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Abstract
Background: Uganda conducted its third mass Long-Lasting Insecticide-treated Net (LLIN) distribution
campaign in 2021. The target of the campaign was to ensure that 100% of households own at least 1
LLIN per 2 persons and to achieve 85% use of distributed LLINs. We assessed LLIN ownership, use, and
associated factors 3 months after the campaign.

Methods: We conducted a cross-sectional household survey in 14 districts during April 13-30, 2021. We
selected households using multistage sampling. We asked about LLIN ownership, use, duration since
received until the time of interview, and visually veri�ed the presence of LLINs. Outcomes were having at
least one LLIN per 2 household members, and individual LLIN use. We used modi�ed Poisson regression
to assess associations between exposures and outcomes.

Results: In total, 5,529 households with 27,585 residents and 15,426 LLINs were included in the analysis.
Overall, 95% of households owned ≥1 LLIN, 92% of the households owned ≥1 LLIN <3 months old, 81%
of households owned ≥1 LLIN per 2 persons in the household, and 69% of residents slept under an LLIN
the previous night. Factors associated with LLIN ownership included believing that LLINs are protective
against malaria (aPR=1.13; 95% CI=1.04-1.24). Reported use of mosquito repellents was negatively
associated with ownership of LLINs (aPR=0.96; 95% CI=0.95-0.98). The prevalence of LLIN use was 9%
higher among persons who had LLINs 3-12 months old (aPR=1.09; 95% CI=1.06-1.11) and 10% higher
among those who had LLINs 13-24 months old (aPR=1.10; 95% CI=1.06-1.14) than those who had LLINs
<3 months old. Of 3,859 LLINs identi�ed in the households but not used for sleeping the previous night,
3,250 (84%) were <3 months old. Among these 3,250, 41% were not used because owners were using old
LLINs, 16% were not used because of lack of space for hanging them, 11% were not used because of fear
of chemicals in the net, 5% were not used because of dislike of the smell of the nets, and 27% were not
used because of other reasons.

Conclusion: Three months after a LLIN distribution campaign, both LLIN ownership and use remained
well below targets. The government should consider distributing additional LLINs to achieve and sustain
a target of ≥1 LLIN for 2 household members and behavior change communication before the
distribution of LLINs to counter misconceptions about new LLINs. 

Introduction
Over the past 20 years, the scale-up of malaria control efforts has led to marked reductions in morbidity
and mortality globally(1, 2). An estimated 663 million malaria cases were averted by malaria control
interventions between 2000 and 2015; nearly 70% of cases averted were attributed to the use of long-
lasting insecticide-treated nets (LLINs) (1). However, global progress has slowed in recent years,
particularly in sub-Saharan Africa, which accounted for 94% of the world’s 219 million cases in 2019(2).
Uganda has the 3rd highest global burden of malaria cases (5%) and the 8th highest level of malaria
deaths (3%).
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Long-lasting insecticide treated nets are one of the core interventions recommended by the World Health
Organization to reduce malaria transmission and prevent malaria in high-risk communities(2). Long-
lasting insecticide-treated nets have been shown to reduce malaria incidence among children under �ve
years and pregnant women by up to 50% and all-cause mortality in children by 20% (3). Since 2013, the
government of Uganda has conducted 3 mass LLIN distribution campaigns to achieve universal LLIN
coverage (have at least one LLIN for 2 people in the household for 100% of households) and reduce
inequality in the ownership of LLINs between poor and wealthy households. The most recent mass
distribution campaign occurred in 2020/21, when 27 million LLINs were distributed nationwide(4).

Despite the LLIN distribution campaigns, the malaria burden remains high in Uganda. Malaria accounts
for 30–50% of outpatient visits at health facilities and 15–20% of all hospital admissions in the
country(5). The Malaria Indicator Survey conducted in Uganda in 2018/19 (2018 MIS) showed that 54%
of households own at least one LLIN for 2 people and 59% of the population used the LLINs while
sleeping(6). Studies that have documented barriers to LLIN use have shown lack of su�cient space to
hang the net, lack of enough nets for a household, discomfort with the net material, age of the LLIN, and
belief that there harmful chemicals in new LLINs(7) can reduce LLIN use; however, different settings have
unique and dynamic barriers to LLIN use and may require unique strategies(8). We conducted a survey 3
months after the 2020/2021 mass LLIN distribution campaign to estimate ownership and use and
identify barriers to LLIN use in 14 districts in Uganda.

Methods

Study design and setting
We conducted a cross-sectional household survey in 14 districts (Buikwe, Buyende, Dokolo, Iganga, Jinja,
Kagadi, Kaliro, Kayunga, Kibaale, Kyegegwa, Lamwo, Luuka, Mayuge, Mukono) in Uganda between 13–
30 April 2021 (Fig. 1). These districts were chosen because they received LLINs in the last wave of the
mass distribution campaign in January 2021, 3 months before the survey.

Sample size and sampling
We calculated sample size for precision based on an estimated 84% of households having at least one
LLIN (6), 95% con�dence, an error of +/- 5%, and a design effect of 2, for a total of 412 households per
district. From each district, we randomly selected one sub-county, one parish from each of the selected
sub-counties, and 2 villages from the selected parish using a random number generator. We used
probability proportional to size sampling to determine the number of households to sample from the
selected villages and we used a systematic sampling process from a list of households in each village to
select households for the survey.

Study outcomes, dependent variables, and data collection
We used the Roll Back Malaria Monitoring & Evaluation Reference Group (RBM MERG) indicators to
report LLIN ownership and use (9). The primary outcomes were the percentage of households with at
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least one LLIN, percentage of households that had at least one LLIN for every two persons who stayed in
the household, and percentage of the household population that slept under an LLIN the night before the
survey. We further identi�ed LLINs in households not being slept under, and assessed why they were not
being used.

The study team members visited households and interviewed the head of household or one of his or her
adult dependants. If no appropriate respondent was found at the house, the team scheduled another visit
later that day. At least three attempts were made to reach a respondent before dropping the household
without replacing it. The household questionnaire included a household member roster, questions about
the mosquito net(s) owned by households and usable, whether the net(s) had been used the previous
night by each member of the household, and participants beliefs about LLINs. We asked the duration
since LLINs were received until the time of interview and categorised duration as < 3months, 3-12months,
> 12–24 months, > 12 months and unknown. We corroborated self-reported duration with records of
village health teams during the interview. We also examined the LLINs for material type (polyester vs.
polyethylene).

Data analysis
Household and household member characteristics, estimation of LLIN ownership, and use are presented
as percentages. We calculated the socio-economic status (SES) of each participating household by
creating a wealth index based on materials used to construct the house, household amenities, and assets
owned. A weighted score for each household was calculated using principal component analysis (PCA)
and divided households into SES indices (10). Sampling weights were calculated to account for
clustering by district, sub-county and parish. We conducted bivariate analysis between each of the two
outcomes (households ownership of at least one LLIN and use of any LLIN) and the independent
variables. We conducted a multivariate analysis using modi�ed Poisson regression and the measure of
association was prevalence ratios (PRs) and 95% con�dence intervals. Prevalence ratios (PRs) were used
instead of odds ratios (ORs) because the prevalence of both LLIN ownership and LLIN use was more than
10%. P-values of < 0.05 showed statistically signi�cant associations between the outcomes and the
independent variables. We considered independent variables with p-values ≤ 0.1 in bivariate analysis for
inclusion in the multivariable model.

Results

Household and household member characteristics
A total of 5,529 households and 27,584 household members were included in the survey. Mean
household size was 5 persons (range, 1–25); 4,220 (15%) household members were < 5 years of age. We
found a total of 15,426 nets in these households. Of these, 12,260 (80%) nets were distributed in 2020/21
through the government mass distribution mechanism (Table 1).
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Long-lasting insecticide-treated nets ownership in fourteen districts three months after a mass
distribution campaign in Uganda

Overall, 96% (95% CI 94–99%) households owned at least 1 LLIN and 81% (95% CI 75–88) households
had at least one LLIN for every 2 persons in the household (targeted coverage per household). Most
(4,976; 92%) households had at least one LLIN that was < 3 months old.

Long-lasting insecticide-treated net use in fourteen districts three months after a mass distribution
campaign in Uganda

Among 27,434 household members, 18,954 (69%) slept under an LLIN the night before the survey (Table
3). Overall, 11,466 (74%) of 15,426 existing LLINs in the households were used the night before the
survey. Of 3,859 LLINs not used during sleeping the previous night, 3,250 (84%) were < 3 months old.
Among these, 1,333 (41%) were not used because owners were using old LLINs; 358 (11%) were not used
because of fear of chemicals in the net.

Factors associated with household long-lasting insecticide treated nets ownership in fourteen districts,
three months after a mass distribution campaign in Uganda

Household LLIN ownership (having any LLIN in a household) was slightly higher among households with
a high wealth index compared to households with a low wealth index (aPR = 1.02; 95% CI = 1.01–1.04),
and slightly lower among households in which respondents reported using mosquito repellents compared
to those in which they reported not using repellents (aPR = 0.96; 95% CI = 0.95–0.98) (Table 2). The
prevalence of household LLIN ownership was 13% higher among households where respondents believed
LLIN would protect them from malaria compared to households where respondents did not believe LLINs
would protect them from malaria (aPR = 1.13; 95% CI = 1.04–1.24) (Table 2).

Factors associated with long-lasting insecticide-treated nets use in fourteen districts, three months after a
mass distribution campaign in Uganda

Compared to LLINs < 3 months old (i.e., newly-distributed LLINs), the prevalence of LLIN use was higher
both for LLINs 3–12 months old (aPR = 1.09; 95% CI = 1.06–1.11) and LLINs 13–24 months old (aPR = 
1.10; 95% CI = 1.06–1.14) (Table 3). The use of LLINs with polyester material was 4% lower than use of
LLINs with polyethylene material (aPR = 0.96; 95% CI = 0.94–0.97) (Table 3). Participants who reported
that LLINs were hanged on their bed or sleeping space were more likely to use the net compared to those
who reported that nets were not hanged (aPR = 6.29; 95% CI = 5.83–6.78) (Table 3).

Discussion
Three months after a mass LLIN distribution campaign in Uganda, we found that nearly all households
owned at least one 1 LLIN, and four in every �ve households owned the targeted number of LLINs (at
least one LLIN per 2 persons in the household). Two-thirds of residents slept under an LLIN the previous
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night. LLIN ownership was associated with belief in their protectiveness against malaria, and LLIN use
was associated with net age.

LLIN campaigns are meant to achieve universal coverage, with all households having at least one net per
two persons in the home. Although the 81% of households we found with at least one net per 2 persons in
the household falls short of this target, it does represent an increase from the 54% reported in the Uganda
Malaria Indicator Survey (UMIS) conducted in 2018/19 (6) and the 70% after the 2016/17 campaign (11).
Mass LLIN distribution campaigns begin with a registration exercise, in which a household member
reports to the Village Health Team the number of people in the household. Previous studies have
demonstrated that household registration rates were the most important determinant of receiving LLINs
during mass distribution campaigns; allocation strategies also mattered, with universal coverage
allocation achieving better results than �xed-number allocation (12). It is unknown if this might have
been the cause of the failure to achieve universal coverage in Uganda; however, future distribution
campaigns should include a post-distribution evaluation component to understand reasons for failure to
receive adequate LLINs on the household level, to facilitate reaching universal coverage in Uganda.

Beyond achieving universal coverage, a related metric of success after a mass distribution campaign is
the proportion of household members sleeping under the LLINs (4). We found an increase in the
proportion of the population that slept under an LLIN the previous night from 59%, reported in UMIS
2018/19, to 69% after the 2021 mass distribution campaign. However, this achievement also falls short
of the NMCP target of having 85% of the population sleeping under an LLIN (13). It is not clear if our
�ndings were related to insu�cient numbers of nets, or lack of use of existing nets. Some reasons that
people may not use nets, even when they are provided, include lack of su�cient space to hang the net,
discomfort with the net material, belief that there harmful chemicals in new LLINs, and a desire to save
LLINs for use when a household member is pregnant (3, 7). In our survey, we found that older nets were
more likely to be used than the newest nets, with fear of chemicals cited as one of the factors responsible
for the non-use of new LLINs. We also identi�ed apparent preferences associated with LLIN material: the
preference for polyester LLINs was slightly lower than that for polyethylene LLINs, and an increased use
of LLINs among people who believed that they were protective against malaria. There is evidence that
behavioral change communication (BCC), either through mass media (14), intensive and repeated inter-
personal communication, or material incentives (15) can promote changes in behaviors, beliefs and
attitudes towards LLINs (16). While BCC through mass media is the main approach used in Uganda (4),
more data are needed to identify the optimal mix of approaches to maximize LLIN use after mass
distribution campaigns.

We also noted that ownership of at least 1 LLIN was lower among households where respondents
reported using mosquito repellents, compared with those that did not use repellents. Respondents who
had repellents may have believed that repellents were protective enough and they did not need LLINs;
however, it is also possible that people who did not receive or have enough LLINs may have used
repellents as an alternative. While mosquito repellents do provide protection against malaria infection
(17, 18), the combined use of mosquito repellent during the evening outdoor activities followed by the use
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of LLINs during bedtime at community level signi�cantly reduces malaria infection compared with
repellant use alone (19). Both education and BCC may be required during LLIN distribution to ensure that
repellents are used as adjuvants, and not substitutes, for LLINs.

This study has some limitations. First, LLIN use was self-reported, which could have underestimated or
overestimated the actual use of LLINs. Second, reported use of LLINs the night before the survey only
captures use at one point in time and might not represent regular use. Although this is the recommended
approach to measuring LLIN use (9), a meta-analysis showed that self-reported measures overestimate
LLIN adherence by 13% relative to objective measures (20), suggesting that the true proportion of the
population who slept under LLIN the previous night could be lower than our estimates. Third, our ability to
understand why individuals chose to use nets or not is limited by the quantitative nature of the
questionnaire. Further exploration using qualitative research methods would be required to better
understand local perceptions and why they are hesitant to take up new LLINs.

Conclusion
Long-lasting insecticide-treated nets universal coverage (at least 1 LLIN for 2 people for all households)
and LLIN use fell well short of national targets immediately after distribution of LLINs in Uganda. This
represented challenges of achieving universal coverage and LLIN use.

The government of Uganda might consider distributing additional LLINs, followed by spot-monitoring and
evaluation, to achieve and sustain a target of ≥ 1 LLIN for 2 people in the household. NMCP and/or other
stakeholders could consider designing and conducting targeted behaviour change communication
immediately after the mass distribution campaign to counter misconceptions about new LLINs. We
further recommend that behavior change communication messages be considered that inform
communities about the need to use both mosquito repellents and LLINs to optimally protect themselves
against malaria.
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Table 1
Characteristics of long-lasting insecticide treated nets, three months after a mass distribution campaign,

Uganda, 2021 (n = 15,426 LLINs)
Characteristic Variable Frequency (n) Percentage

(%)

LLIN texture    

Polyester 6,189 40.1

Polyethylene 2,542 15.4

Polyester and polyethylene 4,866 31.5

Not sure 1,829 13.0

LLIN source    

Mass distribution 2020/21 12,260 79.5

Mass distribution 2017 2,201 14.3

Bought the LLIN 505 3.3

ANC 271 1.8

Others 90 0.6

Unknown 99 0.6

LLIN age    

New (< 3 months) 11,101 71.9

3–12 months 1,583 10.3

> 12–24 months 398 2.6

> 24 months 2,195 14.2

Unknown 149 1.0
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Table 2
Factors associated with household long-lasting insecticide treated nets ownership, three months after a

mass distribution campaign, Uganda, 2021
Variable LLIN

ownership
PR 95% CI p aPR 95% CI P

  Yes No            

Wealth index                

Low 1,805 98 1.00     1.00    

Medium 1,704 71 1.01 0.99–
1.02

0.10 1.01 0.99–
1.03

0.06

High 1,769 65 1.01 1.00-
1.03

0.02 1.02 1.01–
1.04

0.001

Repellant use                

No 4,345 161 1.00     1.00    

Yes 947 75 0.96 0.94–
0.98

< 
0.001

0.96 0.95–
0.98

< 
0.001

Nets protect from malaria                

No 76 13 1.00     1.00    

Yes 5,125 174 1.13 1.03–
1.23

0.01 1.13 1.04–
1.24

0.004

Not sure 92 49 0.76 0.66–
0.89

< 
0.001

0.77 0.66–
0.89

< 
0.001

Malaria is a serious
condition

               

No 119 18 1.00          

Yes 5,174 218 1.10 1.03–
1.18

0.003      

PR: prevalence ratio

aPR: adjusted prevalence ratio

CI: con�dence interval
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Table 3
Factors associated with long-lasting insecticide treated nets use, three months after a mass distribution

campaign, Uganda, 2021
Variable LLIN used the night

before the survey
PR 95% CI p aPR 95% CI P

  Yes No            

Age of net
(months)

               

< 3 7,814 3,250 1.00     1.00    

3–12 1,428 153 1.27 1.25–
1.30

< 
0.001

1.09 1.06–
1.11

< 0.001

13–24 364 34 1.29 1.25–
1.34

< 
0.001

1.10 1.06–
1.14

< 0.001

> 24 1,797 387 1.17 1.14–
1.19

< 
0.001

1.02 0.99–
1.05

0.17

Unknown 63 35 0.91 0.78–
1.06

0.21 1.06 0.98–
1.15

0.15

Net texture                

Polyethylene 2,150 387 1.00     1.00    

Polyester 4,658 1,521 0.89 0.87–
0.91

< 
0.001

0.96 0.94–
0.97

< 0.001

Polyester &
polyethylene

3, 283 1,564 0.79 0.78–
0.82

< 
0.001

0.97 0.95–
0.98

< 0.001

Not sure 1,375 387 0.92 0.89–
0.95

< 
0.001

0.92 0.89–
0.95

< 0.001

Source of net                

2017 mass
distribution

1,827 365 1.00     1.00    

2021 mass
distribution

8,843 3,360 0.87 0.85–
0.89

< 
0.001

0.98 0.95–
1.01

0.14

Antenatal clinic 233 38 1.03 0.98–
1.09

0.24 0.97 0.94–
1.01

0.17

Self-purchased 450 55 1.07 1.03–
1.11

< 
0.001

0.98 0.96–
1.01

0.25

PR: prevalence ratio

aPR: adjusted prevalence ratio

CI: con�dence interval
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Variable LLIN used the night
before the survey

PR 95% CI p aPR 95% CI P

Other 113 41 0.88 0.79–
0.97

0.01 0.92 0.86–
0.99

0.02

Net hanging
over bed

               

No 614 3,468 1.00     1.00    

Yes 10,852 391 6.42 5.97–
6.90

< 
0.001

6.29 5.83–
6.78

< 0.001

Net condition                

No holes 9,563 3,476 1.00          

One or few
holes

1,328 119 1.25 1.23–
1.27

< 
0.001

     

Many holes 553 224 0.97 0.93–
1.02

0.20      

Unknown 22 40 0.48 0.35–
0.68

< 
0.001

     

PR: prevalence ratio

aPR: adjusted prevalence ratio

CI: con�dence interval

Figures
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Figure 1

Location of the fourteen districts surveyed three months after a mass distribution campaign, Uganda,
2021


