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Abstract 

Background  Malaria is endemic in Senegal, with seasonal transmission, and the entire population is at risk. In recent 
years, high malaria incidence has been reported in urban and peri-urban areas of Senegal. An urban landscape 
analysis was conducted in three cities to identify the malaria transmission indicators and human behavior that may 
be driving the increasing malaria incidence occurring in urban environments. Specifically, mosquito vector bionomics 
and human sleeping behaviors including outdoor sleeping habits were assessed to guide the optimal deployment 
of targeted vector control interventions.

Methods  Longitudinal entomological monitoring using human landing catches and pyrethrum spray catches 
was conducted from May to December 2019 in Diourbel, Kaolack, and Touba, the most populous cities in Senegal 
after the capital Dakar. Additionally, a household survey was conducted in randomly selected houses and residential 
Koranic schools in the same cities to assess house structures, sleeping spaces, sleeping behavior, and population 
knowledge about malaria and vector control measures.

Results  Of the 8240 Anopheles mosquitoes collected from all the surveyed sites, 99.4% (8,191) were An. gambiae 
s.l., and predominantly An. arabiensis (99%). A higher number of An. gambiae s.l. were collected in Kaolack (77.7%, 
n = 6496) than in Diourbel and Touba. The overall mean human biting rate was 14.2 bites per person per night (b/p/n) 
and was higher outdoors (15.9 b/p/n) than indoors (12.5 b/p/n). The overall mean entomological inoculation rates 
ranged from 3.7 infectious bites per person per year (ib/p/y) in Diourbel to 40.2 ib/p/y in Kaolack. Low anthropo‑
philic rates were recorded at all sites (average 35.7%). Of the 1202 households surveyed, about 24.3% of household 
members slept outdoors, except during the short rainy season between July and October, despite understanding 
how malaria is transmitted and the vector control measures used to prevent it.

Conclusion  Anopheles arabiensis was the primary malaria vector in the three surveyed cities. The species showed 
an outdoor biting tendency, which represents a risk for the large proportion of the population sleeping outdoors. As 
all current vector control measures implemented in the country target endophilic vectors, these data highlight poten‑
tial gaps in population protection and call for complementary tools and approaches targeting outdoor biting malaria 
vectors.
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Background
In Senegal, malaria remains endemic and represents a 
major cause of morbidity and mortality, making malaria 
control a high priority for the government. Over the past 
two decades, the government of Senegal, supported by 
its partners and key stakeholders, has worked to reduce 
malaria burden in affected populations. Proven effective 
interventions including malaria vector control and case 
management have been implemented within the country, 
enabling a substantial decrease in malaria cases between 
2008 and 2019 [1–3]. The country remains a leader in 
piloting and scaling up new recommendations and inno-
vative strategies. In 2016, the National Malaria Control 
Programme (NMCP) adopted a National Strategic Plan 
(NSP) which aimed to achieve malaria pre-elimination 
in low transmission zones by 2020. To achieve this goal, 
different interventions have been implemented across 
the country. Mass campaigns and routine distribution of 
insecticide-treated nets (ITNs) are implemented country-
wide to protect the population, including children under 
5 years of age and pregnant women, who are at greatest 
risk. The country distributed 9.3 million standard ITNs 
during the 2019 mass distribution campaign, represent-
ing coverage of 95% of targeted households. During the 
2022 mass ITN distribution campaign, 14,242,000 ITNs, 
including both standard and new types of ITNs, were dis-
tributed across the country, for mean coverage of approx-
imately 98%. Additionally, indoor residual spraying (IRS) 
has been implemented in selected health districts since 
2007 either by the government of Senegal or by part-
ners such as the U.S. President’s Malaria Initiative (PMI). 
Standard case management interventions are imple-
mented nationwide, with case investigation and reactive 
case detection undertaken in low transmission areas. The 
regions of highest transmission (Tambacounda, Kolda, 
and Kedougou) receive seasonal malaria chemopreven-
tion (SMC) and are prioritized for proactive commu-
nity-level malaria case management. As a result of these 
interventions, parasitemia in children under 5  years of 
age has fallen from 6% nationwide in 2008 to less than 1% 
nationwide in 2016, demonstrating a decline in transmis-
sion [1].

Malaria transmission is concentrated during the 
rainy season between July and November, with a peak 
in October and November at the end of the rainy sea-
son, where stagnant water facilitates vector population 
increases. Malaria incidence is stratified, with moderate 
to high malaria incidence in the southeast and decreased 

incidence toward the northern part of the country [4]. 
Anopheles gambiae sensu lato is the primary malaria 
vector across the country, and Anopheles funestus s.l. 
is a secondary vector occurring in specific sites which 
have been characterized in recent years [5–8]. How-
ever, despite all the intervention efforts and gains made, 
malaria remains a public health problem in certain areas 
of the country, including urban areas where seasonal 
transmission is affected by rainfall and persistent flood-
ing. Furthermore, increased economic development due 
to overcrowding and urban expansion and subsequent 
environmental changes such as lack of water drainage 
systems and limited use of malaria preventive measures 
have led to an increase in malaria in urban areas. This is 
of concern across the African continent due to growing 
urbanization trends in all countries, including Senegal, 
invasion of new vectors such as Anopheles stephensi, and 
the increased risk of uncontrolled malaria cases [9–15]. 
Therefore, the characterization of transmission dynamics 
in urban areas is crucial to maintaining progress in Sen-
egal toward targeted and sustainable control.

Thus, to support the NMCP to better select and imple-
ment appropriate vector control strategies targeting 
urban settings, a landscape analysis was conducted from 
May 2019 to January 2020 to identify entomological and 
human behavioral risk factors in Diourbel, Kaolack, and 
Touba, the three most populous cities after Dakar, and 
high contributors to malaria cases observed in Senegal.

Methods
Study design
The overall study design and outcome are summarized 
in Fig.  1, presenting the different approaches used to 
address the study objective: adult vector surveillance, 
human population behavioral questionnaire, and malaria 
prevention knowledge. In this study, the adult vector 
and human behaviors are described, as these two fac-
tors are related. Monthly adult entomological data were 
collected to determine vector density, biting times, feed-
ing preferences, species composition, and infection rate. 
Human population behavior was recorded through a 
household questionnaire to estimate the attitudes of 
inhabitants toward malaria and vector control measures 
implemented by the country (Fig. 1).
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Study sites
The study was conducted from May to December 2019 in 
Diourbel, Touba, and Kaolack. All three cities are in the 
western part of the country and in the Sudano-Sahelian 
geographical zone, where malaria remains hyperendemic 
(Fig. 2). The city of Diourbel has the highest population 
density, with a mean of 20.8 inhabitants per house, com-
pared to 4.5 in Touba and 4.2 in Kaolack. However, vul-
nerable populations such as children under 5 years of age 
and pregnant women were higher in Touba and Kaolack 
than in Diourbel. For each city, the sites monitored were 
selected from health posts within the main city or in the 
surroundings (Fig. 1).

Diourbel (14° 39′  18″  N, 16°  13′  53″  W) is about 
145  km from Dakar, with an estimated population of 
322,762 inhabitants according to the most recent cen-
sus (2019) conducted after the latest ITN mass distribu-
tion campaign [2]. With a mean temperature above 40 °C 
during the long dry season (from November to June) 
and annual average rainfall of 486 mm between July and 
October, Diourbel is one of the central peanut-growing 
areas, where traditional peanut oil production and bev-
erage and perfume production are the main economic 
activities. Moreover, the fossil valley crossing the town 
has higher rainfall and allows urban crop cultivation 

throughout the year, including vegetables such as cab-
bages and mint flower, but also creates a suitable habi-
tat for Anopheles vectors and the persistence of malaria, 
with recorded incidence of 10.3, 5.6, and 4.0 cases per 
1000 inhabitants in 2018, 2019, and 2020, respectively [1, 
2, 16].

Touba (14° 51′ 00″ N, 15° 53′ 00″ W) is about 194 km 
from Dakar and represents the second most populous 
city of Senegal after the capital. From the most recent 
census, the population was estimated at 906,514 inhabit-
ants settled in an area of 120 km2, with average annual 
rainfall of 464  mm. Although the temperature and the 
average rainfall are similar to those observed in Diour-
bel, Touba displays higher malaria incidence than Diour-
bel, with 15.9, 11.8, and 14.0 cases per 1000 inhabitants 
in 2018, 2019, and 2020, respectively [1, 2, 16]. Touba is 
a major Senegalese religious center where many annual 
events with high population movement occur, especially 
during the Grand Magal, when approximately four mil-
lion pilgrims from all around the country and abroad 
converge in Touba. As the religious capital of the Mour-
ide brotherhood, Touba is also characterized by a signifi-
cant presence of traditional residential Koranic schools 
called Daaras, where pupils aged 5–15  years live and 
study.

Fig. 1  Workflow demonstrating study design and sample sizes across all three cities
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The third city is Kaolack (14° 10′ 00″ N, 16° 05′ 00″ 
W), located 192 km from Dakar, which had an estimated 
population of 380,010 inhabitants during the most recent 
census. Kaolack is the heart of the peanut-growing basin 
and is located at the crossroads of the trans-Gambian 
and National 1 roads. The main economic activities in the 
area include agriculture, primarily peanut cultivation and 
trading, which brings in populations from various locali-
ties of the country and from Gambia. The city is charac-
terized by a poor water drainage system with open canals 
and several shallows and valleys, creating opportunities 
for mosquito breeding. The average rainfall is 776  mm, 
with malaria incidence of 20.7, 7.7, and 8.7 cases per 1000 
inhabitants in 2018, 2019, and 2020, respectively [1, 2, 
16].

Vector bionomics monitoring
Adult mosquitoes were collected using human landing 
catches (HLCs), conducted by paid collectors, indoors 
and outdoors in six selected houses per city. Collec-
tion was conducted hourly from 8:00 p.m. to 6:00 a.m. 
on two consecutive nights per month in May and from 

July through December 2019 in Diourbel, and from July 
through December 2019 in Kaolack and Touba. Subsam-
ples (about 30% overall) of morphologically identified An. 
gambiae s.l. were randomly selected per collection hour 
per month and ovary-dissected for parity. Additionally, 
indoor resting mosquitoes were collected using pyre-
thrum spray catches (PSC) between 6:00 a.m. and 8:00 
a.m. in 20 randomly selected rooms for each surveyed 
city each month. All mosquitoes collected were morpho-
logically identified to the genus level. Then Anopheles 
mosquitoes were subsequently identified to the species 
or species complex/group level using classical morpho-
logical identification keys [17, 18]. All the Anopheles 
females collected by PSC were sorted by species and by 
abdominal status as unfed, blood-fed, half-gravid, or 
gravid. Anopheles females from both collection methods 
were stored individually in numbered tubes containing 
silica gel for further laboratory processing.

Fig. 2  Geographical location of the cities investigated for both entomological monitoring and household surveys
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Laboratory processing
Subsamples of 729 An. gambiae s.l. collected by HLC and 
PSC were analyzed to determine the members of the An. 
gambiae s.l. complex. The genomic DNA of individual 
mosquitoes was extracted as described by Collins et  al. 
[19], and the members of the An. gambiae species com-
plex were identified using the short interspersed nuclear  
element-based polymerase chain reaction (SINE PCR) 
protocol described by Santolamazza et al. [20].

Subsamples of 483 An. gambiae s.l. females col-
lected by HLC from all surveyed cities were individually 
screened by circumsporozoite enzyme-linked immuno-
assay (ELISA) to detect the presence of the Plasmodium 
falciparum sporozoites as described by Wirtz et al. [21]. 
The blood meal sources of the blood-fed females of An. 
gambiae s.l. collected by PSCs were determined using the 
procedure described by Beier et  al. [22]. The anthropo-
philic rate was calculated as the ratio of females that fed 
on humans to the total number of blood sources iden-
tified. Mixed blood meals were counted for each of the 
hosts involved, two and three times for double and triple 
meals, respectively.

Household survey
Preparation of the survey and conception of tools
A steering committee including key malaria stakehold-
ers in the country and partners was set up to guide the 
household assessment. The protocol for the study was 
shared, reviewed, and approved prior to the training on 
the appropriate data collection procedures for the field 
investigators. A data collection tool was developed and 
integrated into tablets using the Open Data Kit (ODK) 
system. Household structures and other environmen-
tal factors, sleeping behaviors, and existing household 

vector control practices were the main characteristics 
considered in the questionnaire developed for the survey 
(Table 1).

Field data collection
Five investigators were recruited in each city and trained 
for data collection using a questionnaire-based digital 
form and tablets and supervised by the district health 
director. The investigators were recruited within each 
community of residents and spoke each city’s local lan-
guage. Two hundred households were randomly sampled 
using a systematic random sampling approach in the 
catchment area of each of the two selected health posts 
per city, for a total of 1200 households across the three 
cities. Within each household, data were collected from 
either the head of household or any available adult mem-
ber living in the surveyed household in the absence of the 
head of household. Each data collector was assigned to 
visit 20 households per day. Specific data collection was 
conducted in Koranic teaching schools, called Daaras 
in Senegal, hosting children between the age of 5 and 
15 years. The Koranic teacher was the respondent at each 
of the schools surveyed. At least five Daaras from each 
area were selected by the health nurse, and each Daara 
was considered a household.

A subsample of 100 households from each health post 
catchment area included in the survey were selected to 
participate in the knowledge, attitudes, and practice 
(KAP) survey on malaria transmission factors and vector 
control tools and interventions, for a total of 600 house-
holds across the three cities.

Table 1  Summary of indicators for household survey

Data category Expected outcomes

Household demographics Number of household members
Number of children < 5
Number of pregnant women

Structure Number of eligible structures
Type of roof and wall building materials
Number of windows and doors
Presence of curtains

Sleeping spaces Location (inside and/or outside)
Number/type of beds (mats, other types of supports)

Sleeping behavior Outdoor sleeping frequency/times
Number of people per sleeping space
Reasons for sleeping outside

Vector control practices Type of vector control practices
Number/type of hanging nets
Number of people sleeping under a net (pregnant 
women/children < 5)
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Statistical analysis
Linear regression using SPSS Statistics 25, was used to 
compare mean of human biting rates and indoor rest-
ing densities over the collection period and between the 
different study cities. All tests were performed at the 5% 
significance level. Vector population percentages were 
calculated per city using the proportion of each species 
recorded. Similarly, the survey indicators were calcu-
lated using the proportion of each indicator divided by 
the total numbers collected. The mean human biting rate 
(HBR) and entomological inoculation rate (EIR) for each 
city were calculated as the average monthly HBRs and 
EIRs, respectively.

Results
Entomological vector bionomics monitoring
Species composition
Overall, a total of 8420 Anopheles mosquitoes were col-
lected by HLC and PSC across all three cities. All the col-
lected Anopheles specimens belonged to An. gambiae s.l., 
An. funestus s.l., and An. pharoensis.

With 77.7% (n = 6546) of the total collection, the city of 
Kaolack had the highest proportion of Anopheles (Figs. 2 
and 3), followed by Touba and Diourbel, where 1382 
(16.4%) and 492 (5.8%) specimens were collected, respec-
tively. Overall, An. gambiae s.l. (n = 8366/8420; 99.4%) 
was the most common Anopheles collected across the 
three study areas. Only a single specimen of An. funestus 
s.l. was collected by HLC in Touba, and three An. phar-
oensis were caught by HLC in Touba and 50 in Kaolack. 

Of the total An. gambiae s.l. collected in the three cities, 
927 were dissected, with an overall mean parity rate of 
35.5%, including 31.6% (n = 37/117) in Diourbel, 41.1% 
(n = 140/341) in Touba, and 33.7% (158/469) in Kaolack 
(Table 2, Additional file 1).

Anopheles gambiae s.l. was the only Anopheles species 
found resting indoors (PSC) in all three cities (Table 2).

Molecular identification of the members of the An. 
gambiae s.l. complex revealed that during the study 
period, the complex was represented only by An. arabi-
ensis and An. coluzzii, with the notable absence of An. 
gambiae sensu stricto (s.s.). Of the 729 An. gambiae s.l. 
mosquito species identified, 24 failed to amplify. Overall, 
An. arabiensis was the only species of the complex found 
in Diourbel, and the most predominant in the two other 
cities (Touba and Kaolack) regardless of the collection 
method. Anopheles coluzzii was found only in Kaolack 
and Touba (Table 2).

Host‑seeking behavior and biting cycle of An. gambiae s.l.
During the study period, An. gambiae s.l. showed pre-
dominantly outdoor biting behavior in all three cities, 
especially in Touba. About 61% of the mosquitoes were 
collected outdoors in Diourbel, 54% in Kaolack, and 65% 
in Touba. The An. gambiae s.l. complex presented the 
highest hourly biting rates both indoors and outdoors in 
Kaolack (Fig. 2, Additional files 1 and 2), where the bit-
ing rate was higher indoors during the first half of the 
night from 9:00 p.m. to 1:00 a.m. and shifted during the 

Fig. 3  Mean indoor and outdoor hourly biting rates of An. gambiae s.l. in Diourbel, Touba, and Kaolack
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second half of the night, with more females biting out-
doors despite a notable indoor biting peak between 3:00 
a.m. and 4:00 a.m. The HBR of An. gambiae s.l. was lower 
in Kaolack than in either Diourbel or Touba (Fig.  2). In 
these two cities, the biting rate of An. gambiae s.l. females 
was nearly the same, with fewer than three bites per per-
son per hour (b/p/h) both indoors and outdoors. The bit-
ing rate increased slightly between 8:00 p.m. and 12:00 
a.m. in both Diourbel and Touba, then stalled through 
the remainder of the night.

The mean monthly HBR was significantly higher in 
Kaolack (R Square = 0.994; Std. Error = 5.89; df 1 = 2; df 
2 = 4, P < 0.0001, P < 0.001), with 37 bites per person per 
night (b/p/n), than in Touba (7 b/p/n) and Diourbel (1 
b/p/n) (Fig. 3, Additional files 1 and 2). Furthermore, the 
outdoor HBR was significantly higher in Touba (65% of 
the collections outdoors) (R Square = 0.981; Std. Error = 
0.61; df 1 = 1; df 2= 4; P < 0.0001, P < 0.001), particularly 
during the month of September when the peak density 
was recorded, while in Diourbel and Kaolack, the trends 
were fairly similar indoors and outdoors. Overall, two 
specific biting tendencies were observed during the col-
lection period: a single peak during the rainy season, and 
lower density before and after the peak, corresponding 
to the start and end of the dry season, respectively. The 

HBRs recorded during the dry season were four, 30, and 
44 times lower than those of the rainy season in Diourbel, 
Touba, and Kaolack, respectively (Fig. 3).

Indoor resting density of An. gambiae s.l.
The analysis of the resting behavior of An. gambiae s.l. 
showed that the mean indoor resting density (IRD) was 
significantly (R Square = 0.952; Std. Error = 4.33; df 1 
= 2; df 2 = 4; P < 0.02, P < 0.001) lower in Diourbel and 
Touba, with only one female per room, than in Kaolack, 
with eight females per room (Fig.  4, Additional files 1 
and 2). The highest IRD was recorded during the rainy 
season, with a mean of 15 females per room in Kaolack. 
During the dry season, less than one female of An. gam-
biae s.l. per room was collected in any of the surveyed 
districts.

The IRD increased gradually in all districts from 
August, at the start of the rainy season, and peaked in 
September, with an average of 44 females collected per 
room in Kaolack. However, a drastic drop in mosquito 
resting density was observed as early as October, with 
less than two females/room in all districts.

Fig. 4  Indoor and outdoor HBRs and IRD of An. gambiae s.l. collected per site during the collection period
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Plasmodium falciparum infection rate and entomological 
inoculation rate of An. gambiae s.l.
Overall, the P. falciparum infection rates of An. gam-
biae s.l. were relatively low and not significantly different 
between the cities.

However, due to differences in HBR, the annual EIR 
of An. gambiae s.l. was lowest in Diourbel, with 3.65 
infective bites per person per year (ib/p/y), compared to 
Touba at 7.31 ib/p/y, and highest in Kaolack with 40.21 
ib/p/y (Table 3).

Household survey
A total of 1202 households were surveyed across the 
three cities, with 11,998 inhabitants recorded including 
2117 children under 5 years and 138 pregnant women 
(Table 4). The mean number of household members was 
around 10 per house in all cities. The number of children 
under 5 years and pregnant women per household was 
similar across all districts as well (Table 4). Most of the 
houses surveyed were made of cement (92.5%) with a 
zinc roof (66.9%) and straw (6.0%). It was also noted that 
most houses in all three cities had windows (88.8%), with 
21.2% of them protected with mesh as a mosquito barrier.

Of the 624 individuals who participated in the house-
hold survey (215 in Diourbel, 201 in Touba, and 208 in 
Kaolack) and were questioned about malaria knowledge, 
causes, and prevention methods, there were no refus-
als, and nearly all (98%) knew of malaria while 64.7% 
considered mosquitoes as the main cause of malaria. 
Additionally, an ITN was the most frequently cited pre-
vention method in all cities, followed by use of sprays 
and repellents. Other prevention methods proposed by 
the respondents included avoiding the sun, early sleeping 

time, use of fans, and limiting the entrance of mosquitoes 
into the house using by screening windows and doors.

Over 50% of sleeping spaces were shared by two peo-
ple in all cities while 30% of Diourbel and Kaolack house-
holds reported sleeping spaces shared by three people. 
The percentage of more than five people in the same bed 
was as low as 2%. All sleeping spaces were checked for 
the presence of ITNs both indoors and outdoors, show-
ing indoor ITN coverage of 84–92% and outdoor cover-
age of 83–94% across all cities. As the households possess 
a sufficient supply of ITNs following several mass distri-
butions, both indoor and outdoor sleeping spaces were 
covered wherever the sleepers were. The percentage of 
household members who had slept with an ITN during 
the past week was high in Kaolack at 91.2% and Diour-
bel at 85.8%, but much lower in Touba at 19.9%. Children 
under the age of 5 (88.3%) and pregnant women (87.0%) 
had relatively high ITN utilization in all three cities. 
Although overall household utilization was highest in 
Kaolack at 91.2%, ITN utilization by pregnant women in 
Kaolack was the lowest, at 73.0% (Additional file 3).

Data were only collected on respondent behaviors 
related to time spent sleeping outside, not all household 
members. Of the respondents who answered the ques-
tion about the sleeping location and time, 24.3% slept 
outside, and most of the time spent outside was in the 
first half of the night (before midnight). Among the three 
districts, Touba had the largest proportion of household 
members who reported having slept outside during the 
past week (35.6%), and of these, about 38.0% used ITNs 
to protect themselves while sleeping outdoors. The most 
common reason for sleeping outdoors was the heat inside 
the rooms during the long period of the dry season. 

Table 3  Entomological inoculation rate of An. gambiae s.l. in Diourbel, Touba, and Kaolack

CSP circumsporozoite, SR sporozoite rate, b/p/n bites per person per night, b/p/y bites per person per year

City HBR No. ELISA-tested No. CSP-positive SR EIR (b/p/n) Annual EIR (b/p/y)

Diourbel 1.301 203 1 0.0049 0.01 3.65

Touba 1.792 104 1 0.0096 0.02 7.31

Kaolack 10.058 176 2 0.0114 0.11 40.21

Table 4  Household inhabitants and ITN owners

City No. of 
households 
surveyed

No. of inhabitants Overall ITN owners No. of 
children < 5

No. of children 
with ITN (%)

No. of 
pregnant 
women

No. of pregnant 
women with ITN 
(%)

Diourbel 411 4169 3575 (85.8%) 688 600 (87.2%) 38 34 (89.5%)

Touba 391 3747 744 (19.9%) 824 750 (91.0%) 63 59 (93.7%)

Kaolack 400 4082 3721 (91.2%) 605 519 (85.8%) 37 27 (73.0%)

Total 1202 11,998 8040 (67.0%) 2117 1869 (88.3%) 138 120 (87.0%)
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However, the limited number of sleeping spaces or rooms 
for family members also contributed to outdoor sleep-
ing. The other reasons mentioned included the fact that 
some respondents worked as security guards, while some 
assumed that there were more mosquito bites indoors 
than outdoors (Table 5, Additional file 3).

Behavior in city  Daaras
Thirty-four     Daaras were visited across the three cities 
including nine in Diourbel, 15 in Touba, and 10 in Kaol-
ack. A higher proportion of Daara residents slept outside 
in Touba (68.3%) and Kaolack (68.2%) than in Diourbel 
(58.0%) (Table 6, Additional file 3), and most of the out-
door sleeping occurred during the first half of the night 
(between 7:00 pm and 12:00 pm) in all cities (80.0%). 
The children often slept on a single floor mat when avail-
able or slept directly on the floor in some of the Daaras, 
making it difficult to provide protection using individual 
ITNs.

Across all cities,           Daara residents slept outdoors 
mainly due to heat and the high number of school chil-
dren. However, about 87.8% of the Daara residents slept 
under ITNs in Touba, 25.9% in Diourbel, and 64.5% in 
Kaolack.

Discussion
A major public health concern in Senegal and globally 
is whether urbanization might be shifting malaria from 
a rural to an urban disease [13, 23]. Urban malaria has 
been the focus of several studies given that the imple-
mentation of rural targeted vector control tools such as 

IRS, larval source management (LSM), and even ITNs 
could be logistically challenging in cities where accept-
ance and use are often low due to housing types and con-
ditions [10, 13, 24]. To better understand and prevent 
urban malaria, this study was designed to identify human 
behavior and malaria vector population dynamics which 
may contribute to the observed increase in malaria cases 
in three of the most populous cities of Senegal.

The entomological monitoring data revealed a pre-
dominance of An. arabiensis in all three surveyed cities, 
where it displayed variable seasonal density and biting 
behaviors. The vector is known to be present mostly in 
arid areas like the three cities surveyed and as already 
reported in the country [25, 26]. Unsurprisingly, the 
highest vector population density was recorded during 
the rainy season in all three cities, with Kaolack yielding 
the highest HBR over the collection period. The results 
generally showed that the vectors bite indoors and out-
doors, with a higher outdoor tendency throughout the 
study period in all cities, except in Kaolack during the dry 
season.

The study also revealed that the vector population 
longevity estimated through ovary dissection and par-
ity rates of An. gambiae s.l. was relatively low in all three 
cities and over the whole study period, suggesting young 
vector populations, which has critical epidemiologi-
cal importance for malaria transmission risk. This could 
be explained by the proliferation and high productiv-
ity of suitable larval habitats, especially during the rainy 
season, and the high frequency and persistence of man-
made water storage systems in the three cities [27]. Thus, 

Table 5  Outdoor sleeping and reasons

City Outdoor sleeping ITNs used outdoors Reason for sleeping outdoor

No. of 
household 
members

No. sleeping 
outside (%)

Outdoor 
sleeping 
space

No. with ITNs 
(%)

No. of 
respondents

Heat, no. (%) Limited 
sleeping space, 
no. (%)

Limited 
rooms, no. 
(%)

Other, no. (%)

Diourbel 4169 967 (23.2%) 361 111 (30.7%) 226 126 (55.8%) 6 (2.7%) 9 (4.0%) 85 (37.6%)

Touba 3747 1334 (35.6%) 392 168 (42.9%) 201 163 (81.1%) 2 (1.0%) 4 (2.0%) 32 (15.9%)

Kaolack 4082 620 (15.2%) 422 167 (39.6%) 132 76 (57.6%) 3 (2.3%) 3 (2.3%) 50 (37.9%)

Total 11,998 2921 (24.3%) 1175 446 (38.0%) 559 364 (65.1%) 11 (2.0%) 16 (3.2%) 167 (29.9%)

Table 6  Percentage of sleeping locations  in Daaras

No.  Daaras visited No. structures 
identified

No. rooms 
identified

No. people sleeping 
inside (%)

No. people sleeping 
outside (%)

Total 
sleepers 
recorded

Diourbel 9 28 33 47 (42.0) 65 (58.0) 112

Touba 15 27 66 102 (31.7) 220 (68.3) 322

Kaolack 10 21 40 77 (31.8) 165 (68.2) 242

Total 34 76 139 226 (31.4) 450 (66.6) 676
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the monitoring of vector population dynamics and larval 
habitats during this particular period of the year could be 
used to implement targeted vector control approaches, 
such as LSM, to supplement core interventions in urban 
settings wherever larval habitats are few, findable, and 
fixed, as recommended by the World Health Organiza-
tion  (WHO) [28].

Anopheles arabiensis was the primary vector across 
the study area and potentially plays the main role in 
malaria transmission in the surveyed cities. The low 
anthropophagy and longevity of An. arabiensis popula-
tions may explain the level of malaria transmission across 
the study area, with low P. falciparum (Pf) sporozoite 
infections recorded, although the small number of mos-
quitoes analyzed may limit the probability of detecting 
Pf-positive specimens. The annual EIRs recorded in all 
cities ranged from 3.7 ib/p/y in Diourbel to 40.2 ib/p/y in 
Kaolack, which may be considered low in comparison to 
rural and even urban settings elsewhere [9, 29]. Though 
the transmission could be low due to the low physiologi-
cal age of host-seeking females, these data could contrib-
ute to appropriate measures for malaria elimination in 
these cities using closed monitoring and targeted vec-
tor control tools in putative hotspots. Furthermore, the 
incidence of urban malaria is likely underestimated due 
to the low level of reporting among private-sector health 
service providers and to the assumption that several con-
trol and prevention tools are easily accessible to urban 
populations [10, 30]. The higher concentration of both 
public and private health facilities in urban settings cre-
ates ideal conditions for urban populations to seek care 
and treat themselves against several vector-borne dis-
eases including malaria. Therefore, additional consid-
erations are needed to distinguish autochthonous cases 
from those imported from surrounding rural and peri-
urban areas, and proactive and reactive vector control 
measures for urban populations, which likely display the 
lowest immunity [31].

The investigation of human sleeping behaviors along 
with vector dynamics revealed that during the dry sea-
son, members of most of the surveyed households spent 
more time outdoors during the night due to the heat, 
exposing themselves to vector bites and sleeping in con-
ditions that are not ideal for ITN use. The crowding of 
youth was seen in several Daaras in Touba, where pupils 
spent a good deal of time outdoors, especially during 
nighttime learning the Koran, generally from 6:00 p.m. to 
9:00 p.m. and sometimes late in the night, or early in the 
morning (5:00 a.m. to 7:00 a.m.), times when An. gambiae 
s.l. was actively biting. The time spent outdoors and out-
door sleeping behaviors of a large number of inhabitants, 
unprotected by any vector control tool, could increase 
the risk of malaria. This highlights the need for targeted 

complementary control interventions specific to Daaras, 
which are quite different living quarters from traditional 
houses. Recent studies have reported the importance of 
simultaneous human and vector behavior assessments as 
an approach to better understand the bidirectional feed-
back between human and vector behaviors and how they 
may shift in response to the deployment of vector control 
tools such as IRS and ITNs [32–34].

In this study, knowledge regarding the sources of 
malaria transmission and preventive measures was 
high in all three urban areas, which could be an impor-
tant asset to support community-based vector control 
strategies. Even though other factors such as hous-
ing characteristics, population behavior, or agricul-
tural activities could impact vector density and species 
composition and/or behavior, knowledge of disease 
transmission and prevention could support the imple-
mentation and impact of vector control strategies [35]. 
In addition, as reported in the country’s Demographic 
and Health Survey (DHS) and Malaria Indicator Sur-
vey (MIS) 2020–2021, overall household ITN coverage 
and usage were relatively low across the country, with a 
mean of 58% and 46%, respectively. In particular, these 
were lower in urban (51% coverage and 38% usage) than 
rural areas (63% coverage and 53% usage) [36]. Fur-
thermore, ITN use was higher in Diourbel and Kaol-
ack than in Touba, where only 19.9% of the distributed 
ITNs were utilized, which is a concern for the NMCP 
and its partners in their attempt to eliminate the dis-
ease. Though Islam is the main religion of the country 
(92–95% of the population), the city of Touba has the 
particularity of being considered a holy city in Sen-
egal, hosting many Koranic schools where the sleep-
ing conditions of the pupils may not be appropriate for 
ITN use. However, children under 5  years and preg-
nant women were still well protected with ITNs in the 
households of each city. Near-optimal ITN utilization 
(defined as ≥ 80% use) by pregnant women and children 
under 5 was documented, except in Kaolack, where 
ITN utilization by pregnant women was 73%.

Touba had the highest number of Daaras, though only 
selected Daaras were investigated. About 59% of the 
inhabitants in the Daaras across the three cities slept out-
doors, particularly during the first half of the night. The 
ITN coverage and use in Daaras warrants further inves-
tigation, as ITNs are usually designed for individual beds 
and are not appropriate for Daaras due to the number of 
children, group sleeping behavior, and limited sleeping 
spaces. Furthermore, additional interventions need to 
be identified to address the vector control gap caused by 
outdoor sleeping and learning behaviors during the peak 
biting hours by vectors. These complementary interven-
tions should align with the WHO recommendations and 
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country target of achieving at least 80% ITN coverage 
and use for all at-risk populations to reduce vector popu-
lations. High ITN coverage and use may also contribute 
to a significant reduction in malaria cases and protect 
the entire population, including non-ITN users [37, 38]. 
Among the three cities, Diourbel showed the highest 
ITN use, with about 80% of the population found sleep-
ing under ITNs. This could contribute to the low trans-
mission observed in Diourbel among the three cities 
surveyed. Furthermore, additional education about the 
uptake and use of ITNs during the transmission period 
could be implemented within the urban population to 
reduce the contact between humans and vectors. How-
ever, depending on the level of transmission occurring 
in urban areas relative to other settings, prevention and 
control strategies may need to be modified extensively to 
adapt to the heterogeneity in environments and human 
and vector dynamics [23].

Although the data recorded in this study would sup-
port the country regarding vector control strategies, a 
few limitations can be noted. For example, no data were 
collected on human or vector behavior associated with 
ITN use to enable quantification of the true gaps in  pro-
tection provided by vector control interventions, and to 
identify targeted approaches to ensure the effectiveness 
of control tools on malaria transmission. An additional 
limitation was that, although household selection was 
randomized, the heterogeneity in population and hous-
ing density across the cities could affect the generalizabil-
ity of these findings.

Conclusion
Overall, given the complexities of the three cities sur-
veyed and the variation in human and vector dynam-
ics observed, a targeted, cost-effective, and sustainable 
community-based vector control intervention can be 
developed for each specific context based on the human 
and vector behavior data provided here, and integrated 
with available epidemiological data to better character-
ize malaria hotspots and risk across the study areas. To 
better guide the NMCP’s decision-making, the results 
obtained from this study could help to fine-tune poten-
tial intervention combination scenarios to be under-
taken, including (i) personal protection measures for 
Daaras using topical repellents for schoolchildren dur-
ing learning hours, (ii) house improvement strategies to 
make structures and sleeping spaces mosquito-proof by 
screening doors and windows and/or impregnating cur-
tains for doors and windows to reduce mosquito entry 
and longevity, (iii) use of treated eave tubes, (iv) tailor-
ing of available ITNs to adapt to sleeping spaces for chil-
dren in Daaras, and (v) implementation of LSM in Touba 

and in Diourbel as a complementary vector control tool 
to ITNs to target outdoor biting An. arabiensis vectors. 
However, future larval surveillance and habitat mapping 
will be needed to provide information on spatial hetero-
geneity in vector distribution data to determine the feasi-
bility of LSM.
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