectoBac WG or 
VectoMax according to the amount of breeding sites needed to be treated. 
Quality and efficacy of control measures at and around the colonised area was assessed 
by the samplings (larval, MMLP and ovitraps) before and after treatments. It has to be 
noted that the time between treatment and subsequent sampling varied between one week 
and three weeks because of the strict time schedule to be followed during the ExoSurv 
project. 
 

2km 
N1 

1km 
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4.4. Results 

4.4.1. Inspection of the colonised area (< 500m from N1) 

4.4.1.1. Larval sampling 

 
In total four potential breeding sites were checked for larvae: the tires stocked outside at 
N1, the tree holes close to N1, the tree holes in the forest Bois Henrard and a water 
trough in a meadow down the hill (Figure 45, 54 & 55). Only the tires and tree holes 
close to N1, which were checked frequently between April and October 2012, were found 
positive for Ae. j. japonicus�.  
Of the 22 larval samplings (including the two samplings before first treatment on 
13/04/2012), 12 were positive for mosquitoes of which eight for Ae. j. japonicus� 
(Figure 56). A total of 1127 larvae were collected belonging to six species (Figure 57). 
When leaving out the two samplings before the first treatment, 11 of the 20 samplings 
were positive for mosquitoes of which seven for Ae. j. japonicus�. In this case, 686 
larvae were collected belonging to five species (Figure 58). Since the first treatment Ae. 
geniculatus was not collected as larvae anymore at N1, while larvae of Ae. j. japonicus� 
were still present. Most individuals collected before and after the first treatment belonged 
to the Culex pipiens complex. The larval sampling results of Ae. j. japonicus� in time are 
presented in Chapter 4.4.1.4. 
 
 

 
Figure 54: the four potential breeding sites at N1 (< 500m) with indication of the two positive sites for Ae. j. 
japonicus���� (red mosquito) and of the 500m perimeter (red circle) 

 

Larval sampling 
frequency & period       

   10x (4-5-6-7-8-9-10/2012) 
   8x (4-6-7-8-9-10/2012) 
   3x (8-9-10/2012) 
   1x (6/2012) 

 

       Aedes j. japonicus� 
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Figure 55: Potential larval breeding sites at the colonised area N1 (< 500m) 

 
 

 
Figure 56: one larval dip with plastic tray containing mosquito larvae (above, right), five larvae of 

Culex pipiens s.l. and one larva of Anopheles plumbeus (red circle) (above, left) and five larvae of Ae. 
j. japonicus���� (below) 
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Figure 57: species composition of the larval search (22 samplings, 1127 larvae) at the colonised area 

N1 (< 500m) (including the two samplings before first treatment on 13/04/2012) 
 

 
Figure 58: species composition of the larval search (20 samplings, 686 larvae) at the colonised area 

N1 (< 500m) after the first treatment (i.e., excluding the two samplings before first treatment on 
13/04/2012) 

 

4.4.1.2. Oviposition traps 

 
The ten ovitraps at six subsites were sampled eight times from April till October 2012. 
Table 9 gives an overview of the number of ovitraps and samplings positive for Aedes 
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spp., Ae. geniculatus and Ae. j. japonicus�. Five of the 80 (6%) polystyrene pieces were 
not found back and 21 (26%) were lying next to the trap. These were probably predated 
by a bird or rodent, as biting or picking traces were often seen on the polystyrene pieces. 
At all six subsites at the colonised area N1 eggs of Ae. j. japonicus� were found in at 
least one ovitrap (Figure 59). In contrast to the larval sampling, eggs of Ae. geniculatus 
were found at two subsites close to N1, indicating this species is still present at N1. At 
three subsites close to N1 eggs did not hatch on five occasions. The ovitrap sampling 
results of Ae. j. japonicus� in time are presented in Chapter 4.4.1.4. 
 

Table 9: summary of the ovitrap sampling results at the colonised area N1 (< 500m) 

N° ovitraps (OT) 10 

N° subsites 6 

N° OT + Ae. j. japonicus� eggs1 7/10 

N° OT + Ae. geniculatus eggs1 3/10 

N° OT + Aedes spp. eggs2 4/10 

N° samplings 75/80 (21/75 polystyrenes next to trap) 

N° samplings + Ae. j. japonicus� eggs1 9/75 

N° samplings + Ae. geniculatus eggs1 3/75 

N° samplings + Aedes spp. eggs2 5/75 
1Morphologically identified after eclosion of larvae; 2eggs did not eclose 

 
 

Figure 59: the six subsites at the colonised area N1 (< 500m) with indication of the positive ovitraps for Ae. j. 
japonicus���� (red mosquito) and Ae. geniculatus (yellow mosquito) 

N1 

Ovitrapping period 
    13/04-26/10/2012 

        Aedes j. japonicus� 

        Aedes geniculatus 
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4.4.1.3. MMLP trap 

 
In total six weeks were sampled from June till October 2012. Ae. j. japonicus�, An. 
plumbeus and Culex h. hortensis were not collected with the MMLP trap (Figure 60). A 
total of 61 specimens were collected belonging to four species with most specimens 
belonging to the Culex pipiens complex. Also with the MMLP trap, Ae. geniculatus was 
still found. 
 

 
Figure 60: species composition of the MMLP trap captures at the colonised area N1 (< 500m) (n = 61) 
 

4.4.1.4. Quality and efficacy of control measures 

 
An overview of the larval and ovitrap sampling results and the different treatments from 
April till October 2012 are shown in Figure 61. Two (27/04/2012) and five (18/05/2012) 
weeks after the first treatment with VectoBac on 13/04/2012 no Ae. j. japonicus� larvae 
were collected and all ovitraps were negative. During the two larval samplings in June 
only one larva was found on 05/06/2012 in a tree hole close to N1, which was 
immediately treated with VectoMax. Also four of the ten ovitraps in June were positive 
for Ae. j. japonicus� eggs from which 66 larvae hatched in July. Subsequently a new 
treatment with VectoBac by the Civil Protection was ordered and executed on 
17/07/2012. Ten days later, seven Ae. j. japonicus� larvae were found in some tires with 
a high turnover at N1 and five larvae in the tree holes close to N1, probably hatched after 
the big rain on 20/07/2012. The positive tires and tree holes were treated the next week 
(03/08/2012) with VectoMax. Also two of the ten ovitraps were positive with 172 
hatched Ae. j. japonicus� larvae in the beginning of August. In the end of August 
(24/08/2012) three Ae. j. japonicus� larvae were collected in two tires (in front of the 
building) of the 40 checked at N1 and three ovitraps were positive with 27 hatched larvae 
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in the beginning of September. A third treatment with VectoBac by the Civil Protection 
was ordered and executed on 14/09/2012. One week later (20/09/2012) seven Ae. j. 
japonicus� larvae were collected in two tires (at the back of the building) of the 50 
checked at N1 (30 in front and 20 at the back). As the Civil Protection was only asked to 
treat the tires in front of the building, larvae eclosing in tires at the back could survive. 
All ovitraps were negative in September. One month later (19/10/2012) 49 Ae. j. 
japonicus� larvae were found in five tires (2 in front and 3 at the back) of the 73 tires 
checked at N1 (51 in front and 22 at the back). The heavy rainfall in the beginning of 
October probably caused this peak of eclosions. The positive tires were immediately 
treated with VectoMax. One week later (26/10/2012) no Ae. j. japonicus� was found 
anymore in the treated tires, but three pupae were collected in one tire (at the back) of the 
16 checked tires at N1 (3 in front and 13 at the back). These pupae hatched in the lab as 
Ae. j. japonicus�. Also in October all ovitraps were negative. 
In general the tires were seven on ten times positive for Ae. j. japonicus� larvae, while 
the tree holes close to N1 two on eight times. The other tree holes in the forest Bois 
Henrard were only checked once (June) and were negative, while the water trough was 
checked three times (August, September and October) and was also negative. 
 
 

 
Figure 61: results of larval sampling (purple) and oviposition trapping (black) of Ae. j. japonicus� at the colonised 
area N1 (< 500m) in relation to meteorological data and application of larvicides (VectoBac: red arrow; 
VectoMax: pink arrow). Larval sampling: number of Ae. j. japonicus� larvae collected (purple bars), sampling 
days (purple rectangles or arrows), number of positive breeding sites/total number of potential breeding sites 
(below graph in purple). Oviposition trapping: period (black horizontal arrows) and results 

 

� 



85 
 

4.4.2. Inspection around the colonised area (> 500m from N1) 

4.4.2.1. Larval sampling 

 
In total 26 potential breeding sites were checked for larvae. Twenty potential breeding 
sites were checked more than once between April and October 2012 (Figure 62). 
Potential breeding sites included water troughs, rain water barrels, tires, plastic 
containers, (mud) puddles, a plastic sheet and a plant box (Figure 63 & 64). Six of the 26 
sites were found positive for Ae. j. japonicus� (Figure 62 & 64), of which five were in 
southwest direction up to 2km from N1.  
Of the 93 larval samplings (including the eight samplings before first treatment on 
13/04/2012), 58 were positive for mosquitoes of which 12 for Ae. j. japonicus�. A total 
of 2240 larvae were collected belonging to eight species (Figure 65). When leaving out 
the eight samplings before the first treatment, 54 of the 85 samplings were positive for 
mosquitoes of which ten for Ae. j. japonicus�. In this case, 2090 larvae were collected 
belonging to eight species (Figure 66). Since the first treatment larvae of Ae. geniculatus 
and Ae. j. japonicus� were less abundant but still present. The larval sampling results of 
Ae. j. japonicus� in time are presented in Chapter 4.4.2.4. 
 
 

 
Figure 62: the 26 potential breeding sites around N1 (> 500m) with indication of the six positive sites for Ae. j. 
japonicus���� (red mosquito) and of the 1km and 2km perimeter (green circle) 

 
 

Larval sampling  
frequency & period 
 

    9x (4-5-6-7-8-9-10/2012) 
    8x (4-6-8-9-10/2012) 
    7x (4-6-8-9-10/2012) 
    6x (4-6-8-9-10/2012) 
    4x (6-7-8-9-10/2012) 
    3x (8-9-10/2012) 
    2x (4-6-10/2012) 
    1x (4-6/2012) 

       Aedes j. japonicus� 
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Figure 63: potential breeding sites, negative for Ae. j. japonicus����, around the colonised area N1 (> 

500m) 
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Figure 64: positive breeding sites for Ae. j. japonicus���� around the colonised area N1 (> 500m) 
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Figure 65: species composition of the larval search (93 samplings, 2240 larvae) around the colonised 

area N1 (> 500m) (including the eight samplings before first treatment on 13/04/2012) 
 
 

 
Figure 66: species composition of the larval search (85 samplings, 2090 larvae) around the colonised 
area N1 (> 500m) after the first treatment (i.e., excluding the eight samplings before first treatment 

on 13/04/2012) 
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4.4.2.2. Oviposition traps 

 
Table 10 gives an overview of the number of ovitraps and samplings positive for Aedes 
spp., Ae. geniculatus and Ae. j. japonicus�. Eighteen of the 176 (10%) polystyrene pieces 
were not found back and 30 (17%) were lying next to the trap. These were probably 
predated by a bird or rodent, as biting or picking traces were often seen on the 
polystyrene pieces. 
At four of the 23 subsites eggs of Ae. j. japonicus� were found in at least one ovitrap in 
southwest direction of the colonised area N1 up to 1.6km (Figure 67 & 68). Eggs of five 
polystyrene pieces (three ovitraps), which did not hatch, were send to the University of 
Zurich and identified by MALDI-TOF mass spectrometry. All were identified as Ae. 
geniculatus. It seems eggs of this species are difficult to eclose in the lab (personal 
communication F. Schaffner). At one subsite, close to a positive ovitrap, eggs did not 
hatch on one occasion. The ovitrap sampling results of Ae. j. japonicus� in time are 
presented in Chapter 4.4.2.4. 
 

Table 10: summary of the ovitrap sampling results around the colonised area N1 (> 500m) 

N° OT 44 

N° subsites 23 

N° OT + Ae. j. japonicus� eggs1 4/44 

N° OT + Ae. geniculatus eggs2 3/44 

N° OT + Aedes spp. eggs3 1/44 

N° samplings 158/176 (30/158 polystyrenes next to trap) 

N° samplings + Ae. j. japonicus� eggs1 7/158 

N° samplings + Ae. geniculatus eggs2 5/158 

N° samplings + Aedes spp. eggs3 1/158 
1Morphologically identified after eclosion of larvae; 2Identified by MALDI-TOF mass spectrometry 
at the University of Zurich, 3eggs did not eclose 

 

 
Figure 67: Aedes j. japonicus���� females hatched from ovitraps 
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Figure 68: the 23 subsites on eight transects (red, 5km) around the colonised area N1 (> 500m) with 
indication of the positive ovitraps for Ae. j. japonicus���� (red mosquito), Ae. geniculatus (yellow mosquito) and 
Aedes spp. (green mosquito) 

 

4.4.2.3. MMLP trap 

 
Only on week adults were captured with the MMLP trap around the colonised area N1. 
The trap was set-up at the tire company Sarri Pneus (Natoye 2, N2)  on 05/06/2012. Only 
one female of An. plumbeus was captured. 
 

4.4.2.4. Quality and efficacy of control measures 

 
An overview of the larval and ovitrap sampling results and the different treatments from 
April till October 2012 are shown in Figure 69. Two (27/04/2012) weeks after the first 
treatment with VectoBac on 13/04/2012 no Ae. j. japonicus� larvae were collected and 
all ovitraps were negative. On 18/05/2012 one Ae. j. japonicus� larvae was found in the 
water trough at 1.4km from N1, which was positive on 13/04/2012. However, all ovitraps 
were still negative in May. During the two larval samplings in June each time only one 
larva was found at the same farm in Vincon (1.3km from N1, rain water barrel, buckets 
and tires on silage, close to stable and at the back were checked during each visit). First a 
larva was collected in the rain water barrel (05/06/2012), which was immediately treated 
with VectoMax, and 20 days later a larva was collected in tires on the silage 
(26/06/2012). Also one of the 13 ovitraps in June was positive for Ae. j. japonicus� eggs 
from which 3 larvae hatched in July. Subsequently a new treatment with VectoBac by the 

N1 
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Ovitrapping  
frequency & period 
 

  8x (13/04-26/10/2012) 
  6x (13/04-24/08/2012) 
  4x (29/06-26/10/2012) 
  4x (13/04-26/06/2012) 
  1x (05-26/06/2012) 

       Aedes j. japonicus� 

       Aedes geniculatus 

       Aedes spp. 



91 
 

Civil Protection was ordered and executed on 17/07/2012. Ten days later, two Ae. j. 
japonicus� larvae were found in some tires close to the stable of the farm in Vincon, 
probably hatched after the big rain on 20/07/2012. The positive tires were treated the next 
week (03/08/2012) with VectoMax. Also three of 34 ovitraps (two subsites) were positive 
with 201 hatched Ae. j. japonicus� larvae in the beginning of August. In the end of 
August (24/08/2012) one Ae. j. japonicus� larvae was collected at the tire company Sarri 
Pneus (N2) in one big tire (at the back of the building) of the 33 tires checked. Two of 34 
ovitraps (two subsites) were positive with 16 hatched larvae in the beginning of 
September. A third treatment with VectoBac by the Civil Protection was ordered and 
executed on 14/09/2012. One week later (20/09/2012) three Ae. j. japonicus� larvae were 
collected at the farm in Vincon. One larva was found in one tire on the silage of the 30 
tires checked (10 on silage, 10 close to stable and 10 at the back) and two larvae were 
collected in the rain water barrel. Probably not all tires and the rain water barrel were 
treated with VectoBac. All ovitraps were negative in September. One month later 
(19/10/2012) four Ae. j. japonicus� larvae were found again at the farm in Vincon. Two 
pupae and one larva were collected in the rain water barrel and one larva in a stone plant 
box at the entrance of the farm. One week later (26/10/2012) only one breeding site was 
checked and two Ae. j. japonicus� pupae were collected in the stone plant box. These 
pupae hatched in the lab as Ae. j. japonicus�. Also in October all ovitraps were negative. 
In general the rain water barrel and the tires at the farm in Vincon were, respectively, 
three (06-09-10/2012) on six and three (06-07-09/2012) on seven times positive for Ae. j. 
japonicus� larvae. The water trough at 1.4km from N1 was two (04-05/2012) on nine 
times positive, while the tires in the field at 1.6km were once (04/2012) on six times 
positive. However, in one of these tires a polystyrene piece with Ae. j. japonicus� eggs 
was collected in August. These tires were gone during the visit in September. - Probably 
the farmer of the farm in Vincon used these tires to put them on a new silage. This might 
explain the fact that one larvae of Ae. j. japonicus� was found in a tire on the new silage. 
- The stone plant box was each time positive during the two samplings in October. 
Finally, the tires at the tire company Sarri Pneus (N2) were once (08/2012) on eight times 
positive for Ae. j. japonicus� larvae. 
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Figure 69: results of larval sampling (purple) and oviposition trapping (black) of Ae. j. japonicus� around the 
colonised area N1 (> 500m) in relation to meteorological data and application of larvicides (VectoBac: red arrow; 
VectoMax: pink arrow). Larval sampling: number of Ae. j. japonicus� larvae collected (purple bars), sampling 
days (purple rectangles or arrows), number of positive breeding sites/total number of potential breeding sites 
(below graph in purple). Oviposition trapping: period (black horizontal arrows) and results 

 

4.5. Discussion and conclusion 
 
Ae. j. japonicus� is detected at Natoye since 2002 (Versteirt 2012). Between 2002 and 
2004 no evidence of spread to the surroundings was detected. During the MODIRISK 
project in 2007 and 2008, it was found not only at the used tire company Havelange (N1), 
but also two Ae. j. japonicus� larvae were found at the used tire company Sarri Pneus 
(Versteirt 2012). However, there was still no evidence of spread to the surroundings, 
except for the tire company N2. Now, ten years after its introduction, there is evidence of 
a limited spread of Ae. j. japonicus� outside the tire companies, mainly in southwest 
direction, up to 2km from N1. This spread was first recorded in April 2012 at the start of 
the elimination programme. 
In contrast to the wide and fast spread of Ae. j. japonicus� in Germany and Switzerland 
(Medlock et al. 2012), this invasive species is spreading limited and slowly in Belgium.  
It is not known if this is due to a lag period necessary to adapt to its new environment. In 
this dormant period genetic diversity needs to be build up to increase species diversity, 
the invasive capacity and thus the speed of dispersion (Medlock et al. 2012). In Belgium, 
in 2009 three separate introduction moments were suggested, while in 2010 mixing of 
these three genetic groups occurred (Coosemans et al. 2011). However, this seems not 
enough to spread as fast as in the other European countries. Another explanation might be 
that the environment at Natoye is not suitable enough for Ae. j. japonicus�. The fact that 

� 
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its spread outside the tire companies is in southwest direction might be linked to the 
forest Bois Henrard located in this direction. This forest forms a good ‘shrub-corridor’ for 
the mosquito to spread through compared with the meadows at the other side of N1. 
Mosquitoes prefer to fly through bushes and shrubs and avoid open terrain like meadows 
(Schaffner et al. 2012), which are abundant around N1. The wide environment at Natoye 
might limit the spread of this exotic species, together with a slowly growing genetic 
diversity.  
Already after the first treatment with VectoBac, the Ae. j. japonicus� population at 
Natoye drastically decreased in numbers at and around the colonised area N1. Although 
the treatment was effective, the population has not been eliminated yet. Larvae were 
collected from 12/04/2012 till 26/10/2012, which confirms their adaptation to the cold 
and findings from Versteirt (2012). A peak of eggs from ovitraps hatching in the lab was 
recorded in the beginning of August. There are also still some breeding sites that remain 
positive for this exotic mosquito, as present eggs can still hatch a few weeks after the 
treatment. Further surveillance and control measures (mechanical and biochemical 
treatment) are necessary in 2013 to eliminate this species from the colonised area and 
surroundings before it spreads to other parts in Belgium (see Chapter 4.6.). At least at 
the second hand tire companies N1 and N2 Ae. j. japonicus� should be eliminated, in 
order to avoid the export of eggs in tires that are exported to other regions and countries 
(Versteirt 2012). 
 
Some considerations about the traps used and their effectiveness for Ae. j. japonicus� 
were made.  
� The problem with the ovitraps concerned mainly the predation by birds or rodents. 

Six and 10% of the polystyrene pieces at and around the colonised area N1 were not 
found back, while 26% and 17% were lying next to the trap. This trend seemed to 
have increased since the use of VectoMax in the ovitraps (starting in August), which 
might attract birds or rodents because of the food ingredient (corn or wheat used for 
the formulation of VectoMax). Another explanation might be that the animals were 
looking for water during the dry summer and made repeated visits once the trap was 
discovered. A solution might be to fix the polystyrene piece in the ovitrap or use a 
netting over the trap to avoid stealing by animals. Another problem with the ovitraps 
was that not all eggs hatched in the lab. It seems that this was mainly a problem with 
Ae. geniculatus, which was the only species identified from these eggs using MALDI-
TOF mass spectrometry. This problem also occurred during other surveillances 
(personal communication F. Schaffner). It might be that the eggs were already in a 
diapause or that laboratory conditions were not optimal for this species. 
Notwithstanding these problems, ovitraps were an efficient method to check for the 
presence and spread of Ae. j. japonicus�. 

� To capture adult Ae. j. japonicus� a MMLP trap was used at the second hand tire 
company Havelange (N1), based on the high species diversity this trap catches 
(Versteirt 2012) and on recommendations in the guidelines on trap use (Schaffner et 
al. 2012). During the ExoSurv project, however, no adults of Ae. j. japonicus� were 
collected with the MMLP, in contrast to the ovitrap and larval sampling. It seems 
human landing collections or gravid traps are more effective than MMLP traps to 
capture Ae. j. japonicus� (Versteirt 2012). Although, ethical issues are linked with 
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human landing collections and limitation of the capture period is linked to gravid 
traps, it is necessary to use these trapping methods when adults of this species need to 
be collected. 

� Finally larval sampling was a very efficient method to check for the presence and 
spread of Ae. j. japonicus� and for the efficacy of the control measures. The only 
problem is that it is time consuming. 

 

4.6. Recommendations 
 
In laboratory conditions Ae. j. japonicus� has been shown to be a competent vector of 
West Nile Virus, Japanese Encephalitis Virus and La Crosse Virus, and a moderately 
efficient vector for St. Louis Encephalitis Virus and Eastern Equine Encephalitis Virus 
(Medlock et al. 2012). Females feed on mammals, including humans, in the field 
(Apperson et al. 2004, Versteirt 2012) and on birds in laboratory conditions (Sardelis et 
al. 2003). This means Ae. j. japonicus� could act as zoonotic bridge vector species. 
Further, this exotic mosquito is a real invasive species as has been shown in the US and 
Central Europe. Belgium has started the elimination programme of this exotic species and 
is further responsible to deal with it as it might have consequences for human or animal 
health in the future. 
 
Further surveillance, similar as what was done in the Exosurv project, is recommended, 
but within a smaller perimeter of 3km.  
� In the beginning of April 2013 a larval search of the known potential breeding sites 

(at least the positive ones) should be performed within a perimeter of 3km. This larval 
search should be repeated every month, including a detailed search along transects in 
the forest Bois Henrard.  

� Also ovitraps should be placed up to 3km around Havelange (N1) and checked every 
month. When ovitraps are positive a larval search close to the traps should be done. 

� The sampling perimeter can be enlarged when spread is detected further than 2km 
from N1.  

� During the summer months (June till September) three to five gravid traps should be 
placed around N1 up to 3 km (operating 24h) and human landing collections should 
be performed at sunset. 

� When positive breeding sites are found during the inspection, mechanical and 
biochemical treatment is advised. As mechanical treatment all water accumulations 
must be avoided. As biochemical treatment the larvicides VectoBac or VectoMax can 
be used, depending on the amount of breeding sites to be treated.  

� Collaboration with workmen from the municipality could lower the costs. They could 
collect and replace all polystyrene pieces in the ovitraps and send them to the 
coordinating centre for identification (through hatching, molecular identification or 
mass spectrometry). 

� It is advised that the same people from the Civil Protection are trained and perform 
the biochemical treatment. In this way knowledge on the different breeding sites will 
increase and control will be performed in a more standardised way. When new 



95 
 

positive breeding sites are found, they should also be accompanied by experts to 
indicate the location.  

Surveillance including at least ovitrap and larval sampling is needed to check if control 
measures are efficient and, thus, to achieve successful control. For example, control of 
exotic Aedes species was successful in the Netherlands (Scholte et al. 2010, 2012). 
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5. The establishment and spread of Ae. koreicus���� at 
Maasmechelen, Belgium (Objectives 2B & 3) 

5.1. Introduction 
 
The Asian container breeding mosquito species Aedes koreicus� is native to South 
Korea, Japan, parts of China and eastern Russia. The first detection of establishment 
outside its native range was in Belgium in 2008 (Versteirt 2012). In 2011 it was also 
recorded from north-eastern Italy where it is established locally (Capelli et al. 2011) 
(Figure 70). 
As Ae. j. japonicus�, to which it is closely related (Cameron et al. 2010), it overwinters 
in the egg stage and hatches in spring when the snow melts (Knight 1947). Larvae are 
found in all types of artificial containers close to houses, in pools on rocks in the hills or 
in tree holes (Capelli et al. 2011). In Belgium they were mainly found in man-made 
containers with organic rich water (tires and scrapped construction equipment) (Versteirt 
2012). Females seem to bite humans both during the day and at night in its native range 
(Knight 1947). The vector status of Ae. koreicus� is uncertain, but it is considered as a 
potential vector of Japanese Encephalitis Virus (Shestakov & Mikheeva 1966), has 
intermediate vectorial capacity for the transmission of Brugia malayi (‘elephantiasis’) to 
humans (KCDC 2007) and is experimentally proven to be an efficient transmitter of 
Dirofilaria immitis in dogs (Feng 1938). 
 
Ae. koreicus� was recorded for the first time in Belgium in 2008 in a forest next to the 
industrial area ‘Op de Berg’ at Maasmechelen. This new exotic species was collected at 
two randomly selected sites (2 opposite sites near sand mine) with a MMLP trap (one trap 
week in May (M1) and September (M2)) during the MODIRISK project (Versteirt 2012) 
(Figure 71). A longitudinal study was performed between April and October 2009 to 
assess the degree of establishment and population dynamics of this new exotic species. 
Larvae and eggs were collected up to 4km east of the site of first detection, indicating the 
species is spreading locally (Versteirt 2012). Adults were captured from May till the 
beginning of October with a peak during August and September 2009 (Figure 72). Also 
larvae were still found early October 2009. The establishment of Ae. koreicus� at 
Maasmechelen was reconfirmed in 2010 during 3 random visits. In 2011 few larvae were 
still found 4km east of the site of first detection (personal communication F. Schaffner). 
Though the route of importation of the species into Belgium could not be determined, it 
may have occurred via international trade as a large industrial zone is located nearby 
(Versteirt 2012). 
At Maasmechelen no vector control measures have been started. Surveillance was carried 
out to assess the persistence of the Ae. koreicus� population and to detect possible spread 
in the surroundings (periphery of 4-6km). 
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Figure 70: current known distribution of Ae. koreicus���� in Europe (source: ECDC, VBORNET) 
 
 

 
Figure 71: map of Belgium with location of sites M1 and M2 next to the industrial area ‘Op de 
Berg’ at Maasmechelen 
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Figure 72: Overall phenology of Aedes koreicus���� at Maasmechelen; Gravid = gravid traps 
representing female oviposition activity and larval eclosion; MMLP = Mosquito Magnet Liberty Plus 
traps representing adult activity (Versteirt et al. 2012). 
 

5.2. Materials and Methods 
 
For details on the sampling and handling protocol of larval sampling, MMLP traps and 
ovitraps see Chapter 3.2.2. To avoid proliferation of Ae. koreicus� in the surroundings 
of Maasmechelen, it was decided to treat all ovitraps with VectoMax, starting from 
25/07/2012. Non-hatching eggs from ovitraps were identified at the University of Zurich 
using MALDI-TOF mass spectrometry as described in Kaufmann et al. (2012). A quality 
check of the identifications was performed by F. Schaffner on 19/11/2012 (Annex 1). 
 
The Smart-To-Web tool Vecmap was used to enter the data in the field (Bastier 2012) 
and Access to create the database.  

5.2.1. Inspection of the colonised area (< 1km from industrial area ‘Op de Berg’) 
 
The colonised area at Maasmechelen is situated next to an old sand quarry near the 
national park Hoge Kempen and the industrial park ‘Op de Berg’. The two sites of first 
detection of Ae. koreicus� (M1 and M2) in 2008 were reused to place two MMLP traps. 
� M1: initial reference site in MODIRISK, a small mixed forest fragment with birch, 

oak and pine next to the industrial zone. 
� M2: opposite of the road, in a narrow strip of mixed forest adjacent to a large nature 

reserve (heath). 
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The MMLP trap at M1 (Figure 73) was used in a Latin Square Design (LSD) to test the 
efficiency of the oviposition trap and MMLP trap in low density areas of Ae. koreicus� 
(Chapter 5.2.3.). This trap operated continuously and was sampled every week from July 
till October 2012. 
The MMLP trap at M2 (Figure 73) operated during one week per month from July till 
October 2012. 
Ten ovitraps were placed at the colonised site and sampled from July till October 2012 
(Figure 74). At M1 three ovitraps were used in the LSD and sampled every week 
(Chapter 5.2.3.). At M2 three ovitraps were placed and sampled every month. At each of 
the two new subsites about 1km from M2 in northeast and east direction (Chapter 5.2.2.) 
two ovitraps were set-up and sampled every month. 
 

 
Figure 73: location of the MMLP trap at M1 (right) and M2 (left) 

 

 
Figure 74: indication of the two sites (M1 and M2) and two subsites where ten ovitraps were sampled at the 
colonised area ‘Op de Berg’ (1km perimeter, red circle) 

Ovitrapping  
frequency & period 
 

    16x (11/7 – 31/10/2012) 
    4x (4/7 – 24/10/2012) 
    3x (18/7 – 11/10/2012) 
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Potential breeding sites within 1km perimeter around the industrial zone (Figure 74) 
were searched for larvae during one day per month by two persons from July till October 
2012. The same sites were re-checked on each visit and new sites were added to the 
survey. 
A data logger (Hygropuce, Waranet solutions SAS) for temperature and humidity was 
set-up at M2 (red, TH011) (Figure 75). Temperature and precipitation data from the 
weather stations at Lanaken, Bilzen and Diepenbeek were also retrieved from the Royal 
Meteorological Institute. 
 
 

 
Figure 75: data logger installed at M2 (right) and downloading data (left) 

 

5.2.2. Inspection around the colonised area (> 1km from industrial area ‘Op de 
Berg’) 
 
The PoE, rubber recycling company 3R (see Chapter 3.2.1.3), is located about 5.5km 
from the industrial area ‘Op de Berg’. The results of the MMLP trap and three ovitraps 
set-up at this PoE were also included in the results of the inspection around the colonised 
area of Ae. koreicus� at Maasmechelen. The MMLP trap operated during one week per 
month from August till October 2012. 
Ovitraps were placed on eight transects of 3km around the MMLP trap at M2. Two 
ovitraps (5-10m from each other) were placed at a subsite at a distance of about 1km or 
3km from the MMLP trap, taking into account the accessibility of the subsites. Two 
ovitraps were alternately placed at 3km on the transects. In total 24 ovitraps were set-up 
around M2 ((4 transects x 2 subsites) + (4 transects x 1 subsite)) x 2 ovitraps) (Figure 76 
& 77). Two subsites with four ovitraps are located within the colonised area (Figure 74 
& 76). - During the survey, not the forest around M2 but rather the industrial area ‘Op de 
Berg’ was defined as the colonised area, so the 1km perimeter, initially around M2 in the 
protocol, shifted a little and included these two subsites. - Together with the three 
ovitraps at 3R, in total 23 ovitraps were used to sample around the colonised area ‘Op de 
Berg’. 
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Figure 76: transects (red, 3km) around M2 indicating the 12 subsites of the 24 ovitraps (2 subsites (4 ovitraps) 
at and 10 subsites (20 ovitraps) around the colonised area ‘Op de Berg’ (1km, red circle)) and location of the 
ovitraps at the PoE 3R (6km northeast from M2) 

 
 

 
Figure 77: oviposition traps at Maasmechelen (above: treatment with VectoBac (right), polystyrene 

piece and trap (left); below: installed ovitraps) 

M2 

Ovitrapping  
frequency & period 
 

    4x (11/7 - 31/10/2012) 
    2x (9/8 - 11/10/2012) 

3km 
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Figure 78: transects (red, 3km and 6km) with indication of the colonised area ‘Op de Berg’ (1km, red circle) 
and the larval sampling perimeters (1km, green circles) 

 
 
Potential breeding sites were inspected within a perimeter of about 1km around the 
distance of 3km in northwest, northeast and southeast, and around a distance of 6km in 
southwest direction from M2 (Figure 78). Because of the inaccessible area at 3km in 
southwest direction, the larval search area was shifted 3km further southwest in a more 
urban area. Larval sampling was performed during one day per month by two persons 
from July till October 2012. The same sites were re-checked on each visit and new sites 
were added to the survey. When no potential breeding sites were found anymore in the 
defined perimeters, also sites close to ovitraps were checked for larvae. 
 

5.2.3. Efficiency of oviposition traps and MMLP traps in low density areas of Aedes 
koreicus���� 
 
A Latin square design (LSD) was set-up at M1. One MMLP trap and three ovitraps were 
placed at 70m distance from each other to reduce interference (Figure 79). The traps 
were evaluated with 4 replications; one in July, one in August, one in September and one 
in October 2012 (Table 11). One trapping period consisted of one week, after which the 
traps were changed positions. In total there will be 16 trapping periods (weeks) during the 
4 replications. 

1km 

6km 

3km 

M2 
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Figure 79: latin square design with one MMLP (blue) and three ovitraps (pink) at M1 

 
 
Table 11: Latin square design rotation at M1 with indication of start and end date of sampling and 
trap position (O = ovitrap and M = MMLP trap). 

Replication Start day End day Position 1 Position 2 Position 3 Position 4 

1 

11-jul-12 18-jul-12 O033 O034 M003 O035 
18-jul-12 25-jul-12 O035 M003 O033 O034 
25-jul-12 01-aug-12 O034 O033 O035 M003 
01-aug-12 09-aug-12 M003 O035 O034 O033 

2 

09-aug-12 16-aug-12 O034 O033 O035 M003 
16-aug-12 23-aug-12 O033 O034 M003 O035 
23-aug-12 30-aug-12 M003 O035 O034 O033 
30-aug-12 05-sep-12 O035 M003 O033 O034 

3 

05-sep-12 12-sep-12 O034 O033 O035 M003 
12-sep-12 19-sep-12 O035 O034 M003 O033 
19-sep-12 26-sep-12 O033 M003 O034 O035 
26-sep-12 03-sep-12 M003 O035 O033 O034 

4 

03-okt-12 10-okt-12 M003 O035 O034 O033 
10-okt-12 17-okt-12 O034 M003 O033 O035 
17-okt-12 24-okt-12 O033 O034 O035 M003 

24-okt-12 31-okt-12 O035 O033 M003 O034 

70m 
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5.3. Results 

5.3.1. Inspection of the colonised area (< 1km from industrial area ‘Op de Berg’) 

5.3.1.1. Larval sampling 

 
In total 17 potential breeding sites were checked for larvae: tires, metal containers, 
buckets, plastic sheets, a rain water barrel, plastic containers, dirt tracks and a tree hole 
(Figure 80 & 81). Sixteen potential breeding sites were checked more than once between 
July and October 2012 (Figure 82). Twelve of the 17 sites were found positive for Ae. 
koreicus�, of which six on the west side and six on the south and east side of the 
industrial area ‘Op de Berg’ (Figure 81 & 82).  
Of the 58 larval samplings, 42 were positive for mosquitoes of which 27 for Ae. 
koreicus�. A total of 891 larvae were collected belonging to four species (Figure 83). Ae. 
koreicus� was the second most abundant species with 28%, while most individuals 
belonged to the Culex pipiens complex (68%).  
The larval sampling results of Ae. koreicus� in time are presented in Chapter 5.3.1.4. 
 
 

 
Figure 80: potential breeding sites, negative for Ae. koreicus����, around the colonised area ‘Op de 

Berg’ (< 1km) 
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Figure 81: positive breeding sites for Ae. koreicus���� at the colonised area ‘Op de Berg’ (< 1km) 
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Figure 82: the 17 potential breeding sites at the colonised area ‘Op de Berg’ (< 1km) with indication of the 12 
positive sites for Ae. koreicus���� (red mosquito) 
 
 

 
Figure 83: species composition of the larval search (58 samplings, 891 larvae) at the 

colonised area ‘Op de Berg’ (< 1km) 
 
 
 

Larval sampling 
frequency & period 
 

    6x (7-8-9-10/2012) 
    5x (8-9-10/2012) 
    4x (7-8-9-10/2012) 
    3x (7-8-9-10/2012) 
    2x (9-10/2012) 
    1x (10/2012) 

M2 

M1 

       Aedes koreicus� 

 

1%

68%

28%

3%

Culex pipiens

Culex pipiens/torrentium

Aedes koreicus

Culiseta annulata

� 
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5.3.1.2. Oviposition traps 

 
Three ovitraps were sampled weekly at M1 (LSD) making a total of 48 samplings. Seven 
ovitraps were sampled monthly (three at M2 and four at two subsites) making a total of 
25 samplings. Table 12 gives an overview of the number of ovitraps and samplings 
positive for Ae. geniculatus and Ae. koreicus�. One of the 73 (1%) polystyrene pieces 
was not found back and 12 (16%) were lying next to the trap (Figure 84). These were 
probably predated by a bird or rodent, as biting or picking traces were often seen on the 
polystyrene pieces. 
Only two polystyrene pieces with eggs were collected at the sites M1 and M2 (Figure 
85). Eggs of these two polystyrene pieces did not hatch and were send to the University 
of Zurich and identified by MALDI-TOF mass spectrometry. All were identified as Ae. 
geniculatus. It seems eggs of this species are difficult to eclose in the lab (personal 
communication F. Schaffner). 
 
 

Table 12: summary of the ovitrap sampling results at the colonised area ‘Op de Berg’ (< 
1km) 

N° OT 10 

N° sites & subsites 4 

N° OT + Ae. koreicus� eggs1 0/10 

N° OT + Ae. geniculatus eggs2 2/10 

N° samplings 72/73 (12/72 polystyrenes next to trap) 

N° samplings + Ae. koreicus� eggs1 0/72 

N° samplings + Ae. geniculatus eggs2 2/72 
1Morphologically identified after eclosion of larvae; 2Identified by MALDI-TOF mass 
spectrometry at the University of Zurich 

 
 

 
Figure 84: oviposition traps with the polystyrene piece lying next to the trap 
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Figure 85: the two sites (M1 and M2) and two subsites at the colonised area ‘Op de Berg’ (< 1km, red circle) 
with indication of the positive ovitraps for Ae. geniculatus (yellow mosquito) 

 

5.3.1.3. MMLP traps 

 
At M1 the MMLP trap (LSD) was sampled weekly from June till October 2012 resulting 
in 16 trap weeks. At M2 the MMLP trap was sampled weekly in July 2012, twice in 
August 2012 and once in September and October 2012. Of the eight trap weeks at M2 
there were only two during which the trap worked well (in August). The other six weeks 
the trap was switched off or stopped working, even when another MMLP trap was placed 
(vandalism?). At both sites M1 and M2 Ae. koreicus� was collected with the MMLP 
traps with seven adults and one adult respectively (Figure 86). A total of 96 specimens 
were collected belonging to nine species with most specimens belonging to the Culex 
pipiens complex (Figure 87). Next to container breeding species also forest and 
floodwater species were collected such as Coquillettidia richiardii, Aedes 
cinereus/geminus and Aedes vexans. Although An. plumbeus and Ae. geniculatus were 
not found as larvae in the inspected recipients, they were collected with the MMLP traps. 
The MMLP sampling results of Ae. koreicus� in time are presented in Chapter 5.3.1.4. 
 
 

Ovitrapping  
frequency & period 
 

    16x (11/7 – 31/10/2012) 
    4x (4/7 – 24/10/2012) 
    3x (18/7 – 11/10/2012) 

        Aedes geniculatus 
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Figure 86: Aedes koreicus���� females 

 

 
Figure 87: species composition of the MMLP trap captures at M1 and M2 at the colonised 

area ‘Op de Berg’  (< 1km) (18 trap weeks, n = 96) 
 

5.3.1.4. Phenology of Aedes koreicus� in 2012 

 
An overview of the larval and MMLP sampling results from July till October 2012 are 
shown in Figure 88. During the first larval search on 25/07/2012 33 Ae. koreicus� larvae 
were collected from tyres next to APK Infra & Bouw (west side industrial zone) and in a 
bucket in the forest at the east side of the industrial zone (Figure 89). However, no adults 
were captured in July. In the first week of August the first adult female was captured with 
the MMLP trap at M1, while the second week of August one female was captured at M2. 
At the end of August (29/08/2012) 98 Ae. koreicus� larvae were collected from nine 
potential breeding sites (tyres, buckets, plastic sheets, a metal and plastic container, 
Figure 81) of which five were next to or at the premises of APK Infra & Bouw. Probably 
the big rain on 26/08/2012, following a long hot and dry period, influenced the eclosion 

 

25%

5%

30%

10%

9%

8%

5%
5%

2% 1% Culex pipiens

Culex torrentium

Culex pipiens/torrentium

Aedes cinereus/geminus

Aedes koreicus

Coquillettidia richiardii

Aedes geniculatus

Anopheles maculipennis/messae

Aedes vexans

Anopheles plumbeus

� 
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of many larvae in the end of August. It has to be noted that on this sampling day six new 
potential breeding sites were added to the survey (field training day with F. Schaffner), 
which might explain partly the increase in positive sites and larvae number. However, in 
the last week of August also three females were captured at M1, which was the highest 
catch number of Ae. koreicus� adults during this project. Another two females and one 
male were collected at M1 in, respectively, the second and last week of September. 
During the larval sampling in the end of September (19 & 26/09/12) still a high number 
of larvae (77) was found at the same potential breeding sites and some new ones. This 
time also the rain water barrel at the entrance of the car recycling company Louis Armand 
was positive for Ae. koreicus� (Figure 89). However, six of the eight positive breeding 
sites were next to or at the premises of APK Infra & Bouw. Although little rain fell in the 
weeks before, still a lot of larvae were collected as the checked recipients do not dry out 
as fast. In October it rained a lot, but less Ae. koreicus� larvae (38) were sampled on 
17/10/2012, although a similar number and mostly the same breeding sites were positive 
(four next to or at the premises of APK Infra & Bouw). Also no adults were collected 
anymore with the MMLP trap in October. It seems the peak activity of adults, but also of 
larvae was in the end of August and during September 2012. The last two weeks of 
October a few known breeding sites were checked for Ae. koreicus� larvae to see if eggs 
were still hatching. On 24/10/2012 only four pupae were collected from a plastic sheet. 
These pupae hatched in the lab as Ae. koreicus�. One week later no larvae or pupae were 
found anymore. 
 

 
Figure 88: results of larval sampling (purple) and the MMLP trapping (horizontal arrows) of Ae. koreicus�  in 
relation to meteorological data at the colonised area ‘Op de Berg’ (< 1km). Larval sampling: number of Ae. 
koreicus� larvae collected (purple bars), sampling days (purple rectangles), number of positive breeding sites/total 
number of potential breeding sites (below graph in purple). MMLP trapping: period (horizontal arrows, red  = 
M1 and blue = M2) and results 

 

� 
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Figure 89: the 17 potential breeding sites at the colonized area ‘Op de Berg’ (< 1km) with indication of the 12 
positive sites for Ae. koreicus���� (red mosquito) and of the company APK Infra & Bouw and the car recycling 
company Armand Louis 

 

5.3.2. Inspection around the colonised area (> 1km from industrial area ‘Op de 
Berg’) 

5.3.2.1. Larval sampling 

 
In total 23 potential breeding sites were checked for larvae: water troughs, tires, buckets, 
plastic containers, flower vases, puddles, dirt tracks and a metal container (Figure 90). 
Fifteen potential breeding sites were checked more than once between July and October 
2012 (Figure 91). None of the 25 sites were found positive for Ae. koreicus�.  
Of the 52 larval samplings, 26 were positive for mosquitoes of which none for Ae. 
koreicus�. A total of 833 larvae were collected belonging to four species (Figure 92). 
Most individuals belonged to the Culex pipiens complex (68%). An. plumbeus was only 
collected at one breeding site (tyre in forest) 4km east of the industrial area ‘Op de Berg’. 
 
 

Larval sampling 
frequency & period 
 

    6x (7-8-9-10/2012) 
    5x (8-9-10/2012) 
    4x (7-8-9-10/2012) 
    3x (7-8-9-10/2012) 
    2x (9-10/2012) 
    1x (10/2012) 

M2 

M1 

       Aedes koreicus� 

APK Infra  

& Bouw 

Car cemetry  

Armand Louis 
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Figure 90: potential breeding sites, negative for Ae. koreicus����, around the colonised area ‘op de Berg’ 
(> 1km) 
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Figure 91: the 23 potential breeding sites around the colonised area ‘Op de Berg’ (> 1km, red circle) with 
indication of the larval search perimeters (1km, green circles) 

 
 

 
Figure 92: species composition of the larval search (52 samplings, 833 larvae) around the colonised 

area ‘Op de Berg’ (> 1km) 
 
 

5.3.2.2. Oviposition traps 

 

 

1% 0%

83%

9%
7%

Culex pipiens

Culex torrentium

Culex pipiens/torrentium

Anopheles plumbeus

Culiseta annulata

M2 

Larval sampling 
frequency & period 
 

    4x (7-8-9-10/2012) 
    3x (7-8-9-10/2012) 
    2x (9-10/2012) 
    1x (7-9-10/2012) 
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Eighteen ovitraps at nine subsites were sampled four times from July till October 2012. 
Two ovitraps at one subsite were sampled three times and three ovitraps at the PoE 3R 
were sampled twice from August till October 2012. Table 13 gives an overview of the 
number of ovitraps and samplings positive for Ae. geniculatus and Ae. koreicus�. Three 
of the 84 (4%) polystyrene pieces was not found back and 26 (31%) were lying next to 
the trap (Figure 84). These were probably predated by a bird or rodent, as biting or 
picking traces were often seen on the polystyrene pieces. 
Only three polystyrene pieces with eggs were collected at three subsites (Figure 93). 
Eggs of these three polystyrene pieces did not hatch and were send to the University of 
Zurich and identified by MALDI-TOF mass spectrometry. All were identified as Ae. 
geniculatus. It seems eggs of this species are difficult to eclose in the lab (personal 
communication F. Schaffner). 
 

Table 13: summary of the ovitrap sampling results around the colonised area ‘Op de Berg’ (> 1km) 

N° OT 23 

N° subsites & sites 11 

N° OT + Ae. koreicus� eggs 0/23 

N° OT + Ae. geniculatus eggs1 3/23 

N° samplings 81/84 (26/81 polystyrenes next to trap) 

N° samplings + Ae. koreicus� eggs 0/81 

N° samplings + Ae. geniculatus eggs1 3/81 
1Identified by MALDI-TOF mass spectrometry at the University of Zurich 

 

 
Figure 93: the ten subsites and one site (3R) around the colonised area ‘Op de Berg’ (> 1km) (red circle) 
with indication of the positive ovitraps for Ae. geniculatus (yellow mosquito) 

Ovitrapping  
frequency & period 
 

    4x (11/7 - 31/10/2012) 
    2x (9/8 - 11/10/2012) 

        Aedes geniculatus 
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5.3.2.3. MMLP trap 

 
At the PoE 3R three weeks were sampled with the MMLP trap from August till October 
2012. A total of 55 specimens were collected belonging to ten species (Figure 94). Only 
one third (34%) belonged to the Culex pipiens complex. More than one third were forest 
and floodwater species such as Aedes vexans, Coquillettidia richiardii, Aedes 
cinereus/geminus, which was probably linked to the natural area with some ponds nearby 
No adults of Ae. koreicus� were collected at 3R. Although Ae. geniculatus eggs were 
sampled with the ovitraps, this species was not found as larvae, nor collected with the 
MMLP traps. 
 
 

 
Figure 94: species composition of the MMLP trap captures at 3R around the colonised area ‘Op de 

Berg’ (> 1km) (3 trap weeks, n = 55) 
 

5.3.3. Efficiency of oviposition traps and MMLP traps in low density areas of Aedes 
koreicus���� 
 
During the 16 trap weeks of the MMLP trap, seven Ae. koreicus� were collected on four 
occasions (Figure 88), the first (replication 1) and last week (replication 2) of August at 
position 1, the second week of September at position 4 (replication 3) and the fourth 
week of September at position 2 (replication 3) (Figure 79). Only once one egg was 
sampled in the last week of July at position 3. As it did not hatch in the lab, it was 
identified as Ae. geniculatus by MALDI-TOF mass spectrometry at the University of 
Zurich. No eggs of Ae. koreicus� were sampled with the three ovitraps. 
Altough no statistical analysis was performed because of the low number of adults and 
eggs sampled, it is clear that the MMLP trap detected Ae. koreicus�, while the ovitraps 
did not. However, problems with the ovitraps occurred. Five of the 48 polystyrene pieces 
sampled (10%) were lying next to the trap and two (4%) were never found back. The 
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fourth week of September an ovitrap was gone, probably stolen. At three of the four 
occasions Ae. koreicus� adults were captured with the MMLP, problems with at least one 
ovitrap occurred. The MMLP trap did not work on two occasions, of which once the 
propane gas bottle was stolen.  
 

5.4. Discussion and conclusion 
 
During the longitudinal study of MODIRISK in 2009 Ae. koreicus� larvae and eggs and 
in 2011 Ae. koreicus� larvae were collected up to 4km east of the industrial area ‘Op de 
Berg’, indicating it is locally expanding. However, in the ExoSurv project the positive 
breeding sites from 2009 and 2011 were regularly checked and no Ae. koreicus� larvae 
were found anymore. Also none of the ovitraps in this area were positive. Did the 
population retreat itself again to the industrial area (maybe because of the dry summer?), 
or is it too low in numbers to detect? It seems after five years this exotic mosquito species 
is still well established at less than 1km from the industrial zone ‘Op de Berg’. The 
limited spread occasionally found in the east of the industrial area might be explained, as 
was done for Ae. j. japonicus� at Natoye, by the presence of the forest ‘Mechelse Bos’, 
which forms a good ‘shrub-corridor’ for the mosquito to spread through compared with 
the open terrain of the sand quarry and the heath at the other sides of the industrial area. 
Mosquitoes prefer to fly through bushes and shrubs and avoid open terrain (Schaffner et 
al. 2012). Larvae were collected from 25/07/2012 till 24/10/2012, which confirms their 
adaptation to the cold and findings from Versteirt (2012). In contrast to the situation with 
Ae. j. japonicus�, little is known yet on the invasive capacities of Ae. koreicus�. Until 
now, this species was not considered as an invasive Aedes. In both Belgium as Italy, 
where it became locally established in 2011, it is not widely spreading. But as all Aedes 
species Ae. koreicus� might have a large adaptive capability (Becker et al. 2010) and 
become invasive after a while. As with Ae. j. japonicus� at Natoye, it might be that a lag 
period is observed in which genetic diversity has to be build up. Ae. koreicus� seems 
better adapted to urban environments than the forest dwelling Ae. j. japonicus� which is 
surprising given the recent worldwide invasions of the latter species (Versteirt 2012). 
Probably this was merely by chance and there is a distinct possibility that Ae. koreicus� 
will also spread worldwide (Cameron et al. 2010). Elimination of Ae. koreicus� in 
Belgium (mechanical & biochemical) is still an option at this moment because of the 
small size of the area where it is established and is therefore recommended using the 
precautionary principle (see Chapter 5.5.). 
It is probable that the origin of import of Ae. koreicus� is located at the industrial area 
‘Op de Berg’, more precisely on the west side (APK Infra & Bouw?). A hypothesis is that 
this species is imported through the import of large excavator machines from Korea. 
Companies such as ECEM trading in the south of Maasmechelen, which imports used 
construction equipment from China, should be followed up and included in the general 
surveillance programme. 
 
Some considerations about the traps used and their effectiveness for Ae. koreicus� were 
made.  
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� No Ae. koreicus� eggs were collected with the ovitraps in 2012. Results from the 
Latin Square design indicate ovitraps are less efficient than MMLP traps to detect Ae. 
koreicus� in low density areas. Also in 2009 only two of the 17 ovitraps were found 
positive for Ae. koreicus� in two of the seven months sampled (Versteirt et al. 2012). 
It might be an option to change the black plastic ovitrap into a metal or light-coloured 
plastic ovitrap, as larvae were often found in metal or light-coloured containers. 
Another alternative is to use the local infusion from known breeding sites to be sure it 
attracts Ae. koreicus�. This can be done by adding the local infusion to an ovitrap or 
by putting a polystyrene oviposition support into a known breeding site. 

� As at Natoye, the problem with the ovitraps concerned mainly the predation by birds 
or rodents. One and 4% of the polystyrene pieces at and around the colonised area 
‘Op de Berg’ were not found back, while 16% and 31% were lying next to the trap. 
The use of VectoMax in the ovitraps might attract birds or rodents because of the 
food ingredient (corn or wheat used for the formulation of VectoMax). Another 
explanation might be that the animals were looking for water during the dry summer 
and made repeated visits once the trap was discovered. A solution might be to fix the 
polystyrene piece in the ovitrap or use a netting over the trap to avoid stealing by 
animals. Another problem with the ovitraps was that not all eggs hatched in the lab. It 
seems that this was mainly a problem with Ae. geniculatus, which was the only 
species identified from these eggs using MALDI-TOF mass spectrometry. This 
problem also occurred during other surveillances (personal communication F. 
Schaffner). It might be that the eggs were already in a diapause or that laboratory 
conditions were not optimal for this species. 

� To capture adult Ae. koreicus� a MMLP trap was used at M1 and M2, based on the 
results from the MODIRISK project (more efficient than BG sentinel traps in 
capturing Ae. koreicus�, Versteirt 2012) and on recommendations in the guidelines 
on trap use (Schaffner et al. 2012). During the ExoSurv project, however, few adults 
of Ae. koreicus� were collected with the MMLP trap, in contrast to the larval 
sampling. It seems gravid traps are more effective than MMLP traps to capture Ae. 
koreicus� (Versteirt 2012). Also human landing collections should be done during a 
next survey to investigate the biting behaviour of this species. Although, ethical 
issues are linked with human landing collections and limitation of the capture period 
is linked to gravid traps, it is necessary to use these trapping methods when adults of 
this species need to be collected. 

� Finally larval sampling was the most efficient method to check for the presence and 
spread of Ae. koreicus�. The only problem is that it is time consuming. 

 

5.5. Recommendations 
 
Although the vector status of Ae. koreicus� is uncertain and it cannot be considered yet 
as a real invasive species, it is considered as a potential vector of Japanese Encephalitis 
Virus (Shestakov & Mikheeva 1966), has intermediate vectorial capacity for the 
transmission of Brugia malayi (‘elephantiasis’) to humans (KCDC 2007) and is 
experimentally proven to be an efficient transmitter of Dirofilaria immitis in dogs (Feng 
1938). Especially its status as potential vector species for Japanese Encephalitis Virus (at 
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least in the former USSR) implicates a certain human health risk. Although the species 
was not observed as being aggressive towards humans, females seem to bite humans both 
during the day and at night in its native range (Knight 1947) and have a greater 
preference for human habitations than A. j. japonicus� (Medlock et al. 2012). Nothing is 
known on the local feeding habits, the competition potential and thus the effect on the 
native fauna of Ae. koreicus� (Versteirt 2012). Besides, its spread at Maasmechelen is 
stable and limited. Consequently, when using the ISEIA protocol for invasive species (a 
simplified environmental impact assessment protocol, Branquart 2007) to determine the 
impact of this species, a low score (3) is reached at this moment (no environmental risk). 
However, it has to be noted that the ISEIA protocol is being expanded at the moment to 
integrate also plant, animal and human health issues, which will increase the score of Ae. 
koreicus�. Further, the adaptive capability of mosquito species, especially Aedes spp., 
cannot be underestimated (e.g. Ae. albopictus�). Although little is known on this exotic 
species, Belgium is responsible to deal with it as it might have consequences for human 
or animal health in the future. The precautionary principle could be used as it is unknown 
what Ae. koreicus� will do in the future. The precautionary principle enables rapid 
response in the face of a possible danger to human, animal or plant health, or to protect 
the environment (EU 2012). In particular, where scientific data do not permit a complete 
evaluation of the risk, recourse to this principle may be used, for example, to stop 
distribution or order withdrawal from the market of products likely to be hazardous (EU 
2012).  
 
Further surveillance, similar as what was done in the Exosurv project, is recommended, 
within a perimeter of 4km.  
� In the beginning of May 2013 a detailed larval search should be performed at the 

industrial zone ‘Op de Berg’ (including al private properties, e.g. APK Infra & Bouw 
and the car recycling company Louis Armand) and also along some transects (or 
paths) in the forest ‘Mechelse Bos’ in the east (up to 4 km) to check for tree holes and 
other containers. This larval search should be repeated every month.  

� Adapted ovitraps (other colour or material, natural infusion from breeding sites or 
using local recipients) should be tested for the efficacy of collecting Ae. koreicus� 
eggs. If efficient, they should be placed around the industrial zone ‘Op de Berg’ up to 
2 km. Every month ovitraps should be sampled. When ovitraps are positive a larval 
search close to this trap should be done. 

� The sampling perimeter can be enlarged when spread is detected further than 1km 
around the industrial area.  

� During the summer months (June till September) three to five gravid traps should be 
placed around the industrial zone ‘Op de Berg’ up to 2 km (operating 24h) and human 
landing collections should be performed at sunset.  

� When positive breeding sites are found during the inspection, mechanical and 
biochemical treatment is advised. As mechanical treatment all water accumulations 
must be avoided. As biochemical treatment the larvicides VectoBac or VectoMax can 
be used, depending on the amount of breeding sites to be treated.  

� Collaboration with workmen from the municipality could lower the costs. They could 
collect and replace all polystyrene pieces in the ovitraps and send them to the 
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coordinating centre for identification (through hatching, molecular identification or 
mass spectrometry). 

� It is advised that the same people from the Civil Protection are trained and perform 
the biochemical treatment. In this way knowledge on the different breeding sites will 
increase and control will be performed in a more standardised way. When new 
positive breeding sites are found, they should also be accompanied by experts to 
indicate the exact location.  

Surveillance including at least ovitrap and larval sampling is needed to check if control 
measures are efficient and, thus, to achieve successful control. For example, control of 
exotic Aedes species was successful in the Netherlands (Scholte et al. 2010, 2012). 
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6. General recommendations 
 
Routine EMS inspections at high risk PoE are recommended to identify as early as 
possible the presence of EMS, especially those that are proven or potential vectors of 
pathogens of public health importance (such as Dengue Virus and Chikungunya Virus), 
with the aim to prevent their establishment (through control). In neighbouring countries 
awareness has risen during the last years on the risk posed by exotic and indigenous 
vector species (Versteirt 2012). In the Netherlands (CMV), France (CNEV), and UK 
(HPA) a nationwide coordinating organisation or centre is established, dealing with 
vectors and vector related public health problems. Training personnel is time and money 
consuming. It takes some time before developing the required skills for sampling, larval 
prospection, mosquito identification. This initial investment is only meaningful if a 
structural framework is foreseen to perform surveillance on a routine basis. If not the 
expertise and the acquired experience will be lost. Moreover every time there is an 
expressed need for surveillance (e.g. because of a risk for epidemics) expertise has to be 
rebuild from scratch losing precious time to take the appropriate decision. Decision 
makers are strongly recommended to go for a structural solution to keep and improve 
the level of expertise to assure a surveillance in the long term. The creation of a 
national centre that would centralise expertise and facilitate vector monitoring, 
surveillance and control, as well as early warning/detection systems and prevention, is an 
example of a structural solution. Further, a legal context to implement the necessary 
control measures should be created in Belgium, making biochemical treatment possible 
in certain circumstances. 
 
A distinction has to be made between the case of an isolated EMS imported at a PoE and 
the case of a progressive expansion of an EMS into a new area. In the first case the EMS 
can establish itself at the PoE, but will disappear if no new introductions (new genetic 
material) occur. In Belgium, Ae. albopictus� was intercepted at a tire company in 
Vrasene in 2000 (Schaffner et 2004), but no discoveries have been made since, although 
the area has been monitored regularly. On the other hand, Ae. koreicus� and j. 
japonicus� are locally established since at least five years, but spread is limited. This 
could change if new introductions occur and genetic groups start to recombine resulting 
in a sudden shift in their invasive and vector capacity. Therefore, further surveillance and 
control measures are recommended for both EMS. Ae. j. japonicus� needs to be 
eliminated as its invasive character is proven in the US and Central Europe and its vector 
status is clear. Although the invasive and vector status of Ae. koreicus� is uncertain, 
elimination is also recommended (use of the precautionary principle), as it is an exotic 
Aedes species, which have a large adaptive capability. The example from the 
Netherlands, where cases of isolated EMS were found and successfully controlled 
(Scholte et al. 2010), indicates that surveillance and treatment is meaningful. 
Especially in countries as Belgium where isolated cases appear, immediate treatment can 
be successful as the EMS are not yet well adapted and their spread is limited. This is in 
contrast to countries from southern Europe, for example in Spain and Italy, where IMS 
(e.g. Ae. albopictus�) are already well adapted and progressive expansion is ongoing 
from southern to Central Europe. Once Ae. albopictus� reaches northern France, its 
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establishment in Belgium will be unavoidable, as this species will be well adapted to the 
northern climatic circumstances by then. However, the continuous surveillance and 
control in the years before will have enlarged our knowledge and experience on invasive 
mosquitoes and Belgium will be better prepared to deal with this kind of colonisation. 
 
There is a need for an inventory of companies at risk for importing EMS (mainly: 
import - export of used tires from big engines, import of used engines, lucky bamboo 
plantation).  Specific regulations should be developed and applied to diminish the risk, 
and to implement regularly appropriate inspections. 
 
Although a number of control strategies for mosquito borne diseases operate in different 
localities and countries, Integrated Vector Management (IVM) techniques, such as 
source reduction (a community based approach), pesticide application, biological control, 
education and public awareness, as well as personal protection seem to offer to most 
promising results (Abramides et al. 2011). An important point in carrying out long-term 
effective control is that it is necessary to include the collaboration of people who possess 
domestic points of breeding (Heintze et al. 2007). Several researchers advocate that 
source reduction efforts are the only sustainable way to control Aedes vectors (Winch et 
al. 2002, Horstick et al. 2010).  
 
Also endemic mosquito species should be followed up as some species can undergo 
adaptations and evolve in a vector of pathogens. For example, Culex pipiens s.l. is the 
most common mosquito in Belgium (60%) and has two genetic forms, from which 
hybrids could act as bridge vector (Versteirt 2012). Another example is An. plumbeus, 
which has made a habitat shift towards human-created habitats and causes severe 
nuisance at local scale in Belgium (Dekonick et al. 2011) and is most likely a potential 
vector of tropical Plasmodium falciparum in Europe (Kruger et al. 2001, Eling et al. 
2003). 
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7. Dissemination of project outputs 
 
This report was written for the end users (Federal Government, Flemish, Walloon and 
Brussels-Capitol Region). 
 
Two scientific papers will be submitted with the results of the ExoSurv project: 
� Risk assessment of the introduction of new exotic mosquito species (Culicidae) and 

Culicoides (Ceratopogonidae) in Belgium. 
� Assessment of the efficacy of the control measures against Ae. j. japonicus� at 

Natoye, Belgium. 
 
Although it was mentioned in the contract to produce a leaflet, through mail it was agreed 
with the federal government and the three regions not to make a leaflet, but produce 
recommendations to be given to the public concerned (mayors, citizens, civil protection, 
….) during the surveillance and during the control.  
Door-to-door leaflets are effective in reaching the people that are most likely to be 
affected (local authorities and inhabitants), and are, in addition to disseminating 
surveillance results (through a website for example), the best methods of involving 
people in an EMS-affected area in preventive and/or control actions that need public 
involvement (Schaffner et al. 2012). 
Based on the communication plan at the Netherlands (Scholte et al. 2012), a similar plan 
should be made for Belgium. The company where an exotic mosquito was found, 
together with the mayor of the affected municipality, should be informed first by the 
inspector. Information covering surveillance activities, objectives and results (e.g. 
distribution maps of the exotic species) should be posted on the website of the 
municipality or on a website hosted by the coordinating institution. Next, the mayor 
should distribute information leaflets to the tire companies or other companies (e.g. at the 
industrial zone ‘Op de Berg’) and to inhabitants around the colonised area to inform 
about the found species. Included in the leaflet should be a short part on the biology of 
the EMS, the upcoming or on-going control by the Civil Protection, the control measures 
to be taken by the companies and inhabitants, and the rationale behind the control 
activities, with references and contact information of the institute dealing with the 
surveillance and the responsible authorities regarding environment and health related 
issues, as well as links to their websites. Collaboration of the local population is very 
important (Abramides et al. 2011). It is also advised that the same people from the Civil 
Protection are trained and perform the biochemical treatment. In this way knowledge on 
the different breeding sites will increase and control will be performed in a more 
standardised way. When new positive breeding sites are found, they should also be 
accompanied by experts to indicate the location. 
 
Important control measures to be taken by the companies and inhabitants are listed 
below. 
For the companies affected (used tire company or other company): 
� Remove water from all recipients (e.g. tires, old construction material). 
� Keep recipients dry (by systematic emptying and turning around). 
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� Cover tires at least with plastic sheets mainly for the tires stacks bordering the wood 
or roof, indoor storage, shed. 

� Avoid stagnant water on the sheets. 
 
For the inhabitants:  
� Avoid water accumulation in artificial containers. 
� Cover the rain water barrels (empty the rain water barrel and turn around if not used). 
� Populate pools and ponds with fish. 
� Tires disposed on the agricultural silages can be cut in two parts or must be disposed 

in a way they cannot stock rainwater. 
� The covering of silages must be in a way that the rainwater can flow to the ground. 
� The tires that are not used (in farms for example) can be evacuated for destruction. 
� It is also recommended to empty the water troughs if the pastures are not used or 

change the water regularly when used. 
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