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Implementation of surveillance of invasive
mosquitoes in Belgium according to the ECDC
guidelines
Isra Deblauwe1*, Charlotte Sohier1, Francis Schaffner2,3, Laurence Marrama Rakotoarivony4 and Marc Coosemans1,5
Abstract

Background: In 2012, the new guidelines for the surveillance of IMS in Europe, produced by the European Centre
for Disease Prevention and Control (ECDC), were tested in Belgium. This study aimed at (1) testing the usefulness
and applicability in the field of the ECDC guidelines for the surveillance of IMS in Europe and (2) surveying IMS
throughout Belgium.

Methods: First, the scenarios, which Belgium is facing, were identified according to the ECDC guidelines. Second,
the surveillance strategy and the methods were identified based on the guidelines and adjusted to the Belgium
context. Two areas colonised by IMS and 20 potential points of entry (PoE) were selected. Mosquito Magnet Liberty
Plus (CO2-baited) traps (23) and oviposition traps (147) were set-up, and larval sampling was performed monthly or
bi-monthly from July till October 2012. Finally, the costs and workload of the surveillance activities were compared
to the estimates provided by the ECDC guidelines.

Results: Surveillance at 20 potential PoE (complying with scenario 1) revealed that no new IMS were established in
Belgium. Surveillance at two sites colonised by IMS (scenario 2) indicated that although control measures have
drastically reduced the Ae. j. japonicus population this species is still present. Furthermore, Ae. koreicus is
permanently established. For both scenarios, the problems encountered are discussed and recommendations are
given. In addition, the actual workload was lower than the estimated workload, while the actual costs were higher
than the estimated ones.

Conclusions: The ECDC guidelines are helpful, applicable and efficient to implement surveillance of IMS in Belgium.
Recommendations were customised to the local context (political demands, salary and investment costs, and
existing expertise). The workload and costs related to the preparatory phase (i.e., planning, contacts with the PoE,
writing a protocol) were found to be missing in the cost evaluation suggested in the guidelines. Updates on the
occurrence of IMS in Belgium and the related risk for disease agents they can transmit will only be available once a
structured and permanent surveillance system is implemented.

Keywords: Invasive mosquito species, ECDC guidelines, Points of entry, Colonised area, Aedes, Oviposition trap,
MMLP trap, Larval sampling, Surveillance, Europe
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Background
The incidence and geographical spread of mosquito-
borne diseases (MBD) is increasing in Europe [1], as
demonstrated by the recent autochthonous outbreaks of
dengue, chikungunya, West Nile and Usutu virus in
humans and/or animals [2-5]. Increasing globalisation
(global movement of goods, animals and humans), cli-
mate and environmental changes seem to be facilitating
factors for these epidemics [6]. Introduction of the mos-
quito vectors and the pathogens they transmit through
global transport is becoming a topical issue that cannot
be ignored anymore.
Container-breeding mosquitoes of the Aedes genus

(Culicidae), which are (potential) vectors of several arbo-
viruses [7], have an invasive potential as their eggs can
withstand desiccation for many months and thus survive
a long transportation time [8]. Six species have already
been introduced into Europe, of which at least four (Aedes
albopictus, Ae. aegypti, Ae. japonicus japonicus and Aedes
koreicus) became regionally established [7,9]. Since 2005,
regular introductions of Aedes species through lucky bam-
boo and second hand tyre importation were observed in
the Netherlands [10,11]. In 2000, one larva and one pupa
of Ae. albopictus were collected on the premises of a tyre
company in Belgium (East Flanders) [12] but the species
did not survive in the area. This species was, however,
reintroduced in 2013 at the same location [13]. During a
mosquito inventory of Belgium (MODIRISK 2007–2010),
two other established invasive mosquito species (IMS)
were detected [14]. At one site (Natoye), Ae. j. japonicus,
already found in 2002, seemed to be well established in
2008 without spreading to the surroundings [15]. At the
other site (Maasmechelen), Ae. koreicus was found for the
first time in 2008 and seemed only locally established [16].
Whereas Ae. j. japonicus most likely had been introduced
through the second hand tyre trade, the introduction
pathway of Ae. koreicus remains unclear as it was found in
a forest near an industrial zone, without an evident link
with a commerce route [16].
The risk for establishment of the most invasive mos-

quito Ae. albopictus in northern Europe is increasing
[17,18]. Climatic conditions have become warmer and
wetter in north-western Europe, and thus are more suit-
able for Ae. albopictus [17]. Furthermore, the number of
imported chikungunya and dengue cases in Belgium is
also increasing [19,20]. The fact that IMS are able to
enter Belgium and to establish, together with the global
emergence of MBD emphasizes the need for the imple-
mentation of IMS surveillance in Belgium to detect pos-
sible foci of introduction and establishment at an early
stage. Early detection of IMS allows appropriate and
rapid implementation of control measures, and thus
contributes to prevent MBD; while the surveillance of
their abundance and further spread in colonised areas is
needed for timely risk assessments of pathogen trans-
mission to humans or animals [21,22].
Besides the public health concern, epidemics of MBD

can have a considerable economic impact. For example,
the medical costs of the chikungunya outbreak on La
Réunion was 43.9 million euros [23]. The probability for
early detection of an IMS or MBD, or for rapid interrup-
tion of transmission once an outbreak occurs, is directly
related to an adequate surveillance system [24]. Only a
few European countries have an active national IMS sur-
veillance system (France, UK, the Netherlands, Germany)
[25]. Although the interest in and need for IMS surveil-
lance is increasing in European countries, the recent eco-
nomic crisis makes it difficult to get the necessary funding
[26]. An estimate of the full costs of a complete mosquito
surveillance programme, is a preliminary requirement.
The European Centre for Disease Prevention and Con-

trol (ECDC) has produced guidelines to support the im-
plementation of tailored surveillance of invasive mosquito
vectors in Europe [27,28]. In March 2012, ECDC launched
a call for candidature to evaluate these new guidelines
in the field (pilot project). The Belgium candidature
was accepted and IMS surveillance implemented dur-
ing a six month project (ExoSurv). This study aimed
at (1) evaluating the usefulness and applicability in the
field of the ECDC guidelines for the surveillance of
IMS and (2) surveying IMS throughout Belgium in the
summer of 2012. The identification process of surveillance
strategies, interpretation and adaptation of the method-
ology proposed in the guidelines to the Belgium context
and constraints, as well as a comparison of the estimated
and actual cost and workload were performed and de-
scribed by the ITM staff only. ECDC coordinated the
ECDC pilot project and VBORNET (network of medical
entomologists and public health experts, funded by
ECDC) provided technical support during the imple-
mentation. Thus, recommendations and evaluations are
performed by independent bodies. The main results of
the surveillance, at potential points of entry (PoE) and
at two sites where IMS are known to be present, are
given and discussed. Detailed results of the surveillance
in terms of mosquito findings and efficacy of control
methods can be found in an online available report [29].

Methods
Decision making process: development of a surveillance
strategy using the ECDC guidelines, adaptation to the
local situation in Belgium
In the ECDC guidelines [28], three scenarios are defined,
of which two were identified in Belgium and used for
the development of the surveillance strategy. Based on the
recent Belgian mosquito inventory study MODIRISK [14],
the whole country, except for two locations (see below),
fulfils the criteria of scenario 1 of the guidelines, i.e. “no
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established IMS, but with risk of introduction and estab-
lishment”. The two remaining locations (Natoye and
Maasmechelen), where two IMS are locally established,
correspond to scenario 2 of the guidelines, i.e. “locally
established IMS with low risk of spreading into new
areas”. During the ExoSurv project key procedures were
implemented following figure seven of the guidelines [28].
For scenario 1, the objective is the surveillance of potential
PoE for the presence of IMS. For scenario 2, an additional
objective is the surveillance (i) at colonised areas for pres-
ence and persistence and, (ii) at surroundings for spread.

Operational process: identification of the sites at risk for
introduction or spreading of IMS
For scenario 1, PoE included platforms of imported used
tyres, shelters/greenhouses for imported cutting plants
(e.g. lucky bamboo), main parking lots near highways at
country borders and near road axes connected to IMS-
colonised areas, ports and airports [28]. Based on the
evaluation of the risk to introduce IMS according to the
ECDC guidelines, we selected nine sites already sampled
during the MODIRISK project [14] and 17 additional
PoE. A standard email was sent or a phone call was
made to request permission to survey each of the 26 se-
lected PoE. A limited number of new sites (n = 7) were
Figure 1 Localisation of the different points of entry (PoE) and the tw
airplane = airport; boat = port; flower = shelter or greenhouse for imported
tyres; petrol pump =main parking lot near highway at country border; trian
visited in advance to check the suitability for import of
IMS and the willingness of the landowners to collaborate
with the study team. For scenario 2, the two colonised
areas were located at the imported used tyre company
in Natoye and at the industrial zone ‘Op de Berg’ in
Maasmechelen (Figure 1, Additional file 1). Both had already
been surveyed during the MODIRISK project [14].

Operational process: collection methods
Table 1 compares methods used in this ExoSurv project
and methods recommended by the ECDC guidelines. All
six Aedes species introduced in Europe (Ae. albopictus,
Ae. aegypti, Ae. j. japonicus, Ae. koreicus, Ae. atropalpus
and Ae. triseriatus) were targeted. During the six-month
project there were four months of actual surveillance (July
till October 2012). The same sampling effort was applied
in all PoE to obtain comparable data. The Mosquito
Magnet Liberty Plus (MMLP, CO2-baited, Woodstream
Corporation, Lititz, PA, USA) trap was used at all PoE
and two colonised areas (Natoye and Maasmechelen) as
it has at least a fair efficacy for all invasive Aedes species
(see table two in guidelines [28]) and it can be run for a
week without additional power supply. Moreover, MMLP
traps were more efficient than the BG-Sentinel traps in
capturing Ae. koreicus and in Belgium this trap scored for
o areas colonised by invasive mosquito species (IMS). Symbols:
cutting plants; fruits or vegetables; tyre = platform of imported used
gle = colonised area.



Table 1 Comparison of the recommended (ECDC) and implemented (ExoSurv) mosquito collection methods at the
points of entry (PoE) (Scenario 1) and the areas colonised by invasive mosquito species (IMS) (Scenario 2)

A. PoE (Scenario 1)

Type of PoE Methods and traps ECDC ExoSurv2

Density traps Frequency Density traps Frequency

Storage sites for imported used tyres
Key procedure

BG/MMLP1 1/5000 m2 2/month 1.3/5000 m2 1/month

LS1 1/10 tyres 2/year 20 tyres 1/month

OT1 0 NA* 3.8/5000 m2 1/month

Shelters/greenhouses for imported
plants/fruits/vegetables Key procedure

BG/MMLP 1/5000 m2 2/month 0.4/5000 m2 1/month

LS 20 vessels 2/year 20 vessels 2/year†

OT 0 NA 1.1/5000 m2 1/month

Parking lots at country borders Key procedure BG/MMLP 0 NA 0.2/5000 m2 1/month

LS 10 vessels 2/year 20 vessels 2/year†

OT 1/2500 m2 2/month 0.2/2500 m2 1/month

Ports Key procedure BG/MMLP 0 NA 0.1/5000 m2 1/month

LS 0 NA 20 vessels 2/year†

OT 1/5000 m2 2/month 0.3/5000 m2 1/month

Airports Optional procedure BG/MMLP 1/2.5 ha 2/month 0.1/2.5 ha 1/month

LS 0 NA 20 vessels 2/year†

OT 1/1 ha 1/month 0.1/1 ha 1/month

B. IMS-colonised areas (Scenario 2)

Surveillance measures Methods and traps ECDC ExoSurv

Density traps Frequency Density traps Frequency

Maasmechelen Natoye

Inspection of colonised area Key procedure BG/MMLP 1/20 ha 2/month 0.1/20 ha 0.3/20 ha 1 or 4/month

LS 40 vessels 2/month 17 vessels 40-60 vessels 1/month

OT 1/5 ha 2/month 0.2/5 ha 0.6/5 ha 1/month

Quality & efficacy of control Key procedure BG/MMLP 4/site B&A appl†† 0 1/site 1/month

LS 0 NA 0 40-60 vessels 1/month

OT 20/site B&A appl 0 6/site 1/month

Inspection around colonised area
Key procedure

BG/MMLP 0 NA 0 0 NA

LS 0 NA 23 vessels 25-70 vessels 1/month

OT 1/15 ha 1/month 0.09/15 ha 0.08/15 ha 1/month

Quality & efficacy of control Not
recommended

BG/MMLP 4/site B&A appl 0 0 1/month

LS 0 NA 0 20-40 vessels 1/month

OT 20/site B&A appl 0 2/site 1/month
1BG = BG-Sentinel trap, MMLP =Mosquito Magnet Liberty Plus (CO2-baited) trap, LS = larval sampling, OT = oviposition traps.
2Period of sampling: July - October 2012; only MMLP traps were used and human landing collection was not performed due to the high workload and the strict
time schedule.
*NA = not applicable.
†in August and September 2012.
††B&A appl = before and after applications.
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the highest diversity and quantities of mosquitoes [16,25].
For Ae. albopictus commercial CO2-baited traps (e.g.,
Mosquito Magnet Liberty, MML) were advised for routine
surveillance in North Central Florida [30]. Sampling with
the MMLP trap was carried out during one week per
month. At least three oviposition traps (small black plastic
bucket, 2/3 filled with an oak infusion and a piece of
polystyrene as oviposition support) were set up at each
PoE as recommended in annex three of the ECDC guide-
lines [28]. At the two colonised IMS sites, oviposition
traps were set-up in groups of two per subsite. Subsites
are extra sampling sites within a 5 km perimeter around
the colonised site and were selected at 1, 3 and/or 5 km in
south, southwest, southeast, east, west, north, northwest
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and northeast direction from the original introduction
point [29]. The larvicide VectoMax® (Sumitomo Chemicals)
was added to the ovitraps at the colonised sites to prevent
proliferation of the IMS (starting in August). All ovitraps
were run permanently and sampled every three to four
weeks. The placement of both trap types was done accord-
ing to the ECDC guidelines (annex three) [28], avoiding
open terrains, protected from wind, out of sight, in dense
shrubs, and fully labelled. At each PoE, 20 vessels, if
present, were checked for the presence of mosquito larvae.
At used tyre companies, larval searches were carried out
each month, and every two months at the other PoE. At
and around the IMS-colonised sites, 40 to 130 vessels, de-
pending on the available type of potential breeding site
(tyres or other containers), were checked for larvae each
month. A potential breeding site is a single vessel or a
group of the same vessels (e.g. a stock of tyres, lucky
bamboo containers in the same shelter) in which mos-
quito larvae can develop.
Mosquito adults and larvae were identified using digital

and dichotomous keys [28,31,32], reference material and a
specific description of Ae. koreicus [25]. When eggs from
oviposition traps did not hatch in the laboratory, they
were identified using MALDI-TOF mass spectrometry
by a private company (Mabritec, Riehen, Switzerland)
as described [33-35].
Technical training and support
During the operational process training and support was
provided by VBORNET [36]. In the preparatory phase,
support was given in the selection of the PoE. Two days
were spent in the field to advise on the placement of traps
and to help in the recognition of mosquito larval habitats.
One day was spent in the laboratory for morphological
identification training. At the end of the programme a
quality check of identifications was performed by one of
the authors (FS).
Data management and analyses
The Smart-To-Web tool Vecmap [37] was used to enter
the data in the field. All variables are presented in the
Microsoft Access entity relationship diagram (Additional
file 2). Most variables proposed in the guidelines were
used. Nomenclature of Territorial Units for Statistics
(NUTS) and altitude, mandatory fields in the guidelines,
were not used because of the small scale of spread at the
IMS-colonised sites. Identification with MALDI-TOF
mass spectrometry was indicated in the “comments” of
the database (Additional file 2).
The indicator “species richness”, defined as the number

of species in a definite sample unit, was used to present
surveillance data.
Calculation of the estimated and actual costs and
workload
Estimated costs and workload (1 working day (wd) =
7.5 h) were calculated using table three, ten and eleven
of the ECDC guidelines [28] and taking into account
the actual surveillance period (four months), frequency
(1/month), the number of sites or km2 and the number
of visits and sites visited per day. The mean distance
between the PoE and the total distance covered at IMS-
colonised areas was calculated using Google Maps. The
total distance covered at the colonised areas is an esti-
mate as the travel route could change from visit to visit.
The different procedures at the colonised areas were
grouped as they were done during the same visits. Only
trap density was not adjusted because of the variations
in trap number/vessel number to be checked at the
different PoE and the two colonised sites (Table 1).
To calculate actual costs and workload, all expenses and

working hours were registered during the seven month
period of the project that included the four month field
work. Working hours were entered in a time registration
software and grouped in different categories according to
the guidelines (field and laboratory investigations, data
processing and communication/dissemination). Workload
was divided between scenario 1 and 2 based on the
proportion of days in the field (field investigations), the
proportion of tubes containing adult or larval mosquito
samples and of polystyrene pieces of the ovitraps checked
in the laboratory (laboratory investigations), and the pro-
portion of time spent on data processing, communication
and dissemination.
Results and discussion
Scenario 1: surveillance at potential PoE in Belgium
Two used tyre companies (one MODIRISK site) and one
parking lot were not accessible, one shelter for imported
plants went bankrupt, one parking lot could not be con-
tacted and one port was found to be at low risk for IMS
import during a visit (dry goods, few import). Finally a
total of 20 of the 26 selected potential PoE were retained,
including five storage sites for imported used tyres, five
shelters/greenhouses for plants (or fruits and vegetables),
four parking lots at country borders, three ports and three
airports (Figure 1, Additional file 1). The advised density
of traps and sampling frequency at the PoE was reduced
according to the available budget (€ 82,495) and traps
(25 MMLP traps, 17 oviposition traps, 7 BG-Sentinel
traps, 6 gravid traps) (Table 1). At used tyre platforms,
larval search of 1/10 tyres (i.e. between 20 and 200 tyres
per company) was too intensive for one person taking
into account the strict time schedule to be followed. In-
stead, at least 20 used tyres were checked for larvae per
company during the present survey.
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A summary of the number of samplings, total speci-
mens and species number per collection method for
each PoE type is presented in Table 2. The Additional
file 3 provides the results by species. The number of
mosquito species and adults captured with the MMLP
was highest at the storage sites for imported used tyres
(a total of 11 species and 357 mosquitoes), but no IMS
were captured with the MMLP traps in the 20 PoE
(Additional file 3). The placement of the MMLP trap, in-
side or outside the building, seems to influence the
number of adults collected. The traps were placed as
close as possible to the location where cargo is unloaded
or opened, which is often inside the building. The ob-
served number of species (n = 14) caught with MMLP
traps seemed to be influenced by the presence of mos-
quito larval breeding sites at the PoE (artificial con-
tainers, e.g. tyres) and nearby them (natural areas, e.g.
ponds or forests). During the MODIRISK project, 12
mosquito species were captured with MMLP traps in 26
PoE [14], of which eight areas were revisited during this
study. Although the mean number of adult mosquitoes
per trap (n = 12) was lower than during the MODIRISK
project (n = 38), species richness was higher during the
Table 2 Number of samplings, total specimens, species numb
type of point of entry (PoE) (Scenario 1) and at the invasive m
japonicus) and Maasmechelen (Ae. koreicus) (Scenario 2) (peri

PoE (Scenario 1) Storage sites for
imported used tyres

Shelters/
plants/fru

Number of sites 5 5

MMLP1 N° trap weeks2 19/19 16/19

Total specimens 357 161

Species richness 11 4

OT1 N° samplings3 36/46 40/45

Presence IMS eggs no no

LS1 N° samplings4 18 (7 PBS1) 9 (7 PBS)

Total specimens 602 0

Species richness 5 0

IMS-colonised areas (Scenario 2) Natoye5

At colonised area Around c

MMLP N° trap weeks 5/5 NA

Total IMS specimens 0 NA

OT N° samplings 36/40 116/132

N° samplings with IMS eggs 5/36 6/116

LS N° samplings 14 (3 PBS) 69 (18 PB

Total IMS specimens 74 13
1MMLP =Mosquito Magnet Liberty Plus (CO2) trap, OT = oviposition trap, LS = larval
same vessels (e.g. a stock of tyres, lucky bamboo containers in the same shelter) in
2N° of effective MMLP trap weeks/n° trap weeks planned.
3N° samplings with polystyrene piece found back/n° samplings planned.
4N° samplings with number of PBS sampled between brackets (a stock of tyres is o
5the colonised area at Natoye is located within 500 m from the used tyre company
6the colonised area at Maasmechelen is located within 1 km from the industrial are
ExoSurv project (ExoSurv = 14 species, MODIRISK = 12
species). The abnormal dry period between August and
September 2012 [29,38] might explain the low number
of 780 mosquitoes sampled. The higher species richness
is probably the effect of the greater number of trap
weeks and the inclusion of new PoE. Ten of the 12 spe-
cies collected during the MODIRISK project were also
collected during ExoSurv (Additional file 3), indicating
that the results are coherent. At all storage sites of
imported used tyres mosquito larvae (a total of 602
larvae) were found, but no IMS (Additional file 3). At
the other PoE only a few vessels (28 vessels of 19 poten-
tial breeding sites) were found and no mosquito larvae
were collected. The search for larval breeding sites is of
course a learning process, which improved towards the
end of the Exosurv project. No exotic Aedes eggs were
collected with the ovitraps. Only Ae. geniculatus eggs,
identified with MALDI-TOF MS, were collected once at
a storage site for imported used tyres. Thus, in 2012 the
risk for public or animal health seemed very low, as Ae.
albopictus was not detected during the survey. However,
it is difficult at this point to really evaluate in Belgium
the specificity and sensitivity of the surveillance methods
er or positive samplings per collection method at each
osquito species (IMS)-colonised areas Natoye (Aedes j.

od of sampling: July - October 2012)

greenhouses for imported
its/vegetables

Parking lots at the
country border

Ports Airports

4 3 3

8/14 10/12 11/11

38 93 131

8 6 3

35/37 26/27 27/28

no no no

5 (4 PBS) 3 (3 PBS) 7 (5 PBS)

0 0 0

0 0 0

Maasmechelen6

olonised area At colonised area Around
colonised area

M1: 14/16 & M2: 2/8 NA

M1: 7 & M2: 1 NA

72/73 81/84

0/72 0/81

S) 58 (17 PBS) 52 (23 PBS)

250 0

sampling, PBS = potential breeding site (=a single vessel or a group of the
which mosquito larvae can develop).

ne PBS, but at least 20 tyres were checked for larvae during each sampling).
.
a ‘Op de Berg’; two MMLP traps were set-up (M1 and M2).
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advised in the guidelines. During recent surveillance ac-
tivities in 2013 in Belgium, Ae. albopictus was caught
with a MMLP trap used during another study at a plat-
form for imported used tyres [13], while our MMLP at
the same site did not catch it. Mosquito density was
probably still too low to be captured by both traps.
However, in neighbouring countries similar surveillance
activities have proven to be able to detect early introduc-
tion of IMS [11,39,40].
It was not always possible to select the ideal location of

the trap at PoE, especially at ports, airports and parking
lots. At these PoE, the risk of damage to the trap or van-
dalism is greater than at other PoE (passing people or ve-
hicles e.g. forklifts). Especially MMLP traps and ovitraps
were prone to be stolen and vandalised. This was the case
with MMLP traps at two parking lots, which is the main
reason why they were not advised at this type of PoE in
the ECDC guidelines. From September, MMLP traps were
secured with chains and padlocks. Although the surveil-
lance of airports is an optional procedure (Table 1), the
three main cargo airports in Belgium were selected be-
cause of possible dissemination of exotic mosquitoes upon
opening of containers.
During the Exosurv project, preparation time was too

short to carry out a thorough risk assessment of the PoE
as advised in the ECDC guidelines [28], and to get the
necessary permissions in advance (e.g. at airports). An
investigation based on interviews and questionnaires, as
performed in the Netherlands [41], is necessary to devise
a hierarchical list of PoE ranked from high risk to low
risk [28]. This could be done by the research institution
implemented in the surveillance. According to the
resulting hierarchical list, the most important PoE to be
Table 3 Comparison of the estimated workload, applying ECD
of the ExoSurv project presented by category of personnel (w

Scenario 1 Scenario

ECDC1 ExoSurv2 ECDC1

Field investigations 101 41 20

Laboratory investigations3 13 26 67

Data processing 4 7 35

Communication/dissemination 4 22 31

Total surveillance workload 122 96 153

Preparatory phase 33

Total workload 129

Available wd 2012

Extra wd 2012
1Four months surveillance, including communication and dissemination, excluding
trap density).
2One month preparation (Jun-Jul, preparatory phase), four months surveillance (Jul-
3Workload for laboratory investigations was divided between scenario 1 & 2 based
checked (PoE = 54%, IMS-colonised areas = 46%).
surveyed can then be selected, taking into account the
available personnel and budget. It was noted that no list
of companies at risk for importing IMS are available in
Belgium, especially companies importing used engine
tyres, or lucky bamboo. Information on the existing im-
port companies could be gathered from the Belgian cus-
tom services. Owing to the possible impact on public
and animal health, countries should consider legislation
with specific regulations (e.g. storing tyres out-of-water,
changing and cleaning the recipients of lucky bamboo),
which allows the inventory and regular visit of these
companies.
Comparison of the actual and estimated (Additional

file 4) workload for scenario 1 is presented in Table 3.
The total actual workload for scenario 1 was lower com-
pared to the estimated workload. In particular, the actual
workload for field investigations was much lower (−60
wd), probably due to the fact that different types of PoE
were visited on the same day. The number of working days
by type of PoE varied from 3.6 (for shelters/greenhouses)
to 8 days (airports) per site (Additional file 5). Further-
more, the actual workload was higher than the estimated
workload for laboratory investigations (+13 wd), commu-
nication and dissemination (+18 wd) and data processing
(+3 wd) (Table 3). The higher workload for laboratory in-
vestigation is explained by the identification learning
process required at the beginning of the surveillance. The
actual workload for communication and dissemination, es-
sential for a good cooperation, was clearly underestimated.
The relative workload for these items will probably de-
crease with longer surveillance periods, although refresh-
ing courses and permanent communication remains an
absolute priority.
C workload rates and formulas, and the actual workload
orkload in working days)

2 Scenario 1 + 2

ExoSurv2 ECDC1 ExoSurv2

Total Post-doc Technician

41 121 82 24 58

22 80 48 35 13

12 39 19 11 8

44 35 66 41 25

119 275 215 111 104

13 46 21 25

132 261 132 129

242 121 121

19 11 8

preparatory phase (following scenario 1 & 2, without adjustment for

Oct) and two months communication and dissemination (Nov-Dec).
on the number of tubes with adults and larvae, and of polystyrene pieces
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Comparison of the actual and estimated (Additional
file 4) costs for scenario 1 is presented in Table 4. In
contrast to the workload, the total actual cost (€ 4,759)
for scenario 1 was slightly higher than the estimated cost
(€ 4,376). For field investigations, actual costs were al-
most the same as the estimated costs. The actual costs
also included those of polystyrene, a mobile phone card
and of propane tanks, CO2 cartridges, chains and pad-
locks for the MMLP traps. In addition, the kilometre
rate was higher during this project (€ 3.4/km, including
car rent and gasoline; € 0.3/km in ECDC guidelines). As
with the workload, the opportunity to visit several PoE
in one day and hence to decrease the number of kilo-
metres was not taken into account in the estimates based
on the guidelines (Additional file 5). Further, actual costs
for laboratory investigations (+€ 229), communication and
dissemination (+€ 166) were higher than the estimated
costs. Actual costs for communication and dissemination
included costs of printing and sending the report, and of
train tickets for meetings. The actual costs for laboratory
investigations included consumables (ethanol, plastic bags
and boxes, silica gel, tubes and filters) for manipulation
and storage of the mosquitoes, but not the molecular/
MALDI-TOF MS identification.

Scenario 2: surveillance at two IMS-colonised sites in
Belgium
The density of ovitraps actually placed around the IMS-
colonised areas was 0.08 ovitraps/15 ha in Natoye and
0.09 ovitraps/15 ha in Maasmechelen as compared to the
recommended density of 1 ovitrap/15 ha. Also, the fre-
quency of visits was lower (once a month in the present
study as compared to twice a month recommended by the
guidelines). On the other hand, larval sampling around
the colonised area was added, although not recommended
in the guidelines (see Table 1) because of the need for ex-
pertise to identify suitable breeding places and high costs
in terms of workload. However, during the present study,
Table 4 Comparison of the estimated working costs, applying
costs of the ExoSurv project (costs in euro)

Scenario 1 Scenario 2

ECDC1,2 ExoSurv1 ECDC1,2 ExoSur

Field investigations 4,297 4,294 1,848 3,777

Laboratory investigations 59 288 163 146

Data processing 9 0 51 69

Communication/dissemination 11 177 33 177

Total surveillance cost 4,376 4,759 2,095 4,169
1excluding investment (traps), training and salary costs, including travel and consum
2Following scenario 1 & 2, without adjustment for trap density, for four months of s
*Including costs of car rent, gasoline, mobile phone card, polystyrene and propane
**Including costs of ethanol, plastic bags and boxes, silica gel, tubes and filters, exc
***Including costs of meteorological data from the Royal Meteorological Institute (R
†Including costs of printing and sending report and of train tickets for meetings. No
was provided.
this method was found to be essential to estimate the
present spread of these IMS and the efficacy of control
measures [29]. Therefore, we suggest that the two vari-
ables ‘breeding site code’ and ‘larval habitat type’ are in-
cluded in the database.
A summary of the number of samplings, total IMS

specimens or positive IMS samplings per collection
method for each IMS-colonised site is presented in
Table 2.
At the colonised site of Natoye, ten years after the first

detection of Ae. j. japonicus [15], control measures were
first implemented in 2012. First of all mechanical treat-
ment was carried out (e.g. storing tyres out-of-water),
followed by larviciding with Bacillus thuringiensis israe-
lensis (Bti) and with a mixture of Bti and B. sphaericus
(respectively VectoBac® WG and VectoMax®, Sumitomo
Chemicals) [29]. This drastically reduced its population
but some specimens were still found throughout the sea-
son, with evidence of a limited spread outside the tyre
company, mainly in the southwest direction, up to 2 km
[29]. Although oviposition traps were efficient to check
for the presence and spread of Ae. j. japonicus (11/152
ovitraps, Table 2), a problem with the ovitraps concerned
the removal of the oviposition supports (polystyrene
pieces) presumably by birds or rodents. For example, at
and around the colonised area of Natoye, 6% and 10%,
respectively, of the polystyrene pieces were lost, while
26% and 17% were found next to the trap. This trend in-
creased with the use of the larvicide VectoMax® in the
ovitraps, which might attract birds or rodents because of
the formulation using granules of corn. Animals might
also have searched for water during the dry summer and
repeatedly visited the traps. A solution might be to at-
tach the polystyrene piece to the vessel or add a mesh
over the trap to avoid removal by animals. Polystyrene
pieces were brought to the laboratory for egg hatching
and larvae were further identified as Ae. j. japonicus
(Table 2) and Ae. geniculatus. Unhatched eggs further
ECDC cost rates and formulas, and the actual working

Scenario 1 + 2 Difference ExoSurv - ECDC (Scenario 1 + 2)

v1 ECDC1,2 ExoSurv1

6,145 8,071* 1,926

222 434** 212

60 69*** 9

44 354† 310

6,471 8,928 2,457

able costs for four months of actual surveillance.
urveillance and excluding leaflet costs.
tanks, CO2 cartridges, chains and locks for Mosquito Magnet Liberty Plus traps.
luding costs for molecular/MALDI-TOF identification.
MI).
flyer was edited and printed, only the report for the policy makers
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analysed by MALDI-TOF MS were determined as Ae.
geniculatus. These eggs were probably in diapause [42].
Although Ae. j. japonicus larvae were collected in tyres
close to the MMLP trap, adults of this IMS were not col-
lected with the MMLP trap, and other trapping methods
might be more appropriate to collect this species (gravid
traps [25,28], human landing collection [15]). In contrast
to table two of the ECDC guidelines [28], human landing
collection seems to have a much better efficacy to collect
Ae. j. japonicus than the MMLP trap [15].
At the colonised site of Maasmechelen, five years after

its first detection, Ae. koreicus was still established in an
area limited to 3 km2 around the industrial zone only
[29]. In contrast to Ae. j. japonicus, no Ae. koreicus eggs
were collected with the oviposition traps at Maasmeche-
len. Ovitraps seemed less efficient than MMLP traps to
detect Ae. koreicus in low density areas [29]. Also in
2009 only two of the 17 ovitraps were positive for Ae.
koreicus in two of the seven months sampled [16]. It
might be an option to replace the black plastic ovitraps
with metal or light-coloured plastic ovitraps, as larvae
were often collected in metal or light-coloured containers
[29]. Another alternative is to use another infusion (grass
leaves or from known breeding sites) to attract Ae. korei-
cus. For Ae. koreicus, little is known on the efficacy of the
method of collection (see table two in the guidelines [28]).
A previous study [25] indicates, however, that gravid
traps and MMLP traps have a higher efficacy to collect
Ae. koreicus than BG-Sentinel and oviposition traps.
As in scenario 1, the total actual workload was lower

than the estimated workload (Additional file 4) for sce-
nario 2 (Table 3), especially for laboratory investigations
(−45 wd) and data processing (−23 wd). The much lower
trap density (ovitraps and MMLP traps) partly explains
the low actual workload for laboratory investigations. No
complex analysis and mapping was carried out, which
decreased the data processing workload. Instead, for
field investigations (+21 wd) and for communication and
dissemination (+13 wd), the actual workload was higher.
Most of the time, two people went to the field for the sce-
nario 2 investigations because of the number of ovitraps
that required visiting and the larval sampling covering a
surface of 19 km2 (there was no community participation).
As in scenario 1, actual workload for communication and
dissemination was partly higher due to the specificity of
the pilot study, which involved a short surveillance period
and an evaluation process. Still, no flyer needed to be edi-
ted and printed, which would increase the workload for
communication and dissemination. It is clear that the
workload will depend on the experience of a country and
the demands of the policy makers for communication (e.g.
editing a flyer).
In contrast to the workload, the actual costs were

twice the estimated costs (Additional file 4) for scenario 2
(Table 4), especially the actual costs for field investigations.
The higher km rate (€ 3.4/km, including car rent and
gasoline) increased the actual cost. As in scenario 1, actual
costs for communication and dissemination (+€ 144) were
higher than the estimated costs. For data processing
(+€ 18) and laboratory investigations (−€ 17), the differ-
ence was small, in contrast to the workload.

Both scenarios: preparatory phase of surveillance
implementation
For both scenarios the costs (investment, capacity building,
etc.) and workload (protocol, site selection, preparation of
material, etc.) related to the preparatory phase have to be
estimated in the local context and taken into account be-
fore implementing the surveillance activities. These activ-
ities were not clearly identified in the cost estimations
described in the guidelines. Total costs (including salaries)
will be very different according to the country, but an
example is given for Belgium. For the present study
(ExoSurv), the price of 120 new oviposition traps (€ 302;
€ 2.52/trap) and two MMLP traps (€ 1,825; € 912.5/trap)
was an investment cost, which was higher than the aver-
age cost provided in the guidelines, partly because prices
depend on local rates. In addition, specification of degree
and number of people required for each specific task and
workload have to be estimated. In Belgium, one experi-
enced post-doc and one technician performed the surveil-
lance and the few, but very valuable days of training and
support received (not included here in actual costs), were
enough to continue the work. However, the need for train-
ing and support will increase when this competence is not
available in a country, which will increase the costs for
capacity building.

Conclusions
No additional IMS were detected during the surveillance
at 20 PoE in Belgium in 2012 (July till October). However,
existence of trades posing a risk for introduction of IMS
and of IMS colonies in neighbouring countries pleads for
routine IMS inspections at high risk PoE to detect the
presence of IMS as early as possible. In neighbouring
countries awareness has risen during the last few years on
the risk posed by exotic and indigenous vector species
[11,43-45], although it has not always avoided MBD out-
breaks (e.g. southern France) [2]. To deal with vectors and
vector-related public and animal health issues, several
countries have established a nationwide coordinating
organisation or centre, e.g. the Centre for Monitoring of
Vectors (CMV) in the Netherlands [46], the Centre
National d’Expertise sur les Vecteurs (CNEV) in France
[47] and the Medical Entomology and Zoonoses Ecology
Group, Public Health England in the UK [48]. Only a
structured and permanent surveillance system will assure
a regular update of the occurrence of IMS in Belgium and



Table 5 Comparison of the strengths and weaknesses of
the ECDC guidelines

Strengths Weaknesses

• Easy development of surveillance
strategies based on the three
scenarios. Complete and clear
information on the scenario’s
and procedures to be followed

• Some specific issues such as the
problems that may occur with the
traps in the field are not
addressed

• Useful summary and checklist
boxes, with appropriate
explanatory tables and figures

• Illustration of the main
characteristics of larvae and adult
mosquitoes used in the
identification keys are not
provided

• Operational implementation
adaptable to local context

• Number, degree and skills of
people needed to be involved in
the surveillance are not specified

• Cost and workload estimation is
provided

• Preparatory costs and workload
are not included in the estimation
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the related risk of the diseases (e.g. West Nile, dengue, chi-
kungunya) they can transmit. However, the role of native
mosquito species as potential vectors of arboviruses (e.g.
West Nile fever) should also not be neglected. Moreover, a
structured and permanent surveillance system requires a
high political commitment, which can only be achieved by
appropriate advocacy.
The ECDC guidelines were very useful in the set-up of

a surveillance study in Belgium, particularly for the im-
plementation at the operational level. It is a complete
and clear document with its strengths and weaknesses
(Table 5). However, this pilot study provides complemen-
tary practical information raising problems encountered
with the traps in the field and suggesting solutions to ad-
dress these problems, and a comparison of estimated and
actual costs and workload. These findings will contribute
to improve the guidelines, which must be adapted to the
local context (as suggested in the guidelines), taking into
account salary and investment costs, available expertise
and the required workload in the preparatory phase. Initial
training in identification, larval search, trap positioning,
and continuing support and quality checks are essential in
making the surveillance programme successful. Finally, a
favourable legal context to implement the necessary vector
control measures should be created in Belgium, by regis-
tering appropriate insecticides for mosquito control, in ac-
cordance with EU regulation.
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Additional file 1: Coordinates of the surveyed points of entry (PoE)
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mosquitoes captured per species at each type of PoE.
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estimation of all tasks by procedure based on the actual observed
number of sites, km2 and working days (wd) of the ExoSurv project
applying the ECDC cost and workload rates [28].

Additional file 5: Detailed costs and workload estimation for field
investigations based on the actual observed number of sites and
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Competing interests
ECDC coordinated the pilot project (LMR) and a member of VBORNET
provided technical support during the study implementation (FS). They did
not interfere with the evaluation relative to usefulness and applicability of
the guidelines recommendations, which was performed by the ITM team
only. Thus, recommendations and evaluations are performed by
independent bodies.

Authors’ contributions
ID coordinated the study and drafted the manuscript. ID and CS designed
the study, carried out the fieldwork and identifications, analysed the results,
and evaluated the feasibility of the operational implementation of the ECDC
guidelines. MC participated in the design of the study, its coordination and
the evaluation. FS provided advice during the study design and trained ID
and CS for mosquito identification and field surveillance implementation.
LMR coordinated the ECDC pilot project. All authors read and approved the
final manuscript.

Acknowledgements
We would like to thank the Federal, Flemish, Walloon and Brussels Capital
region government for the financing and administrative help. Also many
thanks to all cooperating companies for giving access to their private
property. We especially acknowledge Dr. Wouter Dekoninck and Dr. Patrick
Grootaert of the RBINS for loaning us 12 MMLP traps. We want to express
our gratitude to Leen Denis, Famke Jansen, Karel Van Roey and Julie
Demeulemeester for assistance in the laboratory or in the field, and to
Professor Alexander Mathis for his input into the manuscript. Finally, we
would also like to thank ECDC for the opportunity to test their guidelines,
and VBORNET and Avia-GIS for their technical support (funded by ECDC)
provided during the project.

Author details
1Medical Entomology Unit, Department of Biomedical Sciences, Institute of
Tropical Medicine (ITM), Nationalestraat 155, 2000 Antwerp, Belgium.
2Avia-GIS, Agro-Veterinary Information and Analysis, Risschotlei 33, 2980
Zoersel, Belgium. 3National Centre for Vector Entomology, Institute of
Parasitology, University of Zürich, Winterthurerstrasse 266a, CH-8057 Zürich,
Switzerland. 4European Centre for Disease Prevention and Control (ECDC),
Tomtebodavägen 11a, 171 83 Stockholm, Sweden. 5Department of
Biomedical Sciences, Faculty of Pharmaceutical, Veterinary and Biomedical
Sciences, University of Antwerp, Universiteitsplein 1, B-2610 Antwerp (Wilrijk),
Belgium.

Received: 4 October 2013 Accepted: 14 April 2014
Published: 26 April 2014

References
1. European Centre for Disease Prevention and Control (ECDC: Consultation on

mosquito-borne disease transmission risk in Europe. Paris: Stockholm: ECDC;
2011. http://ecdc.europa.eu/en/publications/Publications/
1102_MER_Consultation_on_%20mosquito-borne_diseases.pdf.

2. Gould EA, Gallian P, De Lamballerie X, Charrel RN: First cases of
autochthonous dengue fever and chikungunya fever in France: from
bad dream to reality! Clin Microbiol Infect 2010, 16(12):1702–1704.

3. Sousa CA, Clairouin M, Seixas G, Viveiros B, Novo MT, Silva AC, Escoval MT,
Economopoulou A: Ongoing outbreak of dengue type 1 in the
Autonomous Region of Madeira, Portugal: preliminary report. Euro Surveill
2012, 17:20333.

http://www.biomedcentral.com/content/supplementary/1756-3305-7-201-S1.xlsx
http://www.biomedcentral.com/content/supplementary/1756-3305-7-201-S2.pdf
http://www.biomedcentral.com/content/supplementary/1756-3305-7-201-S3.xlsx
http://www.biomedcentral.com/content/supplementary/1756-3305-7-201-S4.xlsx
http://www.biomedcentral.com/content/supplementary/1756-3305-7-201-S5.xlsx
http://ecdc.europa.eu/en/publications/Publications/1102_MER_Consultation_on_%20mosquito-borne_diseases.pdf
http://ecdc.europa.eu/en/publications/Publications/1102_MER_Consultation_on_%20mosquito-borne_diseases.pdf


Deblauwe et al. Parasites & Vectors 2014, 7:201 Page 11 of 11
http://www.parasitesandvectors.com/content/7/1/201

VieVie
4. Sambri V, Capobianchi M, Charrel R, Fyodorova M, Gaibani P, Gould E,
Niedrig M, Papa A, Pierro A, Rossini G, Varani S, Vocale C, Landini MP: West
Nile virus in Europe: emergence, epidemiology, diagnosis, treatment,
and prevention. Clin Microbiol Infect 2013, 19(8):699–704.

5. Becker N, Jöst H, Ziegler U, Eiden M, Höper D, Emmerich P, Fichet-Calvet E,
Ehichioya DU, Czajka C, Gabriel M, Hoffmann B, Beer M, Tenner-Racz K, Racz
P, Günther S, Wink M, Bosch S, Konrad A, Pfeffer M, Groschup MH, Schmidt-
Chanasit J: Epizootic emergence of Usutu virus in wild and captive birds
in Germany. PLoS One 2012, 7(2):e32604.

6. Gould EA, Higgs S: Impact of climate change and other factors on emerging
arbovirus diseases. Trans R Soc Trop Med Hyg 2009, 103(2):109–121.

7. Medlock JM, Hansford KM, Schaffner F, Versteirt V, Hendrickx G, Zeller H, Van
Bortel W: A review of the invasive mosquitoes in Europe: ecology, public
health risks, and control options. Vector-borne Zoon Dis 2012, 12(6):435–447.

8. Reiter P, Sprenger D: The used tire trade: a mechanism for the worldwide
dispersal of container breeding mosquitoes. J Am Mosq Control Assoc
1987, 3:494–501.

9. Kampen H, Werner D: Out of the bush: the Asian bush mosquito Aedes
japonicus japonicus (Theobald, 1901) (Diptera, Culicidae) becomes
invasive. Parasit Vectors 2014, 7:59.

10. Scholte EJ, Jacobs F, Linton Y-M, Dijkstra E, Fransen J, Takken W: First record of
Aedes (Stegomyia) albopictus in the Netherlands. Eur Mosq Bull 2007, 22:5–9.

11. Scholte EJ, Den Hartog W, Dik M, Schoelitsz B, Brooks M, Schaffner F,
Foussadier R, Braks M, Beeuwkes J: Introduction and control of three
invasive mosquito species in the Netherlands, July–October 2010. Euro
Surveill 2010, 15(45):19710.

12. Schaffner F, Van Bortel W, Coosemans M: First record of Aedes (Stegomiya)
albopictus in Belgium. J Am Mosq Control Assoc 2004, 20:201–203.

13. Boukraa S, Raharimalala FN, Zimmer J-Y, Schaffner F, Bawin T, Haubruge E,
Francis F: Reintroduction of the invasive mosquito species Aedes albopic-
tus in Belgium in July 2013. Parasite 2013, 20:54.

14. Versteirt V, Boyer S, Damiens D, De Clercq EM, Dekoninck W, Ducheyne E,
Grootaert P, Garros C, Hance T, Hendrickx G, Coosemans M, Van Bortel W:
Nationwide inventory of mosquito biodiversity (Diptera: Culicidae) in
Belgium. Bull Entomol Res 2013, 103:193–203.

15. Versteirt V, Schaffner F, Garros C, Dekoninck W, Coosemans M, Van Bortel W:
Introduction and establishment of the exotic mosquito species Aedes
japonicus japonicus (Diptera: Culicidae) in Belgium. J Med Entomol 2009,
46(6):1464–1467.

16. Versteirt V, de Clercq EM, Fonseca DM, Pecor J, Schaffner F, Coosemans M,
Van Bortel W: Bionomics of the established exotic mosquito species
Aedes koreicus in Belgium. Europe J Med Entomol 2012, 49(6):1226–1232.

17. Caminade C, Medlock JM, Ducheyne E, McIntyre KM, Leach S, Baylis M,
Morse AP: Suitability of European climate for the Asian tiger mosquito
Aedes albopictus: recent trends and future scenarios. J R Soc Interface
2012, 9(75):2708–2717.

18. Fischer D, Thomas SM, Niemitz F, Reineking B, Beierkuhnlei C: Projection of
climatic suitability for Aedes albopictus Skuse (Culicidae) in Europe under
climate change conditions. Global Planet Change 2011, 78(1–2):54–64.

19. Van Esbroeck M, Verschueren J, Cnops L: Significant increase in imported
dengue infections in 2010 and an overview of 10 years of dengue
surveillance in Belgium. Trop Med Int Health 2011, 16(SI1):236.

20. Van Esbroeck M, Van den Bossche D, Cnops L, Van Gompel A: Chikungunya
virus infections imported in Belgium in the post Indian Ocean Islands
outbreak era. Trop Med Int Health 2013, 18(SI1):113–114.

21. Gu W, Unnasch TR, Katholi CR, Lampman R, Novak RJ: Fundamental issues
in mosquito surveillance for arboviral transmission. Trans R Soc Trop Med
Hyg 2008, 102(8):817–822.

22. Guedes DRD, Cordeiro MT, Melo-Santos MAV, Magalhaes T, Marques E, Regis
L, Furtado AF, Ayres CFJ: Patient-based dengue virus surveillance in Aedes
aegypti from Recife, Brazil. J Vector Borne Dis 2010, 47:67–75.

23. Soumahoro M-K, Boelle P-Y, Gaüzere B-A, Atsou K, Pelat C, Lambert B, La Ruche
G, Gastellu-Etchegorry M, Renault P, Sarazin M, Yazdanpanah Y, Flahault A,
Malvy D, Hanslik T: The Chikungunya epidemic on La Réunion island in
2005–2006: a cost-of-illness study. PLoS Negl Trop Dis 2011, 5(6):e1197.

24. Vazquez-Prokopec GM, Chaves LF, Ritchie SA, Davis J, Kitron U: Unforeseen
costs of cutting mosquito surveillance budgets. PLoS Negl Trop Dis 2010,
4(10):e858.

25. Versteirt V: Taxonomic and functional biodiversity of indigenous and exotic
mosquito species (Culicidae) Belgium. Antwerp: PhD thesis. University of
Antwerp, Biology Department; 2012.
w publication statsw publication stats
26. Kondilis E, Giannakopoulos S, Gavana M, Ierodiakonou I, Waitzkin H, Benos
A: Economic crisis, restrictive policies, and the population’s health and
health care: the Greek case. Am J Pub Health 2013, 103(6):973–979.

27. Schaffner F, Bellini R, Petrić D, Scholte E-J, Zeller H, Rakotoarivony LM:
Development of guidelines for the surveillance of invasive mosquitoes
in Europe. Parasit Vectors 2013, 6:209.

28. European Centre for Disease Prevention and Control: Guidelines for the
surveillance of invasive mosquitoes in Europe. Stockholm: ECDC; 2012. http://
ecdc.europa.eu/en/publications/publications/ter-mosquito-surveillance-
guidelines.pdf.

29. Deblauwe I, Sohier C, Coosemans M: ExoSurv: implementation of surveillance
of exotic mosquitoes in Belgium. Brussels: Federal and Regional governments
of Belgium; 2012. http://www.health.belgium.be/internet2Prd/groups/
public/@public/@nehap/documents/ie2divers/19094720.pdf.

30. Hoel DF, Kline DL, Allan SS: Evaluation of six mosquito traps for collection of
Aedes albopictus and associated mosquito species in a suburban setting in
North Central Florida. J Am Mosq Control Assoc 2009, 25(1):47–57.

31. Schaffner F, Angel G, Geoffroy B, Hervy J-P, Rhaiem A, Brunhes J: The Mosquitoes
of Europe/Les moustiques d'Europe. An identification and training programme/
Logiciel d'identification et d'enseignement. Didactiques. Montpellier: IRD Editions
and EID Méditerranée; 2001. CD-ROM.

32. Schaffner F: Mosquitoes in used tires in Europe: species list and larval
key. Eur Mosq Bull 2003, 16:7–12.

33. Kaufmann C, Schaffner F, Ziegler D, Pflüger V, Mathis A: Identification of field-
caught Culicoides biting midges using matrix-assisted laser desorption/
ionization time of flight mass spectrometry. Parasitology 2012, 139:248–258.

34. Steinmann IC, Pflüger V, Schaffner F, Mathis A, Kaufmann C: Evaluation of
matrix-assisted laser desorption/ionization time of flight mass spectrometry
for the identification of ceratopogonid and culicid larvae. Parasitology 2013,
140:318–327.

35. Schaffner F, Kaufmann C, Pflüger V, Mathis A: Rapid protein profiling facilitates
surveillance of invasive mosquito species. Parasit Vectors 2014, 7:142.

36. VBORNET. [http://www.vbornet.eu/]
37. Vecmap. [http://www.avia-gis.com/vecmap]
38. Royal Meteorological Institute (RMI). [http://www.meteo.be/meteo/view/

nl/10275209-2012.html]
39. Werner D, Kronefeld M, Schaffner F, Kampen H: Two invasive mosquito

species, Aedes albopictus and Aedes japonicus japonicus, trapped in
south-west Germany, July to August 2011. Euro Surveill 2012, 17(4):20067.

40. Schaffner F, Karch S: First report of Aedes albopictus (Skuse, 1984) in
metropolitan France. C R Acad Sci III 2000, 323(4):373–375.

41. Beeuwkes J, den Hartog W, Dik M, Scholte EJ: Surveillance and findings of
exotic mosquitoes in used tires in the Netherlands: a methodological
approach. Proc Neth Entomol Soc Meet 2011, 22:31–37.

42. Yates MG: The biology of the tree-hole breeding mosquito Aedes
geniculatus (Olivier) (Diptera: Culicidae) in southern England. Bull Entomol
Res 1979, 69:611–628.

43. Becker N, Huber K, Pluskota B, Kaiser A: Ochlerotatus japonicus japonicus –
a newly established neozoan in Germany and a revised list of the
German mosquito fauna. Europ Mosq Bull 2011, 29:88–102.

44. Chartered Institute of Environmental Health: Public health issues posed by
mosquitoes - an independent report. London: CIEH; 2009. http://www.cieh.
org/policy/public_health_issues_posed_by_mosquitoes.html.

45. Centre national d’Expertise sur les Vecteurs: Optimisation de la surveillance et
du contrôle d'Aedes albopictus en France. Montpellier: CNEV; 2012. http://
www.cnev.fr/index.php/publications-et-outils/avis-du-cnev/981-rapport-
relatif-a-la-surveillance-et-au-controle-daedes-albopictus.

46. Nederlandse Voedsel- en Warenautoriteit: Vectoren. [http://www.vwa.nl/
onderwerpen/bacterien-ziekteverwekkers/dossier/vectoren/centrum-
monitoring-vectoren]

47. Centre national d’Expertise sur les Vecteurs (CNEV). [http://www.cnev.fr/]
48. Public Health England: Nationwide Mosquito Surveillance. [http://www.

hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Mosquitoes/
NationwideMosquitoSurveillance/]

doi:10.1186/1756-3305-7-201
Cite this article as: Deblauwe et al.: Implementation of surveillance of
invasive mosquitoes in Belgium according to the ECDC guidelines.
Parasites & Vectors 2014 7:201.

http://ecdc.europa.eu/en/publications/publications/ter-mosquito-surveillance-guidelines.pdf
http://ecdc.europa.eu/en/publications/publications/ter-mosquito-surveillance-guidelines.pdf
http://ecdc.europa.eu/en/publications/publications/ter-mosquito-surveillance-guidelines.pdf
http://www.health.belgium.be/internet2Prd/groups/public/@public/@nehap/documents/ie2divers/19094720.pdf
http://www.health.belgium.be/internet2Prd/groups/public/@public/@nehap/documents/ie2divers/19094720.pdf
http://www.vbornet.eu/
http://www.avia-gis.com/vecmap
http://www.meteo.be/meteo/view/nl/10275209-2012.html
http://www.meteo.be/meteo/view/nl/10275209-2012.html
http://www.cieh.org/policy/public_health_issues_posed_by_mosquitoes.html
http://www.cieh.org/policy/public_health_issues_posed_by_mosquitoes.html
http://www.cnev.fr/index.php/publications-et-outils/avis-du-cnev/981-rapport-relatif-a-la-surveillance-et-au-controle-daedes-albopictus
http://www.cnev.fr/index.php/publications-et-outils/avis-du-cnev/981-rapport-relatif-a-la-surveillance-et-au-controle-daedes-albopictus
http://www.cnev.fr/index.php/publications-et-outils/avis-du-cnev/981-rapport-relatif-a-la-surveillance-et-au-controle-daedes-albopictus
http://www.vwa.nl/onderwerpen/bacterien-ziekteverwekkers/dossier/vectoren/centrum-monitoring-vectoren
http://www.vwa.nl/onderwerpen/bacterien-ziekteverwekkers/dossier/vectoren/centrum-monitoring-vectoren
http://www.vwa.nl/onderwerpen/bacterien-ziekteverwekkers/dossier/vectoren/centrum-monitoring-vectoren
http://www.cnev.fr/
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Mosquitoes/NationwideMosquitoSurveillance/
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Mosquitoes/NationwideMosquitoSurveillance/
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Mosquitoes/NationwideMosquitoSurveillance/
https://www.researchgate.net/publication/261916007

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Decision making process: development of a surveillance strategy using the ECDC guidelines, adaptation to the local situation in Belgium
	Operational process: identification of the sites at risk for introduction or spreading of IMS
	Operational process: collection methods
	Technical training and support
	Data management and analyses
	Calculation of the estimated and actual costs and workload

	Results and discussion
	Scenario 1: surveillance at potential PoE in Belgium
	Scenario 2: surveillance at two IMS-colonised sites in Belgium
	Both scenarios: preparatory phase of surveillance implementation

	Conclusions
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


