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Abstract 21 
 22 
Mosquitoes are major vectors of arboviruses, and host a wide diversity of insect viruses. 23 
Recent studies highlighted the impacts of mosquito-associated insect-specific viruses on the 24 
transmission of arboviruses. However, we still lack knowledge on the biotic and abiotic factors 25 
impacting the distribution dynamics of mosquito specific viruses, although such information 26 
has the potential to inform arbovirus surveillance efforts. To gain knowledge on the 27 
distribution of mosquito viruses in islands, we collected 13 Aedes albopictus and 9 Culex 28 
quinquefasciatus pooled larvae samples in the Réunion Island, described their whole viral 29 
communities at the family level by a viromic approach, and tested the impacts of mosquito 30 
species and spatial distance on the structure of their viral communities.  31 
Our study show that the composition of viral communities is more strongly linked to mosquito 32 
species than to the geographic origin of samples. Spatial disparities were only observed in 33 
Aedes albopictus viromes. Finally, we described the genomes of five virus taxa (an iflavirus, an 34 
ambidensovirus and three potentially novel microvirus species). Notably, we detected the 35 
presence of a mosquito-infecting ambidensovirus, named CpDV, in Aedes albopictus. It was 36 
previously only reported in Culex pipiens, implying that this densovirus may have a broader 37 
host range than currently estimated.  38 
Overall these results bring insights into the diversity and the distribution of mosquito viruses; 39 
their unexplored interactions with two major vectors of arboviral diseases warrant further 40 
studies. 41 
 42 
Keywords: 43 
 44 
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 48 
Given their increasing global importance in public health issues, the understanding of viruses 49 
infecting mosquitoes is largely biased toward the ones that have a medical or veterinary 50 
importance. However, this has started to change with the progress of metagenomics that 51 
permits to better apprehend the diversity of insect viromes (i.e. viral communities inferred by 52 
viral genomic sequences). Apart from the fundamental interest to better understand the host-53 
parasite interactions between mosquitoes and the viruses infecting them, such approach are 54 
considered of interest for zoonotic disease control (Olmo et al., 2023). Studies of the mosquito 55 
virome allow to better estimate the diversity and the role of viruses in mosquito population 56 
dynamics, their impact on the mosquito immune system and overall how their interactions 57 
with arboviruses could eventually affect the epidemiology of the latter ones (Altinli et al., 58 
2021). Among the newly discovered viruses, a significant proportion are considered as insect-59 
specific viruses (ISV) and they are suspected to play a role in the transmission of arboviruses 60 
in the case of coinfection (Wei et al., 2006; Bolling et al., 2012; Hobson-Peters et al., 2013; 61 
Goenaga et al., 2015; Brinkmann, Nitsche and Kohl, 2016; Hall-Mendelin et al., 2016). This 62 
potential role in modulating the transmission of pathogenic viruses highlights perspectives for 63 
their eventual use as tools against arboviruses in the future (Agboli et al., 2019).  64 
Despite the interest of discovering novel viruses from mosquitoes, metagenomic studies are 65 
often restricted to making inventories of the discovered viruses and, apart from a recent work 66 
(Pan et al., 2024), the majority of them do not address whether host taxonomy or spatial 67 
distance may constrain the geographical distribution of these newly discovered mosquito 68 
viruses, although such information has the potential to inform arbovirus surveillance efforts. 69 
Our study has attempted to overcome this limitation. Our objective was to gain knowledge on 70 
the factors impacting the circulation of mosquito viruses on the scale of an island. We tested 71 
the relative impacts of mosquito species and spatial distance on the structure of mosquito-72 
associated viral communities. We focussed on two mosquito species that live in sympatry in 73 
Réunion Island (Boussès et al., 2013): Culex quinquefasciatus and Aedes albopictus.  74 
Culex quinquefasciatus, a member of the Culex pipiens species complex, is a vector of parasites 75 
such as Wuchereria bancrofti and the avian malaria parasite Plasmodium relictum, but also of 76 
arboviruses such as Rift Valley fever virus, West Nile virus and Saint-Louis encephalitis virus. 77 
C. quinquefasciatus is distributed in tropical and subtropical regions worldwide (Samy et al., 78 
2016). Aedes albopictus is an invasive species native from South East Asia, distributed in the 79 
intertropical areas and has spread in worldwide temperate regions (Kraemer et al., 2015) and 80 
it is a vector of several arboviruses such as dengue, Zika or chikungunya. 81 
We obtained viral communities associated with 22 samples of A. albopictus and C. 82 
quinquefasciatus mosquitoes larvae that we sampled respectively in 13 and 9 locations on 83 
both the windward (east) and leeward (west) sides of Réunion Island. This island, located in 84 
the Indian Ocean, is characterised by a humid tropical climate and has been hit by a serious 85 
outbreak of Chikungunya in 2005/2006 (Josseran et al., 2006). Chikungunya disease is still 86 
present in Réunion Island in 2024, where dengue is also becoming endemic (Hafsia et al., 87 
2022; Vincent et al., 2023).  88 
 89 
2. Material and Methods 90 
 91 
2.1. Sampling of Aedes albopictus and Culex quinquefasciatus populations 92 
 93 
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Larvae of A. albopictus and C. quinquefasciatus were collected between February and April 94 
2019 in 14 larvae breeding sites across Réunion Island (Fig. 1). Morphological characteristics 95 
(body shape, siphon, antennae) were used for species identification. Almost all sites (except 96 
the Sainte-Marie Ravine site) were cemeteries, corresponding to artificial breeding sites, 97 
where mosquito larvae grow in flower pots that are regularly supplied with water (Table 1). 98 
For each site and for each species, a batch of larvae was collected, rinsed several times with 99 
tap water and larvae were sorted according to their species. Samples were then kept in 100 
Eppendorf tubes and transported on ice to the lab then stored at -80°C until processing. Each 101 
sample was a pool of larvae (stage L3/L4) and weighted between 1.17g and 1.49g for A. 102 
albopictus and between 0.5g and 1.42g for C. quinquefasciatus (Table 1). Both mosquito 103 
species were in sympatry in 8 sites, A. albopictus was found alone in 5 sites and C. 104 
quinquefasciatus was alone in one site (Fig. 1). 105 
 106 
 107 
2.2. Sample preparation and sequencing 108 
 109 
Viromes were obtained from 22 mosquito samples (Table 1) as described in (François et al., 110 
2018). Briefly, 1.35 g ±0.1 of material per sample of A. albopictus and 1.1 g ±0.3 of material 111 
per sample for C. quinquefasciatus was processed using a virion-associated nucleic acid 112 
(VANA) based metagenomics approach to screen for the presence of both DNA and RNA 113 
viruses. Samples were grounded and centrifuged to recover supernatants that were filtered 114 
through a 0.45 µm filter and centrifuged at 140,000 g for 2.5 hours to concentrate viral 115 
particles. The resulting pellets were resuspended, and nucleic acids not protected in virus-like 116 
particles (VLPs) were degraded by DNase and RNase incubation at 37°C for 1.5 h. Total RNA 117 
and DNA were then extracted using a NucleoSpin kit (Macherey Nagel, Bethlehem, PA, USA) 118 
following manufacturer’s instructions. Reverse transcription was performed by SuperScript III 119 
reverse transcriptase (Invitrogen), cDNAs were purified by a QIAquick PCR Purification Kit 120 
(Qiagen, Hilden, Germany) and complementary strands synthesised by Klenow DNA 121 
polymerase I. Double-stranded DNA was amplified by random PCR amplification. Samples 122 
were barcoded during reverse transcription and PCR steps using homemade 26-nt Dodeca 123 
Linkers coupled to homemade complementary PCR multiplex identifier primers. PCR products 124 
were purified using NucleoSpin gel and PCR clean-up kit (Macherey Nagel, Bethlehem, PA, 125 
USA) following manufacturer’s instructions. Finally, libraries were prepared using NEBNext 126 
Ultra DNA PCR free with Ilumina adapter kit without fragmentation step from purified 127 
amplicons and sequenced on an Illumina HiSeq 3000 to generate 2x150bp paired-end reads 128 
(Genewiz, South Plainfield, NJ, USA).  129 
 130 
2.3. Viral Sequence analysis and Genome reconstruction 131 
 132 
Illumina adaptors were removed and reads were filtered for quality (q30 quality and read 133 
length >45 nt) using cutadapt 2.19 (Martin, 2011). Cleaned reads were assembled de novo into 134 
contigs using MEGAHIT 1.2.9 (Li et al., 2015). Taxonomic assignment was achieved on contigs 135 
of length >900 nt through searches against the NCBI gbvrl viral database (created on 136 
07/07/2021) using DIAMOND 0.9.30 with an e-value cutoff of <10−3 (Buchfink et al., 2015). All 137 
contigs that matched virus sequences were selected and used as queries to perform reciprocal 138 
searches on NCBI non-redundant protein sequence database (created on July 2020) with an 139 
e-value cutoff of <10−3 in order to eliminate false positives. 140 
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Viral contigs completion and coverage was assessed by iterative mapping using Bowtie2 3.5.1 141 
with the options end−to-end and very-sensitive (Langmead, 2010). Putative Open Reading 142 
Frames (ORFs) were identified using ORF finder (length cutoff >400 nt) on Geneious prime 143 
2021.1.1 (Kearse et al., 2012). Microviruses genome circularisation was performed using 144 
Simple-Circularise 1.0 script (https://github.com/Kzra/Simple-Circularise) with minimal 145 
overlap length of 20nt, and genome coverage was assessed by iterative mapping using 146 
Bowtie2 3.5.1 with end-to-end sensitive options (Langmead, 2010). ORFs were annotated by 147 
blastn query-centred alignment against the complete NCBI RefSeq viral database (created on 148 
23/04/2021). Viral genomes completion was verified manually by aligning them to their 10 149 
closest relatives downloaded from the GenBank nucleotide database (nr). In all subsequent 150 
analyses, we focused only on full coding sequences (100% of CDS) based on the alignments of 151 
genomes with their closest relatives combined with ORF completeness, thus discarding 152 
contigs with partial CDS. The viral isolates that belonged to already described species were 153 
reconstructed as follows: after mapping against the closest relative deposited in the NCBI 154 
nucleotide database, consensus sequences were generated using samtools 1.2 (Danecek et 155 
al., 2021). Mutations were called at depth ≥5 if they differed from the reference isolate; 156 
otherwise, sites were kept as those of the reference isolate.  157 
 158 
2.4. Viral Discovery and Taxonomic Assignment 159 
 160 
To determine if viral contigs belonged to new species, their nucleotide sequences or their 161 
predicted protein sequences were aligned and compared with the 10 closest related viral 162 
genomes found by similarity searches performed above using MAFFT 7.450 with the G-INS-i 163 
algorithm (Katoh et al., 2002; Katoh & Standley, 2013) or MUSCLE 3.8.425 (16 iterations) 164 
(Edgar, 2004) using default settings. Genomes were classified as new virus strain or new virus 165 
species according to the species demarcation thresholds recommended within the online 166 
reports of the International Committee on Taxonomy of Virus (ICTV, https://ictv.global/). 167 
 168 
2.5. Phylogenetic Analyses 169 
 170 
Phylogenetic trees were built using Maximum Likelihood methods for all reconstructed full-171 
length CDS genomes in order to place them within the currently known viral diversity and to 172 
infer their possible host range. Representative sets of replication-associated and capsid 173 
proteins, or polyproteins, were extracted from the NCBI GenBank non-redundant (nr) 174 
database for each taxonomic group in which the genomes were classified, comprising all the 175 
ICTV ratified species and the 10 closest relatives found by blastx search against GenBank nr 176 
DB on 27/06/2024, expect for the Densovirinae phylogenetic tree that was based on all the 177 
Protoambidensovirus dipteran1 lineages.  178 
Viral nucleotide sequences were aligned using MAAFT (option G-INS-i). Phylogenetic trees 179 
were constructed in RAxML 8.2.11 (Stamatakis, 2014) using the GTR +GAMMA + I nucleotide 180 
evolution model. Amino acid sequences were aligned using MUSCLE 5.1 (PPP algorithm) with 181 
default settings. Sequences that were not reliably aligned due to high amino acid divergence 182 
were removed and the dataset subsequently realigned. Phylogenetic trees were constructed 183 
in RAxML 8.2.11 (Stamatakis, 2014) using the LG+I+G protein evolution model. Tree branch 184 
support was estimated using 100 bootstrapped replicates. The trees were mid-point rooted 185 
and visualised with MEGAX 10.2.4 (Stecher et al., 2020). 186 
 187 
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2.6. Statistical Analyses 188 
 189 
Statistical analyses were performed using R and RStudio version 1.1.456 softwares (R Core 190 
Team, 2023). Data from contingency tables were standardised to allow inter-sample 191 
comparisons: taxonomic binning artefacts and potential inter-sample contamination were 192 
restricted by applying an abundance threshold >1/100,000 reads/taxon/sample, and, for taxa 193 
that contaminated negative controls, by removing them from sample datasets where their 194 
abundance was equal or inferior to their abundance in controls (i.e. the number of reads 195 
associated to a given family had to be above a threshold of 800 reads corresponding to the 196 
background noise that was detected in the negative control). 197 
To enable comparison between viral taxa that have different genome lengths, the number of 198 
virus reads was divided by the length of the viral contig to which it mapped (kb). Viral diversity 199 
accumulation curves in mosquito viromes were made using the Vegan package (vegan, 2012). 200 
All the following analyses on virus community richness and composition were conducted at 201 
the viral family level. The impact of host species on viral community α-diversity was evaluated 202 
using the Shannon and Simpson diversity indices, and on β-diversity using Bray-Curtis 203 
dissimilarity index. Differences in viromes structure of A. albopictus and C. quinquefasciatus 204 
were visualised using a heatmap (“ggplot2: Elegant Graphics for Data Analysis (3e)”). The 205 
effect of host species on viral communities was also determined by one-factor PERMANOVAs 206 
with 10,000 permutations on Bray–Curtis matrix, using the adonis function of the VEGAN 207 
package (Dixon, 2003). Permutational tests of dispersions (PERDISPs) using the function 208 
permutest.betadisper (10000 permutations, pairwise) were performed to assess whether 209 
significant effects could be influenced by differences in group dispersion (Anderson, 2001). 210 
Statistical significance of PERMANOVA results was assumed when p < 0.01. The impact of host 211 
species on viral abundance was assessed using Wilcoxon tests. Rare taxonomic groups 212 
(occurring in <5 samples) were not considered for abundance analysis. Multiple comparison 213 
test adjustment of p values was performed using the Benjamini-Yekutieli (BY) method 214 
(Benjamini & Yekutieli, 2001). Finally, a potential correlation between sampling sites spatial 215 
distances and virome composition was assessed by a Mantel test (10,000 random 216 
permutations and Pearson correlation, package ade4 (Dray & Dufour, 2007)) on Bray-Curtis 217 
virome beta diversity dissimilarity matrix. 218 
 219 

3. Results 220 
 221 
3.1. Viromes comparison between sympatric Culex quinquefasciatus and Aedes albopictus, 222 

and virus spatial distribution in the Réunion island 223 
 224 
The sequencing depth was sufficient to recover the entire viral communities at the family level 225 
as indicated by the rarefaction curves (Fig. 2a). In addition, the accumulation curve (number 226 
of taxa/number of samples) (Fig. 2b) revealed that our sampling effort permitted to recover 227 
the entire diversity of viral families circulating in the targeted Culicidae samples. 228 
 229 
We reconstructed 46 viral contigs (ST1) ranging from 314 to 10844 nt. The taxonomic 230 
assignment of the contigs obtained from the 22 samples (13 A. albopictus samples and 9 C. 231 
quinquefasciatus samples) to viral families was highly variables among samples, ranging 232 
between 0 to 100 % with an average value of 59.61% of the total number of cleaned reads 233 
assigned to viral contigs, the remaining reads not being classified (Fig. 3). This range of viral 234 
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read abundance is congruent with another recent insect viral metagenomic studies based on 235 
the same protocol (François et al., 2021). We detected viral sequences that could not be 236 
classified at the family level, as they belonged to unclassified virus clades. These unclassified 237 
viral sequences were detected in all samples, with the exception of C. quinquefasciatus from 238 
Saint-Benoît, and their abundance was higher (>90% reads) in A. albopictus from La Possession 239 
and C. quinquefasciatus from Saint-Denis. As they could not be classified into existing families, 240 
these sequences were not taken into account in further analyses. 241 
 242 
Overall, we found 12 virus families (including 6 associated with A. albopictus and 9 with C. 243 
quinquefasciatus) in the larvae pools (Fig. 4). Notably, a majority of families (8/12) have RNA 244 
genomes. Among them, 2 families of positive single-stranded RNA viruses were known as 245 
insect-specific viruses (Dicistroviridae and Iflaviridae); while only one of DNA viruses 246 
(Parvoviridae) was known to infect insects (Densovirinae subfamily). Arthropod-infecting 247 
viruses represented 67.9% of all reads, and the most represented families in term of read 248 
abundance are Parvoviridae (single-stranded DNA virus, 44.7% of all virus reads) and 249 
Iflaviridae (positive single-stranded RNA virus, 21.1% reads). Members of the Phasmaviridae 250 
family (negative single-stranded RNA virus whose host range includes insects) are less 251 
abundant (around 1% of the total number of reads in Culex samples), and were detected in 4 252 
sites. Sequences related to bacteriophages families were also detected (Microviridae, ST2) and 253 
account for 4.2% of the total viral reads. 254 
 255 
Culex samples (mean number of viral reads: 96,296; min: 619 reads; max: 532,533 reads, 256 
average percentage of viral reads: 4.2%) did not contain more virus reads than Aedes samples 257 
(mean number of viral reads: 25,350; min: 727; max: 225,372, average percentage of viral 258 
reads: 15.4%), Wilcoxon test p value = 0.14. Considering the most represented families in term 259 
of occurrence, 92.1% of the reads are related to 5 families; and viruses of the family 260 
Parvoviridae were found in 3 Aedes samples and in 2 Culex samples, while iflavirus reads were 261 
detected in 5 Aedes samples and in 7 Culex samples (Fig. 4, ST2). 262 
 263 
We then evaluated whether mosquito species could explain for differences in mosquito 264 
viromes richness and composition. While we found no differences in Shannon and Simpson α-265 
diversity indices between mosquito species (SF1), MDS plot and PERMANOVAs based on Bray-266 
Curtis dissimilarity matrices showed significant differences in virus community composition 267 
between mosquito species (p value = 0.0001 and R2 = 17 %, Fig. 5). We conducted a 268 
differential abundance analysis by Wilcoxon tests corrected by BY method for multiple 269 
comparisons on viral families present in > 5 samples (i.e. Iflaviridae, Microviridae, 270 
Parvoviridae, Phasmaviridae, Phycoviridae, Rhabdoviridae and Siphoviridae families) to assess 271 
which viruses drove this observed difference (Fig. 6). Difference in community composition 272 
was driven by Microviridae family members (bacteriophages) that were more abundant in A. 273 
albopictus samples, and by insect-infecting viruses belonging to the Phasmaviridae and 274 
Rhabdoviridae families which were more abundant in C. quinquefasciatus samples (adjusted 275 
p value < 0.05).  276 
Finally, we tested whether spatial distance between sampling locations could impact 277 
mosquito viromes composition, by conducting a Mantel test using Pearson correlation based 278 
on Bray-Curtis dissimilarity matrix and a pairwise distance matrix between sampling locations.  279 
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While Mantel test showed no significance for C. quinquefasciatus viromes, it showed a 280 
negative correlation between geographical distance and viromes similarity for A. albopictus 281 
samples (p value = 0.016, observed correlation: 31%). 282 
Our study thus suggests that there were differences of virus distribution between the two 283 
mosquito species, and spatial variation in A. albopictus viromes composition. Our results tend 284 
to show that virome composition may be more explained by mosquito species than by spatial 285 
distribution that may be linked to unmeasured ecological conditions (Fig. 5 and 6).  286 
 287 
3.2. Virus discovery and phylogenetic analysis 288 

 289 
Incomplete viral coding sequences (CDS) were discarded from the following analyses, as only 290 
virus with complete CDS can be classified as belonging to new or already known species using 291 
ICTV species demarcation criteria based on sequence data similarity to their closest relatives 292 
(Simmonds et al., 2017; Siddell et al., 2023). 293 
We reconstructed 5 viral full-length CDS or genomes. The coverage depth across all these 294 
genomes is high (between 62 and 12,521) with read numbers ranging from 2,200 to 501,573 295 
mapped reads per sample for each genome (Table 2). We built ML phylogenetic trees to place 296 
these viruses within the currently known viral diversity and to infer their possible host range. 297 

 298 
3.2.1. Densovirinae 299 

 300 
Densovirinae is a subfamily of the Parvoviridae family whose members infect arthropods, 301 
crustaceans and echinoderms (Cotmore et al., 2014). We report the complete CDS of a 302 
densovirus, named Culex quinquefasciatus associated densovirus isolate 2019_VP12-D87, 303 
whose contig length is 5,459nt, and which shows 89.0% genome-wide nucleotide identity to 304 
a Dipteran protoambidensovirus 1 lineage isolated from Culex pipiens mosquitoes 305 
(FJ810126.1, Protoambidensovirus genus, common virus name: Culex pipiens densovirus) 306 
(Table 2). According to the species demarcation threshold in the Densovirinae subfamily (i.e., 307 
< 85% NS1 protein identity (Cotmore et al., 2014)), this new genome (accession number: 308 
PQ041300) thus represents a new distant lineage of Dipteran protoambidensovirus. The 309 
position of our CpDV sequence in the NS1 gene tree shows that our lineage belongs to the 310 
CpDV-3 clade which was previously only represented by sequences collected from Beijing 311 
(China) samples in 2003 (Fig. 7) (Altinli et al., 2019).  312 
 313 

3.2.2. Iflaviridae 314 
 315 

The Iflaviridae family comprises picorna-like viruses infecting arthropods. In our study we 316 
found a novel iflavirus linage which was detected in a pool of C. quinquefasciatus from Saint-317 
Benoît. We named it Culex quinquefasciatus associated iflavirus isolate Saint_Denis, whose 318 
contig length is 10,074nt (Table 2, accession number: PQ041301). Its closed relative is the 319 
XiangYun picorna-like virus 4 species (Feng et al., 2022) that was discovered in Culex theileri 320 
from Yunnan, China (Iflavirus genus, accession number OL700176) with which it shared a 321 
whole polyprotein pairwise identity of 98.5 (Table 2). The Iflaviridae species demarcation 322 
criterion is set as < 90% of capsid proteins identity (Valles et al., 2017). Our virus thus belongs 323 
to the XiangYun picorna-like virus 4 species, which may infect Culex spp. Finally, Culex 324 
quinquefasciatus associated iflavirus isolate 2019_VP12-D85 clustered in a monophyletic 325 
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clade containing only viral taxa isolated from dipteran species (mosquitoes and true flies), 326 
indicating that this lineage is likely specific of dipterans (Fig. 8).  327 
 328 

3.2.3. Microviridae 329 
 330 
We reconstructed 3 complete circularised genomes belonging to bacteriophages from the 331 
Microviridae family (circular ssDNA viruses). Their similarity to already known microvirus 332 
species is relatively low (54.5% to 75.0% of amino acid identity in major capsid and replication-333 
associated proteins) (Table 2). Thus, while there is currently no species demarcation criteria 334 
based on genome similarity defined by the ICTV for the Microviridae family (Kirchberger & 335 
Ochman, 2023), those 3 genomes could belong to novel viral species, tentatively named Aedes 336 
albopictus associated microvirus 1, 2 and 3 (accession numbers: PQ041302, PQ041303 and 337 
PQ041304, respectively). Those 3 microviruses cluster with members of the Gokushovirinae 338 
subfamily that were isolated from water ecosystems (Fig. 9, Table 2). 339 
 340 

4. Discussion 341 
 342 
We studied the viromes of two mosquito species that are major vectors of arboviruses. 343 
However, we did not detect any arboviruses in our screened larvae samples despite the 344 
ongoing circulation of dengue in Réunion Island; this is explained by the fact that we studied 345 
the virome isolated from larvae and not from adult mosquitoes and by the low level of vertical 346 
transmission of arboviruses, which is typically between 0.1 and 4 % (Adams & Boots, 2010; 347 
Lequime et al., 2016). Our study shows that, in the Réunion Island, patterns of mosquito-348 
associated virus distribution may be more explained by mosquito species rather than by 349 
geographical location. Our results are congruent with those obtained from other viral 350 
metagenomic studies (Sadeghi et al., 2018; Sanborn et al., 2019; Kubacki et al., 2020; 351 
Thongsripong et al., 2021), which highlighted that virus distributions is correlated to the 352 
mosquito taxonomy (Faizah et al., 2020), as shown previously in a metatranscriptomic study 353 
conducted in China (Pan et al., 2024) and a shotgun sequencing study from Thailand 354 
(Thongsripong et al., 2021).  355 
 356 
We used a stringent threshold for virus detection, and thus only classified complete viral CDS 357 
at the species level, in order to reduce the risk of false-positive detection errors, at the cost of 358 
underestimating the number of virus taxa present in our viromes. However, we could 359 
reconstruct the full-length genomes of three potential new bacteriophages species belonging 360 
to the Microviridae family. Their specifically high abundance in Aedes samples suggests than 361 
they may infect Aedes albopictus larvae microbiota, although their presence could also be due 362 
to environmental or diet contamination by infected aquatic bacteria. However their absence 363 
or low abundance in the Culex samples (some of them sharing the same breeding sites with 364 
the Aedes) tends to favour the idea of an association with Aedes albopictus. 365 
We also reported the full CDS of a divergent insect-infecting iflavirus lineage belonging to the 366 
XiangYun picorna-like virus 4 species. This iflavirus clustered in a monophyletic clade 367 
containing only viral taxa isolated from dipteran species (mosquitoes and true flies), and was 368 
previously reported by Feng et al. in Culex theileri in China (Feng et al., 2022). Altogether, 369 
these results indicate that this virus is probably common in Culex spp. Further work is needed 370 
to determine the prevalence of XiangYun picorna-like virus 4 in natural populations of 371 
mosquitoes and its eventual impact on mosquito fitness. 372 
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Interestingly, we finally reported for the first time the presence of Dipteran 373 
protoambidensovirus 1 (common name: Culex pipiens densovirus, clade CpDV-3), a mosquito-374 
infecting ambidensovirus, in A. albopictus. Reported CpDV host range currently only includes 375 
Culex pipiens (Altinli et al., 2019, 2020), its broadening to A. albopictus species warrants 376 
further confirmation, as a broader host range likely impacts CpDV evolution. 377 
 378 

Data availability statement 379 

The genomic sequences of the five full-length viral genomes or CDS have been deposited at 380 
GenBank under the accession numbers PQ041300 to PQ041304. High-throughput sequencing 381 
reads were deposited in SRA under the accession no. SRR29133481 to SRR29133504 under 382 
PRJNA1114772 BioProject. The bioinformatics pipeline code is available at 383 
https://github.com/ayantoine/NearVANA. 384 
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Figures 577 
 578 
Figure 1: Information on sampling locations on Reunion Island, Indian Ocean. Larvae from 579 
different breeding sites have been pooled by sampling location. In some cases breeding sites 580 
were hosting one or both of the species of interest.  581 
 582 
Figure 2: Viral communities recovery efforts. a. Rarefaction curves of viral communities 583 
recovered from mosquito samples at the family level. b. Accumulation curve of viral 584 
communities recovered from mosquito samples at the family level.  585 
 586 
Figure 3: Proportion of viral reads classified at the family level.  587 
Aedes albopictus (red); Culex quinquefasciatus (blue). 588 
 589 
Figure 4: Abundance of viruses found in Aedes albopictus (red) and Culex quinquefasciatus 590 
(blue). The horizontal axis represents the log (1+ number of reads attributed to each family). 591 
The number aside each dot represents the number of samples where the corresponding family 592 
was found.  593 
 594 
Figure 5: Non-metric multi-dimensional scaling (MDS) plot of virus communities based on 595 
Bray-Curtis dissimilarity matrix, at the family level. A PERMANOVA, also based on Bray-Curtis 596 
dissimilarity matrix and permutational tests of dispersions (PERDISPs) was conducted in 597 
complement (R2 value: 17%), with a p value <0.0001. Samples are coloured by host species. 598 
 599 
Figure 6: Heatmap representing the abundance of virus families in Aedes albopictus and Culex 600 
quinquefasciatus samples. The colours represent the normalised proportion of reads 601 
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attributed to each family. Sample names between ‘*’ correspond to Aedes albopictus while 602 
others correspond to Culex quinquefasciatus. 603 
 604 
 605 
Figure 7: Maximum likelihood phylogenetic tree based on the NS1 nucleotide sequences of 52 606 
Dipteran protoambidensovirus 1 (common virus name: Culex pipiens densovirus (CpDV)) 607 
sequences. The alignment of 892 nucleotides in length was produced by MAFFT v7.450 using 608 
the G-INS-i algorithm. The tree is mid-point rooted. Bootstrap values (100 replicates) are 609 
indicated at each node. Scale bar corresponds to nucleotide substitutions per site. The CpDV 610 
sequence obtained from our samples is coloured in red. CpDV clades were defined according 611 
to(Altinli et al., 2019). 612 
 613 
Figure 8: Maximum likelihood phylogenetic tree based on the polyprotein amino acid 614 
sequences of 27 Iflaviridae sequences. The alignment of 2102 amino acids in length was 615 
produced by MUSCLE 5.1, and unconserved regions were trimmed by trimAL 1.4 using default 616 
parameters (Capella-Gutiérrez et al., 2009). The tree is mid-point rooted. Bootstrap values 617 
(100 replicates) are indicated at each node. Scale bar corresponds to amino acid substitutions 618 
per site. The sequence obtained from our samples is coloured in red, and the blue sequences 619 
represented viruses isolated from dipteran species. 620 
 621 
Figure 9: Maximum likelihood phylogenetic tree based on the major capsid protein amino acid 622 
sequences of 65 Microviridae sequences. The alignment of 487 amino acids in length was 623 
produced by MUSCLE 5.1, and unconserved regions were trimmed by trimAL 1.4 using default 624 
parameters (Capella-Gutiérrez et al., 2009). The tree is mid-point rooted. Bootstrap values 625 
(100 replicates, ≥40) are indicated at each node. Scale bar corresponds to amino acid 626 
substitutions per site. The sequence obtained from our samples is coloured in red. 627 
 628 
Table 1: Information on sample collection. 629 
 630 
Table 2: Information on the five viral genomes reconstructed from mosquito viromic data. 631 
 632 
Supplementary table 1: Viral genomes that were reconstructed from mosquito viromic data, 633 
including partial genomes that were not deposited into GenBank database. 634 
 635 
Supplementary table 2: Contingency table which was used for statistical analyses.  636 
 637 
Supplementary figure 1: Diversity analysis of Aedes albopictus and Culex quinquefasciatus 638 
viral communities at the family level. Boxplots indicate the observed numbers, Shannon 639 
diversity and Simpson diversity (left to right). Pairwise comparisons were conducted using 640 
Wilcoxon tests. The numbers indicate p values. 641 
 642 
 643 
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