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Abstract
Introduction  In spite of the increase in the number of distributed mosquito nets, and awareness campaigns on its 
efficacy in malaria control in sub-Saharan Africa with high burden of malaria, there is a dearth of study on the effects 
of malaria messages on use of mosquito nets by under-five children (U5 children). Thus, the objectives of this study 
were to compare the use of mosquito nets by under-five children in four West African countries; and to investigate 
the predictive influence of exposure to malaria messages on the use of mosquito nets U5 children.

Method  The data was from post-2020 Malaria Indicator Surveys (MIS) on nationally representative samples of women 
aged 15–49 years in four West African countries of Liberia, Mali, Niger and Nigeria. Data analysis involved descriptive 
statistics, chi square test and multilevel logistic regression models.

Results  The proportion of under-five children who slept under mosquito nets ranged from 47% in Nigeria to 86% in 
Niger. The highest proportions of respondents from Liberia (38%) and Niger (19%) got information on malaria from 
health facilities while the highest proportions of 31% and 27% of respondents in Mali and Nigeria respectively got 
information from the mass media. The bivariate chi square test results of net use showed significant association across 
all the population groups in all the countries with the exception of malaria information from mass media in Liberia, 
Mali and Niger. In the full regression model, Liberia (OR = 1.31), Mali (OR = 9.90), and Niger (OR = 3.67), had significantly 
increased odds the odds of U5 children sleeping with mosquito nets while Nigeria (OR = 0.31) exhibited significantly 
reduced odds of U5 children sleeping with mosquito nets. Other factors which significantly influenced U5 children 
sleeping with mosquito nets in all the countries were malaria information from health facilities, number of U5 children 
in households, size of households, and regions of residence.

Conclusion  The study among other things recommends the need for more enlightenment campaigns on the use 
of mosquito especially by health workers in health facilities. There is also need for region-specific interventions based 
on significant predictors of the use of mosquito nets in locations where respondents reported lesser proportion of U5 
children who slept under mosquito nets.
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Introduction
To combat malaria and reduce the high incidence of 
malaria related deaths, especially among under-five (U5) 
children, the World Health Organization Global Techni-
cal Strategy for Malaria in agreement with the sustain-
able development goals (SDGs) set a target of achieving a 
90% reduction in malaria cases and mortality from 2015 
to 2030 [1–3]. Thus, scholars have advocated the need for 
the continuous use of nets as a prevention measure for 
malaria especially among U5 children in sub-Saharan and 
West Africa [4–6]. Statistics shows that between 2004 
and 2022, about 2.9 billion mosquito nets were delivered 
globally out of which 2.5 billion representing 86% were 
delivered to sub-Saharan African countries to combat 
malaria [6]. Subsequently, sensitization campaigns have 
been carried out globally on the benefits of regular mos-
quito nets use especially among pregnant women and U5 
children [7–10].

Despite the widespread distribution of these mosquito 
nets globally, 249 million malaria cases were estimated 
to have been recorded in 85 countries in 2022 repre-
senting a 5 million increase in malaria cases from 2021. 
Estimates also show that about 96% of all malaria deaths 
globally occurred in 29 countries and four of these coun-
tries namely Nigeria (31%), the Democratic Republic of 
the Congo (12%), Niger (6%) and the United Republic 
of Tanzania (4%) were responsible for 53% of the global 
malaria-related deaths in 2022 [11]. While five West Afri-
can countries (Nigeria, Niger, Ghana, Burkina Faso and 
Mali) were among the ten African countries with highest 
burden of malaria, the West African region is also asso-
ciated with about 51% of global malaria deaths [3, 12]. 
Therefore, it becomes necessary to ascertain the influ-
ence of access to information on the use of mosquito nets 
by under-five children in West Africa as the sub-region 
continues to record noted high levels of malaria cases 
and deaths despite the increase in the number of mos-
quito nets distributed, and the sensitization campaigns 
on benefits of sleeping under mosquito nets in the region.

With regard to access to information on malaria, a 
study in Sierra Leone found that net use among those in 
households that reported hearing a public health mes-
sage related to malaria was significantly higher than 
those in households that did not hear [10]. While some 
scholars identified radio and television as the, most used 
mass media for malaria information dissemination [8, 
9, 13], other studies suggest that health workers play an 
important role in information dissemination of related 
malaria prevention and use of mosquito nets [13–16]. In 
this context, studies have revealed that exposure to mes-
sages on malaria preventive measures through radio or 

television broadcasts decreased the probability of test-
ing positive for malaria [7, 8]. Another study also found 
a significant positive association between hearing malaria 
messages in the electronic/print media and from health 
workers and usage of bed nets by under five children [13]. 
Furthermore, literature has highlighted the effectiveness 
of a School-based Social and Behaviour Change Commu-
nication (SBCC) approach to the utilization of mosquito 
nets among primary school students in rural Ethiopia, 
and identified peer educators, teachers, mass media, and 
community networks as sources of malaria information 
on mosquito nets use [17].

Apart from exposure to sources of information, litera-
ture shows that several socioeconomic factors influence 
the use of mosquito nets in a household [14, 18–21]. Age 
has been noted to be a significant predictor of mosquito 
nets use as research has reported that individuals aged 
15 years and older in Mozambique reported increased 
likelihood of using mosquito net the previous night com-
pared to adolescents aged 10–14 years, while the likeli-
hood of mosquito nets use decreased as the household 
size increased [22]. Also, children of women with higher 
levels of education [19, 23, 24], children in rural house-
holds [8, 22, 25], and children of unmarried mothers [13, 
26] were more likely to sleep with mosquito nets, even as 
households with higher incomes also had higher odds of 
mosquito nets utilization [8, 14, 22, 25]. Children whose 
mothers had no formal education had a higher malaria 
prevalence [25] while women aged less than 35 years 
were associated with higher use of mosquito nests by 
their children [26]. In addition, literature show that chil-
dren aged 1–2 years, children in household with up to six 
children, and children of households in certain geograph-
ical regions were more likely to be infected with malaria 
in Nigeria [18].

Studies have identified malaria as an endemic disease 
more prevalent in Africa, and by extension, the West 
African sub-region, thereby making it imperative for uti-
lization of mosquito nets in sub-Saharan Africa [27–30]. 
While millions of mosquito nets as noted earlier have 
been distributed in Sub-Saharan Africa, including West 
Africa, research show the existence of gap between mos-
quito net possession and usage [31–34]. This gap in the 
access to and use of mosquito nets in Africa has resulted 
in high levels of malaria burden in the continent even 
as there is a dearth of comparative country-level stud-
ies on exposure to malaria messages and sleeping under 
mosquito nets by young children as a preventive mea-
sure against malaria, especially among countries of West 
African sub-region. In addition, most of the malaria stud-
ies in the region were carried out on either national or 
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sub-national levels. For instance, a study examined rural-
urban differences in the access to behaviour change com-
munication and utilization of insecticide-treated nets 
and artemisinin-based combination therapy in Southeast 
Nigeria [35], another compared rural–urban differences 
in insecticide-treated net use among pregnant women 
in Nigeria [8], while another appraised the predictors 
of mosquito bed net use among children under-fives in 
Ghana [36].

More importantly, and central to this study is that there 
exists a dearth of comparative study on variations on 
the influence of contextual factors of malaria messages 
on the use of mosquito nets while sleeping by U5 chil-
dren in West Africa. This study, therefore, moves beyond 
the study of individual-level factors in specific coun-
tries or parts of specific countries to the use of nation-
ally representative populations to comparatively explore 
the predictive influence of contextual factors of malaria 

Table 1  Demographic characteristics of the study population
Liberia Mali Niger Nigeria

Variables n (%) n(%) n(%) n(%)
Age (Years)
  15–24 1,877 (41.59) 4,216 (39.16) 2,531 (43.68) 5,129 (35.43)
  25–34 1,268 (28.10) 3,522 (32.72) 1,781(30.73) 5,027 (34.73)
  35+ 1,368 (30.31) 3,027 (28.12) 1,483 (25.59) 4,320 (29.84)
Education
  None 1,413 (31.31) 6,996 (64.99) 3,634 (62.71) 4,792 (33.10)
  Primary 1,342 (29.74) 1,452 (13.49) 1,012 (17.46) 1,977 (13.66)
  Secondary 1,541 (34.15) 2,096 (19.47) 1,061 (18.31) 5,669 (39.16)
  Tertiary 217 (4.81) 221 (2.05) 88 (1.52) 2,038 (14.08)
Place of Residence
  Urban 2,284 (50.61) 2,843 (26.41) 1,619 (27.94) 4,930 (34.06)
  Rural 2,229 (49.39) 7,922 (73.59) 4,176 (72.06) 9,546 (65.94)
Wealth index
  Poorest 1,054 (23.35) 1,932 (17.95) 1,115 (19.24) 2,434 (16.81)
  Poorer 941 (20.85) 2,122 (19.71) 939 (16.20) 2,431 (16.79)
  Middle 1,018 (22.56) 2,164 (20.10) 1,038 (17.91) 2,802 (19.36)
  Richer 824 (18.26) 2,245 (20.85) 1,047 (18.07) 3,225 (22.28)
  Richest 676 (14.98) 2,302 (21.38) 1,656 (18.58) 3,584 (24.76)
Household Size
  1–3 persons 706 (15.64) 325 (3.02) 657 (11.34) 2,378 (16.43)
  4–6 persons 1,874 (41.52) 1,907 (17.71) 1,786 (30.82) 5,814 (40.16)
  7–9 persons 1,279 (28.34) 2,079 (19.31) 1,642 (28.33) 3,323 (22.96)
  10 + persons 654 (14.49) 6,454 (59.95) 1,710 (29.51) 2,961 (20.45)
No of U5 Children
  Less than 2 children 3,009 (66.67) 3,342 (31.05) 2,959 (51.06) 8,673 (59.91)
  2–3 children 1,333 (29.54) 3,753 (34.86) 2,360 (40.72) 4,757 (32.86)
  4 + children 171 (3.79) 3,670 (34.09) 476 (8.21) 1,046 (7.23)
Region of Residence
  Region 1 815 (18.06) 1,951 (18.12) 438 (7.56) 2,674 (18.47)
  Region 2 585 (12.96) 1,783 (16.56) 557 (9.61) 2,523 (17.43)
  Region 3 785 (17.39) 1,716 (15.94) 716 (12.36) 3,635 (25.11)
  Region 4 799 (17.70) 1,410 (13.10) 887 (15.31) 1,523 (10.52)
  Region 5 717 (15.89) 817 (7.59) 822 (14.18) 2,148 (14.84)
  Region 6 812 (17.99) 720 (6.69) 816 (14.08) 1,973 (13.63)
  Region 7 648 (6.02) 822 (14.18)
  Region 8 481 (4.47) 737 (12.72
  Region 9 1,239 (11.51)
Liberia Regions (Region 1 = G. Monrovia; Region = North Western; Region 3 = South Central; Region 4 = North Central; Region 5 = South Eastern A.; Region 6 = South 
Eastern B)

Mali Regions (Region 1 = Kayes; Region 2 = Kuolikoro; Region 3 = Sikasso; Region 4 = Segou; Region 5 = Mopti; Region 6 = Tombouctou; Region 7 = Gao; Region 
8 = Kidal; Region 9 = Bamako)

Niger Regions (Region 1 = Agadez; Region 2 = Diffa; Region 3 = Dosso; Region 4 = Maradi; Region 5 = Tahoua; Region 6 = Tillaberi; Region 7 = Zinder; Region 8 = Niamey)

Nigeria Regions (Region 1 = North Central; Region 2 = North East; Region 3 = North West; Region 4 = South East; Region 5 = South South; Region 6 = South West)
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messages on the use of mosquito nets by under-five 
children in West African countries, and to appraise the 
mediating effects of socioeconomics characteristics on 
the predictive influence of malaria messages on the use of 
mosquito nets by under-five children.

Methods
Theoretical framework
The study is undergirded by the Health Belief Model, a 
theoretical model often used to guide health promotion 
and disease control. The Health Belief model (HBM) 
was developed to foresee health behaviours and to bet-
ter comprehend the reason individuals either agree 
or neglect to receive illness or disease prevention and 

management strategies [37–39]. Since the early 1950 s, 
HBM has been one of the most widely used conceptual 
frameworks in health behaviour research, both to explain 
change and maintenance of health-related behaviours 
and as a guiding framework for health behaviour [39]. 
Developed by Geoffrey Hochbaum in the 1950 s with fur-
ther work done by Becker, Haefner and Maiman in 1977, 
the HBM is particularly useful in predicting individ-
ual changes in health behaviour. The HBM rests on the 
premise that there are two components of health-related 
behaviour: peoples’ desire to avoid illness and where it 
occurs, to get well and secondly, the belief that a specific 
health action, when adopted, will prevent, or treat an ill-
ness [37].

There are six constructs of the Health Belief Model that 
explain why people behave differently when exposed to 
health information [37]. For instance, some people may 
not take positive action when they have been informed 
of a disease, its severity, and how to prevent it. The six 
constructs include individuals’ perception of the threat 
posed by the disease (perceived susceptibility); belief 
of the consequence of the disease (perceived severity); 
potential positive benefits of taking the promoted action 
(perceived benefits); perceived barriers to the required 
action; exposure to factors that prompt action such as 
information from a doctor or the mass media (cues to 
action), and confidence in one’s ability to successfully 
carry out the required action (self-efficacy) [37]. Thus, 

Fig. 1  Proportions of U5 children who slept under mosquito nets

 

Fig. 2  Information sources about sleeping with mosquito nets by U5 children
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Table 2  Bivariate results of sleeping under mosquito nets by under-five children
Variables Liberia

n (%)
Mali
n(%)

Niger
n(%)

Nigeria
n(%)

Source of Malaria Message
  Mass Media Chi Sq = 1.113 Chi Sq. = 1.113 Chi Sq = 0.796 Chi Sq = 5.11*
  No 1,409 (58.34) 1,409 (58.34) 3,187 (86.63) 3,424 (47.23)
  Yes 329 (60.81) 329 (60.81) 601 (85.37) 929 (44.43)
Health Facility Chi Sq = 10.52** Chi Sq. =10.51** Chi Sq = 16.65*** Chi Sq = 0.194
  No 1,013 (56.43) 1,013 (56.43) 3,008 (85.38) 3,532 (46.49)
  Yes 725 (62.45) 725 (62.45) 780 (90.70) 821 (47.08)
Social Networks Chi Sq = 7.29** Chi Sq. = 7.290** Chi Sq = 1.605 Chi Sq = 8.974**
  No 1,632 (59.48) 1,632 (59.48) 3,277 (86.17) 3,890 (46.10)
  Yes 106 (50.00) 106 (50.00) 511 988.10) 463 (51.33)
Age (Years) Chi Sq = 1.981 Chi Sq. = 1.981 Chi Sq = 11.77** Chi Sq = 24.12***
  15–24 750 (60.29) 1,244 (60.29) 1,548 (84.96) 1,509 (48.88)
  25–34 509 (57.78) 509 (57.78) 1,374 (88.82) 2,024 (42.44)
  35+ 479 (57.64) 479 (57.64) 866 (85.40) 1,386 957.56)
Education Chi Sq = 16.67** Chi Sq. = 16.67** Chi Sq = 61.10*** Chi Sq = 177.9***
  None 604 (61.57) 604 (61.57) 2,509 (88.04) 1,976 (53.75)
  Primary 581 (61.29) 581 (61.29) 630 (87.02) 678 (50.52)
  Secondary 512 (54.24) 512 (54.24) 622 (81.84) 1,338 (39.79)
  Tertiary 41 (49.40) 41 949.40) 27 (55.10) 361 (37.60)
Place of Residence Chi Sq = 16.03*** Chi Sq.= 16.03*** Chi Sq = 170.6*** Chi Sq = 46.17***
  Urban 755 (54.91) 755 (54.91) 852 (75.00) 1,180 (41.32)
  Rural 983 (62.18) 983 (61.18) 2,936 (90.42) 3,173 (48.93)
Wealth index Chi Sq = 44.62*** Chi Sq = 44.62*** Chi Sq = 100.4*** Chi Sq = 266.7***
  Poorest 487 (62.68) 487 (62.68) 750 (83.61) 988 (53.23)
  Poorer 435 (65.02) 435 (65.02) 668 (92.01) 1,029 (56.79)
  Middle 408 (59.39) 408 (59.39) 738 (94.13) 930 (48.61)
  Richer 248 (50.00) 248 (50.00) 741 (92.39) 808 (41.48)
  Richest 160 (48.93) 160 (48.93) 891 (75.89) 598 (33.00)
Household Size Chi Sq = 1.354 Chi Sq = 14.10** Chi Sq = 22.04*** Chi Sq = 61.31***
  1–3 persons 143 (58.85) 92(69.17) 260 (85.25) 368 (46.41)
  4–6 persons 677 (58.97) 814 (77.82) 1,101 (87.80) 1,520 (42.85)
  7–9 persons 564 (57.55) 883 (81.31) 1,150 (89.01) 1,111 (45.55)
  10 + persons 354 (60.51) 3,023 (77.28) 1,277 (83.36) 1,354 (52.85)
No of U5 Children Chi Sq = 18.95*** Chi Sq. =18.95*** Chi Sq = 82.96*** Chi Sq = 102.4***
  Less than 2 children 802 (54.82) 802 (54.82) 1,260 (80.20) 1,480 (41.36)
  2–3 children 830 (62.78) 830 (62.78) 2,090 (89.47) 2,261 (47.93)
  4 + children 106 (61.99) 106 961.99) 438 (92.02) 612 (58.51)
Region of Residence Chi Sq = 77.53*** Chi Sq = 85.43*** Chi Sq = 33.75*** Chi Sq = 96.59***
  Region 1 201 (46.96) 927 (81.75) 249 (77.81) 671 (38.45)
  Region 2 219 (56.30) 872 (81.34) 336 (74.34) 1,114 (62.34)
  Region 3 285 (53.37) 906 (84.44) 464 (90.80) 1,725 (62.80)
  Region 4 427 (72.37) 711 (83.26) 673 (92.45) 242 (27.85)
  Region 5 275 (59.27) 358 (75.53) 562 (92.59) 341 (29.52)
  Region 6 331 (60.07 336 (83.58) 551 990.03) 260 (25.05)
  Region 7 283 (90.42) 628 (94.58)
  Region 8 22 (8.63) 325 (66.46)
  Region 9 397 (66.17)
Liberia Regions (Region 1 = G. Monrovia; Region = North Western; Region 3 = South Central; Region 4 = North Central; Region 5 = South Eastern A.; Region 6 = South 
Eastern B)

Mali Regions (Region 1 = Kayes; Region 2 = Kuolikoro; Region 3 = Sikasso; Region 4 = Segou; Region 5 = Mopti; Region 6 = Tombouctou; Region 7 = Gao; Region 
8 = Kidal; Region 9 = Bamako)

Niger Regions (Region 1 = Agadez; Region 2 = Diffa; Region 3 = Dosso; Region 4 = Maradi; Region 5 = Tahoua; Region 6 = Tillaberi; Region 7 = Zinder; Region 8 = Niamey)

Nigeria Regions (Region 1 = North Central; Region 2 = North East; Region 3 = North West; Region 4 = South East; Region 5 = South South; Region 6 = South West)

*Significant at 0.05 level of confidence
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the model was used to appraise the predictive influence 
of malaria messages in conjunction with other socioeco-
nomic factors on the use of mosquito nets based on the 
six constructs highlighted above. Specifically, the model 
was used to answer the questions of if the exposure to 
information from different sources affected U5 children 
in the four countries perception of malaria and utiliza-
tion of mosquito nets?

Data source
The data was from the Malaria Indicator Surveys (MIS) 
which are longitudinal surveys conducted in different 
developing countries by the Monitoring and Evaluation 
Working Group (MERG) of the Demographic and Health 
Survey (DHS). Information from the website of the MIS 
shows that the surveys collects data on the ownership and 
use of insecticide-treated mosquito nets (ITNs), indoor 
residual spraying (IRS) of insecticides, prompt and effec-
tive treatment of fever in young children, the prevention 
of malaria in pregnant women, and in most cases, data 
on biomarker tests for anemia and malaria. In this study, 
we used the most recent post-2020 MIS conducted in 
West Africa on nationally representative samples of all 
interviewed women aged 15–49 in four countries. These 
countries and their survey years were Liberia (2022), Mali 
(2021), Niger (2021), and Nigeria (2021). The total num-
bers of women used for this study in each country were 
Liberia (4,513), Mali (10,765), Niger (5,795) and Nigeria 
(14,476). The variations in the sample sizes from each 
country are reflective of the population of each country.

Variables used for the study
This study utilized three major categories of variables 
which are further classified into independent and depen-
dent variables. These three major variables are attitude 
towards malaria prevention denoted with ‘sleeping under 
mosquito nets by U5 children (dependent variable); 
the contextual independent variables of (i) exposure to 
malaria messages through mass media (ii) exposure to 
malaria messages through health facility, and (iii) expo-
sure to malaria messages through social networks, and 
the individual-level independent variables were age, 

education, wealth index, household size, number of chil-
dren under five years, rural-urban place of residence, and 
region of residence.

The attitude towards malaria prevention in U5 chil-
dren was examined using sleeping under mosquito nets 
(treated and untreated) by under-five children a night 
preceding each of the surveys in the four countries. Their 
responses were then grouped into “1 = yes” if a child used 
mosquito net and “0 = no” if a child did not use mos-
quito net. The use of net by under-five children has been 
used variously in literature to highlight the prevention of 
malaria for children, who can relatively die easily from 
sickness compared to their adult counterparts.

In generating the contextual variables of exposure 
to messages on malaria, we used the responses to the 
question which asked respondents where they heard of 
or saw malaria messages. The mass media listed were 
radio, television, poster/bill board, social media, and 
newspaper/magazine. Respondents who answered “ 
yes” to exposure to any or all the above media were cat-
egorized as “1” meaning that they were exposed to mass 
media messages. On the other hand, respondents who 
responded “no” to the question were coded “0” mean-
ing they were not exposed to mass media messages. The 
options listed for the respondents who were exposed 
to malaria messages through health facilities were get-
ting information through a community health worker, 
and through a healthcare provider. Respondents who 
were exposed to any of these two variables were coded 
“1” while those who were not exposed to these two vari-
ables were coded “ 0”. Finally, to derive the access to 
social network, respondents who noted that they were 
exposed to any of the variables of family/friends, town 
crier/announcer, non-governmental organizations, 

Table 3  Null model of sleeping with mosquito nets by U5 
children

Liberia
OR (95% C.I)

Mali
OR (95% C.I)

Niger
OR (95% C.I)

Nigeria
OR (95% 
C.I)

_cons 1.45[1.26–
1.66]*

4.16 
[3.51–5.16)]*

13.7[10.2–
18.5]*

0.64 [0.55–
0.73]*

Sigma_u 0.69[0.56–0.83] 1.30 
[1.14–1.49]

1.73[1.48–2.02] 1.47[1.35–
1.60]

ICC 0.13[0.09–0.18] 0.34 
[0.28–0.40]

0.47[0.39–0.55] 0.38 
[0.35–0.44]

*Significant at 0.05 level of confidence

Table 4  Multilevel regression results of the influence of 
contextual factors of sources of malaria information on sleeping 
with mosquito nets by U5 children
Sources of 
Information

Liberia Mali Niger Nigeria

Mass Media
  No 1.00 1.00 1.00 1.00
  Yes 1.20[0.97–

1.49]
0.98[0.84–
1.15]

1.06[0.80–
1.41]

1.07[0.94–
1.22]

Health Facility
  No 1.00 1.00 1.00 1.00
  Yes 1.15[0.97–

1.37]
1.29[1.03–
1.61]

1.26[0.94–
1.69]

1.09[0.95–
1.24]

Social Networks
  No 1.00 1.00 1.00 1.00
  Yes 0.80[0.59–

1.08]
1.31 
[1.05–1.63]

0.88[0.63–
1.23]

1.10[0.93–
1.31]

Model Intercept 1.35 
[1.15–1.57]*

3.97 
[3.24–4.85]*

13.3[9.76–
18.0.76.0]*

0.61[0.53–
0.70]*

*Significant at 0.05 level of confidence



Page 7 of 12Ajaero et al. BMC Public Health         (2025) 25:3815 

interpersonal communication, peer educator and video 
club were coded as “1” and those who were not exposed 
to these variables were coded as “0”.

Finally, the individual-level independent variables were 
age; (15–24 years/25–34 years/35 + years), place of resi-
dence (rural/urban), education (none, primary, second-
ary, tertiary), wealth index (poorest/poorer/middle/
richer/richest), household size (13 persons/4–6 per-
sons/7–9 persons/10 + persons), number of under-five 
children (less than 2 children/3–4 children/4 + children), 
place of residence (rural/urban), and regions of residence 
(which varied in member across the four countries). 
These independent variables were used based on their 
identification from earlier literature as factors which sig-
nificantly influenced the use of mosquito nets in various 
countries and regions [8, 14, 18–22, 25].

Data analysis
The data was weighted for under sampling and oversam-
pling errors using the svyset command in STATA before 
data analyses. Descriptive statistics were used to describe 
the study populations, the outcome variable of sleeping 
with mosquito net by under-five children and the contex-
tual variables of access to malaria messages through the 
mass media, health facility and social networks. Bivari-
ate analysis which utilized Chi-Square was carried out 
between sleeping under mosquito nets by under-five 
children (dependent variable) and each of the exposure 
and individual independent variables. Finally, multilevel 
binary logistic regression models were used to determine 
the influence of individual-level and contextual-level 
explanatory variables on sleeping with of mosquito net 
by U5 children in the study area. The multilevel-logistic 
regression models were used because the main assump-
tions of binary logistic regression are that the dependent 
variable must have a binary outcome/category and that 
there should be independence of observations in the 
dependent variable. Thus, in the study, the outcome vari-
able of “sleeping under mosquito nets by under − 5 years 
children” has a binary outcome of “yes” or “no” and nei-
ther the use nor the non-use of mosquito nets depends 
on each other.

For each of the countries, there were four models. 
Model 1 was the empty/null model of the likelihood of 
U5 children sleeping with mosquito nets with no explan-
atory variable added. It included only a random intercept 
and was intended only to decompose the total variance 
into its contextual and individual components and to 
identify the existence of possible contextual phenomenon 
of U5 children sleeping with mosquito nets. In model 
2, only the contextual-level explanatory variables were 
used to investigate the extent to which the tendency of 
U5 children sleeping with mosquito nets was explained 

by contextual factors. Model 3 contained only individual-
level explanatory variables so as to access how the indi-
vidual-level variables influenced the likelihoods of U5 
children sleeping with mosquito nets. Finally, model 4 
contained both the contextual-level and individual-level 
explanatory variables in order to examine their combined 
effects on likelihood of U5 children sleeping with of mos-
quito nets. The results of the regression models were 
expressed as odds ratio (OR) at 95% confidence intervals 
(95% CI). All the analyses were performed using Stata 
version 14.0.

Results
Demographic characteristics of the study population
The demographic characteristics of the population show 
that majority of the respondents were aged 15–24 years 
across all the four countries of Liberia (41.59%), Mali 
(39.16%), Niger (43.68%), and Nigeria (35.43%). On the 
other hand, the proportion of respondents with no for-
mal education across the countries were Liberia (31.31%), 
Mali (64.99%), Niger (62.71%), and Nigeria (33.10%) 
(Table  1). While the percentages of urban respondents 
were in Liberia (50.61%), Mali (26.41%), Niger (27.94%), 
and Nigeria (34.06%), the proportions of respondents 
belonging to the richest wealth index were in Liberia 
(14.98%), Mali (21.38%), Niger (18.58%), and Nigeria 
(24.76%). In addition, the proportion of respondents with 
1–3 persons in their households ranged from 3.04% in 
Mali to 16.43% in Nigeria.

Descriptive results of the dependent and exposure 
variables
The results indicate that the proportion of under-five 
children who slept under mosquito nets the night preced-
ing the surveys in the four countries were 47% in Nigeria, 
59% in Liberia, 78% in Mali and 86% in Mali (Fig. 1).

The results in Fig.  2 revealed that the proportion of 
respondents from Liberia (46%) got information about 
use the of mosquito nets from health facilities ranged 
from 12% in Mali to 38% in Liberia. On the other hand, 
31% of Mali respondents got mosquito net use informa-
tion from the mass media as against 17% of respondents 
from Niger. Finally, the proportion of respondents who 
got information about sleeping under mosquito nets 
ranged from 9% in Liberia to 16% in Mali.

Bivariate chi square results of sleeping under mosquito 
nets by U5 children
The bivariate chi square results of under-five children 
who slept under mosquito nets in the study countries 
showed that significant differences existed in sleeping 
under mosquito nets by children of all the different popu-
lation groups with the exception of mass media being a 
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source of malaria information in Liberia, Mali and Nige-
ria (Table  2). For instance, while U5 children of 47.08% 
of Nigerians who got malaria information from health 
facilities slept under mosquito nets, 90.70% of U5 chil-
dren of respondents from Niger slept under mosquito 
nets. In addition, the proportion of U5 children of rural 
respondents who slept under mosquito nets ranged from 
49.93% in Nigeria to 90.42% in Niger.

Contextual- and individual-level predictors of sleeping 
with mosquito nets by U5 children
Model 1 represents the baseline model without any 
explanatory variables (Table  3). The results show that 
while respondents in Liberia (OR = 1.45, 95%CI = 1.26–
1.66), Mali (OR = 4.16, 95%CI = 3.51–5.116), and Niger 
(OR = 13.7, 95%CI = 10.2–18.5), significantly exhibited 
higher odds of U5 children sleeping with mosquito nets, 

Table 5  Multilevel regression results of individual- level factors of sleeping with mosquito nets by U5 children
Variables Liberia Mali Niger Nigeria
Age (Years)
  15–24 1.00 1.00 1.00 1.00
  25–34 0.81[0.67–0.99]* 1.32[1.13–1.55]* 1.33[1.02–1.73]* 1.11[0.98–1.25]
  35+ 0.82[0.66–1.01] 1.22[1.01–1.48]* 1.08[0.82–1.45] 0.99[0.87–1.14]
Education
  None 1.00 1.00 1.00 1.00
  Primary 0.94[0.76–1.16] 1.11[0.90–1.36] 1.31[0.95–1.79] 1.33[1.12–1.58]*
  Secondary 0.84[0.66–1.05] 1.23[0.98–1.54] 1.39[0.99–1.94]* 1.19[1.01–1.42]*
  Tertiary 0.82[0.49–1.35] 1.30[0.74–2.31] 0.76[0.36–1.61] 1.25[0.98–1.59]
Place of Residence
  Urban 1.00 1.00 1.00 1.00
  Rural 1.10[0.81–1.50] 0.87[0.58–1.29] 1.62[0.77–3.41] 1.22[0.94–1.57]
Wealth index
  Poorest 1.00 1.00 1.00 1.00
  Poorer 1.09[0.86–1.39] 0.98[0.77–1.26] 1.21[0.78–1.88] 1.25[1.05–1.49]*
  Middle 0.96[0.73–1.25] 0.75[0.59–0.96]* 1.68[1.02–2.75]* 1.38[1.13–1.69]*
  Richer 0.79[0.56–1.13] 1.01[0.76–1.32] 1.38[0.84–2.27] 1.58[1.25–2.01]*
  Richest 0.89[0.59–1.37] 0.69[0.56–1.04] 0.81[0.53–1.52] 1.62[1.22–2.15]*
Household Size
  1–3 persons 1.00 1.00 1.00 1.00
  4–6 persons 0.86[0.63–1.17] 0.99[0.56–1.76] 0.71[0.45–1.12] 0.78[0.64–0.95]*
  7–9 persons 0.72[0.52–0.99]* 0.67[0.37–1.20] 0.58[0.36–0.93]* 0.67[0.54–0.83]*
  10 + persons 0.73[0.51–1.05] 0.42[0.23[0.76]* 0.28 [0.17–0.46]* 0.49[0.39–0.63]*
No of U5 Children
  Less than 2 children 1.00 1.00 1.00 1.00
  2–3 children 1.34[1.12–1.61]* 1.64[1.31–2.07]* 2.78[2.18–3.55]* 1.36[1.21–1.54]*
  4 + children 1.42[0.95–2.12] 0.93[0.71–1.20] 4.21[2.61–6.78]* 2.08[1.69–2.54]*
Region of Residence
  Region 1 1.00 1.00 1.00 1.00
  Region 2 1.17[0.70–1.95] 0.94[0.63–1.42] 0.69[0.25–1.91] 4.39[2.99–6.45]*
  Region 3 1.20[0.75–1.92] 1.35[0.89–1.05] 2.20[0.82–5.92] 4.41[3.08–6.31]*
  Region 4 2.67[1.63–4.39] 0.94[0.62–1.44] 3.27[1.23–8.76]* 0.39[0.25–0.60]*
  Region 5 1.42[0.87–2.33]* 0.53[0.33–0.84]* 3.03[1.13–8.10]* 0.47[0.32–0.69]*
  Region 6 1.49[0.91–2.45] 0.72[0.44–1.20] 1.74[0.65–4.67] 0.42[0.28–0.63]*
  Region 7 0.97[0.54–1.74] 4.82[1.77–13.1]*
  Region 8 0.01[0.00–02]* 0.67[0.25–1.79]
  Region 9 0.27[0.16–0.46]*
  Model Intercept 1.32[0.77–2.28] 10.5[5.05–21.8]* 3.72[1.29–10.8]* 0.32[0.21–0.49]*
Liberia Regions (Region 1 = G. Monrovia; Region = North Western; Region 3 = South Central; Region 4 = North Central; Region 5 = South Eastern A.; Region 6 = South 
Eastern B)

Mali Regions (Region 1 = Kayes; Region 2 = Kuolikoro; Region 3 = Sikasso; Region 4 = Segou; Region 5 = Mopti; Region 6 = Tombouctou; Region 7 = Gao; Region 
8 = Kidal; Region 9 = Bamako)

Niger Regions (Region 1 = Agadez; Region 2 = Diffa; Region 3 = Dosso; Region 4 = Maradi; Region 5 = Tahoua; Region 6 = Tillaberi; Region 7 = Zinder; Region 8 = Niamey)

Nigeria Regions (Region 1 = North Central; Region 2 = North East; Region 3 = North West; Region 4 = South East; Region 5 = South South; Region 6 = South West)

*Significant at 0.05 level of confidence
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Table 6  Multilevel regression results of the full model (contextual- and individual- level factors) of sleeping with mosquito nets by U5 
children
Variables Liberia Mali Niger Nigeria
Mass Media Messages
  No 1.00 1.00 1.00 1.00
  Yes 1.26[1.01–1.56]* 0.95[0.81–1.13] 1.17[0.87–1.58] 1.09[0.96–1.25]
Health Facility Messages
  No 1.00 1.00 1.00 1.00
  Yes 1.13[0.95–1.35] 1.27[1.02–1.60]* 1.20[0.89–1.63] 1.08[0.94–1.24]
Social Networks Messages
  No 1.00 1.00 1.00 1.00
  Yes 0.84[0.61–1.14] 1.24[1.01–1.55]* 0.89[0.63–1.26] 1.09[0.91–1.29]
Age (Years)
  15–24 1.00 1.00 1.00 1.00
  25–34 0.79[0.65–0.97]* 1.32[1.11–1.54]* 1.30[0.99–1.69]* 1.11[0.97–1.24]
  35+ 0.78[0.63–0.98]* 1.21[0.99–1.47]* 1.06[0.79–1.42] 0.98[0.85–1.13]
Education
  None 1.00 1.00 1.00 1.00
  Primary 0.93[0.75–1.15] 1.10[0.89–1.36] 1.31[0.95–1.79] 1.33[1.12–1.57]*
  Secondary 0.82[0.65–1.04] 1.23[0.98–1.54] 1.38[0.98–1.93] 1.19[1.00–1.41.00.41]*
  Tertiary 0.79[0.48–1.33] 1.27[0.71–2.25] 0.72[0.34–1.54] 1.22[0.96–1.55]
Place of Residence
  Urban 1.00 1.00 1.00 1.00
  Rural 1.09[0.80–1.48] 0.85[0.57–1.28] 1.64[0.78–3.45] 1.22[0.94–1.56]
Wealth index
  Poorest 1.00 1.00 1.00 1.00
  Poorer 1.07[0.84–1.37] 0.99[0.78–1.27] 1.20[0.77–1.87] 1.23[1.03–1.47]*
  Middle 0.94[0.72–1.24] 0.76[0.59–0.98]* 1.65[1.01–2.72]* 1.36[1.11–1.67]*
  Richer 0.80[0.56–1.14] 1.02[0.77–1.34] 1.36[0.83–2.24] 1.54[1.21–1.96]*
  Richest 0.88[0.57–1.35] 0.69[0.47–1.05] 0.78[0.41–1.48] 1.57[1.18–2.09]*
Household Size
  1–3 persons 1.00 1.00 1.00 1.00
  4–6 persons 0.85[0.63–1.16] 1.02[0.57–1.80] 0.70[0.44–1.12] 0.77[0.64–95.64]*
  7–9 persons 0.72[0.52–0.99]* 0.68[0.38–1.22] 0.58[0.36–0.93]* 0.67[0.54–0.84]*
  10 + persons 0.73[0.51–1.05] 0.43[0.24–0.77]* 0.28[0.17–0.46]* 0.50[0.39–0.63]*
No of U5 Children
  Less than 2 children 1.00 1.00 1.00 1.00
  2–3 children 1.35[1.12–1.61]* 1.62[1.29–2.04]* 2.78[2.18–3.56]* 1.36[1.20–1.53]*
  4 + children 1.42[0.95–1.13] 0.91[0.70–1.19] 4.20[2.61–6.78]* 2.08-1.70.08.70.08.70-2.55.70.55]*
Region of Residence
  Region 1 1.00 1.00 1.00 1.00
  Region 2 1.11[0.66–1.87] 0.95[0.63–1.43] 0.68[0.25–1.86] 4.38[2.98–6.43]*
  Region 3 1.19[0.73–1.90] 1.39[0.92–1.12] 2.12[0.79–5.71] 4.40[3.07–6.29]*
  Region 4 1.62[1.59–4.32]* 0.95[0.62–1.46] 3.13[1.17–8.35]* 0.38[0.25–0.59]*
  Region 5 1.36[0.83–2.24] 0.54[0.34–0.87]* 3.03[1.13–8.12]* 0.48[0.32–0.71]*
  Region 6 1.46[0.88–2.40] 0.74[0.44–1.23] 1.71[0.64–4.58] 0.42[0.28–0.63]*
  Region 7 0.88[0.49–1.58] 4.65[1.71–12.6]*
  Region 8 0.01[0.00–0.03.00.03]* 0.66[0.25–1.76]
  Region 9 0.26[0.15–0.43]*
  Intercept 1.31[0.75–2.25] 9.90[4.75–20.6]* 3.67[1.27–10.6]* 0.31[0.21–0.48]*
Liberia Regions (Region 1 = G. Monrovia; Region = North Western; Region 3 = South Central; Region 4 = North Central; Region 5 = South Eastern A.; Region 6 = South 
Eastern B)

Mali Regions (Region 1 = Kayes; Region 2 = Kuolikoro; Region 3 = Sikasso; Region 4 = Segou; Region 5 = Mopti; Region 6 = Tombouctou; Region 7 = Gao; Region 
8 = Kidal; Region 9 = Bamako)

Niger Regions (Region 1 = Agadez; Region 2 = Diffa; Region 3 = Dosso; Region 4 = Maradi; Region 5 = Tahoua; Region 6 = Tillaberi; Region 7 = Zinder; Region 8 = Niamey)

Nigeria Regions (Region 1 = North Central; Region 2 = North East; Region 3 = North West; Region 4 = South East; Region 5 = South South; Region 6 = South West)

*Significant at 0.05 level of confidence
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Nigerian respondents indicated significantly lower odds 
(OR = 0.65, 95%CI = 0.55–0.73), of children sleeping with 
mosquito nets. The ICC (ρ) obtained for the countries are 
as follows; Liberia (13%), Mali (34%), Niger (47%), and 
Nigeria (38%). The significant model intercepts associ-
ated with these ICC values show that there existed clus-
ter similarity in U5 children sleeping with mosquito nets 
in the study countries.

The introduction of contextual-level factors of sources 
of malaria information in models 2 (Table  4) did not 
change the earlier pattern in the null model of the 
increased odds in Liberia (OR = 1.35, 95%CI = 1.15–
1.57), Mali (OR = 3.97, 95%CI = 3.24–4.85) and Niger 
(OR = 13.3, 95%CI = 9.76–18.0.76.0), and the decreased 
odds (OR = 0.61, 95%CI = 0.53–0.70) in Nigeria of U5 
children sleeping with mosquito nets. In addition, hav-
ing access to malaria information through health facili-
ties increased the likelihood of U5 children sleeping with 
mosquito nets in all the countries while information from 
mass media increased likelihood of the children sleeping 
with mosquito nets in all the countries except Mali.

The adjustments for only individual-level factors in 
Models 3 (Table 5) also reflected the earlier pattern in the 
null model of the increased odds in Liberia (OR = 1.32, 
95%CI = 0.77–2.28), Mali (OR = 10.5, 95%CI = 5.05–
21.8) and Niger (OR = 3.72, 95%CI = 1.29–10.8), and the 
decreased odds (OR = 0.32, 95%CI = 0.21–0.49) in Nigeria 
of U5 children sleeping with mosquito nets. Other indi-
vidual-level factors that significantly influenced the odds 
of U5 children sleeping with mosquito nets in all the 
countries were household size, number of U5 children in 
a household and the regions of residence of the respon-
dents. Moreover, increase in age of the respondents was 
significantly associated with odds of U5 children sleeping 
with mosquito nets in Mali and Niger while education 
and wealth index significantly increased the odds of U5 
children in Nigeria sleeping with mosquito nets.

In the final models (Models 4) which included both 
the contextual-and individual-level factors, Libe-
ria (OR = 1.31, 95%CI = 0.75–2.25), Mali (OR = 9.90, 
95%CI = 4.75–20.6), and Niger(OR = 3.67, 95%CI = 1.27–
10.6), still had significantly increased odds the odds of 
U5 children sleeping with mosquito nets while Nigeria 
(OR = 0.31, 95%CI = 0.21–0.48) exhibited significantly 
reduced odds of U5 children sleeping with mosquito 
nets (Table 6). In addition, malaria information from the 
mass media significantly increased the odds of U5 chil-
dren sleeping with mosquito nets in Liberia while malaria 
information from health facilities and from social net-
works increased the likelihoods of U5 children sleeping 
with mosquito nets in Mali. Other factors that signifi-
cantly influenced the likelihood of U5 children sleeping 
with mosquito nets in all the countries were household 

size, number of U5 children in a household, and region of 
residence of the respondents.

Discussion of findings
The use of nets by U5 children was higher in Liberia, Mali 
and Niger while lesser U5 children slept under mosquito 
nets in Nigeria. This finding supports earlier literature 
which showed variations across countries on the propor-
tions of U5 children who slept under mosquito nets [11]. 
These country-levels variations in the proportions of U5 
children sleeping under mosquito nets may also be due to 
differentials in environmental and socioeconomic char-
acteristics of different countries and regions. Literature 
has shown that exposure to information on malaria influ-
ences sleeping under mosquito nets by U5 children [12, 
16]. In this context, the variations in the use of different 
channels of information on malaria across the countries 
could generally be attributed to the availability, level of 
penetration, accessibility, affordability, and acceptability 
of the various information sources by the population of 
the various countries.

For instance, in the contextual model, malaria informa-
tion through health facilities increased the likelihood of 
U5 children sleeping with mosquito nets in all the coun-
tries while information from mass media increased likeli-
hood of the children sleeping with mosquito nets in all 
the countries except Mali. Also in the full model, malaria 
information from the mass media significantly increased 
the odds of U5 children sleeping with mosquito nets in 
Liberia while malaria information from health facilities 
and from social networks increased the likelihoods of U5 
children sleeping with mosquito nets in Mali. The fact 
that more respondents whose U5 children used mosquito 
nets got their message from health facility underscores 
the fact that they may have been influenced by health 
workers when they took their sick children to the health 
facility or when they visited for ante-natal consultations, 
and they were advised to use mosquito nets as a means 
of prevention of future occurrence of malaria. The results 
also lends credence to studies which showed that infor-
mation on malaria remains a major cause of behavioural 
change and increased use of mosquito nets for sleeping 
by U5 children [7–9, 19].

Aside the exposure to malaria message variables, other 
socioeconomic factors that increased the likelihood of 
U5 children sleeping under mosquito nets across all the 
countries were household size, the number of U5 chil-
dren in households, and regions of residence.in addi-
tion, older respondents were significantly associated with 
increased odds of U5 children sleeping with mosquito 
nets in Mali and Niger while higher education and higher 
wealth index significantly increased the odds of U5 chil-
dren in Nigeria sleeping with mosquito nets.
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These results also support the earlier findings that 
households with more U5 children were more likely to 
use mosquito nets even as different regions were asso-
ciated with higher likelihood of U5 children sleeping 
under mosquito nets [8, 22, 25]. This is because dif-
ferent regions possess differential environmental and 
sociocultural characteristics that may either encourage 
or discourage the use of mosquito nets. In addition, our 
results are in tandem with earlier literature which found 
that education is a significant predictor of mosquito nets 
use [19, 23, 24] and that households with higher incomes 
were more likely to ensure that their U5 children slept 
under mosquito nets [30].

Conclusion
This study has shown that the proportion of U5 chil-
dren who slept under mosquito nets varied across the 
countries. The major source of malaria information was 
health facilities in Liberia and Niger while mass media 
was the major source of malaria information in Nigeria 
and Mali. In addition, malaria information from health 
facilities, number of U5 children in households, house-
hold size and regions of residence were the significant 
predictors of mosquito net use by U5 children across 
all the countries in the study area. These findings there-
fore emphasize the need for more enlightenment cam-
paigns by health workers in health facilities especially 
when pregnant and breast-feeding women attend ante-
natal and post-natal visits. Since the children of richer 
households generally slept more under mosquito nets, 
economic empowerment programmes should be imple-
mented in the study area to boost their earning capacity 
and help increase the use of mosquito nets. Finally, there 
is a need for region-specific interventions and awareness 
campaigns in regions where mosquito net usage among 
under-five children was minimal.

Limitations
Although we made use of post 2020 MIS datasets, the 
MIS datasets were not collected in the same year for 
effective comparative analysis. In addition, the sample 
sizes differed across the study countries due to the varia-
tions in the total populations of each country and also in 
the sampling frames available in each of the countries. 
While household LLIN availability and mosquito net 
coverage per household are important variables to be 
included in this type of study, we did not use them as not 
all the MIS datasets in the four countries have informa-
tion on them.
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