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Abstract
Background: Distribution of Aedes albopictus and Aedes aegypti are currently unknown on Bioko Island
Equatorial Guinea.

Methods: Aedes spp. were collected between February 2020 and August 2021 on Bioko Island as a by-
product of malaria vector entomological surveillance. The mosquitoes were transferred to Switzerland.
Utilizing qPCR (quantitative polymerase chain reaction) on extracted nucleic acids, the mosquitoes were
distinguished between A. albopictus and A. aegypti. Subsequently, the host species of their last blood
meal was identified. Metagenomic analyses of potential pathogens were performed using Oxford
Nanopore sequencing. A qPCR assay to detect Wolbachia was developed and used to screen Aedes spp.

Results: A. albopictusrepresents the dominant Aedes species on Bioko Island. Aedes spp. mosquitoes
predominately fed on humans, few A. albopictus positive pools additionally contained blood meals from
dog or chicken. Eight out of nine tested Aedesspp. pools contained DNA sequences that matched to
Wolbachia spp. assessed by metagenomics. The remaining 72 pools were tested by qPCR for presence of
Wolbachiaspp. DNA. In total, 87% of all samples tested were positive for Wolbachia spp. A. albopictus
seemed to be significantly more affected by Wolbachiaspp. than A. aegypti.

Conclusions: A. albopictus has become the dominant Aedes species on Bioko Island and can be found in
all four districts. Wolbachiaspp. endosymbionts seem to be more prevalent in A. albopictus compared to
A. aegypti. The impact of Wolbachiaspp. presence on potential transmission of Flaviviruses in these
different local mosquito populations warrants further investigation.

Background
Mosquito species belonging to the genus Aedes are one of the most important disease vectors besides
Anopheles globally [1, 2]. Emerging and re-emerging Flaviviruses like Yellow Fever virus (YFV), Dengue
virus (DENV), Chikungunya virus (CHIKV) and Zika virus (ZIKV) are transmitted by Aedes spp. [3, 4]. Aedes
aegypti and Aedes albopictus are mostly found in tropical to subtropical regions worldwide. In March
2022, the World Health Organisation (WHO) launched the Global Arbovirus Initiative as a strategic plan to
tackle arboviruses with epidemic potential [5]. The epidemiology of arboviruses and the resulting
arboviral disease prevalence and clinical load is currently only partially known in Central and West
Africa [6, 7]. Suspected Aedes-borne virus outbreaks seem to have increased in recent years in West
Africa [6]. A number of larger outbreaks of DENV and CHIKV in West Africa have been described in urban
areas of Burkina Faso [8], and Cote d‘Ivoire [9] and CHIKV outbreaks in Gabon [10] and Sierra Leone [11].
Importantly, fever attributable to arbovirus infections might lead to an overestimation of clinical malaria
in Sub-Saharan African countries resulting in antimalarial drug overuse [12].

Enhanced regular surveillance of Aedes spp. populations to monitor the effect of climate change and
rapid urbanisation is essential to understand pathogens transmitted and disease outbreaks caused [13,
14]. This entails monitoring of georeferenced Aedes spp. distribution, observation of population
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dynamics over time and establishment of infection rates with different pathogens transmitted [15]. The
continuous collection of this information is crucial for early detection, timely response, thereby reducing
the public health impact of arbovirus disease outbreaks. 

Targeted vector control strategies may include the use of insecticides, biological control methods, or
community engagement to reduce mosquito breeding sites. One possible biological control method
makes use of the naturally occurring endosymbiont Wolbachia spp., which inhabits the intestines of
Aedes mosquitoes. Arthropods infected with Wolbachia spp., show a change in mating behaviour (e.g.
cytoplasmic incompatibility) and a lower transmission rate of virus infections [16, 17, 18].

We have collected 557 Aedes spp. mosquitoes on Bioko Island in the years 2020 and 2021 and analysed
with molecular tools the species distribution of A. albopictus and A. aegypti. The results of our study
indicate that the ratio of A. albopictus and A. aegypti shifted over the last decade and that A. albopictus
became the predominant species on Bioko Island. A. albopictus displayed an increase carriage of
Wolbachia spp. compared to A. aegypti with 87% of all mosquito samples testing positive for this
endosymbiont. This report is the first time that the distribution of Wolbachia spp. in the Aedes population
is described in Equatorial Guinea.

Methods

Study area and mosquito collection
Aedes spp. were collected at sentinel sites defined in urban, peri-urban, and rural landscapes across Bioko
Island. Collections were performed using Human Landing Catch (HLC) and Centre for Disease Control
Light Trap (CDC-LT) methods as a by-product of the routine entomological surveillance for malaria
vectors between February 2020 and August 2021 [19]. Mosquitoes were collected throughout the night
from seven PM to six AM the following morning in two houses randomly selected per sentinel monitoring
site and per method. One volunteer each was placed indoors and outdoors of selected houses in a four
person/night catch. Simultaneously, two CDC light traps each were installed indoors and outdoors of two
other randomly picked houses. Resulting again in a four trap/night catch. Aedes spp. collected via HLC
were preserved according to hour and place of collection in Eppendorf tubes, while Aedes spp. collected
via CDC-LT were pooled in groups of ten per collection place. All mosquitoes were stored in DNA/RNA
Shield (Zymo Research, USA) at room temperature until shipped to Swiss TPH in Allschwil, Switzerland,
for further analysis.

Sample pooling and nucleic acid extraction
Out of 233 tubes received that contained between one to 14 individual mosquitoes, 30 tubes were
extracted as individual samples derived from the same night, same site and same collection method. The
remaining 194 tubes were grouped into 51 pools by collection district and whenever possible by sentinel
collection site and collection year. The 30 vials extracted individually contained between one and seven
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Aedes spp. mosquitoes (median of two mosquitoes). The 51 pools contained between two and 29
mosquitoes (median of nine mosquitoes). For nucleic acid extraction, mosquitoes were homogenized for
12 minutes on a Disruptor Genie (Scientific Industries, USA) using stainless steel beads with a diameter
of five mm (Qiagen, USA), followed by nucleic acid extraction using the QIAamp Viral RNA Mini Kit
(Qiagen, USA) according to manufacturer’s protocol.

General qPCR settings
All qPCR reactions were set up as follows if not indicated otherwise: The qPCR and (RT-qPCR) assays
were run on a Bio-Rad CFX96 Real-Time PCR System (Bio-Rad Laboratories, California, USA). Each qPCR
reaction consisted of 1x Luna Universal Probe One-Step Reaction Mix (New England Biolabs), primer and
probe mix and two μL of extracted nucleic acids in a total volume of 10 μL. The reverse transcription
qPCR (RT-qPCR) runs were set up with the same master mix as the qPCR runs and complemented with 1x
Luna WarmStart RT Enzyme Mix (New England Biolabs, USA). Samples were analysed in duplicate. In
each qPCR run, non-template (molecular biology grade H2O) controls and controls positive for the target
were included. The controls had to be non-template control, respectively positive to be encountered as
valid. The runs were set up according to Table 1 whereas denaturation and annealing/ extension steps
were repeated 45 times.

Extraction control RT-qPCR
For quality control and quantification of the extracted RNA and DNA, a quantitative PCR assay (qPCR)
targeting the 18S and 28S ribosomal RNA/DNA genes of Aedes spp. was used (see Additional file 1:
Table S1). In addition, human RNaseP (HsRNaseP) was used to detect mosquito feeding on humans.  
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Aedes species identification 
To distinguish A. albopictus and A. aegypti, a qPCR assay that targets a fragment of the A. aegypti gene
AAEL017129, and a fragment of the A. albopictus gene AALF027084 was performed.  

Identification of Aedes spp. transmitted human pathogens
To detect human pathogens, three different multiplex RT-qPCR assays were used. The first assay targets
the NS5 gene of viruses belonging to the family Flaviviridae. The second assay was performed to detect
and distinguish all four dengue virus serotypes (DENV-1, DENV-2, DENV-3, DENV-4). The last multiplex
assay was used to screen for genetic material of CHIKV, Rickettsia spp., YFV and ZIKV. For all three
assays, 1x Fast Virus 1-Step Master Mix (Applied Biosystems™, Thermo Fisher Scientific Inc) instead of
Luna Universal Probe One-Step Reaction Mix was used. 

Blood feeding of Aedes spp. identification 
A RT-qPCR was used to test all mosquito samples for the source of the last blood meal. The mosquitoes
were screened for presence of dog, cat and rat DNA targeting the cytochrome B gene. To screen for the
presence of bird DNA, markers for 16S genes and an intergenic region specific for mice were used
(Additional file 1: Table S1).  

Sanger sequencing
The PCR product of samples positive for the avian primers were sent to Microsynth AG (Switzerland) for
confirmatory Sanger sequencing. PCR was performed with the pan-avian qPCR primers to generate a 96
bp long amplicon of the 16S region. 

Oxford Nanopore sequencing 
Metagenomic sequencing of all nucleic acids was done for nine Aedes spp. pools according to a
published protocol [20]. Reverse transcription of RNA molecules was accomplished using random
hexamer primers with a known 20-nt tag sequence at the 5′-end and the RevertAid First Strand H minus
cDNA synthesis kit (Thermo Fisher) according to the manufacturer’s manual. Second-strand synthesis
using Klenow polymerase (Thermo Fisher) was performed, followed by sequence-independent single
primer amplification and purification of amplified DNA (PureLink PCR micro kit; Invitrogen) and elution.
Total DNA concentration was measured (Qubit fluorometer; Invitrogen) using the dsDNA High-Sensitivity
assay. The sequencing library was prepared using the Native Barcoding Kit 96 (SQK-NBD114.96)
according to manufacturer’s protocol before sequencing on a R10.4.1 flow cell (Oxford Nanopore
Technologies).
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For metagenomic analysis, the data was uploaded to the cloud platform BugSeq [21], for long-read
taxonomic classification. 

Screening for Wolbachia spp. DNA 
Based on the sequences obtained in the metagenomic analysis, specific primer pairs for amplification of
Wolbachia spp. were designed to facilitate screening for these bacteria by qPCR. Primers and probes
were designed with Primer 3 (2.3.7) in Geneious Prime using an assembly of Wolbachia pipientis
endosymbiont of Drosophila melanogaster (OX384529.1). 

Primers amplify a 103 bp long fragment in the hscA gene (positions 858,261 to 858,363). Forward
(GACGATTCAGCACGTAACGC) and reverse primer (TGGAGTAAGAAAGCGCTGCA) were used at a final
concentration of 0.4 µM each. The probe (FAM-GCTGGCATAGAAGTTCTTCGC-BHQ1) was used at a final
concentration of 0.2 µM. 

Results

Aedes albopictus is the dominant Aedes species on Bioko
Island
A total of 557 Aedes spp. mosquitoes collected from 2020 to 2021 were analysed. The mosquitoes were
distributed in 81 pools containing between one and 29 Aedes spp. per pool. 71.8% of all collected
mosquitoes originated from Malabo, followed by Luba (13.1%), Baney (9.0%) and Riaba (3.6%) (Table 2).
Almost every second pool (46.9%) containing 57.8% of all mosquitoes consisted of a mix of A. albopictus
and A. aegypti. 40.7% of total pools with 38.1% of mosquitoes contained A. albopictus only and 12.3% of
pools with 4.1% of all mosquitoes contained A. aegypti only. Most A. aegypti positive pools were found in
Malabo, followed by Luba. In Baney and Riaba, no A. aegypti only positive pool was found. Three mixed
Aedes spp. pools were found in Baney and one mixed Aedes spp. pool in Riaba. These mixed pools
consisted of six and five mosquitoes, respectively. In Malabo, 61.2% of the pools were positive for both
Aedes species. 
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Aedes spp. preferably feed on humans
Data on the origin of the last blood meals of the collected mosquitos were generated for 89% (73/81)
pools. No traces of a recent blood meal could be detected in 27.4% (20/73) pools, the remaining 72.6%
(53/73) pools were positive for a human blood meal as detected by amplification of the HsRNaseP gene.
In addition to that, three pools (4.1%) were positive for dog DNA and one pool (1.4%) was positive for bird
DNA. Sequence analysis identified the bird as chicken (Gallus gallus). Out of seven A. aegypti positive
pools, 57.1% (4/7) were negative for any blood meal, whereas the rest was positive for human DNA
(Figure 1). Out of 30 A. albopictus positive pools, 33.3% (10/30) were negative for any blood meal, 56.7%
(17/30) were positive for human DNA, two pools (6.7%) were positive for human and dog and one pool
(3.3%) was positive for human and chicken. 36 pools containing A. aegypti and A. albopictus, 16.7%
(6/36) were negative for any blood meal, 80.6% (29/36) were positive for human DNA and one pool
(2.8%) was positive for human and dog DNA.

Wolbachia spp. endosymbiont is highly prevalent 
All 33 A. albopictus positive pools as well as 97.4% (37/38) of mixed Aedes spp. pools were positive for
Wolbachia spp., while only 20.0% (2/10) of A. aegypti positive pools were positive for Wolbachia spp. by
qPCR (Figure 2A). Cycle quantification (Cq) values of A. albopictus and Wolbachia spp. were moderately
correlated (R2=0.51) (Figure 2B), while Cq values of A. aegypti and Wolbachia spp. did not show any
correlation (R2=0.053) (Figure 2C).

Metagenomic sequencing resulted in 17’160 to 175’975 reads per sample. Wolbachia spp. were found in
nine out of ten samples with a median of 96 reads (range 44 to 269 reads).

No human pathogens found in the tested mosquitoes
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All 81 Aedes spp. pools tested negative by RT-qPCR for DENV, CHIKV, YFV and ZIKV. In addition, no pool
was positive for Rickettsia spp.

Discussion

Aedes albopictus is the dominant Aedes species on Bioko
Island
A. aegypti was describes as the native Aedes species on Bioko Island and A. albopictus was first
identified on the island in 2001 [22]. The results of our study strongly indicate that by 2020, A. albopictus
has emerged as the predominant Aedes species. Despite rapid urbanization of the island, the
predominant species A. albopictus seems to be an all-rounder and was found in all districts, whereas A.
aegypti was primarily concentrated in the urban area of Malabo.

Aedes spp. preferably feed on humans
The sequencing and qPCR results showed that A. albopictus apart from feeding on humans also take
blood from domesticated animals including Gallus gallus domesticus (chickens) or Canis lupus
familiaris (dogs). Both alternative blood meal sources were detected in the urban district Malabo where
these animals are kept outside and are prone to mosquito bites.

The findings are less clear for A. aegypti, as one of the dog sequences originated from a mixed pool
consisting A. albopictus and A. aegypti mosquitoes. The results suggest that A. aegypti exhibits a
preference for humans as a blood meal source and tends to be more prevalent in densely populated
urban areas than in rural regions.

Wolbachia spp. endosymbiont is highly prevalent 
Metagenomic analyses were performed on nucleic acids extracted from nine mosquito pools. The
abundance of DNA of the endosymbiont Wolbachia enabled us to develop a novel qPCR assay. We tested
65 pools with this qPCR assay and 87% of all samples were found positive for Wolbachia spp. 

These endosymbionts might play an important role in controlling the spread of vector borne diseases as
they alter the metabolism of the mosquito vector resulting in reduced transmissibility of human
pathogens. A. albopictus mosquitoes are significantly more infected than A. aegypti what matches the
findings of previous studies e.g. in Malaysia and Panama [23, 24]. 

No human pathogens found in the tested mosquitoes
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Surveillance studies assessing the prevalence of pathogenic Flaviviruses, such as DENV, CHIKV, YFV and
ZIKV, and the gram-negative bacterial pathogen Rickettsia spp., have not been conducted on Bioko Island.
Despite the absence of nucleic acids of these pathogens in the current study, it is important to note that
this does not conclusively proof the absence of these viruses on the island. To make a well-founded
determination regarding the presence of these viruses in a specific area, comprehensive surveillance data
from hospitals and increased screening of mosquitoes are imperative. This data does not exist yet as
many Flavivirus infections leading to fever are misdiagnosed as malaria [12] and we expect our sample
size to be too small to proof the absence of human pathogens in this region.

Conclusion
Bioko Island has made significant investments in malaria control, focusing on monitoring main malaria
vectors belonging to Anopheles spp. However, this study highlights the necessity of expanding these
control efforts to include other insect vectors, specifically Aedes spp. The species composition on the
island has undergone a drastic shift in the last two decades. By incorporating advanced ONT sequencing
technology, we can now dive deeper into the effects of naturally occurring Wolbachia strains and their
vector interaction. This knowledge can be instrumental in implementing artificial Wolbachia infections in
mosquitoes as part of an effective vector control strategy. 
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Figure 1

The last blood meal origin of the 73 Aedes spp. pools is split according to the Aedes spp. identified.
Human DNA (HsRNaseP) was present in 57.1 % of the A. aegypti pools and 56.7% of the A. albopictus
pools. Additionally, 6.7% of A. albopictus pools have feed on dogs as well. The mixed pools had an 80.6%
positivity rate for human DNA and 2.8% were positive for human and dog DNA.
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Figure 2

Detection of Wolbachia spp. in different Aedes spp. A. Number of Wolbachia spp. positive samples for A.
aegypti, A. albopictus and mixed species pools stratified according to detection of Wolbachia spp. B. Cq
values for A. albopictus (x-axis) and Wolbachia spp. (y-axis) with linear regression line. C. Cycle
quantification (Cq) values for A. aegypti (x-axis) and Wolbachia spp. (y-axis) with linear regression line.
Negative values are attributed a Cq value of 46 for visualization. Circle size corresponds to the number of
sample with this Cq value.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

Supplementaryfile1AedespopulationBioko.docx

https://assets.researchsquare.com/files/rs-4046525/v1/b49e3e1ec4ec76e78d76d03a.docx

