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ABSTRACT 24 

Background: Guinea is a West African country with a high prevalence of vector-borne 25 

diseases where few entomological studies have been undertaken. Although several 26 

mosquito collection methods are routinely used for surveillance in vector control 27 

programmes, they target different behaviours causing bias in species diversity and 28 

abundance. Given the paucity of mosquito trap data in West Africa, we compared the 29 

performance of five trap-lure combinations and Human Landing Catches (HLCs) in Guinea.  30 

Methods: Five mosquito traps were compared in a 5x5 Latin Square design for 15 days in 31 

three villages in Guinea between June and July 2018. CDC light traps, BG sentinel 2 traps 32 

(with BG and MB5 lures), gravid traps and Stealth traps were deployed for 24-hour intervals 33 

with mosquitoes collected every 12 hours (day and night collections). HLCs were also 34 

performed for 15 nights. A Generalised Linear Mixed Model was applied to compare the 35 

effect of the traps, sites and collection times on the mosquito abundance. Species 36 

identification was confirmed using PCR-based analysis and Sanger sequencing. 37 

Results: In total, 10,610 mosquitoes were captured across all five traps. Significantly more 38 

mosquitoes (P<0.005) were collected by Stealth traps (7,096) compared to the rest of the 39 

traps. Stealth traps and BG sentinel 2 traps were the best at capturing An. gambiae and Ae. 40 

aegypti mosquitoes respectively. HLCs captured predominantly An. coluzzii (41%) and 41 

hybrids of An. gambiae s.s. / An. coluzzii (36%) in contrast to the five adult traps, which 42 

captured predominantly An. melas (83%). Senguelen (rural) presented the highest 43 

abundance of mosquitoes and overall diversity in comparison with Fandie (semi-rural) and 44 

Maferinyah Centre One (semi-urban). To our knowledge, four species are reported for the 45 

first time in Guinea. 46 

Conclusions: Stealth traps presented the best performance overall, suggesting that this trap 47 

may play an important role for mosquito surveillance in Guinea and similar sites in West 48 

Africa. We recommend the incorporation of molecular tools in entomological studies since it 49 
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has helped to reveal, together with morphological identification, the presence of 25 mosquito 50 

species in this area.  51 

Key words: BG sentinel 2 trap, CDC light trap, Gravid Trap, Guinea, Mosquito, Stealth trap. 52 

BACKGROUND 53 

Control programmes which target malaria and other vector-borne diseases need to be 54 

specific to the country or region in which they are implemented. In order to choose the best 55 

intervention(s), it is essential to know which mosquito species are both present, and 56 

transmitting human pathogens in a given area. For example, the primary vectors of malaria 57 

in Africa display primarily endophagic and endophilic behaviour and therefore can be 58 

targeted by interventions such as Indoor Residual Spraying (IRS) or through the use of 59 

Long-Lasting Insecticidal Nets (LLINs). Despite primary vectors contributing to the majority 60 

of the transmission of mosquito-borne diseases, secondary vector species can play an 61 

essential role in maintaining residual transmission (1). However, secondary malaria vectors 62 

that display exophagic and/or exophilic behaviour may not be affected by interventions 63 

foused on the primary vectors. Additionally, climate change, deforestation or the reduction of 64 

primary vectors through vector control strategies may result in the increased dominance and 65 

relative importance of secondary vectors (2,3). Therefore, control programmes that do not 66 

target secondary vectors may not be completely successful (4). In order to monitor the 67 

effectiveness of a control programme, mosquito abundance and composition before and 68 

after intervention deployment can be determined by undertaking entomological surveys.  69 

Different collection methods are available to collect entomological data, among which 70 

Human Landing Catches (HLCs) are the gold standard method for collecting human-biting 71 

mosquito species (5). However, HLCs only collect anthropophilic, host-seeking mosquito 72 

species. Therefore, additional methods of adult mosquito sampling can be used indoors and 73 

outdoors to exploit different aspects of mosquito feeding and resting behaviour including 74 

anthropophily, zoophily, endophily, exophily, endophagy and exophagy. However, trap 75 
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comparison studies can be problematic as each trap exploits a different mosquito behaviour. 76 

Factors that can influence the abundance, species composition, female physiological status 77 

(gravid, bloodfed, etc.) and infection prevalence of the collection include trap design, use of 78 

attractants and location (6–8). Therefore, it is important to minimise trap bias to decide which 79 

one is most appropriate for mosquito monitoring and surveillance objectives in a given 80 

location. Although some traps have been compared to HLCs in East Africa (6), to our 81 

knowledge only a few studies have compared the performance of mosquito traps in West 82 

Africa (Ghana (9) and Senegal (8)).  83 

Guinea is a West African country with a high prevalence of vector-borne diseases (10,11) 84 

where more than 55% of the population is affected by poverty (12). Major outbreaks of 85 

human diseases include a yellow fever virus (YFV) outbreak in 2000 (13) where Aedes (Ae.) 86 

aegypti, the major YFV vector in urban areas, was not found in the rural areas (13), 87 

suggesting other mosquito species were likely involved in transmission. Despite signficant 88 

transmission of malaria, lymphatic filariasis and sporadic outbreaks of arboviruses, relatively 89 

few medical entomological studies to date have been undertaken in Guinea (14–22). 90 

Therefore, there is a need to undertake entomological surveys using diverse collection 91 

methods to determine the most appropriate mosquito trapping methods to use for 92 

surveillance.  93 

We compared the performance of several adult trapping methods to determine both 94 

mosquito species abundance and diversity in Maferinyah sub-prefecture, Guinea. To our 95 

knowledge, only larval collections, pyrethroid spray catches, exit traps, aspirators, HLCs and 96 

CDC light traps have been used in Guinea to collect mosquitoes (16,19,22–24). Thus, we 97 

selected gravid traps, Stealth traps and CDC light traps, and BG sentinel 2 traps with two 98 

different lures (BG and MB5) in comparison with HLCs to capture the highest diversity of 99 

mosquito species. The abundance and diversity of mosquito species captured was assessed 100 

and the results of this entomological survey are discussed in the context of mosquito 101 

surveillance and vector control strategies.  102 
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METHODS 103 

Study sites 104 

In order to compare mosquito diversity between rural, semi-rural and semi-urban locations, 105 

three sites were selected for mosquito collections using traps: Senguelen, Fandie and 106 

Maferinyah Centre One respectively (Figure 1). The corresponding coordinates in decimal 107 

degrees of latitude and longitude are as follows: Senguelen (9.41, -13.37), Fandie (9.53, -108 

13.24) and Maferinyah Centre One (9.54, -13.28). Human Landing Catches were performed 109 

in Senguelen, Maferinyah Centre One and Yindi, a rural village with coordinates 9.40, -110 

13.32. All sites are located in the Maferinyah sub-prefecture, Forecariah prefecture, in the 111 

region of Kindia. For the trap comparison, five sampling locations were chosen within each 112 

site, with a minimum of 50 metres between each one. The coordinates of sampling locations 113 

were recorded using GPS (eTrex 10, Garmin). A description of sampling locations and 114 

coordinates is given in Table S1. Mosquito collections were undertaken between June and 115 

July 2018.  116 

Mosquito sampling 117 

BG sentinel 2 traps (BG2) (Biogents, Regensburg, Germany), CDC light traps (LT) (John W. 118 

Hock, Gainesville, Florida, USA), Reiter-Cummings gravid traps (GT) (BioQuip, Compton, 119 

California, USA) and Stealth traps (ST) (John W. Hock, Gainesville, Florida, USA) were used 120 

for mosquito collections. BG-lure (NH3, lactic acid and hexanoic acid) or BG-MB5 lure (NH3, 121 

lactic acid, tetradecanoic acid, 3-methyl-1-butanol and butan-1-amine) (Biogents, 122 

Regensburg, Germany) were used with BG2 traps (BG2-BG and BG2-MB5 respectively). 123 

The ST is a novel trap which has eight ultraviolet LEDs, in addition to an incandescent light, 124 

which attracts host-seeking female mosquitoes that get trapped in a collection bag after 125 

passing through a fan. It is also black and camouflage in colour, and it is small in size, 126 

making it easy to carry and use in the field. All these features make the Stealth trap different 127 

from the CDC light trap, although the way they work is similar. The incandescent light of the 128 
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LT was programmed to be operational for 24 hours whereas the ultraviolet and incandescent 129 

lights of the ST turned off automatically from 07:00 to 19:00. Carbon dioxide (CO2) was used 130 

as an attractant for LT and ST for the duration of the 24 hours, directed into the vicinity of 131 

trap inlets using plastic containers. It was prepared by mixing 280g of sugar and 5g of yeast 132 

in 500mL of water (25). In each of the three sites, water collected locally from shallow sunlit 133 

ponds was used for the GT. A 5 x 5 Latin Square design was applied in each site (Figure 2). 134 

The traps were placed in five sampling locations of one site at 19:00. Mosquitoes were 135 

collected every 12 hours and the traps were rotated to the next sampling point every 24 136 

hours, so two collections – day and night – per trap per sampling point were obtained (Figure 137 

2). Fifteen Human Landing Catches (HLCs) were undertaken over 15 nights alongside 138 

mosquito trapping – on different days - five nights in each location. Landing mosquitoes were 139 

collected outdoors from 20:00 to 02:00 using manual aspirators in teams of 5 to 6 volunteers 140 

per night.   141 

Collection of environmental data 142 

Temperature and relative humidity were recorded at each sampling point every 5 minutes 143 

using EL-USB-2 data loggers (Lascar Electronics, UK) and averaged over the 12-hour 144 

period of each collection. Presence or absence of rain was recorded by field workers (Figure 145 

S1). 146 

Identification of mosquitoes 147 

Mosquitoes collected from traps and HLCs were morphologically identified using keys (26–148 

28) and stored in RNAlater at -80ºC. A subsample of 370 mosquitoes collected using traps 149 

was selected for molecular identification. At least one specimen of every morphologically 150 

identified species and unidentified specimens from each of the five traps and each of the 151 

three trapping locations were chosen for sequencing to confirm the identification. Genomic 152 

DNA was initially extracted from individual males morphologically identified as Culex (Cx.) 153 

using DNeasy-96 extraction kits (QIAGEN, Manchester, UK) according to the manufacturer’s 154 
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protocol with minor modifications. RNA extraction was undertaken on individual females 155 

morphologically identified as within the Aedes, Anopheles (An.) and Eretmapodites genera 156 

using RNeasy-96 extraction kits (QIAGEN, Manchester, UK) according to the manufacturer’s 157 

protocol with minor modifications. RNA was reverse transcribed into complementary DNA 158 

(cDNA) using a High Capacity cDNA Reverse Transcription kit (Applied Biosystems, 159 

Warrington, UK). A final volume of 20µL contained 10µL RNA, 2µL 10X RT buffer, 0.8µL 160 

25X dNTP (100 mM), 2µL 10X random primers, 1µL reverse transcriptase and 4.2µL 161 

nuclease-free water. Conditions were 25ºC for 10min, 37ºC for 120min and 85ºC for 5min.  162 

Different PCR assays were carried out depending on the genus. For discrimination of 163 

species of the An. gambiae complex, an end-point PCR to detect the SINE200 insertion (29) 164 

and a multiplex PCR for amplification of an Intergenic Spacer (IGS) region (30) were used. 165 

Amplification and sequencing of regions of the COI gene (31) and ITS2 gene (32) was used 166 

for confirmation of An. squamosus and the rest of the Anopheles species collected, 167 

respectively. For identification of Culex species, amplification and sequencing of an 168 

alternative fragment of the COI gene (33) was used. Since this specific fragment did not 169 

provide enough variability to discriminate between Cx. quinquefasciatus and Cx. p. pipiens, 170 

an ACE multiplex end-point PCR assay (34) was used for discrimination. For identification of 171 

Aedes and Eretmapodites, in addition to confirmatory testing of Cx. cf. sitiens samples, 172 

amplification and sequencing of a further COI gene fragment (35) was undertaken. Primers 173 

and conditions of all PCR assays are described in Table S2.  174 

PCR assays were performed in a Bio-Rad T100 thermocycler and PCR products were 175 

visualised in precast Invitrogen 2% agarose E-gel cartridges (containing SYBR gold stain) in 176 

an E-Gel iBase power system (Invitrogen, Warrington, UK) using a 100bp DNA ladder (NEB) 177 

for product size analysis. For barcoding, PCR products were submitted to Source 178 

BioScience (Source BioScience Plc, Nottingham, UK) for PCR reaction clean-up, followed by 179 

Sanger sequencing to generate both forward and reverse reads. Sequencing analysis was 180 

carried out in MEGA7 (36) as follows. Both chromatograms (forward and reverse traces) 181 
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from each sample were manually checked, edited, and trimmed as required, followed by 182 

alignment with ClustalW and checking to produce consensus sequences. Consensus 183 

sequences were used to perform nucleotide BLAST (NCBI) database queries (37,38). Full 184 

consensus sequences were submitted to Genbank and assigned accession numbers XXX-185 

YYY. Confirmation of species was considered complete for sequences with an identity to a 186 

particular species given by BLAST of greater or equal to 98%, and where no other species 187 

also gave identities at this level.  188 

Data analysis 189 

Functions “filter”, “select”, “group_by”, “n” and “summarise” from package dplyr (39) were 190 

used in RStudio (40) for data handling. A Generalised Linear Mixed Model (GLMM) with the 191 

Negative Binomial distribution was applied to the data with the function “glmer.nb” from 192 

package lme4 (41) in RStudio to compare the effect of the traps, sites and collection times 193 

on the abundance of mosquitoes. Function “glht” from package multcomp (42) was used for 194 

multiple comparisons between the levels of each fixed effect. Trap, Time and Site were 195 

included as fixed effects. Sampling point was included as a random factor. Temperature and 196 

Humidity were included as covariates; with Rainfall included as a binary factor. ANOVA was 197 

used to compare model fit by step-wise deletion of non-significant variables, using the 198 

Aikaike Information Criterion (AIC) as an indicator of a better model fit. Simpson’s diversity 199 

index per Trap, Site and Time was calculated to compare the species diversity. 200 

RESULTS 201 

Comparison of five adult mosquito traps 202 

A total of 10,610 mosquitoes were trapped by the five adult mosquito traps across the 30 203 

collection intervals (15 days and 15 nights) of the study. In terms of abundance, the ST 204 

captured the highest percentage of the total number of mosquitoes collected (67%), followed 205 

by the LT (24%), the BG2-MB5 lure (4%), the GT (3%) and the BG2-BG lure (2%) (Table 1). 206 

The diversity of species was measured using the Simpson’s diversity index. Results showed 207 
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that the BG2-BG captured the most diverse range of mosquito species (Simpson’s diversity 208 

index = 0.157), followed by the GT (0.241), BG2-MB5 (0.24), LT (0.415) and ST (0.484) 209 

(Table 1). 210 

The majority of the mosquitoes collected across this study belonged to the main genera: 211 

Anopheles, Aedes and Culex. However, the ST and LT captured one and two Uranotaenia 212 

mosquitoes respectively, the BG2-MB5 captured two Mansonia and the BG2-BG captured 213 

one Eretmapodites. Further information on species captured by each trap is shown in Table 214 

2A. Regarding the sex of collected mosquitoes, 38% of specimens captured by the LT and 215 

ST were males, whereas for the other traps, males were less than 22%. GT caught the 216 

highest proportion of gravid females, whereas unfed females represented the highest 217 

proportion of the catch in other traps. Bloodfed females made up the smallest group, with the 218 

BG2-MB5 lure trapping the highest relative proportion. The total numbers of bloodfed 219 

females were too low for comparative bloodmeal analysis (Table 1). ‘Damage state’ of the 220 

specimens was also annotated and assessed. No specimens were damaged by the gravid 221 

trap, less than 10% of the specimens were damaged in both BG2 and 10% of specimens 222 

were damaged in the LT (data not shown). However, the ST resulted in the highest 223 

proportion of damaged mosquitoes at approximately 20%, of which nearly one quarter could 224 

not be morphologically identified (Table 1). Although the ST captured the largest number of 225 

mosquitoes, this trap also collected a large number of non-target Diptera and ants, making 226 

sorting of the specimens time-consuming (Figure 3).  227 

Generalised Linear Mixed Model for mosquito abundance 228 

A negative binomial GLMM was used to determine statistical differences between the 229 

abundance of mosquitoes captured by each trap. The results indicated that the following 230 

parameters influenced the number of mosquitoes collected: Site (Maferinyah Centre One, 231 

Senguelen and Fandie), Time Period (evening and morning), Trap (BG2-BG, BG2-MB5, GT, 232 

LT, ST) and Sampling Point (random factor). Rainfall, temperature and humidity did not 233 
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significantly influence the data, however, humidity was included as a random factor. The 234 

final, best-fit model was: Abundance ~ Site + (1|Point) + (1|Humidity) + Time + Trap. 235 

According to this model, there were no significant differences between the abundance of 236 

mosquitoes captured by the GT, the BG2-MB5 and the BG2-BG (Table S3). There were no 237 

differences either between the abundance of mosquitoes captured by the GT and the LT. 238 

However, there were significant differences between the abundance of mosquitoes captured 239 

by LT and BG2-MB5 (p=0.057) and LT and BG2-BG (P<0.005). Finally, significant 240 

differences were found between the abundance of mosquitoes captured by the ST and all 241 

the rest of the traps: ST and BG2-MB5 (P<0.001), ST and BG2-BG (P<0.001), ST and GT 242 

(P<0.001) and ST and LT (P<0.05) (Table S3). Regarding sites and collection intervals, 243 

more mosquitoes were captured in Senguelen than in Maferinyah Centre One and Fandie 244 

(P<0.001) and significantly more mosquitoes were captured during the night than during the 245 

day (P<0.001). 246 

The above model was used to assess the effectiveness of the different traps at capturing 247 

Aedes, Anopheles and Culex mosquitoes in general, and An. gambiae s.l. and Ae. aegypti 248 

species in particular, since they are the main vectors of disease. The results showed that 249 

while no differences are shown between the abundance of Aedes mosquitoes captured by 250 

the traps, both BG2 are significantly better at capturing Ae. aegypti mosquitoes (Table 3). 251 

The ST resulted to be the best at capturing the Anopheles genus and An. gambiae s.l. in 252 

particular, although it presented significant differences only when compared with the GT. 253 

Finally, the ST was significantly better at capturing Culex mosquitoes than any other trap, 254 

followed by the LT (Table 3). 255 

Comparison of An. gambiae complex species collected using HLCs and adult 256 

mosquito traps 257 

A total of 2,232 An. gambiae s.l. females were collected using HLCs across the 15 collection 258 

intervals (15 nights) of the study. 1,940 were collected from Senguelen, 273 from Yindi and 259 
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29 from Maferinyah Centre One. Subsamples of 86 and 236 specimens of the An. gambiae 260 

s.l. mosquitoes collected from Senguelen using HLCs and adult mosquito traps respectively, 261 

were selected for molecular identification and comparison of species composition (Figure 4). 262 

Results showed that An. melas was the predominant species (85%) caught by adult 263 

mosquito traps, whereas it was collected the least (10%) using HLCs. Anopheles coluzzii 264 

and An. gambiae s.s. / An. coluzzii hybrids were the most abundant species collected using 265 

HLCs (40% and 35% respectively), whereas these were 12% and 2% of the collections 266 

respectively using adult traps. Anopheles gambiae s.s. represented 15% of the individuals 267 

collected using HLCs whereas this species was only 1% of the individuals collected using 268 

adult traps. 269 

Species composition in the Maferinyah subprefecture 270 

Senguelen was the site with the highest number of mosquitoes (5,784) followed by Fandie 271 

(4,094) and Maferinyah Centre One (732) (Table 4). The diversity of the species from the 272 

day collection (07:00 to 19:00) was similar to the night collection (19:00 to 07:00) in 273 

Senguelen and Maferinyah Centre One, presenting a Simpson’s diversity index of around 274 

0.2 and 0.3 respectively. However, Fandie showed a high diversity in the day collection 275 

(0.142) and a low diversity in the night collection (0.48) (Table 4). Further information on 276 

species captured in each site and during each collection period are shown in Tables 2B and 277 

2C. A total of 25 species were found across the three sites (using a combination of 278 

morphological and/or molecular identification), belonging to the Aedes, Anopheles, Culex, 279 

Eretmapodites, Mansonia and Uranotaenia genera. One Toxorhynchites (Tx.) brevipalpis 280 

was also captured during a morning collection in Fandie by the BG2-BG lure combination. 281 

However, the power failed to one of the traps during this round, and therefore the collection 282 

could not be included in the analysis.  283 

A subsample of 370 specimens were selected for molecular identification. This subsample 284 

included 249 Anopheles, 24 Aedes, 96 Culex and 1 Eretmapodites individual. These 285 
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numbers represented 47.2%, 2.7%, 1.1% and 100% respectively of the total number of 286 

collected mosquitoes within each genera (Table S4A). The 370 specimens selected for 287 

molecular identification were chosen in order to confirm the species identity of mosquitoes 288 

collected using all traps across the three sites, representing 1.4%, 8.5% and 4.4% of the 289 

total collections from Fandie, Maferinyah Centre One and Senguelen respectively (Table 290 

S4B). In total, 20 species were confirmed by Sanger sequencing (Table S5). An. coustani 291 

was confirmed by sequencing a fragment of the ITS2 gene. A combination of ITS2 gene 292 

fragment sequencing (32) and species-specific end-point PCRs (29,30) allowed the 293 

identification of the following An. gambiae complex species: An. gambiae s.s., An. coluzzii 294 

and An. melas. An. squamosus was confirmed by sequencing a fragment of the COI gene 295 

(31). Sequencing of a different fragment of the COI gene (33) confirmed the presence of Lt. 296 

tigripes, Cx. watti and individuals from the Cx. pipiens complex. A combination of the COI 297 

gene fragment sequencing and the ACE multiplex PCR (34) confirmed the presence of Cx. 298 

pipiens, Cx. quinquefasciatus and hybrids in Guinea.  Sequences with 94.88% identity to the 299 

species Cx. watti were also generated, but this would more likely be indicative of a closely 300 

related species with no sequences available in GenBank currently. Top BLAST results from 301 

some Culex individuals resulted in most significant alignments with Cx. sitiens sequences, 302 

generating maximum identities ranging from 97.19% to 97.64% with this fragment of the COI 303 

gene (33). Further confirmation attempts of these individuals, utilising one of the alternative 304 

COI fragments (35) as geographically closer Cx. sitiens GenBank sequences (from Kenya) 305 

were available for comparison for this fragment, resulted in maximum identities of 97.57%.  306 

Although these identities are just below the 98% threshold, it is likely this species is Cx. 307 

sitiens, but that the sequences from Guinea exhibit genetic variation to those for this species 308 

currently available in GenBank, or, that this is a very closely related species. To avoid the 309 

possibility of inaccurate confirmation, individuals from this species are referred to as Cx. cf. 310 

sitiens. Sequencing of the alternative COI fragment (35) confirmed the following Aedes 311 

species: Ae. aegypti, Ae. vittatus, Ae. fowleri, Ae. cumminsi, Ae. argenteopunctatus and a 312 

species within the Ae. simpsoni complex. Top BLAST results for Aedes individuals that 313 
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resulted in Ae. luteocephalus and Ae. denderensis  presented a maximum identity of 91.19 314 

and 92.14% respectively, suggesting these individuals were closely related species which 315 

have no sequences currently available in GenBank. The analysis of the same COI sequence 316 

(35) also confirmed the presence of Er. intermedius. 317 

DISCUSSION 318 

This study provides the first entomological survey in Guinea that compares the mosquito 319 

species abundance and diversity using a range of different adult mosquito traps. Other 320 

studies in West Africa have utilised some of these traps individually, such as CDC light traps 321 

(LT) in Guinea (22) and Sierra Leone (43), and gravid traps (GT) in Ghana (9). This is also 322 

the first study that compares the performance of a Stealth trap (ST) with other mosquito 323 

traps to catch mosquitoes in a field setting. The results presented in our study show 324 

significant differences in the abundance of mosquitoes captured by the ST and the rest of 325 

the traps. The ST captured the greatest number of mosquitoes, followed by the LT, BG2 with 326 

MB5 lure (BG2-MB5), GT and BG2 with BG lure (BG2-BG). Therefore, the use of LT, and 327 

particularly ST, would be recommended for studies that are aiming to obtain large numbers 328 

of particular mosquito species.The fact that ST captured significantly more mosquitoes than 329 

LT (P<0.05) is surprising considering that their performance is similar: when the light attracts 330 

the mosquitoes, they get trapped after passing through a fan. The addition of a UV light, a 331 

smaller size and black and camouflage fabric are the only features that make the ST 332 

different to the LT. The ST can be used in four different ways by combining two types of light 333 

and the presence or absence of CO2. For this study, both lights and CO2 were used, so 334 

further studies should compare the efficacy of the ST when performing with the other 335 

combinations. The ST, followed by the LT, captured the highest proportion of male 336 

mosquitoes in comparison with the rest of the traps (Table 1), so they could be utilised in 337 

studies looking at male behaviour. In general across the traps, sites and collection intervals, 338 

all the study collections presented a greater number of females than males. However, 339 

interestingly this composition was reverted in two collections, and a greater number of males 340 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 23, 2019. ; https://doi.org/10.1101/772822doi: bioRxiv preprint 

https://doi.org/10.1101/772822
http://creativecommons.org/licenses/by-nc-nd/4.0/


14  
 

was captured – in sampling points C and E in Fandie. The fact that these two sampling 341 

points may have been located next to a swarm could be a potential explanation (44).  342 

Previous studies suggest that the LT are optimal for catching Anopheles (45), however, the 343 

main genus captured by the LT was Culex. In contrast, the ST was the best at capturing the 344 

largest number of Anopheles mosquitoes in general and An. gambiae s.l. in particular. 345 

According to Costa-Neta et al. (46), the higher the intensity of the light source, the higher the 346 

number of Anopheles captured. This may be one reason why the ST captured the highest 347 

number of Anopheles (Table 1 and 3).  348 

Previous studies suggest that the GT are good at catching Culex (47), and this was indeed 349 

the main genus captured by this trap. However, the ST was significantly better at capturing 350 

large numbers of Culex mosquitoes (Table 1 and 3). As expected, this trap also captured the 351 

highest proportion of gravid females. Additionally, all of the specimens were un-damaged, 352 

since the design of the trap allows the collection of specimens without passing through a fan, 353 

so its use could be beneficial to capture mosquitoes with the objective of establishing a 354 

colony or screening for arbovirus transmission. 355 

Due to the small sample size, no conclusions can be made regarding the best collection 356 

method for Eretmapodites, Mansonia and Uranotaenia mosquitoes. Although the ST showed 357 

the best performance in terms of abundance of mosquitoes captured, this trap also caused 358 

significant damage to specimens, making morphological identification time-consuming and 359 

inaccurate. One reason for this damage could be the high density of collected specimens 360 

(Figure 3A), which remained in the trap  for up to 12 hours during trapping intervals, 361 

depending on trap entry time. In addition to this, the presence of ants and big Diptera could 362 

have also contributed to this damage (Figure 3A and 3B). Another reason could be the low 363 

protection that this trap confers to the collected specimens from rainfall, due to the small 364 

surface area of the cover / rain shield, resulting in wet and clumping specimens (Figure 3C). 365 

Therefore, the performance of the ST could potentially be improved by using it for shorter 366 

periods of time or by swapping collection bags more often, to reduce the high densities of 367 
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mosquitoes within the same collection bag. Also, by choosing locations offering greater 368 

protection from rainfall, which could help reduce damage to the specimens.  369 

The BG lure is designed to attract mainly Aedes whereas the MB5 lure was specifically 370 

designed for Anopheles (48,49). Although BG2 with BG lure have been used in Burkina 371 

Faso (50), to our knowledge no traps have been used in West Africa with the MB5 lure so 372 

far, so both lures were tested in the two BG2 in this study. Previous studies suggest that the 373 

BG2 in general are effective for catching Aedes mosquitoes (51), and that the addition of the 374 

BG lure improves this (51). In this study no significant differences were seen in the number 375 

of Aedes mosquitoes (at genus level) captured by the five different traps, although the high 376 

proportion of Aedes specimens captured by the BG2-BG (Table 1), in comparison with the 377 

rest of the traps, suggests the composition of the BG lure is good at attracting this genus in 378 

particular. This finding also supports previous studies which have also shown the good 379 

performance of this trap-lure combination at capturing Ae. aegypti mosquitoes in Brazil (52). 380 

Additionally, both BG2 presented the best performance at capturing Ae. aegypti mosquitoes 381 

in comparison with the rest of the traps, with no differences between the two lures (Table 3), 382 

suggesting two possibilities: first, it is the design of the trap and not the lure that works so 383 

well at capturing Ae. aegypti mosquitoes. Second, the addition of the lure improves the 384 

attraction of Ae. aegypti mosquitoes but no difference is present between the BG and the 385 

MB5 lures at attracting this species. Both BG2 demonstrated effective performance at 386 

capturing Anopheles mosquitoes (as reported by Pombi et al. (50)). The MB5 lure was 387 

designed for attracting Anopheles mosquitoes (49), and indeed it was demonstrated to be 388 

better than the BG2-BG at capturing Anopheles mosquitoes and in particular An. gambiae 389 

s.l. However, no significant differences were seen between both (Table 3), indicating that the 390 

MB5 lure needs further improvement in order to obtain more effective collections of this 391 

genus. Since the ST showed the best performance for Anopheles (and An. gambiae s.l..) 392 

and no significant differences were shown between the ST and the two BG2, its use could 393 

be recommended for studies specifically looking at these genera, although an increased 394 
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number of trapping intervals would be required to increase the number of mosquitoes 395 

captured.  396 

Diversity takes into account richness (number of different species) and evenness 397 

(comparison of population size of each species). Although the number of species captured 398 

by the LT and ST was higher than the other traps (higher richness), the difference in the 399 

number of specimens from each species was higher than the other traps (low evenness). 400 

Therefore, the diversity of the mosquito populations captured by LT and ST was the least 401 

diverse. The BG2-BG presented the most diverse collection of mosquitoes, followed by the 402 

GT and the BG2-MB5. Therefore, these three traps would be recommended for studies 403 

looking at species diversity, as opposed to LT and ST, which would be recommended for 404 

studies requiring a large number of mosquitoes of a particular species, with exception of 405 

some species (see Table 2A). 406 

Human landing catches are the gold standard method for measuring exposure of humans to 407 

mosquito bites (53). However, this method is labour-intensive and faces ethical 408 

considerations (54), as operators are potentially exposed to pathogens during collections. 409 

Since adult mosquito traps are an affordable and easy to use alternative which provides 410 

reliable entomological data about malaria transmission (55), we compared both methods 411 

specifically targeting the major malaria vectors in the An. gambiae complex. Human landing 412 

catches captured predominantly An. coluzzii, An. gambiae s.s. and hybrids, but they only 413 

captured a small percentage of An. melas. Alternatively, more than three quarters of the trap 414 

collections were An. melas and only a small percentage was An. coluzzii, followed by a 415 

smaller proportion of An. gambiae s.s. and hybrids. Anopheles gambiae s.s. and An. coluzzii 416 

are highly anthropophilic, whereas An. melas is considered opportunistic, feeding on 417 

humans when available and on other mammals otherwise (56). Although different cues such 418 

as lights and lures that mimic human odours are used in mosquito traps to try to attract host-419 

seeking females, HLCs are more effective at attracting anthropophilic Anopheles species. 420 

Therefore, this method would still be recommended for targeting species with this behaviour. 421 
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These results also suggest that an improvement in lures or trap design is needed to better 422 

mimic human cues and increase the number of anthropophilic species captured. Some 423 

studies have tried this in the past by modifying BG sentinel traps to increase the captures of 424 

An. darlingi (57) and An. arabiensis (58) mosquitoes and use them as an alternative for 425 

HLCs. However, others have also shown that HLCs are still more effective at capturing 426 

Anopheles species in comparison with adult traps, whose main collections comprise 427 

Culicines (59), as seen in the present study. Since in our study both methods – HLCs and 428 

mosquito traps – were undertaken outdoors, no conclusions can be made about which 429 

method would work more effectively for targeting different feeding and resting behaviours.    430 

Senguelen, a rural site, presented the highest relative abundance of mosquitoes, whereas 431 

Maferinyah Centre One, a semi-urban site, presented the lowest relative abundance. In 432 

terms of mosquito species diversity, the former was also more diverse than the latter. The 433 

fact that the rural site was surrounded by dense vegetation and breeding sites, as opposed 434 

to the semi-urban environment, could explain these differences. Both Senguelen and 435 

Maferinyah Centre One presented similar diversities between day and night collections. 436 

However, Fandie presented the highest diversity during the day and the lowest diversity 437 

during the night, likely due to the most diverse range of day-biting species present in this 438 

semi-rural area. As expected, the abundance of mosquitoes captured during the night was 439 

significantly higher than the day collection, since some of the most abundant mosquitoes of 440 

the collection, such as Cx. quinquefasciatus, are night biters. The highly abundant Cx. cf. 441 

sitiens were also mostly collected at night, indicating similar behaviour to Cx. sitiens which 442 

are known night biters (60). Some day biting mosquitoes, like Ae. aegypti, may have been 443 

found in the night collection, as well as some night biters, like An. gambiae s.l., may have 444 

been found in the day collection, likely due to the inclusion of dawn and dusk in the night and 445 

day collections respectively. 446 

Traditionally, identification of mosquitoes has been carried out using morphology. However, 447 

morphological identification can be time-consuming and inaccurate sometimes, especially 448 
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when the specimens do not present obvious and exclusive features or when they are 449 

damaged, as seen in the mosquitoes collected by the ST in this study. Molecular tools such 450 

as PCR and sequencing can improve entomological studies by overcoming these limitations. 451 

As an example, one of the female mosquitoes collected using HLCs presented long palps – 452 

typical from the Anopheles genus – but it was white in colour and did not present the 453 

common wing and leg patterns of many species of the Anopheles genus (Figure 5). This 454 

individual female could not be identified by experienced entomologists using Anopheles keys 455 

so DNA was extracted from this individual and PCR with Sanger sequencing revealed this 456 

species to be An. coluzzii. Random mutagenesis could be a potential explanation for this 457 

phenotype. Since molecular tools can complement and improve morphological identification 458 

of mosquitoes, it would be recommended to combine both for further entomological 459 

investigations. 460 

Among the species whose presence was confirmed in Guinea using molecular methods, we 461 

identified important vectors of disease such as An. gambiae s.s. and Ae. aegypti. This 462 

suggests the potential for transmission of malaria, lymphatic filariasis and also several 463 

arboviruses of medical importance in this area of Guinea. Although they were found in 464 

Guinea, no evidence of pathogens transmitted by Cx. watti and Lt. tigripes was found from 465 

literature searches. The specimen from the Eretmapodites genus collected during this study 466 

was confirmed to be Er. intermedius. However, only Er. silvestris, Er. inomatus and Er. 467 

quinquevittatus have been found to be positive for Spondweni (SPOV), ZIKV and RVFV 468 

respectively (61). Mansonia uniformis and Uranotaenia mashonaensis (both previously 469 

reported in Guinea) have been confirmed to be vectors of disease, but since no confirmation 470 

of species was undertaken for the collected Mansonia and Uranotaenia mosquitoes, further 471 

studies are needed. There have been historical arboviral outbreaks in Guinea so additional 472 

work should be undertaken to characterize vector longevity, anthropophily / zoophily and 473 

susceptibility to infection to determine the vectorial capacity for disease transmission in this 474 

country (62). Toxorhynchites brevipalpis and Lt. tigripes mosquitoes are not vectors of 475 
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human pathogens but their larvae, together with Er. intermedius larvae, play an important 476 

role as predators of other mosquito larvae (63); further investigation looking at larval density 477 

should be undertaken in Guinea. Of all the species recorded in this study in Maferinyah sub-478 

prefecture, those identified as Cx. cf. sitiens were the most abundant. Culex sitiens have the 479 

ability to survive in brackish water and if these individuals present in Guinea share this 480 

characteristic they may therefore have more options for breeding sites. Culex sitiens can 481 

travel long distances (60) and the Cx. cf. sitiens collected in this study were found in all three 482 

sites, some 30 km away from the coast where Cx. sitiens might be expected to breed (60). 483 

Anopheles squamosus and An. coustani s.l. are secondary vectors of malaria and have 484 

been shown to be highly anthropophilic (64). Anopheles melas has not historically been 485 

classified as an important malaria vector, particularly when coexisting with An. gambiae s.s. 486 

or An. arabiensis (major malaria vectors). However, An. melas can tolerate brackish water 487 

and has been demonstrated to be anthropophilic if there is abundant availability of human 488 

hosts (65), so it could play an important role in transmission of malaria in the coastal regions 489 

of Guinea. To our knowledge, Ae. simpsoni s.l., Cx. p. pipiens and Er. intermedius have not 490 

been reported in Guinea (14,15,18,19,21). The identification of these species, in addition to 491 

the potential presence of Cx. sitiens (or a very closely related species), further supports the 492 

need to undertake regular entomological surveys to determine mosquito species diversity. In 493 

the current study more than 10,000 mosquitoes were collected in 15 days (30 collection 494 

intervals) and 20 species were confirmed from a representative subsample, despite the 495 

limitation of definitive species confirmation not being possible for certain specimens due to 496 

the absence of sufficiently close comparative sequences available in GenBank. Therefore, it 497 

is likely that additional species remain to be reported in Guinea and their potential role in 498 

transmission of mosquito-borne diseases needs to be evaluated.    499 

CONCLUSIONS 500 

Mosquito surveillance studies often incorporate both adult mosquito traps and HLCs. This 501 

study provides evidence for the comparative performance of five different mosquito trap-lure 502 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 23, 2019. ; https://doi.org/10.1101/772822doi: bioRxiv preprint 

https://doi.org/10.1101/772822
http://creativecommons.org/licenses/by-nc-nd/4.0/


20  
 

combinations, in comparison with HLCs in Guinea. The five adult traps mainly collected 503 

members of the An. gambiae complex with opportunistic feeding behaviours, whereas HLCs 504 

were shown to preferentially collect anthropophilic species, demonstrating HLCs may still 505 

provide the optimal way to collect primary malaria vectors. However, the ST collected the 506 

largest number of mosquitoes and also the largest number of different species (19) across 507 

the three study sites, indicating it has beneficial properties for mosquito surveillance, in 508 

Guinea and similar sites in West Africa, to provide important entomological data on diverse 509 

mosquito populations. Due to the damage that this trap causes to the specimens, its 510 

performance could be optimised when used in shorter collection intervals and / or when 511 

sufficiently protected from adverse weather. This study has shown the importance of 512 

combining molecular tools with the morphological identification of specimens to improve 513 

entomological studies, revealing the presence of 25 mosquito species in this region of Guinea.  514 

ABREVIATIONS 515 

BG2: BG sentinel 2 trap 516 

BG2-BG: BG sentinel 2 trap with BG lure 517 

BG2-MB5: BG sentinel 2 trap with MB5 lure 518 

GLMM: generalized linear mixed model 519 

GT: Gravid trap 520 

HLC: Human Landing Catch 521 

LT: CDC light trap 522 

ST: Stealth trap 523 
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FIGURES 750 

 751 

Figure 1. Location of the Maferinyah sub-prefecture and the three study sites in Kindia, Guinea. A. 752 

Guinea (light grey) in Africa. B. Region of Kindia (dark grey) in Guinea. C. Sampling points (red) in 753 

Maferinyah Centre One. D. Sampling points (red) in Fandie. E. Sampling points (red) in Senguelen. 754 

Maps were obtained using QGIS. Basemaps were obtained from ArcGIS online and Google Maps 755 

Satellite. 756 

 757 

 758 

 759 

 760 
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 761 

Figure 2. Example of distribution of traps in 5 sampling points in a 5x5 Latin Square design, in this 762 

case in Maferinyah Centre One, and the schedule for 5 days of collection. LT. CDC light trap. BG2-763 

BG. BG sentinel 2 with BG lure, BG2-MB5. BG sentinel 2 with MB5 lure, GT. Gravid trap, ST. Stealth 764 

trap. 765 

 766 

 767 
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 768 

Figure 3. Examples of 12-hour collections of the ST. A. The largest collection of the study, showing a 769 

bigger group (left) containing a majority of mosquitoes and a smaller group (right) with unidentified 770 

Diptera and other insects already sorted. In this collection and others, some mosquitoes were being 771 

eaten by ants. B. Collection with the largest number of unidentified Diptera, which mask the presence 772 

of mosquitoes, also abundant. C. Collection with the largest number of damaged mosquitoes, which 773 

were wet and stuck to each other and to small unidentified Diptera. 774 
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 775 

 776 

Figure 4. Comparison of species from the Anopheles gambiae complex captured by adult mosquito 777 

traps (left) and HLCs (right). 778 
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 818 
Figure 5. Golden Anopheles female mosquito. Specimen morphologically identified as Anopheles spp. 819 

and confirmed using PCR and sequencing as An. coluzzii from top (A) and lateral (B) view.      820 
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TABLES 847 
 848 

Table 1. Diversity and relative abundance of mosquitoes by trap. The number of mosquitoes from each 849 
genus is split into sex (male, female, unknown) and female (F) status (bloodfed, gravid, unfed, 850 
unknown). An unknown sex or status is caused by significant damage of the specimen. The subtotals 851 
show the proportion of each genus in relation with the total number of mosquitoes collected within each 852 
trap. Simpson’s diversity index indicates a high diversity when it is close to 0 and low diversity when it 853 
is close to 1. 854 

  BG sentinel 
BG lure 

BG sentinel 
MB5 lure 

CDC light 
trap 

Gravid trap Stealth trap 

Aedes 

Bloodfed F 0 5 18 0 4 

Gravid F 20 20 161 18 25 

Unfed F 46 28 3 17 374 

Unknown F status 0 0 0 0 6 

Male 12 8 72 1 63 

Unknown sex 1 0 2 0 1 

Subtotal [%] 79 [36.92] 61 [13.29] 256 [10.05] 36 [12.2] 473 [6.67] 

Anopheles  

Bloodfed F 1 7 3 0 4 

Gravid F 0 17 1 4 1 

Unfed F 47 78 81 6 198 

Unknown F status 0 0 2 0 5 

Male 1 7 7 8 45 

Unknown sex 2 1 0 0 2 

Subtotal [%] 51 [23.83] 110 [23.97] 94 [3.69] 18 [6.1] 255 [3.59] 

Culex 

Bloodfed F 1 2 13 5 21 

Gravid F 7 34 172 105 327 

Unfed F 56 184 1089 77 3165 

Unknown F status 0 0 23 0 187 

Male 18 63 888 54 2586 

Unknown sex 0 0 2 0 9 

Subtotal [%] 82 [38.32] 283 [61.66] 2187 [85.9] 241 [81.69] 6295 [88.71] 

Unidentified 
Culicines  

Gravid F 0 0 1 0 1 

Unfed F 1 0 2 0 17 

Unknown F status 0 0 0 0 10 

Male 0 3 4 0 21 

Unknown sex 0 0 0 0 1 

Subtotal [%] 1 [0.47] 3 [0.65] 7 [0.27] 0 50 [0.7] 

Eretmapodites Gravid F 1 [0.47] 0 0 0 0 

Mansonia Unfed F 0 2 [0.44] 0 0 0 

Uranotaenia Unfed F 0 0 2 [0.08] 0 1 [0.02] 

Unidentified 
specimens 

Unknown sex 0 0 0 0 22 [0.31] 

Number of mosquitoes 214 459 2546 295 7096 

Number of different species 12 14 14 13 19 

Simpson's diversity index 0.157 0.24 0.415 0.241 0.484 
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Table 2.  Species captured per trap, site and collection period. A. Table showing mosquito species 855 
collected by the five different adult mosquito traps. B. Table showing mosquito species collected in 856 
Fandie, Maferinyah Centre One and Senguelen. C. Table showing mosquito species collected during 857 
the 15 days and 15 nights of the study. 858 

 859 

 860 

 861 

 862 

 863 

 864 

 865 

   

Trap 

BG sentinel 
2 BG lure 

Ae. aegypti, Ae. argenteopunctatus, Ae. cumminsi, Ae. cf. luteocephalus, 
Ae. simpsoni s.l., An. coluzzii, An. gambiae s.s., An. melas, Cx. pipiens, 
Cx. quinquefasciatus, Cx. cf. sitiens, Er. intermedius. 

BG sentinel 
2 MB5 lure 

Ae. aegypti, Ae. argenteopunctatus, Ae. simpsoni s.l., Ae. cumminsi, Ae. cf. 
luteocephalus, An. coluzzii, An gambiae s.s., An. gambiae/coluzzii hybrid, 
An. melas, Cx. pipiens, Cx. quinquefasciatus, Cx. cf. sitiens, Cx. watti, 
Mansonia spp. 

CDC light 
trap 

Ae. aegypti, Ae. argenteopunctatus Ae. simpsoni s.l., Ae. cumminsi, An. 
coluzzii, An. coustani s.l., An. melas, An. squamosus, Cx. pipiens, Cx. 
quinquefasciatus, Cx. cf. sitiens, Lt. tigripes, Cx. watti, Uranotaenia spp. 

Gravid trap 
Ae. aegypti, Ae. cumminsi, Ae. cf. denderensis, Ae. cf. luteocephalus, Ae. 
simpsoni s.l., An. coluzzii, An. melas, An. squamosus, Cx. pipiens, Cx. 
quinquefasciatus, Cx. cf. sitiens, Cx. cf. watti, Cx. watti. 

Stealth trap 

Ae. aegypti, Ae. argenteopunctatus, Ae. cumminsi, Ae. fowleri, Ae. vittatus, 
An. coluzzii, An. coustani s.l., An. gambiae s.s., An. gambiae/coluzzii 
hybrid, An. melas, An. obscurus, An. squamosus, Cx. pipiens, Cx. 
pipiens/quinquefasciatus hybrid, Cx. quinquefasciatus, Cx. cf. sitiens, Lt. 
tigripes, Cx. watti, Uranotaenia spp. 

Site 

Fandie 

Ae. aegypti, Ae. argenteopunctatus, Ae. cumminsi, Ae. cf. denderensis, Ae. 
cf. luteocephalus, Ae. simpsoni s.l., An. coluzzii, An. coustani s.l., An. 
gambiae s.s., An. gambiae/coluzzii hybrid, An. melas, Cx. pipiens, Cx. 
quinquefasciatus, Cx. cf. sitiens, Lt. tigripes, Uranotaenia spp. 

Maferinyah 
Centre One 

Ae. aegypti, Ae. cumminsi, Ae. fowleri, Ae. cf. luteocephalus, Ae. simpsoni 
s.l., Ae. vittatus, An. coluzzii, An. coustani s.l., An. gambiae s.s., An. melas, 
An. squamosus, Cx. pipiens, Cx. pipiens/quinquefasciatus hybrid, Cx. 
quinquefasciatus, Cx. cf. sitiens, Cx. cf. watti, Cx. watti. 

Senguelen 

Ae. aegypti, Ae. argenteopunctatus, Ae. cumminsi, Ae. cf. luteocephalus, 
Ae. simpsoni s.l., An. coluzzii, An. coustani s.l., An. gambiae s.s., An. 
gambiae/coluzzii hybrid, An. melas, An. obscurus, An. squamosus, Cx. 
pipiens, Cx. quinquefasciatus, Cx. cf. sitiens, Lt. tigripes, Cx. watti, Er. 
intermedius, Mansonia spp. 

Collection 
period 

Day 
Ae. aegypti, Ae. cumminsi, Ae. cf. denderensis, Ae. cf. luteocephalus, Ae. 
simpsoni s.l., An coluzzii, An. melas, Cx. pipiens, Cx. quinquefasciatus, Cx. 
cf. sitiens, Lt. tigripes, Cx. watti. 

Night 

Ae. aegypti, Ae. argenteopunctatus, Ae. simpsoni s.l., Ae. cumminsi, Ae. 
fowleri, Ae. cf. luteocephalus, Ae. vittatus, An. coluzzii, An. coustani s.l., 
An. gambiae s.s., An gambiae/coluzzii hybrid, An. melas, An. obscurus, An. 
squamosus, Cx. pipiens, Cx. pipiens/quinquefasciatus hybrid, Cx. 
quinquefasciatus, Cx. cf. sitiens, Cx. cf. watti, Lt. tigripes, Cx. watti, Er. 
intermedius, Mansonia spp., Uranotaenia spp. 

A 

B 

C 
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Table 3. Statistical differences between the abundance of Anopheles, Aedes and Culex genera and 866 
An. gambiae s.l. and Ae. aegypti mosquitoes captured by the five traps. The table shows the mean 867 
number (and 95% confidence interval) of mosquitoes captured per collection interval per trap. The 868 
values in each row are significantly different from each other if they do not share the same superscript 869 
letter. 870 

 871 

 
BG sentinel 
BG lure 

BG sentinel 
MB5 lure 

CDC light trap Gravid trap Stealth trap 

Anopheles 
gambiae s.l. 

1.70ab 
(0.7 – 2.7) 

3.57ab 
(1.96 – 5.17) 

2.63ab 
(1.06 – 4.21) 

0.53b 
(0.04 – 1.03) 

7.93a 
(5.26 – 10.61) 

Aedes aegypti 
1.13a 

(0.53 – 1.74) 
1.23a 

(0.68 – 1.79) 
0.23b 

(-0.19 – 0.65) 
0.37ab 

(0 – 0.73) 
0.10b 

(-0.25 – 0.45) 

Aedes genus 
2.53a 

(1.77 – 3.3) 
2a 

(1.52 – 2.48) 
8.5a 

(5.88 – 11.12) 
1.13a 

(0.73 – 1.54) 
15.73a 

(10.77 – 20.7) 

Anopheles 
genus 

1.73ab 
(0.68 – 2.79) 

3.67ab 
(2.08 – 5.25) 

3.13ab 
(1.62 – 4.65) 

0.67b 
(0.15 – 1.19) 

8.5a 
(5.85 – 11.15) 

Culex genus 
2.87c 

(1.61 – 4.12) 
9.4dc 

(6.57 – 12.23) 
72.93b 

(68.15 – 77.72) 
8.7bd 

(6.84 – 9.3) 
209.87a 

(200.6 – 219.14) 

 872 

 873 

 874 

Table 4. Diversity and relative abundance of mosquitoes per site and collection interval. Percentages 875 
show the proportion of mosquitoes collected in each site (and collection interval) in relation with the 876 
total number of mosquitoes. Simpson’s diversity index indicates a high diversity when it is close to 0 877 
and low diversity when it is close to 1. 878 

 879 

Site 
Collection 
Period 

Number of 
mosquitoes [%] 

Number of 
different species 

Simpson's 
diversity index 

Fandie 
Night 4031 [38] 14 0.48 

Day 63 [0.6] 9 0.142 

Maferinyah Centre One 
Night 690 [6.5] 17 0.346 

Day 42 [0.4] 5 0.383 

Senguelen 
Night 5256 [49.5] 19 0.274 

Day 528 [5] 10 0.22 

Total  10610 25  

 880 

 881 

 882 

 883 
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ADDITIONAL FILES 884 

 885 

Supplementary Figure S1. Environmental data. Temperature (A, C, E), relative humidity (B, D, F) and 886 

presence of rain (blue drops) in each study site are shown. Graphs represent the temperature and 887 

relative humidity in each sampling point (A – E in Maferinyah Centre One, F – J in Senguelen and K – 888 

O in Fandie) across 10 collection intervals (5 days and 5 nights) per site. Note that each interval starts 889 

with a night collection followed by a day collection except day 10 in Senguelen, which starts with a day 890 

collection due to an interval repetition.  891 

 892 

 893 
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Table S1. Coordinates and description of the sampling points in Maferinyah Centre One, Senguelen 894 
and Fandie. Latitude and longitude were obtained using GPS (eTrex 10, Garmin). 895 

Site Point Latitude Longitude Description 

Maferinyah 

Centre One 

(semi-urban) 

A 09.54650 -013.28160 
Between crops, a rice field and a house. Likely hosts: 

humans. 

B 09.54646 -013.28195 Behind the house. Likely hosts: humans and goats. 

C 09.54625 -013.28157 
In the rice field, under a banana tree. Likely hosts: 

humans. 

D 09.54673 -013.28137 
Far from the house, at the end of the crops. Likely hosts: 

humans. 

E 09.54689 -013.28164 
In front of the house, cooking area. Likely hosts: humans, 

poultry and cats. 

Senguelen 

(rural) 

F 09.41150 -013.37564 
Close to the road. Likely hosts: goats, chicken and 

humans. 

G 09.41117 -013.37548 
Close to houses. Likely hosts: humans, chicken and 

goats. 

H 09.41113 -013.37511 
Behind the toilet and close to the house. Likely hosts: 

humans, chicken and goats. 

I 09.41192 -013.37514 
Close to a house, under a banana tree. Likely hosts: 

humans, goats and chicken. 

J 09.41183 -013.37552 

The closest to breeding sites and salty water. Close to 

cooking and resting area, under a banana tree. Likely 

hosts: humans, goats and chicken. 

Fandie  

(semi-rural) 

 

K 09.53047 -013.24000 
Between the rice field and the house. Likely hosts: 

humans. 

L 09.53044 -013.23956 
In a palm tree field, behind the house yard. Likely hosts: 

unknown. 

M 09.53026 -013.23894 

Close to a school (closed for holidays) and to the road. 

Next to a water container with stagnant water. Likely 

hosts: goats and occasionally cows. 

N 09.53084 -013.23944 
Close to the house, the cooking area and animal shelter. 

Likely hosts: humans, chicken, goats and dogs. 

O 09.53088 -013.23889 In the crops. Likely hosts: humans. 

 896 

 897 

 898 

 899 

 900 

 901 

 902 

 903 

 904 

 905 

 906 

 907 
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Table S2. PCR assays. Primers, final volumes and conditions of each PCR assay are shown. 908 

Gene target 
and reference 

Components 
Final 
volume 

Conditions 

ACE  
Smith and 
Fonseca (34)  

10µL Taq MM 2X 
0.2µM pipF (5’-GGAAACAACGACGTATGTACT-3’) 
0.4µM quinF (5’-CCTTCTTGAATGGCTGTGGCA-3’) 
0.4µM B1246R (5’-TGGAGCCTCCTCTTCACGGC-3’) 
2µL gDNA 

20µL 

95ºC – 10’ 
95ºC – 30’’ 
55ºC – 30’’   x35  
72ºC – 1’ 
72ºC – 5’ 

ITS2 
Beebe and 
Saul (32) 

10µL Taq MM 2X 
1µM ITS2A (5’-TGTGAACTGCAGGACACAT-3’) 
1µM ITS2B (5’-TATGCTTAAATTCAGGGGGT-3’) 
2µL cDNA 

20µL 

94ºC – 5’  
94ºC – 1’ 
52ºC – 1’      x30 
72ºC – 2’ 
72ºC – 5’  

COI 
Kumar et al. 
(33)  

10µL Taq MM 2X 
1µM F (5’-GGATTTGGAAATTGATTAGTTCCTT-3’) 
1µM R (5’-AAAAATTTTAATTCCAGTTGGAACAGC-3’) 
2µL cDNA 

25µL 

95ºC – 30’’ 
95ºC – 30’’ 
45ºC – 1’      x5 
68ºC – 1’ 
95ºC – 30’’ 
51ºC – 1’      x30 
68ºC – 1’ 
68ºC – 5’ 

COI 
Folmer et al. 
(35)  

10µL Taq MM 2X  
1µM F (5’-GGTCAACAAATCATAAAGATATTGG-3’) 
1µM R (5’-TAAACTTCAGGGTGACCAAAAAATCA-3’) 
2µL cDNA 

20µL 

95ºC – 5’ 
95ºC – 40’’ 
45ºC – 1’      x5 
72ºC – 90’’ 
95ºC – 40’’ 
51ºC – 1’      x30 
72ºC – 90’’ 
72ºC – 5’ 

COI 
Oshaghi et al. 
(31) 

10µL Taq MM 2X  
1µM F (5’-GGTCAACAAATCATAAAGATATTGG-3’) 
1µM R (5’-TAAACTTCAGGGTGACCAAAAAATCA-3’) 
2µL cDNA 

20µL 

94ºC – 4’  
94ºC – 1’ 
55ºC – 1’      x30 
72ºC – 2’ 
72ºC – 7’ 

SINE200 
Santolamazza 
et al. (29)  

10µL Taq MM 2X 
1µM S200X6.1-F (5'-TCGCCTTAGACCTTGCGTTA-3') 
1µM S200X6.1-R (5'-CGCTTCAAGAATTCGAGATAC-3') 
2µL cDNA 

20µL 

94ºC – 10’ 
94ºC – 30’’ 
54ºC – 30’’   x35 
72ºC – 1’ 
72ºC – 10’ 

IGS 
Scott et al. 
(30)  

10µL Taq MM 2X 
1µM UN-F (5’-GTGTGCCCCTTCCTCGATGT-3’) 
1µM ME-R (5’-TGACCAACCCACTCCCTTGA-3’) 
0.5µM GA-R (5’-CTGGTTTGGTCGGCACGTTT-3’) 
2µL cDNA 

20µL 

95ºC – 10’ 
95ºC – 30’’ 
50ºC – 30’’   x30 
72ºC – 30’’ 
72ºC – 5’ 

 909 

 910 

 911 

 912 

 913 
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Table S3.  Statistical differences between the abundance of mosquitoes captured by the five traps. 914 
Table showing the results of the final Generalised Linear Mixed Model: Abundance ~ Trap + Site + 915 
Time + (1|Point) + (1|Humidity) for the difference in the abundance of mosquitoes captured by the 5 916 
traps. 917 

Trap comparison Estimate SE Z value P-value 

BG2-MB5 vs. BG2-BG 0.357 0.383 0.931 0.885 

LT vs. BG2-BG 1.361 0.383 3.55 0.003 ** 

GT vs. BG2-BG 0.569 0.3828 1.487 0.571 

ST vs. BG2-BG 2.351 0.37 6.358 <0.001 *** 

LT vs. BG2-MB5 1.004 0.375 2.677 0.057 . 

GT vs. BG2-MB5 0.213 0.375 0.567 0.98 

ST vs. BG2-MB5 1.995 0.346 5.758 <0.001 *** 

GT vs. LT -0.792 0.376 -2.107 0.216 

ST vs. LT 0.99 0.355 2.786 0.042 * 

ST vs. GT 1.782 0.361 4.933 <0.001 *** 

 918 

 919 

 920 

 921 

 922 

 923 

 924 

 925 

 926 

 927 

 928 

 929 

 930 

 931 

 932 

 933 

 934 

 935 

 936 
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Table S4. Mosquitoes used for molecular identification. Number and proportion of mosquitoes used 937 
for molecular ID within each genus (A), each trap and each site (B). 938 

 939 

 940 

 941 

 942 

 943 

 944 

 945 

 946 

 947 

 Genus 
Collected 
mosquitoes 

Mosquitoes with molecular 
ID [%] 

 Anopheles 528 249 [47.15] 

 Aedes 905 24 [2.54] 

 Culex 9088 96 [1.03] 

 Eretmapodites 1 1 [100] 

  
  

  

Site Trap 
Collected 
mosquitoes 

Mosquitoes with molecular 
ID [%] 

Fandie 

BG2 - BG 39 13 [33.3] 

BG2 - MB5 13 4 [30.77] 

CDC light trap 1238 16 [1.29] 

Gravid trap 51 3 [5.88] 

Stealth trap 2753 20 [0.73] 

Subtotal [%] 4094 56 [1.37] 

Maferinyah Centre 
One 

BG2 - BG 27 3 [11.11] 

BG2 - MB5 70 12 [17.14] 

CDC light trap 159 8 [5.03] 

Gravid trap 157 16 [10.19] 

Stealth trap 319 23 [7.21] 

Subtotal [%] 732 62 [8.47] 

Senguelen 

BG2 - BG 148 27 [18.24] 

BG2 - MB5 376 77 [20.48] 

CDC light trap 1149 31 [2.7] 

Gravid trap 87 11 [12.64] 

Stealth trap 4024 106 [2.63] 

Subtotal [%] 5784 252 [4.36] 
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Table S5. Species confirmed by molecular analysis. Sequencing, or a combination of sequencing and 948 
species-specific end-point PCR were used to confirm species. A representative specimen from each 949 
species is shown, with GenBank accession numbers for sequences generated in this study provided. 950 
Where most significant BLAST alignments for query sequences gave maximum identities of 98% or 951 
higher with a particular species, with no other species giving similar identities, or where species 952 
diagnostic PCRs in combination with sequencing provided confirmation, that species is shown. Where 953 
the most significant BLAST alignments gave identities below 98%, indicating the lack of comparative 954 
sequences available for confirmation, or where distinction between closely related species wasn’t 955 
possible, cf. between the genus and species name denotes the most closely related species providing 956 
the most significant BLAST alignment. 957 

    958 

 959 

 960 

Sample ID 
(isolate)  

Species (or 
closest species)  

Sampling 
location  

Collection 
method 

Gene fragment 
(reference)   

GenBank 
accession 
number 

FANP52.B3 An. coustani Fandie CDC light trap 
ITS-2 (Beebe & 
Saul) 

 

MAFP2.D1 An. gambiae s.s. 
Maferinyah 
Centre One 

BG sentinel 2 
MB5 lure 

ITS-2 (Beebe & 
Saul) 

 

FANP43.B1
2 

An. coluzzii Fandie Gravid trap 
ITS-2 (Beebe & 
Saul) 

 

SENP14.H7 An. melas Senguelen Gravid trap 
ITS-2 (Beebe & 
Saul) 

 

SENTY.Q An. squamosus Senguelen CDC light trap COI (Oshaghi et al.)  

FANP58.D9 Lt. tigripes Fandie Stealth trap COI (Kumar et al.)  

MAFP6.C7 Cx. watti 
Maferinyah 
Centre One 

CDC light trap COI (Kumar et al.)  

MAFP5.A2 Cx. pipiens  
Maferinyah 
Centre One 

BG sentinel 2 
MB5 lure 

COI (Kumar et al.)  

MAFP4.A7 
Cx. 
quinquefasciatus 

Maferinyah 
Centre One 

BG sentinel 2 
MB5 lure 

COI (Kumar et al.)  

MAFP5.C5 Cx. cf. watti 
Maferinyah 
Centre One 

Gravid trap COI (Kumar et al.)  

MAFP8.E9 Cx. cf. sitiens 
Maferinyah 
Centre One 

CDC light trap 
COI (Kumar et al.; 
Folmer et al.) 

 

MAFP4.A3 Ae. aegypti 
Maferinyah 
Centre One 

BG sentinel 2 
MB5 lure 

COI (Folmer et al.)  

MAFP7.F8 Ae. vittatus 
Maferinyah 
Centre One 

Stealth trap COI (Folmer et al.)  

MAFP7.G6 Ae. fowleri 
Maferinyah 
Centre One 

Stealth trap COI (Folmer et al.)  

FANP44.D1 Ae. cumminsi Fandie 
BG sentinel 2 
BG lure 

COI (Folmer et al.)  

FANP37.E8 
Ae. 
argenteopunctatus 

Fandie Stealth trap COI (Folmer et al.)  

MAFP6.G8 Ae. cf. simpsoni 
Maferinyah 
Centre One 

BG sentinel 2 
BG lure 

COI (Folmer et al.)  

SENP19.A2 
Ae. cf. 
luteocephalus 

Senguelen Gravid trap COI (Folmer et al.)  

FANP37.H1
1 

Ae. cf. denderensis Fandie Gravid trap COI (Folmer et al.)  

SENP11.A3 Er. intermedius Senguelen 
BG sentinel 2 
BG lure 

COI (Folmer et al.)  
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