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Aedes aegypti and Aedes albopictus mosquitoes spread dengue and yellow fever in Africa and
worldwide. Rural-urban drift creates Aedes mosquito breeding sites through uncontrolled
urbanization, inadequate urban infrastructure, lack of basic public health delivery, indiscriminate
waste disposal, varying socioeconomic activities, and climatic changes. The above have
happened in Maiduguri Metropolis since Boko Haram insurgencies began. This study will
examine Aedes aegypti's seasonal distribution, abundance, composition, and genetic variability
in selected Maiduguri Metropolitan Council and Jere Local Government Council communities.
From October 2016 to May 2017, CDC traps and vacuum aspirators collected adult mosquitoes
from study sites and stored at — 80 °C. These were identified morphologically with taxonomy
keys and stereomicroscopes, then molecularly with markers. Aedes mosquito population
structure and genetic variability were determined using statistical software and molecular
methods on samples. Hot-dry season has the highest relative abundance of this mosquito species
in these study sites, while cold-dry season has the lowest. The molecular identification found
Aedes aegypti in nine of twelve study locations but not Aedes albopictus. Some mosquitoes from
the study locations had mutations due to carrying dengue virus or host population genes, but those
without mutations showed a good phylogenetic relationship with Aedes aegypti mosquitoes from
other countries, suggesting no genetic variability. The relative abundance of Aedes mosquitoes
in Maiduguri Metropolitan Council increases the risk of dengue, zika, yellow fever, and
chikungunya virus infections, and this mosquito species' seasonal distributions vary within and
across seasons, but no genetic variability was found in the mosquitoes from the different locations
used in this study.

INTRODUCTION

human habitats and bite humans [1]. Aedes aegypti and Aedes
albopictus are responsible for dengue fever virus transmission in

Aedes aegypti is a major vector of dengue and yellow fever
viruses, the origin of which could be traced to be a wild, zoophilic
species in sub-Saharan Africa, a location where considerable
number of this species is still found [1]. But as time goes on,
many populations of the species have been found to grow in

tropical and sub-tropical areas such as Africa, including Borno
State, Nigeria, the Americas, Asia, the Caribbean, and the Pacific
[2-5]. It was reported by the World Health Organization (WHO)
[6] and Fraga et al. [7] that about 2.5 billion people, comprising
more than 40% of the world’s population, are at risk of dengue
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fever, and they also estimated about 50 million new cases of the
disease.

Aedes aegypti is presently found throughout the tropics
particularly in Maiduguri, Nigeria, where there is rapid human
population growth due to migration of people from rural to urban
areas as a result of insurgency in Borno State. This mosquito
appears to be the major reason for the dramatic increase in the
incidences of dengue fever. This domestic form was found to be
responsible for the dengue outbreaks in Africa, particularly in
West Africa (e.g. Senegal in 1990) [8]. Another specie of Aedes
mosquito known as Aedes albopictus is mostly found in urban
environment, rapidly grows, and takes advantage of human
transportation, increasing contact between itself, humans and
viruses [9]. It was originally thought to be an Asian forest
mosquito but later discovered to be almost as domesticated as
Aedes aegypti.

The two species of Aedes mosquitoes, Aedes aegypti and
Aedes albopictus, have been found to be the principal vectors of
dengue and yellow fever viruses the world over, which cause a
wide range of illnesses varying from the asymptomatic (80%) or
just a mild symptoms such as an uncomplicated fever [5,10,11].
In some cases they cause more severe illnesses (5%), and in a
small proportion such cases are life threatening [5,10]. Aedes
aegypti is mostly found in domestic areas, where they breed in
and around human habitation. They feed on humans and lay their
eggs in water-filled manmade containers (e.g. water storage jars
and discarded containers). This species of mosquitoes and the
diseases transmitted have therefore been on the increase in
association with human population growth, economic
development, increased mobility and uncontrolled urbanization,
especially in Maiduguri Metropolitan Council (MMC) where
there is massive movement of people from rural areas to the
urban center to take refuge due to insurgency in Borno State [12-
15].

Moreover, Nigeria has been linked to a danger of dengue
fever outbreak, a disease transmitted by Aedes mosquitoes found
within our surrounding environments and which happened to be
in the same class with the dreaded and deadly Ebola Virus
Disease [16]. There might be differences in the biting behavior,
vector capacity and many other characteristics of high
epidemiological significance, which are driven by genetic factors
and may only be determined through molecular (DNA) markers
[17-23, 7]. These DNA markers could be used to understand the
relatedness of geographical populations and vector movements,
which are helpful tools to analyze the risk associated with the
transmission of diseases [24]. Genetic population structure as put
forward by Balloux and Lugon-Moulin [25] usually results from
“a combination of several contemporary and historical processes
including dispersal ability of the species, mating patterns,
environmental barrier to dispersal and demographic history”.

Multi-markers have been previously used to carry out
populations genetic studies on Aedes aegypti from different
regions across the world [17-21, 26]. These studies have given
new insights on the population structure and dispersion rates at
both micro and macro geographic levels, clearly indicating that
environmental, social factors and human interventions
(Urbanization, controlled activities) affect the population
structure of this vector [27]. The introduction of molecular tools
such as karyotyping, restriction fragment length polymorphism
(RFLP) and Polymerase chain reaction (PCR) has gradually
improve the ability to resolve and identify species and subspecies
down to the molecular level [28]. Random amplified

polymorphism DNA (RAPD) and Restriction fragment length
polymorphism (RFLP) appear to be the most commonly used
molecular markers for the studies of genetic variations in Aedes
aegypti [29,30].

Aedes aegypti showed both morphological and genetic
variations and could therefore be considered as a heterogenous
species. This heterogeneity seen in the population genetic
structure of Aedes aegypti may be as a result of change in climatic
conditions and the use of insecticides [31]. There have been
various reports on the prevalence of dengue virus in Nigeria, for
instance a prevalence of 0.5% for DENV- 1&2 and a high
prevalence of DENV-3 antibodies in female patients (18.5%)
compared to male patients (6.3%) with febrile illnesses attending
University of Maiduguri Teaching Hospital, Borno State, Nigeria
[32,33].

This study aimed to determine and assess the seasonal
pattern in the distribution, abundance and composition of Aedes
aegypti and its genetic variability in some selected communities
of Maiduduguri Metropolitan Council in Borno State, North
Eastern Nigeria. This study is imperative because the
displacement of communities in Borno State due to the recent
insurgencies has led to human population growth in the
metropolitan center due to migration of people from rural to
urban areas in search for refuge. The inadequate basic urban
infrastructure and public health measures have created good and
favorable breeding sites for the mosquitoes that transmit the virus
[34]. The socio-economic activities of the people could have also
contributed to the proliferation of the mosquitoes causing more
harm to human health. In addition, climatic changes, ecological
impact and the use of insecticides for public health and
agricultural pest protection might have affected the population
genetics of the mosquitoes but these are largely unreported,
hence this study will fill the noticeable gaps and pave way for
further studies.

MATERIALS AND METHODS

The study area

The study was conducted in Maiduguri, located in the semi-arid
zone of Borno State, Nigeria with an area of about 69,436km? at
latitude 10-30° N and longitude 12-15%E. It lies within the
savannah vegetation zone with low rainfall. Borno State is
located in the North Eastern part of Nigeria. It is consist of twenty
seven (27) Local Government Areas. It shares boundaries with
Republic of Niger to the North, Chad Republic to the Northeast,
Cameroun to the East, Adamawa and Yobe States to the South
and West respectively. The main industrial center and capital city
of Borno State is Maiduguri, the population of the entire state is
estimated to be 4,151,193 [35]. The National Population
Commission [35] reported that 64.37% of the populations are
living in rural and 35.63% in urban areas. The major source of
the state’s economy is from agricultural and livestock farming.
Up to 90% of the populations are farmers, while 10% hold white-
collar jobs [35].

The region has a climate condition characterized by a dry
season between November and April, a cold season from
November to February, and a wet season between April to
October. The hottest period has a temperature in the range of 31
to 44°C and usually around April and/or May. The coldest period
is from November to February and is usually characterized by a
dusty harmmatan peak period in December and January. Annual
rainfall ranges from 500-1000mm per annum, starting from June
and ends in September in the North, and May to October in the
southern parts [36, 37].
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There are three vegetation zones in the state; the Sahel,
Sudan savannah and the Northern Guinea Savannah vegetation
zones. The latter is associated to the southern part of the state and
is characterized by tall grass woodland savannah vegetation. The
other two vegetation zones are found in the northern parts of the
state and are characterized by shrub, thorn, bush and short grass
savanna woodland. These zones are regarded as areas with high-
risk of turning in to desert [38].

Determination of Aedes species distribution, abundance and
composition

Periods and the locations of sample collection

Adult mosquitoes were collected from July to October 2016
(peak of rainy season), November 2016 to February, 2017 (cold
dry-harmmatan season) and February to May, 2017 (hot dry
season). The samples were obtained randomly from 12 selected
geographical sites (Polo, Abaganaram, Adam Kolo, Zamamari,
Dala, Kululuri, Bulumkutu,Gamboru Area, Baga road, Muna
Chad Basin, Custom Area, Gwange), within Maiduguri
Metropolitan Council and Jere local government area. The
geographic coordinates (i.e. latitude and longitude) of each
locality (site) was captured using GPS tracking device (Model:
Garmin GPS 72H Marine Handheld).

Techniques for sample collection

The adult mosquitoes were collected using;

CDC light traps: A CDC light trap (Bio Quip Product Inc.) was
used in each house on each night of trapping. The trap was
suspended from the roof near a bed net and about 25cm above the
ground in each of the houses.

The trap was operated twice weekly. Traps were switched on for
eleven hours at 06:00pm local time and the people sleeping were
asked to switch them off at 05:00 am after the neck of the bags
used for the collection was tied. All the mosquitoes collected in
the traps were removed from the catching bags and placed in
bottles, which were labeled according to sites and dates of
collection.

Vacuum aspirators: the mosquitoes were collected in both
artificial and natural breeding places associated with human
domicile using a vacuum aspirator and killed by freezing.

Storage of the samples
The samples were stored at -80°C in Ultra Low Temperature
Freezer (Model: Haier Biomedical), for DNA extraction.

Morphological identifications of Aedes species

The identification of the mosquito species was done by
employing taxonomy identification [Hopkin, 1952[39] Highton,
1983[40] and Snell, 2005[41]] keys using Stereomicroscope
(Model: Motic SMZ-140 series).

Confirmation of identification using molecular techniques

The identification was confirmed using molecular technique
described by Hebert et al. [42] and Kumar et al. [43].
Phenol/chloroform method described by Rivero et al. [44] was
employed to extract the DNA from individual whole mosquitoes.
The extracted DNA was used for the amplification of the DNA
fragment barcode (barcode) of ~700 nucleotides (nt) of
mitochondrial gene cytochrome oxidase I with the MTNF /
MTNR oligonucleotides as described by Hebert ef al. [42] and
Kumar et al. [43]. Each PCR mixture contained 1x NH+SO«
buffer, 1 mM each of the AINTP, 5 mM MgCl2, 0.5 uM primers,
0.4uL of the Taq polymerase (Bioline, Thailand), 4uL. DNA then
making it to a final volume of 50 pL with molecular water (Gibco

BRL). The amplification conditions of the Multigene
thermocycler (Labnet, New Jersey) was set as follows: one cycle
at 94 °C for 10 min; followed by 35 cycles at 95 °C for 60 s, 50
°C for 60 s and 72 °C for 60s respectively; then final extension at
72 °C for 5 min; and this was stored at

4 °C for preservation. The PCR product was visualized using UV
transilluminator after it was run on 1% agarose gel and stained
with GELSTAR® stain diluted 1/50.

Determination of Aedes species sample size for elucidation of
genetic population structure
The sample size was calculated using the formula

n =Z%pq/d?[25]

Where,

n=defined sample size

z= the standard normal deviation=1.96 for a normal distribution

p= the proportion of the target population estimated to have the desired
characteristics.

The abundance and diversity of 4edes mosquitoes was estimated as 13.5
% (0.135) [25].

d=degree of accuracy desired, set at 0.05 i.e. 95% confidence interval.
q=1-p=1-0.135=0.87

n=1.96%x0.135x0.87/0.05>=180, approximately 200.

The inclusion criteria of this study are adult Aedes species
and cross-seasonal collections while the exclusion criteria of this
study are the pupae and larvae of dedes species and the adult,
pupae, and larvae of other mosquito species.

Elucidating the genetic variability and population structures
The process of elucidating the genetic variability and population
structures involved extracting the DNA, amplification of the
region of interest (ND4 gene), and sequencing the DNA. The
results of which are analyzed using suitable statistical package.
The procedures are described in detail below.

DNA extraction

The DNA was extracted from individual whole mosquitoes using
a phenol/chloroform method described by Rivero et al. (2004).
The DNA samples were rid of any contaminating RNA present
by incubating each sample with 0.7 units of RNAse (Sigma, MO,
USA) at 37°C for 10 min. Separation of the DNA sample was
achieved by running electrophoresis on 1% agarose gels and
visualizing the DNA bands after staining with ethidium bromide
solution as described by Coen et al. [45]. The samples were then
stored at -80°C.

Gene amplification

A 300-base pair (bp) region of the Nicotinamide Adenine
Dinucleotide Dehydrogenase Subunits 4 (ND4) gene was
amplified using the primers and reaction conditions described by
Gorrochotegui ez al. [18]. The Polymerase Chain Reaction (PCR)
amplification was carried out in 50pl reaction volumes using 1l
of template DNA in a phenylthiocarbamide (PTC)-100 thermal
Cycler (MJ Research, Inc., water town, MA). Negative control (a
mixture containing all reagents except the template DNA) to
detect any contamination was run along with the samples.

The PCR conditions followed that of Gorrochotegui et al.
[18] with little modification involving the addition of Taqg DNA
polymerase to the mixture. The amplified product was visualized
by electrophoresis in 2% agarose gels after being stained with
ethidium bromide.
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Sequencing of PCR products

The PCR primers designed by Herrera et al. [21] were used to
sequence PCR products from 3-6 individuals of each haplotype.
ABI PRISM Big Dye Terminator v 3.1 Cycle Sequencing Kit on
an applied Bio System Model 310 Genetic Analyzer was used to
perform the sequencing reaction.

Data analyses

The species distribution, abundance and composition of Aedes
species was analyzed using student’s t- test, and Least Significant
Difference (L.S.D.) to show whether the species are even
(richness) or not even [46]. Clustal 2.1 Omega software was used
to analyze the multiple sequence alignment and Omega seven
software was used to design the phylogenetic tree [47]. A
cladogram was constructed among all collections using genetic
distance matrices by means of unweighted pair-group method
with arithmetic averaging analysis in the NEIGHBOR procedure
of PHYLIP3.5C as described by Felsentein [48]. The
phylogenetic tree was analyzed using the Maximum Likelihood
method described by Tamura and Nei [49].

RESULTS

Species composition and abundance of Aedes mosquito
populations in Maiduguri metropolis

The results presented in Table 1, showed the abundance and
composition of Adedes aegypti in Maiduguri Metropolis and Jere
Local Government Area. The results revealed that, Baga road
(18.0%), had the highest abundance of Aedes aegypti, followed
by Bulumkutu (16.5%), Dala (15.9%), Gwange (9.4%),
Abaganaram (8.7%), Kululuri (8.1%), Muna Chad Basin and
Custom area (5.8%), Polo (5.4%), Zamamari (3.6%), Adam Kolo
(1.9%) and Gamboru area, had the lowest abundance of Aedes
aegypti, with 0.9%, respectively.

Table 1. Species composition and abundance of Aedes aegypti
mosquito populations in Maiduguri Metropolis.

Location No. Collected Abundance (%)
Polo 38 5.4
Abaganaram 61 8.7
Adam Kolo 14 1.9
Zamamari 25 3.6
Dala 112 15.9
Kululuri 57 8.1
Bulumkutu 116 16.5
Gamboru Area 6.0 0.9
Baga road 127 18.0
Muna Chad Basin 41.0 5.8
Custom Area 41.0 5.8
Gwange 66.0 9.4
TOTAL 704 100

Seasonal abundance of Aedes aegypti in Maiduguri
Metropolis

The results presented in Table 2, showed the seasonal abundance
of Aedes aegypti in Maiduguri Metropolis, which revealed that,
highest abundance of Aedes aegypti were caught during cold dry
season with 343, followed by rainy season with 209 Aedes
aegypti, and 153 Aedes aegypti were caught during the hot dry
season, respectively. The results also indicated that Aedes aegypti
was moderately higher (P<0.05) during the peak of rainy season
from July to October 2016, with Abaganaram (48), having the
highest abundance, followed by Gwange, (20.6%), Polo (16.7%),
Dala and Bulumkutu (12.9%), Adam Kolo (6.7%), Gamboru area
(2.4%) and the lowest during the rainy season was Gamboru
(2.4%) and Zamamari (2.4%) area with five Aedes species,
respectively. The results also indicated that during the hot-dry
season there was a significant relatively higher abundance of

Aedes aegypti in Kululuri with (37.3%) highest across the
seasons, followed by Muna Chad Basin with (26.8%) Aedes
aegypti during the hot dry season, Custom area (23.3%),
Bulumkutu (9.1%) and Dala was relatively lower with (3.3%) of
Aedes aegypti during the hot dry season respectively.

The results also revealed that the seasonal abundance of
Aedes aegypti caught within and across the season are that the hot
dry season had the highest percentage relative abundance of
Aedes aegypti, with Kululuri having higher percentage of 37.3%,
followed by Baga road with (37.1%) during cold dry season,
Muna Chad Basin (26.8%) during hot dry season, Custom area
(23,5%) hot dry season, Dala (23.4%) cold dry season,
Abaganaram (22.9%) rainy season, Bulumkutu (21.9%) cold dry
season, Gwange (20.6%), Polo (16.7%), Dala and Bulumkutu
(12.9%) rainy season, Bulumkutu (9.1%) during hot dry season,
Adam Kolo(6.7%) rainy season, Gwange (6.7%) cold dry season,
Zamamari (5.8) cold dry season, Abaganaram (3.8%) cold dry
season, Dala (3.3%), Gamboru & Custom area (2.4%) rainy
season, Polo (0.9%) cold dry season, and Gamboru are(0.3%)
during the cold dry season had the lowest abundance of Aedes

aegypti.

Table 2. Seasonal abundance of Aedes aegypti in Maiduguri
Metropolis.

Location Rainy season Cold-dry Hot-dry season
n (%) season n (%)
n (%)
Polo 35(16.7) 3(0.9) 0.0(0.0)
Abaganaram 48(22.9) 13(3.8) 0.0(0.0)
Adam Kolo 14(6.7) 0.0(0.0 0.0(0.0)
Zamamari 5(2.4) 20(5.8) 0.0(0.0)
Dala 27(12.9) 80(23.4 5(3.3)
)
Kululuri 0.0(0.0) 0.0(0.0) 57(37.3)
Bulumkutu 27(12.9) 75(21.9 14(9.1)
)
Gamboru area 5(2.4) 1(0.3) 0.0(0.0)
Baga road 0.0(0.0) 127(37. 0.0(0.0)
D
Muna Chad Basin 0.0(0.0) 0.0(0.0) 41(26.8)
Custom area 5(2.4) 0.0(0.0 36(23.5)
Gwange 43(20.6) 23(6.7) 0.0(0.0)
Total 209(100) 342(100) 153(100)

Seasonal distribution of Aedes aegypti in Maiduguri
Metropolis

The results in Table 3, showed the seasonal distribution of 4dedes
aegypti in Maiduguri Metropolitan. The mean and the standard
error from the five (5) sites in each location was estimated using
descriptive statistics and the significant difference at P (0.05) was
obtained using the student t-test between and within the seasons.
The results revealed that, in the seasonal distribution of Aedes
aegypti in Polo area, there was significant difference between the
rainy (7.0+0.9.) and cold dry (0.6+0.4. season, and between
rainy (7.0+0.9.) and hot dry (0.0+0.0.) season, but there was no
significant difference between cold (0.6+0.4y) and hot dry
(0.0£0.0b) season in the distribution.

The results also indicated that, at 5% probability level, there
was a significant difference across the seasonal distribution, since
the calculated t is greater than the critical t at P= (0.05). The
results showed that, in Abaganaram, there was no significant
difference between the rainy (9.6+3.0.) and cold dry (0.0£0.0v)
season in the seasonal distribution of Aedes aegypti, but there was
significant difference between rainy (9.6£3.0.) and hot dry
(2.4£1.5p) season and between cold and hot dry season
respectively. The results also revealed that, at 5% probability
level, there was a significant difference across the seasonal
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distribution, since the calculated t is greater than the critical t or
tabulated t value.

In addition, the results revealed that, in Adam Kolo, there
was no significant differences between the rainy (2.8+1.5p) and
cold dry (0.0+£0.0p) seasons, rainy (2.8+1.5p) and hot dry
(0.0£0.0p) seasons and between the cold (0.0+0.0v) and hot dry
(0.0+0.0v) season, with p-value of greater than 0.05. The results
also indicated that, in Zamamari, there was significant difference
between the cold (3.6+1.4a) and hot dry (0.0+0.0.) season in the
distribution of Aedes aegypti, but there was no significant
difference between the distribution during the rainy (1.0+0.4v)
and cold dry (3.6+1.4.) season and between rainy (1.0+0.4p) and
hot dry (0.0+0.0a) seasons respectively. The results also showed
significant difference across the seasons at 5% probability level.

Moreover, in Dala ward, there was no significant difference
between the rainy (5.4+1.3p) and cold dry (16+5.1a) season but
there was significant difference between the rainy (5.4+1.3p) and
hot dry (1.0+0.3,) season and between the cold (16+5.1a) and hot
dry (1.0+0.3,) season respectively. The results also indicated that,
there was significant difference across the seasonal distribution
of Aedes aegypti, at 5% probability level. In Kululuri, the results
showed that, there was no significant difference between the
rainy (0.0+0.0v) and cold dry (0.0+0.0v) season, and between the
rainy (0.0+0.0) and hot dry (11.4+4.0.) season, as well as no
significant difference between the cold dry (0.0+0.0p) season and
the hot dry (11.4+4.0.) season, though the results revealed that,
there was a significant difference across the seasonal distribution,
at 5% probability level.

The results also revealed that, in Bulumkutu, there was no
significant difference between the rainy (5.4+1.7p) and cold dry
(1543.34) season and between the rainy (5.4+1.7p) and hot dry
(2.8+0.9p) season, but there was significant difference between
the cold (15+3.3.) and hot (2.8+0.9v) dry season. The results
indicated that, there was significant difference across the seasons
at 5% probability level (P=0.05). In Gamboru area, the results
showed that, there was no significant difference between the
rainy (1.0+0.3.) and cold dry (0.2+0.2p) season, and between the
cold and hot dry season, but there was significant difference
between the rainy (1.0£0.3,) and hot dry (0.0+0.0v) season
respectively. The results also indicated that, there was significant
difference across the seasonal distribution.

Table 3. Seasonal distribution of Aedes aegypti in Maiduguri
Metropolis.

Rainy season  Cold-dry season Hot-dry P-Value
Mean + SE Mean + SE season (0.05)
Location Mean + SE
(N=5)
Polo 7.0+0.9, 0.6+0.4p 0.0+0.0p 0.000*
Abaganaram 9.6£3.04 0.0£0.0p 2.4+1.5 0.012*
Adam Kolo 2.8+1.5 0.0£0.0p 0.0£0.0p 0.070 #
Zamamari 1.0+0.4p 3.6+1.4, 0.0£0.04 0.033*
Dala 5.4+1.3 1645.1a 1.0£0.34 0.013*
Kululuri 0.0+0.0p 0.0+0.0p 11.4+4.04 0.006*
Bulumkutu 5.4+1.7p 1543.3, 2.8+0.9% 0.005*
Gamboru area 1.0+0.34 0.2+0.2p 0.0+0.0p 0.016*
Baga road 0.0£0.0p 0.0£0.0p 0.014*
24.4+10.2,
Muna Chad 0.0£0.0p 0.0£0.0p 8.2+2.8, 0.040*
Basin
Custom area 1.4+0.61 0.0£0.0p 7.4+3.2, 0.036*
Gwange 8.6+2.9, 4.6+1.3p 0.0+0.0p 0.020*
Total 422 33.8 332

a= significantly different, b= not significantly different, *= significant since the P-value is less
than or equal to P (0.05), # = not significant since the P-value is greater than P (0.05)
SE= Standard Error, N= Number of sites in each location which is equal to five (5).

Molecular Identification of Aedes aegypti in Maiduguri
Metropolis

The result in Table 3, also revealed that, in Baga road, there was
no significant difference between rainy (0.0+0.05) and cold dry
(24.4+10.2,) season and between rainy (0.0+0.0v) and hot dry
(0.0£0.0b) season, but there was significant difference between
the cold (24.4+10.2,) and hot dry (0.0+0.0v) season, though the
results indicated that, there was significant difference across the
seasonal distribution, at 5% probability level.

In Muna Chad basin and Custom area, the results indicated
that, there was significant difference between and within the
seasons, though revealed that, there was a significant difference
across the seasonal distribution at 5% probability level, since the
calculated t value is greater than the critical or tabulated t. The
results also showed that, in Gwange, there was no significant
difference between the rainy (8.6+2.9v) and cold dry (4.6+1.3v)
season, but there was a significant difference between the rainy
(8.6+2.9y) and hot dry (0.0+0.0.) season and between the cold
(4.6£1.3p) and hot dry (0.0+0.0.) season respectively. The results
also revealed that, there was a significant difference across the
seasonal distribution at 5% probability level.

The results in Fig. 1, showed the molecular identification of
Aedes aegypti in Maiduguri Metropolis by Polymerase Chain
reaction (PCR) using microsatellite primer specific for Adedes
aegypti (Forward: GCGTATYACCACCCGTAAGA, Reverse:
GCGAGTGCARATCGATGAT). Two percent agarose gel of
PCR thermal gradient of annealing temperature of 56°C-58°C
from DNA of the whole mosquitoes from Aedes aegypti.
Amplification gave approximately 300bp fragments from all
amplified DNA template. Lane 2,4,6,7 and 8 has a stronger band
around 300bp compare to lane 1, 10, 11 and 12, which also
showed the band around 300bp. The other bands below 100bp
are unspecific bands, which might be due to unspecific annealing
of primers, caused by contaminant in the DNA of the sample.
The results indicated that, Aedes aegypti, was detected present at
Polo, Abaganaram, Zamamari, Kululuri, Bulumkutu, Gamboru,
Baga road, Muna Chad Basin, Custom area, Adam Kolo,
Gwange, and Kululuri while, there was no Aedes aegypti
detected at Dala.

The sequence results in Fig. 2 showed that there were
mutations in lane 2, 3, 4, 9, 10, 11 and 12. These might be that
the mosquitoes were harboring the dengue virus, which could be
due to the vector site or the host population being one of the
contributing factors while lane 1, 6, 7, and 8, showed a good
sequence pattern and have phylogenetic relationship with other
Aedes species.

Fig. 1. Molecular identification of Aedes aegypti in Maiduguri
Metropolis. L=1kb Ladder, lane 1 = Polo, lane2= Abaganaram, lane 3 =
Adam Kolo, lane 4 = Zamamari, lane 5 = Dala, lane 6 = Kululuri, lane 7
= Bulumkutu, lane 8 = Gamboru Area, lane 9 =Baga road lane 10 =
Muna Chad Basin, lane 11 = Custom Area, lane 12 = Gwange, 13 =
Negative control, 14 = Positive control
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Molecular phylogenetic analysis

The results in Fig. 2 showed the evolutionary history as inferred
using the Maximum Likelihood method based on the model
described by Tamura and Nei [49]. The tree with the highest log
likelihood (-1753.74) is indicated in Fig. 2. The percentage of
trees in which the associated taxa clustered together is shown
next to the branches. The initial tree(s) used for the investigative
search were automatically obtained by applying Neighbor-Join
and Bio NJ algorithms to a matrix of pairwise distances estimated
using the Maximum Composite Likelihood (MCL) approach,
after which the topology having a superior log likelihood value
was selected. The analysis carried out involved the use of 12
nucleotide sequences. The first+second+third+noncoding coding
positions were all included whereas all positions that contain
gaps and missing data were eliminated. The final data set
contains a total of 167 positions. MEGA7 software was
employed in carrying out all the evolutionary analysis [43].

KY586247_Aedas aibopictus
KY586246_Asdas albopictus
KY586244_Asdes afbopictus
KY318166_ Aedes aibopictus
KJ184101_Aedes fofescriptus
KY318151_Aedes aegypti
KY318145_ Aedes aegypt!
KY318150_ Aedes aegypti

NO - dedes aegypti

Tpgrver1- Aedes aegypri

Brvert- dedes acgypi

NOA- Aedes aegypti

Fig. 2. Phylogenetic tree of Aedes aegypti from Maiduguri Metropolis.
DISCUSSION

Aedes aegypti and Aedes albopictus are responsible for dengue
fever virus transmission in tropical and sub-tropical areas such as
Africa, including Borno State, Nigeria, the Americas, Asia, the
Caribbean, and the Pacific [4,5]. The results obtained from this
study indicated that Aedes aegypti was caught in nine locations
out of the twelve locations across the seasons. This is in
agreement with the findings that dedes mosquitoes are found
widely distributed in Africa and could be important vectors for
the transmission of dengue virus [50]. This might also support
the fact that dedes aegypti is common specie in the urban areas
and at the same time the principal vector of dengue and yellow
fever, being responsible for intensifying epidemics among the
urban populations [51,52].

In addition, it has been reported that Nigeria is in danger of
diseases transmitted by Aedes aegypti such as yellow fever and
dengue fever due to the fact that this mosquito is very common
in the country found in and around homes [16]. The results
presented in Table 1, showed the abundance and composition of
Aedes aegypti in Maiduguri Metropolis. The results revealed that
Baga road (18.0%), had the highest abundance of Aedes aegypti,
followed by Bulumkutu (16.5%), Dala(15.9%), Gwange (9.4%),
Abaganaram (8.7%), Kululuri (8.1%), Muna Chad Basin and
Custom area (5.8%), Polo (5.4%), Zamamari (3.6%), Adam
Kolo(1.9%) and Gamboru area, had the lowest abundance of
Aedes aegypti, with 0.9%, respectively. This could be because
most of these areas with Aedes aegypti in highly relatively
abundant are densely populated areas with no proper
environmental sanitation, where people used drainages, gutters,
flowerpots, doorpost etc. as their refuse dumps. This agrees with

the findings of Mousson et al. [53] that Aedes aegypti is a cosmo-
tropical species of mosquitoes associated mostly with the urban
population, thus favoring densely populated areas but could also
breed in rural areas in rare cases.

The current findings do not agree with previous reports,
which showed the presence of Aedes albopictus in Central
African Republic [54,55]. This is because no Aedes albopictus
was caught in all the study locations across the seasons. The
results presented in Table 2, showed the seasonal abundance of
Aedes aegypti in Maiduguri Metropolis. These revealed that the
highest abundance of Aedes aegypti was recorded during cold dry
season with 343, followed by rainy season with 209, and 153
during hot dry season, respectively. The results also indicated
that Aedes aegypti was moderately higher during the peak of
rainy season from July to October 2016, with Abaganaram (48),
having the highest abundance, followed by Gwange, (43), Polo
(35), Dala and Bulumkutu (27), Adam Kolo Gamboru area (5)
and the lowest during the rainy season was Gamboru and
Zamamari area with 5 4edes species each.

The results in Table 2, also indicated that during the hot-
dry season there was a significant relatively higher abundance of
Aedes aegypti in Kululuri with 57 highest across the seasons,
followed by Muna Chad Basin with 41 Aedes aegypti during the
hot dry season, Custom area (36), Bulumkutu (14) and Dala was
relatively lower with 5 Aedes aegypti, during the hot dry season,
respectively. These revealed that, the seasonal abundance of
Aedes aegypti caught within and across the season is higher in
hot dry season, which had the highest percentage relative
abundance of Aedes aegypti, with Kululuri having higher
percentage of 37.3%, followed Baga road with 37.1% during cold
dry season, Muna Chad Basin (26.8%) during hot dry season,
Custom area (23,5%) hot dry season, Dala (23.4%) cold dry
season, Abaganaram (22.9%) rainy season, Bulumkutu (21.9%)
cold dry season, Gwange (20.6%), Polo (16.7%), Dala and
Bulumkutu (12.9%) rainy season, Bulumkutu (9.1%) during hot
dry season, Adam Kolo(6.7%) rainy season, Gwange (6.7%) cold
dry season, Zamamari (5.8) cold dry season, Abaganaram (3.8%)
cold dry season, Dala (3.3%), Gamboru & Custom area (2.4%)
rainy season, Polo (0.9%) cold dry season, and Gamboru
are(0.3%) during the cold dry season had the lowest abundance
of Aedes aegypti.

Campos et al. [56] reported their study carried out in Sao
Paulo Brazil towards understanding the seasonal population
dynamics and the genetic structure of Aedes aegypti that, despite
the large differences in mosquito abundance it appears that the
effective population size remained steady over the years and that
Aedes aegypti is capable of maintaining an adequately active
breeding population during dry season thus maintaining a steady
genetic frequency. In addition, Akhtar and Ebi [57] reported that
DEN virus transmission occurs throughout the year in the tropics
but that in most countries the seasonal peaks occur during the
months with high rainfall and humidity. Girmand Associates [37]
reported that in Maiduguri the largest part of the yearly rainfall
(over 90%) falls between the months of June and September.
Aedes aegypti do not live at an altitude above 100m, which is
colder, because they always desire a warm climate. These
mosquitoes live in densely populated areas around houses
occupied by humans where they lay and hatch their eggs [58].

Similarly, climatic factors may also play a major role in the
multiplication of the disease agent and the transmission of the
disease, thus expanding the geographical range of dengue fever
[59]. It has been shown that the geographical range of mosquitoes
increase with increase in the temperature of the region [60]. This

-61 -

This work is licensed under the terms of the Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.54987/jobimb.v11i1.808
https://doi.org/10.54987/jobimb.v11i1.808

JOBIMB, 2023, Vol 11, No 1, 56-65
https://doi.org/10.54987/jobimb.v11i1.808

trend has been observed in many places; for instance, in
Columbia where the attitudinal range of Aedes aegypti mosquito
increased from 1500 m to 2200 m [61].

Johansson et al. [62] and CDC [58] found that, precipitation;
temperature and humidity are very crucial to the survival,
replication and growth of mosquitoes and can influence their
presence and abundance. More also, the rate at which the virus
can replicate and disseminate within the mosquito is favored by
higher temperatures. Johansson et al. [62] also stated that
mosquito density and dengue distribution cannot be explained by
climatic variations alone but that abundant breeding sites and
human shelters with plenty of food are some of the other factors
that may be responsible for the prevalence of dengue fever virus.
Hopp and Foley [60] have reported that high temperatures
accelerate the development of mosquitoes and increase their
abundance. Similarly, many researchers have studied the effects
of climatic factors on the ecology of Aedes aegypti mosquito and
observed  that these factors significantly influence the
development of the mosquito, mosquito density, breeding
habitats, and the survival and development of the virus within the
mosquito [63-69].

The results in Table 3 showed the seasonal distribution of
Aedes aegypti in Maiduguri Metropolitan. The results revealed
that in the seasonal distribution of Aedes aegypti in Polo area,
there was significant difference between the rainy (7.0+0.9.) and
cold dry (0.6+0.4.) season, and between rainy (7.0+0.9.) and hot
dry (0.0+0.0a) season, but there was no significant difference
between cold (0.6+0.4,) and hot dry (0.0+£0.0v) season in the
distribution. The results also indicated that at 5% probability
level, there was a significantly difference across the seasonal
distribution, since the calculated t is greater than the critical t at
P=(0.05). The results showed that, in Abaganaram, there was no
significant difference between the rainy (9.6+3.0.) and cold dry
(0.0+0.0v) season in the seasonal distribution of Aedes aegypti,
but there was significant difference between rainy (9.6+3.0.) and
hot dry (2.4+1.5p) season and between cold and hot dry season
respectively. The results also revealed that at 5% probability
level, there was a significant difference across the seasonal
distribution, since the calculated t is greater than the critical t or
tabulated t value.

In addition, the results revealed that, in Adam Kolo, there
was no significant difference between the rainy (2.8+1.5p) and
cold dry (0.0+0.0p) seasons, rainy (2.8+1.5p) and hot dry
(0.0£0.0p) seasons and between the cold (0.0+0.0v) and hot dry
(0.0+0.0v) season, with p-value of greater than 0.05. The results
also indicated that in Zamamari, there was significant difference
between the cold (3.6+1.4.) and hot dry (0.0+0.0.) season in the
distribution of Aedes aegypti, but there was no significant
difference between the distribution during the rainy (1.0+0.4v)
and cold dry (3.6+1.4.) season and between rainy (1.0+0.4p) and
hot dry (0.0+0.0.) seasons respectively. The results also showed
significant difference across the seasons at 5% probability level.

Moreover, in Dala ward, there was no significant difference
between the rainy (5.4+1.3p) and cold dry (16+5.1.) season but
there was significant difference between the rainy (5.4+1.3v) and
hot dry (1.0+0.3,) season and between the cold (16+5.1a) and hot
dry (1.0+0.3,) season respectively. The results also indicated that,
there was significant difference across the seasonal distribution
of Aedes aegypti, at 5% probability level. In Kululuri, the results
showed that, there was no significant difference between the
rainy (0.0+0.0v) and cold dry (0.0+0.0v) season, and between the
rainy (0.0+0.0) and hot dry (11.4+4.0.) season, as well as no
significant difference between the cold dry (0.0+0.0,) season and

the hot dry (11.444.0,) season, though the results revealed that,
there was a significant difference across the seasonal distribution,
at 5% probability level.

The results also revealed that, in Bulumkutu, there was no
significant difference between the rainy (5.4+1.7p) and cold dry
(1543.3,) season and between the rainy (5.4+1.7y) and hot dry
(2.8+0.9y) season, but there was significant difference between
the cold (1543.3a) and hot (2.840.9v) dry season. The results
indicated that, there was significant difference across the seasons
at 5% probability level (P=0.05). In Gamboru area, the results
showed that, there was no significant difference between the
rainy (1.040.3a) and cold dry (0.2+0.2p) season, and between the
cold and hot dry season, but there was significant difference
between the rainy (1.0+£0.3.) and hot dry (0.0+0.0v) season
respectively. The results also indicated that, there was significant
difference across the seasonal distribution. This is in agreement
with the fact that, various researchers have shown that
environmental conditions strongly control the density and
distribution of Aedes aegypti, mosquito [60,65,70-74].

Depradine and Lovell [75] showed that increased in
minimum temperature has stronger effect on mosquito density
than the maximum temperature. McMichael et al. [61] reported
that the favorable temperature for the growth is between 25 °C to
27 °C and that it should not exceed a temperature of 40 °C.
Similarly, Baba and Talle [32] in their studies observed that the
warmer the temperature the faster the infectivity of the mosquito
as it may have a higher chance of infecting humans before it dies.
They also noted that other factors such as the presence of the
virus, adequate numbers of susceptible population, and the
availability of mosquito vectors are as important as the
environmental factors in the transmission of dengue virus. More
also, they noted that there are differences in the climatic
conditions of the different parts of Nigeria, which may result in
variations in the relative abundance and distribution of this
mosquito in the different regions of the country.

The effect of temperature on the survival rate of mosquitoes
cannot be easily predicted [11]. Also, humidity has been shown
to contribute to the transmission of dengue fever by influencing
the activities and survival of the mosquito vector [76]. Several
studies have indicated a strong association between the relative
humidity with hatching and other activities of mosquitoes
[60,63,77]. Hopp and Foley [60] discovered an increased in
modulated egg and larvae indices during the summer months
when the temperature and humidity are high. In addition, the
survival rate for the mosquito appears to be greater at higher
humidity [11]. Reiter et al. [11] showed that the survival and
density of mosquitoes is positively influenced by relative
humidity.

Johansnson et al. [62] revealed that differences in local
climates account for the strong relationship between monthly
changes in temperature and precipitation and monthly changes in
dengue transmission. Furthermore, the change in climatic
conditions and use of insecticide cause increase in the population
genetic structure of Aedes aegypti [27,79, 31]. The results in Fig.
1, showed the molecular identification of Aedes aegypti in
Maiduguri Metropolis by Polymerase Chain reaction (PCR). In
these results Adedes aegypti was detected at Abaganaram,
Zamamari, Kululuri, Bulumkutu, Gamboru, Baga road, Muna
Chad Basin, Custom area and Gwange, while, Aedes aegypti
was not detected at Polo, Adam Kolo and Dala, respectively.
Two percent agarose gel of PCR thermal gradient of annealing
temperature of 56 “C-58 “C from DNA of the whole mosquitoes
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from Aedes aegypti was used. Amplification gave approximately
300bp fragments from all amplified DNA template. Lane 2,4,6,7
and 8 has a stronger band around 300 bp compared to lane 10, 11
and 12, which also showed the band around 300 bp. The other
bands below 100 bp are unspecific bands, which might be due to
unspecific annealing of primers caused by contaminants in the
DNA of the sample. The sequence results showed that there were
mutations in lane 2, 3, 4, 9, 10. 11 and 12. These might suggest
that the mosquitoes are harboring the dengue virus, which could
be due to the vector site and the host population being one of the
contributing factors while lane 1, 6, 7, and 8 showed a good
sequence pattern and have phylogenetic relationship with other
Aedes species as shown in Fig. 2.

These indicated that those areas are more susceptible to be
infected with dengue, as the vector Aedes aegypti, responsible for
it transmission was detected in those wards or locations. This is
also in conformity with the findings reported by WHO, 2017 [79]
that Aedes aegypti mosquito is the major vector responsible for
the transmission of dengue virus that causes dengue fever in
humans. It is the infective female Aedes mosquito that is
responsible for passing the virus to humans after biting, the virus
being acquired by the mosquito while feeding on the blood meal
of an infected individual. Aedes aegypti, a vector of dengue virus
(DENV) and yellow fever virus (YFV), whose susceptibility to
infection is genetically influenced [80].

Other species of Aedes could transmit dengue virus
infection in urban settlements but to a lesser extent. In forests,
however, other non-human primates are responsible for
maintaining the dengue virus transmission cycle. Aedes aegypti
is mostly found in a population of humans and usually breeds in
artificial containers and used tyres. It is widely spread in Africa
and some other parts of the world due to increasing international
travel, urban drift and population explosion, suggesting that there
is high risk of local transmission as is the tendency for extensive
autochthonous disease spread [50]. This is in agreement with a
report by Traore et al. [8] alleging that Aedes aegypti is found
throughout the tropics. Hence by implication in Maiduguri,
Nigeria, where there is rapid human population growth due to
migration of people from rural to urban areas as a result of
insurgency in Borno State.

CONCLUSION

The present study is the first to be carried out on genetic
population structure of dengue mosquitoes (4edes species) from
the Northeast, Borno State of Nigeria. The study has shown that
there is a high chance of exposure to the risk of Dengue, Zika,
Yellow Fever, and Chikungunya virus infections in Maiduguri
Metropolitan Council. It was also apparent that there were
seasonal variations in the abundance and distribution of Aedes
aegypti in the study locations. Mutations were discovered in the
sequences of some of the Aedes aegypti mosquitoes whereas
those with no mutations appeared to have a phylogenetic
relationship with Aedes species from other countries.
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