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Abstract

Continuous monitoring of mosquito vector distribution and dynamics is critical for effective malaria surveillance
and control. However, current entomological data from rural southwestern Nigeria remain scarce. This study
characterised indoor-resting mosquito populations and malaria transmission indices in two rural settlements in
southwestern Nigeria during the 2022 rainy season. Indoor-resting mosquitoes were collected for three consecutive
months in Igbo-Ora and Idere using pyrethrum spray catches and identified to species using standard morphological
keys. Morphologically identified An. gambiae complex was subsequently differentiated into species by PCR—
RFLP, and Plasmodium falciparum circumsporozoite protein was detected by ELISA. Among 739 mosquitoes
collected, Anopheles accounted for 57.2%. Within the An. gambiae complex, An. gambiae sensu stricto comprised
(56.0%) of typed specimens, An. coluzzii (31.2%), An. arabiensis (10.1%), and interspecific hybrids (2.7%),
consistent with the heterogeneous sibling-species structure reported elsewhere in Nigeria. Sporozoite infection was
detected only in An. coluzzii from Igbo-Ora (4.88%), yielding an overall infection rate of 0.47%, similar to low-to-
moderate indoor infection levels observed in other Nigerian settings. Idere showed higher indoor-resting density
(0.45 vs. 0.04 mosquitoes/room) and man-biting rate (0.07 vs. 0.01 bites/person/night) than Igbo-Ora, suggesting
greater indoor vector—host contact, although such indices may fluctuate with season and local ecology. Marked
spatial and temporal variation in species composition and abundance between the two communities mirrors patterns
seen in broader Nigerian and West African surveys, where environmental and landscape factors drive fine-scale
heterogeneity in vector distributions. These findings provide updated baseline data on Anopheles species
assemblages and Plasmodium infection in rural southwestern Nigeria, underscoring the value of sustained
entomological surveillance and site-specific, evidence-based vector control strategies tailored to local transmission
dynamics
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infectious disease burden and nearly one
million deaths annually (WHO, 2022).
Malaria represents the most consequential of
these diseases, sustained by intricate

INTRODUCTION
Vector-borne diseases are a major
contributor to global health challenges,
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interactions among parasites, mosquito
vectors, and human populations. Between
2000 and 2015, intensified efforts to control
malaria led to significant reductions
worldwide, with a 27% decrease in case
incidence and a 60% drop in mortality. These
gains were driven largely by the scaling up of
vector control measures and the expanded
use of artemisinin-based combination
therapies (ACTs) (WHO, 2020; Al-Awadhi
et al., 2021). However, progress has slowed
since 2015, with only marginal reductions in
incidence, indicating a plateau in control
gains (Shi et al., 2023, 2025).

This stagnation reflects emerging
challenges, including widespread pyrethroid
resistance in vectors and partial artemisinin
resistance in Plasmodium parasites (Lubanga
et al., 2024). Despite earlier achievements,
these gains remain fragile; the COVID-19
pandemic exposed critical weaknesses in
malaria control systems and disrupted
ongoing efforts (WHO, 2020; Kouassi ef al.,
2023). Although case fatality rates continue
to decline with improved access to diagnosis
and treatment (Girgis et al., 2022; WHO,
2024), sustained transmission underscores
persistent ecological and entomological
constraints that limit further progress.
Nigeria continues to bear a disproportionate
share of the global malaria burden,
characterized by perennial transmission
cycles across its diverse geographical regions
(Awosolu et al., 2021; Oyibo et al., 2023;
Oyewole et al., 2024). The persistent public
health challenge is underpinned by the high
vectorial capacity of An. gambiae s.s., An.
coluzzii, and An. arabiensis, the three
primary members of the Anopheles gambiae
complex. Due to their remarkable
adaptability and efficient transmission
dynamics, these species maintain a dominant
presence within the entomological landscape
of various ecological zones (Awolola et al.,
2018; Oduola et al., 2022; Adeogun et al.,
2023; Ebhodaghe et al., 2024).

Infections are  overwhelmingly
caused by Plasmodium falciparum, the
dominant parasite species in  both
community-based and clinical studies
(Awosolu et al., 2020; Abdulraheem et al.,
2021). To address these challenges, Nigeria's
malaria control relies primarily on the mass
distribution of insecticide-treated nets (ITNs)
as the cornerstone. Guided by the National
Malaria  Strategic Plan  (2020-2025),
supplementary measures such as including
indoor residual spraying (IRS), larval source
management, and chemoprevention, are
deployed selectively based on local
epidemiological conditions  rather than
universal mandates (Omojuyigbe et al.,
2023)

Despite these measures, malaria
transmission remains intense in southwestern
Nigeria, where seasonal rainfall, poor
drainage, and socio-economic vulnerabilities
such as substandard housing and limited
education sustain high vector densities
(Awosolu et al., 2021; Ibrahim et al., 2022;
Simon-Oke et al., 2023). A major challenge
in malaria control is the increasing mismatch
between intervention strategies and the
ecological dynamics of vector populations.
Widespread insecticide  resistance in
Anopheles populations has reduced the
efficacy of major vector control
interventions, notably ITNs and IRS (WHO,
2019; Goldstein et al., 2019). This decline in
efficacy is driven by physiological
mechanisms, including target-site mutations
and enhanced metabolic detoxification,
which enable mosquitoes to survive
insecticide exposure (Awolola et al., 2018).
In parallel, behavioural adaptations,
including earlier or outdoor biting, allow
vectors to avoid contact with treated surfaces,
thereby sustaining residual transmission
despite  high intervention  coverage
(Sougoufara et al., 2020; WHO, 2022;
Musiba et al., 2022). Beyond resistance,
however, malaria transmission is further
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shaped by fine-scale heterogeneity in vector
species  composition, abundance, and
competence for Plasmodium infection, which
can vary markedly between neighbouring
communities (Opondo et al., 2016; Mategula
& Gichuki, 2023).

In West Africa, intense malaria
transmission has historically been sustained
by the strongly anthropophilic and
endophagic Anopheles gambiae s.s. and An.
coluzzii. These traits promote frequent indoor
human biting at night; they have contributed
to the high effectiveness of ITNs and IRS for
malaria control in the region (Sinka et al.,
2010; WHO, 2022b; Sanou et al., 2021).
However, ecological differences and
variation in host-seeking behaviour within
the An. gambiae complex generate
pronounced  spatial  heterogeneity in
transmission, even between neighbouring
communities (Opondo et al., 2016; Akogbeto
et al., 2018; Takken et al., 2024). Increasing
evidence also indicates that prolonged use of
long-lasting insecticidal nets (LLINs) may
promote behavioural shifts toward earlier or
outdoor  biting,  sustaining  residual
transmission that escapes indoor
interventions (Sougoufara et al., 2020; Soma
et al., 2020; Taconet et al., 2024; Musiba et
al., 2022). Together, these dynamics
highlight critical misalignment between the
spatial complexity of vector ecology and the
current reliance on uniform, broad-scale
control strategies (Wu et al., 2023). Effective
control, therefore, requires continuous,
spatially resolved entomological surveillance
that captures local variation in vector
composition, behaviour, and infection
dynamics. Such evidence supports targeted
intervention deployment and informed
resistance management (Sarangi et al., 2025;
Liu et al., 2026).

In practice, however, entomological
surveillance in many rural Nigerian settings
remains limited or outdated (Okiwelu &
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Noutcha, 2015). In Igbo-Ora, for instance,
the most recent published data date back to
2011(Noutcha & Anumudu, 2011), despite
substantial ecological and demographic
changes. While previous studies in
southwestern ~ Nigeria have  described
mosquito  abundance, seasonality, and
resistance profiles (Awolola et al., 2018;
Awosolu et al., 2021), few have combined
molecular  species identification with
spatially explicit assessment of Plasmodium

sporozoite infection in  indoor-resting
vectors. As a result, the mechanisms
sustaining local transmission remain

insufficiently characterised.

This study addresses this gap by
examining spatial variation in Anopheles
gambiae complex species composition,
indoor —resting abundance, and Plasmodium
sporozoite infection among mosquitoes
collected from two rural communities in
southwestern Nigeria. Guided by an eco-
epidemiological framework that links vector
composition and infection prevalence to
transmission intensity, the study aims to: (i)
identify and characterise Anopheles species
using morphological and molecular methods;
(i1) quantify their relative abundance and
spatial distribution; and (iii) determine
Plasmodium sporozoite infection rates. By
generating  updated, community-level
entomological evidence, this work will
contribute to a more nuanced understanding
of malaria transmission heterogeneity and
provide data essential for locally adaptive
vector control strategies.

MATERIALS AND METHODS
Entomological Surveys and Sample
Processing

Adult Anopheles mosquitoes were
sampled during the high-transmission rainy
season from June to August 2022.
Collections were performed using the
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pyrethroid spray catch (PSC) technique
following standardized World Health
Organisation protocols (WHO, 1975), with
modifications detailed by Russell et al.
(2022).  Adult mosquito sampling was
carried out monthly over a fixed 10-day
period, with collections performed between
06:00 and 08:00 h, corresponding to peak
indoor resting activity to reduce disturbance
and ensure statistical independence. Each
household was sampled once per month
using the same room where possible, along
the sampling months, to permit temporal
comparisons. Within each household, one
room was selected based on overnight human
occupancy, adequate ventilation, and the
absence of cooking or food storage activities;
bedrooms were prioritised where available.
Where selected households were
inaccessible, or consent was withdrawn,
neighbouring households were recruited
following a predefined replacement protocol,
with all substitutions recorded. Before
spraying, study procedures were explained to
household occupants in the local language,
and verbal informed consent was obtained.
Occupants then vacated the premises
temporarily, after which white sheets were
spread over the floors to facilitate mosquito
collection. ~Movable items, including
furniture and utensils, were removed, while
fixed structures such as beds and cupboards
were left in place and covered where
possible. Doors, windows, and eaves were
closed and sealed with cloth or paper to
prevent mosquito escape and to ensure
effective insecticide action. A commercially
available pyrethroid-based aerosol
insecticide (Raid™ Multi-Insect Killer;
Johnson™ Wax Nigeria Ltd., Lagos, Nigeria;
d-trans allethrin 0.10% w/w and permethrin
0.05% w/w) was applied by trained personnel
using a standardised technique. Spraying
commenced at the ceiling and systematically
across walls and indoor surfaces, including
furniture, to achieve uniform coverage. Each

room was sprayed continuously for 5-10
minutes, with the aerosol can held
approximately 30 cm from treated surfaces,
using an average volume of 50 mL per 30 m?
of room space. Immediately after spraying,
rooms were sealed by tightly closing all doors
and windows, and blocking eaves, vents, and
other potential openings with cloth or paper
to prevent mosquito escape. A 10—15-minute
knockdown period was then observed before
re-entry.

Following the 10—15 min knockdown
period, mosquitoes were retrieved from the
white sheets and surrounding surfaces using
stainless steel entomological forceps.
Specimens were counted on-site and
transferred into labelled Petri dishes lined
with Whatman No. 1 filter paper, with a
maximum of 10 individuals per dish to
prevent overcrowding and damage. Each
label recorded the house identification code,
date of collection, room type, and specimen
count.samples. Samples were transported to
the laboratory under cooled conditions within
4 h of collection

Mosquito identification

Mosquitoes were initially sorted by
genus and sex (Anopheles and Culex) under a
stereomicroscope (10-40x). Female
Anopheles were subsequently identified as
members of the An. gambiae or An. funestus
complexes. based on wing venation,
maxillary palp proportions, and leg
morphology, using standard dichotomous
keys (Gillies & Coetzee, 1987; Gillett, 1972;
Coetzee, 2020). Specimens that could not be
reliably distinguished were retained at the
An. gambiae complex level (Alves et al.,
2024). Abdominal condition was classified as
unfed, freshly blood-fed, semi-gravid, or
gravid according to gut and ovarian
characteristics (Assa et al., 2023; Woyessa &
Yewhalaw, 2025). Individual females were
preserved in labelled microcentrifuge tubes
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containing silica gel, and stored at —20 °C
until molecular analysis (Nabet et al., 2021).
PCR identification of Anopheles gambiae
Complex

Morphologically identified
Anopheles gambiae specimens that were
preserved individually were subsequently
identified to species level using species-
specific polymerase chain reaction (PCR)
following the protocol of Scott et al. (1993).
The PCR products were further resolved into
An. gambiae s.s. and An. coluzzii by PCR—
restriction fragment length polymorphism
(PCR-RFLP) using the Hhal restriction

12 3 4 5 6 7 8 9

enzyme, as described by Fanello er al.
(2002). Digestion was carried out at 37 °C,
after which the resulting amplicons were
resolved by agarose gel electrophoresis. Gels
were pre-stained with GelRed to enable clear
visualization and discrimination of An.
gambiae s.s., An. coluzzii, An. arabiensis, An.
melas, and An. quadriannulatus based on
their characteristic banding patterns (Fanello
et al., 2002; Tkpo et al., 2021; Akeju et al.,
2022).  Electrophoretic  profiles were
documented and stored using a digital gel
imaging system (Figure 1).

10 11 12 13 14 15 1617 18 19

Figure 1: Molecular identification of Anopheles gambiae complex species by PCR: agarose gel
electrophoresis of amplified products from adult female Anopheles mosquitoes.

Lane 1: 100 bp DNA ladder. Lanes 5—7: positive controls for Anopheles coluzzii (~400 bp). Lane
9: positive control for An. gambiae sensu stricto (~390 bp). Lanes 10—12: field samples identified
as An. coluzzii. Lane 13: field sample identified as An. gambiae s.s. Lane 15: field sample identified
as Anopheles arabiensis (~315 bp). The remaining lanes contain additional field samples. Species
identification was based on expected amplicon sizes following standard Anopheles gambiae

complex PCR protocols. bp, base pairs.
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Statistical Analysis and Entomological
Indices
Vector Density and Biting Activity

Indoor Resting Density (IRD) was
used to assess the abundance of indoor-
resting mosquitoes and is expressed as the
average number of female Anopheles
mosquitoes collected per room per night:

IRD= M
Rxt

where Nf is the total number of female
Anopheles collected, R represents the number
of rooms sampled, and t is the total number
of collection nights.

The man-biting rate (MBR), expressed as
bites/person/night, was estimated using the
density of blood-fed and semi-gravid
females:

MBR= N x HBI
Pxt

where N is the total number of engorged
females, HBI is the Human Blood Index, P
is the total number of occupants in the
sampled rooms, and t is the number of
collection nights.

Using PSC data as a proxy for MBR
assumes that mosquitoes collected at dawn
fed on occupants of the sampled rooms
during the preceding night. This approach
provides a practical and ethical alternative to
human landing catches, although estimates
were interpreted cautiously, given the
potential for outdoor or non-human feeding.
Blood Meal Analysis and Infectivity
Human Blood Index (HBI) was the
proportion of blood-fed Anopheles that had
fed on humans:

HBI =~

where n is the number of mosquitoes that
tested positive for human blood, and N is the
total number of blood-fed mosquitoes
examined. Following the criteria of Shililu et
al. (1998), mixed blood meals containing
both human and animal blood were
categorised as positive for human blood.

Sporozoite rate was expressed as the
percentage of mosquitoes harbouring

Plasmodium falciparum circumsporozoite
protein (CSP) antigens via, ELISA:

Sporozoite Rate = % x 100

where X is the number of sporozoite-positive
mosquitoes, and N is the total number tested
(WHO, 2012).

Behavioral Metrics

To assess the tendency of vectors to
rest outdoors after feeding, the Degree of
Exophily (DE) was estimated based on PSC
collections according to the methodology of
Ameneshewa and Service (1993): DE was

calculated as DE = (1- L) x 100
HGG

Where F represents the number of freshly
blood-fed female Anopheles mosquitoes, and
HGG is the number of half-gravid and gravid
females collected indoors. When expressed
as a percentage, higher values indicate a
greater tendency to leave the house after
feeding. This index assumes that mosquitoes
remaining indoors progress to later
gonotrophic stages, whereas those exiting
early are underrepresented among half-
gravid and gravid individuals in indoor
collections.

Data were subjected to statistical
analysis using SPSS software version 25
(IBM  Corp., Armonk, NY, USA).
Entomological indices, including mosquito
abundance, indoor resting density, human
blood index (HBI), and man-biting rate
(MBR), were summarised using appropriate
descriptive statistics. The distribution of
continuous variables (e.g., mosquito counts)
was evaluated for normality using the
Shapiro—Wilk test. Differences between two
groups in normally distributed data were
evaluated using Student’s t-test, but
comparisons across multiple groups were
done using one-way ANOVA, followed by
Tukey’s post hoc test. For non-normally
distributed data, the Mann—Whitney U test or
Kruskal-Wallis test was applied as
appropriate. Mosquito count data were
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further examined with consideration of their
discrete nature. Where overdispersion or
deviation from normality was evident,
analyses were interpreted cautiously and
supported by non-parametric testing where
appropriate. The human blood index (HBI)
was analysed as a binomial response, defined
by the presence or absence of human blood in
tested mosquitoes. Logistic regression
models were used to estimate the probability
of human blood feeding in relation to study
site and sampling period.

For the man-biting rate (MBR), the
choice of analysis depended on its
expression. When treated as a count-based
rate (e.g., bites per person per night), group
comparisons used parametric or non-
parametric tests, as appropriate. When
expressed as a proportion, logistic regression
was applied in line with the approach used for
HBI. All statistical tests were two-tailed, and
statistical significance was set at p<0.05.
Ethical considerations

The study was approved by the
Institutional Ethical Committee of the
College of Medicine, University of Ibadan,
Nigeria (Protocol number:
UI/UCH/23/0170). Study objectives and
procedures were explained in Yoruba to
community leaders and household heads
before data collection. Informed consent was
obtained from participating households
before the start of the study.

RESULTS

Overall mosquito composition by study
site

A total of 739 adult mosquitoes,
comprising three genera (Anopheles, Culex,
and Aedes), were collected from indoor-
resting sites in Idere and Igbo-Ora, with
marked differences in species composition
between the two communities (Table 1). In
Idere, the indoor-resting mosquito population
was dominated by Anopheles species, with
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relatively few Culex and Aedes specimens. In
contrast, Igbo-Ora exhibited a more
heterogeneous assemblage, where Culex
species predominated, followed by Aedes,
while Anopheles contributed a smaller
proportion of the indoor-resting catch. When
data from both sites were combined,
Anopheles mosquitoes constituted the largest
share of collections, whereas Culex and
Aedes contributed comparable proportions.
The distribution of mosquito genera showed
clear spatial variation between communities,
with each site contributing disproportionately
to different mosquito taxa (Table 1).

Species Composition and Site-Specific
Distribution

Molecular characterization of the
Anopheles gambiae complex showed that An.
gambiae s.s. (56.0%) was the dominant
species, followed by An. coluzzii (31.2%) and
An. arabiensis (10.1%) . Interspecific hybrids
of An. gambiae s.s. and An. coluzzii were also
detected, though at low frequency (2.7%).
The distribution of these sibling species
exhibited significant spatial heterogeneity
between the two study locations (Figure 2).
Notably, in Idere, the indoor-resting
population was primarily characterized by a
high abundance of An. gambiae s.s., with An.
coluzzii occurring less frequently. A small
proportion of specimens could not be
resolved to species level and were classified
as An. gambiae/An. coluzzii, while An.
arabiensis occurred at low frequency. In
contrast, the Anopheles gambiae complex in
Igbo-Ora was dominated by An. coluzzii,
with An. gambiae s.s. occurring at much
lower frequency, while An. arabiensis was
consistently present. No hybrid forms (4n.
gambiae/An. coluzzii) were detected at this
site. Overall, the relative dominance of
different sibling species varied sharply
between communities, indicating
pronounced spatial heterogeneity in An.
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gambiae complex structure across the study
area (Figure 2).

Monthly variation in indoor-resting
mosquito genera

The relative abundance of indoor-
resting mosquito genera varied across the
sampling months (Figure 3). Distinct
temporal patterns were observed for
Anopheles, Culex, and Aedes species during
the peak rainy season. In June, the indoor
mosquito population was dominated by
Culex species, while Aedes mosquitoes
constituted a  substantial  secondary
component. Anopheles species represented a
comparatively smaller proportion of the total
catch during this period. In July, a marked
shift in mosquito composition was observed.
Anopheles species became the predominant
indoor-resting mosquitoes, while Culex
species declined sharply. Aedes mosquitoes
remained consistently present, contributing a
notable proportion of the monthly catch. By
August, the relative abundance of mosquito
genera became more evenly distributed.
Culex and Aedes species were more
frequently encountered than Anopheles,
which represented the smallest proportion of
the indoor-resting mosquito population
during this month. Overall, the composition
of indoor-resting mosquitoes exhibited clear
month-to-month variation, with changes in
the dominant mosquito genus observed
across the study period (Figure 3).

Indoor-resting Anopheles collections

A total of 187 rooms were surveyed
over 30 collection nights across the two study
sites. Sampling intensity was higher in Igbo-
Ora than in Idere, based on the number of
rooms visited and nights sampled. Overall,
423 female anopheline mosquitoes were
collected, a large proportion of which were
engorged. Substantial spatial variation in
mosquito abundance was observed. Despite
lower sampling effort, Idere contributed the

majority of female Anopheles collected,
whereas Igbo-Ora yielded comparatively few
specimens, even though human occupancy
was similar between sites. Consequently,
indoor-resting density was markedly higher
in Idere than in Igbo-Ora. Indoor Resting
Density ranged from 0.45 mosquitoes per
room per night in Idere to 0.04 mosquitoes
per room per night in Igbo-Ora, while the
Man Biting Rate was also higher in Idere
(0.11 mosquitoes per person per night) than
in Igbo-Ora (0.01 mosquitoes per person per
night) (Table 2).

Statistical comparisons between the
two study sites revealed no significant
variation in either indoor-resting density or
man-biting rates (Student’s t-test, p > 0.05$).
While vector activity levels remained
comparable across locations, the spatial
distribution of engorged females closely
mirrored the overall population abundance,
with a higher concentration of blood-fed
individuals observed in Idere.

Species-specific sporozoite infection rates

A total of 422 female Anopheles
mosquitoes representing multiple species
were screened for Plasmodium sporozoite
infection across the two study sites. Overall,
2/422 (0.47%) of the mosquitoes tested
positive for sporozoites. Sporozoite positivity
was exclusively observed in Anopheles
coluzzii specimens from Igbo-Ora, yielding
an infection rate of 4.88% (2/41). In contrast,
An. gambiae s.s., An. arabiensis, and the An.
gambiae | An.coluzzii hybrids, along with
other sampled Anopheles species, showed no
evidence of Plasmodium infection (0%) for
each respective group. At the site level, Igbo-
Ora recorded 2/79(2.53%) sporozoite-
positive mosquitoes, whereas Idere showed
no evidence of infection despite a larger
sample size (343, 0.0%). These findings
indicate a low overall sporozoite rate, with
transmission detected only in An.coluzzi from
Igbo-Ora.
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Table 1. Composition of indoor-resting mosquitoes collected in Idere and Igbo-Ora,

southwestern Nigeria.
Mosquito composition N (%)

Study site Anopheles sp Culex sp Aedes sp Total
Idere 344(82.1) 9(2.1) 66 (15.8) 419
Igbo-Ora 79 (24.7) 149 (46.6) 92(28.8) 320
Total 423 (57.2) 158 (21.4) 158(21.4) 739

N = number of mosquitoes collected; % = percentage contribution of each mosquito genus relative
to the total number collected at each study site. Percentages in the “Total” row represent the overall
proportion of each genus across both sites.

B An.coluzzii B An.gambiae s.s
u An. arabiensis OAn. coluzzii/An. gambiae hybrid

Qo0
(=]
]

3

8

o
1

Relative abundance of An.gambiae s.1 (%)
=

Idere Igbo-ora
Study location

Figure 2. Relative frequency (%) of Anopheles gambiae complex sibling species collected
indoors in Idere and Igbo-Ora, southwestern Nigeria. Bars represent the proportion of each
sibling species among molecularly identified An. gambiae complex mosquitoes at each site.
Percentages were calculated within study sites. Abbreviation: An., Anopheles

155



156 NIGERIAN JOURNAL OF ENTOMOLOGY, VOL. 42(1): 2026

Table 2. Indoor-resting Anopheles mosquito collections and entomological indices in Idere
and Igbo-Ora

Sitet  Rooms Collection Human  Anopheles Blood-fed  HBI IDR MBR
surveyed  nights occupants Collected females (n) (mosquito/room/night).  Bites/person/night
(n) (n) (n) (n)
Idere 76 10 253 344 274 0.64 0.45 0.07
Igbo- 111 20 248 79 67 0.65 0.04 0.01
Ora
Total 187 30 501 423 341 0.64 0.08 0.01

HBI, human blood index (proportion of blood-fed mosquitoes with human blood); IRD, indoor
resting density (number of female Anopheles per room per night); MBR, man-biting rate (bites /
person / night).

100 MAnopheles sp MCulex sp MAedes sp

Relative abundance mosquitoes (%)

June Jul August
Month of Collec)t'ion

Figure 3. Monthly variation in the relative abundance (%) of indoor-resting mosquito
genera collected between June and August in the study area. Bars represent the relative
frequency of Anopheles, Culex, and Aedes species per month. Percentages were calculated within
each month. Abbreviations: sp, species
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Table 3: Detection of CSP antigen in An. gambiae, An. coluzzii An.gambiae/An.coluzzii hybrid An. arabiensis and other
anophelines in Idere and Igbo-Ora communities

Overall
An. gambiae An. coluzzii An. gambiae/coluzzii hybrid An.arabiensis Other species Total

SPR SPR SPR SPR SPR | SPR

Site Tested Positive (%) Tested Positive (%) Tested Positive (%) tested positive (%) tested positive (%) Test (%)
0

Idere
Igbo- 156 0 0 52 0 0 8 0 0 21 0 0 106 0 0 343 2.53
Ora 10 0 0 41 2 488 0 0 0 9 0 0 19 0 0 79
Total 166 0 0 93 2 2.15 8 0 0 30 0 0 125 0 0 422 0.47

Sporozoite positivity (SPR) is expressed as the percentage of mosquitoes testing positive for Plasmodium circumsporozoite protein

among those tested for each species
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DISCUSSION
Understanding ~ mosquito  vector
composition, spatial  distribution, and

infection status is essential for designing
effective, locally adapted malaria control
strategies. In this study, we found substantial
spatial and  temporal  heterogeneity
in Anopheles gambiae complex populations
and Plasmodium infection patterns between
two neighbouring rural communities in
southwestern  Nigeria, with  important
implications for transmission dynamics and
vector control.
Mosquito  species and
temporal dynamics

The occurrence of Anopheles, Culex,
and Aedes mosquitoes reflects the diversity of
larval habitats typical of rural southwestern
Nigeria during the rainy season (Fagbohun et
al., 2020). Mosquito composition varied over
time, with Culex predominating in June
(46.6%), Anopheles in July (65.2%), and a
more balanced distribution in August. These
patterns likely follow rainfall-driven changes
in habitat availability and persistence that
differentially favour each genus of mosquito
(Oduola et al., 2013; Sattler et al., 2005).
Anopheles species comprised the majority of
collections (57.2%), in line with previous
observations from similar settings (Okwa et
al., 2009; Oduola et al., 2013). However,
marked spatial differences emerged between
sites. Culicine mosquitoes were significantly
more abundant in Igbo-Ora (46.6%) but rare
in Idere (2.1%), where Anopheles
predominated. This contrast likely reflects
underlying ecological differences, with Igbo-
Ora supporting more organically enriched or
stagnant water bodies suitable for Culex
breeding, whereas Idere provides transient,
sunlit habitats favourable for Anopheles
proliferation. The high culicine density
observed in Igbo-ora also highlights a broader
public health concern, as it may increase the

composition

risk of transmission of other mosquito-borne
pathogens besides malaria. The relatively
high indoor proportion of Aedes mosquitoes
(21.4%) is noteworthy given their typically
exophilic behaviour in West Africa (Padonou
et al., 2023). This pattern may reflect their
transient indoor resting following blood
feeding, favourable indoor microclimates, or
the presence of peri-domestic containers that
facilitate movement between indoor and
outdoor environments (Facchinelli et al.,
2023). Increased indoor occurrence likely
elevates human—vector contact and the risk of
arboviral transmission within households,
while also indicating that malaria-focused
interventions alone may be insufficient. These
observations  highlight the need for
complementary control measures targeting
Aedes breeding and behaviour, with seasonal
conditions during the sampling period likely
contributing to the observed distribution.
Variations in  housing characteristics,
sanitation, and human activities likely
contribute to the observed differences in
mosquito composition (Kaindoa et al., 2018).
Overall, these findings highlight the
importance of local ecological context in
shaping mosquito communities and caution
against generalising short-term observations
across neighbouring areas or transmission
periods.

Spatial heterogeneity in sibling species
composition

Despite their proximity (~15 km),
Idere and Igbo-Ora showed distinct
compositions of the Anopheles gambiae
complex. Anopheles gambiae S.S.
predominated in Idere (72.9%), whereas An.
coluzzii was more common in Igbo-Ora
(65.8%). This pattern is consistent with
established ecological preferences: An.
gambiae s.s. is typically associated with
transient, rain-fed habitats common in
agricultural settings, while An. coluzzii is
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more frequently linked to permanent or
human-modified water bodies (Kamdem et
al.,2012; Tene Fossog et al., 2014; Oduola et
al., 2021). Anopheles arabiensis occurred at
lower proportions (10.1% overall; 15.2% in
Igbo-Ora) compared with earlier reports from
the region (Noutcha and Anumudu, 2011).
This reduction may relate to changes in host
availability, particularly declining livestock
populations, given the species’ tendency
toward zoophilic feeding (Coluzzii et al,
1979; Onyabe and Conn, 2001; Adebayo et
al., 2014). A relative increase in
anthropophilic species, notably An. gambiae
s.s. and An. coluzzii, may have implications
for malaria transmission risk in these
communities.

Hybrid forms of An. gambiae s.s. %
An. coluzzii were detected at low frequency
(2.7%), confirming their continued presence
in rural southwestern Nigeria (Okorie et al.,
2015). Although infrequent, such hybrids are
epidemiologically relevant, as gene flow
between sibling species can facilitate the
spread of adaptive traits, including insecticide
resistance (Norris et al., 2015). The restriction
of hybrids to Idere suggests localised
ecological or behavioural conditions that may
promote interbreeding and merit further
investigation.

Entomological indices

Indoor-resting density (IRD) and man-
biting rate (MBR) were higher in Idere than in
Igbo-Ora, although the differences were not
statistically significant (p > 0.05), indicating
substantial variability over the short sampling
period. Such fine-scale heterogeneity without
clear statistical separation has been reported
in similar settings and reflects the dynamic
nature of malaria vector populations (Ototo et
al., 2015; Mmbando ef al., 2021; Tarekegn et
al., 2024). The elevated IRD and MBR in
Idere likely relate to a greater contribution of
endophilic and anthropophilic vectors, which
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enhance indoor human—vector contact and are
often associated with higher transmission
potential. However, variability in species
composition and behavioural patterns within
and between sites can obscure consistent
relationships between vector density and
transmission (Machani et al., 2020; Ebuako et
al., 2025). Studies from other African settings
show that communities dominated by indoor-
biting, anthropophilic vectors (e.g. An.
gambiae s.s., An. funestus, An. coluzzii)
typically exhibit higher indoor biting densities
and entomological inoculation rates (EIRs)
than areas where more exophagic or
zoophagic species predominate (Nzioki et al.,
2023; Akuoko et al., 2024; Ebuako et al.,
2025). However, even in such settings,
substantial ~ within-site  variability and
temporal shifts in species composition remain
common (Nzioki et al., 2023).

The lack of statistical significance
indicates substantial uncertainty in IRD and
MBR estimates, likely driven by limited
sample size, short sampling duration, and
nightly variability in mosquito activity
(Mmbando et al., 2021; Tarekegn et al., 2014;
Lamidi et al., 2018). Consistent with previous
studies, these indices alone provide weak
proxies for transmission intensity, particularly
in settings with low sporozoite prevalence,
outdoor biting, or contributions from
secondary vectors (Awosolu et al., 2021,
Ibrahim et al., 2022). Accordingly, vector
density and biting rates should be interpreted
with caution. Longer-term, seasonally
stratified sampling would provide a more
robust assessment of site-specific
transmission  dynamics. These results,
therefore, underscore the importance of
extended, seasonally resolved surveillance to
capture fluctuations in vector populations
over time. Combining sporozoite infection
data with measures of vector density and
human behaviour would strengthen the
evidence base for estimating transmission risk
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and support the design of context-specific
control strategies.

Sporozoite infections: spatial discordance
between vector density and parasite
prevalence

Sporozoite infections were detected
only in Anopheles coluzzii from Igbo-Ora
(2/41; 4.88%), despite substantially higher
Anopheles densities in Idere (344 vs. 79),
indicating that transmission is not directly
proportional to vector abundance but is
shaped by multiple interacting factors. This
pattern likely reflects differences in mosquito
age structure and survival, with An. coluzzii
populations more likely to include older
individuals capable of completing parasite
development (typically 10-14 days; Bruce-
Chwatt, 1954). However, higher densities in
Idere may consist largely of recently emerged,
non-infectious cohorts. Variation in human
infectiousness, shaped by treatment access
and intervention use, together with species-
specific feeding behaviour, may further
influence exposure to infectious blood meals
(Onyabe et al., 2003; Nwuba et al., 2008).
Methodological constraints should also be
considered. The small number of infected
mosquitoes (2/422; 0.47%) limits statistical
inference, and reliance on indoor-resting
collections may underestimate transmission
involving outdoor-feeding vectors. Sampling
restricted to the rainy season may further
overlook temporal variation in sporozoite
prevalence (Gerken et al., 2025). The overall
infection rate observed in this study is lower
than earlier reports from Igbo-Ora (Noutcha
and Anumudu, 2009), although differences in
the study design and timing preclude direct
comparison. Together, these findings
highlight that malaria transmission reflects
interactions among vector composition,
mosquito survival, human infectiousness, and
intervention coverage rather than density
alone.

Implications for vector control

Marked heterogeneity over a short
spatial scale indicates that uniform control
strategies may be inadequate. In Idere, the
dominance of Anopheles gambiae s.s. and the
relatively high vector densities indicate that
indoor-focused interventions remain
appropriate. The continued use of ITNs and
IRS remains appropriate in this setting, given
the strongly endophilic and anthropophilic
behaviour of this vector population. In
contrast, the mixed vector composition in
Igbo-Ora, together with the detection of
sporozoite-positive An. coluzzii, suggests a
need for complementary approaches that
address peri-domestic and potentially outdoor
transmission. These approaches may include
larval source management and targeted
environmental sanitation. The presence of An.
gambiae s.s. X An. coluzzii hybrids indicate
possible gene flow, underscoring the need for
routine monitoring of insecticide resistance.

Study Limitations

This study focused on the rainy season
and indoor —resting mosquitoes, which may
underestimate the contributions of outdoor —
biting vectors and overlook dry-season
transmission. The small number of
sporozoite-positive mosquitoes (n = 2) limited
statistical power. In addition, the absence of
concurrent data on human infection and
intervention  coverage  restricted  the
interpretation of transmission dynamics.
Future studies should incorporate
longitudinal, multi-season sampling, include
outdoor collections, and integrate human
parasitological and molecular resistance data
to provide a more detailed evaluation of
residual transmission.

CONCLUSION
The findings demonstrate substantial
spatial and temporal variation in Anopheles
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gambiae  complex  composition  and
Plasmodium infection patterns between
neighbouring  rural  communities  in
southwestern Nigeria. The discrepancy
between vector density in Idere and
sporozoite infections in Igbo-Ora suggests
that transmission intensity is not directly
determined by vector abundance alone.
Instead, vector species composition and local
ecological conditions play a critical role.
These results support the need for fine-scale
surveillance systems that capture
epidemiologically relevant variation in vector
populations. In resource-limited settings,
reliance on density-based indicators alone
may overlook persistent transmission foci,
highlighting the importance of locally
tailored, species-specific control strategies.
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