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Abstract
Aedes aegypti is an important vector mosquito for arboviruses globally. It is believed
to originate from North Africa and was introduced to other parts of the world through
trade systems and transportation. Despite its now widespread distribution, there are
still many regions in which the species is likely to occur, but is yet to be reported,
hindering our understanding of invasion debt dynamics. Here, we record Ae. aegypti,
a semi-aquatic invasive species, for the first time in Botswana. The species was
sampled from an urban location in Palapye, a village in the arid central district of the
country. The larvae were collected from plastic containers with rain water, reared to
adults and subsequently identified using morphological and molecular techniques.
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Introduction
Aedes aegypti is a vector of some of the most significant arboviral
infections, such as Zika, chikungunya, yellow fever and dengue, with
significant economic burdens and direct impacts on health risks globally
(Bhatt et al. 2013; Weetman et al. 2018). These vectors are adapted to
inhabit human settlements, where they breed in artificial systems, e.g.
disposed containers (Cheong 1967). The record of vector-arboviral
diversity and distribution in Africa has been recently reviewed (see Braack
et al. 2018; Powell et al. 2018). Improved transportation systems, urbanization,
climate change and vectorial invasive behavior are potentially facilitating
increased spread and successful transmission of arbovirus infections
(Gould et al. 2017). Beyond its native range, Ae. aegypti is considered an
invasive species mainly across tropics and sub tropics of the world, exploiting
human habitation for its success (Powell and Tabachnick 2013). Aedes
aegypti has an aquatic component comprising larval and pupal stages
which utilise small, often artificial containers holding water (Getachew et
al. 2015). The eggs can be readily transported and survive for many months
as they can tolerate desiccation with prolonged embryonic viability (Oliva
et al. 2018). Aedes-borne arboviruses are facilitated by human activities to
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expand ranges as they may then be received by vectors in novel
environments. Recently, it was progressively determined that arboviral
transmission is not only horizontal (between infected Aedes species and
humans) but can also circulate naturally from infected mosquitoes to its
offspring (Ferreira-de-Lima and Lima-Camara 2018). As such, vertical
transmission may effectively proliferate arboviral infections within the
vector itself before being extended to humans.
Ongoing climate change is facilitating global range expansion of medically
important Aedes species, particularly through changes to temperature
regimes and habitats (reviewed in Reinhold et al. 2018). Similarly, temperature
is recognised as a driving factor of the transmission and establishment of
Aedes-borne infections globally (Tesla et al. 2018). In sub-Saharan Africa,
Ae. aegypti has been recorded in some countries whilst others have no
records (Weetman et al. 2018). The lack of records could be due to a lack of
mosquito research, or diverted attention to other vector species such as the
Anopheline mosquitoes that transmit malaria. Given that globally, the
expansion of arboviruses has followed the spread of their vectors,
recording of the presence of vector species in new areas is important in
mitigating risks associated with human infection (Bhatt et al. 2013).
In Botswana, the only published information on Aedes is a record for
Aedes mcintoshi from the north of the country (Cornel et al. 2018). Here,
we report on the first detection of Ae. aegypti from an urbanized location
in an arid sub-tropical region of Botswana. This record is important for our
understanding of re-distribution dynamics of medically important vectors,
with implications for emerging infections, early warning systems and the
adequate incorporation of arid ecosystems into invasion debt models.

Materials and methods
Larval collection, rearing and morphological identification
Larval specimens were collected in January 2019 in Palapye village, Botswana
(22°32.976S; 027°11.504E) (Figure 1A), from three open 20 L paint containers
(300 mm diameter) that collected ~ 10 L rain water adjacent to buildings
(Figure 1B). A representation of 4th instar larvae were collected using a
1000 μm mesh sieve, placed in two small plastic containers (300 ml) filled with
rain water and housed in a rearing cage (Bugdorm-BD43030F, 240 mm3,
Megaview Science Co., Ltd, Taiwan). Fish food (Lopis: Tropical fish food
flakes) was used to feed the larvae ad libitum, reared at 27 ± 2 °C and 75 ±
10% RH, under a 12:12 light:dark photocycle in a climate chamber (HPP
260, Memmert GmbH + Co.KG, Germany) housed in the laboratory. After
two days a number of adults had emerged and were identified using gross
morphology under a stereo microscope (Model: Leica M205 C: TL 5000
Ergo Transmitted Light Base, Leica Microsystems Ltd. Singapore), following
Rueda (2004) (Figure 1C). Aedes aegypti is generally a small, dark mosquito,
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Figure 1. Collection site, habitat and picture of whole specimen. A: A map of the collection
locality. B: Habitat from which larvae were collected. C: The entire body of an adult female,
emerged from a collected larval specimen. Photographs by MB and RJW.

with white banded striped legs, white femoral knee-spot, clypeus with two
white scale patches, white lyre-shaped markings and two white parallel
stripes on the scutum (Rueda 2004).

Polymerase Chain Reaction (PCR) and DNA Sequencing
Six of the morphologically identified specimens were used for molecular
verification of identity. DNA extraction from whole specimens was
performed using Quick-DNA Tissue/Insect Miniprep Kit (Zymo Research,
USA) according to manufacturer’s instructions. DNA was eluted using 60 μL
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of nuclease free water (VWR International LLC, USA). Amplification of a
710 bp region of cytochrome c oxidase subunit I (COI) by PCR was
performed using universal primers LCO 1490 and HCO 2198 for species
identification. The 50 μl PCR reaction consisted of 8 μl of extracted DNA,
25 μL of 2x Phusion U Multiplex PCR Master Mix (Thermo Fisher Scientific,
USA), 9 μL of nuclease free water (VWR International LLC, USA), and 0.8 μM
of each primer. PCR reaction conditions were as follows: initial denaturation
at 98 °C for 30 seconds, followed by 35 cycles of denaturation at 98 °C for
10 seconds, annealing at 48 °C for 30 seconds and extension at 72 °C for 30
seconds. This was followed by a final extension at 72 °C for 7 minutes.
Amplicons were visualised on 1% agarose gels stained with ethidium
bromide. 40 μL of the PCR product was purified using the GeneJET PCR
purification kit (Thermo Fisher Scientific, USA), according to manufacturer’s
recommendations. Elution was performed using 20 μL of nuclease free
water (VWR International LLC, USA). Sequencing was performed at
Inqaba Biotechnical Industries (Pretoria, South Africa) according to
recommended protocols for BigDye Terminator Cycle Sequencing kit
(Applied Biosystems, USA).

Sequence Assembly and Sequence Queries
To obtain consensus sequences, raw sequences were trimmed and contigs
were assembled using CodonCode Aligner 8.0.2 software package. The
consensus sequences were then subjected to a nucleotide blast (NCBI) and
protein translation (http://insilico.ehu.es/translate/ - invertebrate mitochondrial
genetic code). The translated amino acid sequence was subjected to a
protein blast (NCBI). The nucleotide sequence was deposited in Genbank
under accession number MK571449.

Results and discussion
The mosquitos were identified as Ae. (Stegomyia) aegypti (Linnaeus, 1762)
by diagnostic morphological features on the head, thorax and legs (Figure 2).
Four distinct diagnostic features were used, namely: (A) the mesepimeron
with two well-separated white scale patches; (B) white lyre-shaped markings
on a black scutum and a pair of submedian-longitudinal white stripes;
(C) the anterior portion of midfemur having a longitudinal white stripe,
and; (D) clypeus on the head with two white separate scale patches.
All six specimens had identical nucleotide sequences. A single consensus
sequence was formed. Results confirmed that the specimens were Ae. aegypti.
The nucleotide sequence had 99.64% homology to a partial cytochrome
oxidase subunit I (COI) gene from an isolate of Ae. aegypti (GenBank,
Accession number: MK300221.1; Appendix 1). When the nucleotide sequence
was translated to a protein sequence using a compensatory invertebrate
mitochondrial genetic code, the translated sequence had 100% homology
to the cytochrome oxidase subunit I protein of Ae. aegypti.
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Figure 2. Key morphological characteristics of a collected mosquito: A: Mesepimeron, showing
two well-separated white scale patches (arrow). B: Thorax, showing scutum with a pair of
submedian-longitudinal white stripes (top arrow), and white lyre-shaped markings (bottom
arrow). C: Midfemur, showing white knee-spot (bottom arrow) and anterior portion with a
longitudinal white stripe (top arrow). D: Clypeus, showing white scale patches (top arrow).
Photographs by MB and RJW.

The distribution of Ae. aegypti has been studied in Africa and globally
(Kraemer et al. 2015; Ngoagouni et al. 2017). Modeling of vector species
and associated arboviral infections demonstrated the capacity for
geographic range expansion through correlation with environmental niches
and current global change (Tjaden et al. 2017). Recently, southern Africa
produced new reports of Ae. aegypti in Namibia, Zambia, Angola and
Mozambique (Weetman et al. 2018). In particular, Namibia, Angola and
South Africa, have close proximity to the neighboring Botswana with
potential risks of cross-border invasion. However, the origins of Ae. aegypti
in Botswana are not yet known. South Africa as the hub for regional and
international trade and travel links in southern Africa, has the highest risk
of Aedes arboviral infections, though currently there are legal constraints to
pharmacists issuing preventive travel medicines and vaccines to migrants
(Baker 2018). However, cross-border screening of Aedes- borne arboviral
infections and biological samples thereof, are currently not effectively
carried out, thus perpetuating the invasion risk between countries due to
travel and trade systems.
The presence of Ae. aegypti in Botswana and its formal documentation
in the primary literature, contributes to its current global re-distribution
and mapping under climate change. Most mosquito studies in Botswana
have focused on Anopheles as vector of malaria, while a few have reported
on Culex species (Tawe et al. 2017; Cornel et al. 2018). Very few mosquito
surveys have, however, been conducted at a national level and considered
the full spectrum of culicid diversity, with no published information
available to our knowledge. In the country, the Ministry of Health and
Wellness through vector control unit, carries out surveillance on vectors of
medical importance annually during the transmission season but the data
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on distribution, diversity, breeding hotspots, insecticide resistance status
and others, remains unpublished. Thus, further local research on spatial
and temporal distribution of mosquito vectors and their invasive potential
is required. Further, the prevalence of associated pathogenic infections
should be investigated to strengthen existing strategic campaigns on
mosquito related diseases and prevention thereof. Botswana, as a tourism
destination, attracts an influx of tourists from across the globe. As a result,
the arrival of arboviral strains that can potentially be received by the locally
reported Aedes vectors is a potential risk. While vaccines exist for e.g.
dengue (Hadinegoro et al. 2015), there are reported risks associated with
its deployment (Ferguson et al. 2016). Furthermore, no vaccines have yet
been developed for Zika. Therefore, risks associated with these diseases can
only be managed through control of the vector populations, and
monitoring of potential arbovirus infections in humans. Given results from
this and other regional studies, local research on monitoring relevant Aedes
species distribution, screening their associated pathogens and control
measures, must be prioritized (Baldacchino et al. 2015).
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