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ABSTRACT 

Acute respiratory infection (ARI) remains a major cause of childhood morbidity, particularly in low- and middle-income countries where household air pollution, inadequate housing and other environmental conditions may increase children's vulnerability. In rural communities, exposure to solid cooking fuels and poor housing materials may contribute to respiratory health risks. This study assessed ARI prevalence and associated household environmental factors among under-five children in rural Southern Nigeria using data from the 2023–2024 Nigeria Demographic and Health Survey (NDHS). A cross-sectional analytical design was adopted, and data were analysed using descriptive statistics, chi-square tests and survey-adjusted regression. Most children were aged 48–59 months (21.33%), male (50.22%), and had mothers aged 25–34 years (52.26%) with secondary education (63.72%). Most lived in households with 5–8 members (53.27%), male-headed households (73.99%), and middle-wealth households (31.91%). The South East accounted for the largest proportion of participants (56.09%). The overall ARI prevalence was 3.03%, with the highest prevalence among children aged 0–11 months (4.32%) and the lowest among those aged 36–47 months (1.39%). Adjusted analysis identified solid cooking-fuel use (adjusted odds ratio [AOR] = 4.67; 95% CI: 1.36–16.07) and non-durable roofing materials (AOR = 32.21; 95% CI: 5.51–68.39) as household environmental factors associated with higher odds of ARI. Conversely, household size of 5–8 members was associated with lower odds (AOR = 0.34; 95% CI: 0.12–0.96). These findings highlighted the importance of cleaner cooking fuels and improved roofing materials in addressing ARI among under-five children in rural Southern Nigeria.
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1. INTRODUCTION

Acute respiratory infection (ARI) remains an important public health problem among children under five years of age, particularly in low- and middle-income countries (World Health Organization [WHO], 2024a). Pneumonia is a severe form of childhood respiratory infection and remains a leading infectious cause of death among children under five years globally (WHO, 2022; WHO, 2024b). Children may be particularly susceptible because their developing immune systems and other physiological characteristics can increase susceptibility to respiratory infections (WHO, 2022). A hospital-based retrospective analysis in Abuja documented community-acquired pneumonia among paediatric patients, illustrating the clinical relevance of childhood respiratory illness in Nigeria (Ekop et al., 2025).

Household air pollution is an important environmental risk factor for childhood lower respiratory infections, with exposure to household smoke increasing the risk of respiratory illness among young children (WHO, 2024b). Children may also be exposed to respiratory hazards through overcrowding, parental smoking and poor household conditions (WHO, 2022; Islam et al., 2024). These environmental exposures are particularly relevant in rural communities where polluting cooking fuels and inadequate household infrastructure may be more common (Islam et al., 2024; Mangeni et al., 2025). A systematic review and meta-analysis of studies from low- and middle-income countries identified associations between indoor air pollution exposures and acute respiratory infections among children younger than five years (Desye et al., 2025). An Africa-focused narrative review also described household solid-fuel combustion as an important source of exposure linked to lower respiratory infection burden among young children (Shadrach & Bebelade, 2026).

In Nigeria, household environmental factors have been associated with respiratory symptoms in children under five years of age (Islam et al., 2024; Bassey et al., 2026). A national analysis of Nigeria Demographic and Health Survey data reported that poor-quality housing materials were associated with increased odds of ARI symptoms among children under five (Bura et al., 2021). Abubakar et al. (2025) further reported that household environmental factors such as cooking fuel, toilet facility, water supply, ventilation, kitchen location, and indoor kerosene lamp use affect childhood respiratory health. A recent study by Oluwaseun and Seun-Addie (2025) in Ibadan, Nigeria, also showed that children living in overcrowded households and those exposed to firewood smoke had substantially higher risks of acute respiratory infection. A Nigerian hospital-based investigation identified inadequate ventilation and indoor smoking among household exposures associated with respiratory infections in children younger than five years (Abubakar et al., 2025). A case-control study in Bangladesh also reported an association between natural roofing materials and ARI symptoms among under-five children, providing comparative evidence on housing conditions (Bakchi et al., 2024).

However, evidence from Nigeria indicates that although many caregivers seek care when children develop ARI symptoms, appropriate care-seeking remains suboptimal (Adamu & Ango, 2024; Adeoti & Cavallaro, 2022; Bakare et al., 2023; Dougherty et al., 2020). Differences in household conditions, socioeconomic circumstances and access to healthcare may also contribute to variations in childhood ARI across Nigerian regions (Islam et al., 2024; Oluwaseun & Seun-Addie, 2025; Yaya et al., 2021).

Despite previous research, evidence specifically examining household environmental factors and ARI among under-five children living in rural Southern Nigeria remains limited (Islam et al., 2024). The 2024 Nigeria Demographic and Health Survey provides recent nationally representative data that can be used to examine childhood health outcomes and associated household characteristics in Nigeria (Federal Ministry of Health and Social Welfare of Nigeria et al., 2025). Examining rural children across the South East, South South and South West may therefore provide more context-specific evidence on the environmental conditions associated with childhood ARI. Such evidence is important for identifying modifiable household conditions and informing interventions aimed at preventing respiratory illness among young children.
Study objective
Therefore, this study examined household environmental factors and acute respiratory infection among under-five children in rural Southern Nigeria.

2. Materials and methods 

2.1 Research Design

This study used a cross-sectional analytical design based on secondary analysis of data from the 2024 Nigeria Demographic and Health Survey (2023–24 NDHS). The design was appropriate for estimating the prevalence of acute respiratory infection (ARI) and examining associations between ARI and household environmental factors among under-five children living in rural Southern Nigeria. The analysis also examined treatment-seeking behaviour among children with reported ARI symptoms and differences in ARI prevalence by child sex.

2.2 Research Setting

The study was conducted in rural areas of Southern Nigeria, comprising the South East, South South and South West geopolitical zones. These three zones contain 17 states and encompass diverse environmental, socioeconomic and housing conditions (Figure 1). The region includes densely populated urban centres as well as extensive rural communities, with differences in household cooking practices, sources of drinking water, sanitation, housing materials and socioeconomic conditions. For this study, only households classified as rural in the 2023–24 NDHS and located within the three Southern geopolitical zones were included.
[image: ]
Figure 1: Map of Nigeria showing the southern geopolitical zones.

2.3 Population of the Study

The study population comprised children aged 0–59 months living in rural households in the South East, South South and South West geopolitical zones of Nigeria who were included in the 2023–24 NDHS. The analysis focused on children with available information on reported ARI symptoms and relevant household environmental characteristics. For the treatment-seeking analysis, the population was restricted to children who were reported to have experienced symptoms consistent with ARI during the survey reference period.

2.4 Sample Size and Sampling Technique

The study utilised data from the 2023–24 Nigeria Demographic and Health Survey (NDHS), a nationally representative household survey conducted using a stratified, two-stage cluster sampling design. In the first stage, enumeration areas were selected as primary sampling units with probability proportional to size. The sampling frame was stratified by state and urban–rural residence to ensure adequate representation of different geographic and residential populations. In the second stage, households were systematically selected from updated household listings within the selected enumeration areas.

For the present study, the national NDHS dataset was restricted to children aged 0–59 months who resided in rural households within the South East, South South and South West geopolitical zones of Nigeria. Thus, the study did not independently recruit or sample participants; rather, eligible observations were identified from the existing NDHS dataset according to the predefined inclusion and exclusion criteria. After applying these criteria and retaining records with the required information on ARI and relevant household environmental characteristics, a total of 2,949 children constituted the sample.

2.5 Inclusion and Exclusion Criteria

Children were included if they were aged 0–59 months, resided in a rural household within the South East, South South or South West geopolitical zones, and had available information on ARI symptoms and the household characteristics required for the analysis.
Children were excluded if they were aged 60 months or older, lived in urban households, resided outside the three Southern geopolitical zones, or lacked information on the primary outcome or essential variables for the relevant analysis. Children without reported ARI symptoms were excluded from the treatment-seeking analysis because treatment-seeking behaviour was assessed only among children who experienced ARI symptoms.

2.6 Research Instrument

The study utilised data collected through the 2023–24 NDHS standardised questionnaires, particularly the household and child-related sections containing information on demographic characteristics, childhood illness, household environmental conditions and socioeconomic status. The original survey employed standardised DHS data-collection procedures and computer-assisted personal interviewing (CAPI). 
For the present analysis, relevant variables were extracted from the appropriate NDHS datasets. These included child age and sex, ARI symptoms, household size, cooking fuel, roofing material, source of drinking water, household wealth status, sex of household head and other relevant demographic and household characteristics. 
The reliability of the NDHS instruments was supported by standardised questionnaires, pretesting, training of field personnel, supervision and the use of computer-assisted personal interviewing (CAPI). These procedures enhanced the consistency and quality of the data used in this study.

2.7 Data Collection and Analysis

The original NDHS data were collected by trained field personnel using standardised questionnaires administered through CAPI. The present study involved secondary data analysis and therefore did not involve direct contact with participants or independent primary data collection.
The data were cleaned, coded and analysed using Stata version 18 SE. Descriptive statistics were presented as weighted frequencies and percentages. The prevalence of ARI was estimated with 95% confidence intervals. Associations between ARI and explanatory variables were examined using survey-adjusted Pearson's chi-square tests.
Survey-adjusted Poisson regression with robust variance was used to estimate crude and adjusted prevalence ratios (PRs) with corresponding 95% confidence intervals. The multivariable model included relevant household environmental factors and selected child, maternal and socioeconomic characteristics. Statistical significance was set at p < 0.05.
All analyses accounted for the complex survey design by incorporating the NDHS sampling weights, primary sampling units and stratification variables.


3. results and discussion

3.1 Results

3.1.1 Socio-Demographic Characteristics in the Study Population

Table 1 presents the socio-demographic characteristics of the study population. The findings show that the study population comprised 2,949 children. The largest age group was 48–59 months (21.33%), while the smallest was 24–35 months (18.62%). The sex distribution was nearly equal, with males accounting for 50.22% and females 49.78%. Most children had mothers aged 25–34 years (52.26%), and secondary education was the most commonly reported maternal educational level (63.72%). Regarding household wealth, the middle category was the most represented (31.91%), followed by the richer category (27.70%). More than half of the children lived in households with 5–8 members (53.27%), while 73.99% lived in male-headed households. Geographically, the South East had the highest representation (56.09%), followed by the South South (26.69%) and South West (17.23%).

Table 1: Socio-Demographic Characteristics in the Study Population
	Characteristics
	Frequency (n)
	Percentage (%)

	Age of child (months)
	
	

	0–11 months
	594
	20.14

	12–23 months
	559
	18.96

	24–35 months
	549
	18.62

	36–47 months
	618
	20.96

	48–59 months
	629
	21.33

	Sex of child
	
	

	Male
	1,481
	50.22

	Female
	1,468
	49.78

	Mother's age group (years)
	
	

	15–24 years
	519
	17.60

	25–34 years
	1,541
	52.26

	35–49 years
	889
	30.15

	Highest educational level
	
	

	No education
	234
	7.93

	Primary
	521
	17.67

	Secondary
	1,879
	63.72

	Higher
	315
	10.68

	Wealth index
	
	

	Poorest
	271
	9.19

	Poorer
	535
	18.14

	Middle
	941
	31.91

	Richer
	817
	27.70

	Richest
	385
	13.06

	Household size
	
	

	1–4 members
	890
	30.18

	5–8 members
	1,571
	53.27

	9 or more members
	488
	16.55

	Sex of household head
	
	

	Male
	2,182
	73.99

	Female
	767
	26.01

	Geopolitical zone of residence
	
	

	South East
	1,654
	56.09

	South South
	787
	26.69

	South West
	508
	17.23




3.1.2 Prevalence of acute respiratory infection among under-five children in rural Southern Nigeria

Table 2 presents the prevalence of acute respiratory infection (ARI) among children aged 0–59 months in rural Southern Nigeria according to selected child characteristics, including age, sex and geopolitical zone. The findings show that the overall prevalence of ARI among children aged 0–59 months in rural Southern Nigeria was 3.03%. Children aged 0–11 months had the highest prevalence (4.32%), while those aged 36–47 months had the lowest (1.39%). Female children had a higher prevalence (3.10%) than males (2.13%). Across geopolitical zones, the South South had the highest prevalence (4.55%), followed by the South East (2.18%), while the South West recorded the lowest prevalence (1.44%).

Table 2: Prevalence of Acute Respiratory Infection among Children Aged 0–59 Months by Child Characteristics
	Child characteristic
	No ARI, n (%)
	ARI, n (%)
	95% CI for ARI prevalence (%)

	Age group
	
	
	

	0–11 months
	539 (95.69)
	29 (4.32)
	2.83–6.52

	12–23 months
	509 (96.38)
	22 (3.62)
	2.19–5.91

	24–35 months
	508 (97.99)
	11 (2.01)
	1.10–3.65

	36–47 months
	564 (98.61)
	9 (1.39)
	0.64–2.99

	48–59 months
	565 (98.33)
	13 (1.67)
	0.84–3.29

	Sex
	
	
	

	Male
	1,349 (97.87)
	35 (2.13)
	1.49–3.04

	Female
	1,336 (96.90)
	49 (3.10)
	2.11–4.53

	Geopolitical zone
	
	
	

	South East
	1,502 (97.82)
	36 (2.18)
	1.40–3.38

	South South
	704 (95.45)
	40 (4.55)
	3.16–6.51

	South West
	479 (98.56)
	8 (1.44)
	0.71–2.90



3.1.3 Household Environmental Factors Associated with Child Acute Respiratory Infection in Rural Southern Nigeria

Table 3 presents the factors associated with acute respiratory infection (ARI) among under-five children in rural Southern Nigeria using crude and adjusted logistic regression models. The results indicate that cooking fuel, drinking water source, roofing material and household size were significantly associated with ARI among under-five children in rural Southern Nigeria after adjustment. Children in households using solid cooking fuels (AOR = 4.67; p = 0.02) and those living in houses with non-durable roofing materials (AOR = 32.21; p < 0.001) had higher odds of ARI. Conversely, children in households using unimproved or surface water sources (AOR = 0.07; p = 0.05) and those living in households with 5–8 members (AOR = 0.34; p = 0.04) had lower odds of ARI. Household size of nine or more members was not significantly associated with ARI. Child age and geopolitical zone were significantly associated with ARI in the crude analysis, but these associations were no longer statistically significant after adjustment. Similarly, sex of the child, maternal age, household wealth index and the number of under-five children in the household showed no statistically significant associations with ARI in the adjusted model.

Table 3. Household environmental factors associated with acute respiratory infection among under-five children in rural Southern Nigeria
	Variable
	Category
	COR
	95% CI
	p-value
	AOR
	95% CI
	p-value

	Cooking fuel
	Electricity/LPG/natural gas/biogas (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	Coal/charcoal/wood/other solid fuel
	2.26
	0.86–5.97
	0.10
	4.67
	1.36–16.07
	0.02

	Drinking water source
	Improved source (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	Unimproved/surface source
	1.41
	0.76–2.59
	0.27
	0.07
	0.01–0.98
	0.05

	Shared toilet
	Not shared (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	Shared
	1.00
	0.43–2.31
	0.99
	0.67
	0.24–1.81
	0.42

	Electricity
	No (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	Yes
	0.75
	0.41–1.38
	0.35
	0.56
	0.19–1.66
	0.30

	Roofing material
	Durable roofing material (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	Non-durable roofing material
	1.09
	0.19–6.12
	0.92
	32.21
	5.51–68.39
	<0.001

	Household size
	1–4 members (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	5–8 members
	0.79
	0.45–1.36
	0.39
	0.34
	0.12–0.96
	0.04

	
	≥9 members
	0.53
	0.20–1.39
	0.19
	0.16
	0.01–1.85
	0.14

	Number of under-five children
	1 child (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	2 children
	0.85
	0.51–1.44
	0.55
	0.87
	0.35–2.16
	0.77

	
	≥3 children
	0.69
	0.32–1.53
	0.36
	0.39
	0.09–1.68
	0.20

	Child age (months)
	0–11 (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	12–23
	0.83
	0.45–1.55
	0.56
	0.99
	0.28–3.54
	0.99

	
	24–35
	0.46
	0.23–0.92
	0.03
	0.39
	0.14–1.10
	0.08

	
	36–47
	0.31
	0.12–0.79
	0.01
	0.52
	0.12–2.34
	0.39

	
	48–59
	0.38
	0.17–0.85
	0.02
	0.37
	0.08–1.73
	0.20

	Sex
	Male (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	Female
	1.47
	0.87–2.49
	0.15
	0.78
	0.34–1.78
	0.55

	Maternal age (years)
	15–24 (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	25–34
	0.74
	0.40–1.38
	0.34
	2.50
	0.66–9.49
	0.18

	
	35–49
	0.88
	0.42–1.86
	0.74
	2.62
	0.65–10.48
	0.17

	Wealth index
	Poorest (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	Poorer
	2.81
	0.76–10.42
	0.12
	0.84
	0.11–6.37
	0.87

	
	Middle
	2.62
	0.73–9.46
	0.14
	0.40
	0.08–2.02
	0.26

	
	Richer
	2.87
	0.79–10.47
	0.11
	0.82
	0.22–3.05
	0.77

	Geopolitical zone
	South East (Ref.)
	1.00
	—
	—
	1.00
	—
	—

	
	South South
	2.14
	1.19–3.85
	0.01
	2.17
	0.92–5.14
	0.08

	
	South West
	0.65
	0.28–1.53
	0.32
	0.26
	0.03–2.61
	0.25


COR = crude odds ratio; AOR = adjusted odds ratio; CI = confidence interval; Ref. = reference category. Bold values indicate p < 0.05. Logistic regression models were used to estimate crude and adjusted odds ratios.

3.2 Discussion

3.2.1 Prevalence of Acute Respiratory Infection among Under-Five Children

The study found that ARI was present among under-five children in rural Southern Nigeria, although the prevalence was lower than some earlier estimates reported in Nigeria (Ekholuenetale et al., 2023). This may be consistent with the declining trend in childhood ARI observed across successive Nigerian surveys, which has been attributed to improvements in child health and survival interventions, including immunisation and healthcare access (Islam et al., 2024; Orimadegun & Myer, 2019). However, comparisons should be interpreted cautiously because of differences in study populations, geographical settings and definitions of ARI. Recent evidence also indicates regional variation in ARI burden across Nigeria, with higher prevalence generally reported in northern regions than in the south (Oluwaseun & Seun-Addie, 2025).

Younger children had a higher prevalence of ARI, consistent with findings from previous Nigerian studies (Islam et al., 2024; Orimadegun & Myer, 2019). The higher occurrence among younger children may be related to their greater susceptibility to respiratory infections and increased exposure to household and environmental risk factors (Islam et al., 2024; Sarfo et al., 2023). Female children had a slightly higher prevalence of ARI than male children; however, the difference was not statistically significant. This finding is consistent with evidence from Nigeria showing that sex-specific differences in ARI occurrence among under-five children may be small and inconsistent (Orimadegun & Myer, 2019; Orimadegun et al., 2020).

3.2.2 Household Environmental Factors Associated with Acute Respiratory Infection among Under-Five Children

Solid-fuel use was associated with higher odds of ARI compared with the use of cleaner fuels, consistent with evidence linking biomass smoke and childhood respiratory illness (Islam et al., 2024; Enyew et al., 2021; WHO, 2024a). Smoke from wood, charcoal and similar fuels produces pollutants that can impair respiratory health. However, exposure also depends on ventilation, cooking location and proximity of children to the cooking area (Sk et al., 2020).

Children living in households with non-durable roofing materials had higher odds of ARI, consistent with evidence linking poor housing quality with childhood respiratory illness (Islam et al., 2024; Mangeni et al., 2025). Roofing material may reflect broader housing conditions such as ventilation and dampness. Household size showed no consistent association, possibly because household size does not directly measure overcrowding.


4. Conclusion

Acute respiratory infection (ARI) remains an important cause of illness among under-five children, particularly in rural communities where household environmental conditions and access to healthcare may influence disease occurrence and care-seeking practices. The study aimed to determine the prevalence of ARI and examine its associations with selected household environmental factors among under-five children in rural Southern Nigeria. The study found that ARI occurred among under-five children in rural Southern Nigeria, with a higher prevalence observed among younger children. Solid-fuel use and non-durable roofing were associated with increased odds of ARI. Although females generally had higher prevalence than males, the overall difference by sex was not statistically significant. Overall, the findings highlight the importance of household environmental conditions in addressing ARI among under-five children.

5. RECOMMENDATIONS

Based on the findings of this study, the following recommendations are proposed:

1. The use of affordable clean cooking fuels should be encouraged to reduce children’s exposure to household smoke.
2. Rural housing conditions, particularly roofing and ventilation, should be improved.
3. Caregiver education on ARI prevention, danger signs and timely care-seeking should be strengthened.
4. Access to affordable and quality primary healthcare services should be improved, with particular attention to younger children.

Limitations
This study employed a cross-sectional secondary analysis of the 2023–2024 Nigeria Demographic and Health Survey, limiting causal interpretation of the observed associations. Caregiver-reported ARI symptoms may introduce recall and reporting biases. Household cooking fuels and roofing materials were assessed without direct measurement of environmental exposures. Residual confounding and potential selection bias from incomplete records cannot be excluded. Although the sample comprised 2,949 children, the findings are specific to rural Southern Nigeria and may not be generalisable to other populations. Future longitudinal studies incorporating clinically confirmed ARI outcomes and direct environmental exposure measurements could strengthen these findings.
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