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Abstract

Mosquitoes are vectors of arboviruses affecting animal and human health. Arboviruses circulate
primarily within an enzootic cycle and recurrent spillovers contribute to the emergence of
human-adapted viruses able to initiate an urban cycle involving anthropophilic mosquitoes. The
increasing volume of travel and trade offers multiple opportunities for arbovirus introduction
in new regions. This scenario has been exemplified recently with the Zika pandemic. To
incriminate a mosquito as vector of a pathogen, several criteria are required such as the
detection of natural infections in mosquitoes. In this study, we used a high-throughput chip
based on the BioMark™ Dynamic arrays system capable of detecting 64 arboviruses in a single
experiment. A total of 17,958 mosquitoes collected in Zika-endemic/epidemic countries
(Brazil, French Guiana, Guadeloupe, Suriname, Senegal, and Cambodia) were analyzed. Here
we show that this new tool can detect endemic and epidemic viruses in different mosquito
species in an epidemic context. Thus, this fast and low-cost method can be suggested as a novel

epidemiological surveillance tool to identify circulating arboviruses.
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1. Introduction

The World Health Organization stated in February 2016 that Zika infection was considered as
a public health emergency of international concern (1) opening a new chapter in the history of
vector-borne diseases. Arboviruses are viruses transmitted among vertebrate hosts by arthropod
vectors. Successful transmission of an arbovirus relies on a complex life cycle in the vector,
which after midgut infection and dissemination, is released in saliva for active transmission to
the vertebrate host (2). Arboviruses belong to nine families: Asfarviridae, Flaviviridae,
Orthomyxoviridae, Reoviridae, Rhabdoviridae, the newly recognized Nyamiviridae (order
Mononegavirales) and the families Nairoviridae, Phenuiviridae and Peribunyaviridae in the
new order, Bunyavirales. Most arboviruses possess an RNA genome and are mainly transmitted
by mosquitoes (3). While acute infections in vertebrate hosts are typically self-limiting,
arboviruses establish persistent infections in arthropods granting to the vector a central role as
a viral reservoir (4).

Arboviruses circulate primarily within an enzootic cycle involving zoophilic vector species and
non-human hosts. Recurrent spillovers cause occasional infections of humans initiating an
epidemic cycle. Arboviruses such as dengue (DENV; Flavivirus, Flaviviridae), chikungunya
(CHIKYV; Alphavirus, Togaviridae), Zika (ZIKV; Flavivirus, Flaviviridae) and, Yellow fever
virus (YFV; Flavivirus, Flaviviridae) do not need to amplify in wild animals to cause outbreaks
in humans, which act simultaneously as amplifier, disseminator and source of infection for the
major vectors, the anthropophilic mosquitoes Aedes aegypti and Aedes albopictus (5). Thus, the
success of these viruses comes from their feature to be mainly transmitted by human-biting
mosquitoes strongly adapted to urban environments. The establishment of a new epidemic cycle
is undoubtedly related to the introduction of a viremic vertebrate host (humans, animals) acting

as a vehicle for importation of the virus into environments receptive to viral amplification.
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84  Other arboviruses such as West Nile virus (WNV; Flavivirus, Flaviviridae) remain circulating
85  within an enzootic cycle with sporadic spillovers causing human cases.
86  Many regions experience simultaneous circulation of different arboviruses (6, 7), and co-
87 infections in vectors were reported (8). These coinfections can present an opportunity for
88  viruses to exchange genetic material. Impacts of such genetic events on virulence for vertebrate
89  hosts are still unknown (9). Thus, being able to detect a wide range of arboviruses in thousands
90 of field-collected mosquitoes in a single experiment can be a valuable tool to predict arboviral
91  emergences in human populations. Indeed similar methods were developed with success to
92  screen tick-borne pathogens (bacteria, parasites and viruses) and allowed the detection of
93  expected and unexpected pathogens in large scale epidemiological studies (10, 11). Therefore,
94  we developed a high throughput system based on real-time microfluidic PCR which is able to
95  detect 96 mosquito-borne viruses in 96 samples within one single run. With this method, we
96 have screened: (1) mosquitoes infected artificially using a feeding system to validate our tool,
97  (2) mosquitoes collected in countries endemic for the major human arboviruses (e.g., Senegal,
98  Cambodia, Brazil), and (3) mosquitoes collected during the Zika and Yellow fever outbreaks
99 in the Americas (French Guiana, Guadeloupe, Brazil, Suriname). This method allowed

100  detecting epidemic viruses (ZIKV, CHIKV, YFV) but also unexpected viruses (e.g. Trivittatus

101 virus, TVTV, Orthobunyavirus, Bunyaviridae) underlining the need of such a tool for early

102  detection of emerging mosquito-borne viruses.

103

104

105 2. Materials and methods

106

107  2.1. Mosquitoes
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108  To test the ability of our assays to detect viruses present in pools of mosquitoes, 47 batches of
109 three infected mosquitoes of the species, Ae. aegypti and Ae. albopictus (infection performed
110 by artificial feeding system), were provided by the Institut Pasteur (Paris). Six different viruses,
111 single or double infections, were tested in a pilot study.

112

113 In ZIKV-endemic and -epidemic regions from South America, Africa, and Asia (Brazil, French
114  Guiana, Guadeloupe, Suriname, Senegal, Cambodia), adult mosquitoes were collected,
115  identified using morphological characters and dissected to separate abdomen from the
116  remaining body parts (RBP) (See Tables 1-6 for details). Abdomens of the same species were
117  grouped by pools of 20-30 individuals in cryovials, and RBP were stored individually at -80°C
118 until further analysis.

119

120  2.2. RNA extraction

121 Total RNAs were extracted from each pool using the Nucleospin RNA 11 extraction kit
122 (Macherey-Nagel, Germany). Pools were ground in 350 pL Lysis Buffer and 3.5 uL -
123 mercaptoethanol using the homogenizer Precellys®24 Dual (Bertin, France) at 5,500 rpm for
124 20 sec. Total RNA per pool was eluted in 50 pL of RNase free water and stored at -80°C until
125  use.

126 When pools of abdomens were positive for virus, the RBP (head/thorax) of individual
127  mosquitoes composing each pool were homogenized in 300 pL of DMEM with 10% fetal calf
128  serum using the homogenizer Precellys®24 Dual (Bertin, France) at 5,500 rpm for 20 sec. Then
129  total RNAs were extracted from 100 uL of homogenates using the Nucleospin RNA 11 extract
130 kit (Macherey-Nagel, Germany) and 200 pL were conserved at -80°C for attempts to isolate
131 the virus. Total RNA per sample was eluted in 50 pL of RNase free water and stored at -80°C

132 until use.
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133

134  2.3. Reverse Transcription and cDNA pre-amplification

135  RNAs were transcribed to cDNA by reverse transcription using the gScript cDNA Supermix
136 kit according to the manufacturer’s instructions (Quanta Biosciences, Beverly, USA). Briefly,
137  the reaction was performed in a final volume of 5 pL containing 1 pL of gScript cDNA
138  supermix 5X, 1 uL of RNA and 3 pL of RNase free water; with one cycle at 25°C for 5 min,
139  one cycle at 42°C for 30 min and one final cycle at 85°C for 5 min.

140  For cDNA pre-amplification, the Perfecta Preamp Supermix (Quanta Biosciences, Beverly,
141 USA) was used according to the manufacturer’s instructions. All primers were pooled to a final
142 concentration of 200 nM each. The reaction was performed in a final volume of 5 pL containing
143 1 pL Perfecta Preamp 5X, 1.25 pL pooled primers, 1.5 pL distilled water and 1.25 pL cDNA,
144  with one cycle at 95°C for 2 min, 14 cycles at 95°C for 10 sec and 3 min at 60°C. At the end of
145  the cycling program, the reactions were 1:5 diluted. Pre-amplified cDNAs were stored at -20°C
146 until use.

147

148  2.4. Assay design

149  Mosquito-borne viruses (MBV), their targeted genes and the corresponding primers/probe sets
150 are listed in Table 7. For a total of 64 viruses including 149 genotypes/serotypes, primers and
151  probes were specifically designed. Each primer/probe set was validated using a dilution range
152 of several cDNA positive controls (when available) (Table 7), by real-time PCR on a
153  LightCycler® 480 (LC480) (Roche Applied Science, Germany). Real-time PCR assays were
154  performed in a final volume of 12 pL using the LightCycler® 480 Probe Master Mix 1X (Roche
155  Applied Science, Germany) with primers and probes at 200 nM and 2 pL of control cDNA

156  (virus reference material) or DNA (Plasmid). Thermal cycling conditions were as follows: 95°C
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157  for 5 min, 45 cycles at 95°C for 10 sec and 60°C for 15 sec and one final cooling cycle at 40°C
158  for 10 sec.

159

160  2.5. High-throughput real-time PCR

161  The BioMark™ real-time PCR system (Fluidigm, USA) was used for high-throughput
162  microfluidic real-time PCR amplification using the 96.96 dynamic arrays (Fluidigm, USA).
163  These chips dispensed 96 PCR mixes and 96 samples into individual wells, after which on-chip
164  microfluidics assemble PCR reactions in individual chambers prior to thermal cycling resulting
165 in 9,216 individual reactions. Real-time PCRs were performed using FAM- and black hole
166  quencher (BHQ1)-labeled TagMan probes with TagMan Gene Expression Master Mix in
167  accordance with manufacturer’s instructions (Applied Biosystems, France). Thermal cycling
168  conditions were as follows: 2 min at 50°C, 10 min at 95°C, followed by 40 cycles of 2-step
169  amplification of 15 sec at 95°C, and 1 min at 60°C. Data were acquired on the BioMark™ real-
170  time PCR system and analyzed using the Fluidigm real-time PCR Analysis software to obtain
171 C; values (see Michelet et al. 2014 for more details (12)). Primers and probes were evaluated
172 for their specificity against cDNA reference samples. One negative water control was included
173 per chip. To determine if factors present in the sample could inhibit the PCR, Escherichia coli
174  strain EDL933 DNA was added to each sample as an internal inhibition control, using primers
175  and probe specific for the E. coli eae gene (13).

176

177  2.7. Validation of the results by real-time PCR, virus isolation and genome sequencing
178  When cDNA of pools of abdomens were detected positive for viruses, the cDNAs of RBP
179  (head/thorax) of individual mosquitoes composing each pool were screened by real-time PCRs
180 on a LightCycler® 480 (LC480) (Roche Applied Science, Germany). Real-time PCR assay

181  targeting the virus of interest (see primers/probe sets in Table 7) was performed in a final
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182  volume of 12 pL using the LightCycler® 480 Probe Master Mix 1X (Roche Applied Science,
183  Germany), with primers and probes at 200 nM and 2 pL of control DNA. Thermal cycling
184  conditions were as follows: 95°C for 5 min, 45 cycles at 95°C for 10 sec and 60°C for 15 sec
185  and one final cooling cycle at 40°C for 10 sec.

186  When a positive sample was confirmed, virus isolation was attempted in Vero and C6/36 cells.
187  Then, total RNA was extracted using the Nucleospin RNA Il extract kit (Macherey-Nagel,
188  Germany) following the manufacturer instructions and full genome sequencing was attempted.
189  For ZIKV, twelve overlapping amplicons were produced using the reverse transcriptase
190  Platinum Taq High Fidelity polymerase enzyme (Thermo Fisher Scientific) and specific
191  primers (Table 8). PCR products were pooled in equimolar proportions. After Qubit
192  quantification using Qubit® dsDNA HS Assay Kit and Qubit 2.0 fluorometer (ThermoFisher
193  Scientific) amplicons were fragmented (sonication) into fragments of 200 bp long. Libraries
194  were built adding barcode for sample identification, and primers to fragmented DNA using AB
195  Library Builder System (ThermoFisher Scientific). To pool the barcoded samples equimolarly,
196 a quantification step by the 2100 Bioanalyzer instrument (Agilent Technologies) was
197  performed. An emulsion PCR of the pools and loading on 520 chip was done using the
198  automated lon Chef instrument (ThermoFisher Scientific). Sequencing was performed using
199  the S5 lon torrent technology (Thermo Fisher Scientific) following manufacturer’s instructions.
200 Consensus sequence was obtained after removing the thirty first and last nucleotides of each
201  read, trimming reads depending on quality (reads with quality over >99%) and length (reads
202  over 100 pb were kept) and mapping them on a reference (KY415987, most similar sequence
203  after Blastn) using CLC genomics workbench software 11.0.1 (Qiagen). A de novo contig was
204  also produced to ensure that the consensus sequence was not affected by the reference sequence.
205

206
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207 3. Results

208

209  One hundred and forty-nine primer/probe sets were designed to detect 64 MBV (Table 7).
210 Among them, 95 sets of primers/probe specifically identified their corresponding positive
211 control samples (37 viral RNA) via Tagman RT-real-time PCRs or Tagman real-time PCRs on
212 aLightCycler 480 apparatus. Resulting C; values varied from 8 to 42 depending on sample type
213 and nucleic acid concentration. Unfortunately, 54 designs were not tested due to the lack of
214  RNA positive control.

215  To avoid sensitivity problems, cDNA pre-amplification was included in the assay. This step
216  enabled detection of all positive controls (95 primer/probe sets tested on 37 viral RNAS) via
217  Tagman real-time PCRs on a LC480 apparatus. The specificity of each primers/probe set was
218  then evaluated using 37 MBV positive controls on the BioMark™ system (Fig. 1). Results
219  demonstrated high specificity for each primer/probe set after pre-amplification (Fig. 1). Indeed,
220 91 assays (among the 149 developed) were only positive for their corresponding positive
221 controls. Four designs demonstrated cross-reactivity with a virus from the same species or
222 genus: DENV-1 assay amplified also DENV-2, DENV-2 assay cross-reacted with DENV-3 and
223  DENV-4, DENV-4 cross-reacted with DENV-3, one WNV assay amplified Usutu virus
224 (USUV). Specificity of 54 assays was not fully tested in the absence of their respective positive
225  controls. Nevertheless, those designs did not show any cross-reaction with RNA positive
226  controls from other viruses.

227

228  Laboratory-infected mosquitoes

229  Forty-seven batches containing each, three infected mosquitoes, were screened with the high-
230 throughput technic developed. The system was able to identify the six viruses present in

231 different mosquitoes (Fig. 2). Indeed, seven batches were infected by DENV-1, four by DENV-

10
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232 3, four by DENV-4, 3 by CHIKV, five by WNV, 13 batches by ZIKV and 10 batches were
233 coinfected by CHIKV and DENV-2. As for the specificity test, DENV-1, DENV-2 and DENV-
234 3 assays demonstrated cross-reactions.

235

236  Field-collected mosquitoes from endemic and epidemic areas

237  Atotal of 17,958 field-collected mosquitoes in six countries from the African, American and
238  Asian continents were screened for arbovirus.

239  Endemic areas

240  Senegal

241 In Senegal, 934 arthropods including 6 sandflies and 928 mosquitoes (25 males and 909
242  females) from 21 species and five genera (detailed in Table 1), were collected in the Kedougou
243  area (Southeastern Senegal) from August to November 2017. Moreover, 402 larvae were also
244  collected in the same area from August 2017 to January 2018 and reared until adult emergence
245  ininsectarium (188 males and 214 females obtained). Mosquitoes were grouped by species and
246  sex; 231 and 112 pools were respectively analyzed for MBVs. YFV was detected in one pool
247  of 20 females of Aedes furcifer and was confirmed in head/thorax from 1 Aedes furcifer female
248 by RT-real-time PCR. Virus was identified as YFV from West Africa lineage currently

249  circulating in Senegal (38). Virus isolation was attempted but without any success.

250

251 Cambodia

252  In Cambodia, 492 mosquitoes (73 males and 419 females) from 28 species and 5 genera
253  (detailed in Table 2), were collected in one area at two periods, the dry season in May 2019 and
254  the rainy season in November 2018. Mosquitoes were grouped by species and sex into 109
255  pools and were analyzed for MBVs. No virus was detected (Table 2).

256

11
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257  Endemic/epidemic area, Brazil

258  In Brazil, 7,705 mosquitoes (889 males and 6,816 females) belonging to 22 species and 15
259  genera (detailed in Table 3), were collected in 15 areas from January 2016 to May 2017.
260  Mosquitoes were then grouped into 647 pools and were analyzed for MBVSs. In total, three
261  different viruses (YFV, CHIKV and Trivittatus virus (TVTV)) were preliminary detected in six
262 pools (in 4, 1 and 1 respectively). Only the presence of YFV was confirmed in the head/thorax
263  from individual mosquitoes, from three species (Ae. scapularis, Ae. taeniorhynchus and Hg.
264  leucocelaenus) by RT real-time PCR corresponding to YFV strains currently circulating in

265  Brazil (37). Attempts to isolate the virus were made but remained unsuccessful.

266

267  Epidemic areas

268  Guadeloupe

269  In Guadeloupe, 150 mosquito pools corresponding to 2,173 mosquitoes (884 males and 1,289
270  females), from five species (Ae. aegypti, Culex quinquefasciatus, Anopheles albimanus, Cx.
271 bisulcatus, Cx. nigripalpus, 54 Culex. spp.) collected from May to June 2016 were screened for
272 64 MBVs. ZIKV was found in two pools of Cx. quinquefasciatus females and nine pools of Ae.
273 aegypti (eight pools of females and one pool of males) (Table 4). ZIKV was detected only in
274  the head/thorax of individual Ae. aegypti females from the eight positive pools by a RT-real-
275  time PCR. Virus was isolated on Vero cells and full genome sequencing identified the Asian
276  genotype (GenBank Accession Numbers: MN185324, MN185325, MN185327, MN185329,
277  MN185330, MN185331, MN185332).

278

279  French Guiana

280 In French Guiana, 3,942 mosquitoes (1,098 males and 2,844 females) from seven species (Ae.

281  aegypti, Ae. scapularis, Ae. taeniorhynchus, Cx. quinquefasciatus, Ma. titillans, Cq.

12
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282  venezualensis, and Cq. albicosta) were collected in the Cayenne area from June to August 2016
283  and grouped into 248 pools to be screened. Three pools of Ae. aegypti and one pool of Cx.
284  quinquefasciatus were detected positive for ZIKV (Table 5). After screening individual
285  head/thorax from those pools, only pools of Ae. aegypti were confirmed positive. ZIKV was
286 isolated and fully sequenced; it belonged to the Asian genotype (GenBank Accession numbers:
287  MN185326 and MN185328).

288

289  Suriname

290 In Suriname, from March to May 2017, four species/genus of mosquitoes (2,256 Ae. aegypti,
291 29 Culex spp., 5 Haemogogus spp., 20 undetermined species) representing 2,310 adults, were
292  grouped into 77 pools and screened. No virus was detected (Table 6).

293

294

295 4. Discussion

296

297 In this study, we developed and validated a new high-throughput virus-detection assay based
298  on microfluidic PCRs able to detect unambiguously 64 MBVs in mosquitoes. Only four primer
299  sets demonstrated cross-reactivity with viruses from the same genus or serotype. Subsequently,
300 we used this newly developed assay to perform a large epidemiological survey screening in six
301 countries/territories during the last Zika pandemic. This new method has allowed the detection
302  of (i) three human infecting arboviruses ZIKV, YFV and CHIKV in mosquitoes and (ii) other
303  unexpected viruses such as TVTV.

304

305 The efficiency of our tool was the first requirement; we used artificially infected mosquitoes to

306  detectdifferent viruses (DENV1-4, CHIKV, WNV, ZIKV) offered in single and dual infections.

13
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307  Our assays can target unambiguously DENV with however cross-reactions between serotypes.
308  Caused by one of the four serotypes (DENV1-4), dengue is the most important arboviral disease
309  worldwide (14). It is widely accepted that a subsequent infection with a second serotype can
310 produce more severe symptoms (15). This situation becomes challenging when multiple
311  serotypes co-circulate (16). Mosquitoes co-infected with different DENV serotypes are
312 occasionally detected (17). Aedes aegypti and Ae. albopictus are urban vectors of DENV
313  responsible for most epidemic outbreaks in Asia, Latin America, the Caribbean and Pacific
314 islands (14). Co-infected Aedes mosquitoes are capable of transmitting multiple arboviruses
315  during one bite (9). Dual DENV detections in mosquitoes may be a sign of co-circulation of
316 DENV and then, may help in predicting co-infections in humans. Diagnosis of dengue
317 infections cannot be based on clinical symptoms as dengue disease shares common symptoms
318  with other arboviral diseases (18). To discriminate dengue serotypes, viral isolation and viral
319  RNA detection remain the gold standard methods but should be performed during patient
320 viremia (within five days after the onset of fever). Less constraining and costly, mass viral
321  screening of mosquitoes in surveillance and epidemic contexts can be an advantageous
322 substitute.

323 Inthe same way, WNV assays cross-reacted with the phylogenetically-related USUV. WNV is
324  aflavivirus responsible of neuro-invasive disease in Europe and North America (19). Diagnosis
325 of WNV infection remains challenging and human cases are usually underestimated. On the
326  other hand, USUV has spread over Europe during the last twenty years causing bird mortalities
327 and some rare human cases (20). Human infections are rare and often asymptomatic and
328 neurological disorders can be described (20). While WNV circulates in Europe since 1960s,
329  USUV shares the same geographical distribution and also the same vectors, Culex pipiens. Our
330 tool did not succeed in distinguishing the two viruses and therefore, it needs more

331  improvements.
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332

333 By screening 17,958 mosquitoes collected in six countries/territories for 64 different MBVs,
334  we succeeded in detecting ZIKV, YFV, CHIKV and TVTV in mosquitoes.

335 The Zika outbreak was unexpected; the first human cases outside endemic regions in Africa
336 were reported in Yap island in 2007 where the outbreak was poorly publicized despite the two
337  third of the population affected (21). Few years later, ZIKV hit French Polynesia (22) where
338 the first notification of severe symptoms associated to ZIKV infections were done, Guillain-
339  Barre syndrome (23) and microcephaly in new-born (24). After, ZIKV reached the American
340 continent in 2015 (25), phylogenetic analysis indicated that the circulating ZIKV belonged to
341 the Asian clade (26, 27). Our tool was able to detect ZIKV in pools of abdomen of Ae. aegypti
342  and Cx. pipiens from Guadeloupe and French Guiana. However when analyzing disseminated
343  viral particles in head and thorax, only Ae. aegypti was found infected corroborating the main
344  role of this species in ZIKV transmission and excluding Cx. quinquefasciatus and Cx. pipiens
345  as a vector (28).

346  Our mass screening tool has detected YFV in five mosquito species: Aedes scapularis, Aedes
347  taeniorhynchus, Haemagogus janthinomys, Haemagogus leucocelaenus, and Sabethes
348  chloropterus. The species Hg. janthinomys and Hg. leucocelaenus are considered as the main
349  vectors of YFV in Brazil (29, 30) while Aedes scapularis, Aedes taeniorhynchus and Sabethes
350 chloropterus only play a secondary role (31). Other viruses preliminary detected in Brazilian
351  mosquitoes were TVTV and CHIKV. While CHIKYV continues to cause sporadic cases in Brazil
352  after the massive outbreak in 2015, TVTV was first isolated from Aedes trivittatus in USA in
353 1948, and has never been detected outside North America where it is mainly distributed (32).
354  Consequences of TVTV infections on humans remain unknown (33). Nevertheless, the
355  presence of CHIKV and TVTV in tested mosquitoes was not confirmed.

356
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357  This study demonstrates the feasibility of high-throughput screening methods to detect diverse
358  MBVs in field-collected mosquitoes. Performing 9,216 real-time PCRs in one run took four
359  hours, and the cost was around $10 per reaction from sample homogenization to virus detection
360 by real-time PCR (10, 11). Another main advantage of our tool is the adaptability of the system
361 by adding new sets of primers and probes targeting newly emergent viruses in contrast to arrays
362  with fixed panels of probes. Indeed, because the number of YFV cases was unusually high since
363  January 2016 (34), we added specific detections of YFV strains circulating in South America
364  toscreen field-collected mosquitoes from Brazil, French Guiana, Suriname and Guadeloupe. In
365  conclusion, our method designed to specifically identify MBVs in mosquitoes can be used to
366  screen other types of samples such as human and/or animal blood or organs (35). We
367  demonstrated the usefulness of this new screening method which represents a powerful, cost-
368 effective and rapid system to track MBVs all around the world and could be easily customized
369  toany viral emergence.

370
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Table 1. Mosquito and sandflies species, number of mosquitoes collected and number of pools analyzed in Senegal.

Urban

Number of

Virus detected

cosllt:(?tee d COI;E;'O” GPS coordinates Rura! Mosquito species arthropods miTl’?flle?ir(;ic = ggr%g?grergatlon
Sylvatic screened
system
Ae. furcifer, Ae. dalzieli, Ae. taylori, Ae.
Baraboye |12°41'11.2"N/12°24'39.2"W | Rural | Vittals, _ 97 - -
An. coustani, An. funestus, Ma. uniformis,
sandflies
Ae. furcifer, Ae. dalzieli, Ae. aegypti,
Ngari | 12°3807.3'N/12°14'59.5"W | Rural Ae. argenteopunctatus, Ae. hirsutus, Ae. 96 - -
mcintoshi, Cx. quinquefasciatus, Ae. vittatus,
An. coustani, An. funestus,
Silling |12°32'36.5"N/12°16'18.7"W | Rural Ae. luteocephalus, An. gambiae - -
Tenkoto |12°4023.1"N/12°16'37.1"W | Rural Ae. furcifer - -
Ae. aegypti, Ae. dalzieli, Ae. furcifer, Ae.
Velingara | 12°27'33.9"N/12°03'17.3"W | Rural luteocephalus, 43 - -
Ae. vittatus, An. coustani
Ae. aegypti, Ae. furcifer, Ae. luteocephalus, Ae.
Adult Kedougou _ taylori, Ae. unilil_weatus, Ae. vittatus, An.
(C1F) 12°39'42.1"N/12°16'05.2"W | Sylvatic - coustani, An. funestusf, 151 - -
An. nili, Cx. perfuscus, Ma. africana, Ma.
uniformis
Ae. aegypti, Ae. africanus, Ae. dalzieli, Ae.
furcifer, Ae. luteocephalus, Ae. taylori, Ae.
Kedougou ompr " on . . unilineatus, Ae. vittatus, An. coustani, An. .
(D1F) 12°36'43.9"N/12°14'50.7"W | Sylvatic funestus, An. nili, Cx. annulioris, Cx. 278 YFV* YFV confirmed by PCR
bitaeniorhynchus, Cx. poicilipes, Cx. perfuscus,
Ma. africana, Ma. uniformis
Ae. aegypti, Ae. africanus, Ae.
argenteopunctatus, Ae. dalzieli, Ae. furcifer,
Kedougou 0nainq A oMAINA A . Ae. luteocephalus, Ae. taylori,
(E2F) 12°2921.2'N/12°06'06.2"W | Sylvatic | . unilineatus, Ae. vittatus, An. coustani, An. 261 i i

funestus,
Cx. poicilipes, Ma. uniformis
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8 934
Dalaba |12°3325.6"N/12°10'41.0"W | Rural Ae. aegypti 24
Ngari 12°38'07.3"N/12°14'59.5"W | Rural Ae. aegypti, Ae. vittatus 18

Ae. aegypti, Ae. bromeliae, Ae. furcifer, Ae.
Kedougou ompAn A on M= o . longipalpis,
Larvae (D1F) 12°36'43.9°'N/12°14'50.7"W | Sylvatic Ae. luteocephalus, Ae. taylori, Ae. unilineatus, 231
Ae. vittatus
Kedougou Ae. aegypti, Ae. bromeliae, Ae. longipalpis,
g 12°29'21.2"N/12°06'06.2"W | Sylvatic | Ae. luteocephalus, Ae. neoafricanus, Ae. taylori, 123
(E2F) -~ )
Ae. unilineatus, Ae. vittatus, Er. chrysogaster
4 402

Ae., Aedes; An., Anopheles ; Cx., Culex; Er., Eretmapodites ; Ma., Mansonia ; YFV, Yellow fever virus.

*YFV detected in one pool of Ae. scapularis, one pool of Ae. furcifer and confirmed in one female of this pool.
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Table 2. Mosquito species, number of mosquitoes collected and number of pools analyzed in Cambodia.

Virus detected

Collection . B2 . . Numbgr ol through Type of confirmation
. GPS coordinates Rural Mosquito species mosquitoes . A
Site . microfluidic performed
Sylvatic screened
system
Ae. aegypti, Ae. albopictus, Ae. gardnerri imitator, Ae. prominens,
An. barbirostris, An. indefinitus, An. jamesii, An. kochi, An. mimulus
complex, An. philippinensis, An. roperi, An. umbrosus, An. vegus, Ar.
Mondulkiri, 12°10'28.4" / Svlvatic annulipalpis, Ar. dolichocephalus, Ar. flavus, Ar. 492 i )
Cambodia 106°53'40.9" y foliatus/kuchingensis, Ar. moultoni, Ar. subalbatus, Ar. theobaldi, Cx.

bitaeniorhynchus, Cx. brevipalpis, Cx. fuscocephala, Cx.
perplexus/whitei, Cx. sitiens, Cx. vishnui complex, Hz. catesi, Hz.
demeilloni

Ae., Aedes; An., Anopheles; Ar., Armigeres; Cx., Culex; Hz., Heizmannia.
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Table 3. Mosquito species, number of mosquitoes collected and viruses detected in Brazil.

Collection Site

GPS coordinates

Urban
Rural
Sylvatic

Mosquito species

Number of
mosquitoes
screened

Virus detected
through
microfluidic
system

Type of confirmation
performed

Belo Horizonte

19°51'59.29"S/44° 0'43.51"W

Urban Forest

Ae. albopictus, Ae. aegypti,
Cx. quinquefasciatus, Sa.
albiprivus

17

Casimiro de Abreu

22°26'33.31"S/42°12'30.34"W

Sylvatic

Ae. scapularis

24

Domingos Martins

20°17'12.48"S/40°50'14.35"W

Sylvatic

Ae. albopictus

7

Goiania

6°4016.32""S/49°22'49.93"W

Urban Forest

Aedeomiya, Ae. aegypti, Ae.
albopictus, Aedes sp.,
Coquillettidia sp., Culex sp.,
Hg. leucocelaenus, Limatus
sp., Mansonia sp.,
Orthopodomyia sp.,
Psorophora sp., Sabethes sp.,
Wyeomyia sp.

689

Guapimirim

22°28'56.31"S/42°59'26.36"W

Sylvatic

Ru. frontosa

10

Macaé

22°18'17.54"S/42° 0'8.80"W

Sylvatic

Ae. scapularis, Wyeomyia sp.

25

Manaus

3°00'12.78""S/59°55°37.86”W

Urban Forest

Ae. aegypti, Ae. albopictus,
Aedes sp., Culex sp., Hg.
leucocelaenus, Limatus sp.,
Orthopodomyia sp.,
Psorophora sp., Sabethes sp.,
Trichoposopum sp.,
Uranotenia sp., Wyeomyia sp.

3939

CHIKV*

Isolation, conventional
and real-time PCR
failed to confirm the
result

Marica

22°55'24.44"5/42°42'27.88"W

Sylvatic

Ae. aegypti, Ae. albopictus,
Ae. scapularis, Ae.
taeniorhynchus, Culex sp.,
Cx. nigripalpus, Hg.
janthinomys, Hg.
leucocelaenus, Li. durhamii,
Ru. humboldti

198

YFVS

YFV confirmed by
PCR

Miguel Pereira

22°29'3.21"S/43°18'15.98"W

Sylvatic

Sh. fluviatilis

12
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Nova Friburgo

22°24'46.35"S/42°18'58.57"W

Sylvatic

Ru. humboldti

CHIKVE

Isolation, conventional
and real-time PCR
failed to confirm the
result

Queluz

22°41'52.33"S/44°43'43.91"W

Sylvatic

Wy. pilicauda, Wy. confusa

Rio de Janeiro

22°52'45.7"S/43°18'10.0"W

Urban

Ae. aegypti, Ae. albopictus,
Cx. quinquefasciatus

261

22°56'6.57""S/43°26'42.19"W

Urban Forest

Ae. aegypti, Ae. albopictus,
Aedes sp. , Coquillettidia sp.,
Culex sp., Hg. leucocelaenus,

Mansonia sp., Psorophora

sp., Runchomyia sp.,

Sabethes sp., Trichoposopum

sp., Wyeomyia sp.

2447

TVTV®

Isolation, conventional
and real-time PCR
failed to confirm the
result

Serra

20° 6'46.89"S/40°11'12.53"W

Sylvatic

Ae. albopictus, Cx.
quinguefasciatus

26

Simonésia

19°55'12.06"S/41°54'20.23"W

Sylvatic

Ae. albopictus, Cq.
venezuelensis, Hg.
janthinomys, Hg.
leucocelaenus, Sa. albiprivus

41

Teresopolis

22°26'58.56"5/42°59'5.43"W

Sylvatic

Ru. frontosa

1

15

7705

Chikungunya virus; YFV, Yellow fever virus; TVTV, Trivittatus virus.
*CHIKYV detected in one pool of Cx. erraticus; 8 YFV detected in one pool of Ae. scapularis, one pool of Ae. taeniorhynchus, one pool of Hg. leucocelaenus; £

CHIKYV detected in one pool of Ru. humboldti ; ® TVTV detected in one pool of Cx. nigripalpus

Ae., Aedes; Cqg., Coquillettidia; Cx., Culex; Hg., Haemagogus; Li., Limatus; Ru., Runchomyia; Sa., Sabethes; Sh., Shannoniana; Wy., Wyeomyia; CHIKV,
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Table 4. Mosquito species, number of mosquitoes collected and virus detected in Guadeloupe.

Virus detected

Collection . Urban . . Numb(_er o through Type of confirmation
. GPS coordinates Rural Mosquito species mosquitoes . L
Site . microfluidic performed
Sylvatic screened
system
. 16° 12' 21.229"N/61° 29' Ae. aegypti, Cx. quinquefasciatus, i i
Goster 31.438"W Urban An. albimanus 399
Confirmed by real-time
o 1o " o fon Ae. aegypti, Cx. quinquefasciatus, PCR on head-thorax of
Deshaies 16°18 3?33;3\!;1\//61 4t Urban/Periurban | An. albimanus, Cx. bisulcatus, De. 306 ZIKV* individual mosquitoes,
' magnus isolation of the virus and
full genome sequencing
Confirmed by real-time
oq1 " 0 ap : : : PCR on head-thorax of
Petit Bourg 16°11 29'476.. N/61° 35 Urban/Periurban Ae. aegyptl, .CX' quinguefasciatus, 422 ZIKV* individual mosquitoes,
25.753"W Cx. nigripalpus, Culex sp. . . .
isolation of the virus and
full genome sequencing
Confirmed by real-time
°o1Q " o 90" . . . PCR on head-thorax of
Le Moule 16°19 53273;“'12\/'\\/”61 20 Urban/Periurban Ae. aegypti, gsig(u;nquefasuatus, 202 ZIKV* individual mosquitoes,
' p- isolation of the virus and
full genome sequencing
Confirmed by real-time
; oqE " o 1@ PCR on head-thorax of
Fr?a?lm;is 16715 256};;155\//61 16 Urban Ae. aegypti, Cx. quinquefasciatus 356 ZIKV* individual mosquitoes,
¢ ' isolation of the virus and
full genome sequencing
Confirmed by real-time
o 1o " o o . . . PCR on head-thorax of
Sainte Anne 16713 31'61% N/61° 23 Urban/Periurban Ae. aegyptl,_Cx. quinquefasciatus, 325 ZIKV* individual mosquitoes,
9.377"W Cx. nigripalpus, Culex sp. . . .
isolation of the virus and
full genome sequencing
Baie 16° 16' 3.979"N/61° 35' . . .
Mahault 13.337"W Urban Ae. aegypti, Cx. quinquefasciatus 19 - -
Le 16° 16' 17.36"N/61° 37' . . . .
Lamentin 59.754"W Urban/Periurban | Ae. aegypti, Cx. quinquefasciatus 27 - -
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Goyave 1677 24%Aé457al\\l/\//61° 4 Urban/Periurban Ae. aegypti, gij(.lg(uigguefasciatus, 86

ME.r:aeL;a- 16719 ggggévr:yer 2r Urban Ae. aegypti, Cx. quinquefasciatus 19

PO;?»[tfe- & 16714 fgggg\'/\lvl 61" 32 Urban Ae. aegypti, Cx. quinquefasciatus 5

gf;ﬂ;; o7 L 35%;{;]\// 61" 42 Urban/Periurban Ae. aegypti 1

Petit Canal 16° 22'&%%?:.’:‘,\//610 29 Urban/Periurban Culex sp. 6
13 2173

Ae., Aedes; An., Anopheles; Cx., Culex; De., Deinocerites.

*ZIKV detected in 2 pools of Cx. quinguefasciatus and 9 pools of Ae. aegypti, and confirmed in 9 females Ae .aegypti (one female per pool).
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Table 5. Mosquito species, number of mosquitoes collected and virus detected in French Guiana.

Urban Number of Virus detected Tvoe of confirmation
Collection Site GPS coordinates Rural Mosquito species mosquitoes through Microfluidic yp
. performed
Sylvatic screened system
Confirmed by real-time PCR
4°55'53.08"N/ Ae. aegypti, Ae. scapularis, Cx. on head-thorax of individual
Cayenne 010E 0QH Urban quinquefasciatus, Ma. titillans, 1928 ZIKV* mosquitoes, isolation of the
52°18'55.99"W - . .
Cg. venezualensis, Cq. albicosta virus and full genome
sequencing
) _ 4°53'34.01"N/ _ Ae.. aegypti, _Ae. scapula_r!s, Cx.
Remire-Montjoly on At " Urban/Periurban quinquefasciatus, Ma. titillans, 1078 _ -
52°16'34.32"W .
Cq. venezualensis
. . Confirmed by real-time PCR
gy " Ae. aegyptl, Ae. tae_nlorhynchus, on head-thorax of individual
4°50'52.22"N/ . Cx. quinquefasciatus, Ma. - . . .
Matoury 010 . Urban/Periurban - . 936 ZIKV mosquitoes, isolation of the
52°19'41.58"W titillans, Cqg. venezualensis, Cq. .
X virus and full genome
albicosta .
sequencing
3 3942

Ae., Aedes; Cq., Coquillettidia ; Cx., Culex; Ma., Mansonia.
*ZIKV in 1 pools of Cx. quinquefasciatus and 3 pools of Ae. aegypti, and confirmed in 3 females Ae.aegypti (one female per pool)
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Table 6. Mosquito species, number of mosquitoes collected and virus detected in Suriname.

Virus detected

Urban Number of through Type of
Collection Site GPS Rural Mosquito species mosquitoes - an confirmation
. Microfluidic
Sylvatic screened performed
system
Paramaribo 5°51'54.2"N/55°11'33.4"W Urban (Paramaribo) Undetermined 4 - -
Roti shop 5°51'59.616"N/55°6'20.952W Urban (Paramaribo) Ae. aegypti 68 - -
Car mechanic 5°50'35.8"N 55°06'56.7"W Urban (Paramaribo) Ae. aegypti 96 - -
Kwikfit car 5750'38.1"N 55°07°23.3"W Urban (Paramaribo) Ae. aegypti 567 - -
mechanic
Family home 5750'33.3"N 55°07'17.5"W Urban (Paramaribo) Ae. aegypti 296 - -
O“ctﬁﬁti'ce”t 5°50'30.3"N/55°7'8.615"W Urban (Paramaribo) Ae. aegypti 103 ; -
Chi min 5°49'54.408"N/55°8'24.683W Urban (Paramaribo) Ae. aegypti 78 - -
restaurant
Albertine 5°48'49.572"N/55°11'27.6"W Urban (Paramaribo) Ae. aegypti 661 - -
retirement home
Medisch
Opvoedkundig | 5°49'43.212"N/55°10'41.375"W Urban (Paramaribo) Ae. aegypti 376 - -
Bureau (MOB)
Brownsweg 5°0'57.384"N/55°10'2.172"W Rural/Sylvatic | /& 2eaypti, Culex 21 : i
sp., Undetermined
Ae. aegypti, Culex
Brownsberg 4°56'36.24"N/55°10'6.6"W Rural/Sylvatic sp., Haemagogus 40 - -
sp., Undetermined
11 2310

Ae., Aedes; Cx., Culex; Hg., Haemagogus.
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Table 7. List of mosquito-borne viruses, targets, primers/probe sets, and positive controls.

Family Genus Species Primers/probe Sequence (5'-3) Target Length (bp) Positive controls
Banzi_F TCT GTG CCA AAC CAG CTT AG
Banzi_R CTC GGA TCT CAG GAG GAT TG
Cell culture strain
Banzi NS3 71
SA H 336
Banzi_P TGA GAA GCT GGT TCA GTC CAT TGA CAC ACT
BussuqV_F GAA GGT CTT GGA GAT GGT GG )
Elavivirid Elavivi Cell culture strain
aviviriaae avivirus Bussuquara BussugqV_R GTCTGTACGGGCACAACACT NS5 72 BoAN 4073
eAn
BussugV_P AGC CGT GGC TTA AGA ACA AAC CTG AAT TCT
Deng 1 F AAC CCATGG AAG CTGTACGC Cell culture strain
Deng_1 R CTAGTCCTT ACC ACCAGG GT 3'UTR 120 Indonesia and
Deng 1 P ACA GCT TCC CCT GGT GTT GGG CC Guiana
Deng 2 F AGA AGA GAA GAG GAA GAG GCA
Dengue Cell culture strain
Deng 2 R TGGCCTGACTTCTTTTAACGTC NS5 138 D
Deng 2 P CTT GGA CGG GGC TCACAG GTAGC
Deng 3 F GAA GAG ATT CAG GAA GGA GGA NSE 144 Cell culture strain
Deng_ 3 R GGCCTGACTTCTTCTTTT AACG D3
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Deng 3 P

TCCTTG GAC GGG GCT CACAGG C

Deng_4_F TGG ATT CAG GAA GGA GAT AGG
Deng_4_R GTT CGC CAT CTC TTG TTG ACA C 124 Cell culture strain
Deng_4 P CCG CAT GCT GAA CAT CTT GAA CGG GA o
JEV_F GCT TAG CGC TCA CAT CCACT
JEV_R CACCCT CTCTTCTTG TTT GGG NS2a/Ns2b 88
JEV_P TGC AGA CCATTA GTC CGG CAG CTATAG T
JEV_llla_F TGG ACG TCC GCA TGA TCA AC
JEV_llla_R CCT TGT TTG CAC ACA TAG CTAC E 162
JEV_llla_P TAT CAG CTC GCT TCT CGT TGT GGG CTT
JEV_lIb_F ACT GAC ATC TCG ACG GTG G
JEV_IlIb_R CAT GTG TCAATG CTT CCC TTC E 131
Japanese Encephali JEV_llib_P CTC GGT GCC CCA CGA CTG GAG AA Cell culture strain
JEV_ILF GAA GGA GCT AGT GGA GCT AC SA14
JEV_IL R TGA AGC GTG ATA GCA GTA GCT E 156
JEV_ILP TTG GGT GGA CCT GGT GTT AGA AGG AGA TA
JEV_IF GTT ACT GCT ATC ACG CTT CAG
JEV_I R GTC AAT GCT TCC TTT CCC GAA E 163
JEV_I P TCACTG ACA TTT CAA CGG TGG CTC GAT G
JEV_ IV F TTG AAA GGT GCC CAAAGA TTG G
JEV_IV_R TAT TCC CAT CCA GAG TAG CAG A E 188

JEV_IV_P

CAG CGT TGG GAG ATACAG CTT GGG ATT
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JEV_V_F

GGA TGG ATG CTT GGC AGC AA

JEV.V R GAG GCAACTGTCTCCTTCCA prM/E 170
JEV V P CAA CGG CCAGCG TGT GGT GTT CAC
llheusV_F GGA AGT GCCATTTTGCTCCC
Cell culture strain PE
Ilheus IlheusV_R AGC GGC ATG GAA CTACGA TG NS5 77 20545
llheusV_P TAC GTC CAT CCT TCATCA ACAGCT CGT TG
KedV_F AAG CAC CAA CGG CAG AAG TG
Cell culture strain
Kedougou KedV_R TGG CTG AAG TCC AAGCCT G E 85 Dak A
ak Ar
KedV_P ATT GAG CCT CGC ACG TCAT GGT CAT AGT
Kok | F CAT CAA GGT ACC AGT GAA CGT
Kok I R AAC TCCTCG GAACTC AACTCT NS5 144
Kok | P CTTCTCACTCTCATACCTCTTCTGTGT TCC
Kok _Il_F GTT GTG ATA GTC AGG CCT GAA
Kok_Il_R CCA CGA CACTGG AGC ATCA 3'NCR 86
Kok Il P CTC CAG GCC GGA TGC AGG CAG
) i Cell culture strain
Kokobera virus groupe Kok Bai_F ACA GAA GAG GTATGA GAG TGA G MRM
Kok _Bai_R TCA GGT GGC TTTTCAGGCCT NS5/3'NCR 109
Kok Bai_P AAG AGA GTT GAG TTC CGA GGA GTT CTG TAG
Kok _Tor F TGC GGA TCT CTC ATC GGC TA
Kok _Tor R TCACCATCATTCCCTCTT ACAG NS5/3'NCR 183
Kok_Tor_P AAC CCC TGT GAACTTGACACTTTCCTCC
Kok _Map_F AAG AGA AGATCT ATGGTGTGG C NS5 81
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Kok Map R

CTC CAC AGT TCT TCG GAT GTT

Kok_Map_P TCG CTC ATT GGA CAC AGG CCC AGA A
Kok_Strat_F AAG GCA GAA GGC CGC ATC AT
Kok_Strat_R AGT CTC CCAAGTCTGCCG T E 177
Kok_Strat_P CCA GAA GGA GAA TTT GGA GTA CAC AGT GC
Kout_|_F GAG ATT CCT CGA GGG AGA G
Kout_I_R ACA AGT TGC ACG GCC AGG TT NS5 200
Kout_I_P CAC CGC TTA CTA GCC CGA GCA ATC ATT Cell culture strain
outango Kout_Il_F CAG AGC ATC AGG TAA CAT CGT DAK AR D
Kout_Il_R TGA GCC TCT CGATTC TCC TC NS5 190
Kout_Il_P CCA CGC TGT GAG CAT GAC CAG TCA A
EnM_gI_F TTACCT ACACTG ATCTAG TGC G
EnM_gl_R CCA GGA CGA GAT TCT CTT GAT T NS1/NS2a 176
EnM_gI_P AGT CCA TCT ACT GCG TGT CAA GCT GG
EnM_gll_F ATG TGC GAT GAC ACCATCACT T
EnM_gll_R TCG TGC ATC TTC CATAGT TCAC prM 117
Murray Encephalitis EnM_gIl_P ACG AAT GTC CGA AAT TGG AAA GTG GAA ACG A Cell culture strain
EnM_glll_F ACG ATG AGT CCA CTC TGG TAA 3329
EnM_gIll_R TTC CTC AAG ACC TCC TGG GT NS1 114
EnM_gIll_P AG TCA AGG GTC CAA GCA TTC AAT GGA GAC A
EnM_gIV_F TTG CGA GCA GTACAC TCAAAC T - o

EnM_glV_R

TGC ACATCC CAT AAGTAGTTCC
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EnM _glV P CAC CTC AGG CCATCT CAAGTG CCG
EnM_gV_F GGA AGA ATG GTG ACG GCT AAT
EnM_gV_R TGATTG ATCTGC TTG TCT CCC E 127
EnM gV P CTG CCT ACC ACG ATG TAT GAG TCT CC
RocioV_F GAA AGG AAG CCT GCA GACCT
Cell culture strain 5P
Rocio RocioV_R TCACGC TGG ATG GTC ATT CC E 72 H34 675
RocioV_P ATAGCTTTC TGC GTG CAT CCAAATTTAACGC
StLouisEV_F TGCTGATGTTGATTGCCCCG
. . . - Cell culture strain
Saint Louis Encephalitis StLouisEV-R GTGACACAGCTTCCTCCTTC prM 125 MSL.7
StLouisEV-P AGTACCAAGTCAATCCATGTTGCCCCG
Spond_I_F CTG GTT AAG CAG AGA GAACTC
Spond_I_R TTC TAG GTC GCATTT CGT GAT G NS5 156
Soondwen Spond_| P TGG AGG GGG AGT TGA GGG CTT GG Cell culture strain
pondweni
Spond_IlI_F AGG AGT GTG AAT GCC ACC AG SM-6 V-1s
Spond_Il_R TGC CAAGTGGATCCATATTCCT NS5 190
Spond_Il_P CCA GCT GCT CAT GCA CAG AAT GGA CAT
UV _F CAC GCA ACA TGG GAA AAA CC
Cell culture strain
Usutu UV R GCATCCAGTTTG GGG CATTC prM 96
SAAR-1776
Uv P TGC TGG ATT AGA GCC ATG GAT GTC GGG TA
WessV-F GTG TCT CCT GGA AAT GGA TGG
Cell culture strain
Wesselsbron WessV-R CAT CAACAGCCACATTTGCG NS5 79

WessV_P

ATG ATC AGA GAA ACG GCC TGC CTC AGT

SAH-177
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West Nile

WN_F AAG TTG AGT AGACGG TGC TGC Cell culture strains
WN_R AGA CGG TTC TGA GGG CTT AC 3'NTR 92 UG956 D117 + 1598
WN_P CGA CTC AAC CCC AGG AGG ACT GG + MRM16
WN_1A F GTTGGC TCTCTT GGC GTT CT
Cell culture strain
WN_1A R GCAATTCCGGTCTTT CCT CC C 194 1S98
WN_1A P TCAGGTTCACAGCAATTGCTCCGACC
WN_1B F GAA GTT AGC AGT CTACGTTAG G
Cell culture strain
WN_1B P TAT GGA AGA TGC ACC AAG ACACGACACTC prM 194 B
Kunjin MRM16
WN_1B R GCATAT CCAGGGTTT CTC AAG
WN_1C F TCATGGTTGCGACGTTCGTG
WN_1C P AAG GCT AGG TGG ACG AAC CAG GAG AA NS2a 188 NA
WN_1C R AAG TGT TGGTAAACGTGATGGC
WN_3 F ATT TGA AGA ACC ACATGC CACG
Cell culture strain
WN_ 3 P AAG CAATCG GTG GTCGCC TTAGGT TCT E 195
Rabensburg
WN 3 R TGC GCATAC TCC ATA GGT CG
WN 4 F GAT TGT GAA CCC AGG TCA GG
WN_ 4 P CGT TGA TGT GGA CGC CTT CTA CGT GAT E 137 NA
WN_ 4 R TGTTCCTCCAGTTCGTGTTTC
WN_ 2.1 F GAGCTGTTT CTT AGC ACG AAG
WN_2.1 P ATCTCG ATG TCT AAG AAACCAGGAGGGC C 137 Cell culture strain
WN_2.1 R CAG ACT CAG CAT AGCCCTCT UG956 D117
WN 2.2 F CAT GGA GAA AGT ACACTG GCT A prM 183
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WN_2.2_P

ATA AGA AAG GAG CTT GGC TGG ACAGCAC

WN_22 R GCA GTA GGATAG CGA ACACG
YF_F CTG TCC CAATCT CAG TCC AAG
YF_R AACGTT TTC CAC CCC ATAGC prM 69
YF_P AGA GGA GCC AGATGACATTGATTGCTG GT
FJ_AO 4 F TGA TGA AGT GCT GAT TGA GGT G
FJ_AO 4 R TCCGCGCCTTTCATGGTCT E 142
FJ_AO_ 4 P AAC CCACCCTTT GGA GAT AGC TAC ATCAT
FIJAO 36 F AGA CCC GGC AAG AAA AAT GGA
FJ_AO_3 6 R AGC CAA GAC CAG TAG GGC AA M 169
FJ_AO_3 6_P TGA CTG GAA GAATGG GTG AAAGGC AACTC
Vellow fever FI AO 1F CCATGAGCTTGTTTGAGGTTGA Cell culture strain
FI.AO 1R GCATTCCAG AGT AGCTTTTCCA E 185 17D
FJ.AO_1P CCA GAC AAA GAT CCA GTA CGT CAT CAG AG
FJ AC_AE_F TGG TCG AAA AGC TCA GGG TAA
FJ_AC_AE_R GAA GGG CCAGGTCTGTTTC C 116
FJ_AC_AE P AAC CCT GGG CGT CAA TAT GGT AAG ACG
FI_AmS 2 F CAC ATT CCAGGA TAC AAG GTC
FI_AmS 2 R AAT GAT CTT CCC ACT GTC GGT NS1 158
FJ_AmS_2 P CAG ACA AAT GGG CCT TGG ATG CAG GT
FJ AmS_1 F AGC TGA GAT GGG AGC CAATC
NS3 170

FJ_AmS_1 R

TCTCTGTTAGGGTTCCTT CCAA
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FJ_AmS_1 P

TCT GCG TGG AGA GAG TGT TGG ATT GTAG

Zika2_F AAT GAC ACA TGG AGG CTG AAG
Zika2_R TGT GTGAGACTTTGGCCATTC NS1 70
Zika2_P AGG GCC CAC CTG ATT GAG ATG AAAACATGT
Zika_lll_F TGG CAG TGC TGG TAG CTATG
Zika_Ill_R GTG GCA CCC ATC AAAATT GCA NS1/NS2a 78
Zika_Ill_P AGC TTA GCC AGG TCA CTC ATT GAA AAT CCT
Zika_IV_F CCA ACT GGG AGAACCACCT
Zika_IV_R GGT CGT TCT CCT CAATCC AC NS5 102
) Zika_IV_P ACT CTATTC CAC ACC ATG AGCATGTCCTC Cell culture strain
Zlka Zika_VI_F GCATCA GGT GCATAG GAGTC MR766
Zika_VI_R TTG ATG CCT CAT AGC AGT AGG A prM/E 194
Zika_VI_P AGC AAT AGG GAC TTT GTG GAA GGT ATG TCA
Zika_VII_F GCA ATC AAG CCATCACTG GG
Zika_VII_R GTCTCTTCT TCT CCT TCC TAG C 138
Zika_VII_P CATTGATTATTCTCAGCATGG CAG CCAGATC
Zika_VIII_F AAG ATCCTACTGCTATGAGGC A
Zika_VIII_F GGA GCATGC AAACTT AGC GC E 198
Zika_VIII_F TCA ATATCA GAC ATG GCT TCG GAC AGCC
RVFV_F ACAAAAAGCGGGTGGGGATAG
Phenuiviridae Phlebovirus Rift Valley fever RVFV_R GCAATCCCTGCCATGGTTTC Nsm/Gn 82 Cell culture strain
RVFV_P CGGTGTGAGAGACGAAGAGACGCTAAG ZHoes
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RVF_SegS F GTT GAT TTG CAG AGT GGT CGT
RVF_SegS_R GCG AACCTC GTG ACT AGG A NSs 134
RVF SegS_P CGA TGG TGC ATG AGA AAG ACA CAA CAG G
batai_1_F GAA TGG GAG GTT ACG CTT AAC
batai_1 R GTA CCT GGC AAG GAATCC AC N 134
) batai_1_P CTT GGG GGC TGG AAGGTT ACTGTATTT AAT A
s batai_2_F GGG CAG ATG GTG AGG AGAT NA
batai_ 2 R TGCTAACCGTCCATGTCCCT N 188
batai_2_P TTACCT CTC ATT CTT CCC AGG CTC GGA
Bunyam_1 F CGG TACCTACTT GAG AAGATTC
Bunyam_1 R TAC ACCTCT TCT CCATCT GAC N 121
Bunyam_1 P TGA AAG TGA GTG AAC CAG AAAAGCTGATCATC
Peribunyaviridae Orthobunyavirus Bunyam 2 F TTGTTACAG CCG GTG GTAGTA
Bunyamwera Bunyam_2 R GACTTAAACCAGCCAGTGCTAA Gn 192 NA
Bunyam_2 P TGG TGG TTCCTG TCACTT CAA AAT GGT TCA
Bunyam_3_F ACATCACTCTTC GGT GCA GG
Bunyam_3 R TGG ATCCTC TAG CAGCCCA NSm 200
Bunyam_3_P TCT GAC CAT CATTTT TGC AGG AGT AGCATT G
Bwa S F TAT CCA GGG GCACTC AAT ACAA
Bwamba Bwa S R TCCACCTCCCAGTTTCCAAATT N 124 Cell culture strain
Bwa_S P ATACCG CTAGGACATTCTTCCTCAATGCC BWA
Cache Valley CacheV_S F GAT GGT CTT ACC CTC CAC AG N 194 NA
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CacheV_S R

TAA GAA CAT CTC TGA GCC AGG

CacheV_S P ACT CAG TGG ATACCT TGC CAG GTACCT A
CalifEV_1_F GCA TCA ACA GGT GCA AAT GGAT
CalifEV_1_R TCG CCAAATTTAGGACTT GCC N 172
California Encephalitis _
CalifEV_1_P TTG ATC CTG ATG AAG GGT ATATGG CATTCT G
(Snowshare, Chatanga, La NA
. CalifEV_2_F GGC AGA GGT ATG GTT CAC TAA
Crosse viruses)
CalifEV_2_R GTC CTA AAC AAT TTG CCT GCC N 186
CalifEV_2_P CTG CTG AAA AGT GGA TGT CCC AAA AGA CC
GpC_Ape_F CCC AAACTACCAAGAGTGTAAC
C Groupe_Apeu GpC_Ape_R GCA AGC ATACGT CTTTGG GAT A G2 102
GpC_Ape P AGC ATA AGG TCT CGG TCG GGC TTG AAA
GpC_Rest_F GTA AGA GCA GAG GAT CAG CATT
C Groupe_Restan GpC_Rest R TAT ACT CCT GAC ATT GCC CAG A G2 175
GpC_Rest_P TTG CCT TGC AGT AAT TCT AGC CACATT ACTC
GpC_Muru_F CTAGGATTCTCT GCAAGAGTAG NA
C Groupe_Murutucu GpC_Muru_R TGT TGT ATGACAGCTGCATTGC G3 110
GpC_Muru_P AGG TTC TGC ATT TTG CCT CGC TGT GAT ATTA
GpC_Oribo_F CTAGAACTG TAT GCT GACACAG
C Groupe_Oriboca GpC_Oribo_R TCTCTCCCTTTT GAGCTCTGT A N 198
GpC_Oribo_P AAC ACC GCC CAG AGA TTG AAG AGA AAA TCA
C Groupe_Marituba and GpC_Mari_F GTT CTT CCT CCG TGC GAA TG NS 140
S

Apeu

GpC_Mari_R

CCATCAGCGACCGTATTT GC
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GpC_Mari_P AGG CTA AAC AGA AGCTCCGTAAGAGTT CG
GpC_Nepu_F GAGTGCATCTACTTTTGACCCTA
C Groupe_Nepuyo GpC_Nepu_R AGC GACCTTTGC CGTACTC NSs 147
GpC_Nepu_P AA CAG GCG TAC CAG AGT TTT ATC GAT AACC
GpC_ltag_F AT TGG TCT GAG TGT AAC CCT G
C Groupe_ltaqui GpC_ltag_R CTGTTG TCG TAC CCATAACCT N/ NSs 194
GpC_ltag_P TGG AGA CAG CCA ACGGCCCGATC
GpC_Cara_|_F TTC TGC CGT CGT ACG AGT CT
GpC_Cara_I R GTAACCTGATAT GCGATGCAAC N/ NSs 189
¢ Groupe_Carapary GpC_Cara_I_P TCT ACA TCA ACG CGG CGA AGG TCA AAG
GpC_Cara_lI_F TGA GAG TGACTACGG TTCCC
GpC_Cara_Il_R CGT AGT CAG GCAGTG GAATG N/ NSs 187
GpC_Cara_IlI_P AAT TGG AGT CCGCTATTGTTC GAG TCT TCT A
Germi_segS_F GGG CCAGAAGTCTACCTGT
Germiston Germi_segS R TCCACTTCT CCAAGCTTAGTTG N 196 NA
Germi_segS P CCTTCTTCCCAGGTGCTGAAATGTTCCT
Guama_I_F TCA GAG AGG ATG AAG AAG CAC
Guama Group_Catu Guama_I_R ACA GGA TGA AAG AAG AGC CTC G2 105
Guama_I_P AGA GAG TCT GGA ATG TGC CAC GGATAT AAAT
Guama_Il_F GTC GCA CAA GGG AGA AAT AAC NA
Guama Group_Cat and Guama_Il_R GCT GTACCAAACTTAAGAGTGG N 154

Guama

Guama_lIl_P

TTC ATC CCT AGT GAG GCT TAC GCT GTC
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Guama_lIll_F

ACT TCAGAA TGC TCC CAT TGG

Guama Group_Bimiti Guama_lll_R GGA GCT TAG ACACTAGTG TCA N 173
Guama_lll_P CAATTG GGA TTT ACA GAG TAC AGC AGA AAC AG
Guama_IV_F AGT TCAGAATGCTTC CCC TAG

Guama Group_Moju Guama_IV_R ATATCGCCATACTGCTGTCTGA N 102
Guama_IV_P CAATAG GCATTT ACAGAG TCC AGC AGAAACA
Guama_V_F GGA TCA CCT GGG AAC ATG GT

Guama Group_Mahogany
Guama_V_R CAG GACCATCCATTGGCT TG N 196
Hammock
Guama_V_P CTGGCATGT CTCCATACT GCTGGCG
Guaroa_S1 F GTT TAA CCC GGA GCT CCA ATA
Guaroa_S1 R AAT CAT CGAGGACTGGACTGTT N 217
Guaroa_S1 P TGC TAC ATT TAA ACG TAC AAA CAC AAC AGG GC
Guaroa_S2 F TAT AGC TGC ATCAAACGGGATC
Guaroa Guaroa S2 R GCCTCCATCATCTTTTTCTGG N 146 NA
Guaroa_S2 P ACA TGG GAA GAT GGA CCA GAG GTTTATCT
Guaroa_S3 F GGA GACTTT CAAATTCTACCCC
Guaroa_S3 R ATTAGC TTT CTT CCA GCC CAG N 185
Guaroa_S3 P TGA TGA GAC AAC AGA AAG AGCAGCATTGATC
lle L F GCACATGGCGATTTT ACACTGA
Cell culture strain
llesha lle_ L R TCT TGG TGG CAT AGA ACT GAT G RdRp 108 ILEPL
lle L P CTG CAC CAT GGT GCACAACAG AGACT
Inkoo Inkoo S F TTG ACG TAG ACCTAC TGA TGG RdRp 149 NA
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Inkoo_S R

GTG GGATCT CTAATGTCAATGG

Inkoo_S P

CAA GAC ATG ACT ACT TCG GGA GAG AGT TG

Jamestown_F

AAG CCAAAGCTGCTCTCGCT

Jamestown Canyon Jamestown_R AAC CCATCT GGC TAG ATATCC N 166 NA
Jamestown_P CGT AAA CCG GAG CGG AAAGCTACTC
Key segS _F AGG GTATGT GGC ATT TAT GGC
Keystone Key segS R CCACTCTCCAAACTTAGGTGTA N 120 NA
Key segS P TAA CCATGG GGA GTC GAT CAG TCT GTC
LaCrosse_1 F GCT GCA AGC CCAGTG TATCA
LaCrosse_1 R TGC CAA TCA GAG ACT AGC CAT Gn 196
LaCrosse 1 P AAG GTG TTT CCA AGA TGG GGC TAT AGT GAA G
LaCrosse_2_F TTC CAA GAT GGG GCT ATAGTG
LaCrosse_2_R AGT CGT GCC AAT CAG AGA CC Gn 175
LaCrosse_2_P AAG CAA AAC CCATCC AAA GAG GCAGTCAC
LaCrosse 3 F AAT CAG AGG TGC CTG CAT TAG
La Crosse NA
LaCrosse_3 R GGC CAG TACACAATTCATCATG Ge 185
LaCrosse 3 P CTG GGA CAT CTATCG GGT TCAAAATCAATTC
LaCrosse_4 F CCATTC ACA GAG TGT GGC AC
LaCrosse_ 4 R CGACTT GCA CAT GAC TCT GG Gn 134
LaCrosse 4 P ACATTGTGTCTGTGG TGC TCG CTATGATAC
LaCrosse 5 F TGTCTGTGG TGCTCGCTATG
Gn/Nsm 104

LaCrosse 5 R

TTG CAC ATG ACT CTGGCAGC
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LaCrosse 5 P

ATACTT CCG ATAGAATGA AACTGC ACAGAGC

LaCrosse 6 F

GCC CAG TGT ATCAAAGGT GTTT

LaCrosse 6 R GCT AACATCATCTTT CAGGCAC Gn 97
LaCrosse_6_P CCA AGA TGG GGC TAT AGT GAA GCA AAACC
LaCrosse_7_F CTC ACATTT GCA AGA GAG AGG
LaCrosse_7_R CACTTCTTCGGTCTCCTT CC Gc 123
LaCrosse_7_P ACA AGT TCATGG GGA TGC GAAGAG TTT GG
LaCrosse_8 F ATC CAA AGA GGC AGT CAC GG
LaCrosse_8 R GAT CAT CACCAACCTCTATCAC Gn 199
LaCrosse 8 P AGG TGT GCCTAAAGG ATGATGTCAGTATGAT
Ngari_segS F TTCATGATGTCGCTGCTAACAC
Ngari Ngari_segS_R CCC AAG GTT AAG TGT AACTTCC N 79 NA
Ngari_segS_P CAG CAGTACTTT TGA CCC AGA GGT CG
Nyando 1 F CGC TCG GAT CTT CTT CCTCA
Nyando 1 R TGT AAG ATC CGT GTC GCT GAT A N 154
Nyando Nyando_1 P ATG CCC GGA AAG CCA AAG ATC AAC TCTCT A
Nyando_2_F CAG AGCCGAAGGTTGGTCTT
Nyando_2 R TGC CAGCTTGTGCAACACTATT N 182
Nyando_3 P AAA TTT GGA ACA TGG CAG GTG GAA GTG GTC
Oropou_F GTG GTA ACCTCT TCA AGG AGA
Oropouche Oropou_R TAG CAC TGG ATT GCA CTC AGA Gn 181 NA

Oropou_P

TGAACT TGAGTG TAG GACTTG GCG AAATATG
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Snow_segS _F

GAC GAT CTT ACC ATC CAC AGA

Snowshoe hare Snow_segS_R CCGCTATCCCATCTCACTC N 151 NA
Snow_segS P TTGTCAGGATATTTAGCCAGATGGGTTCTTG
Tacaiuma_F CCATTAGCT GAG GTT GCT GG
Tacaiuma Tacaiuma_R TCCTTTTTC ACCCTAGCT ATGC N 139 NA
Tacaiuma_P TGT CTC ATG GGC TAATTC TAC GCC AGA AAT
Tahy S F ATT TGG CTA GAT GGG TGC TAG
Tahyna Tahy S R GTC CCA CCT GAT CCCATT AG N 156 Cell culture strain 92
Tahy S P ACT CAGCTATGG GGT TGATAACGGTTGTT
Trivatta_F CCA TCA ACA GGT GCA AAC GG
Trivattatus Trivatta R TGATTATTG ACC ACCTCCACC N 199 NA
Trivatta_P ATT TGATCC CGATGC AGG GTATGT GGC
Orungo_1 F GTG ATT CGG GCA AAC TGC GT
Orbivirus Orungo Orungo_1 R GAACTCGCATAATTGCGC AGA A RdRp 171 NA
o Orungo_1 P TTT AAAGGT ATG CAAGTT GTG GTA GAG TCG AC
Reoviridae BannaV_F ATCCGGTGTCGTCACTTGG
Seadornavirus Banna BannaV_R TCAAAGCCCACACACTCAGTG VP7 110 Cell culture strain
BannaV_P ACCGTGACTACACCATGCCACTACCAAATG PAY
Jurona_F AGT TGATGATTA CAG AGGACCC
Rhabdoviridae Vesiculovirus Jurona Jurona_R TTCTGC CTGATT GCT TCT AAGC N 189 NA
Jurona_P ATA CCG GAT GGC AAG TCA AGC AGT GG
Togaviridae Alphavirus Barmah Forest Barmah_F GTG CCC AGG TCCGAAGTTA E2 110 NA
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Barmah_R

TCT GTATGT CACTTGCGGTTCA

Barmah_P CGG AGG TGA AAG GAA AGATCCATGTGC
chik_F_SG TGG AAT GGC TGG TTA ACA AGA TAA
chik_R_SG CTC CGC GGA CAC CTA ACG NSP2 114
chik-P2 ACG GCCACCACGTGCTCCTGGT
Chik_WATfri_F CGA ACT ACATAT CCGGCACC
Chik_WATfri_R TGATTT GGT ACG ACG CAACTGT NSP4 129
Chik_WATfri_P AGT GTA CTC ACC CCC AAT CAATAT CCG AC
Chik_Asia_F TGA TCA AAT GAC CGG CAT CCT
. - - Cell culture strain
Chikungunya Chik_Asia_R CGTTGC GTTCTGCCGTTAAC NSP1 104
LR2006_OPY
Chik_Asia_P TGC TAC AGA AGT CAC GCC GGA GGA TG
Chik_IndECSA_F AGG AAG TCC ACG AGG AGA AG
Chik_IndECSA_R TTAGTCTCT GGATGATTGCTGC NSP3/NSP4 158
Chik_IndECSA_P TGT TAC CCA CCT AAG CTG GAT GAA GCA AAG
Chik_ECSA_F ACA CAA CCC CGT TCATGT ACA
Chik_ECSA R CTACTG AGA ACAGCACACGG NSP1 191
Chik_ECSA_P ATG CCATGG CGG GTGCCTACCC
EEEV_F GAAGTGGCCTGG AGCTTT TG
EEEV_R GCATGG ATG ACG TTC GGA GA NSP3 83
) o Cell culture strain
Eastern Equine Encephalitis EEEV_P ATG CTT GAC GAG GTGCGC TTT ACC AGT H178/00
EEEV_1 F TGT ATT GCC TCT AAG GCC GC
NSP1 184
EEEV_1 R GTT CGT ACACCTTTC AGC GC
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EEEV_1 P CTG GTA GTA AAT GGA AGT CGG TGC ATG CA
EEEV 2 F GTT CAT GTT GAC TTA GAC GCA G
EEEV 2 R ACC TGG TCT GTATCC ACT TCT NSP1 149
EEEV 2 P ACA GCC CAT TCG TCA AGT CAC TGC AAA G
Maya_|_F ATG AGC GAA GCC TAC GTG G
Maya_|_R ATC GTT ACG GCA TGG TCA CC El 162
Maya_|_P AGC GCG CTG ACG TGT GTA AAC ACG A Cell culture strain
Mayaro Maya_Il_F CAG CCG GCA ATATCCACG T TC625
Maya_Il_R GTC TAG TGA ATG CGC TGT CG El 194
Maya_II_P CCC CTATAC CCAGAC ACCATCTGGTT
ONN-9237F ACA AGT GCA AAT GTG ACG GC
O'Nyong-Nyong ONN-9362R GCG GTG AAT TGT ATTGCCATT T E2 125 Cell culture strain
ONN-9307P GTT TGT AAC CGC TGT GTG GCATTG GTC T Pakar234
RRV - 9,239 F CAA TGC CAT GCT GCC GTT AC
Ross River RRV - 9,328 R TTT GCC CCT CCTAGC TGT C E2 72 Cell culture strain
RRV - 9307 P ATC AGC CCT GGG AAC AAA TGG AGA GGT ootV
SemFV-9240F CGT CAT CCA CGG CAA AAG AG
SemFV-9310R TGC GGT AGG AAAAGAGCG T E2 72
N SemFV-9261P TGACACTGCACCTTCACCCAGATCATC Cell culture strain
Semitki forest Seml_II_F AAC AGC TGA AGA CAA GCA GGA 1745
Seml_Il_R AAC GCC TTAATG TCC CTC GC NSP4 179

Seml_Il_P

CGA AGA CAG GCG ACG AGC ACT GAG

43


https://doi.org/10.1101/764704
http://creativecommons.org/licenses/by-nc-nd/4.0/

SinFP GGT TCC TAC CAC AGC GACG
SinRP TGATAC TGG TGC TCG GAA AAC NSP1 75
SinP TTG GAC ATA GGC AGC GCA CCG GCT
Sindbis_I_F GAA GGT AGA CGC CTACGA AC
Sindbis_I_R ATGTACTCTTGGTTG GTG GAA G El 152
Sindbis_|_P ATG CGACCACTG TTC CAAATG TGC CAC
Sindbis_2_3_F GGT AGA CGC CTT CGAACATG
Sindbis_2 3 R GTG ACGTACTCCAGGTTCGT 6k 152
o Sindbis 2 3 P CGACCACTGTCCCAAATGTGCCGAG Cell culture strain
Sindbis Sindbis_IV_F AAT TCG AGG TAG TAG CAC AGC Egypt 339
Sindbis_IV_R GCAGACGCAGTGATAGTGGT NSP1 176
Sindbis_IV_P AGG CCA CAC CAAATGACCATGCTAATGC
Sindbis_V_F GTA GGA ATT AGG AACACTCTCG
Sindbis_V_R CTG ACT ATT TAG GAC CGC CG NSP4 162
Sindbis_V_P CAG TTG CCG TAT CGA CCA GGT ACG A
Sindbis_VI_F TAA CAG TGA AGA CGT GGT CAC
Sindbis_VI_R CTCCGTCTCTTGTTCCTT CATA NSP2 198
Sindbis_VI_P CGC TCT GGC CAG AAA GTT CGT CCG
Una_ 1 F ACG TGC ACAGCATCGTGCA
Una 1 R TAG TGC AACTGC TGT CAG CG El 155
on Una_1 P CGC CAC CAA AGGACCACATCGTACC NA
CCGCAGTAAGTGCCTTACAC El 187

Una 2 F
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Una_2 R TGATTA ATA GCA CTG CGA CCG
Una_2 P CAT ATG CACTCACACCAGGCGCAGT
Una_3_F CGT ATG CTC TCACAC CAG G
Una_3 R ACG GAG GCA GTA CGA AAT GAT El 184
Una_3 P TGC GGT GAT TCC CAT GAC AGT TGG ACT
Una_4 F CAC GAT CAT GCG GCT GCTT
Una_4 R ATG AAT CGG GTC CCT GCG A El 139
Una 4 P ATA AGG CAC ATACCG CTT CAATGA AGG CC
VEEV -5306 F CATCCTTGACACCCTGGAGG
VEEV -5394 R GAAACTCCATGCTCCTTGCG NSP3 89
VEEV -5345P AAGTAAGAGTTAGTCTCGGCTGACGCTG
VEEV 1 F GCT ACG ACC GCA AAC CAAC
VEEV_1 R CAGCTT CCT ACAGCACACCT E3/E2 192
VEEV_1 P TGA AAC CTT GGC TAT GCT CAG CGC CA
Venezuelan Equine VEEV 2 F GTT ATG ACG AGT TGC TCG AAG Cell culture strain
Encephalitis VEEV 2 R CATGCCCTTCGCTCCTTAC E3/E2 176 TC83 vaccine
VEEV_2 P CAG TAC TGA AAT GTC CAG GCAGAG GCA A
VEEV_3 F GCT GCC ATAGTC CAATAG CAA
VEEV_3 R CGA GAT GTG TGG AGT GAC AC E2 186
VEEV_3 P T TGA GGC AGT GAA GAG CGA CGG GC
VEEV 4 F ACG GAG TAG AGC AAG CGT G
E2 172

VEEV_4 R

ACACTCGCATTCCACCAGG
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VEEV_4_P CCAAGT CTACGCACATGATGC ACAGAAC

VEEV_5 F TTT GCT ATG ATC GGA AAC CAGC

VEEV_5 R AACTCC CAACGG CACACCT C/IE3 164
VEEV_5_P AGA GAC GCT GGC CAT GCT CAG TGC

VEEV_6_F CCCTTA CAT GGC CAG ATG CA

VEEV_6_R GTAGCG GTATCT CTTCAATGG T E3/E2 199
VEEV_6_P TCA GAT GTG CCG TTG GGA GCT GCC

VEEV_7_F AAA CTT ACACGT CCGTACATGG

VEEV_7_R CCT CAT AACTCT GCT CTT AACG E3 173
VEEV_7_P CCAAGT GTGTGC GGT GTGCCGTTG

VEEV_8 F TTG AAG CCG TAT TGA AGT GTCC

VEEV_8 R TCG GAC GCACTT TGC CAT GT E3/E2 100
VEEV_8_P AGG TAG GCA GAA GAG ATC CAC GGA AG

VEEV_9 F GGA CTC ATC CGG AAACTT GAA

VEEV_9 R GCA ACG AGC TAG GAG GAAGT E3/E2 147
VEEV_9 P AGG AAG AAC AAT GAG GTA CGA CGT GCA AG

VEEV_10 F GCT GTT AGA TGG AGT ACT GAG A

VEEV_10 R AAG CGC ACG TACCCATCATG E3/E2 182
VEEV_10 P TGT CAA GGG AGG TCC AAGAGGTCCC

VEEV_11 F ATATAA GCT TAC CACGCC GTAC

VEEV_11 R ATT GCCTGATGAATCTAGTCCG E2 169

VEEV_11_P

ATG GCC AGG TGC TCC AGATGT GCA G
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VEEV_12 F GAT CCACTG ATG AGC TGT TCA
VEEV_12 R TGACGCTTCCCG ATG GATC E3/E2 185
VEEV_12 P AAG AGT ACA AGC TCA CAC GGC CAT ATA TG
VEEV_13 F GGG ACT CAT TGA CCA TGG AG
VEEV_13 R AGG GAG GTG CAT TTC GAC GT E2 190
VEEV_13 P TTC AAG AAA GAT ACAGTAACGCACTCATGCTC

WEEV- 4,164 F GGACGGCTAGACTTGTGAAG

WEEV - 4278 R ATGCTCATGTAGGCAGCTGC NSP3 115

WEEYV - 4,184 P CACGAACCGCTCATCATACATGCTGTA

WEEV_B2 B3 F GGAGCG TATATTTTCTCATCGG Cell culture strain

Western Equine Encephalitis ™\yeey B B3 R GGC GTA ATA CTT CTC ATG GAC NSP3 111 47a

WEEV_B2 B3 P AAA CAG GCC AAG GTC ACCTTC AAC AGA AAT

WEEV_B1 A F TGT TCAAGACTT TCAGGC ACT G

WEEV_B1 A R TTCTGAGTCTGT GTC CTG AGT NSP2 159

WEEV_B1 A_P AGT GAG AGC GCC ACG ATC GTT TTC AAC
beta-actine_F GCTACGTCGCCCTGGACTT

Beta-actine beta-actine_R AGG AAC GAC GGC TGG AAG A beta-actine 151 Mosquitoes
beta-actine_P AGG AAA TGG CCA CCG CTG CCT CGT
eae F2 CATTGATCAGGATTTTTCTGGTGATA
Escherichia coli eae R CTCATGCGGAAATAGCCGTTA eae 102 Culture of _EDL%S
eae P ATAGTCTCGCCAGTATTCGCCACCAATACC Srain

NA: not available.
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Table 8. Primers used for full genome sequencing of Zika virus.

Sense Primer
Q9

Ml Sepjleres () Antisense concentrations
ZIKV- 1Sbhis3 AGTTGTTGATCTGTGTGAGTCAG Sense 1 10 uM
ZIKV-epidemic-947R AATCAGCAGTATCATGACCAAGT Antisense 1 10 uM
ZIKV-epidemic-889S TTAGCAGCAGCTGCCATCGC Sense 2 10 uM
ZIKV-epidemic-1893R GGTACACARGGAGTATGACACG Antisense 2 20 pM
ZIKV-epidemic-1795S GCTGGAGCTCTGGAGGCTG Sense 3 10 uM
ZIKV-epidemic-2753R ATCCCACAACGACCGTCAGTT Antisense 3 10 uM
ZIKV-epidemic-2718S GGAGCTCAACGCAATCCTGGA Sense 4 10 uM
ZIKV- 3844Rbis TGTCCAATTAGCTCTGAAGATG Antisense 4 10 uM
ZIKA 3581S cam AGTGCTTGTGATTCTGCTCATGGT Sense 5 10 uM
ZIKV-epidemic-4581R GTACCACGCTCCAGCTGCA Antisense 5 10 uM
ZIKV-epidemic-4535S TGGTCCTGATGACCATCTGTG Sense 6 10 uM
ZIKV-epidemic-5610R GGTGTCCATAATTGGTGAGTTG Antisense 6 10 uM
ZIKV-epidemic-5432S TACTACAGCCAATYAGAGTCC Sense 7 20 uM
ZIKV-epidemic-6545R CGAGGTTGTCAATGGCTTCCT Antisense 7 10 uM
ZIKV-epidemic-6404S CGAGGTGGATGGAYGCCAGAG Sense 8 20 uM
ZIKA 7511R _cam CACAAAGTGGAAGTTGCSGCTGT Antisense 8 20 uM
GP-ZIKV-Cuba-09/2018 6760S GAGCCAGCCAGAATTGCATG Sense 8 10 uM
GP-ZIKV-Cuba-09/2018 7893R CTGCCACATCCAAGATCAATG Antisense 8 10 uM
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GP-ZIKV-Cuba-09/2018_7768S CTCAAGGACGGTGTGGCAAC Sense 9 10 uM
GP-ZIKV-Cuba-09/2018_8871R ATGCTGCATTGCTACGAACC Antisense 9 10 uM
GP-ZIKV-Cuba-09/2018_8771S CACTCGTCAGGTTATGAGCATG Sense 10 10 uM
GP-ZIKV-Cuba-09/2018_10019R CAGTTGGAACCCAGTCAACTG Antisense 10 10 uM
ZIKV-7328S ACGGCAGCTGGCATCATGAAG Sense 9 10 pM
ZIKV-epidemic-8243R TGCTGGTGTATGGGCACAACA Antisense 9 10 pM
ZIKV-epidemic-8166S AGAAGCACGGACGCTCAGAG Sense 10 10 pM
ZIKV-epidemic-9171R CATCCAGTGATCCTCGTTCAAG Antisense 10 10 uM
ZIKV-epidemic-8963S CAGTGGAAGCTGTGAACGATC Antisense 11 10 uM
ZIKV-epidemic-10338R GTGGATAGGTARTCCATGTAC Antisense 11 20 uM
ZIKV-epidemic-10248S TCTCATAGGGCACAGACCGC Sense 12 10 pM
ZIKV-epidemic-10670R TCCCTCTTCTGGAGATCCAC Antisense 12 10 pM
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Figure legends

Figure 1. BioMark™ dynamic array system specificity test (96.96 chip). Specificity of
primers/probe sets from the Table 7 are presented into two figures 1A and 1B. Each square
corresponds to a single real-time PCR reaction, where rows indicate the pathogen in the positive
control and columns represent the targets of each primer/probe set. C; values for each reaction
are indicated in color; the corresponding color scale is presented in the legend on the right. The

darkest shade of blue and black squares are considered as negative reactions with C; > 30.

Figure 2. Screening of artificially infected mosquitoes through the BioMark™ dynamic
array system developed (96.96 chip). Each square corresponds to a single real-time PCR
reaction, where rows indicate the batches of mosquitoes tested and columns represent the targets
of each primer/probe set. Cross indicate cross-reaction of assays. Ct values for each reaction are
indicated in color; the corresponding color scale is presented in the legend on the right. The
darkest shade of blue and black squares are considered as negative reactions with C; > 30.
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