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FACTORS OF LONG-LASTING INSECTICIDAL NET USE AMONG MOTHERS OF CHILDREN UNDER FIVE IN SOUTHERN MOZAMBIQUE: A MIXED-METHODS STUDY
[bookmark: _Toc128751810][bookmark: _Toc128755118][bookmark: _Toc133441888]ABSTRACT
Background: Malaria remains a major public health problem in Mozambique, disproportionately affecting children under five years of age and pregnant women. Despite wide distribution of long-lasting insecticide-treated nets (LLINs), their use remains inconsistent in several regions. The study aims to analyze the sociocultural, behavioral, and institutional factors influencing LLIN use among mothers of children under five years of age in Bilene District, Gaza Province.
Methods: A cross-sectional qualitative study was conducted at the Macia Health Center between November and December 2022, involving 35 mothers of children under five selected through purposive sampling. Data were collected through semi-structured interviews, transcribed verbatim, and analyzed using content analysis with the support of MAXQDA software. Analytical categories included knowledge and perceptions of malaria, LLIN use practices, barriers, facilitators, and institutional factors.
Results: Among the 35 mothers, most were aged 18–28 years, cohabiting, housewives, with primary education, living near the health center, and identified as Christian. Most participants were aware of malaria transmission and recognized LLINs as an important preventive measure. However, net use was often selective and seasonal, prioritizing children and influenced by factors such as heat, discomfort, insecticide odor, net deterioration, and insufficient nets per household. Health services played a central role in net distribution and health education, although gaps in coverage and replacement persisted. Sociocultural practices and alternative uses of nets further limited their availability for prevention.
Conclusion: LLIN use is shaped by the interaction of individual, sociocultural, and institutional factors. Malaria control strategies should adopt integrated approaches that combine equitable distribution, context-sensitive health education, and continuous community follow-up to reduce the gap between knowledge and practice and strengthen malaria prevention among children under five.
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INTRODUCTION
[bookmark: _Toc128751825][bookmark: _Toc128755138][bookmark: _Toc133441907]Malaria remains a critical public health challenge, with an estimated increase to 282 million global cases in 2024 (a 3% rise compared to 2023) and approximately 610,000 deaths (Nhangave et al., 2024; WHO, 2025). The African Region remains the most affected, accounting for 94% of global cases and 95% of deaths worldwide. Among the five countries that alone represent nearly half of the global disease burden, Mozambique ranks fifth, being responsible for 3.6% of global cases (SAÚDE, 2017; WHO, 2025). 
[bookmark: _Hlk217829013]Malaria remains one of the foremost public health challenges in Mozambique, a country that ranks among the ten with the highest global malaria burden (Malária, 2017; Nhangave et al., 2024). Despite concerted governmental and international efforts, prevalence (38%)(USAID, 2023), incidence, and mortality remain high, with marked heterogeneity across provinces. The disease is endemic throughout the country, with Plasmodium falciparum responsible for approximately 90% of cases, followed by P. malariae (9%) and P. ovale (1%)(ICF, 2019; Quive et al., 2015). The most vulnerable populations are children under five years of age and pregnant women, reflecting social, environmental, and healthcare access inequalities (MISAU-IMASIDA, 2019) The disease not only compromises population health but also exacerbates social vulnerabilities, causing economic losses, school absenteeism, and reduced productivity (Fernandez Montoya et al., 2023; ICF, 2019; INS, 2025). 
Official health statistics indicate that Mozambique registered over 11.5 million malaria cases in 2024, with approximately 67 000 hospitalizations and 358 in‑hospital deaths, illustrating the continuing high burden of malaria nationwide (INS, 2025). Preliminary national data for 2025 show that more than 6 million malaria cases and 270 deaths were recorded, and approximately 10.3 million cases were reported, representing an increase of malaria in Mozambique, Despite the existence of malaria control strategies in the country. These trends underscore the persistent endemicity of malaria and the need for strengthened control measures (INS, 2025; USAID, 2023).
The free distribution of long-lasting insecticidal nets (LLINs) in Mozambique began with pilot campaigns in the early 2000s and was scaled up from 2011 through large-scale national campaigns, including the 2016–2017 campaign led by the National Malaria Control Programme (PNCM)(Arroz et al., 2016; Fernandez Montoya et al., 2023; Quive et al., 2015; Scott et al., 2021). The use of Long-Lasting Insecticidal Nets (LLINs) constitutes the primary preventive strategy implemented by the National Malaria Control Program in Mozambique (SAÚDE, 2017). The government has actively promoted mass distribution of LLINs, including provision during first antenatal care (ANC) visits. Data from the 2018 Malaria Indicator Survey (MIS) indicate that, on average, 73% of children under five and 76% of pregnant women slept under a treated net the night before the survey (Moon et al., 2016). However, usage rates vary considerably at the national level(Malária, 2017; Pública, 2018; Scott et al., 2021). Gaza Province, located in the southern region and the focus of this study (Nhangave et al., 2024), exhibits one of the lowest usage rates (66.8%), in contrast to Cabo Delgado Province (88.8%) (Magaco et al., 2023; Moon et al., 2016). Among children under five years old, only 66.3 % reported sleeping under an LLIN on the night preceding the survey, compared with 92.9 % in Cabo Delgado (Magaco et al., 2023). This discrepancy highlights the persistent gap between the widespread distribution of long-lasting insecticidal nets (LLINs) and their consistent and universal use (Arroz et al., 2016; Magaco et al., 2023; Shannon et al., 2024). In the specific case of Gaza Province, although there are well-defined prevention strategies such as the distribution and promotion of mosquito net use, significant gaps persist between knowledge and actual practice. Gaza Province presents one of the lowest LLIN utilization rates (17%) in the country, despite the existence of formal prevention strategies (Nhangave et al., 2024).
The study conducted in Gaza Province, in the districts of Chibuto and Limpopo, revealed that although most participants acknowledged the value of LLINs in malaria prevention, many reports indicated misinformation, insufficient instructions, and beliefs that could limit proper use, such as perceptions of side effects and respiratory difficulties while sleeping under the net (Nhangave et al., 2024). Only a small proportion of mothers received correct usage guidance from healthcare professionals.
Despite the relatively wide distribution of nets in Gaza Province, particularly in the Bilene district, malaria cases remain high, suggesting that in addition to user-related behavioral factors, institutional and communication barriers may also hinder the consistent and universal adoption of this important preventive measure (Arroz et al., 2016; INS, 2025).
In this context, this study not only investigates the behavioral determinants of mosquito net users but also examines institutional factors that may act as barriers to the effective distribution and use of LLINs. The study aims to analyze the sociocultural, behavioral, and institutional factors influencing LLIN use among mothers of children under five years of age attending the Macia Health Center in Bilene District, Gaza Province. The findings could provide a stronger foundation for developing strategies that promote the correct and sustained use of mosquito nets in Gaza to contribute to the development of more contextually tailored, integrated malaria control strategies.

MATERIAL AND METHODS 
Study period and location
The study was conducted at the Macia Health Center, located in Macia Village, Bilene district, in the southwestern region of Gaza province, Mozambique, between November and December 2022. The health center is classified as a Level I healthcare facility within the national health system and serves as the center for primary healthcare services. The study setting provides outpatient maternal and child health services to the local population.

Study Design and Sampling Methods
A cross-sectional mixed study using purposive sampling was conducted. The study sample consisted of 35 mothers of children under five years of age who attended the Macia Health Center for different services, including Children at Risk consultations, Well-child consultations, and Outpatient consultations/child screening. Participants were recruited consecutively based on their availability and willingness to participate. Data collection took place during the study period, and all 35 mothers who met the inclusion criteria and attended the health center during that time were invited and agreed to participate. Mothers of severely ill children and caregivers who were not biological mothers were excluded from the study.
Data collection and analysis 
Data collection
Data were collected through individual in-depth, semi-structured interviews conducted by the principal investigator using a pre-developed interview guide. The guide contained mostly open-ended questions addressing socio-demographic characteristics, perceptions of malaria and mosquito net use, institutional factors related to net distribution and health education, and behavioral and cultural barriers to consistent use.
Interviews were conducted in Portuguese or in the local language (Tsonga), depending on participants’ preference, and lasted approximately 30 minutes. All interviews were audio-recorded with participants’ consent and transcribed verbatim. Interviews conducted in Tsonga were translated into Portuguese during transcription.
Participant recruitment occurred during morning health education sessions routinely held at the health center before consultations. Mothers were informed about the study and invited to participate. Those who expressed interest were accompanied to a private location within the health center, where informed consent was obtained and interviews were conducted.
During the data collection period, 75 mothers attended well-child consultations, 100 attended sick-child consultations, and 20 attended at-risk child consultations. From this population, 35 mothers were recruited based on availability, eligibility and consent.
Audio recordings were transcribed into text files and later transferred to Microsoft Word for organization and storage. All transcripts were anonymized using participant codes.
Data Analysis
Content analysis was conducted following a qualitative approach combining inductive and deductive procedures. This approach allowed analytical categories to emerge from the empirical data while also being guided by the study objectives and the interview guide.
All interviews were audio-recorded, transcribed verbatim and imported into MAXQDA for systematic analysis. The analysis was carried out in sequential stages. First, the transcripts were read repeatedly to achieve familiarization with the data and gain an overall understanding of participants’ narratives. Subsequently, open coding was performed, during which meaningful segments of text (recording units) related to perceptions, practices and experiences regarding malaria prevention and mosquito net use were identified and labelled.
Codes expressing similar meanings were compared and grouped, allowing patterns and recurring themes to emerge across participants’ accounts. Through this iterative process, an analytical reference framework was developed and refined, consisting of thematic categories and subcategories that reflected participants’ shared perceptions, practices and constraints. This framework served as an organizing structure for the analysis and ensured coherence between the empirical findings and the study objectives.
The final analytical categories were perceptions and knowledge about malaria; perceptions of mosquito net use; practices related to net use; institutional factors; barriers to net use; sociocultural beliefs and myths; and facilitators of net use.
Sociodemographic data collected during the interviews were digitized and entered the Statistical Package for the Social Sciences (SPSS) version 28.0 for descriptive analysis. Frequencies and percentages were calculated for variables such as age group, marital status, place of residence, educational level, occupation and religion. These quantitative descriptors were used to characterize the study population and contextualize the qualitative findings.
RESULTS AND DISCUSSION
To contextualize and deepen the analysis of the findings, the sociodemographic profile of mothers of children under five years of age attending the Macia Health Center was first described. For this purpose, a sample of 35 women was selected from the different service sectors of the facility, namely well-child consultations, at-risk child consultations and child screening services.
This characterization made it possible to understand the participants’ social, economic and demographic conditions, providing an essential framework for interpreting their knowledge, perceptions and practices related to malaria prevention and the use of mosquito nets.
 Table 1. Sociodemographic characteristics of the participants
	Variable
	Category
	n
	%

	Age group (years)
	18–28
	20
	57.2

	
	29–39
	12
	34.2

	
	40–50
	3
	8.6

	Marital status
	Single
	11
	31.4

	
	Married
	3
	8.6

	
	Cohabiting
	21
	60.0

	Residence
	1st neighborhood
	8
	22.8

	
	2nd neighborhood
	2
	5.7

	
	3rd neighborhood
	1
	2.8

	
	4th neighborhood
	3
	8.6

	
	5th neighborhood
	3
	8.6

	
	6th neighborhood
	7
	20.0

	
	Other
	11
	31.4

	Occupation
	Student
	1
	2.8

	
	Housewife
	32
	91.4

	
	Public sector employee
	2
	5.8

	Education level
	No formal education
	2
	5.7

	
	Primary
	23
	65.7

	
	Secondary
	10
	28.6

	Religion
	Christian
	31
	88.6

	
	Muslim
	1
	2.8

	
	None
	3
	8.6


Table 1 presents the sociodemographic characteristics of the 35 mothers who participated in the study. Most participants were aged between 18-28 years (57.2%), followed by those aged 29–39 years (34.2%). Only a small proportion of participants were aged 40 years or older (8.6%). Regarding marital status, most mothers were living in cohabiting relationships (60.0%), while 31.4% were single and 8.6% were married. With respect to place of residence, most participants lived in neighborhoods located near the health center, while 31.4% resided in other surrounding areas, indicating that the health facility also serves populations from neighboring districts. In terms of occupation, most participants were housewives (91.4%), with only a small proportion being students (2.8%) or employed in the public sector (5.8%). Concerning education level, most mothers completed primary education (65.7%), followed by secondary education (28.6%). A small proportion had no formal education (5.7%). Finally, most participants identified as Christian (88.6%), while 8.6% reported no religious affiliation and 2.8% identified as Muslim.
The sociodemographic profile of the 35 mothers in this study showed that most participants were young adults (18–28 years), predominantly housewives with primary education and identifying as Christian. These characteristics are consistent with profiles reported in other Mozambican studies of malaria prevention behaviors(Fernandez Montoya et al., 2023; Nhangave et al., 2024). For example, cross-sectional surveys in Manica District found that older age groups, increased net availability, and socioeconomic factors were significantly associated with ITN use, indicating that both age and household resources influence protective behaviours in Mozambique (INS, 2025; Scott et al., 2021). 
Education level has repeatedly emerged as a strong determinant of LLIN use in southern Africa (Kanmiki et al., 2019; Maslove et al., 2009; Wetzler et al., 2022) .In Zambezia Province, research indicates that higher maternal education was associated with increased odds of children sleeping under nets, supporting our findings that primary and secondary education may positively impact net use (Magaco et al., 2023). 
Although most respondents understood that mosquitoes transmit malaria and recognized LLINs as protective, similar qualitative work in rural Mozambique found that net ownership did not always translate into adequate use due to insufficient nets for all household members and poor preservation practices (Fernandez Montoya et al., 2023; Magaco et al., 2023). 
These behavioral and logistical barriers mirror our observation that structural factors beyond awareness such as availability relative to household size remain critical constraints on effective LLIN use (Quive et al., 2015). The role of health education and proper guidance on net use also emerged as important. A recent study in Gaza Province reported that many mothers did not receive clear instructions on correct LLIN handling, and reported discomfort or side effects when using nets, suggesting gaps in provider-to-community communication (Nhangave et al., 2024). 
This points to the need for culturally sensitive and practical education strategies that reinforce not only the importance of nets but also how to use them effectively at home.
Regional comparisons within Africa highlight similar patterns (Balami et al., 2018). a study in Cameroon found that sociodemographic factors such as education and household environment influenced net usage, reinforcing the idea that LLIN use is multifactorial and influenced by both individual and contextual variables (Viviane Hélène Matong Tchinda1, 2012). 
Furthermore, continent-wide analyses show notable variability in net use prevalence by country, age, and education, indicating that sociocultural and economic contexts shape malaria prevention practices across settings (Ajaero et al., 2025; Balami et al., 2018; Chanda et al., 2015; Shannon et al., 2024). 
Taken together, these studies support our findings that LLIN awareness alone is not sufficient to ensure high use. Improving LLIN impact in Mozambique and elsewhere in sub-Saharan Africa requires multifaceted strategies that address education, equitable distribution relative to household size, socio-economic disparities, and targeted health communication (Balami et al., 2018; Nebebe Demis Baykemagn1*, 2025). Interventions should especially focus on younger mothers and those with limited education to close the gap between knowledge and consistent use of nets (Kanmiki et al., 2019; Ladu et al., 2024; Maslove et al., 2009; Merga et al., 2025).
Knowledge and perceptions about malaria and LLINs

Most mothers in this study demonstrated awareness that mosquitoes transmit malaria and recognized LLINs as a key preventive tool a pattern consistent with qualitative findings from rural districts in Zambezia Province, where participants similarly identified mosquitoes as the primary cause of malaria and bed nets as effective protection (Magaco et al., 2023; Moon et al., 2016).
This understanding is illustrated by participants’ statements:
“The mosquito net is used to prevent malaria, because mosquitoes bite and transmit the disease.” (PS24, 32 years)
“If mosquitoes bite someone who is sick and then bite the baby, the baby can also get sick.” (PS27, 20 years)
However, while recognition of malaria’s mosquito-borne nature is widespread in many African contexts, some studies in sub-Saharan Africa have shown that alternative beliefs about causes and symptoms persist, potentially undermining consistent use of preventive measures unless culturally sensitive education accompanies distribution campaigns (Ahorlu et al., 2019; Maslove et al., 2009; Mwebesa et al., 2025; Nebebe Demis Baykemagn1*, 2025)
This is reflected in some participants’ partial or simplified explanations of malaria transmission:

“Malaria comes because there are many mosquitoes around the house.” (PS5, 19 years)
This suggests that, despite general awareness as observed in this sample, gaps remain in depth of understanding and translation into sustained preventive behaviours, particularly if nets are perceived primarily for high transmission seasons or certain groups rather than daily use for all household members (Ajaero et al., 2025).

Perceptions and practices related to LLIN use
Consistent with data from Mozambique and multi-country qualitative research, mothers in this study reported prioritizing children and other vulnerable household members for LLIN use, reflecting common household norms across settings where resource limitations influence distribution within families (Arroz et al., 2016).
This selective prioritization is illustrated below:
“We put the net mainly for the baby, because the child is more vulnerable.” (PS28, 19 years)
“If there is only one net, it is for the child.” (PS14, 34 years)
Moreover, seasonal use higher during rains when mosquitoes are more abundant and lower during dry or hot periods emerged as a recurrent theme in comparative research across Burkina Faso and Mozambique (Shannon et al., 2024). These findings echo your sample’s behaviours, where practical comfort and perceived mosquito density influence actual net use:
“I use the net mostly in summer, because that’s when there are many mosquitoes.” (PS11, 36 years)
The broader literature also indicates that net care and preservation practices are often suboptimal, leading to reduced protective efficacy over time a phenomenon described in related Mozambican studies (Arroz et al., 2016; Nhangave et al., 2024) where preservation was insufficient relative to household needs and care behaviours:
“After some time the net gets torn and we stop using it.” (PS18, 41 years)

Barriers to consistent use

A key barrier identified in our data relates to heat, discomfort, household sleeping arrangements and inadequate nets for all members (Shannon et al., 2024). These barriers are widely reported across sub-Saharan Africa in qualitative studies that highlight discomfort during hot seasons and logistical challenges such as nets not fitting sleeping spaces or being difficult to transport during travel as significant impediments to regular use (Ladu et al., 2024).
Participants described these barriers as follows:
“The net is too hot, especially in summer.” (PS5, 19 years)
“Sometimes it feels like there is no air inside.” (PS30, 28 years)
“We don’t have enough nets for everyone in the house.” (PS33, 26 years)

For example, in the multi-country study spanning Mozambique, Burkina Faso, Nigeria and Rwanda, heat and outdoor activities were cited as common reasons for inconsistent LLIN use, mirroring barriers observed in your context (Shannon et al., 2024). These environmental and behavioural constraints suggest that availability alone does not guarantee use.
Facilitators and motivators of use
Across African settings, a recurrent facilitator for regular LLIN use is direct experience with malaria or high perceived risk (Shannon et al., 2024). Many participants in the multi-country study reported using nets more consistently after experiencing malaria personally or observing its impact within households, which aligns with your sample where personal risk perception often motivated net use:
“After my child had malaria once, I never stopped using the net.” (PS7, 23 years)
“I use the net because I’m afraid my child will get malaria.” (PS20, 32 years)
High perceived efficacy the belief that LLINs effectively reduce mosquito bites and malaria also motivates use, supporting the notion that attitudinal factors and lived experiences are essential facilitators beyond mere access:
“Since I started using the net, my children no longer get malaria.” (PS16, 35 years)

 Institutional factors: distribution, information and equity
These findings around institutional barriers such as limited LLIN availability in some households are reflected in quantitative research from Mozambique showing that access varies by household size, wealth and proximity to services (Scott et al., 2021).
Participants described both positive and negative institutional experiences:

“They gave me the net at the health centre and explained how to use it.” (PS10, 33 years)
“I did not receive a net in the last campaign.” (PS33, 26 years).
These findings emphasize that institutional distribution strategies must consider household structure, remote populations and ongoing top-up campaigns rather than relying solely on periodic mass distributions. While LLINs remain the cornerstone of prevention, the findings of this study demonstrate that behavioral barriers persist. Therefore, more innovative strategies should be highlighted as enablers and facilitators of malaria control, such as the use of digital surveillance tools and novel spatial repellent technologies.
Similarly, evaluations from the Magude Project demonstrate that although mass distribution campaigns increased ownership, net access did not always translate into optimal use, especially where equity issues persist and nets deteriorate over time (Fernandez Montoya et al., 2023). These findings emphasize that institutional distribution strategies must consider household structure, remote populations and ongoing top-up campaigns rather than relying solely on periodic mass distributions.
Limitations of study 
The interviews conducted in a hospital setting, following health education sessions, may have elicited responses influenced by social desirability. The study’s exclusive focus on biological mothers, thereby excluding other caregivers; potential loss of cultural nuances due to translation from tsonga to Portuguese; and data collection carried out in November and December, which limits the analysis of seasonal variations in the use of mosquito nets. The study focused solely on mothers, which limits the ability to generalize the findings to other population groups and the data collected regarding this protective mechanism were insufficient, hindering a comprehensive assessment of its effectiveness.
[bookmark: _Toc133441950][bookmark: _Toc128751870][bookmark: _Toc128755183] CONCLUSIONS
[bookmark: _Toc128751873][bookmark: _Toc128755186]This study shows that although most mothers are aware of malaria transmission and recognize the importance of long-lasting insecticide-treated nets (LLINs), this knowledge does not consistently translate into regular and universal use at the household level. Net use is often selective, prioritizing children, and is influenced by factors such as heat, discomfort, the smell of insecticide, net deterioration, and an insufficient number of LLINs per household.
Health services play a fundamental role in net distribution and health education; however, gaps remain in coverage, replacement, and the adequacy of nets to household needs. In addition, sociocultural practices and alternative uses of nets reduce their availability for malaria prevention.
It is therefore concluded that LLIN use results from the interaction of individual, sociocultural, and institutional factors, and that an integrated approach is needed combining equitable distribution, context-appropriate health education, and continuous follow-up with families in order to reduce the gap between knowledge and practice and strengthen malaria prevention among children under five years of age.
While this study offers valuable findings, several methodological limitations must be considered. Reliance on self-reported data renders the findings vulnerable to recall and social desirability biases, potentially compromising the accuracy of the reported frequencies. Furthermore, the cross-sectional design precludes the establishment of causal relationships between the cognitive-attitudinal construct and actual use of long-lasting insecticidal nets (LLINs). The study also lacks the capacity to account for seasonal variations and community-level contextual determinants, both of which are known to influence preventive behaviors. Consequently, the generalization of these findings should be approached with caution, highlighting the need for longitudinal, multimethod research to better understand the barriers to sustained LLIN adherence.
Consent 
All women with children under 5 years were informed about the study prior to participation and provided informed consent, which was read in Portuguese and translated into the local language (tsonga). Semi-structured interviews were conducted to collect data.  Interviews were conducted only after informed consent had been obtained. For women who were unable to read and write, participation occurred only after informed consent was provided by a legal representative or confirmed using an indelible ink fingerprint on the index finger.
[bookmark: _GoBack]
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