
PROC. NETH. ENTOMOL. SOC. MEET. - VOLUME 23 - 2012 63

Adolfo Ibáñez-Justicia1*, Ernst-Jan Scholte1, Chantal Reusken2, Ankje de
Vries2, Marian Dik1 & Marieta Braks2
1Centre for Monitoring of Vectors (CMV), Ministry of Economics, Agriculture and
Innovation, Food and Consumer Product Safety Authority, POBox 9102, 6700 HC
Wageningen, The Netherlands, *E-mail: cmv@minlnv.nl, and 2Centre for Infectious
Disease Control, National Institute for Public Health and the Environment,
Bilthoven, The Netherlands

Due to the presence of ungulates, migratory birds, humans, and diverse
and large mosquito populations, De Oostvaardersplassen National
Reserve can be considered a high-risk area for arboviruses circulation
in The Netherlands. Up to now, arbovirus-surveillance in mosquitoes
was hampered by the fact that RNA-virus degenerates rapidly once a
virus-infected mosquito has died; mosquitoes often die soon after being
caught in a mosquito trap. In order to develop a logistically-simple
method to detect circulating mosquito-borne viruses in risk areas in
The Netherlands, honey-baited Flinders Technology Associates filter
paper (FTA® card) were placed into CO2-baited mosquito traps, as
well as in the environment with high mosquito density. On FTA®
cards nucleic acids (viral RNA) (buffer) are instantly captured and sta-
bilized for about 7 days in an outdoor environment. When feeding on
the honey, mosquitoes ‘spit’ saliva that possibly contains arbovirus, on
the FTA® card. In this way, virus circulation in mosquitoes can be
detected even when the virus in the mosquitoes themselves has degen-
erated. In total 441 mosquitoes of five different species were collected,
12-26th September 2011. All species are reported field or laboratory vec-
tors for a wide variety of pathogens, including West Nile virus, Usutu
virus, Tahyna virus, Rift valley fever virus, Sindbis virus, and Batai
virus. Three species fed on the honey-baited FTA® cards: Anopheles
claviger (34.2% of 371 individuals), Culex pipiens/torrentium (17.5% of 40
individuals), and Culiseta annulata (15.3% of 13 individuals). The pro-
cessing and analysis of FTA® cards used in this experiment is ongoing.
The potential of the use of this method as a part of a nationwide early
warning system for mosquito-borne virus-circulation will be discussed.
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The Dutch national park ‘De Oostvaardersplassen’ is considered a high risk
ecosystem for introduction and enzootic circulation of WNV, SINV, USUV
and BATV in the Netherlands (Reusken et al. 2010). The 6000 ha nature devel-
opment reserve is of international importance as wetland and habitat for migra-
tory birds, including birds visiting from arbovirus endemic areas in Europe and
Africa. The area is renown for its wide variety in wildlife, but also for its rich-
ness of mosquito species mosquito abundance. Since 1999 over 190 different bird
species have been observed in the reserve, including over 45 bird species of which
evidence for WNV infection is available from foreign field studies (Koopmans
et al. 2008). Mammals in the park include approximately 500 ‘Heck cattle’, 1100
‘Konik horses’ and 2300 red deer. De Oostvaardersplassen has diverse landscapes
including marshes, lakes, ponds, ditches, trenches, plains, shrubs, and forests,
creating a large diversity of potential mosquito breeding sites. The presence of
365.000 inhabitants of two cities less than 3 km away creates the opportunity for
introduction of enzootic circulating arboviruses in the urban cycle through peri-
domestic birds and subsequent transmission to humans through bridge vectors
(Reusken et al. 2010). Information of the mosquito population and arbovirus cir-
culation in the nature reserve is essential for an assessment of the risks posed to
the local public health. A combined mosquito and WNV survey in De
Oostvaardersplassen was initiated in 2009 (Reusken et al. 2010) and continued in
2010 (Reusken et al. 2011), including a broader screening for arboviruses, viz.
Usutu virus (USUV), Sindbis virus (SINV) and Batai virus (BATV).

Currently, the strategies to detect arbovirus in The Netherlands are based in
clinical diagnosis of human cases and animals with symptoms, in sentinel ani-
mals, or in arthropod vectors. In a survey in this area in 2010 (Reusken et al. 2011),
virus surveillance was based on virus isolation from mosquitoes collected using
a variety of trapping techniques. Up to now, arbovirus-surveillance in mosqui-
toes was hampered by the fact that RNA-virus degenerates rapidly once a virus-
infected mosquito has died; mosquitoes die soon after being caught in a mosqui-
to trap. We consider the current methods logistically complicated, expensive
and laborious. In order to minimize the effort for arbovirus surveillance in
potentially high-risk areas, we applied an Australian innovation in our mosqui-
to surveillance traps in the area ‘De oostvaardersplassen’ consisting of slides
filled with honey-baited Flinders Technology Associates filter paper (FTA®
cards) (Hall-Mendelin et al. 2010). This surveillance strategy exploits the process
whereby mosquitoes expel virus in their saliva during sugar feeding (van den
Hurk et al. 2007). As long as the mosquitoes captured in the CO2 baited traps
feed on the sugar-baited cards, arbovirus present in the saliva of infected mos-
quitoes could be detected in the cards. On FTA® cards nucleic acids (viral RNA)
(buffer) are instantly captured and stabilized for about seven days in an outdoor
environment. In this way, virus circulation can be detected even when mosqui-
toes have died in the trap. In this paper, we evaluate the suitability of this sys-
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tem in the field, and the potential of the use of this method as part of a nation-
wide early warning system for mosquito-borne virus-circulation.

METHODOLOGY

Field trials

Study location

Field trials were made in a specific area in the ‘Oostvaardersveld’, an area of
approximately 328 ha in the south-eastern corner of De Oostvaardersplassen
(Figure 1) from September 12-26th, 2011. The ‘Oostvaardersveld’ consists of open
grassland with sparse shrubs, ponds, marshes, canals, and deciduous forest. A
group of approximately 100 Konik horses are present, spending most of their
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Figure 1. Study location ‘De Oostvaardersplassen’ in Province of Flevoland, NL.



time in an open grassland area in the north-eastern part of the Oostvaardersveld.
In the middle of this open grassland lays a shallow, permanent pond with high
numbers of birds (mostly geese, various duck species and shorebirds). This area
of open grassland is surrounded by deciduous forest (mostly Salix species). In
some parts of this forest, regularly floods occur, creating marshes. A north-west-
ern second area was also selected in the survey, because of its high abundance of
mosquitoes during the time period. This area (Figure 1), that is surrounded by
water and next to the bird-watching hide ‘Zilverreiger’, presents similar charac-
teristics than the ‘Oostvaardersveld’, except the presence of large mammals.

Experimental design

Six trap locations were initially chosen from the locations in the area with a high
number of mosquitoes collected during the experiment in 2010. One single loca-
tion, situated northwest in the national park, was added 1 week later, replacing
one of the six initial locations, because of its high abundance and aggressiveness
of mosquitoes at the site. Traps were run continuously with a single dry-ice con-
tainer during one (Monday to Tuesday), two (Tuesday to Thursday) and four
days (Thursday to Monday). FTA® cards and mosquitoes were removed from
the trap and brought to the Centre for Infectious Disease Control of the
National Institute for Public Health and the Environment (RIVM).

In the northwest location, where high numbers of mosquitoes were present,
3 FTA® cards were placed with tape in branches of trees amidst to the CDC trap
(see Figure 2). These FTA® cards remained at the site during 6 days, and subse-
quently brought to RIVM for analysis.

Trap design

The carbon dioxide (dry-ice)-baited CDC Miniature Incandescent Light Trap
Model 512 (John W. Hock Company) was used during the experimental period
(Figure 2). The top part consists of an insulated dry ice container that is simply
a modified Igloo® drink cooler with stainless steel hardware to make it easy to

HONEY-BAITED CARDS FOR ARBOVIRUS SURVEILLANCE

66

   

Figure 2. From left to right, CDC Light trap, detail of the container cup with a honey-
baited FTA® card, and honey-baited FTA® cards placed in field.



use with 2 kg of dry ice. The insulation slows the rate of sublimation. By hang-
ing the trap from the hook below the cooler, the CO2 is released at the correct
location, right above the trap. In the lower part of the container, a hole allows
the sublimated CO2, to escape and flow downwards over the lower part of the
trap. The middle of the trap consists of a plastic cover that holds a fan and a 1.5-
V lamp (inactivated during the experiment in order to catch only CO2 attracted
mosquitoes). This fan is powered by a group of five 12-V rechargeable battery
connected in parallel. Female mosquitoes, attracted by the carbon dioxide, fly
under the cover and enter through an opening and are sucked downward by air-
flow created by the plastic fan, attached to a small motor into a fine mesh bag
connected to a collection cup. From experience, we know that mosquitoes col-
lected in such trap often still live for a period of 1-2 days. In the current study
one sugar-baited FTA® card was attached with tape at the wall inside the collec-
tion cup of each trap allowing the mosquitoes to feed on it during the time that
they were captured (Figure 2).

Honey-baited FTA® cards

Honey-baited FTA® cards were custom made. FTA® paper was soaked in warm
honey mixture (10 ml honey and 0.1 ml icing blue food colouring) for an hour
before insertion into an empty slide frame and stored until needed. Mosquitoes
that fed on these designed cards have a blue-coloured internal body.

Laboratory research

Mosquito species identification

Within a maximum of three hours after collection of the trap, the container cup
with mosquitoes (and FTA® card) was removed from the box and placed by –20 °C
for approximately 3-10 minutes. Subsequently, the killed specimen were gently
taken from the cup, separated from other insects, and identified. Mosquitoes
were morphologically identified by a specialist on European mosquito species
using a Culicidae key specifically designed for rapid field-identification of
Dutch adult female Culicidae mosquitoes (Scholte 2009a, modified after
Schaffner et al. 2001, Becker et al. 2003, Verdonschot 2002). Males were also iden-
tified. Molecular differentiation between the biotypes of Cx. pipiens (pipiens and
molestus forms) was not carried out.

Virus assay in mosquitoes and in FTA® cards

Upon identification, the collected mosquitoes were immediately flash frozen
using dry-ice and stored at –80 °C until molecular isolation and analysis (RT-
PCR assay). Mosquitoes were pooled by sampling site, sampling date and
species and subsequently tested for the presence of virus (Reusken et al. 2011).
The FTA® cards from the field are stored until further processing. The tech-
niques to isolate virus from this substrate (Hall-Mendelin et al. 2010) are being
attained and validated.
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Data collection, process and statistical analysis

The records from ‘De Oostvaardersplassen’ were stored on an online vector-
borne database (VECBASE), under responsibility of Ministry of Economics,
Agriculture and Innovation (ELI).

RESULTS
During the survey between 12 and 26 September 2011, a total of 441 mosquitoes
were collected. The following five species were found: Anopheles claviger, Culex
pipiens/torrentium, Culiseta annulata, Coquillettidia richardii, Ochlerotatus flavescens.
During the survey, a total of males (1.8%) were collected in the traps. Anopheles
claviger was de most abundant species with 371 specimens, representing 84% of
the collected mosquitoes. Anopheles claviger, Culex pipiens/torrentium and Culiseta
annulata were collected in all but one trap that only contained An. claviger. While
13 species that were collected during 2009 and 2010 were absent in the trapping
this year, one additional species (Ochlerotatus flavescens, 1 specimen) was collect-
ed in 2011 in comparison with 2009 and 2010.

During the survey, mosquitoes with a blue colored body were found inside the
traps. Species showed different proportion of specimens feeding in the sugar-bait-
ed FTA® cards (see Table 1): 34.2% of speciments of Anopheles claviger (n = 371)
fed on the cards, 17.5% for Culex pipiens/torrentium (n = 40), and 15.3% for Culiseta
annulata (n = 13). Three blue mosquitoes were collected with a collection pooter
after three days amidst to the three FTA® cards placed with tape in branches of
trees in the northwest location.

From the five traps that were running during the complete survey (12-26
September), the ones running with a single dry-ice container during 4 consecutive
days, captured 4.5× more mosquitoes (n = 27) than the ones running 1 day (n = 6),
and 1.8× more mosquitoes than those running 2 days (n = 15).

In total 435 mosquitoes have been subjected to virus PCR tests for WNV,
BATV, SINV, and USUV, but no virus has been detected. The results of the tests
for TAHV will follow shortly.

DISCUSSION
Currently, the strategies to detect arbovirus in The Netherlands are based in
clinical diagnosis of humans and animals with symptoms, in sentinel animals,
or in arthropod vectors. Those methods are logistically complicated, expensive
and laborious. Here we presented a pilot experiment in ‘De Oostvaarders-
plassen’ in order to minimize effort for arbovirus surveillance in potentially
high-risk areas. As long as the infected mosquitoes feed on the sugar-baited
cards, arbovirus could be detected in the cards.

All five species are reported field or laboratory vectors for a wide variety of
infectious pathogens (see Table 2), including WNV, BATV, SINV, RVF, TAHV
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and USUV, but in the relative small numbers of mosquitoes collected in 2011 no
virus has been detected. For logisitic reasons the study could only be executed in
the second half of September, instead of August, which is considered a more appro-
priate time for mosquito trapping. Although CDC traps used during the experi-
ment captured moderate number of specimen and species, the trap design is still
considered suboptimal for the purpose of detecting arbovirus in the cards. First, the
mortality of mosquitoes inside the traps placed more than two days in the field was
high. Mosquitoes trapped reside about 40cm under the air-flow of the fan probably
die from dehydration. Second, some of the slides with the blue-honey-baited FTA®
card leaked in the bottom of the collection cup. The dead mosquitoes on the bottom
of the trap were impregnated with the blue-honey, making it difficult to identify
the specimen and to assess the proportion mosquitoes that fed on the FTA® card.

A new trap design, or modification of one of the currently used traps for mos-
quitoes in The Netherlands (CDC, Mosquito magnet, BG Sentinel) is current-
ly being considered for an upcoming survey in 2012. The new design should pro-

A. IBÁÑEZ-JUSTICIA, E.-J. SCHOLTE, C. REUSKEN ET AL.

69

Table 1. Total number of mosquitoes collected with CDC Light traps per species 2010
and 2011 in De Oostvaardersplassen, and percentage of the mosquitoes collected in 2011
that exhibit blue colored internal body.

2010 2011
Genus Species Total Total % blue
Culex Cx. pipiens/torrentium 734 40 17.5

Cx. modestus 1
Cx. sp. 2 3 -

Aedes/Ochlerotatus Oc. annulipes 2
Oc. annulipes/cantans 1
Oc. cantans 1
Oc. detritus 1
Oc. flavescens 1 -
Oc. riparius* 1
Aedes vexans* 1
Oc./Ae. sp. 8 4 -

Coquillettidia Cq. richardii 144 2 -
Culiseta Cs. annulata 93 13 15.4

Cs. fumipennis 29
Cs. morsitans 4
Cs. subochrea 1

Anopheles An. claviger 6 371 34.2
An. maculipennis s.l. 6
An. plumbeus 2
An. sp. 7 -

Total 1035 441
*Captured using Mosquito Magnet Liberty plus traps (data not used in the total).
During the survey in 2009 using Mosquito Magnet Liberty plus traps Ochlerotatus
geniculatus and Anopheles algeriensis were also captured.



tect the mosquitoes from the fan air-flow, preserving the mosquitoes alive in the
trap longer time and increasing the chance of taking a sugar meal from the
honey-baited FTA® card.

In 2012, the technique to detect virus from FTA® cards (Hall-Mendelin et al.
2010) will be attained and tested on FTA® cards subjected to infected mosquitoes
or artificially spiked with virus, before subjecting it to the cards used in the field.
The potential of this tool for usage in surveillance depends on its specificity, sen-
sitivity and costs of labour and material in respect to the virus detection of mos-
quitoes collected. At the end of 2012, we anticipate to have conclusive data.
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