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Travellers visiting countries endemic for arboviral diseases may introduce arboviruses to new areas where
competent vectors are already present, potentially leading to disease outbreaks in populations that have not
previously been exposed. To assess exposure risks for travellers and identify which arboviruses they might
import, we explored the use of international travellers to collect mosquito saliva samples at their travel desti-
nations to map locally circulating arboviruses. We recruited 73 travellers from Switzerland visiting Brazil be-
tween August 2018 and June 2019 and provided each of them with five kits to collect viral RNA on Flinders
Technology Association cards. We have chosen Brazil as a study area for a proof of concept for reasons of
convenience, as this is a popular travel destination. We asked the travellers to place the kits at their destinations
and use a smartphone app to track their locations. We received 155 kits back and screened the cards for arboviral
RNA using reverse transcriptase PCR with consecutive sequencing of amplicons from positive samples. Due to
RNA degradation during an extended storage period, 129 cards produced no positive signal. In contrast, among
26 cards that could be processed shortly after receipt, seven were positive for dengue virus serotype 4 and three
for West Nile virus lineage 2 (WNV-2). To our knowledge, this is the first time WNV-2 has been reported from
Brazil. Our ‘citizen science’ approach has the potential to contribute to arbovirus surveillance, extending the
geographic range of sampling — particularly in regions lacking an arbovirus surveillance programme.

1. Introduction

Arthropod-borne viruses (arboviruses), especially those transmitted
by mosquitoes such as dengue, chikungunya and Zika, cause significant
morbidity in endemic countries [1]. Similarly, travellers visiting coun-
tries endemic for arboviral diseases are also at risk [2]. Moreover, being
viraemic upon return, they may introduce arboviruses to new areas
where competent vectors are already present, potentially leading to
disease outbreaks in populations that have not previously been exposed.
The increasing number of autochthonous transmission events following
the introduction of dengue and chikungunya to Europe in recent years

[3], in connection with the spread of the competent mosquito vector
Aedes albopictus [4,5], illustrates this aspect.

Traditionally, arbovirus surveillance is carried out through case
detection, sentinel animals, mosquito monitoring or a combination of
these approaches. However, each approach has its limitations [6] and
overall, surveillance of locally circulating arboviruses in endemic
countries is resource intense, costly, and thus often neither available nor
implementable for many tropical and subtropical countries.

An innovative way to assess the presence of mosquito-borne viruses
is based on the use of Flinders Technology Association (FTA) cards
(Whatman International Ltd, Maidstone, UK) [7]. These cards are
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specialised filter papers designed for the long-term storage of nucleic
acids from biological samples. When biological material contacts the
FTA cards, cells are lysed and proteins are degraded, effectively inacti-
vating bacteria and viruses, while stabilising DNA and RNA for future
detection [8]. When feeding, mosquitoes expectorate saliva that may
contain viruses, a behaviour exploited in arbovirus surveillance [9].
Honey-baited FTA cards have been integrated into mosquito traps to
detect viruses from mosquito saliva [10,11]. Once a positive FTA card is
identified, further analysis can be performed on the mosquitoes caught
in the same trap. This method has proven effective even in areas with
low arbovirus circulation when used alongside box gravid traps [12].
Additionally, FTA cards have been employed for detecting malaria
sporozoites, expanding their utility in vector-borne disease surveillance
[13].

Since ill-returning travellers can serve as sentinels to detect the cir-
culation of arboviruses or even ongoing outbreaks in regions where their
presence previously went unrecognised [14-16], we considered it worth
exploring how international travellers could further contribute to global
arbovirus surveillance. In this study, we explored the feasibility of
engaging travellers equipped with custom-made mosquito saliva sam-
pling kits, based on FTA card technology, to map circulating arboviruses
— the local ‘arbovirome’ — in mosquito populations at their destinations
in Brazil.

2. Materials and methods
2.1. Study design

The study was conducted as an international observational study.
The primary objective of this study was to assess the feasibility of
engaging international travellers in establishing a surveillance system
using fructose-baited, FTA card-based kits for the collection of mosquito
saliva in Brazil, with the aim of characterising the circulating arbovi-
ruses in local mosquito populations at their destinations.

2.2. Study participants and study procedures

Between August 2018 and June 2019, we recruited study partici-
pants among Swiss residents travelling to Brazil that were seeking health
advice at the Centre for Tropical and Travel Medicine at the Swiss
Tropical and Public Health Institute in Basel, Switzerland. The inclusion
criteria were: (i) being Swiss resident, (ii) being at least 18 years old, (iii)
consenting to study enrolment, (iv) travelling to Brazil, and (v) travel-
ling with a smartphone. For convenience in the proof of concept, we
selected Brazil because it has a high prevalence and co-circulation of
various arboviruses [17,18], and because it is one of the five most
popular holiday destinations among Swiss travellers [19].

2.3. FTA card kit

Upon enrolment, we provided the study participants with the study
material, consisting of an information leaflet, five FTA card Kkits, a
prepaid mobile phone SIM card for Brazil, packaging material for
returning the kits and access to a smartphone app (Supplementary File
S1). We instructed each study participant on how to place the kits at the
place where they would stay for at least 24 h and how to return them at
the end of their stay. We also provided the study participants with
packaging material and postage stamps so that they could return the kits
to a laboratory at Fiocruz in Recife, Brazil. The team at Fiocruz collected
the incoming kits and forwarded them in bulk to the Spiez Laboratory,
where we processed and analysed the FTA cards from the kits. The Spiez
Laboratory is a Swiss governmental institution providing services
related to arms control, protection measures, health and incident man-
agement for international organisations, authorities and the general
population.

The custom-made FTA card kits consisted of five elements: a plastic
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case, an FTA card, a sleeve for the FTA card, a sponge and a unique bar
code (Supplementary File S1). The plastic case (Sunshing Plastic and
Packaging Co., Ltd, Guangdong, China) measured 10 mm x 65 mm x 95
mm. Inside the case, a plastic coin sleeve (Leuchtturm Gruppe GmbH &
Co., Geesthacht, Germany) contained a 30 mm x 30 mm piece of FTA
card and was attached to the back of the case with double-sided adhesive
tape. The plastic sleeve had a circular opening, providing mosquitoes
access to the FTA card baited with a fructose solution. To keep the card
moist, we put a 30 mm x 30 mm piece of moist sponge behind it that was
soaked in an aqueous solution containing 50 % fructose (m/v). In pre-
vious studies, the FTA cards were baited with honey to exploit its anti-
bacterial properties [20]. Due to import restrictions on honey in Brazil,
we replaced the honey with fructose. In a preliminary laboratory
experiment comparing honey- and fructose-baited FTA cards, feeding
rates were comparable.

Before handing out the FTA card kits to the travellers, we kept them
at 4 °C. Each study participant received a zip lock bag containing five
kits. We asked the study participants to activate the kits upon arriving at
their destinations by opening the case and placing them outside their
residence (e.g. window frame) with one kit per location.

2.4. Mobile phone app

To track the locations of the kits, we gave the study participants
access to an advanced version of the mobile phone app ‘TOURIST’ that
was initially developed in the frame of another study involving travellers
[21]. Using the app on their smartphone, the study participants scanned
a unique QR code on the back of each kit. Using the phone’s global
positioning system (GPS) as well as a time stamp, the app tracked where,
when and for how long a kit was placed.

2.5. Sample processing and molecular analysis

We screened the FTA cards from the returned kits for arboviral RNA
using reverse transcriptase PCR with consecutive sequencing of ampli-
cons from positive samples.

We extracted RNA from the returned FTA cards from Brazil at Spiez
Laboratory, Switzerland, by following the manufacturers’ protocols for
the FTA elution buffer (GE Healthcare Life Sciences, Freiburg, Germany)
and the RNeasy Plus Universal Mini Kit (Qiagen, Hilden, Germany).
Briefly, we eluted RNA from the FTA card by adding 1 ml of Whatman™
FTA elution buffer and shaking it on ice for 20 min. After elution, we
extracted the RNA using the RNeasy Plus Universal Mini Kit.

We performed family-specific PCRs to screen for alpha- and flavivi-
ruses and sequenced any resulting amplicons. As an internal control to
ensure effective extraction, we added Mengovirus to each FTA card
before extraction and ran a Mengovirus-specific reverse transcription
quantitative PCR (RT-qPCR) on a Light Cycler 96 System (Roche Di-
agnostics, Rotkreuz, Switzerland) as described in Wipf et al. [12].

To identify alphaviruses, we ran a reverse transcriptase PCR (RT-
PCR) in duplex on a Light Cycler 96 System using the master mix from
the OneStep RT-PCR Kit together with primers from the VIR966 chick-
ungunya (CHIKV) reference genome (NCBI Reference Sequence:
NC_004162.2) [22]. These primers provide broad coverage for dis-
tinguishing alphaviruses [23]. In addition to a negative control (‘RNA’
extracted from an unused FTA card), we used a CHIKV S27 Petersfield
strain, cultured at Spiez Laboratory, as a positive control. We ran the
RT-PCR with the following cycling conditions: 30 min at 50 °C, 15 min at
95 °C, followed by 45 cycles of 20 s at 94 °C, 20 s at 55 °C and 20 s at
72 °C. Using the Qiagen QIAxcel DNA Screening Kit, we selected 98 bp
amplicons on the nsP1 gene when clear and distinct bands were visible.
Prior to the sequencing reaction, we purified the amplicons with the
Qiagen QIAquick PCR Purification Kit.

For flavivirus detection, we ran a hemi-nested PCR to increase
sensitivity [24]. In addition to a negative control, we included a yellow
fever virus 17D strain, cultured at the Spiez Laboratory, as a positive
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control. In the first round, we used the Pan-Flavi primers MAMD and
cFD2 with the master mix from the Qiagen OneStep RT-PCR Kit. MAMD
and cFD2 primers amplify a 263 bp sequence in the NS5 gene. We
performed the PCR on a Light Cycler 96 System with the following
conditions: 30 min at 50 °C, 15 min at 95 °C, followed by 45 cycles of 1
min each at 94 °C, 50 °C and 72 °C, and finally 7 min at 72 °C. Following
the first round of PCR, we diluted the products 1:1000 with
nuclease-free water. We then used this dilution as the template for the
heminested PCR, performed with the Qiagen Fast Cycling Kit using the
external primer cFD2 and the internal primer FS778, which yielded a
215 bp product under the following conditions: 5 min at 96 °C, followed
by 45 cycles of 5 s at 96 °C, 5 s at 50 °C and 30 s at 68 °C, and 1 min at
72 °C. Using the Qiagen QIAxcel DNA Screening Kit, we selected 215 bp
amplicons on the NS5 gene when clear and distinct bands were visible.
Prior to the sequencing reaction, we purified the identified amplicons
with the QIAquick PCR Purification Kit.

For alphaviruses, we sequenced PCR fragments using the forward
and reverse VR966 primers, whereas for flaviviruses we employed the
forward primer FS778 and reverse primer cFD2. We performed
sequencing with the BigDye™ Terminator v3.1 Cycle Sequencing Kit
(ThermoFisher Scientific, Massachusetts, USA) on a LightCycler 96
System with the following conditions: 1 min at 95 °C, followed by 25
cycles of 10 s at 95 °C, 5 s at 50 °C and 2 min at 60 °C. Subsequently, we
purified the amplicons with the Qiagen DyeEx 2.0 Spin Kit and
sequenced them on a 3130 Genetic Analyzer (Applied Biosystems,
Muttenz, Switzerland).

2.6. Data analysis

To create summary tables with arboviruses identified from the FTA
cards and their geolocations, we transferred the data from the TOURIST
app server to R 4.1.0 [25]. We produced the map showing the geo-
locations of the placed traps with ArcGIS Desktop 10.6.1 (Environmental
Systems Research Institute, Inc., California, USA). To analyse the virus
sequences from the positive samples, we used the blasting software
CodonCode Aligner version 9 (CodonCode Coorporation, Centerville,
Massachusetts, USA).

DENV-4
® \WNV-2
® Negative (1%t screening block)
%  Negative (2" screening block)
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3. Results

We enrolled 73 study participants (53 % female) with a median age
of 36 years (range: 21-77 years) who spent a median of 21 days (range:
2-100 days) in Brazil. Of the 365 FTA kits handed out, 155 found their
way back to us and were available for molecular analysis. We had
geographic location data from 121 of the returned Kkits. For the
remaining 34 kits, either the study participants did not scan the QR code,
or there were issues with the scanning and data transfer process. The 121
returned FTA card kits with known geographic locations had been
placed in 80 different locations across Brazil (Fig. 1). The median
placement time of an FTA card kit was 29 h (range: 4-156 h). Due to
COVID-19 pandemic-related restrictions, we had to postpone the
screening of 129 FTA card kits by over two years. All FTA cards from this
second screening block were negative for arboviruses. Before the
COVID-19 pandemic, the RNA of all FTA cards was eluted, and in a first
screening block, we selected 26 FTA cards from kits that had been in the
field the longest and for which we had GPS data. Seven of these FTA
cards were positive for dengue virus serotype 4 (DENV-4) and three for
West Nile virus lineage 2 (WNV-2) (Table 1 and Supplementary File S2).
The DENV-4-positive FTA cards were set in the states of Ceara (twice in
Jijoca de Jericoacoara), Bahia (Lencdis), Mato Grosso (Varzea Grande),
Amazonas (Careiro) and Parana (Foz do Iguagu) in November 2018 and
in Bahia (Lauro de Freitas) in January 2019. The WNV-2-positive cards
were set in the states of Mato Grosso do Sul (Corumbd) and Amazonas
(Amatari) in November 2018 and in Sao Paulo (Sao Paulo) in April 2019
(Fig. 1 and Table 1).

4. Discussion

Using FTA card technology for sampling and detecting arboviruses in
mosquito populations has methodologically enriched routine mosquito
surveillance [26,27]. We took a step further by using the technology in
combination with a customised kit and a mobile phone app, enabling
travellers to detect circulating arboviruses at their destinations. Among
26 kits received before the COVID-19 pandemic, seven were positive for
DENV-4 and three for WNV-2.

Fortaleza

Brasilia

Belo Horizonte

Rio de Janeiro
Sao Paulo

Fig. 1. Travel destinations of the study participants and results from molecular diagnostics of arboviruses on FTA cards. Two of the WNV-2-positive cards originated

from the same location, as indicated by ‘2x’ on the map.
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Table 1
BLAST sequencing alignment results of FTA cards positive for DENV and WNV.
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Identified virus Location” Sample” Sampling date Query coverage (%) E-value Identity (%) Accession no.
DENV-4 Amazonas (Careiro) AKA2 15 November 2018 91 1e 74 96.1 MK506266.1
Bahia (Lauro de Freitas) ASA1 4 January 2019 92 1e7? 95.0 MK506266.1
Bahia (Lengis) AAT3 26 November 2018 77 3786 97.9 MK506266.1
Ceard (Jijoca de Jericoacoara) AKA4 14 November 2018 85 2¢ 86 98.4 MK506266.1
AKA3 22 November 2018 86 7e78 98.4 MK506266.1
Mato Grosso (Vérzea Grande) AAT4 20 November 2018 98 677 90.0 MK506266.1
Parana (Foz do Iguacu) AAT1 17 November 2018 54 8e 96.1 MK506266.1
WNV-In2 Amazonas (Amatari) AAS2 16 November 2018 94 3e70 92.9 ON813218.1
Mato Grosso do Sul (Corumba) AAS4 10 November 2018 94 8e 81 97.3 ON813218.1
Sao Paulo (Sao Paulo) PAA1 26 April 2019 31 6e 72 95.5 EF429197.1

@ Federal state and place in brackets.
b The sample code corresponds to the sequences in Supplementary File S2.

All four DENV serotypes circulate in Brazil, with DENV-4 re-
emerging in 2010 [28] after 30 years of absence [29] and becoming the
predominant serotype in the 2014-2015 outbreaks [30]. DENV-4 was
also found in subsequent years across the country [31,32]. In 2018 and
2019, DENV-4, along DENV-1 and DENV-2, was also reported to the
Brazil’s Notifiable Disease System (SINAN) from the states of Parana,
Mato Grosso and Bahia [33]. Although not detected in the present study,
DENV-1 was intriguingly the most frequently reported serotype in the
SINAN database. However, given the low number of positive FTA cards
and as for 99.5 % of dengue cases reported to SINAN the serotype is not
available, meaningful comparison is not feasible. Therefore, the detec-
tion of DENV-4 in all DENV-positive tested FTA cards is not unexpected
and indicates that this serotype continues to circulate widely in Brazil.

WNV was first detected in North America in the late 1990s [34] and
subsequently spread to Central and South America [35]. Recent studies
from Brazil have reported serological evidence of WNV circulation
among various hosts and regions [36-38], including the first docu-
mented case of human WNV encephalitis in 2014 [39]. The most prev-
alent strain in North and South America, WNV-1a, was also recently
isolated in Brazil for the first time [40]. WNV-2, primarily present in
sub-Saharan Africa, has also recently emerged in Eastern and Western
Europe [41]. However, to our knowledge, this is the first detection of
WNV-2 circulating in Brazil.

A recent review estimated a monthly incidence of 0.5-0.8 % for
dengue, the arbovirus most frequently infecting travellers, among non-
immune travellers to endemic areas [42]. In the present study, most of
the virus-positive FTA cards were also dengue-positive, consistent with
our hypothesis that the positivity rate of FTA cards from a given region
correlates with local arbovirus transmission. However, confirming such
a correlation would require a substantially larger dataset than is avail-
able in the present study [43].

Intriguingly, RNA extraction and detection of arboviruses from the
FTA cards were successful even ten months after their deployment in the
field and subsequent shipment via regular post, without requiring a
continuous cold chain for preservation. However, there seem to be
limitations to the long-term storage of RNA extracted from FTA cards
even at —80 °C. We attribute the inability to detect arboviral RNA in any
of the samples from the post-pandemic round, which were only pro-
cessed after more than two years, to the degradation of the viral RNA
over time. This limitation must be considered if this approach is to be
adopted for routine arbovirus surveillance.

A study limitation is that selecting travellers from a single Swiss
travel clinic may have introduced bias, as the cohort is unlikely to
represent the broader international traveller population. Similarly, the
approach should be further validated in contexts other than Brazil to
draw more general conclusions. Therefore, additional studies are
desirable to validate the approach using the FTA card kit. Future studies
should also investigate how results from FTA cards are affected by
fluctuations in ambient temperature during shipment and by the dura-
tion for which they are stored before and after shipment. It also remains

to be explored to what extent the results are influenced by the length of
time the kits were deployed in the field, which we were unable to assess
owing to the limited sample size. Moreover, we encountered a relatively
low return rate of the FTA card kits and an unexpectedly high error rate
in accurately scanning and transmitting their barcodes, leading to un-
certainty regarding their locations. This technical issue would need to be
resolved if this approach is to be employed routinely for arbovirus sur-
veillance, for example by incorporating reminders into the mobile phone
app or providing more remote support. Finally, a general limitation of
using FTA cards is that they do not enable identification of the mosquito
species that fed on an FTA card. However, since both cells and nucleic
acids, including mosquito DNA, are collected and stabilised on the FTA
cards, there is potential to develop analytical methods to determine the
mosquito species that fed on them. Next-generation sequencing tech-
nologies could be used to detect both viral and mosquito genomes [44].
However, even with this approach, attributing a specific virus to a
particular mosquito species remains challenging if multiple mosquito
species feed from the same FTA card.

We conclude that our citizen science approach has the potential to
contribute to arbovirus surveillance, extending the geographic range of
existing sampling — particularly in regions lacking an arbovirus sur-
veillance programme. Although this project targeted international
travellers, a comparable citizen science approach could be applied to
other populations to encompass regions beyond tourist destinations.
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SINAS Sistema de Informacao de Agravos de Notificacao (Engl. : Information System for Notifiable Diseases)
WNV West Nile virus
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