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Abstract

Background: To reduce the malaria burden in Nigeria, the country is scaling up prevention and treatment interven-
tions, especially household ownership and use of insecticide-treated nets (ITNs). Nevertheless, large gaps remain to
achieve the goals of the National Malaria Strategic Plan 2014-2020 of universal access to ITNs and their increased
use. To inform the targeting of intervention strategies and to maximize impact, the authors conducted a sub-national
profiling of household ITN ownership and use in the general population to identify key predictors of ITN ownership
and use, and the sub-groups that are at higher risk of low ITN coverage and use.

Methods: The authors conducted a secondary analysis of data from the 2015 Nigeria Malaria Indicator Survey. Using
the Chi square automatic interaction detector (CHAID) and multiple logistic regression analysis, the authors examined
the key predictors of TN ownership and use in the general population throughout Nigeria.

Results: The CHAID models identified region of the country as the best predictor of household ownership of at

least one ITN and its use in the general population, with higher ownership and use observed in the northern regions.
The odds of a household owning an ITN were five times greater in the North West region compared with the North
Central region (odds ratio [OR] =5.47, 95% confidence interval [Cl] 4.46-6.72, p <0.001). The odds of ITN use were two
times greater for those living in the North West region compared with the North Central region (OR=2.04, 95% Cl
1.73-241, p<0.001). Other significant predictors were household size, head of household education level, household
wealth quintile, and place of residence. The CHAID gain index results identified households in the South West, North
Central and South Central regions with low ITN ownership, and the general population in the South South, South East
and North Central regions with low TN use.

Conclusions: This study reveals regional differences in ITN ownership and use in Nigeria. Therefore, the findings from
this analysis provide evidence that could inform the NMEP to better target future campaign and routine distribution
of ITNs, to achieve universal access and increased use by 2020 in Nigeria.
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Background

Malaria is a major public health issue in Nigeria, with
100% of the population at risk [1]. The country has the
highest proportion of malaria cases (27%) and estimated
malaria deaths (30%) globally; nationally, the malaria bur-
den accounts for 60% of outpatient visits to health facili-
ties and 30% of child mortality [2]. The geographic spread
of the malaria burden is heterogeneous in the country,
with the highest prevalence among children ages 6 to
59 months in the North Central, North East and North
West regions, and the lowest prevalence in the South
East region [3].

To reduce the malaria burden, the Government of
Nigeria, through the National Malaria Elimination Pro-
gramme (NMEP) and in collaboration with partners, is
scaling up malaria prevention and treatment interven-
tions in line with the goals of the National Malaria Stra-
tegic Plan (NMSP) 2014—2020. Under this strategic plan,
the NMEP is striving to increase insecticide-treated
net (ITN) ownership coverage and raise awareness to
increase ITN use [4]. The NMEP employs a mixed-model
approach for ITN distribution that includes free mass dis-
tribution campaigns and continuous distribution of ITNs
to supplement the mass campaigns. Continuous distribu-
tion relies on several routine health service delivery chan-
nels: immunization campaigns; antenatal care (ANC); the
integrated maternal, newborn, and child health week;
school-based distribution; community-based distribu-
tion; and, distribution through the commercial sector [3].
Between 2014 and 2016, more than 60 million ITNs were
distributed, which helped increase household ownership
of at least one ITN from 8% in 2008 to 69% in 2015 [2, 3,
5]. The majority of households (77%) received their ITNs
through free mass distribution campaigns [3]. Following
the recommendation by the WHO, the ITNs distributed
by the NMEP have been long-lasting, insecticide-treated
nets (LLINs) [6]. LLIN brands distributed in these mass
campaigns include Duranet, Iconlife, Interceptor, Net-
protect, Olyset and Permanet [3]. Household owner-
ship of at least one LLIN also reached 69% in 2015 [3].
In Nigeria, most ITNs owned by households are LLINS,
this is reflected in the matching proportions of house-
holds owning an ITN (68.8%) and households owning
an LLIN (68.7%) in 2015 [3]. This indicates that the ITNs
households own are LLINs. Therefore, in this study, both
LLINs and nets that have been soaked with insecticides
in the past 12 months will be referred to as ITNs.

To complement the ITN distribution efforts, the
NMEP has also implemented advocacy, communication
and social mobilization (ACSM) campaigns to improve
knowledge of malaria prevention and control practices,
create demand and increase the use of ITNs. Through
these efforts, ITN use among the general population,
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children under 5, and pregnant women has increased sig-
nificantly since 2008 [3, 7].

Despite the improvements observed in ITN ownership
and use at the national level, large gaps remain to reach
the goals of the NMSP 2014-2020 of universal access
to ITNs and 80% ITN use among targeted populations
by 2020 [8]. The increase in ITN ownership and use has
also been uneven, with differences seen in household
ITN ownership and use by place of residence, region of
the country and household wealth quintile [3]. This study
was conducted to guide future ITN strategies and invest-
ments to maximize impact, increase proportionate cov-
erage and enhance progress toward the universal access
target of all populations at risk of malaria. It examined
sub-national profiles of household ownership of ITNs
and ITN use in the general population to identify the best
predictors of ITN ownership, use and which specific sub-
groups to target.

Methods

Study design

This cross-sectional study consisted of a secondary analy-
sis of the 2015 Nigeria Malaria Indicator Survey (NMIS).
The outcomes of interest were household ownership of
at least one ITN and ITN use in the general population.
The 2015 NMIS was conducted between October and
November 2015. The National Population Commission
developed the sampling frame used for the survey, which
represented all 36 states of Nigeria. For more information
on the NMIS, see http://www.DHSprogram.com.

Statistical analysis
The analysis was conducted in three phases.

Phase 1: Selecting potential predictors The authors cal-
culated percentage estimates and conducted Chi square
tests to assess the associations among each of the out-
comes of interest and sociodemographic variables. Varia-
bles that were significantly associated with the outcomes
of interest were retained as predictor variables. The indi-
vidual and household-level variables were gender and
age of the child, women’s age, women’s education level,
parity, mother’s education level, education level of house-
hold head, place of residence, region, household wealth
quintile, household size, and number of ITNs owned by
the household.

Phase 2: Running Chi square automatic interaction
detector (CHAID) modelling The authors ran a CHAID
model for each outcome of interest. CHAID model-
ling uses a multi-level successive fitting algorithm. At
each level, the model identifies the predictor variable
that has the strongest association with the outcome of
interest. The output of the analysis is a hierarchical tree
with various levels (or branches), allowing for a visual
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representation of the relationship among the predictor
variables and the outcome of interest. The first level of
the tree represents the predictor variable that has the
strongest interaction with the outcome of interest; this
is also considered the root node. The root node is split
into parent nodes (or leaves) for each category of the pre-
dictor variable that is significantly different based on a
significance level of p<0.05. Each parent node is further
divided into child nodes by variables with a significant
association until no further significant predictors are
observed in the various subgroups. These end nodes are
considered terminal nodes [9].

For each terminal node, the model provides informa-
tion on the node percentage, the gain percentage, the
response percentage, and the gain index percentage. The
node percentage represents the demographic weight of
the node in the sample. The gain percentage is the pro-
portion of overall cases in the sample represented in the
node. The response percentage refers to the proportion
of cases with the outcome of interest in the node. The
gain index percentage is the ratio of the response per-
centage in the node and of the overall sample. Gain index
percentages greater than 100% represent a higher prob-
ability of experiencing the outcome of interest compared
with the overall population [9].

For the CHAID models, the following criteria were
used: a maximum tree depth of three levels, a minimum
of 100 cases per parent node, and a minimum of 50 cases
per child node. To identify the sub-groups that had lower
coverage or uptake of interventions, the authors set the
target category for the CHAID models to those who did
not receive the intervention (e.g., household does not
own an ITN) or did not practice the behaviour (e.g., ITN
use).

Phase 3: Running a logistic regression The authors ran
multiple logistic regression models for each outcome
of interest with the most significant predictor variable
identified in the CHAID analysis to estimate the odds
ratio (OR). Select background characteristics that were
assessed in the first phase of the analysis were controlled
for in each model.

Results

Household ownership of ITNs

Household ownership of ITNs by sociodemographic
characteristics

Household ownership of at least one ITN varied signifi-
cantly by region, with the highest ownership observed in
the North West region (90.6%; p<0.0001) and the low-
est ownership observed in the South West region (53.0%;
p<0.0001). ITN ownership was inversely proportional
to household wealth quintile and education level of the
household head, with the highest coverage observed in
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Table 1 Percentage of household ownership of at least
one ITN by background sociodemographic characteristics

Background characteristic ITN
ownership
(%)

Chi square p value

Education level of the household 0.0004
head
None 72.0
Primary 71.8
Secondary or higher 64.9
Place of residence 0.0004
Urban 63.0
Rural 72.7
Region <0.0001
North Central 554
North East 796
North West 90.6
South East 64.0
South South 639
South West 53.0
Household wealth quintile <0.0001
Lowest 86.1
Second 735
Middle 68.7
Fourth 64.2
Highest 57.7
Household size <0.0001
1-4 members 62.0
5-7 members 724
8 or more members 832

the lowest wealth quintile (86.1%; p <0.0001) and among
those with no formal education (72.0%; p <0.001). House-
hold ownership also varied significantly by place of resi-
dence and household size, with the highest ownership
among households in rural areas (72.7%; p<0.001) and
large-size households (eight or more members) (83.2%;
p<0.0001) (Table 1).

Profiles of household ITN ownership

To identify the sociodemographic profile of household
ownership of at least one ITN, the five variables with a
significant association with ITN ownership were included
in the CHAID model: education level of the house-
hold head, region, place of residence, household wealth
quintile, and household size. The model retained all five
variables and consisted of 31 nodes, 19 of which were
terminal nodes. Region of the country was the strong-
est predictor of household ITN ownership (p<0.001)
and was split into five parent nodes: North West (Node
1), North East (Node 2), North Central and South South
(Node 3), South West (Node 4), and South East (Node 5).
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Node 0: Root Node
Category % N
HH doesn’t own 32.4 2,499
ITN
HH owns ITN 67.6 5213
Total 100.0 7,712
Region
p-value<0.001
Node 1: North West Node 2: North East Node 3: North Central & Node 4: South West Node 5: South East
South South
Category % N Category % N Category % N Category % N Category % N
HH doesn’t own ITN 10.7 166 HH doesn't own ITN 225 269 HH doesn’townITN 413 1093 HH doesn’town ITN 455 602 HH doesn’town ITN 379 369
HH owns ITN 89.3 1,381 | |HH ownsITN 775 927 | |HH ownsITN 587 1,555 | |HHownsITN 545 722 | [HHownsITN 63.0 628
Total 20.1 1,547 Total 15.5 1,196 | |Total 343 2,648 | |Total 172 1,324 Total 12.9 997
Fig. 1 CHAID tree diagram for household ownership of at least one ITN. HH households, N number of households

Household ITN ownership was observed to be the high-
est in the North West region (89.3%) and the lowest in
the South West region (54.5%) (Fig. 1).

Node 1: North West region For households in the North
West region, education level of the household head was
the strongest predictor of ITN ownership (p<0.05) and
was split between households in which household heads
had no education (Node 6) and those in which household
heads had a primary or higher level of education (Node
7). Households in which household heads had no educa-
tion had slightly less ITN ownership (87.6%) compared
with those in which household heads had some form of
education (91.6%). Place of residence was the next best
predictor among households in which household heads
had some form of education (p<0.05); among those,
household ITN ownership remained high in both urban
and rural areas, at 88.8% in urban areas (Node 17) and
93.8% in rural areas (Node 18) (Fig. 2a).

Nodes 2—4: North East, North Central and South South,
and South West regions For households in the North
East (Node 2), North Central and South South (Node 3)
and South West (Node 4) regions, household size was
the best predictor of ITN ownership (p<0.001). In the
North East, households were split into small-size house-
holds (one to four members) (Node 8), and medium (five
to seven members) and large-size households (eight or
more members) (Node 9). Lower ITN ownership cover-
age was observed in small-size households (72.5%) com-
pared with medium and large-size households (80.8%).
Among small-size households in the North East, wealth
index was also a significant predictor of ITN ownership
(p<0.05) (Fig. 2b). Households in the North Central and
South South regions were split by household size, with
lower coverage observed in small-size households (Node

10, 53.4%) compared with those in medium to large-size
households (Node 11, 64.8%). In small-size households,
place of residence was a further significant predictor of
ITN ownership (p<0.001). In medium and large-size
households, education level of the household head was a
further significant predictor of ITN ownership (p<0.05)
(Fig. 2c). The South West region had three splits: small-
size households (Node 12), medium-size households
(Node 14), and large-size households (Node 13). The low-
est ITN coverage was observed in small-size households
(50.0%) and the highest in large-size households (74.0%).
In medium-size households, place of residence was a
further significant predictor of ITN ownership (p <0.05)
(Fig. 2d).

Node 5: South East region For households in the
South East region, place of residence was the best
predictor of ITN ownership (p<0.001), with higher
ownership observed in urban areas (Node 15, 69.1%)
compared with rural areas (Node 16, 55.3%). In urban
areas, household wealth quintile was a further signifi-
cant predictor of ITN ownership (p<0.001). ITN own-
ership was highest in households in the lowest three
wealth quintiles (84.0%). In rural areas, household size
was a further significant predictor of ITN ownership
(p<0.05), split into small-size households (Node 30,
48.3%) and medium to large-size households (Node 31,
65.4%) (Fig. 2e).

Gain index

The gain index results for household ITN ownership
highlight four sub-groups to target, based on their over-
all contribution to the proportion of households that do
not own an ITN (gain percentage). These sub-groups are
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a Node 1: North West

Category % N
HH doesn't own ITN 10.7 166
HH owns ITN 89.3 1,381
Total 20.1 1,547

Education Level of the
HH Head
p-value <0.050

Node 6: No Education Node 7: Primary, Secondary or Higher

Category % N Category % N

HH doesn't own ITN 12.4 113 HH doesn't own ITN 8.4 53
HH owns ITN 87.6 800 HH owns ITN 91.6 581
Total 11.8 913 Total 8.2 634

Place of Residence
p-value <0.050

Category % N Category % N

HH doesn't own ITN 11.2 31 HH doesn't own ITN 6.2 22
HH owns ITN 88.8 247 HH owns ITN 93.8 334
Total 3.6 278 Total 4.6 356

b Node 2: North East

Category % N
HH doesn't own ITN 22.5 269
HH owns ITN 77.5 927
Total 15.5 1,196

HH Size
p-value <0.001

Node 8: 1-4 Members Node 9: 5-7 and 8+ Members

Category % N Category % N

HH doesn't own ITN 27.5 131 HH doesn't own ITN 19.2 138
HH owns ITN 72.5 346 HH owns ITN 80.8 581
Total 6.2 477 Total 9.3 719

HH Wealth Quintile
p-value <0.050

Node 19: Lowest and Fourth Node 20: Second, Middle, and Highest

Category % N Category % N

HH doesn't own ITN 18.7 32 HH doesn't own ITN 324 99
HH owns ITN 81.3 139 HH owns ITN 67.6 207
Total 2.2 171 Total 4.0 306

Fig. 2 CHAID tree diagram for household ownership of at least one ITN. a North West, b North East, ¢ North Central and South South, d South West
regions and e South East region
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c Node 3: North Central and South
South

Category % N
HH doesn't own

41. 1,
TN 3 093
HH owns ITN 58.7 1,555
Total 343 2,648

HH Size
p-value <0.001

Node 10: 1-4 Members

Node 11: 5-7 and 8+ Members

Category % N
HH doesn't own

TN 46.6 659
HH owns ITN 53.4 755
Total 18.3 1,414

Category % N
HH doesn't own

2
TN 35 434
HH owns ITN 64.8 800
Total 16.0 1,234

Place of Residence
p-value <0.001

Node 21: Urban Node 22: Rural

Education Level of the
HH Head
p-value <0.050

Node 23: None N.ode 24: Primary and Secondary or
higher

Category % N Category % N Category % N Category % N
HH doesn't own HH doesn't own HH doesn't own HH doesn't own

IT™N 53.3 291 TN 42.4 368 TN 43.2 136 TN 324 298
HH owns ITN 46.7 255 HH owns ITN 57.6 500 HH owns ITN 56.8 179 HH owns ITN 67.6 621
Total 7.1 546 Total 113 868 Total 4.1 315 Total 11.9 919

Fig. 2 (continued)

small-size households in the South West region (Node
12, gain: 16.6%), small-size households in the North Cen-
tral and South South regions in both urban and rural
areas (Node 21, gain 11.6%; Node 22, gain: 14.7%), and
medium and large-size households in the North Central
and South South regions with a household head educa-
tion level of primary or higher (Node 24, gain: 11.9%).
These four sub-groups represent 55% of all households
that do not own ITNs out of the whole population, but
they account for 41% of the overall population (Table 2).

Multiple logistic regression for household ownership

of an ITN and region

The odds of a household owning an ITN decreased sig-
nificantly in the southern regions compared with the
northern regions, with the greatest odds of owning an
ITN in the North West (OR=5.47, 95% CI 4.46-6.72,
p<0.001) and North East (OR=2.32, 95% CI 1.94-2.77,

p<0.001) regions compared with the North Central
region (Table 3). There was also a significant association
between household ITN ownership and education level
of the household head, household wealth quintile, and
household size. Households in which the household head
had a primary education (OR=1.54, 95% CI 1.31-1.79,
p<0.001) or secondary or higher education (OR=1.38,
95% CI 1.20-1.59, p<0.001) had greater odds of owning
an ITN compared with households in which the house-
hold head had no education. Medium-size households
(OR=1.49, 95% CI 1.33-1.67, p<0.001) or large-size
households (OR=1.91, 95% CI 1.62-2.25, p<0.001) had
greater odds of owning an ITN compared with small-
size households. In addition, all households in the lower
wealth quintiles had greater odds of owning an ITN com-
pared with households in the highest wealth quintile,
with the greatest odds of owning an ITN among house-
holds in the lowest wealth quintile (OR=2.08, 95% CI
1.59-2.72, p<0.001) (Table 3).
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d Node 4: South West

Category % N
HH doesn't own

. 2
TN 45.5 60
HH owns ITN 54.5 722
Total 17.2 1,324

HH Size
p-value <0.001

Node 12: 1-4 Members

Node 13: 8+ Members

Node 14: 5-7 Members

Category % N Category % N Category % N
HH doesn't own HH doesn't own HH doesn't own

ITN 50.0 415 TN 26.0 19 ITN 39.9 168
HH owns ITN 50.0 415 HH owns ITN 74.0 54 HH owns ITN 60.1 253
Total 10.8 830 Total 0.9 73 Total 5.5 421

Node 25: Urban Node 26: Rural

Place of Residence
p-value <0.050

Category % N Category % N

HH doesn't own HH doesn't own

TN 43.2 136 TN 323 41
HH owns ITN 56.8 179 HH owns ITN 67.7 86
Total 3.8 315 Total 1.6 127

Fig. 2 (continued)

ITN use in the general population

ITN use by sociodemographic characteristics

ITN use in the general population varied significantly by
region, with the highest use observed in the North West
region (54.4%; p <0.0001) and the lowest use in the South
West region (21.1%; p <0.0001) (Table 4). As with house-
hold ITN ownership, ITN use was inversely proportional
to household wealth quintile and education level of the
household head. The highest ITN use was observed
among households in the lowest wealth quintile (52.7%;
p<0.0001) and whose household head had no formal
education (40.8%; p<0.0001). ITN use was also signifi-
cantly higher among those living in rural areas (42.1%;
p<0.0001) and among large-size households (eight or
more members) (41.7%; p <0.001) (Table 4).

Profiles of ITN use in the general population

The CHAID model included the following predictor
variables: education level of the household head, region,
place of residence, household wealth quintile, and house-
hold size. The final model retained all predictor variables
and consisted of 55 nodes, 35 of which were terminal
nodes. Region of the country was the best predictor of
ITN use (p<0.001) and was split into five parent nodes:
North West (Node 1), North East (Node 2), North Cen-
tral (Node 3), South West and South East (Node 4), and
South South (Node 5). ITN use in the general population
was the lowest in the South West and South East regions
(21.4%) and the highest in the North West region (53.6%)
(Fig. 3).
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e Node 5: South East
Category % N
HH doesn't own
TN 37.0 369
HH owns ITN 63.0 628
Total 12.9 997

Node 15: Urban Node 16: Rural

Category % N Category % N
HH doesn't own HH doesn't own
TN 309 173 TN 44.7 196
HH owns ITN 69.1 386 HH owns ITN 55.3 242
Total 7.2 559 Total 5.7 438
HH Wealth Quintile HH Size
p-value <0.001 p-value <0.050

Node 27: Fourth

Node 28: Highest

Node 29: Lowest, Second, and Middle

Node 30: 1-4 Members

Node 31: 5-7 and 8+ Members
% N

Category % N Category % N Category % N Category % N Category

:':doesn't own 314 48 :-:doesn'( own 451 93 :1':‘ doesn't own 16.0 3 ﬁ: doesn't own 517 134 :‘-‘r:‘ doesn't own 246 62

HH owns ITN 68.6 105 HH owns ITN 54.9 113 HH owns ITN 84.0 168 HH owns ITN 483 125 HH owns ITN 65.4 117

Total 2.0 153 Total 2.7 206 Total 2.6 200 Total 3.4 259 Total 2.3 179

Fig. 2 (continued)
Table 2 CHAID gain index for household ownership of at least one ITN
Node Description of node Node Gain Do Index
— not own
N % N % TN%
21 North Central and South South regions; small-size households; urban area 546 7.1 291 116 533 164.5
30 South East region; rural area; small-size households 259 34 134 54 517 159.7
12 South West region; small-size households 830 108 415 166 500 1543
28 South East region; urban area; highest wealth quintile 206 27 93 37 451 1393
25 South West region; medium-size households; urban area 294 38 127 51 432 1333
23 North Central and South South regions; medium and large-size households; no formal education 315 4.1 136 54 432 133.2
22 North Central and South South regions; small-size households; rural area 868 113 368 147 424 130.8
31 South East region; rural area; medium and large-size households 179 23 62 25 346 106.9
24 North Central and South South regions; medium and large-size households; primary or higher 919 119 298 119 324 100.1
level of education

20 North East region; small-size households; highest, middle, and second wealth quintiles 306 40 99 40 324 99.8
26 South West region; medium-size households; rural area 127 16 41 16 323 996
27 South East region; urban area; fourth wealth quintile 153 20 48 19 314 96.8
13 South West region; large-size households 73 09 19 08 260 80.3
9 North East region; medium and large-size households 719 93 138 55 192 59.2
19 North East region; small-size households; lowest and fourth wealth quintiles 171 22 32 13 187 578
29 South East region; urban area; lowest three wealth quintiles 200 26 32 13 160 494
6 North West region; no formal education 913 118 113 45 124 38.2
17 North West region; primary or higher level of education; urban area 278 36 31 12 M2 344
18 North West region; primary or higher level of education; rural area 3% 46 22 09 62 19.1
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Table 3 Multiple logistic regression of household
ownership of at least one ITN

Explanatory variable 0Odds ratio (95% Cl)

Education level of the household head

None 1.00 (reference)
Primary 1.54 (1.31-1.79)
Secondary or higher 1.38 (1.20-1.59)

Place of residence

Urban 1.00 (reference)
Rural 0.97 (0.86-1.10)
Region
North Central 1.00 (reference)
North East 232(1.94-2.77)
North West 5.47 (446-6.72)
South East 1.35(1.13-1.61)
South South 1.20 (1.02-1.41)
South West 1.03 (0.88-1.21)
Household wealth quintile
Highest 1.00 (reference)
Fourth 1.25(1.08-1.45)
Middle 1.55(1.31-1.84)
Second 140 (1.13-1.73)
Lowest 2.08(1.59-2.72)

Household size

1-4 members 1.00 (reference)
5-7 members 1.49 (1.33-1.67)
8 or more members 1.91 (1.62-2.25)

Node 1: North West region In the North West region
(Node 1), household size was the most significant pre-
dictor of ITN use (p<0.001), split between small-size
(Node 6), large-size (Node 7), and medium-size (Node 8)
households. ITN use was highest among those living in
small-size households (63.5%) and lowest among those
living in large-size households (49.1%). In small, medium,
and large-size households, household wealth quintile was
the most significant predictor of ITN use (p <0.001), with
significantly higher ITN use observed among those living
in households from the lower wealth quintiles (Fig. 4a).

Node 2: North East region In the North East region
(Node 2), household wealth quintile was the most sig-
nificant predictor of ITN use in the general population
(p<0.001), split among the second and fourth wealth
quintiles (Node 9), the highest wealth quintile (Node
10), the middle wealth quintile (Node 11), and the lowest
wealth quintile (Node 12). Among those living in house-
holds in the second and fourth wealth quintiles (Node 9)
and the lowest wealth quintile (Node 12), a further signif-
icant predictor of ITN use was household size (p<0.001
for both nodes). Among those from households in the
middle and highest wealth quintiles (Nodes 10 and 11),
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a further significant predictor of ITN use was the head
of household education level (p<0.01 for both nodes)
(Fig. 4b).

Node 3: North Central region In the North Central
region (Node 3), place of residence was the most signifi-
cant predictor of ITN use (p<0.001), with significantly
higher use observed among those living in rural areas
(Node 14, 35.2%) compared with urban areas (Node
13, 20.7%). In urban areas, household size was a further
significant predictor of ITN use (p<0.001). Household
wealth quintile was also a further significant predictor of
ITN use among those living in rural areas (p <0.001), with
the highest ITN use observed among those from house-
holds in the second and third wealth quintiles (Node 43,
37.7%) and the lowest among the highest wealth quintile
(Node 42, 11.3%) (Fig. 4c).

Node 4: South West and South East regions In the South
West and South East regions (Node 4), household wealth
quintile was the most significant predictor of ITN use
(p<0.001). Household wealth was split into three nodes:
the top two wealth quintiles (Node 15), the middle wealth
quintile (Node 16), and the lowest two wealth quintiles
(Node 17). Significantly higher ITN use was observed
among those from the lowest two wealth quintiles
(40.5%). Among those from the top two wealth quintiles
(Node 15) and those from the lowest two wealth quintiles
(Node 17), region of the country was a further signifi-
cant predictor of I'TN use (p <0.001), split between those
from the South West and South East regions. Among
those from the middle wealth quintile (Node 16), place of
residence was a further significant predictor of ITN use
(p<0.001) (Fig. 4d).

Node 5: South South region In the South South region
(Node 5), household wealth quintile was the most sig-
nificant predictor of ITN use (p<0.001), split between
the lowest and fourth wealth quintiles (Node 18), the
highest wealth quintile (Node 19), and the second and
middle wealth quintiles (Node 20). The highest ITN use
was observed among those from the second and mid-
dle wealth quintiles (Node 20, 35.5%). Among those
from the lowest and fourth wealth quintiles and the sec-
ond and middle wealth quintiles, place of residence was
the most significant predictor of ITN use (p<0.001 for
both nodes). Among the highest wealth quintile, house-
hold size was the most significant predictor of ITN use
(p<0.01) (Fig. 4e).

Gain index

The gain index for ITN use in the general population
highlights two sub-groups with the largest proportion
of non-ITN users: those from the South South region in
the fourth and lowest wealth quintiles in the urban areas
(Node 50, gain: 12.6%) and those from the South East
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Table 4 Percentage of ITN use in the general population
by background sociodemographic characteristics

Background characteristic ITN use (%) Chisquare p-value

Education level of the household <0.0001
head
None 40.8
Primary 344
Secondary or higher 276
Place of residence <0.0001
Urban 293
Rural 421
Region <0.0001
North Central 30.2
North East 454
North West 544
South East 212
South South 289
South West 21.1
Household wealth quintile <0.0001
Lowest 527
Second 44.7
Middle 396
Fourth 27.8
Highest 219
Household size <0.0001
1-4 members 356
5-7 members 348
8 or more members 41.7

region in the top two wealth quintiles (Node 45, gain:
9.8%). Other sub-groups with low ITN use in the gen-
eral population are those from the North Central region
in the second and middle wealth quintiles in rural areas
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(Node 43, gain: 8.7%); those from the South South region
in the fourth and lowest wealth quintiles in rural areas
(Node 51, gain: 4.4%); those from the North East region
in the fourth and second wealth quintiles and from large-
size households (Node 30, gain: 4.3%); and those from
the North Central region in the fourth and lowest wealth
quintiles in rural areas (Node 41, gain: 4.0%) (Table 5).

Multiple logistic regression of ITN use in the general
population

Compared with the North Central region, the general
population in the North East (OR=1.57, 95% CI 1.32—
1.86, p<0.001) and North West (OR=2.04, 95% CI 1.73—
2.41, p<0.001) regions had greater odds of using an I'TN.
The general population in the South East (OR=0.64,
95% CI 0.52-0.79, p<0.001) and South West regions
(OR=0.75, 95% CI 0.62-0.90, p<0.05) had lower odds
of ITN use. Significant associations were also observed
among ITN use in the general population and education
level of the household head and household wealth quin-
tile, with greater odds of ITN use among households in
which the household head had a primary level of edu-
cation (OR=1.2, 95% CI 1.03-1.39, p<0.05) compared
with no education, and among those in the lower wealth
quintiles compared with those in the highest wealth
quintiles. The lowest wealth quintile had greater odds
(OR=3.26, 95% CI 2.53-4.20, p<0.001) of ITN use com-
pared with the highest wealth quintile (Table 6).

Discussion

This study examined sub-national profiles of household
ownership of at least one ITN and ITN use in the general
population. The CHAID analysis indicates that region of
the country is the best predictor of both household ITN
ownership and ITN use. Other significant predictors of

Node 0: Root Node

Category

% N

No ITN use

ITN use
Total

64.3 24,165

357 13,144
100.0 37,609

Region
p-value<0.001

Node 1: North West

Node 2: North East Node 3: North Central

Node 4: South West and

Node 5: South South

South East

Category % N Category % N Category % N Category % N Category % N

No ITN use 464 4263 | |[NoITN use 57.1 4,095 | [NoITN use 69.1 4791 | [NoITN use 78.6 7281 | [NoITNuse 738 3,735
ITN use 53.6 4918 ITN use 429 3,081 | |ITN use 309 2,142 | [ITNuse 214 1,980 ITN use 262 1323
Total 24.4 9,181 Total 19.1 7,176 | [Total 184 6,933 ||Total 24.6 9,261 | |Total 134 5,058

Fig. 3 CHAID tree diagram for the general population who did not use an [TN the previous night. HH households, N number of households
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Node 1: North West

Category % N
No TN use 464 4,263
ITN use 536 4,918
Total 204 9,181

HH Size
p-value <0.001

Node 6: 1-4 Members

HH Wealth Quintile
p-value <0.001

Node 7: 8+ Members

Category Category % N Category % N

No TN use. 365 603 No TN use 509 2235 No ITN use 455 1425
ITN use 635 1,051 TN use 491 2159 ITN use 545 1,708
Total a4 1654 Total 17 439 Total 83 3133

HH Wealth Quintile
p-value <0.001

Node 8: 5-7 Members

HH Wealth Quintile
p-value <0.001

Node 21: Fourth and Highest Node 22: Second and Middle Node 24: Fourth and Highest ;‘j::lm Lowest, Second, and Node 26: Middle and Fourth
iddle

Category % N Category % N Category % N Category % N Category % N Category % N Category % N Category % N
NoITN use 489 133 No ITN use 70 2 No ITN use 01 178 No ITN use 584 369 No ITN use 494 1809 No ITN use 497 314 No ITN use 647 123 No ITN use 28 988
I use 511 139 TN use 630 498 N use 699 a1 MM use a6 628 M use 506 1,856 N use 503 318 M use B3 67 N use 572 1323
Total 07 m Total 21 790 Total 16 52 Total 19 997 Total 97 3665 Total 17 632 Total 05 190 Total 61 2311
b T ——

NolNuse 571 4095

MNuse 29 3081

Total 191 776

Node 29:1-4 Members Node 30: 8+ Members Node 31:5-7 Members

HH Wealth Quintile
p-value <0.001

Node 9: Second and Fourth Node 10: Highest Node 11: Middle Node 12: Lowest

Category % N Category % N Category % N Category % N
No TN use 597 1892 No ITN use: 703 315 NoITN use 557 oa7 No TN use s06 941
IMNuse 03 1278 IMNuse 27 13 ITNuse 43 753 M use 494 917
Total 84 3170 Total 12 448 Total 45 1700 Total 49 1858

p-value

HH Size

<0.001

Edu

Node 32: None and Primary

ication Level of the HR
Head

p-value <0.010

Node 33: Secondary and above

Node 34: None

Education Level of the HR
Head

HH Size

p-value <0.010 p-value <0.001

Node 35 Primary and Secondary
and above

Node 36:1-4 Members Node 37:5-7 and 8+ Members

Cotegory %N Category. %N Category % N Category %N Category. %N Category %N Category N Category %N Category % N
NolNuse 516 330 NolNuse 640 1,029 NolNuse 579 533 NolNuse 560 42 NolNuse 732 273 NomNuse 600 434 | [nomwuse  s2s 513 NolNuse 363 99 NolNuse 531 842
ITN use. a8.4 310 ITN use 36.0 580 TN use 421 388 ITN use. 44.0 33 ITN use. 268 100 ITN use 40.0 289 ITN use 475 464 TN use 63.7 174 ITN use 46.9 743
Total 17 s Total 43 1609 Total 24 on Total 02 75 Total 10 37 | [Toml 19 73 | [ Toul 26 o7 Total 07 213 | | Towl 42 1585
c Node 3: North Central
Category %
No ITN use 69.1 4,791
ITN use 309 2142
Total 184 6933
Place of Residence
p-value <0.001
Node 13: Urban Node 14: Rural
Category % N Category % N
No ITN use 793 1617 No ITN use 648 3174
ITN use 207 4 ITN use 352 1,721
Total 54 2,038 Total 130 43895

HH Size
p-value <0.001

Node 38: 1-4 Members

Node 39: 8+ Members

Node 40: 5-7 Members

HH Wealth Quintile
p-value <0.001

Node 41: Lowest and Fourth

Node 42: Highest

Node 43: Second and Middle

Category % N Category % N Category % N Category % N Category % N Category % N

No ITN use 746 479 No ITN use 845 382 No ITN use 80.1 756 No ITN use 688 961 No ITN use 887 118 No ITN use 623 2,095
ITN use 254 163 ITN use 155 70 ITN use 199 188 ITN use 312 43 ITN use 13 15 ITN use 377 1270
Total 17 642 Total 12 452 Total 25 944 Total 37 1397 Total 04 133 Total 89 3365

Fig. 4 CHAID tree diagram for the general population who did not use an ITN the previous night: a North West, b North East, ¢ North Central, d
South West and South East and e South South region
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Category

Node 4: South West and South
d East

No ITN use

ITN use
Total

% N
78.6 7,281
21.4 1,980
24.5 9,261

HH Wealth Quintile
p-value <0.001

Node 15: Fourth and Hnghest Node 16: Middle Node 17: Lowest and Second

Category Category
No ITN use 83.4 5,426 No ITN use
ITN use 16.6 1,083 ITN use
Total 17.3 6,509 Total

Category
71.7 1,280 No ITN use 59.5 575
283 506 ITN use 40.5 391
4.7 1,786 Total 2.6 966

Region
p-value <0.001

Place of Residence
p-value <0.001

Region
p-value <0.001

Node 44: South West Node 45: South East Node 46: Urban Node 48: South West Node 49: South East

Category Category % N Category

No ITN use 81.1 3,056 No ITN use 86.4 2,370 No ITN use 66.8 595
ITN use 189 711 ITN use 136 372 ITN use 332 296
Total 10.0 3,767 Total 7.3 2,742 Total 2.4 891

Category

e Node 5: South South

Category % N Category Category % N

No ITN use 76.5 685 No ITN use 73.7 317 No ITN use 48.1 258
ITN use 235 210 ITN use 263 113 ITN use 519 278
Total 24 895 Total 11 430 Total 14 53

No ITN use

ITN use
Total

% N
73.8 3,735
26.2 3225}
13.4 5,058

HH Wealth Quintile
p-value <0.001

Node 18: Lowest and Fourth Node 19: Highest Node 20: Second and Middle

Category Category
No ITN use 727 1,428 No ITN use
ITN use 273 536 ITN use
Total 52 1,964 Total

Category
833 1,380 No ITN use 645 927
167 276 ITN use 355 511
44 1656 Total 38 1438

Place of Residence
p-value <0.001

HH Size
p-value <0.010

Place of Residence
p-value <0.001

Node 50: Urban Node 51: Rural Node 52: 1-4 Members Node 53: 5-7 and 8+ Members Node 54: Urban Node 55: Rural

Category Category % N Category Category % N Category Category % N
No ITN use 80.8 366 No ITN use 70.3 1,062 No ITN use 78.9 495 No ITN use 86.0 884 No ITN use 81.3 100 No ITN use 62.9 827
ITN use 19.2 87 ITN use 29.7 449 ITN use 21.1 132 ITN use 14.0 144 ITN use 16.7 23 ITN use 371 488
Total 12 453 Total 4.0 1,511 Total 17 627 Total 2.7 1,029 Total 03 123 Total 35 1,315

Fig. 4 (continued)

both outcomes are household size, head of household
education level, household wealth quintile, and place of
residence.

The heterogenous transmission of malaria across Nige-
ria may best explain why region of the country is the most
significant predictor. The NMEP focuses its ITN distribu-
tion efforts in areas with a high malaria burden. Across
the three northern regions, the prevalence of malaria
in children under five ranges from 26 to 37% compared

with 14 to 19% in the three southern regions (3, 10, 11].
The NMEP uses free mass distribution of ITNs in these
areas, a strategy that has been proven to dramatically
increase household ITN ownership [12-14]. Possession
of ITNs through these means has been shown to increase
ITN use [15]. The NMEP’s ITN distribution strategy is
coupled with ACSM activities, which previous studies
found to significantly generate demand for and increase
the use of ITNs [16—18]. As to the regional differences in
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Table 5 CHAID gain index for ITN use in the general population

Node  Description of node Node Gain Did not use Index
ITN (%)
N % N %
42 North Central; rural; highest wealth quintile 133 04 118 0.5 88.7 138.1
45 South East region; top two wealth quintiles 2742 73 2370 98 864 1345
53 South South region; highest wealth quintile; medium and large-size households 1029 2.7 885 37 860 1339
39 North Central region; urban area; large-size households 452 1.2 382 16 845 131.5
44 South West region; top two wealth quintiles 123 03 100 04 813 126.5
50 South South region; fourth and lowest wealth quintiles; urban area 3767 10.0 3056 126 81.1 126.3
40 North Central region; urban area; medium-size households 453 1.2 366 15 808 125.7
54 South South region; middle and second wealth quintiles; urban area 944 2.5 756 3.1 80.1 124.6
52 South South region; highest wealth quintile; small-size households 627 1.7 495 20 789 1229
47 South West and South East regions; middle wealth quintile; rural area 895 24 685 28 765 119.1
38 North Central region; urban area; small-size households 642 1.7 479 2.0 74.6 116.1
48 South West region; lowest two wealth quintiles 430 1.1 317 13 737 114.7
33 North East region; highest wealth quintile; secondary or higher education level 373 1.0 273 1.1 732 1139
51 South South region; fourth and lowest wealth quintiles; rural area 1511 40 1062 44 703 109.4
41 North Central region; rural area; fourth and lowest wealth quintiles 1397 3.7 961 40 68.8 107.1
46 South West and South East regions; middle wealth quintile; urban area 891 24 595 25 66.8 103.9
27 North West region; medium-size households; highest wealth quintile 190 0.5 123 05 647 100.8
30 North East region; fourth and second wealth quintiles; large-size households 1609 43 1029 43 64.0 995
55 South South region; middle and second wealth quintiles; rural area 1315 35 827 34 629 97.9
43 North Central region; rural area; middle and second wealth quintiles 3365 8.9 2095 8.7 62.3 96.9
34 North East region; middle wealth quintile; no formal education 723 1.9 434 18 60.0 934
24 North West region; large-size households; lowest three wealth quintiles 729 1.9 426 1.8 584 90.9
31 North East region; fourth and second wealth quintiles; medium-size households 921 24 533 22 579 90.1
32 North East region; highest wealth quintile; none or primary level of education 75 0.2 42 02 560 87.2
37 North East region; lowest wealth quintile; medium and large-size households 1585 4.2 842 35 53.1 827
35 North East region; middle wealth quintile; no formal education 977 26 513 2.1 525 81.7
29 North West region; large-size households; lowest three wealth quintiles 640 1.7 330 14 516 80.2
26 North West region; medium-size households; fourth and middle wealth quintiles 632 1.7 314 13 49.7 773
25 North West region; large-size households; lowest three wealth quintiles 3665 9.7 1809 75 494 76.8
21 North West region; small-size households; top two wealth quintiles 272 0.7 133 0.6 489 76.1
49 South East region; lowest two wealth quintiles 536 14 258 1.1 48.1 749
28 North West region; medium-size households; lowest two wealth quintiles 2311 6.1 988 4.1 42.8 66.5
22 North West region; small-size households; middle and second wealth quintiles 790 2.1 292 1.2 370 575
36 North East region; lowest wealth quintile; small-size households 273 0.7 99 04 363 56.4
23 North West region; small-size households; lowest wealth quintile 592 16 178 0.7 30.1 46.8

household ITN ownership, the concentration of ACSM
activities may contribute to the disproportionate use of
ITNs. Household ITN ownership and use were observed
to be the highest in the northern regions compared with
the southern regions, with differences across regions. The
regional differences are also supported by the multiple
logistic regression findings, with the odds of a house-
hold owning an ITN being five times greater in the North
West region compared with the North Central region.

The ITN distribution strategy may also account for
the disproportionate ITN ownership across household
sizes. Medium to large-size households were found to
have higher ownership in the North East, North Cen-
tral, South South, and South West regions compared
with small-size households. de Beyl et al. noted a simi-
lar result, which found that larger size households were
more likely to register and receive ITNs [19]. In addi-
tion to mass distribution campaigns, the NMEP uses
other distribution channels, such as schools, ANC and
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Table 6 Multiple logistic regression of ITN use
by the general population

Explanatory variable

OR (95% Cl)

Education level of the household head

None 1.00 (reference)
Primary 1.20(1.03-1.39)
Secondary or higher 1.13(0.99-1.30)

Place of residence

Urban 1.00 (reference)
Rural 0.98 (0.85-1.11)
Region
North Central 1.00 (reference)
North East 1.57(1.32-1.86)
North West 2.04(1.73-241)
South East 0.64 (0.52-0.79)
South South 1.02 (0.85-1.22)
South West 0.75 (0.62-0.90)
Household wealth quintile
Highest 1.00 (reference)
Fourth 157 (1.32-1.87)
Middle 2.59(2.13-3.14)
Second 2.61(2.08-3.27)
Lowest 3.26 (2.53-4.20)

Household size

1-4 members 1.00 (reference)
5-7 members 0.93 (0.83-1.05)
8 or more members 0.98 (0.85-1.14)

immunization clinics. Employing these channels has
been shown to help maintain ITN coverage and reduce
inequities among vulnerable populations [20, 21]. How-
ever, use of these channels leaves a gap in coverage for
households without young children or a woman who has
attended ANC in the past 2 years to obtain an ITN [22].

Despite higher ITN ownership among medium to
large-size households, ITN use was greater in small-size
households compared with large-size households. These
results were comparable with recent studies, which found
very low intra-household saturation with ITNs among
large households following mass distribution campaigns
[13, 23-26]. Higher use among smaller households may
be indicative of larger households not having enough
ITNs to cover everyone in the household. Several stud-
ies have discovered that improving household access and
having sufficient ITNs were significant predictors of ITN
use [14, 24—28]. Households with higher levels of educa-
tion generally had higher ITN ownership, although this
was a significant predictor in the North Central, South
South and North West regions only; comparable gaps
were found in other studies examining equity in coverage
[29, 30].
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The NMEP has increased its focus on equity among
households in the lowest wealth quintiles and in rural
areas. Children in the lowest wealth quintiles had a dis-
proportionately greater burden of malaria (64%) com-
pared with children in the highest wealth quintiles (13%)
[3]. For children in rural areas, the prevalence of malaria
was significantly higher (56%) compared with children
in urban areas (24%) [3]. There is an overlap between
these populations, and among those living in rural set-
tings, more than 60% are in the lowest two wealth quin-
tiles. Among those living in urban settings, more than
75% are in the top two wealth quintiles [4]. Analogous
to other countries with a high malaria burden, to help
increase ITN ownership across these households, the
NMEP employed free ITN distribution [12, 15, 31-33].
This has led to households in both the lowest wealth
quintiles and in rural areas having higher ITN ownership
[3]. Most households in rural areas were more likely to
own an ITN, except for those in the South East region,
where households in urban areas had higher ITN owner-
ship. There was variability in ITN use across urban and
rural settings. In the South West and South East regions,
ITN use was higher in urban areas, and the opposite was
observed in the North Central and South South regions.
This variance may be linked to the higher ITN owner-
ship found in the urban areas of the South East region
and in the rural areas of the North Central and South
South regions. Higher ITN use among those in the lowest
wealth quintiles and in rural areas reflects the NMEP’s
achievements in reducing inequity, because other
research has found these populations to have the lowest
ITN ownership and use [12, 34].

The CHAID analysis aids in the understanding of vari-
ables that affect household ITN ownership and ITN use
in the general population. Attention to the sub-groups
identified in this research study may help Nigeria pro-
gress toward achieving the goal of universal ITN cover-
age and increase the overall use of ITNs in the general
population. The gain index table provides specific infor-
mation on the sub-groups to better inform intervention
strategies. Efforts focused on increasing net ownership
in small-size households in the South West (Node 21),
North Central (Node 12), and South Central (Node 22)
regions should be considered, as these areas include 43%
of households not owning an ITN, though accounting for
29% of the population. To increase ITN use in the general
population, increased focus needs to be placed on sub-
groups containing households in the lowest and fourth
wealth quintiles in the urban areas of the South South
region (Node 45), the top two wealth quintiles in the
South East region (Node 50), and the second and mid-
dle wealth quintiles in rural areas of the North Central
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region (Node 43), which account for 31% of the popula-
tion that do not use ITNs.

Limitations

This study was a secondary data analysis of the 2015
NMIS and was limited to the data available. The NMIS
sampling methodology was not designed for multiple
stratifications, resulting in smaller sample sizes for this
analysis, which may have limited the number of nodes
and the identification of other potential significant
predictors. Future studies may assess further potential
predictors of I'TN ownership and use beyond the soci-
odemographic characteristics that were examined in
this study.

Conclusions

Nigeria has made significant progress in expanding ITN
coverage and generating demand for and use of ITNs
over the past decade. Despite these efforts, large gaps
remain to achieve universal ITN access and 80% ITN use.
This study reveals the regional differences in ITN own-
ership and use throughout Nigeria and identifies specific
subgroups among small-size households in the South
West, North Central and South Central regions. It also
identified specific sub-groups among households in the
lowest and wealthiest quintiles in the southern regions
that could be targeted and fill the coverage and use gaps.
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