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Abstract
Urban malaria is an emerging challenge in Sub-Saharan Africa, driven by unplanned urbanization, irrigated farming, and vector adaptation, yet data on urban vectors, their diversity and malaria transmission potential are limited. We assessed Anopheles gambiae s.l. abundance, species composition, and behavior in Accra, Ghana, during dry and rainy seasons of 2023 and 2024 across eleven sites representing different socioeconomic settings. A total of 21,064 host-seeking and 1,619 resting mosquitoes were collected. Abundance was highest in irrigated farming and peri-urban sites, and lowest in low socioeconomic areas. An. gambiae s.s. dominated host-seeking populations, while An. coluzzii dominated resting ones. Findings highlight irrigated farming and peri-urban areas as hotspots, requiring targeted surveillance and control.
Subject Area
Ecology, Biodiversity, Taxonomy
Background and Context
Urban areas have historically experienced lower malaria prevalence compared to rural settings, primarily attributed to reduced malaria vector populations resulting from fewer preferred breeding habitats and altered environmental conditions (1,2). However, recent epidemiological trends indicate a concerning shift, with a growing burden of malaria transmission in Sub-Saharan African cities. Data from the WHO World Malaria Report 2023 reveals approximately a 12% increase in urban malaria cases across fifteen African countries, marking a clear shift from the historically rural dominance of transmission (3,4).
Rising urban malaria in Sub-Saharan Africa is driven by rapid, unplanned urbanization and irrigated urban farming(5–7). Poor planning has created new Anopheles breeding sites including poorly drained areas, construction zones, informal settlements, and water-holding containers (8,9). Anopheles species have also adapted to urban environments, with populations now thriving in polluted habitats once deemed unsuitable (10–16). Urban malaria poses a major public health concern as Sub-Saharan Africa undergoes rapid urbanization. By 2050, about 60% of the population will live in cities, where poor planning and weak health systems foster sustained transmission in dense populations(17).
Despite the threat of urban malaria to public health, data on urban malaria vector dynamics, species diversity, and behavioral patterns remain limited. Existing surveillance programs, largely designed for rural settings, are insufficient for capturing the complexities of urban transmission shaped by environmental factors, human movement, and activities. This study seeks to address these critical knowledge gaps by employing standardized entomological surveillance methods to characterize Anopheles populations in urban environments, with the ultimate goal of informing evidence-based malaria vector control strategies tailored to the unique challenges of urban malaria.
Methods
Study sites
This study was conducted at fifteen sites in Accra, Ghana, spanning six socio-economic and environmental categories. Twelve sites were in the urban zone, classified as irrigated urban farming (IUF), low (LS), middle (MS), and high (HS) socio-economic areas, urban port of entry (UPE) and Urban industrial site (UIS) while three peri-urban (PU) sites captured transitional dynamics between urban and rural settings. Site selection considered development level, drainage, sanitation, and commercial activity. This design enabled comparative analysis of vector densities and malaria transmission across diverse ecological and socio-economic contexts (Figure 1).
The city of Accra, Ghana’s capital, lies within the coastal savanna zone. The 2021 census reported 2.56 million inhabitants, a 24% increase since 2010, across 225.67 km² (17). The city experiences a bimodal rainfall pattern averaging 730 mm annually with the major rainfall falling between April to June and the minor rainy season in September to October. Mean temperatures of 27.6°C and relative humidity ranging from 65% in the afternoon to 95% at night. Poor drainage combined with rainfall creates stagnant water bodies, and together with warm, humid conditions, sustains mosquito breeding and year-round malaria transmission across the study sites.
Figure 1: Map of Ghana showing study sites
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Mosquito collections were conducted during the dry (Jan–Mar) and rainy (April–Aug) seasons of 2023 using human landing catches (HLC) and Prokopack (PPK) aspirators. Ten study sites, two from each category (IUF, LS, MS, HS, PU), were selected for HLC. In each site, 12 houses were selected for HLC, with four sampled outdoors on three consecutive nights. Two trained volunteers collected host-seeking mosquitoes from 18:00–06:00 using falcon tubes and flashlights. Specimens were collected hourly, killed (–20°C freezer or chloroform), stored in labeled silica gel containing Eppendorf tubes, and biting times classified as early evening (18:00–21:00), late evening (00:00–04:00), or early morning (05:00–06:00). 
Resting mosquitoes were collected with PPK aspirators from 15 study sites. Each morning from 05:30am - 08:00am, five houses were randomly selected and sampled for resting mosquitoes for three days. Households were instructed to keep doors and windows closed overnight. Mosquitoes were aspirated from ceilings, walls, and furniture, then transferred to holding cups and transported for laboratory identification.
Data validation and quality control
All mosquitoes were sorted by genus (Anopheles, Culex, Aedes), sex, and gonotrophic stage (unfed, fed, semi-gravid, gravid). An. gambiae s.l. were identified morphologically under a stereomicroscope using Coetzee’s keys (18). A sub-sample of the host seeking mosquitoes (4,524) and resting mosquitoes (890) were discriminated using rDNA-PCR (19). An. gambiae s.s. and An. coluzzii were further identified using PCR-RFLP (20).
Results
Abundance and distribution of host-seeking An. gambiae s.l. collected in Accra.
A total of 21,064 An. gambiae s.l. were collected across all study sites during the sampling period. Of these, 75.70% (15,945/21,064) were obtained during the rainy season, while 24.30% (5,119/21,064) were collected in the dry season.
By site category, the greatest abundance was recorded in irrigated urban farming (IUF) areas, which accounted for 48.82% (10,284/21,064) of the total catch. This was followed by peri-urban (PU) sites, contributing 17.78% (3,745/21,064). High socioeconomic (HS) site category recorded 17.18% (3,619/21,064), Middle socioeconomic (MS) sites accounted for 13.43% (2,830/21,064), whereas Low socioeconomic (LS) sites contributed the lowest proportion 2.78% (586/21,064), of the overall An. gambiae s.l. population collected.
At the individual site level, the highest numbers were observed in Tuba (40.23%, 8475/21,064) within the IUF category, followed by Oyarifa (10.79%, 2,273/21,064) in the PU category. The lowest abundance was recorded in Chorkor (1.22 %, 258/21,064) within the LS category.
	Table 1: Spatio-temporal distribution of host-seeking An. gambiae s.l. collected from Accra

	Study site categories
	Study sites
	Dry
	Rainy
	Total

	IUF
	Tuba
	2417
	6058
	8475

	
	Opeibea
	713
	1096
	1809

	LS
	Nima
	71
	257
	328

	
	Chorkor
	48
	210
	258

	MS
	Dansoman
	80
	1003
	1083

	
	Teshie
	389
	1358
	1747

	HS
	Tantra Hill
	405
	1305
	1710

	
	East Legon
	195
	1714
	1909

	PU
	Medie
	223
	1249
	1472

	
	Oyarifa
	578
	1695
	813

	Total
	
	5,119
	15,945
	21,064



[bookmark: _Hlk207536092]Species discrimination of Host-seeking An. gambiae s.l. collected in Accra
Of the 4,524 An. gambiae s.l. sub-sampled across the study sites, 59.70% (2,701/4,524) were identified as An. gambiae s.s., 33.80% (1,529/4,524) An. coluzzii and 6.50% (294/4,524) were hybrids of the two species. 
At the site category level, An. gambiae s.s was the most dominant species identified in IUF (62.44%, 1,009/1,616), PU (73.03%, 861/1,179), MS (48.31%, 329/681) and HS (55.72%, 443/795). However, in LS An. coluzzii was the most dominant species identified (55.72%, 173/253) (Figure 2).
Figure 2: Abundance and distribution of An. gambiae s.l. sibling species across sites

Abundance and Seasonal Distribution of Resting An. gambiae s.l. Across Study Sites in Accra
A total of 1,619 resting An. gambiae s.l. were collected across the study sites in Accra. Of these, 54.97% (890/1,619) were collected during the rainy season and 45.03% (729/1,619) during the dry season. Outdoor collections (66.34%, 1,074/1,619) were consistently higher than indoor collections (33.66%, 545/1,619). The IUF sites recorded the highest abundance, contributing 68.31% (1,106/1,619) of all mosquitoes collected. The LS sites had 9.02% (146/1,619), MS sites 8.46% (137/1,619), and PU sites 9.51% (154/1,619). By contrast, UPE (2.47%, 40/1,619), HS (1.85%, 30/1,619) and UIS (0.37%, 6/1,619) recorded the lowest collections. Overall, mosquito abundance peaked during the rainy season, particularly in Tuba, where both indoor and outdoor resting catches were comparatively high (Table 2).
	Table 2: Seasonal abundance and resting behaviour of An. gambiae s.l. across study sites.

	
	
	Dry
	Rainy
	

	Site categories
	Study sites
	Indoor
	Outdoor
	Indoor
	Outdoor
	Total

	IUF
	Tuba
	26
	523
	224
	228
	1001

	
	Opeibea
	17
	15
	42
	29
	103

	
	Dzorwulu
	0
	2
	0
	0
	2

	LS
	Nima
	7
	26
	25
	57
	115

	
	Chorkor
	5
	4
	13
	9
	31

	MS
	Dansoman
	6
	29
	28
	11
	74

	
	Teshie
	7
	7
	22
	16
	52

	
	Madina
	0
	1
	5
	5
	11

	HS
	Tantra Hill
	2
	2
	10
	6
	20

	
	East Legon
	0
	4
	0
	0
	4

	PU
	Medie
	7
	6
	35
	27
	75

	
	Oyarifa
	11
	8
	32
	24
	75

	
	East Legon Hills
	0
	4
	0
	0
	4

	UPE
	Airport
	0
	5
	16
	19
	40

	UIS
	Avenor
	0
	6
	0
	0
	6

	Total
	
	89
	640
	456
	434
	1619



[bookmark: _Hlk207539355]Species discrimination and distribution of resting An. gambiae s.l. across study sites
An. coluzzii was the predominant species across both seasons [ rainy (63.78%, 375/588), dry (63.25, 191/307)] and resting sites [ indoor (59.25%, 237/400), outdoor (67.14%, 329/490)]. Its abundance was higher outdoors than indoors and peaked during the rainy season. An. gambiae s.s. was less abundant (28.09%, 250/890), while hybrids were the least identified in both seasons (Figure 3).
Figure 3: Species discrimination and distribution of resting An. gambiae s.l. across study sites
Re-use Potential
This dataset provides detailed information on An. gambiae s.l. populations across urban and peri-urban sites in Accra, Ghana. It captures seasonal variation, species composition, and indoor–outdoor resting and host-seeking behavior, offering insights into urban malaria transmission dynamics.
Researchers can use the data to assess spatial and seasonal patterns, evaluate the influence of socio-environmental factors, and improve surveillance methods in urban settings. Public health programs can apply it to design targeted, evidence-based vector control strategies, while also serving as a baseline for studying mosquito adaptation and informing broader vector ecology and disease surveillance in urban Africa.
Data availability
The dataset presented in this study is accessible through the GBIF repository (21).
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