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Abstract

Malaria in pregnancy (MiP) remains a major public health challenge in Nigeria, contributing sub-
stantially to maternal anemia, low birth weight, and adverse neonatal outcomes. Effective delivery
of intermittent preventive treatment in pregnancy (IPTp), particularly completion of at least three
doses (IPTp3), is a core indicator of malaria prevention performance within antenatal care (ANC)
services. This study examined the spatial distribution and facility-level determinants of IPTp3 cov-
erage in Kebbi State, northwestern Nigeria, using routine health service and population data.
Monthly facility-level MiP service delivery data (January 2022—November 2025) were obtained
from the national DHIS?2 platform and integrated with high-resolution 2025 population surfaces
from WorldPop. Thiessen (Voronoi) polygons were generated around health facilities to delineate
catchment areas, from which population characteristics were extracted. IPTp3 coverage was cal-
culated as the ratio of cumulative IPTp3 doses to first ANC attendance (ANC1). Spatial aggrega-
tion and hotspot analysis were conducted at ward and local government area (LGA) levels. Facil-
ity-level predictive modelling employed a regularized XGBoost regression framework using aggre-
gated service delivery, population, and facility structural variables. Marked spatial heterogeneity
in IPTp3 coverage was observed across Kebbi State, with ward-level coverage ranging from near
zero to values approaching one. Facility-level modelling demonstrated strong predictive perfor-
mance (R>=0.85; RMSE = 0.084; MAE = 0.061). Antenatal care attendance volume was the most
influential predictor (=31% of model gain), followed by LLIN distribution, malaria testing activity,
reproductive-age female population size, and facility catchment area. Residual analysis revealed
that while most LGAs performed within expected ranges, localized clusters of underperforming
facilities persisted, particularly in Koko-Besse, Kalgo, and Suru, whereas Wasagu-Danko signifi-
cantly outperformed model expectations. These findings highlight the combined influence of service
delivery capacity and population context on IPTp3 uptake and provide a spatially explicit, policy-

relevant framework for targeting malaria-in-pregnancy interventions at facility levels.
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1. Introduction

Malaria during pregnancy remains a major public health concern in sub-Saharan Africa, continuing
to undermine maternal and newborn survival despite sustained policy efforts and the widespread
availability of proven preventive measures. Antenatal care attendance is generally high in many
settings, yet this does not consistently translate into effective malaria prevention. In practice, many
women attend health facilities several times over the course of pregnancy but do not receive the
complete schedule of recommended intermittent preventive treatment doses. As a result, preventa-
ble complications such as maternal anemia, low birth weight, preterm delivery, and neonatal death
persist at unacceptable levels (WHO, 2021; Rogerson et al., 2020; Chico & Dellicour, 2022). These
patterns suggest that the problem lies less in service availability and more in how malaria preven-
tion interventions are delivered and completed within routine care.

This study focuses on malaria-in-pregnancy service delivery at the health-facility level, with par-
ticular emphasis on uptake of the third dose of intermittent preventive treatment in pregnancy
(IPTp3). Evidence indicates that reaching at least three doses of IPTp with sulfadoxine—py-
rimethamine is associated with substantially improved maternal and birth outcomes compared with
lower doses (Kayentao et al., 2021; van Eijk et al., 2021). Using routinely reported health facility
data, the analysis examines spatial and administrative variation in IPTp3 coverage across Kebbi
State, Nigeria. By integrating service delivery indicators with spatial location and population con-
text, the study provides insight into how malaria prevention services are actually utilized in every-
day healthcare settings rather than how they are intended to function in policy frameworks.
Although national malaria control programs regularly publish IPTp coverage statistics, these fig-
ures are typically aggregated at state or national levels. Such averages often obscure large differ-
ences between individual health facilities operating within the same administrative area (Amo-
Adjei et al., 2022; Okedo-Alex et al., 2023). Facilities serving comparable populations may show
markedly different levels of IPTp3 uptake, pointing to the influence of staffing, supply chains,
service organization, and local demand factors. When these disparities are not explicitly identified,
programmatic responses tend to rely on uniform interventions that may fail to address localized
weaknesses. As malaria-endemic countries intensify efforts toward elimination, understanding fa-
cility-level performance has become increasingly important (WHO, 2023; Bhatt et al., 2022).
Much of the existing literature on malaria in pregnancy is based on household surveys, national
indicator reports, or conventional regression analyses. While these approaches have improved un-
derstanding of individual-level determinants of IPTp uptake, they often lack the spatial detail re-
quired to detect localized service delivery gaps (Yaya et al., 2021; Arnaldo et al., 2022). In addition,
many studies treat health facilities as isolated units, without accounting for geographic clustering
or differences in catchment population characteristics. Consequently, spatial patterns of underper-
formance and facility-specific inefficiencies may remain hidden, limiting the operational usefulness
of research findings (Alege et al., 2024).

Relatively few studies have combined routine health information system data with spatial analysis
and facility catchment characteristics to assess malaria-in-pregnancy services across multiple ad-
ministrative scales. This study seeks to address that gap by examining: (i) spatial variation in IPTp3
coverage across health facilities and administrative units; (ii) the presence of statistically significant
clusters of high and low IPTp3 performance; and (iii) facility-level service delivery and population
factors associated with IPTp3 uptake. By adopting this integrated approach, the study contributes
practical, location-specific evidence that can support more targeted and efficient improvements in
malaria prevention for pregnant women in high-burden settings (Shretta et al., 2023; Okonofua et
al., 2024).
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2. Materials and Methods

2.1 Study area and spatial units

This study was carried out in Kebbi State, situated in north-western Nigeria between approximately
10°-13° N latitude and 3°-6° E longitude. The state shares international boundaries with the Re-
publics of Niger and Benin and is administratively organized into local government areas (LGAs),
wards, and settlements. Ecologically, Kebbi lies largely within the Sudan—Sahel savanna zone,
where climatic conditions are defined by a unimodal rainfall regime occurring mainly between May
and October, followed by a prolonged dry season from November to April. These seasonal dynam-
ics, coupled with persistently high ambient temperatures, create conditions favorable for sustained
malaria transmission, particularly during and shortly after the rainy season (Niang et al., 2021;
Adepoju et al., 2023).
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Figure 1 Location of Kebbi State in Nigeria

Kebbi State is predominantly rural, with livelihoods centered on subsistence agriculture, fishing,
and livestock rearing. Access to maternal and child health services is unevenly distributed, with
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notable disparities between urban centers and remote rural communities. Malaria in pregnancy re-
mains a persistent public health challenge in the state, making Kebbi a suitable setting for examin-
ing spatial variation in malaria-in-pregnancy service delivery and health facility performance under
real-world conditions (Ameh et al., 2022).

2.2 Data sources and preparation
2.2.1 Health facility service delivery data

Routine malaria-in-pregnancy service data were obtained from Nigeria’s District Health Infor-
mation System 2 (DHIS2), the national platform used for reporting facility-level health service
statistics across public and private facilities. Monthly records covering January 2022 to November
2025 were extracted for all reporting health facilities in Kebbi State.

Variables retrieved included first antenatal care attendance (ANC1), total antenatal care visits, in-
termittent preventive treatment doses (IPTp1-IPTp4), malaria testing by rapid diagnostic test and
microscopy, confirmed malaria cases among pregnant women, artemisinin-based combination ther-
apy (ACT) administration, distribution of long-lasting insecticidal nets (LLINs), and selected com-
modity stock indicators. Data cleaning procedures involved removing duplicate entries, standard-
izing numeric fields, verifying internal consistency, and excluding facilities with zero ANC1 at-
tendance to ensure valid estimation of coverage measures (Braun et al., 2021).

All records were linked to unique facility identifiers and georeferenced using facility coordinates
to enable spatial integration and mapping.

2.2.2 Population data

Population estimates were derived from the WorldPop project, which provides high-resolution
gridded population surfaces generated using census data, satellite imagery, and ancillary geospatial
covariates. WorldPop datasets are widely applied in malaria risk assessment and health systems
research due to their spatial granularity and methodological transparency (Bondarenko et al., 2020;
Stevens et al., 2022).

Population layers corresponding to 2025 were used to represent population distribution during the
latter part of the study period. Extracted variables included total population, women of reproductive
age (15-49 years), population under one year of age, and associated population density surfaces.

2.2.3 Health facility catchment delineation

To link population characteristics with facility-level service delivery, Thiessen (Voronoi) polygons
were constructed around each health facility location. These polygons approximate facility catch-
ment areas under the assumption that individuals seek care at the geographically nearest facility
when utilization data are unavailable. Although simplified, this approach is commonly adopted in
health accessibility and service coverage studies and has been shown to provide reasonable approx-
imations in rural African settings (Weiss et al., 2020; Bosco et al., 2021).

All catchment polygons were clipped to the administrative boundary of Kebbi State to prevent
cross-border spillover effects.

2.2.4 Population extraction to facility catchments

Population rasters were overlaid with facility catchment polygons to quantify population demand
for each facility. For a given facility 7, total population within its catchment was computed as:

POP; = 2 P,

CcEA;

where P.represents the population value of raster cell ¢ and A;denotes the catchment area associ-
ated with facility .

Using this formulation, total population, women of reproductive age, population under one year of
age, and population density were calculated for each facility catchment. These variables were
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treated as time-invariant structural characteristics and merged with the aggregated facility-level
malaria-in-pregnancy dataset (Lloyd et al., 2022).

2.3 Spatial and temporal analysis of malaria-in-pregnancy service delivery

A spatial-temporal analytical framework was applied to quantify and map malaria-in-pregnancy
service delivery across health facilities in Kebbi State. Monthly DHIS2 records spanning January
2022 to November 2025 were analyzed, with December 2025 excluded to avoid partial reporting
bias pasted

2.3.1 Facility-level indicators

Core indicators included ANCI1 attendance, total ANC visits, [IPTp1-IPTp4 doses, malaria testing,
confirmed malaria cases, ACT treatment, and LLIN distribution. To ensure comparability across
facilities of varying size, indicators were expressed as proportions or rates derived from raw service
counts (Nguyen et al., 2021).

2.3.2 IPTp3 coverage

The primary outcome was IPTp3 coverage, defined as the proportion of women initiating
antenatal care who received at least three doses of intermittent preventive treatment. For facility ¢
in month ¢, IPTp3 coverage was calculated using eq. 1:

IPTp3cov — IPTp3it (1)
it~ ANCl;,

This indicator was selected because evidence suggests that receipt of three or more IPTp

doses provides meaningful protection against placental malaria, maternal anemia, and ad-
verse birth outcomes (Goshu et al., 2022; Oduro et al., 2023).

2.3.3 Diagnostic and burden indicators

To contextualize IPTp3 performance, malaria testing intensity and test positivity were computed

as eq. 2-3:
Tests;
Testing Rate,, = 7{?1 )
*oANCE?
Confirmed Malaria;
Positivity,, = Tosts X )
it

These indicators capture diagnostic effort and malaria burden within facility catchments and aid
interpretation of IPTp3 variation.

2.4 Facility-level predictive modelling

To identify structural determinants of malaria-in-pregnancy service performance, predictive mod-
elling was conducted using facility-level aggregates. Monthly observations were summed across
the study period to generate a single record per facility .

Facility-level IPTp3 coverage was defined as eq. 4:
IPTp3i (4)
ANC1;

Coverage; =

2.4.1 Machine-learning framework

A gradient boosting regression model (XGBoost) was employed to predict IPTp3 coverage due
to its capacity to model nonlinear relationships and complex interactions without strong parametric
assumptions. The model structure is expressed as eq. 5:

N (5)
9= fe)fi € F
k=1

where y;represents predicted IPTp3 coverage for facility 7, X;is the vector of explanatory variables,
and fidenotes individual regression trees.
Model training minimized a regularized loss function (Eq. 6):
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L= =902 +A ) Ife P+a ) Ifel (6)
i k k

where Adand acontrol L2 and L1 regularization, respectively, reducing overfitting and improving
generalizability (Chen et al., 2020; Nielsen et al., 2023).

2.4.2 Model evaluation and residual analysis

Model performance was assessed using root mean square error (RMSE), mean absolute error
(MAE), and the coefficient of determination (R?). Facility-level residuals were computed as eq 7:

Residual; = y; — ¥; (7
Residuals were spatially mapped to identify facilities that performed substantially above or below
model expectations after accounting for service volume, population demand, and structural charac-
teristics (Timonin et al., 2022).

3. Results
3.1 Spatial Patterns of IPTp3 Coverage in Kebbi State
3.1.1 Ward-Level Distribution of IPTp3 Coverage

Figure 2 illustrates the ward-level spatial distribution of aggregated IPTp3 coverage across Kebbi
State, calculated as the ratio of total [IPTp3 doses administered to total ANCI1 attendance over the
full study period. Across all wards, IPTp3 coverage ranged from near 0.00 to values approaching
1.00, indicating substantial intra-state heterogeneity.
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Figure 2: Ward-level IPTp3 coverage map

Higher IPTp3 coverage was concentrated in wards located within or adjacent to Birnin Kebbi, Ar-
gungu, and parts of Zuru and Wasagu—Danko LGAs, whereas lower coverage predominated in
Bagudu, Dandi, Ngaski, and Suru. These spatial contrasts suggest uneven effectiveness of malaria
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prevention delivery among pregnant women across local contexts. A small number of wards (<5%
of total) lacked complete facility—ward assignment and were excluded from subsequent spatial in-
ference, ensuring robustness of the hotspot analysis.

3.1.3 LGA-Level Aggregation of IPTp3 Coverage

Aggregation of IPTp3 coverage to the Local Government Area (LGA) scale (Figure 3) reveals
smoother but consistent spatial gradients relative to the ward-level results. Mean LGA-level IPTp3
coverage varied markedly across Kebbi State, with Zuru and Wasagu—Danko exhibiting compara-
tively higher average coverage, while Bagudu and Ngaski recorded the lowest values.
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Figure 3: LGA-level IPTp3 coverage map

3.2 Facility-Level Predictive Modelling of IPTp3 Coverage

The aggregated health-facility—level model demonstrated strong predictive skill for IPTp3 coverage
across Kebbi State. The regularized XGBoost model achieved a high explanatory performance (R?
= 0.85) with low prediction errors (RMSE = 0.084; MAE = 0.061), indicating that structural, ser-
vice-delivery, and population catchment characteristics jointly explain a substantial proportion of
variability in IPTp3 uptake across facilities.

Variable importance analysis revealed that antenatal care attendance volume (ANC attendance)
was the dominant predictor, accounting for approximately 31% of the total model gain, underscor-
ing the central role of routine ANC utilization in determining IPTp3 completion. Preventive service
delivery indicators—particularly long-lasting insecticidal net (LLIN) distribution and malaria test-
ing volume—also contributed strongly, reflecting the importance of integrated malaria prevention
and diagnostic activities within maternal health services.
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Population characteristics of facility catchments were similarly influential. The population of preg-
nant women (POP_PW) and facility catchment area size (A_Area) ranked among the top predictors,
indicating that service coverage is shaped not only by facility performance but also by the demo-
graphic burden and spatial extent of populations served. Population density metrics further high-
lighted how spatial concentration of beneficiaries affects service uptake efficiency.

Facility type and ownership exerted comparatively smaller but non-negligible effects. Primary
Health Centers consistently showed higher predictive contribution than smaller health posts or clin-
ics, suggesting structural advantages in delivering repeated preventive interventions such as [IPTp3.
Ownership effects were modest, indicating broadly comparable performance across management
categories once service volume and population context were accounted for.

3.3 LGA-level residual performance of IPTp3 coverage

Across Kebbi State, LGA-level residual analysis showed that most LGAs performed within the
expected range (—0.05 to +0.05), indicating close agreement between observed and model-pre-
dicted IPTp3 coverage. Mean residuals were generally small, ranging from —0.045 in Bagudu to
+0.029 in Arewa Dandi. Despite this overall alignment, several LGAs exhibited substantial shares
of under-performing facilities, notably Koko-Besse (83.3%), Kalgo (77.3%), and Suru (72.4%),
highlighting localized service delivery gaps. In contrast, Wasagu-Danko emerged as a positive out-
lier, with a high mean residual (+0.096) and elevated observed coverage (57.6%), classifying it as
outperforming relative to expectations. These patterns underscore pronounced intra-state heteroge-
neity in MiP service delivery outcomes (Figure 4).
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4. Discussion

This study provides a facility-centered and spatially explicit assessment of malaria-in-pregnancy
service delivery in Kebbi State, revealing pronounced geographic and structural inequalities in
IPTp3 uptake that are largely concealed in routine state-level summaries. The ward- and LGA-level
maps demonstrate that IPTp3 coverage is far from uniformly distributed, with clear spatial cluster-
ing of both high- and low-performing areas. These findings reinforce growing evidence that malaria
prevention during pregnancy is shaped as much by local service environments as by individual-
level care-seeking behavior (Kitojo et al., 2021; Hill et al., 2022).

4.1 Spatial heterogeneity in IPTp3 coverage

The observed concentration of higher IPTp3 coverage around Birnin Kebbi, Argungu, and parts of
Zuru and Wasagu—Danko suggests that proximity to administrative centers, better-resourced facil-
ities, and more stable service delivery systems may play a critical role in ensuring completion of
preventive treatment schedules. Similar urban—peri-urban advantages have been documented in
northern Ghana and southern Tanzania, where facilities closer to district headquarters consistently
report higher IPTp dose completion (Agyekum et al., 2022; Mlugu et al., 2023). Conversely, per-
sistently low coverage in LGAs such as Bagudu, Ngaski, and Suru mirrors patterns reported in
other Sahelian settings, where geographic remoteness, seasonal flooding, and constrained health
workforce capacity undermine continuity of antenatal services (Issah et al., 2021).

The smoother spatial gradients observed at the LGA scale, compared with ward-level patterns,
highlight the importance of analytical scale in malaria program evaluation. Aggregation reduces
random variability but can mask critical micro-level gaps that are operationally important for tar-
geted interventions. This finding aligns with recent calls for sub-district analysis of routine health
data to support precision public health approaches in malaria control (Galgamuwa et al., 2023).

4.2 Determinants of IPTp3 uptake at the facility level

The strong performance of the XGBoost model (R? = 0.85) indicates that IPTp3 coverage is largely
predictable from measurable facility, service, and population characteristics. The dominant contri-
bution of ANC attendance volume confirms that repeated contact with the health system remains
the primary pathway through which women complete IPTp schedules. This reinforces prior evi-
dence that missed IPTp opportunities often reflect health-system failures during routine ANC visits
rather than lack of demand alone (Mensah et al., 2021; Tesfaye et al., 2022).

The importance of LLIN distribution and malaria testing volume underscores the value of inte-
grated service delivery. Facilities that actively provide multiple malaria prevention and diagnostic
services appear better positioned to deliver IPTp3 consistently, suggesting that verticalization of
malaria interventions may weaken preventive outcomes. Comparable associations between inte-
grated malaria service intensity and IPTp completion have been reported in Kenya and Malawi,
where bundled ANC services improved continuity of care (Ouma et al., 2022; Chirwa et al., 2023).
Population catchment characteristics also emerged as key determinants. Facilities serving larger
populations of pregnant women or covering extensive geographic areas faced greater challenges in
achieving high IPTp3 coverage. This finding supports spatial access theory, which posits that ser-
vice efficiency declines as travel distance and population dispersion increase, particularly in rural
contexts with limited transport infrastructure (Joseph et al., 2021). Importantly, population density
effects suggest that demand concentration may enhance service delivery efficiency by stabilizing
patient flow and reducing per-capita service costs.

Facility type exerted a meaningful, though secondary, influence on IPTp3 coverage. The relative
advantage of Primary Health Centers over smaller posts aligns with evidence that facilities with
higher staffing levels, consistent drug availability, and stronger supervision are better equipped to
deliver multi-dose preventive interventions (Moucheraud et al., 2021). The modest effect of own-
ership indicates that, once service volume and population context are controlled for, public and
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non-public facilities perform similarly—a finding consistent with recent comparative studies from
Nigeria and Burkina Faso (Abubakar et al., 2023).

4.3 Residual performance and localized service gaps

Residual analysis revealed that most LGAs performed close to model expectations, yet several ex-
hibited high proportions of underperforming facilities despite average residuals remaining within
acceptable bounds. LGAs such as Koko-Besse, Kalgo, and Suru illustrate how aggregate perfor-
mance can obscure substantial internal disparities. Similar patterns of “hidden underperformance”
have been identified in facility-level malaria service audits in Ethiopia and Uganda, where pockets
of inefficiency persisted within otherwise average-performing districts (Gebremedhin et al., 2022;
Tusiime et al., 2023).

The identification of Wasagu—Danko as a positive outlier is particularly instructive. Its higher-than-
expected [PTp3 coverage suggests the presence of favorable local practices or management strate-
gies not fully captured by structural variables. Such positive deviance has been increasingly recog-
nized as a valuable entry point for adaptive health system learning, enabling replication of success-
ful practices in lower-performing settings (Bradley et al., 2021).

4.4 Programmatic implications

Taken together, these findings highlight the limitations of uniform, state-wide malaria-in-preg-
nancy interventions. Improving IPTp3 coverage in Kebbi State will likely require geographically
targeted strategies that prioritize underperforming wards and facilities, address catchment-level
population pressures, and strengthen integrated ANC service delivery. Facility-level analytics using
routine data, as demonstrated in this study, provide a practical and scalable approach for guiding
such precision interventions in high-burden settings (Nguyen et al., 2023).
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Abbreviation
ANC Antenatal Care
ANCI1 First Antenatal Care Visit

ANCA Total Antenatal Care Attendance
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IPTp Intermittent Preventive Treatment in pregnancy

IPTp3 (IPT3) Third dose of Intermittent Preventive Treatment in pregnancy

IPT1 First dose of Intermittent Preventive Treatment

LGA Local Government Area

LISA Local Indicators of Spatial Association

MiP Malaria in Pregnancy

DHIS2 District Health Information Software, version 2
References

Abubakar, A. A., Sadiq, U., & Lawal, A. (2023). Public and private facility performance in maternal health
service delivery in northern Nigeria. African Journal of Reproductive Health, 27(2), 45-58.

Adepoju, P., Salami, K., & Musa, A. (2023). Climate variability and malaria transmission dynamics in northern

Nigeria. Environmental Health Insights, 17, 1-12.

Agyekum, T. P., Anto, F., & Kenu, E. (2022). Determinants of IPTp dose completion in northern Ghana. BMC
Pregnancy and Childbirth, 22, 614.

Alege, S. G., Ezeh, O. K., Okonofua, F. E., & Adedini, S. A. (2024). Spatial inequalities in maternal health
service delivery in sub-Saharan Africa: Implications for malaria prevention in pregnancy. BMC Public Health,
24(1), 412. https://doi.org/10.1186/s12889-024-17902-6

Ameh, S., Adaji, S., & Awofeso, N. (2022). Spatial inequalities in maternal health service access in rural Nigeria.
BMC Health Services Research, 22(1), 1345.

Amo-Adjei, J., Kumi-Kyereme, A., & Anamaale Tuoyire, D. (2022). Facility-level factors associated with up-
take of intermittent preventive treatment of malaria in pregnancy in West Africa. BMJ Global Health, 7(6),
€009145. https://doi.org/10.1136/bmjgh-2022-009145

Arnaldo, P., Nhacolo, A., Mabunda, S., & Alonso, P. (2022). Determinants of intermittent preventive treatment
coverage for malaria during pregnancy in southern Africa. Malaria Journal, 21(1), 311.
https://doi.org/10.1186/s12936-022-04345-7

Bhatt, S., Weiss, D. J., Cameron, E., Bisanzio, D., & Mappin, B. (2022). The effect of malaria control on Plas-
modium falciparum in Africa between 2000 and 2020. The Lancet, 399(10334), 1905-1916.
https://doi.org/10.1016/S0140-6736(22)00394-1

Bondarenko, M., Kerr, D., Sorichetta, A., & Tatem, A. J. (2020). Census-derived gridded population mapping

for low-income countries. International Journal of Health Geographics, 19(1), 36.

Bosco, C., Alegana, V., Bird, T., & Tatem, A. J. (2021). Comparing methods for defining health facility catch-
ment areas. PLoS Global Public Health, 1(5), €0000036.

Bradley, E. H., Curry, L. A., & Ramanadhan, S. (2021). Positive deviance for health systems strengthening.
BMJ Global Health, 6, €005939.

Braun, R., Tesfaye, R., & Fenta, S. M. (2021). Data quality challenges in routine health information systems in
sub-Saharan Africa. Global Health Action, 14(1), 1932925.

Chen, T., He, T., Benesty, M., & Tang, Y. (2020). Extreme gradient boosting: R and Python examples. Packt.

Chico, R. M., & Dellicour, S. (2022). Malaria prevention in pregnancy: A call for improved delivery of effective
interventions. The Lancet Global Health, 10(4), e472—e473. https://doi.org/10.1016/S2214-109X(22)00049-6

Chirwa, Z., Phiri, M. D., & Mwapasa, V. (2023). Integrated antenatal services and IPTp uptake in Malawi.
Malaria Journal, 22, 144.



Hensard Journal of Health Policy and Digitization. 2026, 01 12 of 13

Galgamuwa, L. S., Iddawela, D., & Wickramasinghe, S. (2023). Precision public health approaches in malaria
elimination. Global Health Research and Policy, 8, 12.

Gebremedhin, G. T., Fenta, S. M., & Alemu, Y. (2022). Facility-level heterogeneity in malaria service delivery
in Ethiopia. BMC Health Services Research, 22, 1089.

Goshu, Y. A., Yitayal, M., & Mekonnen, S. (2022). Effectiveness of IPTp dose completion on birth outcomes
in endemic settings. Malaria Journal, 21(1), 290.

Hill, J., Dellicour, S., & Ter Kuile, F. O. (2022). Health system factors affecting malaria prevention in preg-
nancy. The Lancet Infectious Diseases, 22, ¢190—e198.

Issah, A. N., Musah, Y., & Salia, S. M. (2021). Rural access barriers and malaria prevention in the Sahel. Inter-
national Journal of Health Planning and Management, 36, 2021-2035.

Joseph, N. K., Ouma, P. O., & Macharia, P. M. (2021). Distance decay effects in maternal health service utili-
zation. International Journal of Health Geographics, 20, 32.

Kayentao, K., Garner, P., van Eijk, A. M., Naidoo, 1., & Ter Kuile, F. O. (2021). Intermittent preventive treat-
ment for malaria during pregnancy using sulfadoxine—pyrimethamine: Updated evidence of effectiveness.
Cochrane Database of Systematic Reviews, 2021(10), CDO000169.
https://doi.org/10.1002/14651858.CD000169.pub4

Kitojo, C., Gutman, J., & Chacky, F. (2021). Spatial patterns of IPTp uptake in Tanzania. Malaria Journal, 20,
451.

Lloyd, C. T., Sorichetta, A., & Tatem, A. J. (2022). High-resolution population mapping for health applications.
Population Health Metrics, 20(1), 7.

Mensah, B. A., Anto, F., & Agyepong, 1. A. (2021). Missed opportunities for IPTp delivery during ANC visits.
Health Policy and Planning, 36, 1364—1374.

Mlugu, E. M., Mwakalinga, V. M., & Kaaya, R. D. (2023). Urban—rural disparities in malaria prevention among
pregnant women. Tropical Medicine & International Health, 28, 987-998.

Moucheraud, C., Owen, H., & Kruk, M. E. (2021). Health facility capacity and quality of maternal services in
low-income settings. Health Systems & Reform, 7, ¢1911135.

Nguyen, T. H., Tran, T. Q., & Wilson, M. L. (2023). Using routine health data for precision maternal health
planning. BMJ Global Health, 8, e011245.

Nguyen, T. H., Wilson, M. L., & Kien, V. D. (2021). Measuring facility performance using routine health data.
Health Policy and Planning, 36(8), 1231-1242.

Niang, M., Gaye, O., & Tine, R. (2021). Seasonal malaria transmission patterns in Sahelian Africa. Parasites &
Vectors, 14(1), 418.

Nielsen, D., Sonderskov, K., & Olsen, L. R. (2023). Interpretable machine learning for health systems research.
Artificial Intelligence in Medicine, 139, 102519.

Oduro, A. R., Azongo, D., & Awine, T. (2023). IPTp dose thresholds and maternal health outcomes. Tropical
Medicine & International Health, 28(2), 149—160.

Okedo-Alex, I. N., Akamike, I. C., Eze, C. C., & Uneke, C. J. (2023). Coverage and determinants of intermittent
preventive treatment for malaria in pregnancy in Nigeria: Evidence from routine health data. Malaria Journal,
22(1), 198. https://doi.org/10.1186/s12936-023-04617-3

Okonofua, F. E., Ntoimo, L. F. C., Imongan, W., & Yaya, S. (2024). Strengthening facility-based maternal
health services in Nigeria: Lessons for malaria prevention in pregnancy. Health Policy and Planning, 39(1), 54—
63. https://doi.org/10.1093/heapol/czad082



Hensard Journal of Health Policy and Digitization. 2026, 01 13 of 13

Rogerson, S. J., Desai, M., Mayor, A., & Sicuri, E. (2020). Burden, pathology, and costs of malaria in pregnancy:
New developments for an old problem. The Lancet Infectious Diseases, 20(5), el07-ell8.
https://doi.org/10.1016/S1473-3099(19)30449-6

Shretta, R., Liu, J., Cotter, C., & Cohen, J. (2023). Malaria elimination and health system strengthening: Progress
and challenges in high-burden countries. The Lancet Global Health, 11(2), 224-¢233.
https://doi.org/10.1016/S2214-109X(22)00491-3

Stevens, F. R., Gaughan, A. E., & Tatem, A. J. (2022). Gridded population data for infectious disease modelling.

Nature Communications, 13, 639.

Timonin, S., Sutherland, C., & Bennett, A. (2022). Residual mapping for identifying underperforming health
facilities. International Journal of Health Geographics, 21(1), 19.

Tusiime, J. B., Tumwesigye, N. M., & Nankabirwa, J. (2023). Sub-district heterogeneity in malaria service
delivery in Uganda. PLoS Global Public Health, 3, e0001667.

van Eijk, A. M., Larsen, D. A., Bennett, A., & Steketee, R. W. (2021). Coverage of intermittent preventive
treatment and insecticide-treated nets for malaria during pregnancy in sub-Saharan Africa. BMJ Global Health,
6(4), e005588. https://doi.org/10.1136/bmjgh-2021-005588

Weiss, D. J., Nelson, A., Vargas-Ruiz, C., & Tatem, A. J. (2020). Global maps of travel time to health facilities.
Nature Medicine, 26, 1835-1838.

World Health Organization. (2021). WHO guidelines for malaria. WHO. https://www.who.int/publica-
tions/i/item/WHO-UCN-GMP-2021.01

World Health Organization. (2023). World malaria report 2023. WHO. https://www.who.int/publica-
tions/i/item/9789240086173

Yaya, S., Uthman, O. A., Amouzou, A., & Bishwajit, G. (2021). Use of intermittent preventive treatment among
pregnant women in sub-Saharan Africa: A multilevel analysis. Tropical Medicine & International Health, 26(3),
300-312. https://doi.org/10.1111/tmi.13516


https://www.who.int/publications/i/item/9789240086173
https://www.who.int/publications/i/item/9789240086173

