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Abstract  1 

Background: 2 

Malaria is still a major cause of morbidity and mortality among children under five (U5) years. This 3 

study assessed individual, household, and community risk factors for malaria in Nigerian children U5 4 

years of age. 5 

Methods: 6 

Data from the Nigerian Malaria Health Indicator Survey 2015 were pooled for analyses. This comprised 7 

of national survey of 329 clusters. Children aged 6-59 months who were tested for malaria using 8 

microscopy were retained. Multilevel logit model accounting for sampling design was used to assess 9 

individual, household and community factors associated with malaria parasitaemia.  10 

Results: 11 

A total of 5742 children were assessed for malaria parasitaemia with overall prevalence of 27% (95% 12 

CI 26-28%). Plasmodium falciparum constituted 98% of the Plasmodium species. There was no 13 

significant difference in parasitaemia between older children, and those ≤12 months. In adjusted 14 

analyses, rural living, Northwest region, household size of >7, dependence on river and rain water as 15 

primary water source were associated with higher odds of parasitaemia; while higher wealth index, all 16 

U5s who slept under bed net and dependence on packaged water were associated with lower odds of 17 

parasitaemia. 18 

Conclusion: 19 

Despite sustained investment in malaria control and prevention, a quarter of the overall study population 20 

of U5s suffer from malaria. Across the six geopolitical zones, the highest burden was in children living 21 

in poorest rural households. 22 

Keywords: 23 

Malaria; children under 5; parasitaemia; ITN; Nigeria 24 
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Introduction:  25 

Malaria is a major public health problem in developing economies, especially in sub-Sahara Africa 26 

(SSA) where it is responsible for substantial morbidity and mortality (1) as well as other socioeconomic 27 

losses (2). The disease is caused by Plasmodium parasite, and transmitted through the bite of infected 28 

female Anopheles mosquitoes (3). It has been argued that the observed decline in All Cause Child 29 

Mortality is attributable to a commensurate trend in child malaria mortality in otherwise high risk areas 30 

(4-6). However, malaria still accounted for over 400,000 mortality in 2018, plus the fact that about 219 31 

million cases of malaria occurred in 2017 compared to 217 million cases in 2016 (7). This report 32 

emphasises that no significant progress was made in reducing global malaria between the year 2015-33 

2017.  34 

According to the WHO, the African region contributes about 92% of malaria cases with South-East 35 

Asia (5%), the eastern Mediterranean region (2%) and other regions constituting the remaining fraction. 36 

Nigeria accounts for a quarter of the global malaria burden, far greater than Democratic Republic of 37 

Congo, Mozambique, India and Uganda (7). Despite significant investments in the control of malaria, 38 

it remains a threat in Nigeria, especially among under-five (U5) children (8). In 2018, U5 children 39 

accounted for 67% and 61% of all malaria deaths worldwide and in SSA, respectively. It is estimated 40 

that every 2 minutes, an U5 child dies of malaria, and SSA dominates in the death toll (9).  41 

Understanding country-specific malaria risk, especially in the most vulnerable populations like U5 42 

children will in no small measure form the prerequisite to establishing a long-term control intervention. 43 

In countries like Nigeria with less promising indices, the focus is still on case reduction, which requires 44 

investment in both human and material resources for surveillance and health system strengthening for 45 

any attempt at elimination (10). This study therefore assessed the relationship of demographic, 46 

socioeconomic and some environmental determinants of malaria transmission/prevention among U5 47 

children at individual, household and community levels of disease intervention.  48 
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Methods 49 

Study area: 50 

The study was conducted in Nigeria (Figure 1), which is country in West Africa. Nigeria shares border 51 

with Niger in the north, Chad in the northeast, Cameroon in the east and Benin Republic in the west. 52 

The south lies to the Gulf of Guinea in the Atlantic Ocean.  53 

 54 

Figure 1. Map of Nigeria showing geographical location of the study, clusters and State 55 
boundaries 56 

Nigerian Malaria Indicator Survey data: 57 

The Nigerian Malaria Indicator Survey conducted in 2015 was implemented by the National Malaria 58 

Elimination Programme, the National Population Commission (NPC), the National Bureau of Statistics 59 

and the Malaria Partnership in Nigeria with technical assistance from ICF International. A nationally 60 

representative sample of over 8,000 households in 329 clusters were sampled between October and 61 

November 2015 (11). 62 

The sampling frame was based on the 2006 National Population and Housing Census of the Federal 63 

Republic of Nigeria, conducted by the NPC. Administratively, Nigeria is divided into states. Each state 64 

is subdivided into local government areas (LGAs), and each LGA is further divided into communities. 65 
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In addition to these administrative units, during the 2006 census, each community was subdivided into 66 

convenient areas called census enumeration areas (EAs) (11). The primary sampling unit, referred to as 67 

a cluster for the 2015 National Malaria Indicator Survey (NMIS), was defined based on EAs from the 68 

2006 EA census frame. A two-stage sampling strategy was adopted. Nine clusters (EAs) were selected 69 

from each state, including the Federal Capital Territory (FCT) during the first stage in a manner that is 70 

representative of each state. The result was a total of 333 clusters throughout the country, 138 and 195 71 

in urban and rural areas, respectively. 72 

In the second stage of the selection process, 25 households were selected in each cluster by equal 73 

probability systematic sampling. All women aged 15-49 who were either permanent residents of the 74 

households in the 2015 NMIS sample or visitors present in the households on the night before the survey 75 

were eligible to be interviewed. In addition, all children age 6-59 months were eligible to be tested for 76 

malaria and anaemia. This sample size was selected to guarantee that key survey indicators could be 77 

produced for each of the country’s six geopolitical zones, with approximately 1,338 women in each 78 

zone expected to complete interviews. In order to produce some of the survey indicators at the state 79 

level for each of the 36 states and the FCT, interviews were expected to be completed with 80 

approximately 217 women per state. A more detailed description of survey design and microscopy 81 

procedures can be found in the 2015 NMIS report (11). 82 

Malaria risk factors 83 

Individual level explanatory variables: 84 

Gender, age and number of children who slept under insecticide treated bed net (ITN) a night before 85 

survey was considered potential individual level risk factors of malaria risk. We grouped age in months 86 

into five categories: ≤ 12 months, 13 – 23 months, 24 – 35 months, 36 – 47 months and 48 – 59 months. 87 

Household level explanatory variables: 88 

This includes household size, comprising  number of household members, mother’s (caregiver’s) level 89 

of education, number of U5 children  in the household, wealth index level, household source of drinking 90 

water, the location of source of water and whether dwelling has been sprayed with insecticide(s) against 91 
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mosquitoes. Household source of drinking water such as piped into dwelling, yard/plot, neighbour and 92 

public tap/standpipe were grouped together as piped; protected/unprotected well, protected/unprotected 93 

spring were grouped as well/spring; river/dam/lake/ponds/stream/canal/irrigation channel were grouped 94 

as river/stream; sachet water, bottled water, cart with small tank were grouped as packaged water; while 95 

borehole or tube well and rainwater stood alone forming six recategorised groups.  96 

Community level explanatory variables: 97 

The study considered place of residence (rural/urban) and region of residence as potential community 98 

level explanatory variables. The region of residence is based on the six geopolitical zones that exist in 99 

Nigeria – Northcentral, Northeast, Southwest, Southsouth and Southeast regions. 100 

Statistical analysis 101 

Individual level data were retrieved from the nationally representative 2015 NMIS. The survey design 102 

estimation command (svy) in Stata 16.1 (StataCorp, College Station, TX) was used to conduct 103 

descriptive analysis, accounting for the sampling weight.  Categorical variables are represented as 104 

counts and percentages. To assess the association between malaria in U5 children and individual, 105 

household, and community risk factors, we specified a three-level random intercept logistic regression 106 

model to account for contextual within-household and within-cluster correlations. Given the complex 107 

survey design of the data, sampling weight was included in the fixed effects portion of the model. The 108 

model is represented as below: 109 

𝑌𝑖𝑗𝑘 = 𝛽0 + 𝛽1𝑋𝑖𝑗𝑘 + 𝜂𝑘 + 𝜉𝑗𝑘  110 

Where 𝑌𝑖𝑗𝑘is the outcome (presence of malaria) for 𝑖𝑡ℎ under 5-year-old child at household 𝑗 in cluster 111 

𝑘. 𝛽0 is the mean log-odds of malaria across household and cluster. 𝑋𝑖𝑗𝑘 is a level 1 covariate for the 112 

𝑖𝑡ℎ child in household 𝑗 and cluster 𝑘, while 𝛽1 represents the slope associated with 𝑋𝑖𝑗𝑘  which 113 

represents the relationship between the level 1 covariates and the log odds of malaria. 𝜂𝑘 is the random 114 

effect for cluster, while 𝜉𝑖𝑗 is the household random effect. The random effects are independent and 115 

identical to each other and are assumed to be normally distributed with mean of zero and variances 𝜎𝜂 116 

and 𝜎𝜉. 117 
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A univariate multi-level logistic regression was conducted, using each individual, household, and 118 

community risk factors as predictors and malaria risk as outcome. Individual predictors with any level 119 

less than p=0.10 were considered for inclusion in the multivariable multi-level logistic regression. The 120 

multivariable analysis was conducted in a sequential process. Firstly, we fitted a null model (Model 0) 121 

– an unconditional model – to decompose the total variance of malaria prevalence between the cluster 122 

and level 1 covariates. Model 1 consist of individual level factors, Model 2 included household level 123 

factors, while model 3 included community level factors to constitute a fully adjusted model. 124 

The influence of contextual household and cluster effects on the prevalence of malaria were explored, 125 

and expressed as the area variance, intracluster correlation and the median odds ratio (12, 13). Estimates 126 

of the univariate association between outcomes and individual, household or community level 127 

covariates are reported as odds ratio (OR) and the 95% confidence interval, while the multivariable 128 

models (Models 1, 2 and 3) are reported as adjusted odds ratio (AOR) and 95% CI. The goodness of fit 129 

of the sequential multivariable models were assessed using the Akaike Information Criteria (AIC). 130 

Statistical significance was set at an alpha level 0.05. 131 

Results  132 

Characteristics of study population and prevalence of malaria 133 

Table 1. There was a total number of 5742 (weighted=5814) children in 3685 households, and 326 134 

clusters with valid record for malaria parasitaemia assessed through microscopy. The mean age of U5 135 

children assessed for malaria parasitaemia was 36 months (range: 0 – 59 months), of which 50% were 136 

females. About 43% of the children were reported to have slept under mosquito bed net last night before 137 

the interview, while 42.6% of the caregivers have completed no education. Majority of the household 138 

source of drinking water were from borehole/ tube well (34.4%) and well/spring water (30.4%). Overall, 139 

only 1.3% had dwelling place sprayed against mosquito in the last 12 months, and 65.9% of the children 140 

lived in rural areas. The overall malaria prevalence was 27.3% (95% CI: 24.8-30.0%). The prevalence 141 

of Plasmodium species – falciparum, malariae and ovale were 98.2%, 5% and 1.1%, respectively.   142 

 143 
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Table 1. Study characteristics 144 

 Total population 

  Unweighted  Weighted  

 N=5742 N=5814 

 n/N (%) n/N (%) 

Child's age in months   

≤12  744/5388 (13.8) 722/5470 (13.2) 

13-23  597/5388 (11.1) 618/5470 (11.3) 

24-35  853/5388 (15.8) 805/5470 (14.7) 

36-47  1469/5388 (27.3) 1564/5470 (28.6) 

48-59  1725/5388 (32.0) 1760/5470 (32.2) 

Sex of child   

Male  2833/5742 (49.3) 2894/5814 (49.8) 

Female  2909/5742 (50.7) 2921/5814 (50.2) 

Children under 5 slept under  

mosquito bed net last night   

 

No  1145/4188 (27.3) 1047/4184 (25.0) 

All children 1769/4188 (42.2) 1816/4184 (43.4) 

Some children 425/4188 (10.1) 471/4184 (11.3) 

No net in household 849/4188 (20.3) 850/4184 (20.3) 

Highest educational level   

No education 2312/5742 (40.3) 2479/5814 (42.6) 

Primary  900/5742 (15.7) 880/5814 (1514) 

Secondary  2111/5742 (36.8) 2026/5814 (34.8) 

Higher  419/5742 (7.3) 429/5814 (7.4) 

Number of household members   

<5 1243/5742 (21.6) 1313/5814 (22.6) 

5-7 2422/5742 (42.2) 2406/5814 (41.4) 

>7 2077/5742 (36.2) 2095/5814 (36.0) 

Number of children 5 and under  

in household   

 

0 1366/5742 (23.8) 1385/5814 (23.8) 

1-2 3267/5742 (56.9) 3346/5814 (57.5) 

>2 1109/5742 (19.3) 1083/5814 (18.6) 

Wealth index   

Poorest  1006/5742 (17.5) 1074/5814 (18.5) 

Poorer  1266/5742 (22.0) 1352/5814 (23.3) 

Middle  1261/5742 (22.0) 1229/5814 (21.1) 

Richer  1148/5742 (20.0) 1128/5814 (19.4) 

Richest  1061/5742 (18.5) 1032/5814 (17.7) 

Source of drinking water   

Piped  609/5742 (10.6) 665/5814 (11.4) 

Borehole  2033/5742 (35.4) 1998/5814 (34.4) 

Well/spring 1689/5742 (29.4) 1767/5814 (30.4) 

River/stream 649/5742 (11.3) 632/5814 (10.9) 

Rainwater  204/5742 (3.6) 191/5814 (3.3) 

Packaged water  558/5742 (9.7) 562/5814 (9.7) 

Location of source for water   

In own dwelling 934/5,389 (17.3) 905/5454 (16.6) 

In own yard/plot 664/5,389 (12.3) 692/5454 (12.7) 

Elsewhere  3,791/5,389 (70.3) 3858/5454 (70.7) 

Dwelling sprayed    
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against mosquitoes in last 12 months 

No  5605/5742 (97.6) 5700/5814 (98.0) 

Yes  93/5742 (1.6) 78/5814 (1.3) 

Don't know 44/5742 (0.8) 37/5814 (0.6) 

Place of residence   

Urban  1978/5742 (34.4) 1984/5814 (34.1) 

Rural  3764/5742 (65.6) 3831/5814 (65.9) 

Region    

Northcentral 1160/5742 (20.2) 1115/5814 (19.2) 

Northeast 1118/5742 (19.5) 798/5814 (13.7) 

Northwest 1423/5742 (24.8) 1843/5814 (31.7) 

Southeast 568/5742 (9.9) 511/5814 (8.8) 

Southsouth 741/5742 (12.9) 654/5814 (11.3) 

Southwest 732/5742 (12.7) 893/5814 (15.4) 

Malaria from blood smear test   

Negative  4,179/5,742 (72.8) 4225/5814 (72.7) 

Positive  1,563/5,742 (27.2) 1590/5814 (27.3) 

Presence of Plasmodium falciparum    

No  24/1,563 (1.5) 29/1590 (1.8) 

Yes  1,539/1,563 (98.5) 1560/1590 (98.2) 

Presence of Plasmodium malariae   

No  1,484/1,563 (94.9) 1510/15/90 (95.0) 

Yes  79/1,563 (5.1) 80/1590 (5.0) 

Presence of Plasmodium ovale    

No  1,543/1,563 (98.7) 1572/1590 (98.9) 

Yes  20/1,563 (1.3) 18/1590 (1.1) 

 145 

 146 

Figure 2. Prevalence of U5 Malaria by region and source of drinking water 147 
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Figure 2 shows the prevalence of U5 malaria based on source of drinking water across regions. Well/ 148 

spring and borehole/tube well are the predominant sources of drinking water in the northern regions 149 

amongst U5 children with malaria. About 23.8% prevalence of U5 malaria in Northwest was as a result 150 

of use of well/spring sources of drinking water. 151 

Association of malaria parasitaemia with individual, household and community level factors 152 

Table 2. The prevalence of malaria parasitaemia was 85.8% in children living in rural areas compared 153 

to 14.2% in the urban areas. Under 5 children in the Northwestern region had the highest prevalence of 154 

malaria parasitaemia (43.1%), followed by Northcentral (22.6%), Northeast (13.3%), Southwest 155 

(8.6%), Southsouth (8.0%) and Southeast (4.4%). The highest prevalence of malaria was recorded in 156 

children aged 48-59 months (33.4%) and lowest in 13-23 months old. 157 

Table 2. Univariate association of malaria risk and study characteristics 158 

 

Malaria positive  

(N=1590) 

Weighted n (%) OR (95%CI) $ p-value 

Sex of child    

Male  706 (44.40) 1.00 (1.00, 1.00)  
Female  884 (55.60) 1.18 (0.86, 1.62)   0.30 

Child's age in months    

≤12  194 (13.43) 1.00 (1.00, 1.00)  
13-23  142 (9.83) 0.63 (0.33, 1.21)   0.16 

24-35  180 (12.46) 0.62 (0.35, 1.08)   0.09 

36-47  447 (30.84) 0.94 (0.58, 1.54)   0.82 

48-59  484 (33.43) 1.02 (0.62, 1.67)   0.95 

Children under 5 slept under  

mosquito bed net last night 

 

  

no 243 (20.46) 1.00 (1.00, 1.00)  
all children 531 (44.63) 1.04 (0.64, 1.69)   0.88 

some children 194 (16.32) 2.79 (1.39, 5.60)   0.004 

no net in household 221 (18.60) 1.08 (0.64, 1.83)   0.78 

Number of household members    

<5 282 (17.72) 1.00 (1.00, 1.00)  
5-7 656 (41.24) 1.30 (0.98, 1.73)   0.07 

>7 652 (41.03) 1.60 (1.18, 2.16)   0.003 

Highest educational level    

No education 983 (61.82) 1.00 (1.00, 1.00)  
Primary  220 (13.85) 0.42 (0.26, 0.68) <0.001 

Secondary  313 (19.70) 0.21 (0.14, 0.32) <0.001 

Higher  74 (4.64) 0.14 (0.07, 0.29) <0.001 

Number of children 5 and under in household    

0 338 (21.24) 1.00 (1.00, 1.00)  
1-2 892 (56.08) 0.92 (0.60, 1.40)   0.69 
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>2 361 (22.68) 1.08 (0.65, 1.78)   0.78 

Wealth index    

Poorest  467 (29.40) 1.00 (1.00, 1.00)  
Poorer  519 (32.64) 0.82 (0.52, 1.28)   0.38 

Middle  373 (23.45) 0.57 (0.34, 0.95)   0.03 

Richer  154 (9.70) 0.16 (0.09, 0.28) <0.001 

Richest  76 (4.80) 0.05 (0.03, 0.11) <0.001 

Source of drinking water    

Piped  112 (7.02) 1.00 (1.00, 1.00)  
Borehole  485 (30.51) 1.42 (0.87, 2.31)   0.16 

Well/spring 684 (43.05) 2.92 (1.76, 4.85) <0.001 

River/stream 233 (14.65) 2.90 (1.64, 5.13) <0.001 

Rainwater  47 (2.95) 2.25 (1.06, 4.75)   0.03 

Packaged water  29 (1.83) 0.34 (0.18, 0.63) <0.001 

Location of source for water    

In own dwelling 225 (14.69) 1.00 (1.00, 1.00)  
In own yard/plot 186 (12.12) 1.12 (0.71, 1.77)   0.63 

Elsewhere  1120 (73.19) 1.03 (0.69, 1.53)   0.90 

Dwelling sprayed against mosquitoes  

in last 12 months 

 

  

No  1566 (98.49) 1.00 (1.00, 1.00)  
Yes  15 (0.95) 1.06 (0.38, 2.96)   0.91 

Don't know 9 (0.56) 1.63 (0.47, 5.64)   0.44 

Place of residence    

Urban  226 (14.22) 1.00 (1.00, 1.00)  
Rural  1364 (85.78) 8.66 (5.23, 14.35) <0.001 

Region     

Northcentral 359 (22.60) 1.00 (1.00, 1.00)  
Northeast 211 (13.27) 1.13 (0.53, 2.43)   0.76 

Northwest 685 (43.10) 3.34 (1.62, 6.86)   0.001 

Southeast 70 (4.42) 0.26 (0.11, 0.60)   0.002 

Southsouth 127 (7.97) 0.53 (0.24, 1.17)   0.12 

Southwest 137 (8.64) 0.49 (0.22, 1.12)   0.09 
$Estimated from univariate multilevel logistic regression. Bold text are statistically significant associations. OR, 159 
odds ratio; CI, confidence interval. 160 

Table 3 shows results of the multivariable multilevel logistic regression analyses. At the individual level 161 

factors, all children in a household who slept under ITN in previous night had a lower odd of malaria 162 

[AOR=0.60 (95% CI: 0.38-0.94; p=0.03)] compared to those who did not sleep under ITN (adjusted 163 

Model 3). At the household-level, children in households with members >7 had 47% greater odd of 164 

malaria, compared to those with <5 members after accounting for other individual, household and 165 

community level factors. Children whose caregivers have primary or secondary education had lower 166 

risk of malaria compared to those born to a non-educated caregiver. The higher the wealth index of the 167 

household, the lower the odds of U5 malaria parasitaemia. Also, households whose source of drinking 168 

water is from well/spring water, rainwater, and river had 2.45, 2.79, and 3.03-fold increase in the odds 169 
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of malaria parasitaemia compared to those who drink from pipe borne water, respectively. Conversely, 170 

children from household that use packaged water as source of drinking had significantly lower odds of 171 

malaria. At the community level, children who live in the rural areas had 2.68-fold increase in the odds 172 

of malaria compared to those who live in urban areas. However, children from the Northwest region 173 

had significantly 2.35-fold increase in odds of malaria compared to those from Northcentral region. 174 

Table 3. Multivariable multilevel logistic regression of malaria risk across study characteristics 175 

Characteristics 
Model 1  Model 2  

Model 3  

 AOR (95%CI) p-value  AOR (95%CI) p-value  AOR (95%CI) p-value  

Individual level factors       

Sex of child       

Male  1.00 (1.00, 1.00)  1.00 (1.00, 1.00)  1.00 (1.00, 1.00)  
Female  0.99 (0.67, 1.47)   0.98 1.03 (0.73, 1.46)   0.85 1.01 (0.72, 1.43)   0.95 

Child's age in months       

≤12  1.00 (1.00, 1.00)  1.00 (1.00, 1.00)  1.00 (1.00, 1.00)  
13-23  0.66 (0.33, 1.35)   0.26 0.61 (0.31, 1.19)   0.15 0.63 (0.32, 1.24)   0.18 

24-35  0.67 (0.37, 1.22)   0.19 0.62 (0.35, 1.11)   0.11 0.65 (0.37, 1.17)   0.15 

36-47  0.98 (0.57, 1.68)   0.94 0.77 (0.46, 1.29)   0.32 0.77 (0.46, 1.28)   0.31 

48-59  0.87 (0.50, 1.53)   0.63 0.70 (0.42, 1.18)   0.18 0.70 (0.41, 1.18)   0.18 

Children under 5 slept under  

mosquito bed net last night       

No  1.00 (1.00, 1.00)  1.00 (1.00, 1.00)  1.00 (1.00, 1.00)  
All children 0.96 (0.58, 1.60)   0.89 0.61 (0.39, 0.96)   0.03 0.60 (0.38, 0.94)   0.03 

Some children 2.83 (1.35, 5.94)   0.01 1.52 (0.76, 3.07)   0.24 1.41 (0.70, 2.85)   0.33 

No net in household 1.05 (0.61, 1.80)   0.87 1.05 (0.67, 1.65)   0.83 1.14 (0.73, 1.79)   0.57 

Household level factors       

Number of household members       

<5   1.00 (1.00, 1.00)  1.00 (1.00, 1.00)  
5-7   1.14 (0.80, 1.62)   0.47 1.14 (0.80, 1.63)   0.45 

>7   
1.45 (1.01, 2.10)   0.05 1.47 (1.02, 2.13)   0.04 

Highest educational level       

No education   1.00 (1.00, 1.00)  1.00 (1.00, 1.00)  
Primary    0.56 (0.34, 0.93)   0.03 0.59 (0.35, 0.97)   0.04 

Secondary    0.67 (0.41, 1.10)   0.12 0.70 (0.42, 1.16)   0.17 

Higher    1.10 (0.44, 2.73)   0.83 1.06 (0.43, 2.60)   0.90 

Wealth index       

Poorest    1.00 (1.00, 1.00)  1.00 (1.00, 1.00)  
Poorer    0.89 (0.52, 1.52)   0.67 1.03 (0.60, 1.78)   0.91 

Middle    0.71 (0.39, 1.28)   0.25 0.89 (0.49, 1.64)   0.71 

Richer    
0.22 (0.11, 0.47) <0.001 0.34 (0.16, 0.74)   0.01 

Richest    0.08 (0.03, 0.20) <0.001 0.15 (0.06, 0.38) <0.001 

Source of drinking water       

Piped    1.00 (1.00, 1.00)  1.00 (1.00, 1.00)  
Borehole    1.07 (0.63, 1.80)   0.80 1.18 (0.68, 2.04)   0.56 

Well/spring   2.45 (1.40, 4.29)   0.002 2.45 (1.35, 4.43)   0.003 

River/stream   
2.82 (1.48, 5.35)   0.002 3.03 (1.56, 5.89)   0.001 

Rainwater    
2.57 (1.07, 6.16)   0.035 2.79 (1.13, 6.93)   0.03 

Packaged water   0.39 (0.19, 0.77)   0.007 0.43 (0.21, 0.86)   0.02 
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Community level factors       

Place of residence       

Urban      1.00 (1.00, 1.00)  
Rural      2.68 (1.51, 4.77) <0.001 

Region        

Northcentral     1.00 (1.00, 1.00)  
Northeast     0.92 (0.47, 1.78)   0.8 

Northwest     2.35 (1.18, 4.69)   0.02 

Southeast     1.43 (0.60, 3.41)   0.43 

Southsouth     1.25 (0.56, 2.78)   0.59 

Southwest     1.98 (0.90, 4.34)   0.09 

Bold text are statistically significant associations. OR, odds ratio; CI, confidence interval. 176 

Figure 3 shows the predicted probabilities of malaria risk for children living in households with varying 177 

wealth index and in rural/urban areas across the six geopolitical regions. Although, children in 178 

Northwest region had the highest probability of malaria parasitaemia infection for each household 179 

wealth index and place of residence, the trend seem to be the same for children at all regions. 180 

 181 

Figure 3. Predicted probabilities of malaria across region and wealth index (from fitted model 3) 182 

Measures of household and cluster-level variation in malaria risk 183 

Estimates of the cluster and household random effects (Table 4) show significant variation in the 184 

prevalence of U5 malaria at the cluster level (3.87 in the null model to 1.74) after accounting for 185 

individual, household and community-level fixed effect factors. This shows that 54.8% of the contextual 186 
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cluster level variance for malaria parasitaemia can be explained by individual, household and 187 

community level fixed effect predictors. A graph of the cluster and averaged State random effects show 188 

the variations of malaria risk by cluster (A) and State (B) from the null model (Figure 4). Few clusters 189 

and States were significantly above or below average as majority of the confidence intervals of the 190 

model residuals crossed zero. 191 

Table 4. Measures of cluster and household level variations 192 

 Null model  Model 1  Model 2  
Model 3  

Random effects measures of variation Estimate 

(95%CI) 

p-

value 

Estimate 

(95%CI) 

p-

value 

Estimate 

(95%CI) 

p-

value 

Estimate (95%CI) p-value 

Area variance 
      

  

 Cluster level 

3.87 (2.73, 

5.00) <0.001 

3.57 (2.25, 

4.89) <0.001 

1.79 (1.12, 

2.46) <0.001 1.76 (1.08, 2.43) <0.001 

 Household-level 

2.08 (1.18, 

2.98) <0.001 

2.26 (1.10, 

3.41) <0.001 

2.17 (1.08, 

3.25) <0.001 2.18 (1.08, 3.27) <0.001 

Intracluster correlation          

 Cluster level 

0.42 (0.36, 

0.48) - 

0.39 (0.32, 

0.47) 

- 0.25 (0.19, 

0.31) 

- 

0.24 (0.19, 0.31) 

- 

 Household-level 

0.64 (0.57, 

0.71) - 

0.64 (0.55, 

0.72) 

- 0.55 (0.45, 

0.64) 

- 

0.54 (0.45, 0.64) 

- 

Median odds ratio         

 Cluster level 10.88 
- 

9.76 
- 

4.47 
- 

4.40 
- 

 Household-level 5.19 
- 

5.64 
- 

5.41 
- 

5.43 
- 

Model fit         

AIC 5615  - 3900 - 3792 - 3786 - 

AIC: Akaike Information Criterion  193 

 194 

 195 

Figure 4. Cluster (A) and State (B) level variations in prevalence of malaria from the null model 196 

 197 
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Discussion 198 

This representative study of Nigerian children U5 years old shows a high prevalence of malaria in this 199 

vulnerable group. Our result shows 27% prevalence of U5 malaria diagnosed by microscopy was found 200 

in Nigeria. This reveals a fraction of the huge national burden of malaria in Nigeria. Over 93% of 201 

malaria cases and related deaths per 100,000 population were recorded in Africa, with Nigeria ranking 202 

up there as the most endemic country with 25% and 24% of global malaria cases and deaths, 203 

respectively (7). The higher burden of malaria in Nigeria compared to other endemic countries with 204 

relatively similar population is attributable to leadership and behavioral challenges, infrastructural 205 

deficiency and largely corruption hinged on lack of integrity and transparency in dispensing donated 206 

malaria control/prevention commodities and judicious use of funds (14). 207 

While no association was recorded for age and sex, we found that the highest prevalence of malaria 208 

among U5 children in our sample population was recorded in children aged 4-5 years [48-59 months] 209 

(33.4%). The absence of definite stratification within this age group suggests that all children under 5 210 

years of age are at high risk. In fact, a seasonal malaria chemoprevention program has been piloted, and 211 

shown to significantly reduce malaria  in under 5 children participating in the mass drug administration 212 

program in different areas of diverse malaria transmission intensity (15-18). Some economic benefit  213 

has further been attributed to seasonal malaria chemoprevention of all under 5 children (17, 19), with 214 

recommendation for this approach to be integrated into the health system in endemic areas.  215 

The study did not observe any sex difference in U5 malaria prevalence in Nigeria. Our finding is in 216 

agreement with other studies in U5 children in Ethiopia (20) and Burkina Faso (21). In addition to 217 

demographics, another individual level factor assessed was the availability and use of ITNs by U5 218 

children, the night before the survey. Although the prevalence of malaria infection decreased when at 219 

least some children slept under the ITNs, there was no definite association between use of ITNs the 220 

night before and U5 malaria in the study population. While other studies had reported up to 10-fold 221 

decrease in under 5 malaria due to use of ITNs (20), our data suggest that the use of ITNs alone may 222 

not be sufficient for effective malaria control and elimination as opined by others (22).   223 
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At the household level, we found strong association between several assessed demographic and 224 

socioeconomic determinants. High number of household members but not the number of U5 children 225 

significantly increased malaria risk, especially when this number exceeds seven members. As previous 226 

studies have found that Anopheles mosquitoes are attracted to higher concentration of carbon dioxide 227 

as well as human odour (23), it is therefore plausible that larger households in our data are more likely 228 

to have an increased risk of mosquito bites.  229 

Furthermore, our data suggest that children with educated mothers had less odds of malaria. As mother’s 230 

education is often used as a proxy for household wealth (24), previous studies have found a reduced 231 

risk of malaria in wealthier households (25). There is the consistent trend in association between the 232 

household wealth index, an indicator related to other household determinants that impact on malaria 233 

incidence, with the poor suffering the brunt of malaria cases and perhaps mortality. Maternal education 234 

profoundly affects the household perception of malaria preventive measures, including acceptability 235 

and practice of malaria control interventions (26). Putative causal relationship has been reported for the 236 

impact of mother’s level of education to U5 malaria (27). Wealth index is closely related to educational 237 

level and has been shown in this study to reduce malaria risks, consistently showing a negative 238 

association between household wealth and risk of under 5 malaria. Because wealth impacts other indices 239 

like education, housing, household nutrition, area of residence and health seeking behaviour, it is 240 

arguably a major determinant of U5 malaria (26, 28). Although malaria can be rightly described as a 241 

disease of poverty (29), no association was found in some studies between chronic malnutrition and U5 242 

malaria (30), suggesting a more complex relationship.  243 

Also, household domestic water sources that promote availability of stagnant water will directly impact 244 

the breeding capacity of malaria vectors, indirectly worsening malaria transmission among U5 children. 245 

Potable water resources and indoor residual spraying are key malaria intervention efforts targeted at the 246 

disease vectors that has recorded significant success in malaria transmission in several diverse settings 247 

(26, 31, 32). Indeed, termination of indoor residual spraying intervention was reported in a study to 248 

result in rebound of prevalence to epidemic proportion (33).  249 
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At the community level, residence in urban or rural areas can impact malaria infection in U5 children 250 

mainly related to associated factors like population density, proximity to favourable vector breeding 251 

sites, agricultural projects, and closeness to health facilities. Like other studies, we also found that 252 

residence in rural areas and suburbs can worsen malaria transmission among U5 children (34, 35). The 253 

low prevalence in urban areas may be related to population density and its impact on the efficacy of 254 

malaria control interventions. Stebbins et al (36) reported variation in the efficacy of ITNs in urban and 255 

rural areas, concluding that ITNs use in urban areas offer benefits beyond individual protection. This 256 

further implicates population density factors, which were not observed in rural settings with more sparse 257 

population. Children U5 in the Northwest region had the highest odds of U5 malaria. They account for 258 

the highest proportion of reliance on open well and spring water for their source of drinking water. Such 259 

water bodies are known for providing suitable breeding sites for the malaria vector. 260 

However, urban and rural areas in SSA have starkly varying types of housing. Tusting et al implemented 261 

a geospatial model to estimate the prevalence of improved housing in Africa (37). Their study defined 262 

‘improved housing’ as houses built with finished materials such as brick and cement, whereas 263 

‘unimproved houses’ were houses built with natural materials such as mud, thatch and less likely to 264 

have door and window screens as well as suitable furniture for mounting ITNs. Although there has been 265 

significant improvement in housing type in the past decade, there remains vast areas with unimproved 266 

housing, mostly in rural settlements. Previous studies have also found that malaria risk is higher in rural 267 

areas (38).  268 

The multilevel results show significant variation in the risk of U5 malaria across sampled clusters and 269 

to some lesser extent across households. About 54.8% of the contextual cluster level variance for 270 

malaria parasitaemia can be explained by individual, household and community level fixed effect 271 

predictors. Averaging of the cluster-level variations by State shows that the contextual variations in U5 272 

malaria risk are lower in most States in the southern region and higher in States in the Northern region. 273 

This suggests that U5 malaria is not constant in Nigeria and varies across clusters and States with 274 

clusters and States in Northern region significantly above the national average. It therefore implies that 275 

region-specific approach to interventions will yield reliable outcomes than a one-size fits all approach. 276 
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The sharp decrease in the cluster level median odds ratio after controlling for individual, household and 277 

community-level factors, again signify the important role these factors play in malaria 278 

transmission/intervention. While a spatially explicit analysis was not performed in this work, there is 279 

likely a spatial pattern in our prevalence estimates, given that Nigeria has distinct climate, socio-280 

economic and environmental characteristics between its region. We therefore believe that these are 281 

significant contributing factors to regional variations in U5 malaria transmission. It will be interesting 282 

to thoroughly investigate these regional variations in U5 malaria transmission within a spatial 283 

framework. 284 

Strengths and limitations 285 

The large and nationally representative study population is an important strength of the study. 286 

Parasitaemia was diagnosed through microscopy, which is the gold standard. Also, the study was able 287 

to identify individual, household and community level predictors of U5 malaria in Nigeria, thus 288 

provides information that will favour design of suitable intervention. Given that the data resulted from 289 

cross-sectional designs, causal relationship between explanatory variables and U5 parasitaemia cannot 290 

be assumed. 291 

Conclusion 292 

Malaria remains a substantial public health burden in Nigeria, especially in U5 children despite 293 

sustained investment in malaria control and prevention. A quarter of the overall study population of 294 

U5s suffer from malaria. Across the six geopolitical zones, the highest burden was in children living in 295 

poorest rural households. Based on the variations in U5 malaria risk across regions in Nigeria, region-296 

specific interventions will be more beneficial in reducing the burden of malaria than a one size fits all 297 

approach. 298 
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