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Abstract

Background
Malaria remains a critical global health challenge, with over 68% of Ethiopia’s population living in at-risk
areas. While Long-Lasting Insecticidal Nets (LLINs) are a cornerstone of prevention, their effectiveness
depends on consistent use. This study aimed to assess LLIN ownership and utilization patterns and
identify socio-behavioral and physical determinants of their effectiveness in endemic communities.

Methods
A community-based, cross-sectional survey was conducted from October 2024 to January 2025 across
11 administrative regions in Ethiopia. Using a two-stage stratified cluster sampling technique, data were
collected from 9,222 households (34,427 individuals) through face-to-face interviews and direct physical
observations. Data analysis was performed using the SPSS Complex Samples module and hierarchical
multivariable logistic regression.

Results
The survey found a household LLIN ownership rate of 71.5%, while the proportion of sufficient LLINs for
every two people was 58.3%. Among those who owned nets, the overall utilization rate was 59.9%, with
significantly higher rates in rural areas (72.7%) than in urban areas. Vulnerable groups achieved higher
usage levels, specifically pregnant women (78.5%) and children under five (67.2%). Multivariable analysis
indicated that age and pregnancy status were the strongest predictors of LLIN use, with ORs of 0.258 (p 
< 0.001) and 0.662 (p < 0.001), respectively. Major barriers identified included a 60.5% lack of confidence
in hanging nets (p < 0.001) and a widespread misconception (64.1%) that malaria risk is restricted to the
rainy season.

Conclusion
Although Ethiopia has made strides in LLIN ownership and prioritized protection for vulnerable
demographics, overall utilization remains below the 80% threshold required for community-wide
protection. To bridge the gap between ownership and consistent use, national strategies should
transition toward skill-based interventions and targeted communication to address practical barriers and
seasonal misconceptions.

Background
Malaria is one of the most significant and preeminent global health challenges, defined by the magnitude
of its morbidity and the severity of its clinical outcomes [1]. Recent epidemiological data from 2022
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estimated a global burden of 249 million cases and 608,000 deaths, of which approximately 93.6% of all
cases and 95.4% is in Africa [2], following substantial reductions in disease burden between 2000 and
2015 [3]. High-transmission intensity is largely localized, with five African countries, Nigeria (25.9%), the
Democratic Republic of the Congo (12.6%), Uganda (4.8%), Ethiopia (3.6%), and Mozambique (3.5%)
collectively representing more than half of the global disease burden [4]. Children under five years of age
remain the most severely impacted demographic [5], representing roughly 75% to 80% of all malaria
deaths in Africa [1, 6]. This high mortality is compounded by the physiological vulnerability of pregnant
women, where malarial infection contributes significantly to maternal anemia, stillbirth, and low
birthweight, impacting hundreds of thousands of infants annually [7]. The Global Technical Strategy
(GTS) for Malaria 2016–2030 establishes a mandate to reduce case incidence and mortality rates by at
least 90% by 2030 compared to 2015 levels [8]. However, the world is currently off track for these
milestones; for instance, the 2024 global mortality rate was more than three times the target level [9].
LLINs are recognized by the World Health Organization (WHO) as one of the most cost-effective tools for
reducing transmission and have been credited with averting nearly 70% of cases globally [10, 11].

In Ethiopia, approximately 75% of the total landmass is considered malarious, placing roughly 68% to
69% of the population, approximately 52 to 60 million people, at risk of infection [7, 12, 13]. Malaria
transmission is characterized as seasonal and unstable, occurring primarily in areas below 2,000 meters
above sea level where it is heavily influenced by rainfall patterns and altitude [14, 15]. Ethiopia’s diverse
ecological landscapes provide a breeding habitat for the Anopheles arebiensis, the primary vector of
malaria transmission in the country [16, 17]. Environmental factors and climate change pose a
substantial threat to control efforts, as rising temperatures potentially expand malaria risk zones into the
highlands and exacerbate the instability of transmission [18, 19]. Long-Lasting Insecticidal Nets (LLINs)
and Indoor Residual Spraying (IRS) are the major cornerstones of the Vector control program as the
mainstay interventions in Ethiopia’s malaria prevention strategy [13, 20, 21]. The WHO and the Ethiopian
Federal Ministry of Health have set a mandate for universal coverage, which is defined as the provision
of one LLIN for every two people at risk or one net per sleeping space with mass free distribution
campaigns, typically on a three-year cycle [22]. While Ethiopia has made incremental progress in tool
provision, historical data reveal a consistent "utilization gap" with suboptimal population-level utilization
[23, 24], as the functional survival time of nets in field settings is often shorter than the intended
replacement cycle [17, 25].

The epidemiological landscape of malaria in Ethiopia is currently defined by a concerning resurgence,
with national incidence increasing by 32% between 2021 and 2022 and the total number of clinical cases
doubling in 2023 compared to the previous year [4]. This reversal in progress is attributed to a complex
interplay of factors, including vector behavioral adaptations toward early evening outdoor biting [26–28],
insecticide resistance [29, 30], and persistent socio-behavioral barriers to intervention compliance [13,
31]. In 2023, the Ethiopian government launched a massive targeted distribution campaign, aiming to
restore universal access across endemic regions to address these challenges [32]. Updated national
evidence on the effectiveness of LLIN is particularly critical, including identifying the socio-behavioral
and determinants of LLIN effectiveness to achieve Ethiopia’s 2030 goal of indigenous malaria
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elimination. A post-distribution survey was carried out to assess net ownership, usage, and condition to
evaluate the effectiveness and appropriateness, including whether the distribution process was
transparent, and whether there were any unintended negative impacts, including protection risks.
Therefore, this study aimed to assess the coverage, accessibility, and utilization patterns of Long-Lasting
Insecticidal Nets (LLINs) and to identify the socio-behavioral factors among households in malaria-
endemic communities of Ethiopia. This approach will help bridge the gap between LLIN distribution and
effective malaria prevention, ultimately informing strategies to improve the impact of malaria control
programs across Ethiopia’s endemic regions.

Materials and Methods

Study Setting and Design
A community-based, cross-sectional survey was conducted from October 2024 to January 2025 to
evaluate the coverage, access, and utilization of Long-Lasting Insecticidal Nets (LLINs) in Ethiopia. The
study targeted malaria-endemic areas across 11 administrative regions in Ethiopia, encompassing both
urban and rural settings (Fig. 1).

Sampling Frame and Stratification
The sampling frame was constructed by integrating the 2019 Ethiopia Population and Housing Census
data with updated LLIN distribution registries. The Primary Sampling Units (PSUs) were defined as
Enumeration Areas (EAs), totaling 87,550 units nationwide. Stratification was achieved by cross-
classifying the administrative regions by place of residence. A two-stage stratified cluster sampling
technique was employed to ensure national representativeness. In the first stage, Enumeration Areas
were selected using a Probability Proportional to Size (PPS) method based on the number of households
per EA. In the second stage, a complete household listing was conducted in each selected EA, with
segmentation applied to units of 30 households to maintain manageable data collection (Fig. 2).

Data Collection
Data were collected via face-to-face interviews and direct physical observation using standardized,
structured questionnaires deployed through Open Data Kit (ODK) Collect. Household interviews were
conducted with heads of households or eligible adults to obtain data on demographics, ownership, and
usage patterns. Quality control was maintained through a preliminary pilot survey and daily supervisor
validations to ensure data completeness before server transmission. During these visits, collectors
performed direct physical observations to verify the presence, installation, and physical integrity of the
nets. At the central level, data submitted to the dedicated server underwent real-time monitoring for
outliers or clusters with unusual non-response rates. Any discrepancies identified during the
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synchronization process were immediately communicated back to the field teams for clarification or
corrective action before the conclusion of the data collection period in each cluster.

Management and Analysis
Data analysis was performed using SPSS version 28.0. To account for the complex survey design, the
analysis utilized the SPSS Complex Samples module, incorporating cluster and strata variables to
produce design-based standard errors and 95% confidence intervals. The primary outcome variable was
defined as a binary indicator of LLIN utilization, specifically whether a respondent slept under an
insecticidal net the night preceding the survey. To identify independent predictors of use, a hierarchical
multivariable logistic regression was conducted with a random intercept at the household level to
account for the clustering of individuals. Independent variables were entered in four conceptual blocks:
sociodemographic factors, household factors, self-efficacy regarding net hanging, and knowledge or
misconceptions about malaria.

Variables were retained in the final regression model based on a significance threshold of p < 0.05 in
likelihood ratio tests.

Results

Survey Population Characteristics
The post-net distribution survey was conducted in 11 regions of Ethiopia to assess the ownership and
utilization of Long-Lasting Insecticide Nets (LLINs). The survey covered 9,222 households comprising
34,427 individuals. Of this population, 26,681(77.5%) individuals resided in rural households and 7,746
(22.5%) in urban households. Similarly, 76.2% of the households (7,024) were in rural areas, while 23.8%
(2,198) were urban, indicating a clear rural predominance. The age distribution indicates a young
population, with the 25–49 age group comprising the largest segment (37.12%,12,778 individuals). This
was followed by children and adolescents aged 5–14 years (25.61%, 8,818) and young adults aged 15–
24 years (18.81%, 6,476). Children under the age of five (0–4 years) represent 10.88% (3,747) of the total
population. Across age groups, the majority (76% to 80%) of individuals live in rural settings, reflecting a
uniform rural predominance. The survey population was balanced by gender, with males constituting
50.91% (17,526) and females 49.09% (16,901). Among the females surveyed, 1,626 were pregnant
women, a group specifically targeted for malaria protection (Table 1).
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Table 1
Demographic characteristics of the survey population across urban and rural settings from the Post

Net Distribution survey, 2024.
Characteristics Categories Residence Overall population (n) Overall %

Urban % Rural %

Age group 0–4 years 883 23.6 2864 76.4 3747 10.88

5–14 years 1835 20.8 6983 79.2 8818 25.61

15–24 years 1450 22.4 5026 77.6 6476 18.81

25–49 years 3053 23.9 9725 76.1 12778 37.12

50 + years 525 20.1 2083 79.9 2608 7.58

Total 7746 22.5 26681 77.5 34427 100

Gender Male 3869 22.1 13657 77.9 17526 50.91

Female 3877 22.9 13024 77.1 16901 49.09

Total 7746 22.5 26681 77.5 34427 100

Pregnant women 426 26.2 1200 73.8 1626 9.62

Total Households 2198 23.8 7024 76.2 9222  

LLINs ownership and utilization
The current survey result has shown the overall net ownership of 71.5% (CI: 70.5%-72.4%), with a marked
difference in ownership among regions, with Gambela (95.0%, 95% CI: 93.0-96.6), Afar (94.3, 95% CI:
92.5–95.7), and Benishangul Gumuz (90.0%, 87.2–92.5] demonstrated highest ownership. In contrast,
regions such as Somale and Central Ethiopia showed low LLIN ownership of 32.7% (95% CI: 27.9–37.9)
and 54.3%95% CI: [51.1–57.4), respectively. Furthermore, there was a notable variation in ownership
between residential settings, with rural areas demonstrating higher ownership of 75.1% (95% CI:
74.1%-76.1%) compared to low ownership 24.9% (95% CI: 23.9–25.9) in urban areas. Moreover, even
though there was variation in ownership between residential settings across regions, the result revealed
a consistent trend of higher net ownership in rural areas than urban settings in all regions, except for
Gambela, where net ownership was relatively comparable between rural and urban settings (Table 2).
This 10-percentage point range reflects less precision in the estimate for this region compared to others,
which may be due to greater variation in net distribution within that region. The implication of these
intervals also highlights where the distribution is most equitable. In most regions, the urban and rural
settings 95% CIs were distinct, reinforcing the rural focus of net distribution. For example, in Oromia, the
urban CI (16.1–20.3%) and rural CI (79.7–83.9%) were widely separated. However, in Gambela, the urban
CI (44.4–52.8%) and rural CI (47.2–55.6) showed significant overlap. This overlap implies that, within
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Gambela, there were no statistically significant differences in LLIN ownership between urban and rural
households, representing the most balanced regional distribution recorded (Table 2).

Table 2
Household LLINs ownership (≥ 1 LLIN) by regions across the urban/rural setting, Post Net distribution

survey, 2024
Regions Urban % (95% CI) Rural % (95% CI) Overall ownership % (95%

CI)

Tigray 0 0 [-] 520 100 [-] 81.3 [78.1–
84.1]

520/640

Afar 296 38.9 [35.5–
42.4]

465 61.1 [57.6–
64.5]

94.3 [92.5–
95.7]

761/807

Oromia 233 18.1 [16.1–
20.3]

1053 81.9 [79.7–
83.9]

75.3 [73.3–
77.3]

1286/1707

Somali 31 27.9 [20.2–
36.8]

0 72.1 [63.2–
79.8]

32.7 [27.9–
37.9]

111/339

Benishangul
Gumuz

168 37.9 [33.5–
42.5]

275 62.1 [57.5–
66.5]

90.0 [87.2–
92.5]

443/492

Central Ethiopia 148 28.6 [24.8–
32.6]

370 71.4 [67.4–
75.2]

54.3 [51.1–
57.4]

518/954

South Ethiopia 172 26.3 [23.1–
29.8]

481 73.7 [70.2–
76.9]

65.8 [62.8–
68.7]

653/993

Sidama 147 22.9 [19.8–
26.3]

494 77.1 [73.7–
80.2]

60.3 [57.3–
63.2]

641/1063

Southwest
Ethiopia

186 24.3 [21.4–
27.4]

579 75.7 [72.6–
78.6]

66.8 [64.0-
69.4]

765/1146

Gambela 259 48.6 [44.4–
52.8]

274 51.4 [47.2–
55.6]

95.0 [93.0-
96.6]

533/561

Hareri 0 0 [-] 359 100 [-] 69.0 [65.0-
72.9]

359/520

Total 1640 24.9 [23.9–
25.9]

4950 75.1 [74.1–
76.1]

71.5 [70.5–
72.4]

6590/9222

Among a total surveyed household population of 34,427 individuals, 22,612 individuals living in 6588
households that owned at least one net had access to LLINs (Table 2). The adequacy of LLIN
distribution was assessed using the WHO standard of one net for every two persons. This was
calculated by multiplying the number of nets by two and dividing it by the total population within
households of LLIN owners. The overall proportion of LLINs for every two persons at the national level
was 58.3%, with the highest proportion in urban settings (60.8%) compared to rural settings (57.5%
(Fig. 2). The findings showed a marked variation in the adequacy of net supply relative to the population
size across the surveyed regions. Somali and Afar regions reported the highest proportions of LLINs for
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every two persons at 94.1% and 92.2%, respectively. Hareri also showed a high distribution-to-person
ratio at 82.8%. Conversely, several regions fall below the 50% threshold, meaning less than half of the
population was covered by the "one net for every two people" standard. These lower-performing regions
include South Ethiopia (48.4%), Central Ethiopia (49.6%), and Benishangul Gumuz (49.9%). Oromia, which
has the largest surveyed population of 7,070 individuals, demonstrated a proportion of 54.8%, which is
below the national average. Similarly, other regions with large populations, such as Sidama (4,425
people) and Southwest Ethiopia (4,398 people), reported proportions of 55.7% and 57.0%, respectively. In
contrast, Gambela managed a proportion of 62.9% for its population of 1,838, exceeding the national
average 58.3%, indicating a more robust distribution relative to its demographic size (Fig. 3).

The overall LLIN utilization among household members who owned at least one LLIN was 59.9%,
representative of the surveyed population. Utilization varies by residence, with rural households
accounting for 72.7% (95% CI: 71.9%–73.5%) and urban households 27.3% (95% CI: 26.5%–28.1%).
Moreover, there was regional variation in LLIN utilization, with Gambela (94.3%, 95% CI: 93.2–95.4) and
Afar (92.2%, 95% CI: 90.9–93.5) reporting the highest utilization, while Oromia had the lowest, 37.1%
(95% CI: 35.7%–38.5%). Notably, the Somali region has a much wider 95% CI (47.2%–60.1%) compared
to other regions (Table 2). In Tigray and Hareri, utilization proportion was recorded at 100% in rural
settings, with no urban distribution and utilization reported in the sample. However, Gambela
demonstrated similar utilization rates between urban (47.6%, 95% CI: 45.2%–50.1%) and rural (52.4%,
95% CI: 49.9%- 54.8%) (Table 3).
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Table 3
Household members' LLINs utilization by regions across Urban and Rural settings, Post Net Distribution

survey, 2024
Region Residences Overall Overall %

[95% CI]
Total

Urban Urban %
[95% CI]

Rural Rural %
[95% CI]

Tigray 0 0 [-] 1305 100 [-] 1305 67.5 [65.4–
69.6]

1933

Afar 563 37.5 [35.0-
39.9]

940 62.5 [60.1–
65.0

1503 91.0 [89.6–
92.3]

1651

Oromia 326 18.2 [16.5–
20.1]

1464 81.8 [79.9–
83.5]

1790 38.2 [36.8–
39.6]

4690

Somali 29 21.6 [15.3–
29.2]

105 78.4 [70.8–
84.7]

134 56.8 [50.4–
63.0]

26

Benishangul
Gumuz

488 36.4 [33.8–
39.0]

853 63.6 [61.0-
66.2]

1341 75.5 [73.5–
77.5]

1775

Central Ethiopia 356 30.5 [27.9–
33.2]

810 69.5 [66.8–
72.1]

1166 55.8 [53.7–
57.9]

2089

South Ethiopia 350 28.4 [25.9–
31.0]

882 71.6 [69.0-
74.1]

1232 45.8 [43.9–
47.7]

2692

Sidama 291 21.4 [19.3–
23.7]

1066 78.6 [76.3–
80.7]

1357 59.0 [57.0–
61.0]

2301

Southwest
Ethiopia

507 28.6 [26.5–
30.7]

1267 71.4 [69.3–
73.5]

1774 66.1 [64.3–
67.9]

2682

Gambela 755 47.6 [45.2–
50.1]

831 52.4 [49.9–
54.8]

1586 93.5 [92.3–
94.6]

1696

Hareri 0 0 [-] 355 100 [-] 355 40.9 [37.7–
44.2]

867

Total 3665 27.1 [26.3–
27.8]

9878 72.9 [72.2–
73.7]

13543 59.9 [59.3–
60.5]

22612

We analyzed LLINs utilization among vulnerable groups, including pregnant women and children under
five. Pregnant women achieved the highest LLIN utilization rate at 78.5% (846/1078; 95% CI 76.0%–
80.0%). Among the general population, females reported higher utilization (61.9%; 95% CI: 61.0–62.8)
than males (57.9%; 95% CI: 61.0–62.8). Utilization across age groups showed distinct patterns, with the
highest use occurring among adults aged 25–49 (68.7; 95% CI: 67.7–69.7) and children aged 0–4
(67.2%; 95% CI: 65.3–69.0). In contrast, school-aged children (5–14 years) had the lowest utilization rate
at 49.7% (95% CI: 48.4–51.0). Regression analysis confirmed these findings, with age (OR = 0.258, 95%
CI: 0.216–0.39; p < 0.001) and pregnancy status (OR = 0.66, 95% CI:0.594–0.738; p < 0.001) being
statistically significant predictors of LLIN use. Conversely, gender was not statistically significant (OR = 
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0.985, 95% CI: 0.909–1.067; p = 0.704). Across all demographic categories, LLIN utilization was
consistently higher in rural areas, accounting for approximately 72% to 79% of total net use. The most
pronounced rural concentration was seen among adults 50 + age group (79.1%), while the most
balanced urban/rural distribution among age groups was observed in the under-five (0–4 years), where
28.5% of utilization occurred in urban settings (Table 4). These narrow confidence intervals across the
urban/rural split confirm that the rural-dominant trend of net utilization was consistent across every
surveyed demographic (Table 4).
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Table 4
Proportion of LLINs utilization distribution by gender, age, and eligible women among all household

members, Post Net distribution survey, 2024
Characteristics
category

Residences Overall N

Urban Urban %
[95% CI]

Rural Rural %
[95% CI]

Total Overall
%% [95%
CI]

Gender Male 1798 27.2
[26.1–
28.3]

4816 72.8
[71.7–
73.9]

6614 57.9
[57.0-
58.8]

11417

  Female 1867 26.9
[25.9–
28.0]

5062 73.1
[72.0-
74.1]

6929 61.9
[61.0-
62.8]

11195

Age group 0–4
years

479 28.5
[26.4–
30.7]

1200 71.5
[69.3–
73.6]

1679 67.2
[65.3–
69.0]

2500

5–14
years

767 26.6
[25.0-
28.2]

2117 73.4
[71.8–
75.0]

2884 49.7
[48.4–
51.0]

5803

15–24
years

591 28.1
[26.2–
30.1]

1512 71.9
[69.9–
73.8]

2103 51.3
[49.8–
52.9]

4096

25–49
years

1617 27.6
[26.4–
28.7]

4252 72.4
[71.3–
73.6]

5869 68.7
[67.7–
69.7]

8544

50 + 
years

211 20.9
[18.5–
23.5]

797 79.1
[76.5–
81.5]

1008 60.4
[58.0-
62.7]

1669

Pregnant woman 234 27.7
[24.7–
30.7]

612 72.3
[69.3–
75.3]

846 78.5
[76.0–
80.0]

1078

Categories B SE Wald p-
value

Exp(B)
(OR)

95% CI Exp(B)

Lower Upper

Age group -1.354 0.092 218.606 0.000 0.258 0.216 0.309

Gender -0.016 0.041 0.144 0.704 0.985 0.909 1.067

Pregnant
woman

-0.413 0.055 55.349 0.000 0.662 0.594 0.738

Associated LLINs use and ownership barriers

Page 13/33



In this survey, we assessed household criteria for mosquito net distribution, sleeping practice, and
preference for net color and shape. The findings showed that 88.2% (95% CI: 87.4–89.0) of households
reported mosquito net distribution was based on family size. In contrast, only a small fraction (3.6%,
95%CI: 3.1-4.0) believed sleeping space was the criterion, while 6.9% (95%CI: 6.3–7.6) did not know the
criteria. Sleeping practice showed that most household members do not sleep outdoors (87.0%, 95%
86.3–87.7), whereas 13.0% (n = 1,198) reported sleeping outside. Among those who slept outdoors,
64.2% (95% CI: 61.4–66.9) reported using bed nets, while 35.8% (95% CI: 33.1–38.6) did not, leaving
them vulnerable to malaria. The 95% CI for the outdoor net utilization (61.4%-66.9%) shows that while a
majority seeks protection, there is still significant room for improvement in ensuring consistent net use
during outdoor sleeping. Preferences for net color varied considerably. Blue was the most preferred color
at 42.2% (95% CL: 41.2%-43.2%), followed by green (26.5%, 95% CI: 25.6–27.4), white (16.3%, 95% CI:
15.5–17.0) and 15% (95% CI: 14.3–15.7) expressed no preference Furthermore, Net shape preference
showed a clear preference for rectangular nets, with 66.8% (95% CI: 65.8–67.7) of respondents choosing
them over conical shape (21.7%, 95% CI: 20.8–22.5) (Table 5).
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Table 5
Household net distribution and community behavioral activities, Post net distribution survey, 2024

Questions Response n % 95% CI

Lower Upper

What are the criteria for mosquito net
allocation for households?

Family size 5820 88.2 87.4 89

Sleeping
space

235 3.6 3.1 4

Don’t know 457 6.9 6.3 7.6

Total 6598   - -

Did any of the household members sleep
outdoors?

Yes 1198 13 12.3 13.7

No 8023 87 86.3 87.7

Total 9221 - - -

If yes, did you sleep under the bed net? Yes 769 64.2 61.4 66.9

No 429 35.8 33.1 38.6

Total 1198   - -

Which color of net would you prefer: blue,
white, or green?

Green 2445 26.5 25.6 27.4

Blue 3895 42.2 41.2 43.2

White 1500 16.3 15.5 17

Does not care 1382 15 14.3 15.7

Total 9222   - -

Which shape of net would you prefer:
conical or rectangular?

Conical 1998 21.7 20.8 22.5

Rectangular 6158 66.8 65.8 67.7

Does not care 1066 11.6 10.9 12.2

Total 9222   - -

Variables OR SE p-
value

[95% CI]

Preferred net color 1.156 0.0320 < 
0.001

[1.1–
1.22]

Preferred net shape 0.655 0.0322 < 
0.001

[0.59–
0.72]

The current results indicated that a majority of respondents (77.2%, 95% CI: 6.4%-78.1%) had heard
messages about mosquito nets, suggesting that basic awareness was widespread and consistently
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reported. However, direct home-based education reached fewer people, at 40.2%, while a majority
(57.1%) reported they had not recently received such information at home. This suggests that while
mass communication is reaching most people, personalized household-level education is less frequent.
When information is delivered at home, Health Extension Workers were the primary source, accounting
for 74.3% of the education provided followed by Health care workers at 19.7%, while other sources like
community health workers (3.5%) and peer educators (0.2) played a much smaller role. Despite these
education efforts, there was a clear practical skill gap, 60.5% of the respondents reported they were not
confident in hanging a mosquito net, highlighting a critical area for future behavioral change
interventions. The surveyed population generally holds positive views regarding the utility and safety of
nets. Over 70% of respondents expressed high levels of confidence in the importance of children
sleeping under a treated net (25.7% extremely confident and 44.5% very confident). Similarly, 73.5% were
confident that treated nets are safe to sleep under. However, a notable misconception persists regarding
malaria transmission: 64.1% of respondents agreed (strongly or somewhat) that people were only at risk
during the rainy season. Even though 24.2% strongly agreed and 39.9% somewhat agreed about the risk
of malaria during the rainy season, the findings indicated that people trust the nets; many may not
recognize the need for year-round protection (Table 6).
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Table 6
household information, net use practices, and knowledge about net use, post-net distribution survey,

2024
Questions Response n % 95% CI

Lower Upper

Have you ever seen or heard messages
about mosquito nets

Yes 7123 77.2 76.4 78.1

No 2099 22.8 21.9 23.6

Did you recently receive
education/information on malaria at your
home?

Yes 3711 40.2 39.2 41.2

No 5265 57.1 56.1 58.1

Don't know 246 2.7 2.4 3.0

From whom did you receive? Health care
worker

731 19.7 18.4 21.0

Health
extension
worker

2756 74.3 72.8 75.7

Community
health worker

131 3.5 3.0 4.2

Friends / Family 34 0.9 0.6 1.3

Employer 6 0.2 0.1 0.3

Peer educators 9 0.2 0.1 0.4

School children 10 0.3 0.1 0.5

Don’t know 7 0.2 0.1 0.4

Total 3711    

Confident to hang a net Yes 2650 39.5 38.3 40.6

No 4065 60.5 59.4 61.7

Total 6715    

How important do you think it is for young
children to sleep under a treated net?

Extremely
Confident

2366 25.7 24.8 26.6

Very Confident 4106 44.5 43.5 45.5

A Little
Confident

2061 22.4 21.5 23.2

Not At All
Confident

688 7.5 6.9 8.0
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Questions Response n % 95% CI

Lower Upper

Treated nets are safe to sleep under Extremely
Confident

2545 27.6 26.7 28.5

Very Confident 4235 45.9 44.9 46.9

A Little
Confident

1801 19.5 18.7 20.3

Not at all
Confident

641 7.0 6.4 7.5

People are at risk of getting malaria only
during the rainy season

Strongly Agree 2231 24.2 23.3 25.1

Somewhat
agree

3676 39.9 38.9 40.9

Somewhat
disagree

2294 24.9 24.0 25.8

Strongly
Disagree

1020 11.1 10.4 11.7

Total 9221    

Variables OR SE p-
value

[95% CI]

Confident to hang LLIN 0.831 0.0271 < 
0.001

[0.8-.0.9]

Regarding LLINs maintenance, the survey findings showed that the population was nearly evenly split,
with 51.1% of households (n = 4708) reporting that they washed their nets and 48.9 stating they did not.
Among those who did wash their nets, the majority (67.5%) do so reactively when the net appears dirty,
rather than on a fixed schedule. Regular washing was less common, with only 18.2% of respondents
washing two to three times a year and only 7.9% washing once a year. Regarding the materials used for
cleaning, bar soap was the most prevalent choice, used by 54.7% (95% CI: 53.2–56.1) of households.
Detergents like OMO were the second most common cleaning agent at 32.2%, while 7.9% of respondents
wash their nets using only water. Harsh chemicals like bleach were rarely used, reported by less than 1%
of the respondents. Drying practices revealed a strong adherence to keeping nets out of direct sunlight,
which was crucial for preserving the insecticide. A combined 94.5% of households reported drying their
nets in the shaded areas, with the most common location being outside on the ground in the shade
(45.3%), followed by a cloth line in the shade (25.2%), and inside a shaded area (18.4%). Only a small
fraction of respondents (5.5%) reported drying their nets in direct sunshine, a practice that can degrade
the net’s protective chemicals. The high percentage of shaded drying suggests that current public health
messaging regarding proper net care was effectively adopted by the vast majority of those who maintain
their nets (Table 7).
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Table 7
Household practices to handle insecticide-treated nets, post-net distribution survey, 2024

Questions Response Response n
(%)

95% CI

Lower Upper

Household washes nets Yes 4708 (51.1) 50.0 52.1

No 4514 (48.9) 47.9 50.0

Total 9222 -. -.

How often do you wash
your net(s)?

When it gets dirty 3179 (67.5) 66.2 68.8

1 time a year 371 (7.9) 7.1 8.7

2–3 times a year 856 (18.2) 17.1 19.3

4–5 times a year 186 (4.0) 3.4 4.5

6 or more times a year 116 (2.5) 2.0 2.9

For the last wash, what
soap was used?

Bar Soap 2573 (54.7) 53.2 56.1

Detergent (OMO etc) 1517 (32.2) 30.9 33.6

Bleach 42 (0.9) 0.7 1.2

Mix 189 (4.0) 3.5% 4.6

Only with water 373 (7.9) 7.2% 8.7

Not washed 14 (0.3) 0.2% 0.5

For the last wash, where
was the net dried?

Outside on the ground, Shade 2135 (45.3) 43.9 46.8

Outside on the clothes line (hang
on the rope), shade

1185 (25.2) 23.9 26.4

Outside bush or fence shade 262 (5,6) 4.9 6.2

Inside a shaded area 867 (18.4) 17.3 19.5

Dried in direct sunshine outside
on the ground

259 (5.5) 4.9 6.2

Variables OR SE p-
value

Wash nets 1.139 0.0618 0.016

Discussion
The 2024 post-LLIN distribution survey provides a comprehensive assessment of Ethiopia’s progress
towards universal coverage and effective utilization of long-lasting insecticide nets (LLINs). National
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household LLIN ownership reached 71.5%, a modest increase from 64% in 2015 [23], 64.8% in 2017 [33],
and 67% in 2020 [24]. Despite this upward trend, coverage remains below both the national target of
100% for malaria endemic households [32] and the WHO benchmark of 80% universal coverage [4],
indicating the current LLIN distribution is insufficient to meet global elimination milestones [20, 23].
Additionally, our survey revealed that LLIN access, defined as one net per two people or one net per
sleeping space for all households in malaria-endemic areas, improved to 58.3% compared to the reports
of 32.0% in 2015 [23, 33], 39.3% in 2017 [33], and 40.3% in 2020 [24]. This persistent gap indicates that
while mass distribution campaigns have successfully increased net numbers across years, they have not
yet achieved the optimal adequacy required to protect all household members. Historically,
approximately 81% of nets have been distributed in rural areas, reflecting the higher transmission risk in
rural, low-altitude settings [33].

We also observed urban-rural differences in LLIN ownership. In the current survey, urban households
have shown slightly higher coverage than rural households. This finding contrasts with earlier national
surveys, where rural households consistently have higher ownership than urban households [23, 33].
Despite these shifts, both settings have shown improvement over time, yet neither has achieved the
threshold required for universal protection. These findings suggest that distribution campaigns have
expanded coverage, but geographic inequities remain a persistent barrier to equitable malaria
prevention. Relatively higher urban adequacy likely reflects smaller average household sizes in urban
settings, as protection levels typically increase as family size decreases because fewer nets are needed
to meet the WHO 1:2 ratios [24]. Historically, ownership has been higher in rural areas (70.0%) compared
to urban (55.4%) settings in 2020 (24) because the rural population faces the highest transmission risks
due to environmental factors like irrigation and proximity to water bodies [34].

The high ownership rates in Gambela (95.0%) and Afar (94.3%) align with the 2020 national survey, which
also identified these regions as leaders in net ownership with 85.8% and 82.6%, respectively [24],
attributed to their status as a high-transmission western and eastern rift valley lowland region [32].
Notably, Gambela was the exception where urban and rural ownership overlapped, indicating a highly
balanced and equitable distribution system similar to previously reported findings, with better-than-
average community awareness and access [24, 33]. Conversely, the low ownership recorded in the
Somale region (32.7%) represents a sharp decline from the 63.7% reported in 2017 [33] and 65.3%
reported in 2020 [24].

In contrast, Oromia (54.8%), which is falling below the national average, underscores the difficulty of
maintaining universal coverage, which is most pronounced and is supported by research showing
heterogeneity in access and utilization in Arsi zones [35, 36]. The adequacy proportion of 54.8% in this
region has shown an improvement compared with the 31.0% of adequacy that was observed in 2015, but
it remains below the current national average, likely due to the logistical complexities of serving its large
population [23, 33]. Similar to Oromia, the recorded ownership in Sidama (55.7%) has fallen below the
national average [24, 37] but is considerably higher than recent longitudinal reports from the region,
which found adequacy dropping from 36% to 29% in late 2023 [25].
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The 94.1% and 92.2% adequacy proportions (proportion of one LLIN for two persons) reported for the
Somali and Afar regions, respectively, mark a dramatic shift in LLIN adequacy relative to population size.
In 2015, Somali households achieved a 1:2 ratio of only 30.7%, while Afar was recorded at 28.4% [23].
These regions have transitioned from being below the national average to exceeding international
targets, contrasting with previous results where they were among the lower-performing strata [23, 33].
Several regions: South Ethiopia (48.4%), Central Ethiopia (49.6%), and Benishangul Gumuz (49.9%)
demonstrate a LLIN shortage, with less than half of the population covered by the universal standard,
and need to be prioritized for future distribution efforts [33]. Consequently, sustaining these high
distribution-to-person ratios will require not only frequent replenishment but also intensified social and
behavior change programs to ensure available supply is utilized consistently and maintained effectively
[25, 33]. Scientific evidence suggests that the impact of these distribution efforts is fundamentally
constrained by rapid net attrition and physical decay, with a median functional survival time of only 19
months, meaning half of the distributed supply becomes unserviceable well before the standard three-
year replacement cycle [17]. Consequently, achieving malaria elimination will require a strategic
transition from commodity-centric distribution toward intensified Social and Behavior Change (SBC)
programs that focus on practical skill-based education and personalized communication to ensure
consistent, year-round utilization [21, 33, 38].

The current post LLINs distribution survey reported that the overall LLIN utilization of 59.9% among
household members who owned nets represents a substantial improvement in behavioral adoption
compared to historical national utilization. This utilization level is higher than the 40% reported in 2015
[23], the 42.6% in 2017, and the 44.2% identified in the 2020 national survey [33]. However, despite these
gains, utilization remains below the conventional 80% threshold required to provide sufficient
community-wide protection [25, 33]. The disparity between residential settings, where rural areas
account for 72.7% of total utilization, and the strategic rural focus of Ethiopia’s malaria control program.
This trend of higher rural utilization contrasts with the 2020 national survey, which found more equitable
usage between urban (47.4%) and rural (43.4%) households [24]. Historical data from 2007 and 2017
indicated that urban areas sometimes possessed better access to health information and higher use
rates among specific groups, a pattern that the current results suggest may be shifting back toward rural
dominance (24,33,35). However, this finding contrasts with earlier studies and the 2007 Malaria Indicator
Survey, which suggested that urban areas sometimes had better access to information and higher use
rates among specific vulnerable groups [33, 35].

Regional variations in the current survey further highlight persistent gaps. The high utilization rates in
Gambela (94.3%) and Afar (92.2%) were consistently reported to have the highest national coverage and
usage, aligning with findings from the 2017 and 2020 LLIN surveys [24, 33]. Conversely, Oromia’s
utilization of 37.1% is a critical outlier, identifying it as a high-priority area for future social and behavior
change communication (SBCC). Previous research in the Kersa and Miesso district of Oromia regional
state also found that rural residents were significantly more likely to utilize LLINs than their urban
counterparts [39, 40]. This variation is consistent with reports that local factors, such as mosquito
abundance and perceived risk, significantly influence net use [38]. The higher variability in net use, such
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as in the Somali region, is possibly due to the migratory nature of pastoralist populations or logistical
challenges in distribution [25, 33]. The data on equity and setting-specific proportions underscore the
importance of local context in malaria elimination. For instance, Gambela stands out as the most
equitable region, with net use nearly identical between its urban and rural populations. This achievement
suggests that distribution strategies and health education have been uniformly effective across different
residential environments in the region. The pregnant women's LLIN utilization 78.5%) and children aged
0–4 years at 67.2% among vulnerable groups were a marked increase from 2015 national figures of 44%
for pregnant women and 45% for children under five [23, 24, 33]. Despite these achievements, a distinct
age-related "utilization gap" was identified in school-aged children 5–14 years), the group least likely to
be protected [37]. This is particularly concerning given that age and pregnancy status remain the most
powerful predictors of LLIN use [35, 37].

The low utilization progress in general is recorded below the national and international threshold, which
may be due to the identified behavioral and logistical factors like outdoor sleeping habits and net design
preferences, providing critical insights into malaria prevention and control in Ethiopia. The family size
(88.2%) was recognized as the primary factor for determining the number of nets received, which
reflects a high level of community awareness and alignment with national policy, mirrors the Ethiopian
National Malaria Guidelines, which mandate distribution based on the number of household residents,
specifically, one net for every two people [25, 32, 41]. This understanding was a marked improvement
over historical challenges in distribution logic, where some regional managers noted that a lack of
precise quantification by residents often led to over- or under-distribution [25]. Contrastingly, in other
international contexts like the Dominican Republic, quantification often relies on assumed sleeping
spaces rather than resident counts, which has led to significant coverage gaps [6]. The reported 13.0% of
individuals sleeping outdoors represents a significantly vulnerable population, particularly as vectors in
some regions have shown behavioral adaptations toward frequent outdoor biting earlier in the evening
[42]. While the 64.2% utilization among outdoor sleepers indicates a strong desire for protection, the
35.8% who do not use nets are at high risk. Scientific literature confirms that the perceived low density of
mosquitoes and the discomfort of heat are primary barriers to net use in outdoor or non-conventional
sleeping arrangements [7, 42], and difficulties in hanging and replacing nets are primary factors
contributing to suboptimal use [7]. This practical barrier is particularly problematic given that LLINs in
Ethiopia have a median functional survival time of only 19 months, meaning nets are often damaged or
discarded well before the end of the three-year distribution cycle [17]. Without the technical skills to
properly mount nets, especially in rooms that serve multiple functions during the day, household
members are more likely to leave nets unhanged or stored away [21]. This suggests that this is a stable
behavioral trend that requires targeted Social and Behavior Change (SBC) programs to encourage
consistent net use during outdoor activities and sleeping [7, 25]. The clear preference for blue nets
(42.2%) and rectangular shapes (66.8%) provides actionable data for procurement and distribution,
aligned with the 2020 Ethiopian national survey, which reported a massive proportion of 99% preference
for rectangular nets and a 72.2% preference for the color blue [24]. Some other studies in Ethiopia also
suggested that conical nets might be preferred in certain settings due to ease of hanging in smaller
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rooms [21]. Considering these user preferences is essential for preventing repurposing and avoidance,
as individuals are more likely to use nets they find attractive and convenient for their specific sleeping
arrangements [21, 42].

The surveyed population generally holds positive views on net safety or handling (73.5%), and the
importance of protecting children, yet these attitudes are undermined by a fundamental misconception
regarding transmission. The finding that 64.1% of respondents believe malaria risk is limited to the rainy
season is a major obstacle to elimination goals. This seasonal perception is a leading reason for non-
use in Southern Ethiopia, where nearly 30% of households report not using nets during the dry season
because they believe there is "currently no malaria." [38]. This behavior is often driven by a perceived low
density of mosquitoes and physical discomfort from heat during dry periods [7, 42]. To achieve national
elimination, social and behavior change (SBC) programs must move beyond basic awareness to address
these specific skill gaps and the critical need for consistent, year-round utilization across all climatic
settings [24, 38].

The reported awareness regarding mosquito net messages reflects a widespread reach of basic malaria
information, showing a slight improvement over the awareness recorded in the 2015 MIS [23]. This
finding is relatively encouraging, with the finding that only 40.2% received home-based education
suggesting a persistent gap in personalized community outreach. Historically, Health Extension Workers
(HEWs) have been the backbone of Ethiopia's malaria strategy, responsible for approximately 81% of net
distributions and the majority of community-level education [24]. The previous survey finding, HEWs were
the primary information source (74.3%) of national data, aligned with where they reached over 92% of
households in health messaging [24]. However, previous national assessments found that while
coverage is high, only 33.7% to 38% of households could accurately recall key mosquito net messages,
indicating that mass communication often fails to achieve the necessary behavioral depth [24, 33]. The
finding that 51.1% of households reported washing their nets indicates a stable behavioral trend
compared to the 49% washing rate documented in the previous survey [24]. The reactive approach to
maintenance, where 67.5% of households wash nets only when they appear dirty, mirrors the 2015
Ethiopia National Malaria Indicator Survey [23], where "when it gets dirty" was the primary trigger for
washing across both urban and rural settings. Such behavior is programmatically significant because the
frequency and method of washing are major determinants of how long a net retains its insecticidal bio-
efficacy and physical integrity [6, 21]. Regarding washing materials, the preference for bar soap (54.7%)
is considered an adequate practice as it was less damaging than harsher alternatives. Conversely, the
32.2% use of detergents such as OMO identifies a critical area for social and behavioral change
interventions, as these are classified as aggressive products that can rapidly reduce the net's insecticidal
efficacy [6]. Nevertheless, the current results show significantly higher adherence to safe materials than
in other malaria foci; for instance, in the Dominican Republic, between 64.6% and 85.8% of households
used aggressive products like bleach or chlorine [6]. The rarity of bleach use (less than 1%) in the
surveyed population further suggests that Ethiopian households generally avoid the most chemically
destructive maintenance practices compared to global trends [6]. A major success revealed by the
survey is the 94.5% adherence to shaded drying, which is essential for protecting the insecticide from UV
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degradation [6, 17]. This finding represents a stark contrast to other field settings where 75% to 90.5% of
households dry their nets in direct sunlight [6]. The high percentage of shaded drying and the low
proportion of individuals drying nets in direct sunshine (5.5%) imply that public health messaging and
community education regarding proper net care have been effectively adopted by the vast majority of net
owners [17]. Sustaining these maintenance behaviors is critical for extending the median functional
survival time of LLINs, which in Ethiopia is currently estimated at only 19 months [17].

Conclusion
While national ownership is improving, the persistence of regional disparities and the rapid attrition of
nets often lasting less than the expected three years suggests that increasing coverage alone is
insufficient. Continuous distribution mechanisms, such as routine delivery through antenatal care and
immunization clinics, remain essential to sustain gains and address the "loss" of LLINs between mass
campaigns. While national adequacy is rising, the "net use gap" remains primarily driven by insufficient
access within the household rather than a failure of behavioral compliance. National strategies have
successfully ensured that populations with the highest vulnerability (pregnant women and children under
5) are prioritized for protection. However, internal household resource allocation patterns create a
secondary protection gap for other demographic segments, such as school-aged children, who are
frequently displaced from protected sleeping spaces as families prioritize younger siblings. A significant
constraint to sustained efficacy is the disconnect between ownership and the practical knowledge
required for proper installation and maintenance, identifying a technical barrier that limits the conversion
of access into consistent use. This is further compounded by misconceptions regarding the seasonal
nature of disease transmission, leading many to perceive protection as unnecessary during dry periods
and thereby maintaining reservoirs for future transmission. While community adherence to certain
maintenance behaviors reflects successful health education, these behavioral gains are often
undermined by a reactive approach to care and the use of chemically aggressive washing agents that
accelerate the loss of insecticidal efficacy. Additionally, residential disparities highlight the critical role of
localized health extension networks, as rural environments demonstrate higher adoption rates compared
to urban settings. While significant strides have been made in increasing availability, the simple provision
of nets is insufficient to achieve the threshold necessary for community-wide protection and the
interruption of transmission cycles. Ultimately, achieving malaria elimination requires a strategic
transition toward skill-based interventions and personalized social and behavior change communication.
Addressing demographic disparities, enhancing community engagement, and implementing continuous
monitoring will be essential to bridge the gap between ownership and consistent, year-round protection.
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Figure 1

Enumeration areas (EAs) distribution across survey regions, Post LLINs distribution survey, 2024
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Figure 2

Systematic sampling procedures, Post LLINs distribution survey, 2024.
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Figure 3

Proportion of insecticide-treated nets for every two persons across regions and residence type, post-net
distribution survey, 2024
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