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Abstract

Background Malaria is a leading cause of outpatient visits and deaths among children in Guinea. Despite several
mass distribution campaigns of insecticide-treated nets (ITNs) in Guinea, ITN ownership and use remain low. Identify-
ing the underlying factors affecting household ITN ownership and ITN usage among those with access will allow the
Guinea National Malaria Control Programme to develop targeted initiatives to improve bed net ownership and usage.

Methods To understand national and regional drivers of ITN ownership and use, multivariable binary logistic regres-
sion models were applied to data from the 2018 Demographic and Health Survey to identify risk factors of household
ITN ownership and risk factors of ITN use among individuals with access. Akaike Information Criterion (AIC) was used

for model parameter selection. Odds ratios were estimated with corresponding 95% confidence intervals.

Results The proportion of households in Guinea with at least one TN was 44%, ranging from a low of 25% in Cona-
kry to a high of 54% in Labé. Use of [TNs among those with access was 66.1% nationally, ranging from 35.2% in Labé
t0 89.7% in N'zérékoré. Risk factors for household ITN ownership were household size, marital status of the household
head, education level of the household head, and region. For ITN use among those with access, risk factors were

age, wealth quintile, marital status, and region. In the seven regions of Guinea and capital of Conakry, risk factors for
household ITN ownership were household size in Boké, Faranah, and Kankan; education level of the household head
in Boké, Faranah, and N'zérékoré; age of the household head in Conakry and Labé; children under five in the house-
hold in Kankan; and wealth quintile in Mamou. For TN use among those with access, risk factors were marital status in
Conakry, Faranah, Kindia, Labé, Mamou, and N'zérékoré; place of residence in Labé; children under five in the house-
hold in Labé; wealth quintile in Mamou; and age in Faranah and N'zérékoré.

Conclusions This analysis identified national and region-specific factors that affect ownership and use among those
with access in Guinea. Future ITN and social-behavioural change campaigns in Guinea may particularly want to target
larger households, households without children, and areas with lower perceived risk of malaria if universal coverage
and usage are to be achieved for optimal malaria prevention.
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Background

Insecticide treated-nets (ITNs) are amongst the most
effective vector control tools in malaria-endemic coun-
tries, and an estimated 68% of the decline in malaria
parasite prevalence in Africa between 2001 and 2015
has been attributed to ITNs [1, 2]. The use of ITNs in
children under five years of age in endemic areas sig-
nificantly reduces malaria episodes, severe illness, and
malaria-related deaths [3]. When used at high coverage,
ITNs reduce the longevity of Anopheles mosquitoes, and
thereby the vectorial capacity and entomological inocula-
tion rate, and thus provide both individual and commu-
nity protection in endemic areas [4].

Guinea is a malaria-endemic country with seasonal
and heterogeneous transmission [5] (Fig. 1), and malaria
remains a leading cause of death among children [6].
Beginning in 2009, Guinea’s National Malaria Control
Programme (NMCP) implemented ITN mass distribu-
tion campaigns every three years as a malaria preven-
tion strategy [7]. The 2016 ITN campaign preceding the
2018 Demographic and Health Survey (DHS) distributed
long-lasting insecticidal nets (LLINs) and was financed
by several donors including the Global Fund to Fight
AIDS, Tuberculosis, and Malaria, the United States Presi-
dent’s Malaria Initiative, the Senegal River Basin Devel-
opment Organization (OMVS), and the World Bank [8].
All the ITN distribution campaigns in Guinea aimed to
increase minimal coverage (households with at least one
ITN), achieve universal coverage at the household level
(all households at risk have at least one ITN for every
two people), achieve universal coverage at the popula-
tion level (all population at risk lives in a household with
at least one ITN for every two people), and increase ITN
use [9]. The ITN campaigns ultimately sought to increase
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Fig. 1 Malaria incidence in 2018 from routine case reporting via
HMIS, adjusted for testing rate, reporting rate, and treatment-seeking
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the personal protection of individuals when sleeping at
night [7]. Identifying factors underpinning gaps in net
access and gaps between net access and use is key to
inform future ITN campaigns in Guinea.

ITN use has been shown to correlate with socioeco-
nomic and intrinsic factors, to vary seasonally, and to
vary at a subnational level. Studies conducted in some
countries suggest a positive association with rural resi-
dence, educational attainment, household size, and good
net quality [10, 13]. In countries of West Africa, ITN
usage in the dry season tends to be lower due to high lev-
els of heat and humidity exacerbated by lying under a net
[14, 15]. Regional variation in climate, environment, cul-
tural practice, and perceived risk may further modulate
net use at the subnational level. Many high-burden coun-
tries are increasingly developing subnational intervention
strategies, which often include sub nationally-tailored
approaches to vector control according to specific target-
ing criteria [16]. Understanding the drivers of regional
variation in ITN use could allow Guinea’s NMCP to
develop region-specific strategies to increase ITN use
and thus the impact and cost-effectiveness of vector
control.

To help maximize the potential impact of ITNs in
future mass distribution campaigns, this study aimed to
understand the level of ITN ownership, access, and use in
Guinea, and to identify the underlying factors that affect
ownership and use among those who have access, at the
national and regional levels.

Methods

Data source and variable definitions

Guinea’s 2018 Demographic and Health Survey (DHS)
was used for this study [17]. The DHS collected informa-
tion from a nationally and sub-nationally representative
sample of Guinean households using a cluster sampling
methodology. Clusters were sampled from urban and
rural areas in the seven Guinean regions and from the
capital of Conakry, which has no rural areas.

The household database available from the DHS Pro-
gram was used for the analysis of household ITN own-
ership and sufficiency household ITNs. Household ITN
ownership was defined as the presence of at least one
ITN in the household, and household ITN sufficiency
was defined as the household owning at least one ITN for
every two household members; this is the same definition
as universal coverage at the household level. Household
ITN sufficiency can provide a misleading picture of the
success of an ITN distribution programme [8] and thus
is considered in this study only as a secondary indicator
and not used in the later multivariable logistic regression
analysis.
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The household member database was used for the anal-
ysis of individual-level all-age access and ITN use among
those who have access. At the individual level, ITN access
was defined as the proportion of the de-facto popula-
tion that could have slept under an ITN, assuming two
persons per net [18]. The access variable was corrected
to 100% when the number of ITNs per two household
members was greater than one. ITN use was defined as
the proportion of de-facto members of a household who
slept under a treated net the night before the survey in
households where there was at least one ITN for every
two persons.

Descriptions of all variables included in the analysis are
shown in Table 1. Initial selection of covariates was based
on a literature review and expert opinion [11-13, 19].

Statistical analysis

All analysis was performed in R (version 4.2.1) and the
analysis code is publicly available (see Availability of data
and materials). The svydesign function (survey R pack-
age v4.0) was used to account for the complex sampling
design of DHS surveys. The following steps were per-
formed for each analysis: (A) assessment of risk factors
for household ITN ownership, analysed at the house-
hold level, and (B) assessment of risk factors for ITN
use among those with access, analysed at the individual
level. First, associations between dependent variables
and independent variables were evaluated in a bivariate

Table 1 Variables included in the study
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analysis with the Rao-Scott Chi-square test of inde-
pendence. Next, risk factors were analysed with multi-
variable regression models using the survey R package
(v4.0) nationally and separately for each region. Odds
ratios were estimated for each variable with correspond-
ing 95% confidence intervals (CIs) and p values (alpha
level =0.05). The variables to be included in the multivar-
iate model were selected based on the value of the Akaike
Information Criterion (AIC) [20] in order to optimize
model performance via the function STEPAIC from the
MASS R package (v7.3-53.1). Model selection did not
take into account the significance in the bivariate analysis
or the univariate model.

Results

ITN ownership, access, and use in Guinea

First, the coverage of the main indicators in Guinea
found in this study is as follows: the proportion of house-
holds with at least one ITN at the national level was 44%
(Fig. 2A). This proportion was highest in Labé (54%)
and lowest in Conakry (25%) (see Table 2 for values for
all regions). The proportion of households with univer-
sal ITN coverage (at least one ITN per two persons, also
referred to as ITN sufficiency) was 16.9%, ranging from
7.8% in Conakry to 25.3% in N’zérékoré. Fifty-six percent
(56%) of Guinean households had no ITN, and an addi-
tional 27.1% of households owned an ITN but did not
have enough for all members (Fig. 3). Population access

Variables Level Description

Household ITN ownership Household Proportion of households with at least one ITN (O=no, 1 =yes)

Household ITN sufficiency (universal Household Proportion of household owning at least 1 ITN for 2 people (0=no, 1 =yes)
coverage at the household level)

Access to ITN Individual Proportion of the population with access to an ITN within the households
ITN use among those who have access Individual Person slept under the ITN the night before the survey (0=no, 1 =yes)
Age of household head Household Age of household head in years

Age of individual Individual Age of individual in years

Sex of household head Household Sex of household head

Sex of individual Individual Sex of individual

Educational attainment Household and Individual

Household size Household and Individual
Number of rooms Household

Wealth index Household

Level of education of the household head or of the individual

Number of de facto members

Number of rooms in the household

Composite measure of household living standard calculated using data on house-

hold ownership of selected assets, housing quality, water, and sanitation facilities.
The wealth index is available from the DHS survey datasets

Household and Individual
Household
Individual

Marital status
Children under five

Pregnant status

Place of residence

Region Household and Individual

Marital status of the household head or of the individual
Presence of children under five in the household

Presence of 1 or more pregnant women in the household, or individual pregnancy
status

Household and Individual Type of place where the household or individual resides (urban/rural)

Region in which the household or individual resides
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ITN access (from DHS 2018)
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Fig. 2 Regional variation in Guinea of A household ITN ownership; B proportion of the population with access to an ITN; CITN usage; and D ITN

usage among those with access

to ITNs was 31% nationally and lowest in Conakry (16%)
(Fig. 2B). ITN use was low nationally (22.9%) (Fig. 2C).
ITN use among those with access was 66.1% nation-
ally, ranging from 35.2% in Labé to 89.7% in N’zérékoré
(Fig. 2D).

Sociodemographic factors associated with household ITN
ownership and sufficiency

7910 households were included in a 2-step analysis. First,
a bivariate analysis with the Rao-Scott Chi-square test of
independence was used to quantify associations between
household ITN ownership and individual covariates at
the national level (Table 2); this was repeated with house-
hold ITN sufficiency and the same set of covariates. The
bivariate analysis was an exploratory analysis to under-
stand basic relationships between ownership or suffi-
ciency and covariates of interest. Next, to understand
the risk factors associated with ITN household owner-
ship, a univariate logistic regression was used to identify
covariates that are risk factors when taken individually;

then multivariable logistic regression was used to identify
covariates that remained risk factors when other varia-
bles were taken into account. The same set of independ-
ent variables was used for logistic regression as in the
bivariate analysis (Table 3).

The bivariate analysis at national level found that the
number of rooms, the sex of the head of household, and
the education level of the head of household were not
significantly associated with ITN ownership, whereas all
remaining variables were. Larger households were more
likely to own an ITN than small households, but small
households were more likely to have sufficient ITNs than
large households. By marital status of the household
head, the highest ITN ownership was observed among
households with a married household head and highest
ITN sufficiency among those with a divorced head. By age
of the household head, the highest ITN ownership was
observed among households with a head aged >40 years
and highest ITN sufficiency among those with head
aged > 60 years. Households with children under five had
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Table 2 Characteristics of survey participants and results of a bivariate analysis of household ITN ownership and sufficiency based on
the Rao-Scott Chi-square test of independence

Explanatory variables  Number of

households in

Household ITN status

Bivariate analysis P
value (Has at least one

Bivariate analysis P
value (Has sufficient

survey, N (%) NoITN,% Hasatleast Has ITN) ITNs)
onelTN, %  sufficient
ITNs, %
Number of household members <0.001 <0.001
1-4 2655 (33.6) 59.2 40.8 271
5-7 3127 (39.5) 553 447 14.5
>7 2128 (26.9) 535 46.5 7.0
Number of rooms in the household 04 0.2
1-3 5896 (74.5) 56.7 433 16.3
4-6 1786 (22.6) 544 456 18.2
>7 228 (2.9) 54.8 452 159
Sex of household head 03 <0.001
Male 6430 (81.3) 558 442 15.7
Female 1481 (18.7) 576 424 213
Marital status of the household head <0.001 <0.05
Married 6739 (85.5) 554 44.6 16.1
Never married 178 (2.3) 73.7 26.3 17.2
Divorced 133(1.7) 58.3 417 257
Widowed 827 (10.5) 56.5 435 21.1
Age of household head <0.001 <0.001
<30 931(11.8) 634 36.6 14.0
30-40 1834 (23.2) 554 446 153
40-50 1633 (20.7) 54.8 452 14.1
50-60 1649 (20.9) 54.8 452 17.8
>60 1861 (23.5) 553 446 209
Education level of the household head 0.8 06
None 5321 (67.3) 55.8 44.2 16.9
Primary 767 (9.7) 550 45.0 17.7
High 1780 (22.5) 573 42.7 15.8
Presence of children under five <0.001 <0.001
Yes 5267 (66.6) 54.6 454 12.2
No 2443 (334) 59.2 40.8 257
Wealth quintile <0.001 <0.001
Lowest 1698 (21.5) 514 486 16.2
Second 1601 (20.2) 53.2 46.8 18.6
Middle 1534 (19.4) 51.2 488 215
Fourth 1588 (20.1) 61.5 385 13.6
Highest 1488 (18.8) 64.0 36.0 13.8
Place of residence <0.001 <0.001
Urban 2701 (34.1) 644 356 11.9
Rural 5210 (65.9) 51.8 482 19.2
Region <0.0001 <0.001
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Table 2 (continued)
Explanatory variables  Number of Household ITN status Bivariate analysis P Bivariate analysis P

households in

value (Has at least one value (Has sufficient

survey, N (%) NoITN,% Hasatleast Has ITN) ITNs)
onelTN,% sufficient
ITNs, %
Boké 801 (10.1) 47.0 530 227
Conakry 1265 (16.0) 752 24.8 7.8
Faranah 670 (8.5) 479 52.1 136
Kankan 1090 (13.8) 66.9 33.1 8.1
Kindia 1202 (15.2) 51.3 487 253
Labé 895 (11.3) 459 541 244
Mamou 741 (9.4) 54.5 455 17.3
N'zérékoré 1245 (15.7) 50.5 495 171

- -
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assuming 1 ITN per 2 persons
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Fig. 3 Two-dimensional histogram showing the number people who could use nets owned by the household if all nets were in use, stratified by
household size, in the 2018 Guinea DHS. Yellower squares indicate combinations of number of people potentially coverable and household sizes
that were more commonly observed in the DHS, darker squares indicate less-observed combinations, and white areas indicate combinations that
did not appear in the DHS. The red line indicates a perfect allocation, where the number of ITNs owned by the household is exactly sufficient to
cover all household members. Households above and to the left of the line have more ITNs than household members need (over-allocated with
[TNs) and households under and to the right of the line have fewer ITNs than needed to cover all household member (under-allocated with ITNs)

higher ITN ownership and sufficiency than those without
children under five. By wealth, the highest ITN owner-
ship and sufficiency were observed among households in
the middle wealth quintile. Rural areas had higher ITN
ownership and sufficiency than urban areas. By region,
the highest ITN ownership was observed in Labé and the
highest sufficiency in Kindia.

In multivariable regression models of national house-
hold ITN ownership (Table 3), large households had a
significantly greater likelihood of ownership than small
households (aOR=1.18, CI=1.02—-1.37). Household ITN
ownership was more likely among households with mar-
ried or widowed heads compared those with never-mar-
ried heads (aOR=1.7, CI=1.15-2.52 and aOR=1.65,
CI=1.10-2.55, respectively). Compared to households
with heads of household aged 40-50 years, those with
heads aged < 30 years were significantly less likely to own

at least one ITN (aOR=0.81, CI=0.66—-1.0). Households
with heads with high education levels had a greater like-
lihood of ITN ownership than those with no education
(aOR=1.35, CI=1.17-1.56). Household ITN ownership
was significantly higher in rural households than urban
households (aOR=1.22, CI=1.0-1.51). Regional dif-
ferences in household ITN ownership were observed.
Household ITN ownership was less likely in Conakry
(aOR=0.38, CI=0.26-0.55) and Kankan (aOR=0.58,
CI=0.38-0.74) than N’zérékoré.

The multivariable analysis was repeated separately for
each region (Additional file 1: Tables S1.1-S1.8). Large
households had a significantly greater likelihood of ITN
ownership than small households in Boké (aOR=1.39,
CI=1.07-1.86), Faranah (ROR=1.61, CI=1.15-2.25),
and Kankan (aOR=1.65, CI=1.10-2.45). Households
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Table 3 Risk factors associated with household ITN ownership

Explanatory variables

Univariate analysis

Multivariable

analysis
OR 95% Cl OR 95%(Cl
Number of household members
1-4 Ref. Ref.
5-7 1177 1.04-133 1.09 0.96-1.23
>7 126" 1.10-145 1.8 102-137
Number of rooms in the household
1-3 Ref.
4-6 1.09 0.96-1.25
>7 108 0.78-1.50
Sex of household head
Male Ref.
Female 0.93 0.86-1.06
Marital status of the household head
Married 226" 155-330 1.7 1.15-252
Never married Ref. Ref.
Divorced 2017 1.18-341 154 0.90-2.62
Widowed 216" 143-325 165" 1.10-2.55
Age of household head
<30 070" 058-085 081 0.66-1.00
30-40 0.98 084-1.13 106 091-123
40-50 Ref. Ref.
50-60 1.00 087-1.16 10 0.86-1.16
>60 0.98 085-1.13 101 087-1.17
Education level of the household head
None Ref. Ref.
Primary 103 087-123 109 0.92-131
High 0.94 081-1.10 1357 1.17-1.56
Presence of children under five
Yes 1217 1.09-135
No Ref.
Wealth quintile
Lowest Ref. Ref.
Second 093 0.78-1.11 1.20 0.98-1.46
Middle 101 0.84-121 1.10 09-134
Fourth 066" 0.54-0.81 112 0.81-1.55
Highest 060" 048-074 100 0.68-149
Place of residence
Urban Ref. Ref.
Rural 168" 142-199 13 1.0-1.51
Region
Boké 115 080-164 118 0.82-1.69
Conakry 0347 024-047 038 026-055
Faranah 1.10 077-158 1.3 0.79-162
Kankan 050" 036-070 053 0.38-0.74
Kindia 097 07-135 103 0.74-143
Labé 1.20 086-166 127 092-177
Mamou 085 06-121 089 0.62-1.26
N'zérékoré Ref. Ref.

p value: *<0.05; **<0.01; ***<0.001
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with heads with high education levels had a greater
likelihood of ITN ownership than those with no edu-
cation in Boké (aOR=1.44, CI=1.03-2.01), Faranah
(aOR=1.67, CI=1.11-2.5), and N’zérékoré (aOR=1.53,
CI=1.01-2.31). In Conakry, compared to households
with head of household aged 40-50 years, all other
households excepting those with heads 30—40 years were
significantly less likely to own at least one ITN; in Labé,
only households with heads aged >60 years were signifi-
cantly less likely to own at least one ITN (aOR=0.57,
CI=0.33-0.99). Households with children under five
had significantly greater likelihood of ITN ownership
than households without children under five in Kankan
(aOR=1.68, CI=1.08-2.59). Households in the fourth
and highest wealth quintiles had significantly greater
likelihood of ITN ownership than the lowest quintile in
Mamou (aOR=1.73, CI=1.06-2.82 and aOR=2.98,
CI=1.49-5.96).

Sociodemographic characteristics associated with ITN use
among individuals with access

Of 48,916 total individuals included in this analysis,
16,751 individuals had access to ITNs, and their ITN
usage was further analysed. The same 2-step approach
was used as was done for household ITN ownership to
first quantify associations between individual covariates
and ITN usage given access using a bivariate analysis
(Table 4), then identify risk factors associated with ITN
use among individuals with access using multivariable
logistic regression (Table 5).

The bivariate analysis found that household size, sex
of the individual, and wealth quintile were not statisti-
cally significant, whereas all other variables were. Given
access, ITN use was higher among those living in house-
holds with 1-3 rooms and lowest in those living in
households with more than seven rooms. ITN use was
more likely in individuals with high educational attain-
ment. By age, the highest ITN use was observed among
those aged 20—40 years and the lowest use among those
aged 10-20 years. Residents of households with house-
hold head between 30 and 40 years of age had the high-
est usage levels. ITN use was higher among married
persons than those never married, divorced, or widowed.
Pregnant women were more likely to use their net than
non-pregnant individuals. Individuals living in house-
holds with children under five years of age had higher
ITN use than individuals living in households without a
child under five. ITN use was higher among those living
in urban areas than in rural areas. By region, ITN use was
highest in the N’zérékoré region and lowest in Labé.

In a multivariable analysis of ITN use among those
with access (Table 5), age, wealth quintile, marital
status, and region remained significant. School-age
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Table 4 Characteristics of survey participants of ITN use among individuals with access and results of a bivariate analysis

Explanatory variables Number of participants who slept in the household ITN use among those who have Bivariate
the night before the survey, N (%) access analysis P
value
% 95% Cl
Number of household members 04
1-4 8006 (16.4) 66.8 62.9-70.7
5-7 18,537 (37.9) 69.8 67.1-725
>7 22,372 (45.7) 68.1 64.8-71.5
Number of rooms in the household 0.009
1-3 31,158 (63.7) 704 67.9-729
4-6 14,854 (304) 64.5 60.9-68.1
>7 2904 (5.9) 69.6 61.6-77.5
Sex 0.1
Male 23,066 (47.2) 653 65.3-704
Female 25,850 (52.8) 66.8 66.8-71.5
Education <0.001
None 30,120 (61.6) 694 66.9-71.9
Primary 11,579 (23.7) 64.6 61.6-67.6
High 7146 (14.6) 714 68.1-74.7
Age <0.001
0-5 9685 (19.8) 732 70.6-75.7
5-10 8639 (17.7) 62.9 59.9-659
10-20 10,802 (22.1) 61.3 58.1-64.6
20-40 10,683 (21.8) 737 71.1-76.3
40-50 3284 (6.7) 721 68.9-753
50-60 3024 (6.2) 68.6 65.1-72.1
>60 2798 (5.7) 67.1 63.4-70.8
Age of household head <0.001
<30 3954 (8.1) 749 69.7-80.1
30-40 10,269 (20.9) 771 73.7-80.3
40-50 10,909 (22.3) 69.9 66.4-734
50-60 11,538 (23.6) 65.9 62.3-69.7
>60 12,245 (25.03) 60.1 56.4-63.8
Marital Status <0.001
Married 16,375 (63.9) 733 71.1-756
Never married 7126 (27.8) 60.2 56.3-64.2
Divorced 449 (1.8) 69.7 61.7-77.7
Widowed 1650 (6.4) 66.3 614-71.2
Pregnancy status <0.001
Yes 953 (1.9) 74.8 69.3-80.3
No 9942 (20.3) 715 69.0-74.1
Presence of children under five in the household 0.002
Yes 37,037 (75.7) 69.9 67.5-723
No 11,879 (24.3) 64.6 61.1-68.1
Household wealth quintile 0.07
Lowest 9807 (20.0) 639 59.8-68.0
Second 9826 (20.1) 68.2 64.1-72.2
Middle 9834 (20.1) 69.6 65.5-73.6
Fourth 9728 (19.9) 722 68.1-76.4
Highest 9717 (19.9) 69.9 64.7-75.1

Place of residence 0.003
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Table 4 (continued)
Explanatory variables Number of participants who slept in the household ITN use among those who have Bivariate
the night before the survey, N (%) access analysis P
value
% 95% ClI
Urban 31,989 (34.6) 74.1 70.1-78.1
Rural 16,927 (65.4) 66.4 63.7-69.1
Region <0.001
Boké 5069 (104) 552 482-62.2
Conakry 7497 (15.3) 725 63.8-81.2
Faranah 4691 (9.6) 75.2 69.9-80.4
Kankan 7005 (14.3) 84.8 80.9-88.7
Kindia 7195 (14.7) 67.5 60.7-744
Labé 4854 (9.9) 352 29.3-41.1
Mamou 4157 (8.5) 514 43.9-589
N'zérékoré 8447 (17.3) 89.7 87.4-92.0

children (5-10 years), adolescents (10—20 years), and
younger adults (20-40 years) had lower likelihood
of ITN use (aOR=0.77, CI=0.63-0.95; aOR=0.67,
CI=0.54-0.83; OR=0.74, CI=0.57-0.96 respectively)
than those aged 0-5 years. Individuals in the fourth
wealth quintiles were more likely to use ITNs than
individuals in the lowest wealth quintile (aOR=1.49,
CI=1.1-2.16). Compared to persons who were never
married, being married (aOR=2.23, CI=1.83-2.73),
widowed (aOR=1.6, CI=1.18-2.18), and divorced
(aOR=1.59, CI=1.0-2.58) was associated with higher
likelihood of ITN use. Individuals living in N’zérékoré
had higher odds of ITN use compared to all other
regions.

Full results of the regional-level analyses are shown
in Additional file 1: Tables S2.1-S2.8. Individuals who
were married had significantly higher likelihood of
ITN use than persons who never married in all regions
except Boké and Kankan. By place of residence, indi-
viduals living in the rural areas had significantly lower
odds of ITN use compared to those living in urban
areas (aOR=0.42, CI=0.18-1.00) in Labé and no sig-
nificant difference in all other regions. Only in Labé,
individuals living in households with children under
five had significantly greater odds of ITN use compared
to those living in households without children under
five (aOR=1.86, CI=1.16-3.1). By wealth quintile,
only Mamou showed significant differences in ITN use,
and individuals in the highest wealth quintiles were sig-
nificantly more likely to use ITNs than individuals in
the lowest wealth quintile (aOR=4.93, CI1=1.86-13.1).
School-age children (5-10 years) had significantly
lower likelihood of ITN use than those aged 0-5 years

in Faranah (aOR=0.52, CI1=0.41-0.66) and N’zérékoré
(aOR =0.45, CI = 0.26-0.79).

Discussion

This study analysed the 2018 Guinea DHS to identify
risk factors for ITN ownership at the household level
and use among individuals with access via multivari-
able logistic regressions. The results show that 44% of
households owned ITNs, 31% of individuals had access
to ITNs and of those who had access, 66.1% used them.
Household ownership of ITNs allows the NMCP to know
the proportion of households to which it has had access
with ITN campaigns, and knowing the risk factors of
this ownership is essential for targeting future ITN cam-
paigns. This study found that in Guinea, significant risk
factors for household ITN ownership were household
size, marital status of the household head, education level
of the household head, and region.

Household ITN ownership in Guinea was higher
in large households than in small households. Small
households were more likely to have sufficient access
to ITNs, if they owned an ITN, but ownership rate was
lower than for large households. This may be because
members of large-size households are more likely to
enroll in ITN mass campaigns but may not receive
enough ITNs to cover all household members. In
Guinea, ITN distribution policy is to distribute pro-
portionally to household size without a cap. This dis-
tribution depends on an enumeration carried out by
agents 1-2 months before the ITN distribution cam-
paign. During this enumeration, agents give coupons
to each household where a member has been found.
Larger households may be more likely to have a mem-
ber present at the time of distribution, which could
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Table 5 Risk factors associated with ITN use among those who
have access

Explanatory variables  Univariate analysis  Multivariable

analysis
OR 95%Cl OR 95%Cl
Number of household members
1-4 0.94 0.77-1.16 1.15 091-145
5-7 1.08 091-1.29 113 0.93-1.37
>7 Ref. Ref.
Sex
Male Ref.
Female 1.06 0.99-1.15
Numbers of rooms in the household
1-3 Ref. Ref.
4-6 077" 065-090 088 0.72-1.1
>7 0.96 0.66-1.40 1.01 0.66-1.54
Education level of household member
None 091 0.76-1.08 0.87 0.71-1.04
Primary 073" 063-085 096 08-1.15
High Ref. Ref.
Age
0-5 Ref. Ref.
5-10 062" 056-069 077"  063-095
10-20 058" 051-066 067"  054-083
20-40 1.03 093-1.14 0.74" 0.57-0.96
40-50 0.95 0.83-1.09 0.78 057-1.1
50-60 08" 068-095 079 057-1.1
>60 075" 063-089 091 0.63-1.31
Age of household head
<30 1.25 0.63-1.38 1.03 0.72-1.46
30-40 1.03 0.97-1.58 1.22 0.96-1.55
40-50 Ref. Ref.
50-60 0.68 0.55-1.52 097 0.78-1.22
>60 0.98 055-128 083 0.65-1.05
Marital status of household member
Married 181" 157209 223" 183-273
Never Married Ref. 1
Divorced 133" 115-154 159 0.98-2.58
Widowed 151 103-223 167 1.18-218
Pregnancy status
Yes Ref. Ref.
No 0.85 0.64-1.12 1.1 0.82-147
Presence of children under five in the household
Yes 1.28 1.09-149
No Ref.
Household wealth quintile
Lowest Ref. Ref.
Second 1.21 0.97-1.50 1.1 0.86-1.37
Middle 1.29° 1.02-1.64 1.22 0.95-1.56
Fourth 1477 1132191 149" 11-2.16
Highest 1.31 0.97-1.78 142 0.95-2.13

Page 10 of 13

Table 5 (continued)

Explanatory variables  Univariate analysis  Multivariable

analysis
OR 95%Cl OR 95%Cl

Place of residence

Urban Ref. Ref.

Rural 069"  054-088 079 0.56-1.12
Region

Boké 014™  010-021 013" 008-0.19

Conakry 030" 018-050 0197  0.11-035

Faranah 035" 024-051 035"  023-085

Kankan 064 043-095 056"  037-085

Kindia 024 016-036 0227 0.14-032

Labé 006™  004-009 005"  004-008

Mamou 012" 008-018 0117 007-0.17

N'zérékoré Ref. Ref.

p value: *<0.05; **<0.01; *** <0.001

explain larger households being more likely to own any
net. Large households have a higher probability of hav-
ing a child under 5 years of age or a pregnant woman
in the household, which increases the likelihood of
obtaining ITNs during antenatal care visits or at birth,
but this mechanism appears insufficient to compensate
for the lower per capita nets given to large households
during campaigns [21]. The results suggest that the
distribution allowance may contribute substantially to
inadequate access if the implementation does not take
household size sufficiently into account.

Households with married heads were more likely to
own an ITN than households with unmarried heads,
which could be due to children under 5 being more
likely to live in households with married heads. Other
studies have found mixed results: in Cameroon, unmar-
ried heads had higher ITN ownership than married
heads [22], but in Ethiopia, families with a married
head of household had higher ITN ownership [23].
Households whose head had a high education level had
greater household ITN ownership than households
whose head had no education, similar to what has been
observed in Nigeria [12].

Household ITN ownership was significantly lower in
Conakry and Kankan regions compared to N’zérékoré
region. In the Conakry region, low household ITN
ownership could be explained by a high ratio between
the high number of nets needed to provide univer-
sal coverage and the low number of locally acquired
malaria incident cases [24].

Only 31% of the population has access to an ITN in
Guinea, which is very low, and continuing to increase
access should be a priority of the NMCP. While the use
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of ITNs in Guinea is ultimately more limited by access
than by non-use, understanding the use of ITNs among
those with access allows the NMCP to design cam-
paigns to promote use even in the context of limited
access. The results shown that ITN use was associated
with age, marital status, wealth quintile, and region.

In Guinea, school-aged children (5-10 years) used
ITNs less than those under 5 years of age, similar to
observations in other countries [25]. These children give
way to their siblings and are not likely to sleep with their
parents in the same bed, unlike children under 5 [26]
[27], which may lead to lower prioritization among this
group if the number of ITNs in the household is insuffi-
cient [28]. Malaria prevalence in children over 5 remains
high in Guinea [29], highlighting the need to improve
prevention measures in this group.

Given access, individuals in the highest wealth quin-
tile used ITNs more than those in the lowest quintiles. In
other countries, ITN use among those in higher wealth
quintile was sometimes found to be significantly more
likely [25, 30, 31], but in other settings, persons in the
lowest wealth quintile had the highest ITN use [12].
Wealthier households have more resources available (TV,
radio) to listen to or watch malaria advertisements and
learn about the advantages and disadvantages of using
ITNs, which should have the benefit of increasing ITN
use in the household [19]. However, the absence of ques-
tions on malaria knowledge in the 2018 Guinea DHS
meant that it was not possible to evaluate the associa-
tions between household wealth, malaria knowledge, and
ITN use.

The heterogeneous rates of use across regions even
among those with access could be explained by regional
variation in other factors associated with ITN use that
were not examined in this study, such as malaria trans-
mission, perception of risk, and ITN quality. The use of
ITNs was highest in the N'zérékoré region, where para-
site prevalence was the highest in 2012, when the most
recent national prevalence survey was carried out [8]. In
recent years, multiple NGOs and donors have targeted
the N'zérékoré region to strengthen existing malaria
prevention measures and improve the use of ITNs [32],
which could also contribute to the higher use in this
region. The regions with the lowest ITN use levels were
Labé and Mamou, which are both areas where the per-
ception of malaria risk by the population could be very
low. Qualitative studies conducted in these areas could
reveal reasons for the differences in significance of the
variables.

One of the main limitations of this study is that the
2018 survey was conducted during the dry season, when
ITN use is lower, and ITN use during the higher-trans-
mission season could be somewhat higher than what was
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found in the survey [33]. During the dry season in West
African countries, ITN use is lower due to factors such as
heat and perception of lower risk. A review of the reasons
for non-use of ITNs in Guinea ranked heat discomfort as
one of the main factors for non-use [31].

Another limitation of this study is the lack of infor-
mation about who exactly received the ITN or who has
access to a household ITN if the household has insuffi-
cient ITNs. This may bias the analysis of risk factors for
ITN use among those who have access. Between 2012
and 2018, household ITN ownership decreased in Guinea
from 47 to 44%, but access and use increased to 25% and
31%, respectively. The number of ITNs distributed during
the 2016 campaign preceding the 2018 survey was one
ITN per 2 persons. The discrepancy between the num-
ber of ITNs distributed and the low access observed in
the 2018 DHS is noticeable, suggesting that the retention
time for nets in Guinea is less than 2 years [34]. Reten-
tion time for nets could be very heterogeneous across the
country.

Future ITN distribution campaigns in Guinea can con-
sider a region-specific distribution strategy that targets
households according to the regional drivers of ITN own-
ership and use found in this study. Taking regional dif-
ferences into account will allow the NMCP to efficiently
target households that are most likely to lack access and
to target individuals who do not use ITNs. While this
study provides a starting point by identifying factors
driving low ITN use, qualitative and operational studies
are needed to understand why access and use are lim-
ited and how to improve them. Improved targeting of
ITN distribution and community engagement campaigns
could have a substantial impact on malaria burden and
potentially allow Guinea to reach Global Technical Strat-
egy targets for 2030.

Conclusions

Household ITN ownership and population access to
ITNs in Guinea are low, although use among those with
access is high in most regions. This study finds household
size, marital status of household head, and region were
the factors most strongly associated with household ITN
ownership and ITN use, suggesting that future ITN cam-
paigns in Guinea may particularly want to target larger
households, households without children, and areas with
lower perceived risk of malaria if universal coverage and
usage are to be achieved. Regional differences in owner-
ship, access, and usage should be considered in future
ITN campaigns to increase ITN usage more efficiently
and provide greater coverage of ITNs in Guinea for opti-
mal malaria prevention.
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AIC Akaike information criterion

AIDS Acquired immunodeficiency syndrome
aOR Adjusted odds ratio
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