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Abstract
Djibouti is highly vulnerable to several mosquito-borne diseases, although entomological surveillance data remain limited. In this study, BG-
Sentinel traps equipped with FTA cards were employed in Djibouti City for the first time to investigate arbovirus circulation and target-site
insecticide resistance in mosquito vectors. Weekly samplings were conducted over two months in 2020 and 2022 within an Italian military
base in Djibouti City subjected to periodic mosquito control program with pyrethroids. Collected mosquitoes were morphologically identified
and genotyped for insecticide resistance mutations, while FTA-cards were screened for arboviruses released by mosquito females during
sugar feeding. A serological survey for dengue virus (DENV) seroconversion was also conducted among military personnel in 2022. A total of
19,362 mosquitoes were collected, with Culex quinquefasciatus accounting for > 94% of specimens. Resistance-associated alleles were
detected at high frequencies in Cx. quinquefasciatus (1014F) and Aedes aegypti (1534C), whereas Anopheles stephensi showed lower 1014F
frequencies (< 25%). Three FTA cards tested positive for DENV and West Nile virus in 2020, and one DENV human seroconversion was
detected. These findings support the applicability of BG-FTA surveillance in an African context, integrating entomological and serological
approaches, and highlight arbovirus circulation in the area and exposure risk to human personnel.

Introduction
The Republic of Djibouti is highly vulnerable to the emergence and re-emergence of mosquito-borne diseases (MBDs) due to a combination of
ecological and socio-economic factors that promote both pathogens introduction and sustain high vector population density. MBDs
outbreaks reported in this area were historically associated to human movements, especially from inner and endemic countries of Africa, as
suggested for malaria (1–4). Indeed, due to its strategic position, the country is an important human migration route with overseas countries,
as well as a crossroad for goods and livestock trade. Concerning malaria, its transmission in Djibouti has been considered low and unstable
since the early 20th century, with most cases imported from neighbouring countries (2–4). During the last decades, the rise in human cases
has also been linked to the recent establishment of Anopheles stephensi, an invasive malaria vector probably introduced from Pakistan
through marine cargo traffic (4–8). Other than malaria, several arboviral diseases have been reported in this country including dengue (DENV),
chikungunya (CHIKV), West Nile (WNV) and Rift Valley Fever virus (RVFV). The most recurrent outbreaks were related to dengue fever with the
first cases dating back to 1991 (DENV) (1). Since 1991, dengue has circulated with an endemic–epidemic pattern, and three serotypes (DENV-
1, -2, and − 3) have been detected (1, 9–10). In 2010, a sero-epidemiological study on arboviral infections, showed a high prevalence of
antibodies against dengue virus and, for the first time, also CHKV was reported (11). Subsequent serological evidence has been documented
over the time, with a major CHIKV outbreak occurred between 2019 and 2020 (12–13). Regarding RVFV, its circulation in livestock and human
has been sporadically reported in the region, however Djibouti was not recognised as a regional hot spot for transmission (11). WNV
circulation has been also described, with the virus detected both in vertebrate (ruminants, horses, human) and invertebrate hosts (Cx.
quinquefasciatus, Cx. pipiens), highlighting a local transmission cycle (11, 14–16).

Overall, entomological surveillance data for Djibouti are exceptionally limited, as few studies investigated species composition of mosquito
population as well as pathogen circulation in their vectors (4, 17–18). Additionally, information on insecticide resistance is limited to a single
report on An. stephensi, with no details on the underlying mechanisms (19) and no data for other major vector species. Nevertheless, the
presence of insecticide resistance mechanisms can significantly affect vector control efforts and, in turn, influence outbreak dynamics,
highlighting the critical need to monitor and characterize resistance for effective disease prevention and control strategies. This study aims to
provide an entomological assessment of arbovirus circulation in mosquito populations within a military area subjected to pyrethroid-based
control. To this aim, we employed a novel entomological surveillance approach based on BG-Sentinel traps with FTA cards, specifically
developed for an early detection of infective vectors, which has been previously validated and applied in other endemic settings (20).
Secondly, given the endemicity of DENV, serological analyses were conducted on military personnel employed in Djibouti City, to complement
the entomological investigations related to the virus. Finally, we assessed target-site resistance mechanisms in major vector species,
focusing on mutations in the voltage-gated sodium channel (vgsc) gene linked to reduced effectiveness of commonly used pyrethroids.

Methods

Study area
The Republic of Djibouti is in the Horn of Africa, where the Rift Valley meets the Gulf of Aden and the Red Sea. Positioned on a primary
shipping lane, the economy of this country is based on service activities connected with the country’s strategic location and status as free
trade zone in the Horn of Africa. The country has a population of 1.106 million and more than half live in the growing capital city (Djibouti
City). The climate is marked by two distinct seasons with low and irregular precipitation patterns (< 130 mm annually). The cold season
(October-April) has mild temperatures ranging between 22°C and 30°C with relatively high humidity and sea winds. The hot and dry season
(May to June and September to October) has high temperatures, ranging between 30°C and 40°C with often violent, hot, and dry sand wind
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(khamsin). The wettest months are April, July, and August, with a monthly average of 30 mm. January, June and December are the driest
months, with average rainfall of 10 mm or less (climateknowledgeportal.worldbank.org).

Sample collection
Mosquito samplings were carried out in Djibouti City from military personnel deployed in the Italian Military Support Base (BMIS). The BMIS is
a strategic installation, built outskirts of the city centre that provides logistics, maintenance, and infrastructure for external operations. The
entomological collections took place outdoors from January to February 2020 and from February to March 2022 using modified BG-Sentinel
traps (hereafter BG-FTA) worked once a week for three-to-four consecutive days. Eleven BG-FTA were placed inside the BMIS area and one in
the city centre (Caritas) about two kilometres far from the base (Fig. 1). In the BMIS area, weekly outdoor pyrethroid spraying was conducted
as mosquito control activity. The traps used in this study were equipped with BG-lure as attractant and hold a sugar delivery system based on
the use of an FTA card soaked in a blue sugar-feeding solution as previously described (20). The modification was applied to collect and
preserve at environmental temperature viral RNA present in mosquito saliva and released from infective specimens during sugar feeding on
the FTA card. Formal permission was obtained from the relevant military/base authorities to conduct mosquito collection activities, which
were performed by authorized military personnel.

In 2022, Italian military personnel were voluntarily enrolled in a serological screening for DENV, conducted both at the beginning (i.e., within 48
hours after arrival in Djibouti) and at the end of their deployment. During the initial blood draw, personal data were collected, and any travel to
or from endemic areas within the preceding 6 months was documented. Military personnel included in the screening were selected based on
a minimum required stay of 14 days in the study area.

Sample processing and analysis

Mosquitoes
All mosquitoes collected were morphologically examined to identify species (21–22) and sex. The evidence of sugar feeding on the FTA cards
was assessed for all female specimens by looking for the presence of blue dye (the blue sugar-based solution used to soak the FTA cards) in
mosquito bodies. All samples were stored at room temperature in tubes containing silica gel until further analysis.

DNA extraction was performed according to DNAzol® (Molecular Research Center, USA) protocol (23) on a mosquito subsample processed
for i) the molecular identification of species and ii) the genotyping of pyrethroid target-site resistance. Indeed, a DNA barcoding approach
based on the use of cytochrome oxidase subunit I of was applied to confirm species identification and clarify doubtful classification for some
specimens, including the majority of Anopheles spp. (24).

Genotyping of pyrethroid target-site resistance mutations was performed on a Culicinae and Anophelinae subsample. Specimens belonging to
the Culex and Anopheles genera were processed to detect L1014F (TTA◊ TTT) and L1014S (TTA◊TCA) substitutions in the domain II of the
voltage gated sodium channel (vgsc) gene. Primers Cdg1-Cdg2 (25) and KdrF-VGS1R (26) were used to target the locus 1014 in Culex sp. and
Anopheles sp., respectively. The forward primers Cdg1 and KDRF were used as sequencing primers to confirm allelic variants. Aedes spp.
specimens were genotyped for the F1534C (TTC◊TGC) and V1016I (GTA-◊ATA) substitutions (domain III and II of vgsc) following Kasai et al.
(27) and Fan et al. (28), respectively. A subset of Aedes specimens was further genotyped for additional, less common vgsc mutations at loci
982, 989, 1011, and 1014 in domain II (28). Primers E-20F and E21R were used for both amplification and sequencing of domain II loci (28),
while for the domain III, the primer pairs aegSCF7-SCR7 were used for amplification and aegSCR8 (27) as sequencing primer.

FTA cards
All FTA cards were stored separately in tubes containing silica gel, sorted by trap number and collection date. All samples were preserved at
room temperature until the delivery to the reference laboratory (no later than one month after the collection) and then stored at -20°C. RNA
was extracted from each FTA card using the QIAamp® Viral RNA Kit (Qiagen, Germany) as previously described (20).

Three different PCR protocols completed by sequencing were used to identify pathogens in RNA extracted from FTA cards. Othoflavivirus
detection was carried out using a pan-flavivirus hemi-nested PCR targeting the non-structural protein 5 (NS5) with the primer set MAMD, cFD2
and FS788 designed by Scaramozzino et al. (29). PCR products resulting from the cFD2-FS778 pairs were loaded on a 2.5% agarose gel to
confirm positive samples (bands visible at approximately 220 bp). Positive PCR products were sequenced using the inner primers to
discriminate among Orthoflavivirus species.
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The presence of Chikungunya and Rift Valley Fever Virus RNA was assessed using two different real-time (TaqMan®) reverse transcription-
PCR (real time RT-PCR). Specifically, a one-step real time RT-PCR targeting the E1 gene was applied for CHIKV detection (30), whilst primers
and probe designed by Drosten et al. (31) were used to target the G2 region of RVFV.

Sequence processing and analysis
DNA amplified from mosquito and FTA card samples were purified according to SureClean Plus protocol (Bioline, Meridian Bioscience, UK)
and sequenced at the Eurofins Genomics Center (GmbH, Ebersberg, Germany). Electropherograms were inspected by Chromas Lite
(Technelysium Pty. Ltd., Tewantin, Queensland). Sequences were edited and aligned with MEGA-X (32) and then compared with representative
sequences available on GenBank database using Basic Local Alignment Search Tool (BLAST; http://blast.ncbi.nlm.nih.gov/Blast.cgi).

Human sera
Blood samples were collected from each volunteer, and serum samples were analysed for the presence of IgG antibodies against DENV
serotypes 1–4 using an enzyme-linked immunosorbent assay (ELISA) method. The presence of IgG antibodies against dengue was identified
through Dengue Virus IgG ELISA TECAN (IBL International GmbH, Hamburg, D). The assay was performed as a semi-quantitative assay with
positive, negative, and cut-off controls run in duplicate. Each sample diluted 1:100 was considered positive if the absorbance value (at 450 nm
with a 620 nm reference) was 10% higher than the specific IgG cut-off, as recommended by the manufacturer. According to the
manufacturer’s instructions, results were expressed in Units (U) relative to the run-specific cut-off. Samples were classified as negative (< 9 U),
indeterminate (9–11 U), or positive (> 11 U).

All methods were carried out in accordance with relevant guidelines and regulations. The experimental protocols were approved by the “Celio”
Ethical Committee (Prot.n. CE/2019u/03/a-/09/10/2019). Informed consent was obtained from all subjects.

Statistical analysis
Entomological data were summarised to describe community structure of mosquito populations. For each sampling year, relative frequencies,
and mean abundance with 95% confidence intervals (95% CI) were defined for all detected species. Ecological diversity was assessed using
the Shannon-Weaver diversity index (33), calculated for each trap and collection date, and averaged for each mosquito-sampling period.

The overall sugar-feeding rate of female mosquitoes was determined as the proportion of sugar-fed specimens by species per sampling year.
This is calculated as the mean percentage of blue (sugar-fed) females per species, trap, and collection date.

Comparisons of H values, female mosquito abundance and sugar feeding rates between sampling years was performed using the Wilcoxon–
Mann–Whitney (WMW) test.

Allele frequencies at the VGSC gene locus were estimated for each analysed species. Temporal differences in allele distribution across years
were evaluated using a chi-square test.

Data manipulation, statistical analyses and graphical representations were generated using the statistical software R (version 4.3.3) and the
RStudio integrated development environment with the following packages: vegan 2.6–10 (34) and mixIndependR 1.0.0 (35).

Results
Species composition, gonotrophic stage and feeding rate on FTA card

A total of 19,362 mosquitoes were collected over the two sampling years: 13,248 in 2020 and 6,114 in 2022. Overall, a significantly higher
number of mosquitoes was collected in 2020 (W = 3,699.5, p< 0.0001) with mean abundance of 184 (95% CI: 146.77-221.23), compared with
86.11 (95%CI: 62.33-109.90) in 2022. Conversely Shannon diversity (H) index was significantly higher in 2022 than in 2020 (W = 1522, p<
0.0001), with mean H values of 0.23 (95% CI: 0.19-0.28) and 0.11 (95% CI: 0.07-0.15), respectively (Figure 2). 

A total of 13,166 and 5,988 specimens were successfully identified at species level for the year 2020 and 2022, respectively (Table 1). Culex
quinquefasciatus was the dominant species in both years, accounting for 96.6% of collections in 2020 and 94.1% in 2022. Other species were
found at lower frequencies: Aedes aegypti (2.7% in 2020; 1.3% in 2022), Anopheles stephensi (0.5% in 2020; 3.3% in 2022), Culex sitiens (0.1%
in 2020; 1.2% in 2022) and Anopheles dthali (0.1% in 2020; 0.1% in 2022). Additionally, in 2022, two specimens were identified as Aedes
vexans (Table 1). 
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Table 1. Descriptive statistics (counts and mean number) and Wilcoxon–Mann–Whitney (WMW) test output for female mosquitoes by
species/genus and collection year (2020 and 2022). n. total specimens: Total number of mosquitoes collected including male and female
specimens; n. females: number of female mosquitoes; mean: mean number of mosquitoes; 95% CI: confidence intervals. The W and p-value
columns show the statistics for the Wilcoxon–Mann–Whitney test.

2020 2022 WMW test

n. total 

specimens 

n. females mean 95% CI n. total
specimens

n. female mean  

95%
CI

W p-value

Species  

13166

7045 97.85 76.72-
118.98

 

5988

4335 61.06 43.99
-78.12

3459.5 2.66e-04

Ae. aegypti 357 154 2.14 0.63-
3.65

77 43 0.61 0.35-
0.86

2938.5 0.08

Ae. vexans 0 0 - - 2 2 - - - -

An. dthali 12 6 0.08 0.02-
0.15

5 4 0.06 0.00-
0.11

2625 0.53

An. stephensi 64 22 0.17 0.17
-0.45

197 59 0.83 0.51-
1.15

2114.5 0.03

Cx. quinquefasciatus 12719 6857 95.24 74.40-
116.07

5636 4187 58.97 42.39-
75.56

3475 2.08e-04

Cx. sitiens 14 6 0.08 0.02-
0.15

70 39 0.55 0.28-
0.82

1920 2.46e-04

Genus  

82

82 1.14 0.72-
1.56

 

127

123 1.72 1.09-
2.34

2263 0.20

Culex sp. 82 82 1.14 0.72-
1.56

123 122 1.70 1.08-
2.33

2266 0.21

Anopheles sp. 0 0 - - 4 1 - - - -

Consistently with the overall trends observed for mosquito densities, the number of Cx. quinquefasciatus and Ae. aegypti females decreased
from 2020 to 2022 sampling.  Conversely, a significant increase in An. stephensi and Cx. sitiens females was observed between the two years
of collection, while no differences were reported for An. dthali (Table 1).

For all female mosquitoes, the sugar meal on FTA cards was analysed by assessing evidence of blue dye in mosquito body. The overall
feeding rate was significantly higher in 2020 as compared to 2022, with some variability reported in relation to the species (Table 2).

 Table 2. Mean sugar feeding rate of female mosquitoes by species and sampling year. For each species the mean proportion of sugar-fed
female and the corresponding 95% confidence interval (CI) are reported for 2020 and 2022.The W statistics and the associated p-value derive
from the Wilcoxon–Mann–Whitney (WMW) test comparing sugar-feeding rate between years.
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 Sugar feeding rate � 2020 2022 WMW test 

mean  95% CI mean 95% CI W p-value

Species 0.49 0.44-0.54 0.18 0.14-0.22 4279 3.57e-15

Ae. aegypti 0. 34 0.25-0.44 0.03 0.00-0.06 516 1.65e-03

Ae. vexans - - 0.00 0.00-0.00 - -

An. dthali 0.83 0.74-0.92 0.50  0.35-0.64 16 0.35

An. stephensi 0.32 0.22-0.43 0.01 0.00-0.02 295 2.14e-03

Cx. sitiens 0.17 0.07-0.26 0.02 0.00-0.03 71 0.34

Cx. quinquefasciatus 0.49 0.44-0.54 0.19 0.14-0.23 4223.5 2.25e-21

Genus 0.18 0.11-0.25 0.02 0.00-0.06 870 2.00e-03

Culex sp. 0.18 0.11-0.25 0.02 0.00-0.05 883 5.00e-04

Anopheles sp. - - 1.00 - - -

Insecticide resistance in main vector species

A total of 140 Ae. aegypti, 231 Cx. quinquefasciatus and 227 An. stephensi specimens were successfully genotyped for the most common and
widespread insecticide target-site mutations. The number of specimens analysed, and their corresponding genotypes are summarized in
Table 3 for each species and sampling year. A significant increase in the frequency of the 1534C resistant allele was detected in Ae. aegypti,
from 71% in 2020 to 99% in 2022 (χ² = 41.3, p < 0.0001). None of the Ae. aegypti specimens carried the V1016I substitution in domain II, and
no other target-site mutations were detected at the additional domain II loci (989, 982, 1011, and 1014) genotyped in a subset of 33 Ae.
aegypti specimens. In Cx. quinquefasciatus the 1014F resistant allele was detected at consistently high frequency across both years of
sampling: 89% in 2020 and 94% in 2022 (χ² = 1.57, p = 0.21). Conversely, in An. stephensi the 1014F mutation was observed at low frequency
with no significant differences among the years: 25% in 2020 and 22% in 2022 (χ² = 0.38, p = 0.53). The 1014S resistant allele was not
detected at locus 1014 in any of the Cx. quinquefasciatus or An. stephensi specimens genotyped for insecticide resistance.

Table 3. Genotyping of pyrethroid target site mutations divided per years and vector species. Total specimens analysed
(n.), genotype at each locus and resistant allele frequencies are shown. +/+: double mutant; +/-: heterozygous; -/-: wild
type

Year Species n. substitution Genotype +/+ Genotype +/- Genotype -/- Resistant allele frequency

2020 An. stephensi 57 L1014F 7 15 35  0.25

Ae. aegypti 71 F1534C 35 31 5 0.71

Ae. aegypti 69 V1016I 0 0 69 0.00

Cx. quinquefasciatus 113 L1014F 95 14 4 0.89

2022 An. stephensi 170 L1014F 8 59 103 0.22

Ae. aegypti 69 F1534C 68 1 0 0.99

Ae. aegypti 68 V1016I 0 0 68 0.00

Cx. quinquefasciatus 118 L1014F 105 12 1 0.94

Arbovirus circulation 

FTA cards 

Over the two sampling years, FTA cards detected different Orthoflavivirus species, while no cards were found positive for CHIKV and RVFV. All
positive traps were placed inside the BMIS area during both years of monitoring. Out of 71 FTA-cards collected in the year 2020, two were
positive for WNV and one for DENV viruses. DENV-2 was detected on week 6 (9th February), while the two positive cards for WNV were
detected on weeks 7 and 9 (14th and 24th February, respectively). In the DENV- positive trap, no evidence of blue dye was reported in Ae.
aegypti while in WNV positive traps the 47% and 60% of Cx. quinquefasciatus specimens had a visible sugar meal. 
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In 2022 only 1 FTA card out of the 71 collected, tested positive for an Insect-specific flavivirus (ISFV; not related to vertebrate infection), during
week 11 (10th March). No evidence of blue dye was reported in female mosquitoes collected in the corresponding trap. The sequence analysis
showed the 97.2% identity with ISFVs isolated from Ae. aegypti collected in different locations (i.e., Mosquito flavivirus GenBank accession
OR531688.1 and Phlebotomus-associated Orthoflavivirus, GenBank accession numbers MN294942.1 and OR636213.1). However, the low-
quality of the sequence data did not allow the identification of this virus with confidence (Supplementary material, Table S1). Although all
cards were analysed, two traps set in weeks 9 (February 24) and 10 (3rdMarch) did not collect mosquitoes. An overview of detected viruses
for each week and for each sampling year, together with the mean number of female vectors species collected per trap (female/trap), was
reported in Figure 3.

Human sera

Serological screening was conducted on a total of 52 volunteers of military personnel, all men residing in Italy, who were deployed in Djibouti
during the season 2022. The mean interval between baseline and follow-up serum sampling was 40 days and varied according to each
volunteer’s deployment duration (Supplementary material figure S1). Only one volunteer showed evidence of DENV seroconversion (from
7.99U to 11.70 U) between the first and second blood draws, collected 40 days apart. The individual declared no travel or missions in other
Dengue endemic areas in the six months preceding the survey suggesting exposure during his deployment at the BMIS in Djibouti. In addition,
two individuals had IgG response above the positivity cut-off in both blood draws, suggesting possible previous exposure. Just one of them
reported travelling to Niger in the six months preceding the survey. Another volunteer showed a slight positive response (11.31 U) at the first
blood sampling but a value 1.3 times lower at the second draw (8.80 U) 22 days later, suggesting an intermediate inconclusive result. Among
the remaining participants who tested negative in both blood draws (N=48), 15 reported travels outside Italy in the preceding six months, and
only 7 of these visited non-European countries (Djibouti, Niger, Afghanistan, United Arab Emirates, Turkey) (Supplementary file S2).

Discussion
This study provides an overview of arbovirus circulation within mosquito populations in the urban military area of Djibouti City, demonstrating
the applicability of the BG-FTA system for entomological surveillance in a tropical endemic context, building on its original validation.

This surveillance revealed a mosquito community with low species diversity, highlighting a scenario of ongoing or potential transmission of
different MBDs. The low values of H index observed throughout the sampling period (0.11 in 2020 and 0.23 in 2022) indicate a simplified
mosquito community structure, which is common in urban environments (36). However, periodic adulticidal vector control measures (based
on outdoor pyrethroid spraying) could have affected both species community and densities reported. Regarding population size, an overall
higher mean abundance was reported in 2020 compared to 2022 (184 in 2020 vs 86.11 in 2022), while the significant increase of H diversity
in 2022 suggests a broader species occurrence and changes in species distribution. These variations can likely reflect natural population
dynamics, with partially overlapping sampling periods, driven by climatic and environmental changes across sampling years.

Vector species were mainly represented by Cx. quinquefasciatus, followed by Ae. aegypti and An. stephensi, while An. dthali and Ae. vexans
were only sporadically detected at low densities.

Consistently with previous studies conducted in Djibouti (17, 19), Cx. quinquefasciatus was the dominant species in the study area,
representing most of the total sample in both collections (96.6% in 2020 and 94.1% in 2022). This species is well adapted to urban and semi-
urban environments (37) although it can also exploit rural habitats. Its overdominance at the study site is likely sustained by widespread
insecticide resistance mechanisms, as indicated by the high frequency of the 1014F allele observed during both sampling years (89% in 2020
and 94% in 2022). The L1014F substitution in the vgsc gene is one of the main and well-documented mechanism associated with pyrethroid
resistance in different mosquitoes of Anopheles and Culex genera (38–39). A high prevalence of this mutation was reported in resistant Cx.
quinquefasciatus population from different countries (40–42), although metabolic mechanisms may act synergistically and need to be
considered (40, 43–44). The high frequency of the 1014F allele observed in the study area may be linked to selective pressure exerted by
insecticide, including the routine spraying of pyrethroids within the BMIS, but also to other activities, such as agricultural pest management
and malaria vector control measures implemented in the country over the last decade, as suggested in other part of Africa (2, 45).

A similar insecticide pressure may also affect Ae. aegypti, particularly within the urban area. In fact, the species is a typical urban vector and
shares numerous larval habitats with Cx. quinquefasciatus in urban and peri-urban settings, including manholes, ditches, plastic drums, and
water storage tanks (5). Aedes aegypti showed a higher, though not statistically significant, average abundance in 2020 compared to 2022
(2.14 vs 0.61), with densities consistent with those reported in in 2019 in a French military camp of Djibouti (5). The observed frequency of the
1534C target-site resistance allele, suggests a growing insecticide selective pressure, leading almost to the fixation of this mutation in 2022.
The F1534C substitution is strongly associated with pyrethroid resistance in Aedes spp. (46) and is the most widespread mutation in Ae.
aegypti populations across Africa. Other mutations in domains II and III of the vgsc (i.e., loci 1016, 982, 982, 1011, 1014) were not detected in
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this species, consistently with their low frequency or absence reported in Aedes populations across the African continent (47). To the best of
our knowledge, this study represents the first investigation on pyrethroid resistance in Cx. quinquefasciatus and Ae. aegypti from Djibouti.

Concerning the main malaria vectors, An. stephensi, was poorly represented during the sampling period, although a slight but significant
increase was observed in 2022 (0.17 in 2020 vs 0.83 in 2022). The low numbers of specimens collected is comparable to those reported in
previous studies (5, 8, 19) but it cannot be excluded the impact of adulticidal control.

Insecticide resistance appears to spread in An. stephensi, indeed studies conducted in other countries reported resistance to all four major
insecticide classes in this species (48). However, the low frequency of 1014F and the absence of the 1014S alleles according to density
reported, suggest low level of pyrethroids resistance and/or the presence of alternative mechanisms, as reported in countries neighbouring
Djibouti (49–50). Further studies are highly needed to comprehensively characterize the resistance profile of this malaria vector and to
support targeted and effective vector control strategies.

The BG-FTA system detected different arboviruses highlighting the suitability of the BG-FTA system for arbovirus surveillance in remote areas
and for long-term sample storage and extending previous evidence (20) in a different epidemiological setting. The detection of WNV and
DENV RNA on 2 and 1 FTA cards, respectively, provided evidence of virus circulation during the year 2020. The two WNV-positive traps were
recorded within a short time window, the first occurring before the marked increase in mosquito abundance observed toward the end of the
monitoring period (Fig. 2). Since FTA cards detect viral RNA from mosquito saliva released during sugar feeding, these findings suggest that
infective mosquitoes were already present in the study area from the first half of February 2020 (week 7). Notably, visible evidence of sugar
feeding (blue dye) was observed in 47% and 60% of Cx. quinquefasciatus collected in WNV-positive traps, consistent with trap positivity and
vector sugar-feeding behaviour.

Results also indicated the circulation of infective mosquitoes for DENV during the first half of February 2020 (week 6). In the same year, two
other studies (13, 18) reported dengue transmission among American and French military personnel deployed in Djibouti, with peaks of
human cases occurring in January and May 2020. According to Javelle et al. (13) the first outbreak was recorded between the week 4 and 5 of
the year and was linked to DENV-1 in 36 of 56 dengue fever confirmed cases. The virus detection in the present study showed the highest
similarity with DENV-2, suggesting possible co-circulation of different serotypes, as previously reported (10). In line with DENV detection the
positive trap collected two specimens of Ae. aegypti, which is recognized as the primary vector in the country. However, none of the
specimens collected in the positive trap showed visible evidence of sugar feeding. This may be partially explained by the fact that the BG-FTA
system worked continuously for four consecutive days. Therefore, mosquitoes may have digested the sugar meals prior to trap collection. It is
also possible that the pathogen was released in the saliva during probing, even in the absence of an actual sugar-feeding event. In addition,
detection of the blue dye can be particularly challenging in dry mosquitoes with dark-coloured abdomens, such as Ae. aegypti (20). It should
also be noted that the detection of DENV, in a context where insecticide control was implemented and vector densities were low, is also
indicative of a good efficiency of BG-FTA system in mosquito surveillance.

The absence of WNV- and DENV-positive traps in 2022 does not rule out viruses’ circulation, although the significantly lower abundance of
vector species compared to 2020 (2020 vs 2022: Cx. quinquefasciatus 95.2 vs 58.97; Ae. aegypti 2.14 vs 0.61) may suggest reduced
transmission in the study area. Additionally, a marked decrease in feeding rates - approximately two-fold for Cx. quinquefasciatus and eight-
fold for Ae. aegypti - could have further affected the detection capability of the BG-FTA system. These aspects may be linked to possible
climatic variations between sampling years. Microclimatic factors, such as changes in humidity and temperature, can strongly affect vector
population density as well as mosquito hydration and sugar-starved status, thereby influencing their propensity to feed on the FTA cards and,
consequently, the virus release. However, the single case of seroconversion observed in 2022 among Italian military personnel, together with
the absence of reported DENV cases from January to March 2022 in another study (18), suggests low circulation in the study area, partially
explaining the failed detection with the BG-FTA. In contrast, no data are available for WNV, as infections remain poorly investigated in Djibouti,
as in other parts of Africa.

The only virus identified during 2022 sampling belong to ISFVs, a large group of viruses belonging to Orthoflavivirus genus which naturally
infect only insects. Over the past two decades, an increasing number of ISFVs was reported from different mosquito species, however their
physiological and transmission dynamics remain unknown (51). The virus detected in this study revealed highest similarity with a mosquito
Flavivirus reported in Nigeria (GenBank accession OR531688.1) and a Phlebotomus associated Flavivirus (PAFV) isolated from mosquitoes in
Saudi Arabia (Accession number MN294940.1). The PAFVs was described both in sand flies (52) and mosquitoes (53–54), suggesting a wide
host range and a probably common source of infection. According to current knowledge, the ISFVs have no relevance for human and animal
health, but the detection from FTA card further indicates the proper functioning and sensitivity of the surveillance system.

In contrast to Orthoflavivirus positivity, no FTA cards tested positive for RVFV or CHIKV in either year of sampling. For RVFV, this finding is
consistent with the lack of evidence for endemic transmission and supports the hypothesis of sporadic exposure through contaminated
aerosols, as previously suggested (11). Although different mosquito species can potentially transmit the virus, Ae. vexans, is among the

Page 9/16



primary vectors in Africa and middle east (55–56), while Culex mosquitoes (such as Cx. quinquefasciatus) could act as secondary vectors
during outbreaks (57). Aedes vexans was reported for the first time in Djibouti in October 2019 at low densities (58) and was observed only
sporadically in the present study, thus partially explaining the absence of RFVF-positive FTA cards. However, the potential impact of
adulticides interventions within the study site must be considered, and further research in another area not under vector control interventions
is needed to determine the actual density and dynamics of this species in the country.

CHIKV circulation remains poorly documented in Djibouti, with exception of a seroprevalence study of 2010 describing a low level of immunity
(11) and confirmed autochthonous cases reported in 2019 and 2020 among military personnel living in Djibouti city (12–13). However, during
the present study, there were no evidence of CHIKV circulation in mosquitoes, according to the drop in human cases from the first week of
January 2020 documented by French military personnel deployed in the area (13). Although these observations could explain negative results
for RVFV and CHIKV in this study, there are no published entomological surveillance available for these viruses in Djibouti, and more intensive
monitoring is needed to better understand the epidemiology of these arboviral diseases in the area.

This study provides an integrated framework of pathogen circulation and insecticide resistance in mosquito vectors in an urban tropical
endemic setting of Djibouti City. The entomological surveillance using the BG-FTA system confirmed the presence of key vector species—Cx.
quinquefasciatus, Ae. aegypti, and An. stephensi—and provided evidence of ongoing West Nile and Dengue virus transmission at the study site,
as further supported by DENV seroconversion in a member of the military personnel. The successful detection of viral RNA on FTA confirmed
the BG-FTA system effectiveness for arbovirus surveillance and extended its applicability in tropical endemic contexts characterised by
operational and ecological constraints and insecticide pressure affecting vector communities and densities. For the first time in Djibouti, this
study reported the frequency of main pyrethroid target-site resistance alleles in Cx. quinquefasciatus and Ae. aegypti, indicating almost fixation
of the 1014F and 1534C mutations, respectively in the two species. Overall, this study confirms the vulnerability of Djibouti to MBDs and
underscores the importance of strengthening the entomological surveillance in the country, adopting an early warning framework that
integrates vector and serological data. It is also provided a solid baseline to guide future risk assessments and support the development of
targeted, evidence-based vector control strategies.
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Figure 1

Study area showing sampling locations at the Italian Military Support Base (BMIS) and the city centre (CARITAS). Red dots represent trap
locations.
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Figure 2

Ecological metrics reported for the mosquito population in the study area. The x-axis shows the year of collection, while the y-axis reports a)
abundance expressed as the total number of mosquitoes, including both female and male identified at least at the genus level b) species
diversity measured using the Shannon-Weaver index (H), with higher values indicating an increase in the number of species and higher values
of evenness. The central line of Box plots represents mean values; whiskers show the minimum and maximum observed values; points
represent outliers.
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Figure 3

Mean number of female mosquito vector species collected per week during each sampling year. Virus detected from FTA cards is reported on
the top of the bars (DENV: Dengue; WNV: West Nile; ISFV: mosquito Orthoflavivirus).
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