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ABSTRACT

Purpose The Democratic Republic of Congo has one of
the highest burdens of malaria in the world, accounting
for 12.3% of malaria cases and 11.6% of malaria
deaths. The country has been scaling up various malaria
control interventions, but how the malaria burden and
risk factors have evolved remains unclear. This study
aimed to estimate the trend in the burden of malaria in
different settings in Kinshasa Province and assess factors
contributing to the infection.

Participants From 2018 to 2022, a cohort study was
conducted in three health areas in Kinshasa Province
known to have varying malaria endemicities: Voix du
Peuple (urban), Kimpoko (peri-urban), and Bu (rural)
health areas in Kinshasa Province. Participants 6 months
of age and older were recruited and followed biannually
through household visits and encouraged to visit study
health centres whenever they felt ill. The participants’
sociodemographic data, illness history and access to
malaria interventions were collected along with blood
specimens. During the same study period, mosquitoes
and larvae were collected to study entomological
characteristics that may contribute to malaria
transmission.

Findings A total of 1635 participants were recruited
from 239 households. The median number of participants
per household was 6 (IQR, 5-9). Over half (54.7%) of the
participants were female, 14.6% were under-5 children,
and 33.3% were 5—14 years old. Household net ownership
and reported use the previous night were 77.8% and
79.1%, respectively. Overall, malaria prevalence by rapid
diagnostic test at baseline was 33.4%. Of the recruited
participants, 1390 (85%) completed the 4 years of follow-
up.

Future plans Planned analyses include calculating
malaria prevalence and incidence trends at follow-up
as well as risk factors for infection. Continued analyses
will link epidemiological and entomological data to
understand malaria transmission evolution and the
sustained high prevalence of malaria over time in various
settings.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This cohort study compares malaria transmission
across seasons and multiple epidemiological set-
tings in the Democratic Republic of Congo (DRC) in
the context of increasing coverage of malaria control
interventions.

= The prospective design-linking malaria epidemio-
logical and entomological data are a major strength
of this study.

= The study is subject to selection and information
bias due to its observational nature.

= The passive surveillance system (health facility vis-
its) may not have comprehensively captured acute
illnesses, as some participants likely sought care for
fever elsewhere.

INTRODUCTION

The Democratic Republic of Congo (DRC)
accounts for 12.3% of the world’s annual
malaria cases and 11.6% of malaria deaths.'
To reduce the malaria burden in the DRC, the
National Malaria Control Program (NMCP)
has scaled up interventions and management
measures by increasing long-lasting insecti-
cidal nets coverage, as well as the availability
and use of rapid diagnostic tests (RDTs) and
artemisinin-based combination therapies
(ACT).2 ® Yet, despite increased coverage
of these interventions, prevalence remains
high, with limited information about local
behavioural and environmental determinants
that drive the sustained high disease burden
in Kinshasa, DRC.*?

Malaria prevalence and incidence esti-
mates in the DRC come from surveys (eg,
Demographic and Health Surveys (DHS) and
the Multiple Indicator Cluster Surveys)(’_8
or aggregated routine health facility data
through the District Health Information
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Kashamuka MM, et al. BMJ Open 2024;14:¢085360. doi:10.1136/bmjopen-2024-085360 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-3871-1751
http://orcid.org/0000-0001-9219-2852
http://orcid.org/0000-0003-2046-5836
http://orcid.org/0000-0002-2933-427X
http://orcid.org/0000-0001-5433-8179
https://doi.org/10.1136/bmjopen-2024-085360
https://doi.org/10.1136/bmjopen-2024-085360
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2024-085360&domain=pdf&date_stamp=2024-10-26

Software (DHIS2). Although the national surveys provide
nationally representative data, they are conducted infre-
quently (4-5 years), providing only snapshots of malaria
prevalence and risk factors at one point in time. The
health facility data are also limited because they capture
counts of malaria episodes among those seeking treat-
ment at health facilities, which represents only 38% of
malaria cases.” Additionally, national surveys and routine
data do not capture age-specific data on children aged
5-14 years, despite documentation that this age group
has the highest disease burden and may contribute
significantly to malaria transmission.'” ' Indeed, previous
DHS surveys (2007 and 2013-14) and the ongoing DHS
2023-2024 have excluded the age group 5-14 years. As
malaria data from the DHIS2 are aggregated into only
two groups, 0-5 years and over 5 years, they also do not
provide the age group data needed for targeted malaria
control programming. By 2023, only one cross-sectional
study in Kinshasa had explored malaria transmission
dynamics in school-age children that showed low allelic
diversity and multiplicity of infection of P. falciparum,
which reflects a moderate intensity of malaria transmis-
sion in those study areas. '*

An understanding of local malaria burden and
distribution and transmission dynamics is needed
to improve malaria control programme planning.
Likewise, a better understanding of host, vector and
parasite interactions in different environments that
may exacerbate malaria infection is needed. Longi-
tudinal studies offer an opportunity to assess malaria
transmission dynamics over time by combining data
on malaria infection and disease rates (prevalence
and incidence rates) across different age groups with
entomological indicators and parasitological param-
eters.'”” While there have been many longitudinal
epidemiological and entomological studies in sub-
Saharan Africa, few combine entomology and malaria
epidemiology, especially in settings of varying trans-
mission intensity.'* '

To better characterise the malaria trends and trans-
mission dynamics in DRC and to generate data for
action in order to meet the Sustainable Development
Goal target 3.3 to reduce malaria case incidence and
malaria mortality by at least 90%,'® we conducted a
4-year longitudinal cohort study combining malaria
epidemiological and entomological data across
different malaria endemicities and age groups in
Kinshasa Province, DRC. Additionally, we incor-
porated molecular methods to identify insecticide
resistance in the mosquitoes,'” drug resistance in
the parasites,'® and the presence or absence of P.
falciparum histidine-rich protein 2 (pfhrp2) gene
deletions, all of which challenge malaria control
efforts.'” ** This paper describes the baseline charac-
teristics of the cohort and study sites, which provide
a benchmark for understanding the evolution of
malaria infection, transmission and risk factors of
infection that can be targeted by interventions to

improve control and, ultimately, eliminate malaria in
the DRC.

COHORT STUDY
This was a prospective observational cohort study
comprising 1635 individuals from 7 sites in Kinshasa.

Study sites

We conducted the study in seven study sites located in
three health areas in Kinshasa Province. Two health areas
were in the Maluku 1 health zone (Bu and Kimpoko), and
one was in the Lingwala health zone (Voix du Peuple),
selected in phase 1. The two health zones included in
this study had differing ecological characteristics. These
health areas represent different settings and malaria
transmission intensities: Bu (rural/high), Kimpoko
(peri-urban/moderate) and Voix du people (urban/
low). Maluku 1 has marsh/swamp areas near the Congo
River, where the Kimpoko health area is located, and the
Bateke plateau, where the health area Bu is located, with
a giant ancient sand dune system covered by large grass
and wooded savanna patches separated by fine lines of
dense gallery forest, and two river valleys. In Maluku 1,
the population size on average was 10654 people per
health area, distributed across 26 villages ~1522 house-
holds. In contrast, the Lingwala health area is urban, with
an average population size of 16336 people and 2047
households per health area (figure 1).

Cohort description

This prospective observational cohort study (phase II)
was a continuation of a malaria cohort study established
in 2015 (phase I) in the same study sites. Participant
characteristics were compared between the two phases
and are described in online supplemental file 1. The
primary objective of the phase I study was to understand
the relative contribution of individuals with subpatent
malaria parasitemia to the overall transmission reser-
voir as measured by gametocytaemia over time at varying
levels of endemicity across all ages.21 *2 Phase II enabled
the continued collection of malaria epidemiological data
alongside entomology data to better understand how
human and mosquito factors affect malaria transmission
to describe malaria incidence according to seasonality
and varying sites in these same health areas.

Study population

All households that participated in phase I (2015-2017)
were eligible to participate in phase II. We enrolled perma-
nent household residents aged >6 months who provided
written informed consent to participate in the 4-year
period (2018-2022). We excluded household members
who were unable to provide informed consent, did not
understand languages used by study team members
or were seriously ill. Using an estimated malaria preva-
lence of 20%, participant loss-to-follow-up of 15%, and
90% power to detect an increase in prevalence to 25%

2
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Figure 1 Location of the seven study sites within the two health zones.

(alpha=0.05) when comparing outcomes between time
points, the target sample size was estimated to be 1600.

Study overview

Participant enrolment occurred between March and
October 2018. Table 1 and figure 2 summarise the timing
and type of data collected. Malaria epidemiological data
were collected actively (at the household level) and
passively (at the clinic level). Active surveillance data were
collected twice annually (wet and dry season) during
scheduled household visits. Passive surveillance occurred
at local study clinics and included all study-enrolled
participants seeking treatment for fever. Entomological
surveillance occurred nine times throughout the study
and involved interior and exterior mosquito catches.

Data collection process

Site selection and household sampling

Criteria for the site selection, household sampling
and subjects have been reported previously.> ™ In
summary, for each of the seven surveillance locations,

Kimpoko

Maluku 1 health {

zone
Pema

Impuru
Bu

DRC \

"KINSHASA

L

two geographical coordinates within the site, a begin-
ning and end point, were selected. Households were then
randomly recruited, starting from the household nearest
the start point coordinate and moving towards the house-
hold nearest the end point coordinate. Geographical
coordinates of households that consented to participate
in the study were recorded using GPS devices (Garmin
Dakota 20 GPS). Household enrolment at the start of the
phase II study is described below. In the DRC, a house-
hold is defined as a person or group of persons who live
together in the same house or compound, share the same
housekeeping arrangements and are catered for as one
unit, meaning they commonly provide and share food.
Household sampling for entomological surveillance was
conducted to ensure a spatially representative coverage of
the households enrolled in each site. Specifically, using
the GPS coordinates and household IDs of enrolled
households, each site was divided into five groups with
an equal number of households in each group, and then
one household from each group was randomly selected
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Table 1 Collection of epidemiological, laboratory and entomological data for the cohort longitudinal study
Follow-up Follow-up Follow-up Follow-up Follow-up Follow-up
Baseline 1 2 3 4 5 6
Variables
Active surveillance”
Demographic X X
Socioeconomic X X
Occupation X X
Clinical X X X X X X X
Travel history X X X X X X X
Malaria RDT X X X X X X X
Malaria microscopy X X X X X X X
PCR Plasmodium falciparum X X X X X X X
infection
Passive surveillancet
Clinical X X X X X X X
Malaria RDT X X X X X X X
Malaria microscopy X X X X X X X
PCR P. falciparum infection X X X X X X X
Haemoglobin X X X X X X X
Entomology surveyst
Species identification X X X X X X X
P. falciparum infection Elisa X X X X X X X
PCR Anopheles gambiae species X X X X X X X
Phenotypic insecticide resistance X X

*Variables collected during the seven household visits in enrolled households.
TVariables related to the passive surveillance collected at the study health area.
FVariables regarding the entomology in designated five households in each study.

RDT, rapid diagnostic test.

to participate in entomological surveillance. If the house-
hold declined to participate in entomological surveil-
lance, it was replaced by the next closest household in
that group. In total, 35 sentinel households (five by study
site) participated in the entomological surveillance arm
of the study. Online supplemental files 2 and 3 provide a
detailed description of the household and entomological
sampling design.

Fieldworker and community health worker training

To ensure that data collection would move smoothly, all
personnel involved in the study, including the core team,
interviewers, laboratory technicians and study health
centre personnel, were trained in the study design,
research ethics, interviewing techniques and specimen
collection. A pilot test was performed before actual data
and specimen collection. Community health workers
(CHWs) were also trained to ensure that they had an idea
about the purpose of the study, basic notions of research
ethics and malaria symptoms to have arguments when
encouraging participants to visit study health centres
anytime they felt sick.

Enrolment

Field teams comprised two persons: one interviewer and
one laboratory technician. During the first household
visit (Baseline), the interviewer initiated the recruitment
and enrolment process with the head of the household,
either the father, the mother, or the legal designate, who
confirmed the eligibility criteria for each participant
and obtained consent or assent before administering
the household questionnaire, that captured sociode-
mographic characteristics of all household members,
including name, age and sex, education, occupation,
religion and their relationship with the head of the
household. Each enrolled household member received a
study card, which study team members used to confirm
the household member’s enrolment status during future
household active surveillance or study clinic visits (passive
surveillance).

Active surveillance data collection

Field teams visited households twice yearly, once in the
rainy and once in the dry seasons. For each visit, the team
administered a comprehensive set of questions to each
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Passive Surveillance

Follow-up 1 Follow-up 2 Follow-up 3 Follow-up 4 Follow-up 5 Follow-up 6

: : Baseline
Active Surveillance
Scheduled (home) visits N=1635 N=1436 N=1297
Mar/Apr Aug/Sep Mar/Apr
2018 2018 2019
Rainy Dry Rainy

N=1317 N=932* N=1213 N=1138
Aug/Sep Mar/Apr Aug/Sep Mar/Apr
2019 2020 2020 2021

Dry Rainy Dry Rainy

«[ Apr 2018 l

Unscheduled (clinic) visits

»| Dec 2022

Entomology Surveillance
Every 3 months

larvae at baseline and FU6

-ft'-ftﬂ—-‘r-*r-fr-ft«-ﬁ*®>

Figure 2 Study overview. The figure depicts the three types of data collection over the study period 2018-2022: active,
passive and entomological surveillance. Blue-shaded boxes represent the rainy season. Yellow-shaded boxes represent the dry
season. Mosquito icons represent mosquito catches. Circled mosquitoes represent larvae collection. FUB, follow-up 6.

participant to ascertain previous malaria symptoms, anti-
malarial use, bednet ownership and utilisation and travel
history included a comprehensive set of questions related
to previous malaria symptoms, antimalarial use, bednet
ownership and utilisation and travel history. Teams also
collected blood samples from finger-prick or heel-prick
(young infants), which were tested for malaria using an
RDT according to manufacturer instructions (baseline:
SD Bioline Ag P.f/Pan RDT (05FK60), Alere, Gyeong-
gi-do, Republic of Korea, or follow-up visits 1-6: CareStart
Malaria Pf HRP2 Ag (02571), Access Bio, Somerset, New
Jersey) and read by the well-trained field team members.
RDT-positive persons were referred for treatment at the
local study clinic and followed to assess whether treat-
ment was received. Treatment was provided according to
the national malaria treatment guidelines.** Additionally,
the collected blood samples were tested by microscopy
later in the Kinshasa School of Public Health laboratory
in Kinshasa and conserved using dried blood spots (DBS)
for future molecular testing.

Passive surveillance data collection

A nurse and laboratory technician were employed in each
study clinic in the three study health areas. If study partic-
ipants visited the clinic with febrile illness (>37.5°C), the
study nurse captured signs and symptoms, diagnostic
(RDT, microscopy and haemoglobin.) relevant data
(temperature, RDT, microscopy and haemoglobin), and
prescribed treatment on paper study forms and obtained
a DBS for future molecular testing. Participants with posi-
tive RDT results were treated at the study clinic according

to the national malaria treatment guidelines. When
participants experienced signs of severe malaria, they
were referred to the study hospital. An expert microsco-
pist prepared and read all microscopy slides for asexual
parasite density, gametocyte densities and Plasmodium
species. Haemoglobin was measured using the HemoCue
Hb 201+System (HemoCue AB, Angelholm, Sweden).
Study supervisors collected forms and biological samples
biweekly and brought them to the study office in Kinshasa
for processing, quality control, data entry and storage.

Entomological data collection

At each entomological study household visit, we collected
for 3 consecutive days at five households in each of the
seven study sites using the United States Center for
Disease Control light traps and pyrethrum spray catch.”
Adult female anopheline mosquitoes caught at the field
sites underwent a panel of tests, microscopic species iden-
tification and ELISA for Pfinfection. Mosquitoes identi-
fied morphologically as Anopheles gambiae sensu lato were
analysed by PCR restriction fragment length polymor-
phism to determine subspecies. Larvae were collected
from circumstantial breeding sites across all seven loca-
tions during the rainy seasons at baseline and again at
the final follow-up visit (follow-up 6). Larvae were reared
to adult mosquitoes and tested for insecticide resistance.

Adverse event data collection

We instructed participants to report to the local health
centre (study clinic) if they experienced any adverse
event related to the study procedures or developed
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signs of severe disease. Adverse events were recorded
and reported to the study team at monthly supervi-
sion visits. All serious adverse events, including severe
disease, referrals and deaths, were reported immediately
to the study supervisory team and the different Institu-
tional Review Boards (see ethics section). The study
team worked with the NMCP through SANRU (Santé
Rurale) Asbl, a non-governmental organisation and
major NMCP implementing partner, and the health
zones where our sites were located to ensure that all study
clinics were adequately stocked with RDTs, microscopy
supplies and ACTs (artemether-lumefantrine and/or
artesunate-amodiaquine).

Data management and statistical analyses

Data for baseline, active surveillance follow-up visits 1-3,
and all passive surveillance visits were collected on paper
forms and double-entered into an online Research Elec-
tronic Data Capture (REDCap) database hosted by the
University of North Carolina at Chapel Hill.** %" We used
REDCap Mobile via android tablets to collect data for
the active surveillance follow-up visits 4-6, and data were
validated for accuracy before uploading to the REDCap
server.

Descriptive analyses of the baseline sociodemographic
and clinical variables were conducted in SAS software
V.9.4 (SAS Institute). Frequencies and proportions were
calculated for categorical variables, and mean, median,
SD and IQR were calculated for continuous variables. ¥
and t-tests will be used to investigate associations between
endemicity, gender, age categories and malaria infection.

Patient and public involvement

Study participants and the public were not involved in
the study design, setting of research questions, or recruit-
ment of participants, but their continued engagement
and participation have been instrumental in imple-
menting this study. Several community engagement
activities were conducted to gain insight into the partici-
pant experience and encourage continued participation
Engagement activities were primarily conducted through
door-to-door household visits by CHWs, some of which
were also study participants. Additionally, informational
and dissemination meetings with community leaders and
heads of households took place before and during imple-
mentation. Final findings will be disseminated across
study communities through community meetings, CHWs,
heads of households and opinion leaders. Furthermore,
preliminary results were presented and discussed with
scientists and stakeholders at national malaria meetings,
and the final results will be presented to the NMCP for
decision-making purposes.

Baseline findings

Participant recruitment and characteristics

A total of 239 households were enrolled between March
and October 2018: 86 in Bu, 96 in Kimpoko, and 57 in
Voix du Peuple health areas, comprising 1635 enrolled

participants (586 in Bu, 588 in Kimpoko, and 461 in
Voix du Peuple). The enrolled participants included
1014 (64%) participants from Phase I of the project and
621 newly recruited participants to meet the minimum
target sample size (n=1600). After 4 years of follow-up,
245 (15.0%) participants were lost (figure 3). This loss of
follow-up was caused essentially by households and partic-
ipants’ movements, participant withdrawal of consent, or
death. As expected, the urban site (Lingwala) had the
highest proportion of participant loss of follow-up, 150
out of 245 (61%), mainly in terms of movements, prob-
ably because of high unemployment, as shown in table 2.
Similarly, we had a greater loss of follow-up during the
COVID-19 pandemic. It should be noted that movement
restrictions due to the COVID-19 pandemic impacted
data collection; thus, the active household surveillance
visit was not conducted in Lingwala in March—-April 2020,
as shown in the study overview (figure 2).

Tables 2 and 3 show the baseline characteristics of
the households and study participants, respectively. The
median number of enrolled participants per household
was 6.0 (IQR=5-9). Over half of the participants (54.7%)
were female (table 3). Children aged <5 years represented
14.6% of the study population, and 33.3% were school-
aged children 5-14 years of age. As expected, the urban
site had a low percentage of this age category, which may
be due to the fact that family planning tends to be three
times higher among urban than rural women. It has also
been demonstrated that educated and wealthy people
tend to control birth. Indeed, as expected, the urban site
participants were more educated and less poor compared
with the peri-urban and rural populations (tables 2 and
3).

Most study households (77.8%) owned at least one
mosquito net. The median number of long-lasting insec-
ticidal nets per household was 2 (IQR: 1-3). Net use was
high, with 79.1% of nets reported being used the night
before the interview. Kimpoko had the highest rate
compared with Bu and Voix du Peuple. This may be due
to the high number of mosquitoes in Kimpoko. Indeed,
the Human Biting Rate and the Entomological Inocula-
tion rate were higher in Kimpoko compared with Bu and
Voix du Peuple (data not yet published). The primary
net source was mass distribution campaigns (72.0%).
The overall malaria prevalence by RDT at baseline was
33.4% (Bu: 60.5%, Kimpoko: 37.1% and Voix du Peuple:
2.4%). Baseline malaria prevalence was highest for partic-
ipants aged 5-14 years old (52.6%), followed by partici-
pants aged >15 years (31.2%) and children aged <5 years
(16.2%).

Ongoing activities and future plans

All active surveillance household visits (baseline and
six follow-up visits) were completed in May 2021, and
database validation was completed by November 2022.
Passive surveillance visit data collection was completed
in December 2022, and data entry was completed in
September 2023. The study team will analyse active and
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Bu Health Area

Kimpoko Health Area

Voix du Peuple

Total

l

|

l

l

86 households enrolled 96 households enrolled 57 households enrolled 239 households enrolled
599 594 470 1,663

Participants screened

Participants screened

Participants screened

Participants screened

l

l

l

l

13 excluded

0 noconsent
0 noassent
13 children under 6 months

6 excluded

0 noconsent
0 noassent
6 children under 6 months

9 excluded

7 noconsent
1 noassent
1 child under 6 months

28 excluded

7 noconsent
1 noassent
20 children under 6 months

l

l

l

l

586
Participants Enrolled

588
Participants Enrolled

461
Participants Enrolled

1,635
Participants Enrolled

l

l

l

l

44 Lost to Follow-up

25 Moved
17 Died
2 Withdrew consent

51 Lost to Follow-up

44 Moved
S Died
2 Withdrew consent

150 Lost to Follow-up

120 Moved
8 Died
22 Withdrew consent

245 Lost to Follow-up

189 Moved
30 Died
26 Withdrew consent

l

|

|

l

542 Completed Follow-up

537 Completed Follow-up

311 Completed Follow-up

1,390 Completed Follow-up

Figure 3 This figure represents the participant flow from the enrolment at baseline to the study’s last completed household

visit. Participant retention was 85%.

passive surveillance results to determine malaria preva-
lence and incidence trends by age in varying endemicity
settings as well as across seasons (dry vs rainy). Ento-
mology data on Anopheles mosquito species by microscopy,
abundance and composition, P. falciparum sporozoite rate,
and PCR genotyping for insecticide resistance markers
(kdr gene) will be correlated to the epidemiological data-
base to improve understanding of the malaria epidemi-
ology and transmission in settings with varying malaria
endemicities.

Strengths and limitations

Strengths

This study is unique in that it aimed to investigate both the
prevalence and transmission of malaria across multiple
sites over time. A major strength of this study is the collec-
tion of both malaria epidemiological and entomological
data over a four4-year period in different epidemiolog-
ical settings, which may facilitate the generalisability of
study findings across multiple contexts. The simultaneous
collection of clinical, parasitological and entomological
data will provide a unique opportunity for studying the

effect of host, vector and environment interaction on
malaria infection and disease patterns.

Limitations

This cohort study has several limitations. First, household
(active surveillance) data were collected by structured
questionnaires for events that occurred in the preceding
sixmonths, which may be subject to recall bias. To miti-
gate this bias, we used tested and validated tools based on
prior national surveys, such as the DHSs, and well-trained,
experienced interviewers. As data on acute illness were
captured through the passive surveillance system self-
reported, responses could also be validated.

Second, some participants moved out of the study
area temporarily or permanently over the course of this
longitudinal study, which may have led to bias or reduced
statistical power. This limitation was expected, and the
loss of follow-up was accounted for when determining
the sample size for the cohort. Finally, some participants
likely sought care for fever outside the study clinics, thus
potentially limiting our ability to detect all acute malaria
cases via passive surveillance. To minimise this bias, CHWs
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Table 2 Cohort phase Il baseline participant characteristics

Bu Kimpoko Voix de peuple Total
Number of participants enrolled 586 588 461 1635
Female 326 (55.6%) 303 (51.5%) 265 (57.5%) 894 (54.7%)

Pregnant women*
Age group
<5
5-14
15+
Marital statust
Never married
Married or living together
Divorced/separated
Widow/widower
Missing
Educationf
None
Any primary school
Any secondary school
University or higher
Other
Missing
Income-generating activitiest
No occupation
Government official
Soldier or policeman
Private company employee
Farmer or fisherman
Driver
Vendor
Small personal business
Student
Other
Missing
Religion
Evangelical
Protestant
Catholic
Kimbaguist
Muslim
Traditional religion
Other
Not religious
Missing

*n=463 women of childbearing age 15+.

8/154 (5.2%)

121 (20.7%)
225 (38.4%)
240 (41.0%)

42 (17.5%)
159 (66.3%)
26 (10.8%)
11 (4.6%)

2 (0.8%)

55 (12.0%)
237 (51.0%)
147 (31.6%)
3(0.7%)

2 (0.4%)

21 (4.5%)

62 (25.8%)
10 (4.2%)
3 (1.3%)

1 (0.4%)
35 (14.6%)
3 (1.3%)
15 (6.3%)
4 (1.7%)

9 (3.8%)
85 (35.4%)
13 (5.4%)

206 (35.2%)
116 (19.8%)
108 (18.4%)
11 (1.9%)

8 (1.4%)
1(0.2%)
122 (20.8%)
5 (0.9%)

9 (1.5%)

TOnly collected for participants 15 years and older (n=851).
FOnly collected for participants 5 years and older (n=1396).

7/149 (4.7%)

80 (13.6%)
210 (35.7%)
298 (50.7%)

102 (34.2%)
150 (50.3%)
14 (4.7%)
14 (4.7%)
18 (6.0%)

37 (7.3%)
182 (35.8%)
235 (46.3%)
9 (1.8%)

0 (0.0%)

45 (8.9%)

64 (21.5%)
27 (9.1%)
0 (0%)

4 (1.3%)
34 (11.4%)
3 (1.0%)
42 (14.1%)
5(1.7%)
17 (5.7%)
59 (19.8%)
43 (14.4%)

217 (36.9%)
124 (21.1%)
50 (8.5%)
35 (6.0%)
10 (1.7%)

4 (0.7%)
111 (18.9%)
3 (0.5%)

34 (5.8%)

4/160 (2.5%)

38 (8.2%)
110 (23.9%)
313 (67.9%)

172 (55.0%)
78 (24.9%)
16 (5.1%)
31 (9.9%)
16 (5.1%)
10 (2.4%)
79 (18.7%)
215 (50.8%)
86 (20.3%)
1 (0.2%)

32 (7.6%)

107 (34.2%)
17 (5.4%)
0 (0%)

16 (5.1%)
0 (0%)

1 (0.3%)
43 (13.7%)
6 (1.9%)
67 (21.4%)
35 (11.2%)
21 (6.7%)

256 (55.5%)
21 (4.6%)
94 (20.4%)
21 (4.6%)

0 (0.0%)

1 (0.2%)

40 (8.7%)

4 (0.9%)

24 (5.2%)

19/463 (4.1%)

239 (14.6%)
545 (33.3%)
851 (52.1%)

316 (37.1%)
387 (45.5%)
56 (6.6%)
56 (6.6%)
36 (4.2%)

102 (7.3%)
498 (35.7%)
597 (42.8%)
98 (7.0%)
3(0.2%)

98 (7.0%)

233 (27.4%)
54 (6.4%)

3 (0.4%)

21 (2.5%)
69 (8.1%)

7 (0.8%)
100 (11.8%)
15 (1.8%)
93 (10.9%)
179 (21.0%)
77 (9.1%)

679 (41.5%)
261 (16.0%)
252 (15.4%)
67 (4.1%)
18 (1.1%)

6 (0.4%)
273 (16.7%)
12 (0.7%)
67 (4.1%)
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Table 3 Cohort phase Il household characteristics (n=239)

Bu Kimpoko Voix du Peuple Total
n (%) n (%) N (%) n (%)
Number (%) of HHs 86 (36.0%) 96 (40.2%) 57 (23.9%) 239
Median number 7 (4-9) 6 (4.5-8) 8 (6-11) 6 (5-9)
participants per household
(IQR)
Wealth quintile

1 (Poorest) 30 (34.9%) 18 (18.8%) 0 (0%) 48 (20.1%)

2 30 (34.9%) 17 (17.7%) 0 (0%) 47 (19.7%)

8 22 (25.6%) 26 (27.1%) 0 (0%) 48 (20.1%)

4 4 (4.7%) 33 (34.4%) 11 (19.3%) 48 (20.1%)

5 (Least poor) 0 (0%) 2 (2.1%) 46 (80.7%) 48 (20.1%)
Household net ownership  66/86 (76.7 %) 78/96 (81.3%) 42/57 (73.7%) 186/239 (77.8%)
Median number of nets 2 (1-3) 2 (2-3) 3 (2-3) 2 (1-3)
(IQR)

Number of nets per (1, 6) (1, 4) (1, 6) (1, 6)
household

0 20 (23.3%) 18 (18.8%) 15 (26.3%) 53 (22.2%)

1 26 (30.2%) 15 (19.2%) 7 (16.7%) 48 (25.8%)

2 23 (26.7%) 22 (28.2%) 13 (31.0%) 58 (31.2%)

8 14 (16.3%) 24 (30.8%) 13 (31.0%) 51 (27.4%)

4 1 (1.5%) 9 (9.4%) 4 (9.5%) 14 (7.5%)

5) 1(1.5%) 0 (0%) 3 (7.1%) 4 (2.2%)

6 1(1.5%) 1(1.3%) 2 (4.8%) 4 (2.2%)
Unspecified number 0 (0%) 7 (9.0%) 0 (0%) 7 (3.8%)
Net source* (n=186)

Campaign 49 (74.2%) 51 (65.4%) 34 (81.0%) 134 (72.0%)

Health facility or prenatal 15 (17.4%) 8 (8.3%) 5 (8.8%) 28 (15.8%)

consult

Bought 1 (1.5%) 10 (12.8%) 2 (4.8%) 13 (7.0%)

Other 1(1.5%) 2 (2.6%) 0 (0%) 3 (1.6%)

Unknown 0 (0%) 7 (9.0%) 1(2.4) 8 (4.3%)
Mean % of Nets used in 73.9% 88.7% 71.5% 79.1%
the household the previous
night

*Percentages calculated based on the total number of households with any net (n=182).

were trained to recognise malaria symptoms and encour-
aged participants to seek care at the study clinic. Addi-
tionally, the catchment area for participation was limited
to 5km, and participants were provided reimbursement
for transportation. Despite these limitations, the data
generated from this cohort will yield insights into malaria
prevalence and transmission in Kinshasa Province, DRC
and the country with the second highest malaria burden

globally.

Summary

This unique longitudinal study will provide malaria epide-
miological and entomological data across diverse urban,
periurban and rural settings of Kinshasa Province, DRC.

The prospective data collected will allow us to examine
a range of clinically relevant parameters, including the
number of malaria episodes per participant and year
(force of infection), time to symptomatic illness (natural
history) and determinants of malaria prevalence and
transmission, as well as detection of drug, diagnostic and
insecticide resistance markers. Results from this study
will improve our understanding of the malaria burden
and transmission dynamics over time in settings with
varying malaria endemicities and across age groups, thus
providing vital information to improve the tailoring of
malaria control strategies based on the level of malaria
endemicity in the DRC. Additionally, the identification of
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determinants of infection can improve the targeting of
interventions to improve control and, ultimately, elimi-
nate malaria in the DRC.

Collaboration

We welcome potential collaboration with other
researchers. Researchers can contact the corresponding
author for collaboration requests.
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