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INTRODUCTION

Malaria remains a critical public health issue, particularly
in sub-Saharan Africa, where it significantly impacts
morbidity and mortality rates (De Silva & Marshall, 2012;
O’Meara et al.,, 2010; Tusting et al., 2017; Yimam et al,,
2021). This disease is caused by parasites of the genus
Plasmodium and transmitted through the bite of female
Anopheles mosquitoes (Nundu et al., 2021; Riveron et al,,
2018). Despite significant global health efforts, malaria
continues to be a leading cause of illness and death
worldwide, with an estimated 249 million cases and
608,000 deaths reported in the latest World Malaria Report
(World Health Organization [WHO], 2023). The African
continent bears the brunt of this burden, accounting for 94%
of global malaria cases and 95% of related deaths (WHO,
2021, 2022, 2023). Within Africa, countries like Nigeria, the
Democratic Republic of the Congo (DRC), Uganda, and
Mozambique report the highest incidence and mortality
rates (WHO, 2021, 2022, 2023). In the DRC, the National
Malaria Control Program (NMCP) reported 27,296,419
cases and 24,880 deaths in 2022, highlighting a significant
increase compared to previous years (Programme
National de Lutte contre le Paludisme [PNLP], 2022).

Long-lasting insecticidal nets (LLINs) and indoor residual
spraying (IRS) are primary interventions, but their
effectiveness is compromised by the rise of insecticide
resistance and changes in vector behavior, such as
increased outdoor biting (Kouassi et al., 2023; Lelisa et al,,
2017). Entomological surveillance is crucial for optimizing
malaria control strategies. Accurate data on vector
distribution, abundance, and behavior are necessary to
adapt interventions to local conditions. Sentinel site-
specific studies provide valuable insights into these
aspects, but there remains a research gap in understanding
vector bionomics at these sites. This lack of detailed, site-
specific information hinders the development of targeted

and effective vector control measures.

Current strategies, including the introduction of new
LLINs with synergistic agents like pyrethroid-PBO and
targeted IRS, are informed by entomological data (N'do et
al., 2021; Zanga et al., 2022). However, the effectiveness of
these interventions varies due to the heterogeneity in
malaria transmission and vector resistance patterns

(Matubi et al.,, 2020; Nguiffo-Nguete et al., 2023). Thus,

continuous entomological monitoring is essential to adapt
strategies to evolving vector dynamics and environmental
conditions. This study aims to address the research gap by
conducting a comprehensive entomological survey at
sentinel sites over three years (2021 to 2023). By examining
vector species composition, biting behavior, and resistance
profiles, the study will provide crucial data to guide the
optimization of malaria control strategies and enhance the
effectiveness of intervention programs. Understanding
these dynamics will inform more targeted and effective
malaria control measures, ultimately contributing to better
health outcomes in endemic regions.

METHODS

Study Locations
The study was conducted in 22 Democratic Republic of the
Congo (DRC) NMCP sentinel site health zones.

Figure 1:
NMCP/DRC sentinel sites

Zs ss

[T SITE PNLP

I SITE PMI

B INSECURITE 2l
| MIXTE ’ \,:S%

.
\’J Editeur: PMM_PNLP_S&E

Source: PNLP

o 25  500km
Random Selection of Households
To ensure a representative sample and reduce selection
bias, households were randomly selected from each
sentinel site. The process began with a comprehensive
household list provided by local health authorities. From
this list, households were chosen using a random number
generator to ensure that every household had an equal
chance of being included. The selection process was
stratified to include various neighbourhoods and socio-
economic groups within each site to account for potential
variability in malaria transmission and vector bionomics.

Criteria for Household Selection and Controls
Inclusion Criteria: Households were included if they were
located within the designated sentinel site boundaries and
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had been present in the area for at least six months to
ensure stability in vector populations.

Exclusion Criteria: Households were excluded if they had
recently undergone major construction or renovation,
which could potentially alter local vector habitats or
behaviours.

Geographical Controls: The random selection was balanced
to include households from both urban and rural areas
within each sentinel site, aiming for consistency in
environmental conditions.

Temporal Controls: Data collection was conducted during
the same period across sites to minimize seasonal
variations in vector activity and malaria transmission.

Methods for Data Collection

Human Landing Catch (HLC)

To evaluate mosquito biting time, trophic behaviour, and
biting rate, and to monitor species composition, the
Human Landing Catch method was used (Hii et al., 2000).
(Reco) adult
mosquitoes over five consecutive nights in different

Trained community relays captured
dwellings, i.e., a total of 10 dwellings per half-year. One
person was placed inside, and another outside each
dwelling as capturers, taking turns after six hours. All
Anopheles mosquitoes collected by HLC were identified to
species level using morphological characteristics and a
dichotomous key (Gillies & Coetzee, 1987). Quality control
was performed by entomologists from the NMCP and the
Kinshasa University School of Public Health. The
Anopheles mosquitoes were preserved in 1.5 ml Eppendorf
tubes on silica gel for further molecular analysis by the

Kinshasa School of Public Health.

Figure 2:
Human landing catch

Pyrethrum Capture (PC)

Pyrethrum capture (PC) was carried out in the morning
from 6:00 to 9:00 a.m. in the same areas as the HLCs but in
different houses to estimate the resting density (Thomson,
1947). Before the PCs were conducted, all occupants were
asked to leave their homes. The rooms were sprayed with
a commercially available aerosol containing pyrethroids
and PBO to stun any mosquitoes resting inside the
dwellings. Twenty minutes after spraying, all mosquitoes
that had fallen on their backs were collected on a white
sheet spread over flat surfaces. The female Anopheles
mosquitoes were classified according to four physiological
states of the abdomen (fasting, gorged, semigravid, and
gravid). After morphological identification in the field,
each collected mosquito was correctly labelled and placed
in an Eppendorf tube containing silica gel. Identification
was verified by an NMCP entomologist upon returning to
Kinshasa.
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Figure 3:
Pyrethrum capturing

Limitations of Methods
Human Landing Catch (HLC)
HLC

mosquitoes, posing a risk of malaria transmission to

Ethical Concerns: involves direct contact with

collectors.  Proper  precautions and antimalarial
prophylaxis are essential to mitigate this risk (Hii et al.,

2000).

Bias: HLC may not capture mosquitoes that bite outside
the sampling period or those that do not bite humans
(Gillies & Coetzee, 1987).

method
manpower and training, which may not be feasible in all

Labour-Intensive: ~ The requires  significant

settings.

Pyrethrum Spray Catch (PSC)

Limited Coverage: PSC only captures mosquitoes that rest
indoors, potentially missing vectors that prefer outdoor
resting sites (Thomson, 1947).

Interference from Vector Control: The presence of insecticide-
treated surfaces can affect collection efficiency, potentially
leading to underestimation of mosquito populations.

Seasonal Variation: The effectiveness of PSC can be
influenced by seasonal changes in vector behaviour and

environmental conditions (Thomson, 1947).

Entomological Indicators of Malaria Transmission
influence the

transmission of malaria to humans. Quantitative estimates

In specific locations, several factors
of transmission are based on a number of mathematical

indices calculated from data collected during

entomological surveys.

Period of Aggressiveness

This refers to the proportion of aggressive attempts by
adult female vectors inside or outside dwellings at a
particular time during their period of activity at night.

Aggressiveness (ma)

The bite rate or aggressiveness represents the number of
bites per person per unit of time. The average bite rate per
person was calculated by dividing the average number of
mosquitoes collected per site by the number of trap nights.
The indoor and outdoor ma were expressed per night and
disaggregated by mosquito species. It was assessed both
inside and outside households. Aggressiveness was
determined on the basis of nightly mosquito captures

(Initiative Malaria Elimination, 2020).

Place of Aggressiveness

This is the proportion of successful attempts at aggression
or blood-feeding by adult female vectors inside and
outside dwellings per unit of time.

Aggressiveness Rate

The aggressiveness rate is also known as the product of
anopheline density in relation to humans (m) and the
anthropophilicity rate (a). It is expressed as the number of
Anopheles bites per human per unit of time. It is obtained
by dividing the total number of Anopheles captured by the
number of individuals used per unit of time.

Physiological Status

This refers to the four states of the abdomen: fasting,
gorged, semigravid, and gravid, of Anopheles mosquitoes
captured during collection.

Ethical Considerations

Ethical approval for the HLC method was obtained from
the relevant research ethics committee before the study.
Informed consent was obtained from all participating
household members, who were provided with detailed
information about the study’s objectives, procedures, and
potential risks associated with HLC. Consent forms clearly
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outlined the measures taken to minimize risks, including
the use of prophylactic antimalarial drugs by the collectors
and strict adherence to safety protocols. Participants were
assured of their right to withdraw from the study at any
time without consequence. To ensure confidentiality, all
personal data collected were anonymized, and results
were reported in aggregate form to protect participants'
identities. The study adhered to international ethical
guidelines for research involving human subjects, with
standards

ongoing assessments to maintain ethical

throughout the study.

RESULTS

The map (Figure 1) illustrates the distribution of sentinel
sites for mosquito species in the Democratic Republic of
the Congo (DRC) from 2021 to 2023, showing areas under
the National Malaria Control Program (PNLP), regions
marked as insecure, areas under the President's Malaria
Initiative's Evolve project (PMI-Evolve), and regions with
overlapping initiatives. The pie charts represent the
composition of different Anopheles mosquito species at
each site, with An. gambiae sl. (green) being the most
predominant species across most sites, followed by An.
funestus grp. (yellow), An. paludis (blue), An. coustani
(turquoise), and An. nili (light blue). Regions like North
Kivu and Ituri are marked for insecurity, while areas such
as Sankuru and parts of Kasai Central show overlapping
from PNLP and PMI-Evolve,
coordinated malaria control efforts. The prevalence of An.

initiatives indicating

gambige sl. highlights its significant role in malaria
transmission in the DRC.

Figure 4:
Diversity of female Anopheles species obtained by night capture on humans (HLC)
and day capture with pyrethrum in houses (CP), DRC
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Figure 4 shows the diversity of female Anopheles species
obtained by night capture on humans (HLC) and day
capture with pyrethrum in houses (CP) in the DRC.

Table 1:

Number of anopheles collected at sentinel sites by capture on human bite from
2021-2023 inside and outside homes and by pyrethrum

SPECIES HLC

INSIDE OUTDOOR rC Total
An. gambiae sl 5277 4591 1194 11062
An. funestus grp 807 989 322 2118
An. nili 18 11 3 32
An. paludis 663 816 198 1617
An. coustani 16 21 6 49
Total 6781 6428 1723 14932

Table 1 provides the number of Anopheles collected at
sentinel sites by human bite capture from 2021-2023,
inside and outside homes, and by pyrethrum capture.

The study collected a total of 14,932 mosquitoes, with An.
gambiae sl. being the most prevalent species (11,062
(2,118
specimens). An. nili was the least collected (32 specimens).

specimens), followed by An. funestus grp.
Notably, An. gambiae sl. was found predominantly indoors,
indicating a high risk of indoor malaria transmission. The
overall distribution showed 6,781 mosquitoes collected
indoors, 6,428 outdoors, and 1,723 by pyrethrum capture
(PC). These findings highlight the critical need for targeted
vector  control  strategies, = emphasizing  indoor
interventions such as long-lasting insecticidal nets (LLINs)
and indoor residual spraying (IRS) to address the high
density of An. gambiae sl. Additionally, the low numbers of
An. nili suggest it may have a less significant role in
transmission compared to other species. Public health
strategies should consider these species-specific patterns
control efforts and reduce

to optimize malaria

transmission effectively.

The overall analysis of variance (ANOVA) comparing
mosquito counts inside and outside revealed an F-statistic
of 0.0029 and a p-value of 0.9583, far beyond the 0.05
threshold. This indicates the absence of a statistically
significant difference between the mean counts in the two
environments for the studied species, suggesting that the
observed variations are likely due to chance rather than an
actual difference between inside and outside. These results
have important public health implications, particularly
concerning malaria transmission. The transmission risk
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appears similar indoors and outdoors, implying that
prevention measures, such as using bed nets and indoor
spraying, should also extend to outdoor spaces. It is
essential to target mosquito breeding sites outdoors, such
as stagnant water, by implementing environmental
management actions like draining marshy areas.
Furthermore, educating populations about the importance
of protecting themselves both indoors and outdoors,
especially during mosquito activity hours, is crucial.
Continuous monitoring of mosquito populations and their
distribution is also necessary to adjust control strategies
based on seasonal or regional variations. These findings
highlight the importance of an integrated approach to
malaria control, combining actions both indoors and

outdoors.

Additionally, the calculated t-statistic is approximately
0.996 with 10 degrees of freedom, and the associated p-
value is greater than 0.05. Therefore, the null hypothesis
cannot be rejected, indicating that there is no statistically
significant difference between the means of the two
groups (HLC and PSC). The observed differences can be
attributed to chance, suggesting that the two methods do
not exhibit significant variation in terms of measured
averages.

The period of aggressiveness of Amnopheles captured
outdoors and indoors by HLC is shown in Figure 5. These
graphics show the locations of bites and the period of
aggressiveness of Anopheles captured by the CAH
technique in the 22 sentinel sites of the NMCP/DRC. From
these 22 sentinel sites, it emerges that in 8 sites the
Anopheles exhibited exophagic behavior, while in the
remaining 14 sites, they remained endophagic.

Table 2 provides an overview of Amnopheles mosquito
collection efforts using Human Landing Catches (HLC)
and night traps across 22 sites in various regions. A total of
14,366 mosquitoes were collected, with the highest
numbers found in Kamina (1,604) and the lowest in
Kimpese (105). The number of traps varied by site, with
most regions using 40 to 80 traps. The mosquito
aggression rate toward humans, measured as the Human
Biting Rate (HBR), ranged from 2 to 20 bites per night,
with Kamina recording the highest HBR (20) and Inongo
the lowest (2). This variability highlights significant

regional differences in mosquito activity and human
exposure to bites, emphasizing areas where malaria
prevention efforts may be most needed.

Table 2 shows the average number of bites per person per
night at the 22 sentinel study sites. The Anopheles bite rate
was particularly high at 8 sites, namely, Kamina (20),
Inongo (17), Kalima (13), Mikalayi (13), Kapolowe (12),
Lodja (11), Mweka (11), and Kalemie (11). The average
Anopheles bite rate was less than 11 at the remaining 14
sites. The average for all sites was 12 bites/night/person.
Figure 6 shows the physiological status of the abdomen of
Anopheles captured by PC. At all sites, the majority of the
Anopheles collected by CP were blood-gorged (50%,
874/1723), followed by semi-gravid (24%, 411/1723),
gravid (19%, 321/1723), and fasted (7%, 117/1723)
individuals. This suggests strong contact between humans
and vectors.

Period of aggressiveness of anopheles captured outdoors and indoors by
HLC

The various figures below (F.5 A-S) show the periods of
aggressiveness of anopheles captured outdoors and
indoors by HLC.

Figure 5:
Period of aggressiveness of anopheles caught per site by HLC
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These graphics above show the locations of bites and the
period of aggressiveness of anopheles captured by the CAH
technique in the 22 sentinel sites of the NMCP/DRC. From
these 22 sentinel sites, it emerges that in 8 sites the anopheles
have shown exophagic behavior, and in the remaining 14 sites

the anopheles are still endophagic.

The Table 2 provides an overview of Anopheles mosquito
collection efforts using Human Landing Catches (HLC)
and night traps across 22 sites in various regions. A total of
14,366 mosquitoes were collected, with the highest
numbers found in Kamina (1,604) and the lowest in
Kimpese (105). The number of traps varied by site, with
most regions using 40 to 80 traps. The mosquito
aggression rate towards humans, measured as the Human
Biting Rate (HBR), ranged from 2 to 20 bites per night,
with Kamina recording the highest HBR (20) and Inongo
the lowest (2). This variability highlights significant
regional differences in mosquito activity and human
exposure to bites, emphasizing areas where malaria
prevention efforts may be most needed.

Table 2:
Anopheles aggressiveness rate at 22 sentinel sites
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HLC

HLC night traps 60 80 40 80 60 80 80 80 40
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humans per night (HBR)
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Table 2 shows the average number of bites per person per
night at the 22 sentinel study sites. The Anopheles bite rate
was particularly high at 8 sites, namely, kamina (20),
Inongo (17), kalima (13), mikalayi (13), kapolowe (12),
lodja (11), mweka (11) and kalemie. The average
Anopheles bite rate was less than (11) at the remaining (14)
sites. The average for all sites was 12 bites/night/man.

Figure 6 below shows the physiological status of the abdomen
of anopheles captured by a PC (pyrethrum capture).
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Figure 6:
Physiological status of the abdomen of anopheles captured by a PC
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Figure 6 shows that at all sites, the majority of the
Anopheles collected by CP were blood-gorged (50%,
874/1723), followed by semi-gravid (24%, 411/1723),
gravid (19%, 321/1723), and fasted (7%, 117/1723)
individuals. This suggests strong contact between
humans and vectors.

DISCUSSION

Studying the bionomics of malaria vectors and their role in
the transmission of infection is critical not only for vector
and parasite surveillance but also for identifying effective
control strategies tailored to the elimination of malaria
(Lobo et al., 2015; Soma et al., 2020). The objectives of this
study, conducted at the NMCP sentinel sites, were to
highlight the behaviors and essential parameters of
malaria transmission by the vectors found at these sites
and to assess the level of transmission. Entomological
monitoring, carried out over three years with two visits
per site annually, enabled us to identify five Anopheles
species, two of which are already implicated in malaria
transmission in the DRC (Loonen et al., 2020; Wat'Senga et
al., 2018b). Similar results have been reported in several
studies conducted across multiple provinces of the DRC
(President's Malaria Initiative [PMI], 2020; Basosila et al.,
2022; PMI, 2018; PNLP, 2023). This diversity of species can
be attributed to various ecological and climatic factors that
shape the biotopes, providing specific breeding grounds
for the larvae of each species, such as permanent streams,
puddles, small dams, and abandoned ponds.

The Anopheles gambiae s.l. complex was found at all study
sites, confirming its dominance in malaria transmission in

the DRC (Bobanga et al., 2016; Nardini et al., 2017; Zanga
et al., 2024). Regarding the period of aggressiveness, the
results (Fig. 3A-V) show that at these 22 sentinel sites,
Anopheles exhibited exophagic behavior at eight sites
(Mweka, Lisala, Gemena, Butu, Mweneditu, Kamina,
Dibindi, and Inongo), while at the remaining 14 sites
(Kalima, Pawa, Kabondo, Kalemi, Kimpese, Boende,
Fungurume, Katana, Kapolowe, Vanga, Kingasani,
Mikalayi, Bolenge, and Lodja), the mosquitoes exhibited
endophagic behavior, with the period of aggression

starting from 10 p.m. to 4 a.m. at several sites.

A study by Basosila et al. (2022) revealed that Anopheles
gambige s.]. was more exophagous than endophagous, with
an indoor peak starting slightly later between 11 p.m. and
2 a.m., whereas the outdoor peak started slightly earlier, at
7 p.m., in two health zones in Nord-Ubangi Province. This
confirms the change in malaria vector behavior and
highlights the need for complementary methods to the use
of long-lasting insecticidal nets (LLINSs) for targeted vector
control.

The results in Table 2 illustrate the aggressiveness of
Anopheles at the 22 sentinel sites. The bite rate was
particularly high at eight sites, namely, Kamina (20),
Inongo (17), Kalima (13), Mikalayi (13), Kapolowe (12),
Lodja (11), Mweka (11), and Kalemie (11). The average
Anopheles bite rate was below 11 at the remaining 14 sites.
The average across all sites was 12 bites per night per
person. This could be attributed to the population’s
incorrect use of LLINs and/or limited access to this
preventive tool, coupled with Anopheles resistance to the
pyrethroid insecticides with which LLINs are impregnated.
A study conducted in 360 households in the Bonzola
health zone in Mbuji-Mayi reported that 61.39% of
households had good practices regarding LLINs and their
benefits (Promesse & Kaniki, 2020). The rest of the
population, unaware of the proper use of these nets, is
therefore seriously exposed to mosquito bites and
consequently to malaria. Moreover, the three-year LLIN
distribution cycle allows a long time for the physical and
chemical integrity of the tool to degrade (PINLP, 2023).

Regarding the physiological state of the mosquitoes, 50%
were found to be engorged, reflecting strong human-
vector attraction. The aggressiveness inside dwellings was
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greater than outside, which could be explained by the
endophagic behavior of Amn. gambise s.l. However,
exophagic behavior is beginning to expand at some PNLP
sites in the DRC. This study shows that in the DRC, An.
gambiae s.1. plays a major role in malaria transmission, as

also revealed by the work of Wat'senga et al. (2020).

This vector is particularly effective due to favorable
climatic conditions and the prevalence of suitable breeding
habitats, contributing to a high malaria burden. In
comparison, in other Sub-Saharan African countries such
as Nigeria and Ghana, although An. gambiae s.l. is also a
major vector, infection rates vary depending on control
strategies and environmental factors (Ebhodaghe et al.,
2024; 2022). These
epidemiological profiles highlight the importance of

Takken et al, differences in

adapting interventions to local vector-specific and
environmental contexts to better combat malaria across

different geographical settings.

The results of this study on the behavior of Anopheles
mosquitoes in various regions of the DRC confirm
previous observations regarding the variability in
mosquito biting rates, influenced by ecological and
geographical conditions. Regions such as Kamina and
exhibit (HBR),

highlighting an increased risk of malaria transmission,

Kalemie high human biting rates
while other areas like Kimpese and Dibindi show lower
rates. This regional diversity, combined with emerging
behaviors such as exophagic biting, poses a challenge for
current malaria control strategies, such as Indoor Residual
Spraying (IRS)
nocturnal and endophagic mosquitoes.

and LLINs, which primarily target

The shift towards outdoor biting reduces the effectiveness
of these measures, necessitating the integration of new
approaches such as larval source management and spatial
repellents. To improve malaria control programs, it is
recommended to include outdoor control strategies, adjust
IRS/LLIN
behaviors, and

interventions according to local vector
enhance continuous surveillance of
Additionally, better

education on personal protection measures and the

mosquito behavior. community
development of innovative tools to combat outdoor
transmission are essential. However, the study has
limitations, such as a restricted geographical sample and a

lack of seasonal data, which should be addressed in future
research to better adapt malaria control strategies in the

DRC.

CONCLUSION AND RECOMMENDATIONS

The entomological surveillance conducted across 22
sentinel sites in the PNLP/RDC has provided crucial
insights into the behavior of malaria vectors over a three-
year period. The findings identify Anopheles gambiae s.1. as
the dominant species, exhibiting strong endophagic
behavior, underscoring its significant role in indoor
malaria transmission. This data directly informs policy
and decision-making for malaria control in the Democratic
of the (DRC).
recommended that sentinel site monitoring be conducted

Republic Congo Specifically, it is
biannually to capture seasonal variations in vector
behavior and resistance patterns. The National Malaria
Control Program (NMCP) should adjust its strategies
based on these findings by tailoring Long-Lasting
Insecticidal Net (LLIN) distribution and Indoor Residual
Spraying (IRS) campaigns to more effectively target the
predominant indoor-biting vectors. LLIN distribution
should be reinforced in areas with high indoor mosquito
density, and IRS should be strategically timed and
localized based on the peak periods of vector activity
identified. These targeted interventions, guided by up-to-
date entomological data, will enhance the effectiveness of
malaria control efforts and contribute to a significant
reduction in transmission rates across the country.
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