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Abstract 

Background Malaria continues to be a major cause of illness and death worldwide, particularly affecting children 
under the age of five and those living in high-burden countries like Nigeria. Long-lasting insecticidal nets (LLINs) are 
one of the effective interventions for malaria control and prevention. In response to funding constraints in the Global 
Fund Grant Cycle 7, Nigeria’s National Malaria Elimination Programme (NMEP) aimed to develop an approach 
that maximizes the impact of limited malaria interventions by focusing on areas with the greatest need. We devel-
oped an urban LLINs distribution framework and a novel strategy, which was piloted in Ilorin, the capital of Kwara 
State.

Methods A participatory action research approach, combined with abductive inquiry, was employed to co-design 
a framework for guiding bed net distribution. The final framework consisted of three phases: planning, data review 
and co-decision-making, and implementation. During the framework’s operationalization, malaria risk scores were 
computed at the ward level using four key variables, including malaria case data and environmental factors, and sub-
sequently mapped. A multistakeholder dialogue facilitated the selection of the final malaria risk maps. Additionally, 
data from an ongoing study were analyzed to determine whether local definitions of formal, informal, and slum settle-
ments could inform community-level stratification of malaria risk in cities.

Results Akanbi 4, a ward located in Ilorin South and Are 2, a ward in Ilorin East consistently had lower risk scores, 
a finding corroborated during the multistakeholder dialogue. A map combining malaria test positivity rates 
among children under five and the proportion of poor settlements was identified as the most accurate depiction 
of ward-level malaria risk. Malaria prevalence varied significantly across the categories of formal, informal, and slum 
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settlements, resulting in specific definitions developed for Ilorin. Thirteen communities classified as formal settle-
ments in Are 2 were de-prioritized during the bed net distribution campaign.

Conclusions The framework shows promise in facilitating evidence-based decision-making under resource con-
straints. The findings highlight the importance of stakeholder engagement in evaluating data outputs, particularly 
in settings with limited and uncertain data. Enhancing surveillance systems is crucial for a more comprehensive 
approach to intervention tailoring, in alignment with WHO’s recommendations.
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Background
Malaria remains a leading cause of disease and death 
globally among children under the age of five, with an 
estimated 263 million cases and 597,000 deaths recorded 
in 2023 alone [1]. Malaria control strategies include pre-
vention methods such as long-lasting insecticidal nets 
(LLINs), indoor residual spraying, chemoprevention, 
and vaccines, as well as the prompt treatment of prop-
erly diagnosed cases with artemisinin-combination ther-
apy [2]. Although these tools and strategies have been 
widely adopted, progress has recently stalled, with high-
burden countries experiencing a rise in cases since 2017 
[3]. In addition to disruptions in malaria services due to 
COVID-19 [4–6], these countries face significant chal-
lenges [6, 7]. These challenges include limited resources 
that restrict access to essential prevention tools [7, 8]. 
Such constraints underscore the need for effective strate-
gies to prioritize available resources for those at highest 
risk.

The World Health Organization’s Global Malaria Pro-
gramme recommends a subnational tailoring process 
for intervention distribution, which may be applicable to 
addressing questions of intervention allocation in low-
resource settings [6, 9]. This process involves establishing 
a national team for data gathering and strategy develop-
ment, stratifying malaria risk and its determinants, and 
using mathematical modeling to predict the impact of 
different intervention strategies [6, 9, 10]. These steps 
ensure strong stakeholder participation and alignment 
with national malaria strategic planning.

In Nigeria, where the malaria burden is among the 
highest globally [1], the implementation of such tailored 
strategies is critical, particularly in addressing the unique 
challenges faced in high-risk areas. However, during 
preparations for the 2023 mass campaign, the National 
Malaria Elimination Programme (NMEP) faced time 
constraints that limited their ability to engage in this pro-
cess. Moreover, there was no accepted guidance on how 
to approach net distribution in resource-constrained 
settings.

Presently, LLINs are central to Nigeria’s malaria vec-
tor control efforts [11], traditionally distributed in 3-year 
cycles to align with their estimated biological efficacy [12, 

13]. This strategy aims for universal coverage, defined 
as one bed net for every two individuals at risk within a 
household [12, 13].

Nonetheless, changes in Nigeria’s net distribution 
strategy 2023–2025 Global Fund funding cycle were 
warranted due to funding gaps that led to serious impedi-
ments. A substantial 40% shortfall in partner funding, 
compared to a 7% gap in the previous cycle, resulted in 
an insufficient number of LLINs that could be procured 
for distribution during mass campaigns in urban areas 
[14]. This funding constraint necessitated the develop-
ment of an alternative approach to distributing the avail-
able nets, considering the varying disease risk across 
urban settings.

In this paper, we aimed to develop a framework for cre-
ating an LLIN distribution strategy in urban areas, with 
a focus on allocating LLINs to those at the highest risk. 
Our goal was to co-design this framework in collabora-
tion with Nigeria’s national and state malaria control 
programs and key implementing partners to guide the 
selection and implementation of an LLIN distribution 
approach amidst shortages. We demonstrate its appli-
cation in selecting a net distribution strategy in Ilorin, 
Kwara State, offering insights into our analytical and par-
ticipatory methods, as well as the challenges we experi-
enced, as a guide for potential users. Finally, we discuss 
the outcomes of the process and the key lessons learned.

Methods
Study design
The NMEP collaborated with the Urban Malaria 
Research Team at Loyola University Chicago (Previously 
at Northwestern University) to develop a rapidly imple-
mentable strategy for determining which communities 
would receive LLINs during the distribution campaign. 
Faculty and staff from the university were collaborating 
with the NMEP in the design and conduct of field epi-
demiologic and entomologic studies to understand the 
burden and determinants of malaria risk in two Nigerian 
cities [15]. It was hoped that insights gained from these 
studies would be useful in informing the bed net distribu-
tion approach.
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Framework development approach
The initial LLIN distribution framework was created fol-
lowing discussions between the research team with the 
NMEP and was refined after its application in Ilorin. 
We adopted a co-design approach rooted in abductive 
inquiry [16, 17] and participatory action research (PAR) 
principles [18, 19].

By employing an abductive research lens, we used a 
non-linear, iterative process, combining data gathering, 
analysis, and practical experiences to ensure the frame-
work’s applicability to realistic scenarios. Stakeholder 
engagement followed PAR principles which empha-
size: (1) action-oriented research that generates new 
knowledge, (2) active collaboration and empowerment 
of participants throughout the research process, and (3) 
contextual understanding in data interpretation [18, 19]. 
Stakeholders were identified purposively by the NMEP 
and the Kwara State Ministry of Health. PAR’s methodo-
logical pluralism enabled the co-design of each stage of 
the framework in close collaboration with stakeholders.

The framework was shaped using morphological anal-
ysis [16, 20, 21], which helped identify the key dimen-
sions of the LLIN distribution process and categorize 
them systematically. Additionally, co-design and co-cre-
ation frameworks from healthcare innovation and public 
health interventions [22, 23] inspired the framework’s 
structure.

The lead author documented the initial draft of the 
framework, which was iteratively refined based on 
notes and experiences from its application in Ilorin. 
Feedback from the authorship team further shaped the 
final version of the framework, shown in Fig. 1.

Framework pilot setting and context
This framework was developed to guide the targeted 
distribution of bed nets in Nigerian cities. The NMEP 
aimed to pilot the framework during microplanning 
for the Kwara State bed net distribution campaign. 
Ilorin, the state capital, was selected as the pilot loca-
tion because it was the only urban area conducting a 
mass distribution campaign with a restricted number of 
nets available for distribution at the time of the study. 
Communities in three Local Government Areas (LGAs) 
in Ilorin, namely, Ilorin East, Ilorin West, and Ilorin 
South, were classified by the State Ministry of Health as 
part of the urban axis. These three LGAs are subdivided 
into 35 wards and have approximately 1.4 million resi-
dents, according to the 2023 Kwara State Micro Plan 
(unpublished data obtained by email from the NMEP). 
Figure 2 depicts the three LGAs and the boundaries of 
the corresponding wards. Additional file 1: Fig. S1 pre-
sents a visualization of the number of communities, 
wards, and population sizes by LGA, with Ilorin West 
having the largest population, followed by Ilorin South. 

Fig. 1 Co-designed framework for informing LLINs distribution amidst limited supply
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A map of population density, highlighting the most 
densely populated wards, such as Oko-Erin and Bada is 
shown in Additional file 1: Fig. S2.

Framework description and operationalization
The framework is organized into three stages: a planning 
phase, a data review and co-decision-making phase, and 
an implementation phase. Each stage includes a series of 
activities, summarized in Fig. 1. A detailed description of 
the different phases and associated activities engaged by 
the research team during the pilot is provided.

Phase 1: Planning

Activity 1—Assess the feasibility of implementing either a 
prioritization or de‑prioritization strategy for LLINs dis‑
tribution A data-gathering and analysis exercise was 
conducted by the NMEP and the Loyola team to assess 
malaria risk at the ward level in Ilorin and evaluate the 
feasibility of implementing either a prioritization or de-
prioritization approach.

Prior to the exercise, the NMEP and the Loyola team 
defined and discussed both strategies. Prioritization 
involved identifying and ranking communities—small 
geographic areas within wards—based on their malaria 
risk and the expected impact of LLINs. This method aims 
to ensure that the highest-risk communities receive nets 
first, with any surplus distributed to lower-risk areas. 

In contrast, de-prioritization involves excluding low-
malaria-risk communities from the distribution, while 
all other communities receive nets. Although prioriti-
zation is more precise because it targets LLINs to areas 
where they are most impactful, it is also more complex. 
It requires reliable data for comparing risk levels and 
careful implementation to account for uncertainties in 
population sizes and the number of nets needed. De-
prioritization, on the other hand, is simpler but requires 
accurate identification of low-risk communities to pre-
vent over-distribution, ensuring that nets are distributed 
fairly to all other communities.

The data gathering exercise involved an internet search 
to identify shapefiles for Ilorin’s wards using a combi-
nation of terms that included “Ilorin”, “Kwara”, “wards”, 
shapefiles, and “admin 3”. Shapefiles are vector data for-
mats used to store geographic data as points, lines, and 
polygons. In the case of Ilorin wards, we searched for 
ward shapefiles in a polygon format. Searches of Nige-
ria’s national malaria repository and Loyola University 
Chicago’s data repositories were conducted to find data 
reflecting aspects of ward-level malaria risk, including 
receptivity, anthropogenic landscapes, and active trans-
mission. Search terms used for the repositories included 
words such as “malaria”, “settlement”, “housing”, “build-
ing”, “vegetation”, and “waterbodies”. These datasets were 
aggregated and summarized to the ward-level. Missing 
data on test positivity rates was estimated by taking the 

Fig. 2 Map of the Ilorin metropolitan area. Each of the 35 wards is colored by its corresponding LGAs
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average from adjacent wards. Following a similar method 
to Young and colleagues [24], 10 malaria risk scores were 
generated using various combinations of the normalized 
variables. The 10 combinations were generated due to our 
limited knowledge of ward-level malaria risk. We aimed 
to create various maps with different risk configurations 
to determine which one best aligned with stakeholder 
knowledge. Further details of the data aggregation, miss-
ing data estimation, and methods for the creation of risk 
scores are described in Additional file 1.

Activity 2—Identify methods for characterizing commu‑
nity‑level risk Due to the absence of community-level 
malaria test positivity data from Ilorin, data generated 
from an ongoing malaria study [15] in Ibadan, Nigeria, 
were analyzed to assess whether variations in malaria 
burden exist across communities classified using locally 
defined categories of formal, informal, and slum settle-
ments. As part of the study design each enumeration 
area, household, and individual was classified according 
to these definitions. A detailed description of this pro-
cess is available elsewhere [15]. Descriptive analysis was 
conducted to examine variations in malaria test positivity 
rates, as determined by rapid diagnostic tests, across dif-
ferent settlement types.

Activity 3—Establish the stakeholder team The NMEP 
and Kwara State Malaria Elimination Programme 
selected members of the stakeholder team. The goal was 
to choose individuals experienced in malaria control or 
LLINs campaign distribution in Ilorin, capable of criti-
cally evaluating the analysis outputs. Identified individu-
als received invitation letters to participate in a 3-h stake-
holder meeting. Invitees included eight members from 
administratively defined urban communities in Ilorin 
working within the Kwara State Malaria Elimination Pro-
gram, four representatives of the NMEP, and eight repre-
sentatives from implementing partners, including Cath-
olic Relief Services, the Society for Family Health, and 
Management Sciences for Health. Observers from vari-
ous international institutions including the Global Fund, 
the World Health Organization, and Tropical Health 
were also invited.

Activity 4—Develop detailed plans for stakeholder meet‑
ings The stakeholder meeting’s aims were defined as fol-
lows: (1) delineating urbanized wards from rural wards, 
(2) identifying the most representative ward-level map of 
malaria risk, (3) building consensus on the approach to 
community-level de-prioritization, (4) selecting wards for 
de-prioritization activities, and (5) Developing a checklist 
for categorizing urban settlements in Ilorin into formal, 
informal, and slum categories through field observation 

of settlement characteristics. Plans for the stakeholder 
meeting converged around adopting a multi-stakeholder 
dialogue (MSD) structure. An MSD is an organized and 
engaged process designed to develop collective strat-
egies and foster mutual understanding, with a major 
strength being the opportunity it provides for stakehold-
ers to engage in co-decision-making [25]. The MSD was 
designed to include small-group data review sessions, 
group reporting sessions, and a large group discussion 
to achieve the meeting’s aims. This was to ensure that all 
stakeholders had the opportunity to share their perspec-
tives. Discussion guides for the MSD were developed to 
facilitate these sessions (Additional file 1, pages 10–15). 
It was agreed that the MSD would be jointly facilitated by 
the NMEP and Loyola University Chicago teams (C.O., 
I.D.O., and L.M.).

Phase 2: Data review and co‑decision‑making

Activity 1—Conducting the MSD An MSD was held via 
Zoom on September 12, 2023, and saw attendance from 
approximately 30 individuals from the invited organiza-
tions. In the initial sessions, participants were divided 
into three smaller groups, each guided by a moderator, to 
foster inclusive and active discussions. Among the mod-
erators were I.D.O. and L.M., who also took on the role 
of note-takers. These sessions, lasting between 30 and 
45 min, focused on evaluating data quality and analyzing 
settlement features to identify variables most accurately 
reflecting malaria risk and would assist in the delineation 
of urban extents and their corresponding settlements. 
Participants examined maps that illustrated four key var-
iables related to malaria risk. Additionally, participants 
discussed and categorized various types of settlements—
formal, informal, slums, and rural—highlighting specific 
communities and neighborhoods in Ilorin. At the end of 
each session, group representatives presented a summary 
of their discussions and findings to all attendees during 
an audio-recorded session, facilitating a shared under-
standing and collective insights.

In a follow-up session, which was also recorded, par-
ticipants engaged in a detailed evaluation of 2 selected 
scoring maps from 10 developed options that depicted 
malaria risk based on variables identified in the previous 
session as being closely associated with malaria preva-
lence. During this review, all factors influencing the ward 
rankings on these maps were fully disclosed, promoting 
transparent and open discussions. This approach was 
particularly valuable for addressing any disagreements 
regarding the rankings and ensuring a comprehensive 
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evaluation. The participants quickly reached a consensus 
on one of the two maps, resulting in the remaining maps 
not being reviewed. Participants also agreed that only 
two wards, identified as the lowest risk areas would be 
de-prioritized.

The culmination of the MSD focused on crafting a 
comprehensive checklist to categorize communities into 
formal settlements, informal settlements, and slums. This 
task drew upon insights gathered throughout earlier ses-
sions on criteria for classifying settlements as formal, 
informal, or slums. A preliminary checklist, formulated 
as part of ongoing research in Kano and Ibadan [15], 
served as the starting point for discussion. Participants 
critically assessed this draft to identify elements appli-
cable to Ilorin’s context and to refine it for greater rel-
evance. The collaborative effort culminated in a consen-
sus on the final ward rankings, the refined checklist, and 
strategies for community de-prioritization.

Activity 2—Analysing the results After the MSD, the 
audio recordings were transcribed using Microsoft 
Word’s transcription tools. IDO and LM meticulously 
reviewed the initial transcripts alongside the original 
audio recordings to ensure their accuracy, making any 
necessary corrections. Following this, LM, with IDO’s 
assistance, carried out a thematic analysis [26] of the 
refined transcripts and the notes taken during the break-
out sessions.

Activity 3—Additional data collection to classify settle‑
ments To facilitate the classification of settlements 
within the two wards selected for de-prioritization using 
the outputs derived from Activity 1, a 1-day training ses-
sion was conducted for 32 individuals recruited by the 
Kwara State Ministry of Health. This team comprised 
20 research assistants, 8 community mobilizers, and 4 
supervisors, who were briefed on the final de-prioritiza-
tion process and trained in using the settlement classi-
fication checklist. A pilot of the process in two commu-
nities enhanced the team’s ability to accurately classify 
settlements according to the agreed-upon approach from 
the MSD. Insights from the pilot were discussed in a 
debrief session, leading to further checklist revisions. The 
final version of this checklist (refer to Additional file 1), 
which includes factors like the settlement plan, housing 
quality, road networks, social amenities, environmental 
quality, and the availability of waste disposal services, 
was integrated into the KoboCollect application [27] for 
streamlined data collection.

Guided by the Kwara State Micro Plan, which contains 
all community names, teams—each consisting of one 

community mobilizer and two research assistants—vis-
ited and classified all communities in two wards selected 
for de-prioritization. These teams meticulously observed 
and documented community characteristics using the 
checklist, took photographs, and recorded geo-coor-
dinates at the estimated centroids of each community. 
These coordinates were plotted in real time to verify the 
communities’ locations within ward boundaries. The 
final classification of each community was collectively 
determined by all research assistants. This extensive clas-
sification exercise took place over 3 days, from Septem-
ber 18 to September 20, 2023. Subsequently, community 
centroids were mapped according to their settlement 
category, and these maps were shared with all stakehold-
ers. A follow-up meeting with stakeholders took place on 
September 21, 2023. This meeting reviewed the classifi-
cation results and decided on which communities would 
be excluded from the upcoming LLINs distribution cam-
paign. The agreed-upon criteria for de-prioritization 
were (1) being located within a cluster of formal settle-
ments, and (2) being situated a significant distance from 
any dams.

Phase 3: Implementation phase

Activity 1—Develop and finalize the fieldwork plan A 
detailed fieldwork plan was developed and finalized, out-
lining the logistics of LLINs distribution in Ilorin. The 
plan included a timeline for distribution, the allocation of 
resources, communication materials on how to respond 
to complaints regarding non-receipt of LLINs during the 
campaign, and the roles and responsibilities of stakehold-
ers involved in the fieldwork. Staff of the Catholic Relief 
Service led the implementation of the LLINs campaign in 
collaboration with the Kwara State Ministry of Health.

Activity 2—Implementation of the net distribution strat‑
egy The 2023 Ilorin mass campaign was conducted 
from September 24 and November 15, 2023. It was an 
integrated effort that combined the distribution of LLINs 
and the administration of one cycle of Seasonal Malaria 
Chemoprevention (SMC). Over 2.9 million LLINs, that 
contained dual active ingredients (alphacypermethrin 
plus chlorfenapyr) manufactured by BASF and a half 
million  Sulfadoxine-Pyrimethamine with Amodiaquine 
(SPAQ) doses manufactured by S-Kant were procured 
for the campaign. The campaign featured a single-phase 
door-to-door integrated strategy for distributing LLINs 
and administering SPAQ. Although the campaign staff 
had the community names and geographic coordinates of 
their centroids, there was not sufficient time to demar-
cate the community boundaries during the campaign. As 
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such, decisions on the community boundaries had to be 
made during the distribution process.

Activity 3—Independent observation, evaluation, and 
reporting Members of the NMEP served as independ-
ent observers, taking notes on the gaps and challenges 
encountered during the implementation of the de-pri-
oritization activities. These field reports were shared 
with all stakeholders to guide future LLINs distribution 
planning.

Results
The results of the various activities, data analyses, and 
corresponding decisions arising from the application of 
the framework to the LLIN campaign processes in Ilorin 
are presented below. The subsections align with each 
phase of the framework.

Planning phase outcomes
Characterizing ward‑level malaria risk to inform the choice 
between a prioritization or de‑prioritization approach
The data-gathering exercise identified key datasets, 
including shapefiles from the GeoPoDe website [28] 
showing the 35 wards in Ilorin, malaria case data among 
children under 5 (U5 TPR) from health facilities in Ilorin 
sourced from the national malaria repository, and geo-
spatial data on residential settlement types [29], monthly 
enhanced vegetation index (EVI) [30], and proximity to 
water bodies [30]. Each variable was analyzed and aggre-
gated at the ward-level and in their naïve and normalized 
forms. Table 1 presents the variable definition, range, and 
source. Figure  3 shows ward-level distribution of each 
variable in both forms.

Wards with the highest proportion of poor settle-
ment types and mean EVI were predominantly located 
in Ilorin East. Notable ward-level variations were 
observed in proximity to water bodies and U5 test posi-
tivity rates. Wards in Ilorin South and East exhibited 
the shortest distances from their centroids to water 
bodies, with values ranging from 0 to 1000 m. In Ajik-
obi (Ilorin West), Balogun Fulani 1(Ilorin South), Balo-
gun Fulani 3 (Ilorin East), and Okaka 2 (Ilorin South), 
all children who presented at the reporting health facil-
ities tested positive for malaria.

Figure 4 displays maps of the ward-level malaria risk 
scores generated for each of the 10 combinations of the 
variables described in Table 1. The two maps presented 
and discussed during the MSD are also highlighted. The 
number on the map represents the ward rank, where a 
rank of 1 indicates the lowest malaria risk, and a rank 
of 35 indicates the highest risk. Across all composite 
scores, wards with the highest malaria risk scores were 

predominantly located in Ilorin East while Akanbi 4 
(Ilorin South) and Are 2 (Ilorin East) consistently had 
lower risk scores.

Following the data gathering and analysis, it became 
clear that there was insufficient information to adopt a 
prioritization approach to LLINs distribution. The lack 
of ward-level data on the expected impact of LLINs and 
community-level data on malaria risk prevented the 
NMEP from ranking wards and communities by their 
level of need for LLINs.

Characterizing community‑level malaria risk
Figure 5 illustrates the results of the data analysis, explor-
ing whether local settlement type definitions reflect dif-
ferences in malaria burden. The findings reveal that 
individuals living in communities classified as slum set-
tlements experienced a malaria prevalence over four 
times higher than those in formal settlements and nearly 
twice as high as those in informal settlements. These 
results suggested that settlement-type classifications 
based on local knowledge could serve as a useful proxy 
for characterizing community-level malaria risk.

Data review and co‑decision‑making outcomes
MSD findings
Major findings from the MSD can be categorized as fol-
lows: (1) perspectives on data quality for understanding 
ward-level malaria risk and the extent of urbanization, (2) 
perspectives on ward-level risk score maps and ranking, 
and selection of de-prioritized wards, and (3) perspec-
tives on settlement features and next steps. Details on 
these findings are provided below.

Data quality for characterizing ward‑level malaria risk 
and perspectives on the urban extent of Ilorin
Stakeholders were concerned about the relevance of the 
EVI to understanding malaria risk. Participants pointed 
out that EVI, while indicative of greenness, might not 
accurately represent environmental conditions crucial for 
determining malaria risk in cities. This is because wards 
that they believed were at high risk of malaria tended to 
have a low EVI.

Concerns about the U5 TPR centered around its lim-
ited scope, as only data from individuals seeking care at 
public health facilities were used while neglecting those 
who self-medicate or visit private facilities. Concerns 
were also voiced regarding the variability in data quality 
over time and inconsistent reporting rates from health 
facilities. Participants questioned the completeness and 
reliability of the data for making accurate judgments on 
the U5 TPR across different locations: “…we also said 
that the quality of that data….because you will agree with 
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me in 2014 up to 2017, I can’t imagine what the data on 
DHIS are compared to what we have from 2019 to date 
and some other factors come into play whereby some data 
are not being reported due to one reason or the other…Do 
we have a complete data to give to pass a judgment on 
the TPR for different location[s]”—Representative of the 
Kwara State Malaria Elimination Program. Despite the 
issues raised, there was a consensus that the U5 test posi-
tivity rate still provided the best representation of malaria 
risk at the ward level.

Regarding the depictions of ward-level settlement 
housing and infrastructure quality, and distance to water 
bodies as shown in Fig.  3A, participants largely agreed. 
They observed that areas with better housing conditions, 
like Are 2 and Akanbi 4, likely experienced lower malaria 
prevalence. Nonetheless, they noted variations in hous-
ing quality within wards: “…However, that doesn’t mean 
that all the houses in Akanbi 4 are good quality. So, we 
have some that are okay, of the good quality and we have 
some that are not of the good quality….”—Representative 
of the Kwara State Malaria Elimination Programme.

To define the urban extent in Ilorin, participants started 
by defining the features of rural areas. They mentioned 
that rural settlements had minimal social amenities or 

infrastructure, high natural vegetation, and low popu-
lation density, typically with agriculture as the main 
occupation. Examples of wards identified as encompass-
ing urban and rural settlements were provided. Figure 6 
presents a summary of the stakeholder perspectives on 
ward-level malaria risk and urban/rural extent in the 
Ilorin metropolis.

Ward‑level malaria risk maps and ranking, and selection 
of de‑prioritized wards
Stakeholders concurred during the MSD that the map 
incorporating the under-five (U5) test positivity rate and 
settlement classification most accurately depicted malaria 
risk (Fig.  4A). It was also noted that wards such as Are 
2 and Akanbi 4, which was expected to include house-
holds of higher socioeconomic status, received the lowest 
malaria risk rankings. As a result, these wards were cho-
sen as priority areas for initiating de-prioritization efforts 
in the upcoming net distribution campaign. In addition, 
participants recognized that living conditions were heter-
ogeneous within and between wards, further supporting 
the need for additional fieldwork to better characterize 
settlements.

Table 1 Description and source of the variables identified during the data gathering exercise

Variable Definition/description Range (units) Source

Proportion of poor settlement types Classification of neighborhood blocks 
based on density, orientation, and build-
ing size using high-resolution imagery 
collected from 2017 to 2018. Within 
the original dataset, blocks were catego-
rized into five distinct groups: A, B, D, F, 
and M. We analyzed the dataset to esti-
mate the proportion of blocks featuring 
substandard infrastructure and housing 
across each ward

0.32–1.00 (not applicable) Gates Foundation Geographic Information 
Systems team (email communication) 
A detailed presentation is available here 
[29]

Enhanced vegetation index (EVI) Quantifies vegetation greenness, serving 
as an indicator of the availability of suit-
able habitats for mosquito breeding. 
Data is derived from predicted surfaces 
for 2020, enabling us to estimate 
the annual mean EVI for each ward

0.09–0.37 (not applicable) Malaria Atlas Project (MAP) [30]

Distance to water bodies Straight line distance from the center 
point (centroid) of each ward 
to the nearest water bodies within Ilorin, 
measured in meters. This data 
was extracted from a raster created 
in 2017

0–5857 (meters) MAP [30]

Test Positivity Rate among children 
under the age of 5 years (U5 TPR)

Estimated at the ward level from health 
facilities that reported conduct-
ing malaria tests using blood smear 
microscopy or rapid diagnostic 
tests among children under the age 
of 5 years. The analysis utilized 
routine surveillance data collected 
between 2014 and 2021

0.08–1.00 (not applicable) National Malaria Elimination Programme 
(email communication)
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Settlement features and next steps
Participants in the MSD reported that the criteria for 
classifying settlements as formal, informal, or slums 

included factors such as housing layout and quality, 
access to basic amenities like hospitals, the presence 
of official addresses, and government services. Figure 7 

Fig. 3 Pre- and post-normalization maps and empirical cumulative distribution function (ECDF) of variables used in creating the malaria risk 
scores. A) Values and ECDF before normalization and B) Values and ECDF after the normalization process. The ECDF is the same for all variables 
except distance to water bodies where the scale was reversed. EVI is short for enhanced vegetation index
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Fig. 4 Ward rankings by malaria risk score using combinations of variables. Note: Rankings range from 1 (lowest rank) to 35 (highest rank), depicting 
lowest to highest risk. Smaller wards are not labeled due to size constraints. Variables used in the ranking-Ntpr (normalized U5 test positivity rate),  Nst 
(normalized proportion of poor settlement types), and  Nds (normalized distance to water bodies),  Nevi (normalized enhanced vegetation index)
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presents a word cloud illustrating key themes, with the 
size of each word reflecting the frequency of its men-
tion by participants. Since the draft checklist for clas-
sifying settlements already incorporated elements to 
assess housing quality, layout, and the presence of 
addresses, these items remained unchanged. However, 
it is important to highlight that additional features sug-
gested by MSD participants—like the presence of high-
income earners and registration of buildings in official 
databases, for categorizing settlement types—were 
deemed unobservable and, thus, not included.

Following the discussion of the checklist, it was 
agreed that the Kwara State Ministry of Health would 
lead fieldwork to classify settlements in the de-pri-
oritized wards—Are 2 and Akanbi 4 into the formal, 
informal, and slum categories using the checklist.

Settlement classification
Research Assistants from the Kwara State Ministry of 
Health visited and classified all 115 communities in 
Akanbi 4 and all 73 communities in Are 2 into catego-
ries of formal, informal, and slum settlements. Using 
the agreed-upon criteria for de-prioritization: (1) 
being located within a cluster of formal settlements, 
and (2) being situated a significant distance from any 
dams, 13 communities designated as formal settle-
ments were de-prioritized in Are 2. In Akanbi 4, no 
community fulfilled these criteria. Figure 8A shows the 
de-prioritized settlements. The list of de-prioritized 
settlements in Are 2 was shared with implementing 
partners to incorporate into the plans for the net dis-
tribution campaign.

Implementation phase outcomes
Field observation findings during the LLIN/SMC integrated 
campaign in Ilorin
Members of the NMEP visited all 13 de-prioritized 
settlements and six in prioritized areas to monitor the 
implementation of de-prioritization activities. They 
observed that residents of communities perceived to 
have high or middle socioeconomic status were less 
likely to collect nets or grant teams access to their 
homes.

The absence of clear demarcation for de-prioritized 
communities, including street names, posed a signifi-
cant challenge, as it hindered distribution teams from 
identifying where to begin and end net distribution. 
Additionally, some teams lacked maps covering their 
assigned communities, leading to missed households 
and instances of teams operating outside their des-
ignated areas. Another issue was the timing of visits, 
which often did not align with residents’ availability, 
making it difficult to determine the number of individ-
uals eligible to receive LLINs or SMCs who were pre-
sent in the homes.

Discussion
The growing funding gap for malaria control and elimi-
nation [1, 31, 32] is likely to reduce the availability of 
LLINs. This means that endemic countries will need to 
transition from universal coverage to more targeted, effi-
cient resource allocation. To our knowledge, this is the 
first time a framework has been developed and applied to 
address malaria intervention resource allocation in urban 
areas. There are no similar studies or studies with compa-
rable data from Ilorin or other cities in Nigeria. Methods 
for the development of co-designed frameworks typically 
rely on abductive reasoning [16], participatory action 
research [22], morphological analysis [16], and recursive 

Fig. 5 Findings from an ongoing cross-sectional household survey in Ibadan. Malaria prevalence by Rapid Diagnostic Test (RDT) in communities 
designated as formal settlements, informal settlements, and slums
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learning [23], similar to the approach used in this work. 
However, unlike other studies, the amount of stakeholder 
input was constrained by time, and further refinement of 
the framework after its application to new cases may be 
necessary.

Presently, the NMEP is conducting an evaluation of the 
de-prioritization activities to determine trends in  clini-
cal malaria cases and deaths following de-prioritiza-
tion.  Early  results from the process evaluation indicate 
that 98% of households in de-prioritized areas were built 
with modern building materials and had window screens 
[33]. Furthermore, population access to LLINs in dep-
rioritized areas was 23% lower than the 60% coverage 
observed in areas that were included in the distribution 

campaign, and de-prioritization did not impact the 
receipt of SMC [33]. However, without baseline infor-
mation, it is unclear if the difference in net access can be 
directly attributed to de-prioritization. It is possible that 
households in de-prioritized areas do not use nets due 
to minimal mosquito exposure, which may be a result 
of their higher-quality housing. Additional studies are 
needed to assess the impact of de-prioritization on net 
coverage.

This case study demonstrates that implementing tar-
geted LLIN distribution strategies relies heavily on the 
availability and quality of data for characterizing malaria 
risk at different administrative levels, active stakeholder 

Fig. 6 Summary of stakeholder perspectives on factors correlated with ward-level malaria risk and urban/rural extent of Ilorin metropolis
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engagement, and the capacity for data analysis and exe-
cution of action plans.

The WHO’s Global Framework for responding to 
malaria in urban areas emphasizes the importance of a 
locally led response using high-quality data, including 
epidemiologic, entomologic, intervention, and mobility 
data at the smallest administrative units to identify and 
prioritize those at risk [34]. More recent guidance from 
the WHO suggests that communities can be excluded 
from receiving bed nets during net distribution cam-
paigns based on current and historical data on malaria 
prevalence rate [35]. However, fine-scale malaria risk data 
at the smallest administrative levels are often unavailable 
for urban areas in malaria-endemic countries [36–38]. 

Collecting this data requires significant investment in 
improved routine and ad-hoc surveillance systems [37, 
39]—a step that is both welcomed and encouraged. 
Transitioning from aggregate to case-based surveillance 
models would bridge data gaps by facilitating the collec-
tion of individual-level data for community prioritization 
[40, 41]. Yet, these adaptations are resource-intensive, 
requiring investments to expand case notification sys-
tems and to include private sector health facilities, 
where many urban residents seek care [34, 42–45]. Our 
framework offers a practical approach for characterizing 
urban malaria risk even in the face of data, resource, and 
time limitations, while surveillance systems are being 
strengthened.

Fig. 7 Key themes identified from the MSD on the features of formal, informal settlements, and slums. Word size reflects the popularity 
of the theme among participants
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Operationalizing the principles of PAR in this study, 
from planning through implementation and in the design 
of the framework, ensured that the outcomes were con-
textually relevant and well-received by the national and 
state malaria control programs, as well as their imple-
mentation partners. Presumably, there were notable 
equity and justice gains, as those most affected by the 
issue and with a stake in the outcome were able to con-
tribute meaningfully to public health decisions and 
knowledge creation [46]. In our experience, researchers 
often face challenges in engaging non-technical stake-
holders in data analysis and interpretation. We demon-
strate that this can be achieved through the subjective 
evaluation of data quality, common in public health [47] 
and the business sector [48], combined with a visual 
assessment of malaria risk based on stakeholder experi-
ence. This process helped identify the most relevant vari-
ables for defining malaria risk in urban contexts and was 
crucial in advocating for additional fieldwork to better 
understand community-level malaria risk.

However, stakeholders may not always have per-
fect knowledge of a geographic area or the dynamics 
of malaria transmission, as they experience challenges 
in distinguishing between areas of high, medium, and 
low malaria risk. Nevertheless, this should be seen not 
as a limitation of the process, but as a lesson learned. 
Future iterations of this framework could include 
capacity-building activities before the data review and 

co-decision-making phase and consider crowd-sourcing 
information to address this challenge.

One key driver for developing this framework was the 
time constraints surrounding the decision-making pro-
cess. Given the heavy workload that malaria program 
staff often experience, this is likely a common feature 
of their work. Developing internal systems that support 
rapid, participatory decision-making will enhance align-
ment with national malaria strategic planning, local 
knowledge, research evidence, and internal cohesion 
[49]. We sought to address this gap by developing a soft-
ware tool that the NMEP can use for data visualization 
and malaria risk mapping, minimizing reliance on exter-
nal expertise [50]. We are currently conducting trainings 
to facilitate the adoption of the tool during future plan-
ning for bed net distribution in urban areas.

The limitations of this work fall into three catego-
ries: those related to the study’s conduct, the frame-
work’s structure, and its application. Time constraints 
imposed by the net distribution timeline prevented us 
from conducting a rigorous literature review and multi-
ple stakeholder engagement sessions during the frame-
work development process. These limitations should 
be addressed in future efforts to refine the framework. 
Additionally, the framework’s structure and activities 
were shaped by the involvement of the Loyola University 
team, the availability of data and time, which means that 
when implemented solely by national and state malaria 

Fig. 8 Communities in Are 2 and Akanbi 4. De-prioritized areas circled in red. A) All 73 communities are categorized in Are 2 and B) All 115 
communities are categorized in Akanbi 4 ward, respectively. Points represent community centroids. Purple-colored points circled in red color 
represent formal settlement communities that were de-prioritized during the 2023 mass campaign
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programs with improved data availability and capacity as 
well as with more time, the order and type of activities 
may vary. For instance, the establishment of the stake-
holder team could be the first activity prior to the data 
gathering and analysis activity, if it is expected that the 
stakeholder team will contribute to data gathering.

The framework’s implementation posed practical chal-
lenges, such as delineating boundaries for de-prioritized 
communities and managing distribution logistics. Obser-
vations from Ilorin revealed that unclear community 
boundaries, despite microplanning, created confusion 
during bed net distribution. Innovations in microplan-
ning processes and technologies that enable rapid com-
munity mapping with minimal technical expertise using 
high-resolution satellite imagery are needed. However, 
publicly available satellite imagery often lacks the reso-
lution required for such mapping and may not be up to 
date. Additionally, malaria programs frequently lack 
the resources and capacity to acquire and process real-
time, high-resolution imagery. Overcoming these two 
challenges would represent a significant advancement 
not only for malaria programs but also for other health 
initiatives.

Future applications of this framework must carefully 
consider the decision-making process for excluding areas 
from intervention campaigns. In settings with severe 
funding constraints, larger areas, including informal 
settlements and slums, may need to be de-prioritized. 
In these cases, it is unclear how such situations would 
be approached in the absence of high-quality data on 
malaria risk and monitoring to detect resurgence.

Finally, although impact evaluations and resurgence 
monitoring are recommended, how to approach this in 
resource-constrained settings—especially when pro-
grams may lack funding—is unclear. Addressing this gap 
should be a priority in future work.

Conclusions
Given the diverse nature of malaria risk and funding con-
straints in urban areas, national and state malaria control 
programs are increasingly exploring alternative strate-
gies to better tailor interventions. The World Health 
Organization’s Global Framework for the Response to 
Malaria in Urban Areas provides valuable guidance for 
developing comprehensive response plans, integrating 
multiple interventions, and strengthening surveillance 
systems. Our framework can serve as a foundation for 
these strategies, offering a practical approach for engag-
ing stakeholders in collaborative decision-making and 
conducting thorough, rapid data analysis to guide inter-
vention planning.
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