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Background: Seaports are one of the most important gateways for 
coastal countries and deserve permanent surveillance of invasive species. 

Objectives: This study aims to monitor the species diversity of mosquitoes 
in the seaport of Cotonou and determine the phenotypic resistance 
profile to multiple insecticides. 

Methods: The study was conducted at the Port Autonome de Cotonou 
(PAC) from May to August 2022. BG sentinel traps were used to capture 
adults which were then identified morphologically. Additionally, larvae 
of Aedes and Culex mosquitoes were collected and reared until adult 
emergence. Four batches of 25 adult female mosquitoes, aged 3 to 5 
days, were exposed to four insecticides (bendiocarb 0.1%, pirimiphos-
methyl 0.25%, permethrin 0.75% and deltamethrin 0.05%) for 60 
minutes using the WHO tube test protocol. Mosquito susceptibility was 
determined after 24 hours.

Results: The captured adults yielded 455 adult mosquitoes, divided into six 
species: Anopheles gambiae, Anopheles pharoensis, Culex quinquefasciatus, 
Mansonia africana, Mansonia uniformism and Aedes aegypti, with Culex 
quinquefasciatus predominating (54.15%) and Aedes aegypti (30.66%) 
being the second most abundant. The females of Culex quinquefasciatus 
and Aedes aegypti were exposed to insecticides. Aedes aegypti showed 
resistance to pyrethroids but were susceptible to bendiocarb and pirimiphos-
methyl, whereas Culex quinquefasciatus was resistant to pyrethroids and 
bendiocarb but susceptible to pirimiphos-methyl.

Conclusion: Mosquito surveillance in the seaport of Cotonou is essential 
for detection and vector control in the event of invasion by new vectors 
carried by boats and cargo ships.
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Introduction
Invasive exotic mosquito species in new territories constitute 
a growing major public health concern due to their potential 
role in the transmission of several pathogens.1 Rapid 
worldwide dispersal of mosquito vectors of human diseases 
is leading to an ever-increasing number of epidemic zones.2–4

Exotic mosquito species can be passively transported from 
one area to another by human activities.5 However, the 
large global flow of people and commodities has greatly 
increased the risk of introducing invasive mosquito species.6

Early detection of the introduction of invasive mosquitoes is 
possible when a good surveillance system is implemented. 
This has been the case in New Zealand, the Netherlands and 
Portugal.7–9 However, this has not been the case in many 
other countries where invasive mosquito species, such as 
Aedes albopictus, have succeeded in colonising the country. 

There is strong evidence that surveillance of entry points to 
countries such as seaports, border crossings, and airports 
helps to curb the invasion and establishment of invasive 
mosquito species.11

The maritime port of Cotonou is one of the most important 
gateways of commodities into Benin and there is an 
increased flow of goods coming from and going to all the 
continents from here. 

To deal with this threat to public health, mosquito surveillance 
is more than important in the maritime port of entry in 
Cotonou to allow the early detection and elimination of 
invasive mosquito vectors. Accordingly, the Port of Cotonou is 
equipped with a medical entomology laboratory to facilitate 
the monitoring and control of mosquitoes in the port area.

Our objective is to monitor the diversity of mosquito species 
and to assess their susceptibility to various insecticides at 
the seaport of Cotonou.

Methods
Collection Sites 

The Port Autonome de Cotonou is located in the south 
of Benin, in the economic capital. It boasts a vast stretch 
of water covering an area of over 400,000 m2. It serves a 
number of landlocked countries to the north of Benin, such 
as Mali, Niger and Burkina Faso, which have no maritime 
advantages. In the sub-region, the port of Cotonou is 
approximately equidistant from the ports of Lagos (Nigeria) 
and Lomé (Togo), at 115 km and 135 km respectively, 
making it the closest and fastest relay and trans-shipment 
port in Nigeria. It handles over 60% of Benin’s trade and has 
been described as the country’s economic lung. It is also 
the leading transit port for foodstuffs and manufactured 
goods in the Republic of Niger.

Figure 1.A Map showing the Location of the Mosquito Collection Sites in Maritime Port of Cotonou, Benin
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Adult Mosquito Collections 
Mosquitoes were captured at 11 selected sites from May 
to August 2022 using BG sentinel traps baited with CO2 
and a human odour imitator.12 Mosquitoes caught after 24 
hours were sent to the Port laboratory and then identified 
morphologically using taxonomic keys.13 Mosquito species 
diversity as well as the abundance of each species were 
assessed.

Larvae Collection and Insecticide Susceptibility 
Tests
Culex and Aedes larvae breeding sites are the most prevalent 
in the port. Larvae and pupae, presumed to be Aedes and 
Culex mosquitoes, were collected in the port area using a 
plastic cup and pipette. Larvae were collected from potential 
breeding sites and transported in well-labelled jars to the 
insectarium, where they were reared under the required 
temperature and relative humidity conditions (28 ± 2 °C 
and 72 ± 5%) until they reached the adult stage. 

All collected immature specimens were reared in the 
laboratory until adults emerged. Four insecticides of interest 
to public health were tested according to the World Health 
Organization (WHO) protocol: a carbamate (bendiocarb 
0.1%), an organophosphate (pirimiphos-methyl 0.25%), and 
two pyrethroids (permethrin 0.75% and deltamethrin 0.05%).

During a 60-minute exposure period, the sensitivity test was 
carried out on unfed females in batches of 25, aged 3 to 5 
days on insecticide-treated paper. 25 females of both species 
were introduced into each tube and monitored at different 
time intervals (15, 30, 45 and 60 minutes), with the number 
of “killed” females recorded. After one hour’s exposure, 
all mosquitoes were transferred to observation tubes and 
fed with sweet juice soaked in cotton. Batches exposed to 
untreated papers were used as the control. Mortalities were 
recorded after 24 hours and the susceptibility status of the 

population was graded according to the WHO protocol.14 
Dead and surviving mosquitoes from this bioassay were 
kept separately in tubes and stored in a freezer at -20 °C 
for subsequent molecular analysis.

Data Analysis
The resistant status of mosquito samples was determined 
according to the WHO criteria.14 As per the protocol, if 
the mortality rate is > 98%, the population is considered 
totally susceptible; if the rate is between 90% and 98%, 
the population is suspected of being resistant, and when 
it is < 90%, the population is considered resistant to the 
insecticide tested.

Results
Species Diversity and Abundance

A total of 349 specimens of mosquitoes were collected and 
grouped into 6 species (Table 1). Culex quinquefasciatus 
(54.15%) and Aedes aegypti (30.66%) were the most 
abundant species caught. The other species (Anopheles 
pharoensis, Anopheles gambiae s.l, Mansonia africana) 
were poorly represented (less than 10% of the population). 
Large variations were observed over months in terms of 
the abundance of mosquitoes. May was the month with 
relatively more mosquitoes than the other three months.

Insecticide Susceptibility Status of Culex and 
Aedes Mosquitoes
A total of 294 females of Culex mosquitoes and 399 females 
of Aedes mosquitoes (3–5 days old) from the maritime port 
of Cotonou were exposed to insecticides. Aedes showed 
resistance to pyrethroids and probable resistance to 
bendiocarb but was found to be sensitive to pirimiphos-
methyl (Figure 2). Culex mosquitoes showed resistance 
to deltamethrin and permethrin but were sensitive to 
bendiocarb and pirimiphos-methyl (Figure 3).

Table 1.Species of Mosquitoes Caught from May to August 2022 in the Maritime Port of Cotonou

Species
Number of Mosquitoes Collected

Total Percentage
May June July August

Anopheles gambiae s.l 5 4 5 1 15 4.30
Anopheles pharoensis 9 0 0 0 9 2.58

Aedes aegypti 44 29 21 13 107 30.66
Culex quinquefasciatus 71 50 39 29 189 54.15

Mansonia africana 8 6 6 7 27 7.74
Mansonia uniformis 2 0 0 0 2 0.57

Total 139 89 71 50 349 100.00
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Figure 2.Susceptibility Status of Aedes

Figure 3.Susceptibility Status of Culex

Discussion 
The surveillance of disease-carrying mosquito species in 
seaports is essential for early detection of invasive species 
and the pathogens they carry. The present study investigated 
the diversity, the abundance of mosquito species and their 
susceptibility to various insecticides in the maritime port 
of Cotonou. Our results showed that various mosquito 
vector species were present in great numbers in the port 
in this study, with Cx. quinquefasciatus and Ae. aegypti 
being the most abundant species. Culicid diversity was low 
compared with previous studies carried out in Cotonou 
by Padonou et al. and Agbanrin et al.15,16 who reported 13 
species of adult mosquitoes coming from larval sampling 
methods and 15 species of adult mosquitoes coming from 
different traps and HLC. This might be due to the collection 
method and the relatively short duration of collection. In 
addition, this low diversity may be due to the ecology of 
the environment, which was highly anthropized in line with 
the habitat of Aedes and Culex, sampling methods, and 
the mosquito collection period. Also, the lower number 
of mosquitoes collected can be explained by the regular 
indoor residual spraying activities implemented in the port. 

The abundance of Aedes, particularly Aedes aegypti, can 
be explained by the existence of used tyres stored in the 
port, a preferred breeding site for the species. This result 
confirmed what was found in southern Cameroon17 and in 
the Central African Republic.18

The results of the susceptibility test showed the populations 
of Ae. aegypti and Cx. quinquefasciatus to be highly 
susceptible to pirimiphos-methyl (mortality rate of 100%). 
However, they were resistant to deltamethrin. Aedes 
aegypti also shown resistance to permethrin. Resistance 
was suspected for bendiocarb (mortality rate of 92.08% for 
Ae. aegypti and 85.87% for Cx. quinquefasciatus). Of these 
four insecticides tested in the maritime port of Cotonou, 
it was found that pirimiphos-methyl showed promising 
effectiveness towards mosquito control. This has been 
proven by its 100% mortality rate.

The high resistance of tested mosquitoes to pyrethroids 
(permethrin and deltamethrin) strongly suggests that these 
insecticides should not be recommended for mosquito 
control in the port. Resistance to this class of insecticide 
has been reported in several studies in Benin.19–25
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Mosquito surveillance should be stepped up in the Cotonou 
seaport in the long term to not only enable early detection 
of invasive vector species and pathogens but also for early 
control of their spread outside the maritime zone.

Conclusion
Mosquito surveillance in the seaport of Cotonou is essential 
for the detection and vector control in the event of invasion 
by new vectors carried by boats and cargo ships. This study 
has enabled us to compile a non-exhaustive list of the 
species present in the port of Cotonou. In addition, it helps 
in decision-making concerning the insecticide selection 
for mosquito control operations to devise more effective 
control strategies to reduce populations of vector mosquito 
species in the port areas and decrease the risk of arbovirus 
introduction.
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