
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Zegeye et al. BMC Infectious Diseases          (2025) 25:654 
https://doi.org/10.1186/s12879-025-11037-8

BMC Infectious Diseases

*Correspondence:
Alebachew Ferede Zegeye
alexferede24@gmail.com

Full list of author information is available at the end of the article

Abstract
Background  Malaria remains a major public health challenge in Sub-Saharan Africa, with pregnant women being 
particularly vulnerable to its adverse effects, including increased risk of maternal and neonatal mortality. Despite 
significant efforts to control malaria, high infection rates persist, especially in underserved areas. Existing studies have 
identified individual-level factors as contributors to malaria infection, yet the influence of community-level factors 
and spatial variations remain underexplored. This study aimed to investigate the spatial variation and multilevel 
determinants of malaria infection among pregnant women in Sub-Saharan Africa.

Methods  Data from the Malaria Indicator Surveys across 19 Sub-Saharan African countries were used for analysis. The 
study included a total of 107,712 pregnant women aged 15–49. Spatial autocorrelation was employed to assess the 
spatial dependency of malaria infection. Kriging interpolation was used to predict malaria infection in the unsampled 
areas. Factors associated with malaria infection were considered significant at p-values < 0.05. The adjusted odds 
ratio and confidence intervals were used to interpret the results. A model with the lowest deviance and highest log-
likelihood ratio was selected as the best-fit model.

Results  The pooled prevalence of malaria among pregnant women was 28.31% (95% CI: 27.47, 29.20). Factors 
associated with higher odds of malaria infection included advanced maternal age (AOR: 1.19, 95% CI: 1.03, 1.37), no 
formal education (AOR: 1.52, 95% CI: 1.28, 1.80), non-use of bed nets (AOR: 6.63, 95% CI: 3.20, 13.73), use of untreated 
bed nets (AOR: 4.16, 95% CI: 3.72, 8.49), no use of indoor residual spraying (AOR: 2.07, 95% CI: 1.63, 2.64), rural 
residence (AOR: 2.11, 95% CI: 1.64, 2.41), and residing in West Sub-Saharan Africa (AOR: 6.58, 95% CI: 5.67, 7.64) were 
determinants of malaria infection.

Conclusions  This study revealed a high malaria infection rate among pregnant women in Sub-Saharan Africa, with 
both individual and community-level factors playing a significant role. Health policies should prioritize targeted 
interventions for pregnant women, especially in rural areas, with an emphasis on increasing bed net use, indoor 
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Background
Sub-Saharan Africa (SSA), located south of the Sahara 
Desert, is a vast and diverse region encompassing 49 
countries and covering approximately 9.4 million square 
miles [1]. Sub-Saharan Africa also faces significant public 
health challenges, including the high burden of malaria, 
which contributes to a significant morbidity and mortal-
ity [2, 3].

Malaria is a life-threatening disease caused by para-
sites of the genus Plasmodium, transmitted to humans 
through the bites of infected female Anopheles mosqui-
toes, primarily in tropical and subtropical regions [4]. 
Among the five Plasmodium species that infect humans, 
Plasmodium falciparum and Plasmodium vivax pose the 
greatest threat, with Plasmodium falciparum being the 
most virulent and prevalent [5, 6]. Pregnant women are 
particularly vulnerable to malaria due to immunologi-
cal changes during pregnancy and the sequestration of 
malaria parasites in the placenta, which creates a favor-
able environment for parasite replication [7].

According to the World Health Organization (WHO), 
malaria during pregnancy is a significant public health 
concern, especially in regions with high malaria trans-
mission such as Sub-Saharan Africa [8]. Globally, over 
125  million pregnancies are at risk of malaria annually 
with Sub-Saharan Africa (SSA) bearing the highest bur-
den [9]. Malaria infection in pregnancy can result in 
severe consequences, including maternal anemia, mis-
carriage, stillbirth, prematurity, and low birth weight, 
with P. falciparum infections posing the highest risks [10, 
11]. WHO estimates that approximately 200,000 new-
born deaths annually are directly or indirectly attributed 
to malaria during pregnancy, largely due to complications 
such as low birth weight and preterm delivery [12].

In 2022, an estimated 13.3  million pregnant women 
in Sub-Saharan Africa were infected with malaria infec-
tion, resulting in approximately 1.07  million low birth 
weight deliveries, accounting for around 19% of all low 
birth weight cases in the region [13]. Furthermore, severe 
maternal anemia, a frequent complication of malaria in 
pregnancy, contributes to about 10,000 maternal deaths 
annually in Africa [14]. Sub-Saharan Africa experiences 
regional variation in exposure to malaria among preg-
nant women, with West and Central Africa having the 
highest prevalence rates of 39.8% and 39.4%, respectively, 
while East and Southern Africa report relatively lower 
prevalence rates [15].

To mitigate the impact of malaria during preg-
nancy, the WHO recommends the widespread use of 

insecticide-treated nets (ITNs) and the administration 
of intermittent preventive treatment in pregnancy (IPTp) 
using sulfadoxine-pyrimethamine [16]. Coverage of these 
interventions has increased in recent years. Between 
2017 and 2018, the proportion of pregnant women in 
Sub-Saharan Africa receiving three or more doses of 
IPTp rose from 22 to 31%, while ITN usage among preg-
nant women and children increased from 26% in 2010 to 
61% in 2018 [17, 18]. Despite these efforts, malaria dur-
ing pregnancy remains a persistent challenge, with inter-
vention coverage and effectiveness varying widely across 
regions.

The risk of malaria among pregnant women is influ-
enced by multiple demographic, health-related, and 
behavioral factors, including maternal educational sta-
tus [19, 20], maternal age [21, 22], antenatal care (ANC) 
visits [22], parity [19], gravidity [7], gestational age [23], 
HIV status [24, 25], and the use of insecticide-treated 
nets (ITNs) [26, 27]. Furthermore, spatial heterogeneity 
in malaria prevalence underscores the need for targeted 
approaches to intervention.

Malaria remains a significant public health challenge, 
particularly among pregnant women in Sub-Saharan 
Africa, where it contributes to maternal morbidity, 
adverse pregnancy outcomes, and neonatal mortality. 
Despite extensive research on malaria epidemiology, 
there is limited evidence on the spatial distribution of 
malaria hotspots specifically among pregnant women 
across SSA. Most studies have focused on general popu-
lation-level malaria prevalence without identifying high-
risk geographical areas or considering the hierarchical 
nature of individual, household, and community-level 
determinants in this vulnerable group. To the best of our 
knowledge, no study has systematically investigated the 
spatial variation and multilevel determinants of malaria 
infection among pregnant women using malaria indica-
tor surveys (MIS) across SSA.

Therefore, this study aimed to fill this gap by addressing 
the following research questions: (1) what are the spatial 
variations in malaria infection among pregnant women 
across Sub-Saharan Africa? (2) What are the individual, 
household, and community-level factors associated with 
malaria infection among pregnant women in the region? 
Identifying geographical variations in malaria infection 
is very important to prioritize and design targeted pre-
vention and intervention programmes to prevent malaria 
infection and associated adverse outcomes at the country 
level [28, 29].

residual spraying, and region-specific strategies, particularly in West Sub-Saharan Africa where malaria clustering is 
notably high.
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Methods
Setting
This study included data from 19 countries in Sub-
Saharan Africa: Angola, Burkina Faso, Burundi, Camer-
oon, Ghana, Guinea, Kenya, Liberia, Madagascar, Mali, 
Malawi, Mozambique, Nigeria, Niger, Sierra Leone, Sen-
egal, Togo, Tanzania, and Uganda. These countries were 
selected because they are the only countries with avail-
able MIS datasets between the given time period.

Study design and period
A community-based cross-sectional study was con-
ducted, incorporating spatial and hierarchical analyses. 
The study used data from Malaria Indicator Surveys 
(MIS) conducted between 2011 and 2022 across 19 Sub-
Saharan African countries. The MIS is a national survey 
program carried out every five years, employing pre-
tested, validated, and structured tools. A 12-year dataset, 
starting from 2011, was gathered from each region of the 
selected Sub-Saharan African countries to ensure a rep-
resentative sample of recent data.

Data source and sampling procedure
The data source for this study was the Malaria Indicator 
Surveys (MIS) conducted between 2011 and 2022 across 
various countries in Sub-Saharan Africa. The MIS pro-
vides valuable data on malaria-related indicators such as 
malaria prevalence, prevention practices, and access to 
diagnosis and treatment. The Malaria Indicator Surveys 
employ a stratified two-stage cluster design, beginning 

with the creation of enumeration areas in the first stage 
and subsequently selecting a sample of households from 
each enumeration area in the second stage. Data were 
extracted from the personal record file of the MIS, which 
contains individual-level records with key demographic, 
socio-economic, and health-related variables. The 
dependent variable in this study is malaria status, which 
includes malaria infection prevalence measured through 
diagnostic tests. The independent variables include both 
individual-level factors and community-level variables. In 
our study, we accounted for the complex survey design by 
incorporating sampling weights, stratification, and clus-
tering at both the MIS sample cluster and country levels 
in our multilevel regression models. The study analyzed a 
weighted sample consisting of 107,712 pregnant women 
(Table 1).

Population
The source population of the study was pregnant women 
aged 15–49 years in Sub-Saharan African countries. The 
study population was of all pregnant women residing in 
the selected enumeration areas included in the analysis.

Study variables
Dependent variable
The outcome variable in this study was malaria infection, 
determined by the results of rapid diagnostic tests (RDT) 
or microscopy. The dependent variable, malaria infec-
tion, was recoded into a binary variable where a value of 
1 indicated a positive malaria infection (based on either a 

Table 1  Sample size for Spatial variation and determinants of malaria infection among pregnant women in Sub-Saharan Africa, MIS 
2011–2022
Country Year of survey Unweighted sample (n) Unweighted sample (%) Weighted sample (n) Weighted Sample (%)
Angola 2011 3,502 3.42 3,432 3.19
Burkina Faso 2017/18 5,569 5.44 5,575 5.18
Burundi 2012 3,847 3.75 3,753 3.48
Cameroon 2022 4,536 4.43 4,399 4.08
Ghana 2019 2,632 2.57 2,867 2.66
Guinea 2021 4,169 4.07 4,080 3.79
Kenya 2020 10,522 10.27 11,587 10.76
Liberia 2022 2919 2.85 2,943 2.73
Madagascar 2016 6,667 6.51 6,931 6.43
Mali 2017 8,927 8.71 8,987 8.34
Malawi 2021 2,724 2.66 2,509 2.33
Mozambique 2018 4,460 4.35 4,367 4.05
Nigeria 2021 11,551 11.27 11,115 10.32
Niger 2021 5,038 4.92 4,925 4.57
Sierra Leone 2016 7,652 7.47 7,666 7.12
Senegal 2020/21 699 0.68 4,338 4.03
Togo 2017 2,966 2.90 3,202 2.97
Tanzania 2017 6,766 6.60 7,249 6.73
Uganda 2018/19 7,310 7.14 7,787 7.23
Total sample size 102, 456 100 107,712 100
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positive RDT or microscopy result), and a value of 0 rep-
resented a negative result (when both RDT and micros-
copy were negative) [10, 30, 31].

Independent variables
This study included two sources of independent variables 
due to the hierarchical nature of MIS data. The individ-
ual-level variables encompass factors such as maternal 
age, marital status, educational status, number of under-
five children, ITN ownership, number of mosquito nets, 
ITN usage, type of bed net, use of IRS in the last year, 
wealth index, radio and television ownership, as well as 
the type of main wall, floor, and roof materials. The com-
munity-level variables include media exposure, source of 
drinking water, type of place of residence, and country 
category.

Operational definitions
Media exposure
Is determined by combining three survey variables: the 
frequency of reading newspapers or magazines, listen-
ing to the radio, and watching television. Individuals who 
engage with any of these media at least once a week are 
classified as having mass media exposure [32].

Wealth index
As defined by the malaria indicator surveys (MIS), is 
a composite measure used to assess household socio-
economic status based on assets such as durable goods, 
housing characteristics, and access to services. It is con-
structed using Principal Component Analysis (PCA), 
which ranks households into wealth quintiles, from poor-
est to richest, based on the ownership of items like cars, 
televisions, and access to sanitation and clean water [33].

Water source
The source of drinking water is classified into improved 
and unimproved categories based on the WHO/UNI-
CEF Joint Monitoring Programme (JMP) for Water Sup-
ply, Sanitation, and Hygiene. Improved water sources are 
those that are designed to protect against contamination, 
including piped water into dwelling, piped to yard/plot, 
public fountains, and boreholes with pumps, protected 
wells, protected springs, and rainwater. Conversely, 
unimproved water sources are those more susceptible to 
contamination, such as unprotected wells, unprotected 
springs, surface water (lakes, ponds, rivers, and irrigation 
channels), tanker trucks, and carts with small tanks [34].

Main roof materials
Are classified into unimproved and improved based on 
their durability and effectiveness in providing protection 
against weather elements. Unimproved roof materials 
include materials that are less durable and may provide 

insufficient protection, such as palm, bamboo, or mat. 
In contrast, improved roof materials are those that offer 
greater durability and better protection, indicating higher 
housing quality. These materials include wood planks, 
tarpaulin/plastic, zinc/metal, asbestos shingles, ceramic 
tiles, and concrete cement [35].

Data management
Data cleaning and preparation were performed using 
Microsoft Excel and STATA version 17 for analysis. Miss-
ing data were managed under the Missing at Random 
(MAR) assumption, which assumes that the probability 
of missingness depends on observed variables but not on 
the missing values themselves. To address missing data, 
we used (drop if variable = =.), STATA command, ensur-
ing that only cases with complete data for key variables 
were included in the analysis. Then non-pregnant women 
data were removed from the dataset to focus exclusively 
on pregnant women. Following the cleaning process, 
the weighted proportions of the malaria status (the pri-
mary outcome variable) and the independent variables 
were computed in STATA. The processed data were then 
imported into ArcGIS and SatScan for spatial analysis to 
explore geographical patterns and relationships.

In this study, we used survey design and clustering at 
the country and sample cluster levels throughout the 
entire analysis process. To make sure the estimates were 
representative of the target population, we used the svy-
set command in STATA to apply sample weights and 
account for clustering in the descriptive analysis. Strati-
fication and clustering were taken into consideration in 
regression analysis by utilizing survey-weighted mod-
els (with the svy prefix), which produced more accurate 
parameter estimates and accurate standard errors. In 
order to find geographical patterns and spatial clusters 
for spatial analysis, we combined survey cluster coordi-
nates in ArcGIS and SatScan, making sure that appropri-
ate consideration was given to clustering at the sample 
cluster and national levels.

Inclusion and exclusion criteria
All pregnant women in the reproductive age (15-
49years) who were in the selected enumeration areas 
were included in the analysis. All pregnant women in 
the selected enumeration areas during the survey period 
with incomplete survey data and missing coordinate files 
for spatial analysis were exclude from this study.

Multilevel analysis
The data were extracted from the most recent malaria 
indicator surveys (MIS) and processed using STATA 
version 17 statistical software. Before conducting any 
statistical analysis, the data were weighted using the 
women’s weighting variable and stratum to ensure the 
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survey’s representativeness and account for the sam-
pling design, thereby producing accurate standard errors 
and reliable statistical estimates. For survey-specific 
analyses, the weighting variable (hv005) was normal-
ized. For pooled data, the women’s individual standard 
weight was denormalized by adjusting for the sampling 
fraction. This was achieved by dividing the pregnant 
women’s individual standard weight by the sampling frac-
tion, calculated as: pregnant women’s adjusted weight 
= V005× total number of pregnant women aged 15−49 years

number of pregnant women aged 15−49 years

The standard logistic regression model assumptions, 
such as the independence of observations and equal vari-
ance, are violated due to the hierarchical structure of the 
MIS data. Specifically, individuals are nested within clus-
ters, and participants within the same cluster are likely 
to share characteristics, differing from participants in 
other clusters. This clustering violates the assumptions of 
independence and equal variance, necessitating a more 
advanced approach. To address these challenges, hierar-
chical mixed-effects logistic regression was employed to 
identify factors associated with malaria infection. Four 
models were used in the analysis: the null model, which 
included only the outcome variable to assess within-clus-
ter variation in malaria infection rates. Model I, which 
included only individual-level variables; Model II, which 
focused solely on community-level variables; and Model 
III, which incorporated both individual- and community-
level variables. The null model provided a baseline for 
understanding cluster-level variation, while Models I and 
II separately examined the relationships between the out-
come variable and individual- and community-level fac-
tors. The final model, Model III, simultaneously assessed 
the association between malaria infection and factors at 
both individual- and community-level factors.

Spatial analysis
This study used ArcGIS version 10.7 and Sat Scan ver-
sion 9.6 to conduct a spatial analysis of malaria distribu-
tion, focusing on geographical patterns and hotspots. The 
analysis involved multiple techniques, including spatial 
autocorrelation, spatial interpolation, and the identifica-
tion of significant clusters or “hotspots” where malaria 
cases were more concentrated. To determine the over-
all spatial distribution pattern whether dispersed, clus-
tered, or random, the Global Moran’s I statistic was used. 
This statistical measure evaluates spatial autocorrelation 
across the entire dataset, producing a single value that 
ranges from − 1 to + 1. A Moran’s I value close to -1 indi-
cates a dispersed pattern, signifying that malaria cases 
are distributed evenly across the area without any specific 
grouping. On the other hand, a value close to + 1 suggests 
a clustered distribution, where malaria cases are con-
centrated in particular regions. A value of 0 represents 

a random distribution, indicating no discernible spatial 
pattern in malaria occurrence [36].

The study applied Getis-Ord Gi* statistics to identify 
areas with significantly high (“hot-spot”) or low (“cold-
spot”) malaria rates. This statistical method evalu-
ates spatial autocorrelation across the study area and 
determines the significance of clustering patterns using 
Z-scores and p-values. A high Gi* statistic indicates a 
hot-spot, representing a concentration of malaria cases, 
while a low Gi* statistic signifies a cold-spot, indicating 
fewer malaria cases in that region. To estimate malaria 
prevalence in areas with unsampled area, Kriging inter-
polation techniques were employed. Among the avail-
able interpolation methods, Kriging was chosen due to its 
precision, demonstrated by low residuals and root mean 
square error (RMSE), ensuring reliability in predicting 
values for unmeasured locations. Kriging interpolation 
was selected not only for its low RMSE and residuals but 
also because it accounts for spatial autocorrelation in the 
data, which is critical when modeling health outcomes 
like malaria that exhibit clear spatial dependence [37].

SatScan version 9.6 software was employed to conduct 
spatial Sat Scan analysis and identify significant primary 
and secondary clusters. Using the Bernoulli model, which 
is appropriate for binary outcome variables, pregnant 
women without malaria infection were classified as con-
trols, while those with malaria infection were categorized 
as cases. The Bernoulli model requires data on cases, 
controls, and their geographic locations. Clusters exceed-
ing the maximum spatial limit were excluded from the 
analysis. The default setting of a maximum spatial cluster 
size of less than 50% of the population was used to iden-
tify both small and significant clusters. The most likely 
cluster was determined as the scanning window with the 
highest likelihood, and p-values for each cluster were cal-
culated using Monte Carlo hypothesis testing [38].

Random effects
Random effects or measures of variation, including the 
Likelihood Ratio test (LR), Intra-class Correlation Coef-
ficient (ICC), and Median Odds Ratio (MOR), were cal-
culated to assess the variability in malaria infection rates 
across clusters. By treating clusters as a random variable, 
the ICC was used to quantify the extent of heterogeneity 
in infection rates between clusters, representing the pro-
portion of the total observed variation in malaria infec-
tion attributable to differences between clusters. The ICC 
was computed using the formula: ICC= V C

V C+3.29 × 100% 
[39]. The Median Odds Ratio (MOR) quantifies the varia-
tion or heterogeneity in malaria infection rates between 
clusters on the odds ratio scale. It represents the median 
value of the odds ratio when comparing a cluster with a 
higher likelihood of malaria infection rates to a cluster 
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with a lower likelihood, based on randomly selected indi-
viduals from each cluster: MOR= 𝑒 0.95√VC [40].

Additionally, the Proportional Change in Variance 
(PCV) indicates the variation in malaria infection rates 
explained by the determinants, calculated as follows; 
PCV= V null−V c

V null × 100% [41], where Vnull represents 
the variance of the null model, and VC is the cluster-level 
variance. Fixed effects were applied to estimate the asso-
ciation between malaria infection and individual and 
community-level independent variables. The strength 
of these associations was assessed using adjusted odds 
ratios (AOR) and 95% confidence intervals, with statisti-
cal significance determined at a p-value of < 0.05. Due to 
the nested structure of the model, deviance (calculated 
as -2 times the log-likelihood ratio) was used to compare 
models and the model with the lowest deviance and high-
est log-likelihood ratio was chosen as the best fit.

Results
Socio-demographic, economic, and health service related 
characteristics of pregnant women in Sub-Saharan Africa, 
MIS 2011–2022
In this study, a total of weighted sample of 107,712 preg-
nant women were included. More than half of women 
(56.65%) had no formal education. Nearly 80% of women 
had ITN ownership but only less than one-third of them 
used it, and about 79,174 (73.51%) were living in rural 
areas of Sub-Saharan Africa (Table 2).

Prevalence of malaria among pregnant women in Sub-
Saharan Africa
The pooled prevalence of malaria among pregnant 
women in Sub-Saharan Africa was 28.31% (95% CI: 
27.47, 29.20). Significant regional differences of malaria 
were observed, with the lowest prevalence in Central 
Sub-Saharan Africa (1.37%) and the highest in West 
Sub-Saharan Africa (19.20%) (Fig.  1). The prevalence of 
malaria among pregnant women varied by wealth quin-
tile, with rates of 18.17% among those in the poor quin-
tile, 5.96% in the middle quintile, and 4.18% in the rich 
quintile (Fig. 2).

Spatial distribution of malaria among pregnant women in 
Sub-Sahara Africa
Spatial autocorrelation of malaria among pregnant women
There was a significant variation in malaria distribution 
among pregnant women across the Sub-Saharan Afri-
can regions (Moran’s index = 0.419815, p-value < 0.001). 
The spatial autocorrelation analysis revealed a clustering 
effect, indicating high malaria prevalence in some areas 
and low prevalence in others. The outputs displayed on 
both sides of the panel include established keys. The 
z-score of 66.777870 for the clustered pattern suggests 

that the probability of this pattern occurring by chance is 
less than 1% (Fig. 3).

Hotspot analysis of malaria among pregnant women
This study used local Getis-Ord Gi* statistics to identify 
hot and cold spots of malaria infection. High-risk areas, 
referred to as significant hot spots, are represented by 
red and orange colors, while low-risk areas, or cold spots, 
are depicted in blue. Hot spot areas with high confi-
dence (99%) are concentrated in parts of Nigeria, Ghana, 
Mozambique, and Zimbabwe, while moderate and low-
confidence hot spots are observed in regions of Benin, 
Cameroon, Ethiopia, Malawi, Uganda, and Tanzania. In 
contrast, cold spot areas with high confidence (99%) are 
found in southern Africa, including Botswana, South 
Africa, Lesotho, Eswatini, and parts of Angola. Moderate 
and low-confidence cold spots are identified in northern 
Kenya, Somalia, Madagascar, Zambia, and the Demo-
cratic Republic of the Congo (Fig. 4).

Interpolation of malaria prevalence among pregnant 
women
In the Kriging interpolation, the predicted high malaria 
prevalence areas are concentrated in West Africa, includ-
ing Nigeria, Ghana, Liberia, Sierra Leone, Guinea, and 
Côte d’Ivoire, as well as Central Africa, such as Camer-
oon and the Central African Republic. Eastern regions 
like South Sudan, Uganda, parts of Sudan, and Ethio-
pia, along with Southern areas including Mozambique, 
northern Malawi, and Zambia, also exhibit high malaria 
prevalence. Conversely, low prevalence is observed in 
regions like Mauritania, Senegal, northern Mali, north-
ern Sudan, northern Chad, Djibouti, Eritrea, Somalia, 
northern Kenya, and much of Southern Africa, including 
Botswana, Namibia, South Africa, Lesotho, and Eswatini 
(Fig. 5).

SatScan analysis of malaria infection among pregnant 
women
Spatial scan statistics identified 816 significant clusters, of 
which 389 were primary (most likely) clusters. The analy-
sis highlights these primary clusters of malaria among 
pregnant women in Sub-Saharan Africa, represented by 
red areas with high log-likelihood ratio (LLR) values. The 
most significant cluster is located in the West African 
region, covering countries such as Nigeria, Mali, Burkina 
Faso, Benin, Togo, Cameroon, Equatorial Gunea, Niger, 
Liberia, Côte d’Ivoire, and Ghana. This cluster, centered 
at geographic coordinates (9.350716  N, 10.751600  W) 
with a radius of 277.02 km, exhibited the highest malaria 
risk among pregnant women, with a relative risk (RR) of 
2.75 and an LLR of 2384.9 (p < 0.001). Pregnant women 
within this spatial window were 2.75 times more likely to 



Page 7 of 18Zegeye et al. BMC Infectious Diseases          (2025) 25:654 

Variables Frequency (n) Percent (%)
Individual-level factors
Maternal age
   15–19 15,163 14.08
   20–34 68,000 63.14
   35–49 24,534 22.78
Educational status
   No education 61,018 56.65
   Primary 27,191 25.24
   Secondary and above 19,503 18.11
Number of under five children
   None 27,442 25.48
   1–2 56,723 52.75
   ≥ 3 23,547 21.77
ITN ownership
   No 23,680 21.98
   Yes 84,032 78.02
Number of mosquito net
   None 23,680 21.98
   One 17,978 16.69
   Two and above 66.054 61.32
ITN used
   No 76,440 70.97
   Yes 31,272 29.03
Type of bed net
   Untreated 7,490 5.80
   Treated 121,747 94.20
use of IRS in the last 1 year
   No 90,939 84.48
   Yes 16,773 15.52
Wealth index
   Poor 51,687 47.99
   Middle 21,153 19.64
   Rich 34,872 32.38
Household has radio
   No 53,355 49.54
   Yes 54,349 50.46
Main roof material
   Unimproved 33,093 30.72
   Improved 74,616 69.28
Community-level factors
Media exposure
   No 45,262 42.02
   Yes 62,450 57.98
Source of drinking water
   Unimproved 46,816 43.46
   Improved 60,896 56.54
Type of place of residence
   Urban 28,538 26.49
   Rural 79,174 73.51
Country category
   East SSA 33,554 31.15
   West SSA 57,122 53.03

Table 2  Socio-demographic, economic, and health service related characteristics of pregnant women in Sub-Saharan Africa, MIS 
2011–2022



Page 8 of 18Zegeye et al. BMC Infectious Diseases          (2025) 25:654 

have a high malaria infection risk compared to those out-
side the spatial window (Fig. 6) (Table 3).

Random effects and model comparison
The null model, with a variance of 0.6701334, revealed 
significant variations in malaria infection among preg-
nant women across different communities. It indicated 
that approximately 16.92% of the overall variation in 
malaria infection at the cluster level is attributable to 
community-level factors. Additionally, when comparing 
an individual from a higher-risk cluster with one from 
a lower-risk cluster, the null model showed the highest 
median odds ratio (MOR) value of 2.18, meaning that 
individuals in higher-risk clusters have 2.18 times greater 
odds of contracting malaria. Model I’s intraclass correla-
tion (ICC) explained 16.60% of the variation in malaria 
infection rates between communities, while Model 
II’s ICC accounted for 15.3% of the variation. The final 
model, Model III, explained 16.94% of the variation in 
malaria infection likelihood, considering both individual 
and community-level factors. Model III was the best-fit-
ting model, as it had the lowest deviance (9,620.08) and 
the highest log-likelihood ratio (-4810.04) (Table 4).

Factors associated with malaria infection among pregnant 
women in Sub-Saharan Africa
In multivariable hierarchical logistic regression analy-
sis, maternal age, educational status, bed net utilization, 
type of bed net, use of indoor residual spraying (IRS), 
wealth index, household television ownership, place of 
residence, and West Sub-Saharan region were signifi-
cantly associated with malaria infection among pregnant 
women with a p-value of < 0.05.

The odds of malaria infection were higher for women 
aged 35–49 years (AOR: 1.19, 95% CI: 1.03, 1.37) com-
pared to those aged 20–34 years. Women with no edu-
cation had higher odds of malaria infection (OR: 1.52, 
95% CI: 1.28, 1.80) compared to those with secondary or 
higher education. The odds of malaria infection were sig-
nificantly higher among women who did not use bed nets 
(OR: 6.63, 95% CI: 3.20, 13.73) compared to pregnant 
women who used bed nets. The odds of malaria infection 
were also much higher for women who used untreated 
bed nets (OR: 4.16, 95% CI: 3.72, 8.49) compared to those 
using treated nets.

Women who did not use indoor residual spraying (IRS) 
in the last year had higher odds of malaria infection (OR: 

Fig. 2  Malaria prevalence in relation to wealth quantile among pregnant women in Sub-Saharan Africa: MIS 2011-2022

 

Fig. 1  Regional prevalence of malaria among pregnant women in Sub-Saharan Africa: MIS 2011-2022

 

Variables Frequency (n) Percent (%)
   Central SSA 4,399 4.08
   South SSA 12,637 11.73
ITN: Insecticide-Treated Net, IRS: Indoor Residual Spray, SSA: Sub-Saharan Africa

Table 2  (continued) 
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2.07, 95% CI: 1.63, 2.64). Women in households without a 
television had higher odds of malaria infection (OR: 2.23, 
95% CI: 1.68, 2.98). The odds of malaria infection were 
also higher for women living in rural areas (OR: 2.11, 95% 
CI: 1.64, 2.41) compared to those in urban areas. Region-
ally, the odds of malaria infection were higher in West 
Sub-Saharan Africa (OR: 6.58, 95% CI: 5.67, 7.64) com-
pared to East Sub-Saharan Africa (Table 4).

To ensure the validity of the model, Multicollinear-
ity was assessed using variance inflation factors (VIF), 
and the mean VIF value was found to be 2.77, indicating 
no significant multicollinearity among the explanatory 
variables.

Discussion
In this study, the pooled prevalence of malaria among 
pregnant women in Sub-Saharan Africa was 28.31% (95% 
CI: 27.47, 29.20). This finding was higher compared to 
the previous study conducted in Southeast Asia, 24.8% 
[42], Low-and middle-income countries, 18.95% [9], 
Latin America, 8.8% [43], Brazil, 8.9% [44], and India, 
5.4% [45]. The discrepancies in malaria prevalence among 
pregnant women across regions could be attributed to 
various factors, including differences in transmission 
intensity, access to healthcare, and preventive measures. 
Sub-Saharan Africa has higher transmission intensity due 

to favorable climatic conditions, such as high tempera-
tures and seasonal rainfall, which support the lifecycle 
of the malaria parasite and these conditions also favor 
the breeding of the mosquito vectors [46]. In contrast, 
Southeast Asia and India have made substantial progress 
in malaria control through the implementation of insecti-
cide-treated nets (ITNs), indoor residual spraying (IRS), 
and antimalarial drug distribution, which may explain the 
relatively lower prevalence in these regions [47]. Latin 
America, with lower transmission rates, have also seen 
effective malaria control programs, including the use of 
artemisinin-based combination therapies (ACTs) and 
surveillance systems, contributing to the observed lower 
prevalence [48].

On the other hand, the prevalence of malaria in this 
study was lower than the studies conducted in Demo-
cratic Republic of the Congo, 60% [49] and Uganda, 
39.7% [50]. The difference in malaria prevalence between 
this study and those conducted in the Democratic 
Republic of the Congo and Uganda could be attributed 
to differences in study populations, geographic locations, 
and the implementation of malaria control measures. In 
regions like the Democratic Republic of the Congo and 
Uganda, malaria transmission is higher due to factors 
such as more favorable environmental conditions for 
vector breeding and less widespread use of preventive 

Fig. 3  Spatial autocorrelation of malaria among pregnant women in Sub-Saharan Africa based on feature locations and attribute values using the Global 
Moran’s index statistic, MIS 2011–2022
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measures, such as insecticide-treated bed nets or malaria 
prophylaxis. Additionally, varying levels of healthcare 
access and differences in sample size could contribute to 
the observed variations in prevalence rates [20, 51, 52].

In spatial analysis, the malaria infection among preg-
nant women was not randomly distributed in the regions 
of Sub-Saharan Africa. This is consistent with previous 
study conducted in Zambia [53], Mozambique [54], and 
Rwanda [55]. The spatial autocorrelation statistic con-
firmed that the distribution of malaria infection among 
pregnant women was clustered in some geographical 

areas of Sub-Saharan Africa (Moran’s I = 0.419815, 
p < 0.001). According to the spatial hot spot analysis, geo-
graphic variations in malaria infection among pregnant 
women have been identified in parts of Nigeria, Ghana, 
Mozambique, and Zimbabwe. The most plausible expla-
nation for this geographical variation in malaria infection 
among pregnant women could be attributed to signifi-
cant differences in environmental, socio-economic, and 
healthcare access factors across these regions. Variations 
in climate, such as rainfall patterns and temperature, 
directly influence the breeding habitats of Anopheles 

Fig. 4  Hotspot analysis of malaria among pregnant women in Sub-Saharan Africa MIS 2011–2022
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mosquitoes, leading to differing transmission rates in 
different areas [56]. Socio-economic disparities, includ-
ing access to preventive measures like insecticide-treated 
nets and indoor residual spraying, as well as healthcare 
infrastructure, contribute to uneven malaria preven-
tion and treatment [57]. Additionally, cultural practices, 
education levels, and awareness about malaria preven-
tion also vary between regions, further exacerbating the 
differences in infection rates [58]. In areas with limited 
access to healthcare, the use of preventative measures 

and timely treatment is often inadequate, contributing to 
higher infection rates among pregnant women [59].

More than eight hundred more likely significant clus-
ters of areas with high malaria infection among pregnant 
women were identified using the Sat Scan analysis across 
the study area. This suggests that pregnant women living 
in those geographic clusters of areas had a higher chance 
of malaria infection than women located outside the spa-
tial window.

Fig. 5  Ordinary kriging interpolation analysis of malaria among pregnant women in Sub-Saharan Africa: MIS 2011–2022
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In multivariable hierarchical logistic regression analy-
sis, maternal age, educational status, bed net utilization, 
type of bed net, use of indoor residual spraying (IRS), 
wealth index, household television ownership, place of 
residence, and West Sub-Saharan region were signifi-
cantly associated with malaria infection among pregnant 
women a p-value of < 0.05.

The odds of malaria infection were higher for women 
aged 35–49 years compared to those aged 20–34 years. 
This finding is in line with the studies conducted in 
Ghana [60], and Ethiopia [61]. The higher odds of malaria 
infection among older pregnant women, specifically 

those aged 35–49 years, compared to younger women 
(20–34 years), can be attributed to several factors. Older 
women may have reduced immunity to malaria due to 
prolonged exposure, which can lead to a diminished 
immune response. This reduced immunity, particularly 
in malaria-endemic regions, increases susceptibility to 
infection. Additionally, pregnancy itself alters immune 
function, making women more vulnerable to infections 
such as malaria [62]. Older women are also more likely 
to have a higher burden of comorbidities, such as anemia 
or chronic diseases, which may complicate their ability 
to combat malaria infections [63]. Furthermore, older 

Fig. 6  Sat scan analysis of malaria among pregnant women in Sub-Saharan Africa: MIS 2011–2022
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pregnant women may have more frequent pregnancies, 
which may also contribute to repeated malaria exposure, 
increasing their risk [64].

Pregnant women with no education had higher odds 
of malaria infection compared to those with secondary 
or higher education. This is supported by the studies in 
Ghana [65], Ethiopia [66], Uganda [67], and Kenya [68]. 
This is because lower educational attainment is often 
associated with reduced knowledge about malaria pre-
vention, limited access to healthcare, and poorer utili-
zation of antenatal care services. Educated women are 
more likely to be aware of the importance of malaria 
prevention methods, such as using insecticide-treated 
nets (ITNs) and seeking timely medical care [69]. They 
are also more likely to attend antenatal clinics where 
malaria screening and prophylaxis are provided, reducing 
their risk of infection. In contrast, uneducated women 
may not have the same knowledge or access to these 
interventions, leading to a higher prevalence of malaria 
during pregnancy [10]. Furthermore, lower education 
levels often correlate with socioeconomic disadvantages, 
making it more challenging to access resources such as 
healthcare and malaria prevention measures [70].

The odds of malaria infection among pregnant women 
were significantly higher among women who did not 
use bed nets. This result aligns with previous studies in 
Rwanda [71], India [72], and Myanmar [73]. The pos-
sible rationale for the association between higher malaria 
infection rates and non-use of bed nets among pregnant 
women could be the protective effect against mosquito 

bites, which are the primary mode of malaria transmis-
sion. Bed nets, particularly those treated with insecticide; 
create a barrier between mosquitoes and individuals dur-
ing the night, which is when most malaria transmission 
occurs. Pregnant women are particularly vulnerable to 
malaria due to changes in their immune system, making 
the lack of bed net use a significant risk factor for malaria 
infection [74–76].

The odds of malaria among pregnant infection were 
also much higher for women who used untreated bed 
nets compared to those using treated bed nets. This 
finding is in line with the previous studies conducted in 
Sub-Saharan African countries [77], United Kingdom 
[78], Myanmar [73], and Zambia [79]. The higher odds 
of malaria among pregnant women who use untreated 
bed nets compared to those using treated bed nets can 
be justified by the fact that untreated nets do not pro-
vide the same level of protection against mosquito bites 
as treated nets. Insecticide-treated bed nets (ITNs) are 
impregnated with insecticides that kill or repel mosqui-
toes, reducing the likelihood of mosquito transmission of 
the malaria parasite. In contrast, untreated nets only pro-
vide a physical barrier, leaving pregnant women vulner-
able to malaria transmission [80]. The use of untreated 
nets, while still providing some protection, does not offer 
the same efficacy in malaria prevention as treated nets, 
which is crucial for vulnerable populations such as preg-
nant women [81].

Pregnant women who did not use indoor residual 
spraying (IRS) in the last 12 months had higher odds of 

Table 3  Sat scan analysis of malaria among pregnant women: MIS 2011–2022
Cluster Enumeration areas(n) Radius Population Cases RR LLR P-value
1 389 277.02 km 8597 4858 2.75 2384.9 < 0.0001
2 233 490.63 km 5725 2479 1.93 574.6 < 0.0001
3 23 108.59 km 448 242 2.30 96.4 < 0.0001
4 35 49.00 km 914 382 1.78 74.5 < 0.0001
5 11 45.76 km 404 205 2.16 70.0 < 0.0001
6 1 0 km 50 43 3.65 43.8 < 0.0001
7 14 57.51 km 155 89 2.44 40.65 < 0.0001
8 2 4.46 km 51 41 3.41 36.7 < 0.0001
9 46 123.42 km 890 312 1.49 29.9 < 0.0001
10 6 59.65 km 368 152 1.76 28.3 < 0.0001
11 6 183.18 km 96 56 2.48 26.5 < 0.0001
12 17 132.50 km 186 87 1.99 23.8 < 0.0001
13 6 43.93 km 87 50 2.44 22.9 < 0.0001
14 2 14.70 km 54 35 2.75 20.7 < 0.0001
15 1 0 km 26 21 3.43 19 < 0.0001
16 6 80.06 km 289 115 1.69 18.7 < 0.0001
17 4 20.64 km 151 68 1.91 16.7 < 0.0001
18 2 10.99 km 39 25 2.72 14.4 < 0.0001
19 1 0 km 17 14 3.49 13.1 0.010
20 1 0 km 46 27 2.49 12.9 0.012
21 11 20.25 km 208 82 1.67 12.9 0.012
RR: Relative Risk, LLR: Log-Likelihood Ratio
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Variables Model I, AOR (95% CI) Model II, AOR (95% CI) Model III, AOR (95% CI) p-value
Maternal age
   15–19 0.85 (1.74, 0.97) 0.99 (0.86, 1.14) 0.849
   20–34 1 1
   35–49 1.44 (1.26, 1.64) 1.19 (1.03, 1.37) 0.016
Educational status
   No education 1.96 (1.67 to 2.30) 1.52(1.28, 1.80) 0.000
   Primary 0.93 (0.78 to 1.10) 1.30 (0.08, 1.57) 0.066
   Secondary and above 1 1
Number of total children
   None 0.13 (0.04, 1.46) 0.21 (0.06, 1.80) 0.072
   1–2 0.76 (0.67, 1.85) 0.83 (0.74, 1.94) 0.083
   ≥ 3 1 1
Number of mosquito net
   None 1.45 (1.27, 1.65) 1.07 (0.92, 1.23) 0.387
   One 1.08 (0.96, 1.22) 1.02 (0.90, 1.16) 0.752
   Two and above 1 1
Bed net utilized
   No 6.88(3.30, 14.28) 6.63(3.20, 13.73) 0.000
   Yes 1 1
Type of bed net
   Untreated 21.56(11.80, 39.42) 4.16 (3.72, 8.49) 0.000
   Treated 1 1
use of IRS in the last 1 year
   No 2.96 (2.33, 3.75) 2.07 (1.63, 2.64) 0.000
   Yes 1 1
Wealth index
   Poor 6.00 (4.91, 7.32) 1.67 (0.32, 2.10) 0.667
   Middle 2.58 (2.16, 3.07) 1.37 (0.13, 1.67) 0.061
   Rich 1 1
Household has radio
   No 0.77 (0.69, 0.86) 0.81 (0.43, 1.53) 0.524
   Yes 1 1
Household has television
   No 2.91 (2.26. 3.75) 2.23 (1.68, 2.98) 0.000
   Yes 1 1
Main wall material
   Unimproved 0.58 (0.50, 0.68) 0.88 (0.74, 1.04) 0.128
   Improved 1 1
Type of place of residence
   Urban 1 1 0.000
   Rural 3.45 (2.92, 4.09) 2.11 (1.64, 2.41)
Country category
   East SSA 1 1
   West SSA 6.12 (5.43, 6.89) 6.58 (5.67, 7.64) 0.000
   Central SSA 0.78(0.56, 1.32) 0.45(0.44, 1.06) 0.745
   South SSA 0.39 (0.32, 1.47) 0.35 (0.29, 1.43) 0.761
Model comparison and random effect analysis
   Parameter Null model Model I Model II Model III
   Variance 0.6701334 0.6574007 0.5928654 0.5569623
   ICC 16.92% 16.60% 15.3% 14.5%.
   MOR 2.179 2.1609 2.08 2.03
   PCV Reference 1.9%. 11.54%. 16.94%

Table 4  Multivariable multilevel logistic regression analysis of individual-level and community level determinants of malaria infection 
among pregnant women in Sub-Saharan Africa, MIS 2011–2022
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malaria infection compared to those who did, in agree-
ment with studies conducted in Ghana [82], Uganda 
[83], Columbia [84], and Iran [85]. This association may 
reflect the protective role that IRS plays in malaria con-
trol by reducing indoor mosquito density and exposure 
to malaria parasites. Pregnant women, being physiologi-
cally more vulnerable to severe malaria, may be dispro-
portionately affected in the absence of such preventive 
measures. Therefore, the non-use of IRS may be associ-
ated with an increased risk of malaria infection among 
pregnant women due to reduced vector control [86, 87].

Pregnant women in households without a television 
had higher odds of malaria infection compared to preg-
nant Women with a television. This finding is supported 
by the studies conducted in Canada [88] and Latin Amer-
ica [89]. The potential explanation could be that televi-
sion serves as a vital source of public health education, 
providing messages about malaria prevention strategies, 
such as the importance of using insecticide-treated bed 
nets, accessing antenatal care, and recognizing early 
symptoms. Pregnant women in households with televi-
sions are more likely to be exposed to these educational 
campaigns, increasing their awareness and adoption of 
protective measures [77]. Conversely, households with-
out television may lack access to such critical health 
information, leading to lower knowledge levels and fewer 
preventive actions [90].

The odds of malaria infection were higher for preg-
nant women living in rural areas compared to those in 
urban areas. This finding is in line with other studies 
in France [91], Brazil [92], and Guinea [93]. The higher 
odds of malaria infection among pregnant women living 
in rural areas compared to urban areas can be attributed 
to several interrelated factors. Rural areas often serve as 
favorable habitats for malaria vectors, such as Anoph-
eles mosquitoes, due to the presence of stagnant water 
bodies, dense vegetation, and agricultural practices that 
create breeding sites [94]. Additionally, rural communi-
ties typically face limited access to healthcare facilities 
and preventive measures like insecticide-treated bed 
nets (ITNs) and intermittent preventive treatment dur-
ing pregnancy (IPTp) [95]. Socioeconomic challenges, 
such as lower levels of education and income, further 
exacerbate the situation, reducing awareness and uptake 
of malaria prevention and treatment options [96]. More-
over, infrastructure deficits, including poor housing and 

lack of indoor residual spraying (IRS), heighten exposure 
to mosquito bites in rural areas [97].

Regionally, the odds of malaria infection were higher 
in West Sub-Saharan Africa compared to East Sub-Saha-
ran Africa. The justification might be the differences in 
ecological, climatic, and socio-economic factors. West 
Sub-Saharan Africa experiences higher malaria transmis-
sion intensity due to its predominantly humid tropical 
climate, which provides ideal conditions for Anopheles 
mosquito breeding and survival. Furthermore, West 
Africa is characterized by longer malaria transmission 
seasons compared to East Africa, where transmission 
may be limited by drier climates and higher altitudes in 
some areas [56, 57, 59].

The study’s strength was the utilization of recently 
conducted large sample national Malaria Indicator Sur-
veys (MIS) to analyze the prevalence and spatial distribu-
tion of malaria among pregnant women in Sub-Saharan 
Africa (SSA). The other strength was the use of mixed 
hierarchical logistic regression, which allowed for the 
identification of two-level factors that standard logistic 
regression could not do. However, the study was limited 
in its ability to include other variables that might have 
been associated with the outcome due to the absence of 
certain important variables in the Malaria Indicator Sur-
veys. Specifically, we were unable to account for mater-
nal behavioral factors such as bed net usage consistency, 
which is crucial in preventing malaria, as well as envi-
ronmental conditions, including temperature, rainfall, 
elevation, vegetation index, and proximity to mosquito 
breeding sites. These environmental factors are known to 
play a significant role in malaria transmission by influenc-
ing mosquito populations and their breeding sites. Given 
that climate and environmental conditions directly affect 
the spatial distribution of malaria risk, their absence in 
the analysis may have limited our ability to fully address 
the spatial variations in malaria transmission patterns. 
The absence of these critical environmental variables 
may have confounded the interpretation of spatial clus-
tering patterns, potentially underestimating the role that 
these factors play in driving malaria risk. Furthermore, 
temporal variations in sociodemographic factors and the 
availability of insecticide-treated nets (ITNs) across dif-
ferent survey years may have contributed to fluctuations 
in malaria risk, but these were not fully accounted for in 
the analysis. Another key limitation of the study was the 

Variables Model I, AOR (95% CI) Model II, AOR (95% CI) Model III, AOR (95% CI) p-value
Model fitness
   LLR -6056.67 -5347.06 -5133.25 -4810.04
   Deviance 12,113.34 10,694.12 10,266.5 9,620.08
AOR: Adjusted Odds Ratio, ICC: Interacluster Correlation, IRS: Indoor Residual Spray, ITN: Insecticide-Treated Net, LLR: Loglikelihood Ratio, MOR: Median Odds Ratio, 
PCV: Proportional Change in Variance, SSA: Sub-Saharan Africa

Table 4  (continued) 
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concentration of over 50% of the sampled countries in the 
West African region, which may reduce the generalizabil-
ity of our findings to other areas of Sub-Saharan Africa, 
where malaria transmission dynamics may differ due to 
varying environmental, socio-economic, and healthcare 
conditions.

Conclusion and recommendations
This study concludes that the malaria infection rate 
among pregnant women in Sub-Saharan Africa was 
found to be high, with both individual and community-
level factors significantly associated with malaria infec-
tion. Based on these findings, we recommended that 
health policies in Sub-Saharan Africa prioritize targeted 
interventions for pregnant women, particularly in rural 
areas, where access to healthcare and prevention mea-
sures is limited. Strategies should focus on improving 
the use of bed nets and indoor residual spraying (IRS), 
enhancing education, and implementing region-specific 
measures, such as West Sub-Saharan Africa, where spa-
tial clustering of malaria was high.

Acknowledgements
For allowing us to use the pertinent MIS data in our study, we are thankful to 
the MIS programs.

Author contributions
AFZ: involved in designing the study, data extraction, data analysis, 
interpretation, and manuscript writing.EGM: involved in data analysis, 
interpretation, and manuscript writing.DAG: involved in data extraction, and 
manuscript writing.BT: involved in data extraction and result interpretation 
TTT: involved in designing the study, interpretation, report and manuscript 
writing.

Funding
No funding.

Data availability
Third party data was obtained for this study from The DHS Program ​(​​​h​t​t​p​s​:​
/​/​d​h​s​p​r​o​g​r​a​m​.​c​o​m​/​​​​​)​. Data may be requested from The DHS Program after 
creating an account and submitting a concept note. More access information 
can be found on The DHS Program website (​h​t​t​p​​s​:​/​​/​d​h​s​​p​r​​o​g​r​​a​m​.​​c​o​m​/​​d​a​​t​a​
/​​A​c​c​​e​s​s​-​​I​n​​s​t​r​u​c​t​i​o​n​s​.​c​f​m). The data set is openly available upon permission 
from the MEASURE DHS website (​h​t​t​p​​s​:​/​​/​w​w​w​​.​d​​h​s​p​​r​o​g​​r​a​m​.​​c​o​​m​/​d​​a​t​a​​/​a​v​a​​i​l​​a​
b​l​e​-​d​a​t​a​s​e​t​s​.​c​f​m). The authors confirm that interested researchers would be 
able to access these data in the same manner as the authors. The authors also 
confirm that they had no special access privileges that others would not have.

Declarations

Ethical approval and consent to participate
Since this study is a secondary analysis of malaria indicator surveys, ethical 
approval is not necessary. We registered, requested the dataset from the 
DHS online repository, and were granted permission to view and download 
the data files in order to perform our study. The malaria indicator surveys 
report states that during the survey data collection process, all participant 
information was anonymized. Visit: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​d​​h​s​p​​r​o​g​​r​a​m​.​​c​o​​m​/​d​​a​t​a​​/​d​a​t​​a​s​​
e​t​_​a​d​m​i​n​/​i​n​d​e​x​.​c​f​m.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Medical Nursing, School of Nursing, College of Medicine 
and Health Sciences, University of Gondar, Gondar, Ethiopia
2Department of Internal Medicine, School of Medicine, College of 
Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia
3Department of Pediatrics and Child Health Nursing, School of Nursing, 
College of Medicine and Health Sciences, University of Gondar, Gondar, 
Ethiopia

Received: 31 December 2024 / Accepted: 23 April 2025

References
1.	 Drake N, Sternberg T, Burrough S, Meyer M. The world atlas of deserts and 

drylands. Princeton University Press; 2025.
2.	 You D, Hug L, Anthony D. Generation 2030/Africa: ERIC; 2014.
3.	 Tupy M. Africa is Getting Richer, Thanks to Capitalism. Foundation for Eco-

nomic Education. 2016.
4.	 Zareen S, Rehman HU, Gul N, Zareen H, Hisham M, Ullah I, et al. Malaria is still 

a life threatening disease review. J Entomol Zool Stud. 2016;105:105–12.
5.	 World Health Organization, Geneva. Malaria. WHO; 2023. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​

t​​/​h​e​a​​l​t​​h​-​t​o​p​i​c​s​/​m​a​l​a​r​i​a.
6.	 Centers for Disease Control and Prevention. Malaria facts. Atlanta: CDC; 2022. 

https://www.cdc.gov/malaria.
7.	 van Eijk AM, Hill J, Noor AM, Snow RW, ter Kuile FO. Prevalence of malaria 

infection in pregnant women compared with children for tracking malaria 
transmission in sub-Saharan Africa: a systematic review and meta-analysis. 
Lancet Global Health. 2015;3(10):e617–28.

8.	 Fried M, Duffy PE. Malaria during pregnancy. Cold Spring Harbor Perspect 
Med. 2017;7(6):a025551.

9.	 Das JK, Lakhani S, Rahman AR, Siddiqui F, Padhani ZA, Rashid Z, et al. Malaria 
in pregnancy: Meta-analyses of prevalence and associated complications. 
Epidemiol Infect. 2024;152:e39.

10.	 Gontie GB, Wolde HF, Baraki AG. Prevalence and associated factors of malaria 
among pregnant women in Sherkole district, Benishangul Gumuz regional 
State, West Ethiopia. BMC Infect Dis. 2020;20:1–8.

11.	 Khan MA, editor. Frequency of malaria among pregnant women. Medical 
Forum Monthly; 2021.

12.	 Organization WH. A strategic framework for malaria prevention and control 
during pregnancy in the African region. World Health Organization. Regional 
Office for Africa; 2004.

13.	 World Health Organization. World Malaria Report 2023. Geneva: WHO. 2023. 
cited from: ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​w​h​​o​​.​i​​n​​t​/​p​​u​b​​l​i​c​​a​t​i​o​​​n​​s​​/​i​​/​i​​t​e​m​/​9​7​8​9​2​4​0​0​7​7​4​8​6

14.	 White NJ. Anaemia and malaria. Malar J. 2018;17(1):371.
15.	 Aberese-Ako M, Doegah P, Acquah E, Magnussen P, Ansah E, Ampofo G, et al. 

Motivators and demotivators to accessing malaria in pregnancy interventions 
in sub-Saharan Africa: A meta-ethnographic review. Malar J. 2022;21(1):170.

16.	 Organization WH. WHO policy brief for the implementation of intermittent 
preventive treatment of malaria in pregnancy using sulfadoxine-pyrimeth-
amine (IPTp-SP). World Health Organization; 2014.

17.	 Organization WH. Malaria eradication: benefits, future scenarios and feasibil-
ity. A report of the strategic advisory group on malaria eradication. World 
Health Organization; 2020.

18.	 Cohen JM, Okumu F, Moonen B. The fight against malaria: diminishing gains 
and growing challenges. Sci Transl Med. 2022;14(651):eabn3256.

19.	 Cisse M, Sangare I, Lougue G, Bamba S, Bayane D, Guiguemde RT. Prevalence 
and risk factors for plasmodium falciparum malaria in pregnant women 
attending antenatal clinic in Bobo-Dioulasso (Burkina Faso). BMC Infect Dis. 
2014;14:1–7.

20.	 Fana SA, Bunza MDA, Anka SA, Imam AU, Nataala SU. Prevalence and risk 
factors associated with malaria infection among pregnant women in a semi-
urban community of north-western Nigeria. Infect Dis Poverty. 2015;4:1–5.

21.	 Agomo CO, Oyibo WA, Anorlu RI, Agomo PU. Prevalence of malaria in preg-
nant women in Lagos, South-West Nigeria. Korean J Parasitol. 2009;47(2):179.

22.	 Jäckle MJ, Blumentrath CG, Zoleko RM, Akerey-Diop D, Mackanga J-R, 
Adegnika AA, et al. Malaria in pregnancy in rural Gabon: a cross-sectional 
survey on the impact of seasonality in high-risk groups. Malar J. 2013;12:1–6.

23.	 Unger H, Thriemer K, Ley B, Tinto H, Traoré M, Valea I, et al. The assessment 
of gestational age: a comparison of different methods from a malaria preg-
nancy cohort in sub-Saharan Africa. BMC Pregnancy Childbirth. 2019;19:1–9.

https://dhsprogram.com/
https://dhsprogram.com/
https://dhsprogram.com/data/Access-Instructions.cfm
https://dhsprogram.com/data/Access-Instructions.cfm
https://www.dhsprogram.com/data/available-datasets.cfm
https://www.dhsprogram.com/data/available-datasets.cfm
https://www.dhsprogram.com/data/dataset_admin/index.cfm
https://www.dhsprogram.com/data/dataset_admin/index.cfm
https://www.who.int/health-topics/malaria
https://www.who.int/health-topics/malaria
https://www.cdc.gov/malaria
https://www.who.int/publications/i/item/9789240077486


Page 17 of 18Zegeye et al. BMC Infectious Diseases          (2025) 25:654 

24.	 Ssentongo P, Ba DM, Ssentongo AE, Ericson JE, Wang M, Liao D, et al. Associa-
tions of malaria, HIV, and coinfection, with anemia in pregnancy in sub-
Saharan Africa: a population-based cross-sectional study. BMC Pregnancy 
Childbirth. 2020;20:1–11.

25.	 Obase BN, Bigoga JD, Nsagha DS. Malaria and HIV co-infection among preg-
nant women in Africa: prevalence, effect on immunity and clinical manage-
ment. Int J Translational Med. 2023;3(2):187–202.

26.	 Nega D, Dana D, Tefera T, Eshetu T. Prevalence and predictors of asymptom-
atic malaria parasitemia among pregnant women in the rural surroundings 
of arbaminch town, South Ethiopia. PLoS ONE. 2015;10(4):e0123630.

27.	 Hounkonnou C, Djènontin A, Egbinola S, Houngbegnon P, Bouraima A, 
Soares C, et al. Impact of the use and efficacy of long lasting insecticidal net 
on malaria infection during the first trimester of pregnancy-a pre-concep-
tional cohort study in Southern Benin. BMC Public Health. 2018;18:1–7.

28.	 Diboulo E, Sié A, Vounatsou P. Assessing the effects of malaria interventions 
on the geographical distribution of parasitaemia risk in Burkina Faso. Malar J. 
2016;15:1–14.

29.	 Bousema T, Drakeley C, Gesase S, Hashim R, Magesa S, Mosha F, et al. Iden-
tification of hot spots of malaria transmission for targeted malaria control. J 
Infect Dis. 2010;201(11):1764–74.

30.	 Dwumfour CK, Bam VB, Owusu LB, Poku CA, Kpabitey RD, Aboagye P, et al. 
Prevalence and determinants of malaria infection among pregnant women 
attending antenatal clinic in Ejisu government hospital in Ghana: A cross-
sectional study. PLoS ONE. 2023;18(10):e0293420.

31.	 Organization WH. WHO guidelines for malaria, 18 February 2022. World 
Health Organization; 2022.

32.	 Seidu A-A, Ahinkorah BO, Hagan JE Jr, Ameyaw EK, Abodey E, Odoi A, et al. 
Mass media exposure and women’s household decision-making capacity 
in 30 sub-Saharan African countries: analysis of demographic and health 
surveys. Front Psychol. 2020;11:581614.

33.	 Rutstein SO. DHS comparative reports no. 6. (No Title). 2004.
34.	 Fund UNCs, Organization WH. Progress on household drinking water, 

sanitation and hygiene 2000–2022: special focus on gender. World Health 
Organization; 2024.

35.	 Morakinyo OM, Fagbamigbe AF, Adebowale AS. Decomposition of factors 
associated with housing material inequality in under-five deaths in low and 
middle-income countries. Archives Public Health. 2022;80(1):13.

36.	 Chen Y. New approaches for calculating Moran’s index of Spatial autocorrela-
tion. PLoS ONE. 2013;8(7):e68336.

37.	 Tsai P-J, Lin M-L, Chu C-M, Perng C-H. Spatial autocorrelation analysis of 
health care hotspots in Taiwan in 2006. BMC Public Health. 2009;9:1–13.

38.	 Kulldorff M. SaTScanTM user guide. Boston; 2006.
39.	 Rodriguez G, Elo I. Intra-class correlation in random-effects models for binary 

data. Stata J. 2003;3(1):32–46.
40.	 Merlo J, Ohlsson H, Lynch KF, Chaix B, Subramanian S. Individual and col-

lective bodies: using measures of variance and association in contextual 
epidemiology. J Epidemiol Community Health. 2009;63(12):1043–8.

41.	 Al-Sadi AM, Al-Oweisi FA, Edwards SG, Al-Nadabi H, Al-Fahdi AM. Genetic 
analysis reveals diversity and genetic relationship among Trichoderma iso-
lates from potting media, cultivated soil and uncultivated soil. BMC Microbiol. 
2015;15:1–11.

42.	 Rijken MJ, McGready R, Boel ME, Poespoprodjo R, Singh N, Syafruddin D, 
et al. Malaria in pregnancy in the Asia-Pacific region. Lancet Infect Dis. 
2012;12(1):75–88.

43.	 Lopez-Perez M, Pacheco MA, Buriticá L, Escalante AA, Herrera S, Arévalo-
Herrera M. Malaria in pregnancy: a passive surveillance study of pregnant 
women in low transmission areas of Colombia, Latin America. Malar J. 
2016;15:1–10.

44.	 Dombrowski JG, Souza RMd, Silva NRM, Barateiro A, Epiphanio S, Gonçalves 
LA, et al. Malaria during pregnancy and newborn outcome in an unstable 
transmission area in Brazil: A population-based record linkage study. PLoS 
ONE. 2018;13(6):e0199415.

45.	 Sohail M, Shakeel S, Kumari S, Bharti A, Zahid F, Anwar S, et al. Prevalence of 
malaria infection and risk factors associated with anaemia among pregnant 
women in semiurban community of Hazaribag, Jharkhand, India. Biomed Res 
Int. 2015;2015(1):740512.

46.	 Mendis K, Sina BJ, Marchesini P, Carter R. The neglected burden of plasmo-
dium Vivax malaria. Am J Trop Med Hyg. 2001;64(1Suppl):97–106.

47.	 Bhatia R, Rastogi RM, Ortega L. Malaria successes and challenges in Asia. J 
Vector Borne Dis. 2013;50(4):239–47.

48.	 Melo J, Padilha M, Barbosa R, Alonso W, Vittor A, Laporta G. Evaluation of the 
malaria elimination policy in Brazil: a systematic review and epidemiological 
analysis study. Trop Biomed. 2020;37(2):513.

49.	 Kabalu Tshiongo J, Zola Matuvanga T, Mitashi P, Maketa V, Schallig HD, Mens 
PF, et al. Prevention of malaria in pregnant women and its effects on maternal 
and child health, the case of centre hospitalier de Kingasani II in the Demo-
cratic Republic of the congo. Trop Med Infect Disease. 2024;9(5):92.

50.	 Oguta S, Serumaga B, Odongo L, Otika D, Ayikoru J, Otim R, et al. Factors 
associated with malaria in pregnancy among antenatal care mothers at Gulu 
regional referral hospital in Northern Uganda. Malar J. 2024;23(1):346.

51.	 Olukosi A, Afolabi B. Malaria and anemia among pregnant women living 
in communities along the Coast of Lagos lagoon, South-west Nigeria. Int J 
Pregn Chi Birth. 2018;4(6):175–82.

52.	 Parmar G. Factors associated with pregnancy among youth in Northern 
Uganda. University of British Columbia; 2024.

53.	 Kamuliwo M, Kirk KE, Chanda E, Elbadry MA, Lubinda J, Weppelmann TA, et al. 
Spatial patterns and determinants of malaria infection during pregnancy in 
Zambia. Trans R Soc Trop Med Hyg. 2015;109(8):514–21.

54.	 Pujol A, Brokhattingen N, Matambisso G, Mbeve H, Cisteró P, Escoda A, et al. 
Detecting Temporal and Spatial malaria patterns from first antenatal care 
visits. Nat Commun. 2023;14(1):4004.

55.	 Semakula M, Niragire F, Faes C. Spatio-temporal bayesian models for malaria 
risk using survey and health facility routine data in Rwanda. Int J Environ Res 
Public Health. 2023;20(5):4283.

56.	 Gething PW, Patil AP, Smith DL, Guerra CA, Elyazar IR, Johnston GL, et al. A 
new world malaria map: plasmodium falciparum endemicity in 2010. Malar J. 
2011;10:1–16.

57.	 Tusting LS, Ippolito MM, Willey BA, Kleinschmidt I, Dorsey G, Gosling RD, et al. 
The evidence for improving housing to reduce malaria: a systematic review 
and meta-analysis. Malar J. 2015;14:1–12.

58.	 Endo N, Eltahir EA. Environmental determinants of malaria transmission in 
African villages. Malar J. 2016;15:1–11.

59.	 Organization WH. World malaria report 2023. World Health Organization; 
2023.

60.	 Tay SC, Agboli E, Abruquah HH, Walana W. Malaria and anaemia in pregnant 
and non-pregnant women of child-bearing age at the University Hospital, 
Kumasi, Ghana. Open Journal of Medical Microbiology. 2013;2013.

61.	 Tegegne Y, Asmelash D, Ambachew S, Eshetie S, Addisu A, Jejaw Zeleke A. 
The prevalence of malaria among pregnant women in Ethiopia: a systematic 
review and meta-analysis. J Parasitol Res. 2019;2019(1):8396091.

62.	 Emmanuel BN, Chessed G, Erukainure FE, Ekeuhie JC, Philips V. Prevalence 
of malaria parasite and its effects on some hematological parameters 
amongst pregnant women in Yola, Nigeria. J Umm Al-Qura Univ Appl Sci. 
2024;10(1):200–10.

63.	 ObeaguEI OG. Malaria during pregnancy: effects on maternal morbidity and 
mortality. Elite J Nurs Health Sci. 2024;2(6):50–68.

64.	 Stanisic DI, Moore KA, Baiwog F, Ura A, Clapham C, King CL, et al. Risk factors 
for malaria and adverse birth outcomes in a prospective cohort of pregnant 
women resident in a high malaria transmission area of Papua new Guinea. 
Trans R Soc Trop Med Hyg. 2015;109(5):313–24.

65.	 Addai-Mensah O, Annani-Akollor ME, Fondjo LA, Sarbeng K, Anto EO, 
Owiredu E-W, et al. Regular antenatal attendance and education influence 
the uptake of intermittent preventive treatment of malaria in pregnancy: a 
cross-sectional study at the university hospital, Kumasi, Ghana. J Trop Med. 
2018;2018(1):5019215.

66.	 Goshu YA, Yitayew AE. Malaria knowledge and its associated factors among 
pregnant women attending antenatal clinic of Adis Zemen hospital, North-
western Ethiopia, 2018. PLoS ONE. 2019;14(1):e0210221.

67.	 Mangusho C, Mwebesa E, Izudi J, Aleni M, Dricile R, Ayiasi RM, et al. High 
prevalence of malaria in pregnancy among women attending antenatal care 
at a large referral hospital in Northwestern Uganda: A cross-sectional study. 
PLoS ONE. 2023;18(4):e0283755.

68.	 Ouma P, Van Eijk AM, Hamel MJ, Parise M, Ayisi JG, Otieno K, et al. Malaria and 
anaemia among pregnant women at first antenatal clinic visit in Kisumu, 
Western Kenya. Tropical Med Int Health. 2007;12(12):1515–23.

69.	 Choonara S. Factors affecting the use of malaria prevention methods among 
pregnant women in Kenya 2012.

70.	 Bally CA, Arudo J, Kipmerewo M. Prevalence and associated determinants 
of malaria infection among pregnant women in malaria epidemic areas of 
Western Highland of Kenya. Global J Health Sci. 2020;5(1):37–50.



Page 18 of 18Zegeye et al. BMC Infectious Diseases          (2025) 25:654 

71.	 Kawuki J, Donkor E, Gatasi G, Nuwabaine L. Mosquito bed net use and associ-
ated factors among pregnant women in Rwanda: a nationwide survey. BMC 
Pregnancy Childbirth. 2023;23(1):419.

72.	 Organization WH. Insecticide-treated Nets to reduce the risk of malaria in 
pregnant women. World Health Organization; 2014.

73.	 Aung PL, Win KM, Show KL. Utilization of insecticide-treated bed Nets among 
pregnant women in Myanmar–analysis of the 2015–2016 demographic and 
health survey. PLoS ONE. 2022;17(3):e0265262.

74.	 Ukaegbu EO. Malaria in pregnancy. 2020.
75.	 Sidiki NN, Payne VK, Cedric Y, Nadia NA. Effect of impregnated mosquito bed 

Nets on the prevalence of malaria among pregnant women in Foumban 
subdivision, West region of Cameroon. J Parasitol Res. 2020;2020(1):7438317.

76.	 Ernst KC, Erly S, Adusei C, Bell ML, Kessie DK, Biritwum-Nyarko A, et al. 
Reported bed net ownership and use in social contacts is associated with 
uptake of bed Nets for malaria prevention in pregnant women in Ghana. 
Malar J. 2017;16:1–10.

77.	 Singh M, Brown G, Rogerson SJ. Ownership and use of insecticide-treated 
Nets during pregnancy in sub-Saharan Africa: a review. Malar J. 2013;12:1–10.

78.	 Gamble CL, Ekwaru JP, ter Kuile FO. Insecticide-treated Nets for preventing 
malaria in pregnancy. Cochrane Database Syst Reviews. 2006(2).

79.	 Mwangu LM, Mapuroma R, Ibisomi L. Factors associated with non-use of 
insecticide-treated bed Nets among pregnant women in Zambia. Malar J. 
2022;21(1):290.

80.	 Fokam EB, Ngimuh L, Anchang-Kimbi JK, Wanji S. Assessment of the usage 
and effectiveness of intermittent preventive treatment and insecticide-
treated Nets on the indicators of malaria among pregnant women attending 
antenatal care in the Buea health district, Cameroon. Malar J. 2016;15:1–7.

81.	 Njoroge F, Kimani V, Ongore D, Akwale W. Use of insecticide treated bed Nets 
among pregnant women in Kilifi district, Kenya. East Afr Med J. 2009;86(7).

82.	 Alhassan Y, Dwomoh D, Amuasi SA, Nonvignon J, Bonful H, Tetteh M, et al. 
Impact of insecticide-treated Nets and indoor residual spraying on self-
reported malaria prevalence among women of reproductive age in Ghana: 
implication for malaria control and elimination. Malar J. 2022;21(1):120.

83.	 Muhindo MK, Kakuru A, Natureeba P, Awori P, Olwoch P, Ategeka J, et al. 
Reductions in malaria in pregnancy and adverse birth outcomes following 
indoor residual spraying of insecticide in Uganda. Malar J. 2016;15:1–9.

84.	 Oberlin A, Kim TG, Erlinger AP, Joshi A, Diawara H, Healy SA et al. Effect of 
Indoor Residual Spraying on Malaria in Pregnancy and Pregnancy Outcomes: 
A Systematic Review. The American Journal of Tropical Medicine and 
Hygiene. 2024;1(aop).

85.	 Zare M, Vatandoost H, Soleimani-Ahmadi M, Sanei-Dehkordi A, Jaberhashemi 
SA, Mohseni S. Knowledge and practices of women regarding malaria and its 
prevention: A Community-Based study in an area under malaria elimination 
programme in Iran. J Arthropod-Borne Dis. 2023;17(4):383.

86.	 Okumu FO, Moore SJ. Combining indoor residual spraying and insecticide-
treated Nets for malaria control in Africa: a review of possible outcomes and 
an outline of suggestions for the future. Malar J. 2011;10:1–13.

87.	 Gimnig JE, Otieno P, Were V, Marwanga D, Abong’o D, Wiegand R, et al. The 
effect of indoor residual spraying on the prevalence of malaria parasite 

infection, clinical malaria and anemia in an area of perennial transmission and 
moderate coverage of insecticide treated Nets in Western Kenya. PLoS ONE. 
2016;11(1):e0145282.

88.	 Yaya S, Uthman OA, Amouzou A, Bishwajit G. Mass media exposure and 
its impact on malaria prevention behaviour among adult women in sub-
Saharan Africa: results from malaria indicator surveys. Global Health Res 
Policy. 2018;3:1–9.

89.	 Yanow SK, Gavina K, Gnidehou S, Maestre A. Impact of malaria in pregnancy 
as Latin America approaches elimination. Trends Parasitol. 2016;32(5):416–27.

90.	 De Beaudrap P, Turyakira E, White LJ, Nabasumba C, Tumwebaze B, Muehlen-
bachs A, et al. Impact of malaria during pregnancy on pregnancy outcomes 
in a Ugandan prospectivecohort with intensive malaria screening and 
prompt treatment. Malar J. 2013;12:1–11.

91.	 Briand V, Le Hesran J-Y, Mayxay M, Newton PN, Bertin G, Houzé S, et al. Preva-
lence of malaria in pregnancy in Southern Laos: a cross-sectional survey. 
Malar J. 2016;15:1–11.

92.	 Botto-Menezes C, Silva dos Santos MC, Lopes Simplício J, Menezes de 
Medeiros J, Barroso Gomes KC, de Carvalho Costa IC, et al. Plasmodium Vivax 
malaria in pregnant women in the Brazilian Amazon and the risk factors 
associated with prematurity and low birth weight: a descriptive study. PLoS 
ONE. 2015;10(12):e0144399.

93.	 Touré AA, Doumbouya A, Diallo A, Loua G, Cissé A, Sidibé S, et al. Malaria-
Associated factors among pregnant women in Guinea. J Trop Med. 
2019;2019(1):3925094.

94.	 Kenea O, Balkew M, Gebre-Michael T. Environmental factors associated with 
larval habitats of anopheline mosquitoes (Diptera: Culicidae) in irrigation and 
major drainage areas in the middle course of the rift Valley, central Ethiopia. J 
Vector Borne Dis. 2011;48(2):85–92.

95.	 Houghton N, Bascolo E, Cohen RR, Vilcarromero NLC, Gonzalez HR, Albrecht 
D, et al. Identifying access barriers faced by rural and dispersed communi-
ties to better address their needs: implications and lessons learned for rural 
proofing for health in the Americas and beyond. Rural Remote Health. 
2023;23(1):1–12.

96.	 Hill J, Hoyt J, van Eijk AM, D’Mello-Guyett L, Ter Kuile FO, Steketee R, et al. Fac-
tors affecting the delivery, access, and use of interventions to prevent malaria 
in pregnancy in sub-Saharan Africa: a systematic review and meta-analysis. 
PLoS Med. 2013;10(7):e1001488.

97.	 Organization WH. Operational manual on indoor residual spraying: control of 
vectors of malaria, Aedes-borne diseases, Chagas disease. leishmaniases and 
lymphatic filariasis: World Health Organization; 2024.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Spatial variation and multilevel determinants of malaria infection among pregnant women in Sub-Saharan Africa: using malaria indicator surveys
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Setting
	﻿Study design and period
	﻿Data source and sampling procedure
	﻿Population
	﻿Study variables
	﻿Dependent variable
	﻿Independent variables


	﻿Operational definitions
	﻿Media exposure
	﻿Wealth index
	﻿Water source
	﻿Main roof materials

	﻿Data management
	﻿Inclusion and exclusion criteria
	﻿Multilevel analysis
	﻿Spatial analysis
	﻿Random effects
	﻿Results
	﻿Socio-demographic, economic, and health service related characteristics of pregnant women in Sub-Saharan Africa, MIS 2011–2022
	﻿Prevalence of malaria among pregnant women in Sub-Saharan Africa
	﻿Spatial distribution of malaria among pregnant women in Sub-Sahara Africa
	﻿Spatial autocorrelation of malaria among pregnant women


	﻿Hotspot analysis of malaria among pregnant women
	﻿Interpolation of malaria prevalence among pregnant women
	﻿SatScan analysis of malaria infection among pregnant women
	﻿Random effects and model comparison
	﻿Factors associated with malaria infection among pregnant women in Sub-Saharan Africa
	﻿Discussion
	﻿Conclusion and recommendations
	﻿References


