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ABSTRACT
Introduction Malaria remains a significant public health 
challenge globally, particularly in sub- Saharan Africa, 
where progress has stalled in recent years. Long- lasting 
insecticidal nets (LLINs) are a critical preventive tool 
against malaria. This study investigated the effectiveness 
of newer- generation LLINs following a universal coverage 
campaign in Uganda.
Methods Health facility data collected 36 months 
prior to LLIN distribution and 24 months after LLIN 
distribution were used from 64 sites that took part 
in a cluster- randomised trial comparing two newer- 
generation LLINs (pyrethroid- piperonyl butoxide and 
pyrethroid- pyriproxyfen). Using an interrupted time- series 
approach, we compared observed malaria incidence with 
counterfactual scenarios if no LLINs were distributed, 
adjusting for precipitation, vegetation, seasonality and 
care- seeking behaviour. Analyses were also stratified by 
LLIN type and study- site level estimates of transmission 
intensity.
Results Overall, malaria incidence decreased from 827 
cases per 1000 person- years in the predistribution period 
to 538 per 1000 person- years in the postdistribution 
period. Interrupted time- series analyses estimated a 
23% reduction in malaria incidence (incidence rate ratio 
[IRR]=0.77, 95% CI 0.65 to 0.91) in the first 12 months 
following distribution relative to what would be expected 
had no distribution occurred, which was not sustained 
in the 13–24 month post- distribution period (IRR=0.97, 
95% CI 0.75 to 1.28). Findings were similar when stratified 
by LLIN type. In the first 12 months following distribution, 
LLIN effectiveness was greater in the high- transmission 
sites (IRR=0.67, 95% CI 0.54 to 0.86) compared with 
the medium- (IRR=0.74, 95% CI 0.59 to 0.92) and low- 
transmission sites (IRR=0.87, 95% CI 0.56 to 1.32).
Conclusion This study demonstrated a modest reduction 
in malaria incidence following the distribution of newer- 
generation LLINs that was sustained for only 12 months, 
highlighting the need for improved strategies to maintain 
net effectiveness. Adjusting the frequency of universal 

coverage campaigns based on local malaria transmission 
intensity may enhance control efforts.

BACKGROUND
Major efforts towards malaria control in sub- 
Saharan Africa have been met with success, 
resulting in a 44% reduction in malaria inci-
dence from 2000 to 2019.1 2 Much of this 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Despite major scale- up of long- lasting insecticidal 
nets (LLINs) across malaria- endemic areas, prog-
ress at reducing malaria burden has slowed, likely 
due to waning effectiveness of LLINs. While there 
is ample evidence that newer- generation LLINs are 
more effective than traditional pyrethroid LLINs, less 
epidemiological evidence exists on their real- world 
longitudinal impact on malaria cases averted.

WHAT THIS STUDY ADDS
 ⇒ We leverage data from a cluster- randomised trial 
comparing two newer- generation LLINs (pyrethroid- 
piperonyl butoxide and pyrethroid- pyriproxyfen) to 
estimate a counterfactual trend of malaria incidence 
over 24 months if LLINs had not been distributed 
and determine the impact of LLINs over time. We 
find that malaria incidence was reduced in the first 
year after nets were distributed, with no detectable 
impact after that.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The findings from this study underscore the need for 
improved strategies to maintain net effectiveness 
and suggest that adjusting the frequency of uni-
versal coverage campaigns based on local malaria 
transmission intensity may be warranted.
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success has been attributed to the scale- up of long- lasting 
insecticidal nets (LLINs). Access to LLINs in sub- Saharan 
Africa has increased markedly in the past two decades, 
from 5% of households with at least one net in 2000 
to 70% in 2022,2 with many countries in sub- Saharan 
Africa now distributing LLINs free of charge in universal 
coverage campaigns (UCCs), typically conducted every 
3 years. Recently, however, progress towards reducing 
malaria burden has stalled and even reversed course in 
some high- burden African countries.2 Waning effective-
ness of LLINs due to the spread of pyrethroid resistance, 
changing vector behaviours, poor net adherence and net 
attrition are likely contributing to this recent reversal in 
progress.3–6 Widespread resistance to pyrethroid insec-
ticides has led to the development and distribution of 
newer- generation nets, including those that combine 
pyrethroids with piperonyl butoxide (PBO), a pyrethroid 
synergist, or with different insecticides such as pyriprox-
yfen, an insect growth inhibitor.

Cluster- randomised controlled trials (CRTs) are consid-
ered the optimal method for comparing the efficacy 
and effectiveness of different LLINs and shaping policy 
recommendations. While there is ample evidence that 
newer- generation nets are more effective than traditional 
pyrethroid LLINs,7 less epidemiological evidence of the 
real- world longitudinal impact of newer- generation nets 
on malaria burden (eg, cases averted over time) is avail-
able. Such evidence is essential for understanding the 
dynamics of malaria after LLINs are distributed, deciding 
on the duration between LLIN distribution campaigns, 
and estimating the cost- effectiveness of LLINs. The most 
rigorous method for quantifying the impact of LLIN 
distribution would be a CRT including an arm without 
LLIN distribution. However, such a study design would 
be unethical given the known benefits of LLINs, and 
therefore alternative study designs and analytical strate-
gies are needed.

Uganda is one of the high malaria- burden countries 
in sub- Saharan Africa where progress has reversed in 
recent years. Coverage of LLINs in Uganda is the highest 
globally8 due to repeated UCCs conducted approx-
imately every 3 years by the Ministry of Health (MoH) 
since 2013. Nevertheless, malaria burden remains high, 
and between 2018 and 2022, reported annual malaria 
cases increased by 1.7 million from 10.9 million to 12.6 
million.2 Widespread resistance to pyrethroid insec-
ticides across Uganda has led to the distribution of 
newer- generation LLINs, including pyrethroid- PBO and 
pyrethroid- pyriproxyfen LLINs. A CRT was embedded 
into the 2020–2021 UCC to compare these two newer- 
generation nets across 64 sites. In this trial, there were 
no significant differences between the two LLINs on the 
incidence of malaria among community members of all 
ages or parasite prevalence among children 2–10 years 
of age, over 24 months following LLIN distribution.9 
However, these results did not include estimates of the 
overall impact of LLIN distribution on malaria incidence 
over time. By leveraging interrupted time- series (ITS) 

methodologies,10 11 we used up to 36 months of data prior 
to LLIN distribution to estimate a counterfactual trend 
of malaria incidence over 24 months if LLINs had not 
been distributed. We then compared observed malaria 
incidence to counterfactual incidence to generate effect 
estimates for the impact of LLINs over the 24 months 
post distribution, aiming to improve our understanding 
of the real- world effectiveness of newer- generation LLINs 
on malaria burden over time.

METHODS
Data source
This study leveraged data from a network of health 
facility surveillance sites established in 2006 through 
collaboration between the MoH/National Malaria 
Control Division and Uganda Malaria Surveillance 
Program (UMSP).12 The Ugandan public health system 
is decentralised and is comprised of seven levels of care, 
ranging from village- based community health workers 
to national referral hospitals. A 2024 study found that, 
while diagnosis and treatment of malaria in the Ugandan 
public sector should theoretically be free, patients spent 
on average US$10.10 to diagnose and treat suspected 
malaria at public health facilities.13 UMSP operates within 
selected level III/IV health facilities across Uganda that 
serve approximately 20 000 people, referred to as Malaria 
Reference Centers (MRCs). At each MRC, individual- 
level patient data are entered into an electronic database 
using a standardised register form. Patient information 
includes demographics (age, sex and village/parish of 
residence), whether malaria was suspected, malaria labo-
ratory testing results (either rapid diagnostic test (RDT) 
or microscopy), diagnoses and treatments prescribed. 
UMSP supports health facilities to ensure high- quality 
data, including training, supervision and adequate stocks 
of laboratory supplies. This study used data from 64 MRCs 
included in a CRT assessing the impact of two newer- 
generation LLINs on malaria incidence.9 We included 
36 months of data pre- 2020–2021 LLIN distribution 
(baseline) and 24 months of data post- LLIN distribution; 
if a site had less than 36 months of baseline data avail-
able, we included the maximum amount available (see 
online supplemental table 1 for the number of months 
contributed by each site). Given the variable contribu-
tion of each site to the baseline period and the fact that 
nets were also distributed in 2017–2018, we conducted 
a sensitivity analysis to determine whether limiting the 
baseline period to 24 and 12 months pre- LLIN distribu-
tion impacted the results. Furthermore, we ran an addi-
tional sensitivity analysis excluding any site with less than 
6 months of baseline data.

Study setting and long-lasting insecticide-treated net 
distribution
Details of the parent CRT have been previously reported.9 
Briefly, in 2020–2021, the Ugandan MoH implemented 
a UCC, distributing LLINs free- of- charge across the 
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country. An estimated 27 789 044 LLINs were distributed 
to 11 287 392 households, achieving 94% coverage of 
households receiving at least one net.14 15 As part of this 
campaign, a CRT (LLINEUP2) designed to evaluate the 
impact of two different LLINs, pyrethroid- PBO LLINs 
(PermaNet 3.0) and pyrethroid- pyriproxyfen LLINs 
(Royal Guard), was carried out. 32 districts with high 
malaria burden not receiving indoor residual spraying 
(IRS) and selected by the Uganda National Malaria 
Control Division to receive pyrethroid- PBO LLINs were 
included in the trial (figure 1).

A total of 64 clusters located within these 32 districts 
(two per district) were randomised to receive either 
pyrethroid- PBO or pyrethroid- pyriproxyfen LLINs. A 
‘fried egg’ approach was used to measure the impact of 
the LLINs within the clusters, with the ‘white’ defined as 
subcounties receiving LLINs, and the ‘yolk’ as geograph-
ically smaller, prespecified target areas around MRCs, 
where outcomes were measured. In total, 1 329 273 
LLINs were allocated for distribution to these, including 
632 359 pyrethroid- pyriproxyfen LLINs and 696 914 
pyrethroid- PBO LLINs. LLINs were delivered to these 
subcounties by the Ugandan MoH and partners, adhering 
to this randomisation scheme.

Measures
The outcome measure for this analysis was monthly 
malaria incidence in MRC target areas.16 Target areas 
were defined as a group of one or more villages around 
each MRC, based on the assumption that most patients 
living within this area with malaria would seek care at 
the MRC. To validate this assumption, we conducted 
cross- sectional surveys in randomly selected households 
from November 2021 to March 2022. Of those who were 
treated for malaria in the last six months, 81% went to 
the MRC. Villages were included if they met the following 
criteria: (1) did not contain another public health 
facility, (2) were in the same subcounty as the MRC and 
(3) had similar malaria incidence to the village where 
the MRC is located. Populations of the MRC target areas 
were determined during enumeration surveys conducted 
12 months after the LLIN distribution. The numerator 
for monthly incidence estimates within target areas was 
defined as the monthly count of laboratory- confirmed 
malaria cases among patients residing in the target area 
(adjusted for target area residents with suspected malaria 
who did not undergo laboratory testing (assuming that 
the test positivity rate for those not tested is the same for 
those tested), and for patients with confirmed malaria 
whose village of residence was unknown (assuming that 
the proportion of patients residing in the catchment area 
is the same among those with village missing as it is for 
those with village not missing)). The denominator was 
defined as the population of the target areas estimated 
during enumeration surveys, with a constant growth 
factor of 0.29% per month.17

We adjusted for time- varying variables that impact 
malaria burden and case detection. These include target 

area- level monthly precipitation lagged by 1 month,18 
enhanced vegetation index,19 an indicator variable 
for calendar month (to account for seasonality) and 
a monthly count of patients not suspected of having 
malaria visiting the MRC from the target area (to adjust 
for care- seeking behaviours over time).

Statistical analysis
An ITS segmented regression approach was taken to esti-
mate the impact of the LLIN distribution on malaria inci-
dence over a 24- month period. The following segmented 
regression model was estimated:

Yct = β0 + β1T + β2Xct + β3TXct + β4Rct

where Yct is the outcome (malaria incidence) in cluster 
c at time t, T is the time elapsed since the start of the study 
in months, Xct is a dummy variable indicating the pre- 
LLIN distribution period (0) or postintervention period 
(1) for cluster c at time t, and Rct is the vector of covariates 
for cluster c at time t. β0 represents the baseline outcome 
level at the start of the study (t=0), β1 represents the 
change in outcome associated with a 1- month increase in 
the pre- LLIN period, β2 represents the level change in the 
outcome after the LLIN distribution, and β3 represents 
the additional change in the slope after the LLIN distri-
bution. Poisson regression using a generalised estimating 
equation was used to model the count of malaria cases in 
cluster c at month t, with an offset of the logged popula-
tion denominator. We included an autoregressive order 
of 1 correlation structure to account for autocorrelation 
over time at the cluster level. The resulting ITS model was 
used to estimate the counterfactual (unobserved) trend of 
malaria incidence in the absence of the LLIN distribution 
for each month by setting Xct to zero. Incidence rate ratios 
were calculated by comparing the observed incidence to 
the counterfactual incidence, with bootstrapped 95% CIs.

Our primary analysis estimated the impact of the LLIN 
distribution pooled across study arms. A secondary anal-
ysis allowed the slope change to differ by LLIN arm by 
including a three- way interaction term to determine 
whether the impact of the LLIN distribution differed 
by net type. We conducted an additional analysis with 
a three- way interaction term including a categorical 
variable for baseline incidence to estimate whether the 
impact of the LLINs differed across transmission intensi-
ties. Baseline incidence was defined by dividing the sites 
into quartiles and categorising them into low (100–412 
per 1000 person- years (PY)), medium (412–765 per 1000 
PY) and high (765–2440 per 1000 PY, the upper two 
quartiles).

Reflexivity
The research team included early career and senior 
researchers from both the Global North and Global 
South. A structured reflexivity statement can be found in 
online supplemental appendix S1.

RESULTS
Across the 64 sites included in the analysis, a total of 
3 565 639 outpatient visits were recorded over the study 
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period; 1 505 974 in the pre- LLIN distribution period and 
2 059 665 in the post- LLIN distribution period. Of these 
visits, 822 835 were observed within the pyrethroid- PBO 
arm and 683 139 within the pyrethroid- pyriproxyfen arm 

in the predistribution period and 997 735 and 1 061 930, 
respectively, in the postdistribution period (table 1, with 
greater detail in online supplemental table 2). Of the 2 
558 784 patients suspected of having malaria across the 

Figure 1 Map of 64 Malaria Reference Centers and their net allocations. LLINs, long- lasting insecticidal nets; PBO, piperonyl 
butoxide.
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study period, 2 545 156 (99.5%) received a laboratory 
test for malaria, implying a 0.5% clinical diagnosis rate. 
Among those tested, 2 097 965 (82.0%) were diagnosed 
with RDTs, with the remaining diagnosed via microscopy. 
During the study period, missingness of patients’ villages 
of residence was low (4.2%).

Malaria incidence within target areas averaged 827 
cases per 1000 PY in the predistribution period and 538 
per 1000 PY in the postdistribution period across all sites. 
Predistribution incidence was 769 cases per 1000 PY in 
the pyrethroid- PBO arm and 896 per 1000 PY in the 
pyrethroid- pyriproxyfen arm; these figures declined to 
501 per 1000 PY and 576 per 1000 PY in the postdistri-
bution period, respectively. A total of 16 sites were classi-
fied as low transmission, 16 sites as medium transmission 
and 32 as high transmission. In low- transmission sites, 
malaria incidence in target areas averaged 434 per 1000 
PY in the predistribution period and 270 per 1000 PY in 
the postdistribution period. These figures were 774 per 
1000 PY and 556 per 1000 PY in medium- transmission 

sites and 1261 per 1000 PY and 778 per 1000 PY in high- 
transmission sites, respectively.

Results from the ITS analysis comparing observed and 
counterfactual malaria incidence pooled across all sites 
in the 24 months after the LLIN distribution are shown 
in figure 2 and table 2. In the first 12 months after the 
distribution, observed malaria incidence was 23% lower 
than counterfactual incidence under the conditions of 
no LLIN distribution (IRR=0.77, 95% CI 0.65 to 0.91, 
table 2). In months 13–24 post distribution, observed 
malaria incidence was 3% lower than the counterfac-
tual, but we could not rule out a null or positive associa-
tion (IRR=0.97, 95% CI 0.75 to 1.28). These results were 
unchanged when varying the baseline period to 12 and 
24 months (online supplemental figures 1 and 2), and 
when excluding the four sites with less than 6 months of 
baseline data (online supplemental figure 3).

Results stratified by LLIN type are shown in figure 3 
and table 2. We detected no difference in the post- LLIN 
distribution change in slope between net types (three- way 

Figure 2 Observed and modelled counterfactual monthly malaria incidence over the 24 months after the long- lasting 
insecticidal net (LLIN) distribution (A) overall and (B/C) stratified by net type. PBO, piperonyl butoxide.
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p- value=0.18). In the first 12 months after the LLIN distri-
bution, malaria incidence was 29% lower (IRR=0.71, 
95% CI 0.58 to 0.88) in the pyrethroid- PBO arm and 22% 
lower (IRR=0.78, 95% CI 0.62 to 0.98) in the pyrethroid- 
pyriproxyfen arm comparing observed to counterfac-
tual incidence. From months 13 to 24 post distribution, 
these effect estimates were attenuated and no significant 

difference was observed for the pyrethroid- PBO arm 
(IRR=1.01, 95% CI 0.74 to 1.53) nor for the pyrethroid- 
pyriproxyfen arm (IRR=0.81, 95% CI 0.54 to 1.53).

Results stratified by transmission intensity are shown in 
figure 3 and table 2. We detected a significant difference 
in the post- LLIN distribution change in slope between 
net types (joint three- way p- value=0.0004). In the first 12 

Table 2 Incidence rate ratios comparing observed malaria incidence to counterfactual malaria incidence modelled using 
interrupted time- series methods

Strata

Pre- LLIN distribution
Months 1–12 post- LLIN 
distribution

Months 13–24 post- LLIN 
distribution

IRR (95% CI) IRR (95% CI) IRR (95% CI)

All sites

  1.06 (0.89 to 1.34) 0.77 (0.65 to 0.91) 0.97 (0.75 to 1.28)

Stratified by net type

  Pyrethroid- PBO 0.91 (0.79 to 1.08) 0.71 (0.58 to 0.88) 1.01 (0.74 to 1.53)

  Pyrethroid- pyriproxyfen 1.52 (0.97 to 2.19) 0.78 (0.62 to 0.98) 0.81 (0.54 to 1.53)

Stratified by baseline transmission

  Low transmission 1.32 (0.89 to 1.75) 0.87 (0.56 to 1.32) 1.69 (0.76 to 4.08)

  Medium transmission 0.98 (0.85 to 1.15) 0.74 (0.59 to 0.92) 0.93 (0.65 to 1.46)

  High transmission 1.22 (0.93 to 1.57) 0.67 (0.54 to 0.86) 0.73 (0.50 to 1.12)

LLIN, long- lasting insecticidal net; PBO, piperonyl butoxide.

Figure 3 Observed and modeled counterfactual monthly malaria incidence over the 24 months after the long- lasting 
insecticidal net (LLIN) distribution, stratified by baseline malaria incidence.
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months post distribution, we did not observe a signifi-
cant difference in malaria incidence in low- transmission 
sites (IRR=0.87, 95% CI 0.56 to 1.32). We did, however, 
observe a 26% reduction in medium- transmission sites 
(IRR=0.74, 95% CI 0.59 to 0.92) and a 33% reduction in 
high- transmission sites (IRR=0.67, 95% CI 0.54 to 0.86). 
In months 13–24 post distribution, we did not observe 
a significant difference between observed and coun-
terfactual malaria incidence in low- transmission sites 
(IRR=1.69, 95% CI 0.76 to 4.08), medium- transmission 
sites (IRR=0.93, 95% CI 0.65 to 1.46), nor in high- 
transmission sites (IRR=0.73, 95% CI 0.50 to 1.12), 
though we continued to observe a gradient of effective-
ness by transmission intensity similar to that observed in 
the first year.

DISCUSSION
In this analysis, we used community- level malaria inci-
dence data from a CRT to estimate the longitudinal 
impact of an LLIN UCC using newer- generation nets in 
Uganda. Our findings suggest that, in this setting, LLINs 
reduced malaria incidence by 23% in the first year after 
the UCC, after which effectiveness waned to undetectable 
levels through the second year post distribution. These 
findings were consistent across the two newer- generation 
net types distributed (pyrethroid- PBO and pyrethroid- 
pyriproxyfen), with similar effect sizes.

These findings point to a relatively modest and short- 
lived effectiveness of LLINs in this setting compared with 
what is generally expected of nets. The present study esti-
mated the effectiveness of LLINs distributed in a ‘real- 
world’ setting, which may account for its more modest 
effect estimates compared with rigorously conducted 
CRTs that included control arms (ie, no bed nets).20 
However, such ‘placebo- controlled CRTs’ were conducted 
decades ago and the true effectiveness of bed nets may 
have waned over time. Other observational studies aimed 
at capturing LLIN effectiveness in ‘real- world’ settings 
have found similar results to this study. In observational 
studies comparing malaria burden pre- and post- UCC 
in Burundi and Madagascar, LLINs were associated with 
modest declines in malaria in the first year post UCC, 
but these declines were no longer detectable in years 2–3 
post distribution.21 22 In Rwanda, PBO nets continued to 
be effective in the second year post UCC, but standard 
nets did not.23 In Malawi, a UCC of PBO and standard 
pyrethroid- treated nets was associated with reductions 
in malaria incidence in only the first malaria season post 
distribution, but not the second.24

Multiple factors may have contributed to the rela-
tively modest impact and waning effectiveness of LLINs 
observed a year after LLIN distribution. First, the 
number of LLINs distributed during the UCC may have 
been inadequate, especially as this campaign was carried 
out during the early years of the COVID- 19 pandemic. 
A 2023 analysis found that household coverage of the 
2020–2021 UCC was high (94.1%).14 However, although 

immediate postdistribution data were not available at all 
the sites, cross- sectional surveys were conducted at 12 of 
the sites 1–4 months post distribution as part of a sepa-
rate study and revealed that only 60% of households 
reported adequate LLIN ownership (defined as at least 
one LLIN per two household members).25 Second, post-
distribution coverage studies in many settings have found 
that retention and use of nets are imperfect and reduce 
over time following distribution.26–28 Indeed, findings 
from cross- sectional surveys conducted 12 and 24 months 
after the LLINEUP2 distribution found that adequate 
LLIN ownership dropped from 58% to 40%, and use 
(self- report of household residents sleeping under an 
LLIN the previous night) fell from 75% to 63%. Third, 
physical net integrity also degrades over time.26–31 Find-
ings from a trial nested within the previous 2017–2018 
Ugandan UCC that included pyrethroid- PBO LLINs 
found that nets experienced an average 80% increase 
in holed area from 12 to 25 months post distribution.32 
An additional trial in Tanzania found that the func-
tional survivorship of pyrethroid- pyriproxyfen nets was 
1.9 years, with only 8.6% in serviceable condition by 36 
months.33 While holes found on nets may not markedly 
reduce the community effect of LLINs against mosquito 
populations, they may reduce personal protection from 
bites.34 Furthermore, research suggests that perception 
of physical integrity is a primary driver for household net 
retention.35 Fourth, reductions in net bioefficacy likely 
contributed to the observed waning. In previous CRTs 
in Uganda32 and Kenya,36 pyrethroid- PBO LLINs expe-
rienced steep reductions in bioefficacy in the second 
and third years, respectively, after distribution. While 
pyrethroid- pyriproxyfen LLINs have demonstrated high 
bioefficacy in laboratory and experimental hut studies,37 
little is known about the longitudinal bioefficacy of these 
nets in ‘real- world’ settings; trials in Tanzania and Benin 
are ongoing.38 39 Disentangling the primary causes of 
declining LLIN effectiveness after a UCC is essential for 
designing interventions that improve their longevity. A 
2020 modelling study that included data from seven trials 
of both conventional and pyrethroid- PBO nets found that 
non- use had a larger effect on LLIN impact compared 
with physical or chemical integrity.6 More research is 
needed, including qualitative studies, to better under-
stand factors contributing to changes in LLIN effective-
ness over time.

We found no difference in the longitudinal impact of 
LLINs by net type. These findings reaffirm the results of 
the LLINEUP2 trial, which found no significant differ-
ence in 24- month malaria incidence.9 We did, however, 
find that LLIN effectiveness differed by baseline transmis-
sion intensity, such that nets had greater impact in areas 
with higher baseline malaria incidence, with some addi-
tional evidence that effectiveness lasted longer in these 
areas. This finding echoes observational cohort data from 
sites with differing transmission intensity in Uganda.40 
These results are unsurprising, given that LLINs are 
likely to have the greatest impact in areas with more 
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malaria- infected mosquitoes. In Uganda, LLIN distri-
butions are conducted on a country level. The findings 
from this study suggest that the location and frequency 
of future UCCs could vary depending on malaria burden 
in the administrative unit. Additional studies, including 
those focused on cost- effectiveness of LLIN distributions 
by transmission level, could help inform this.

A key strength of this study is its outcome measure, 
malaria incidence measured continuously with high- 
quality data from local health facilities. We leveraged a 
network of established enhanced health facility- based 
surveillance sites embedded in public health facilities 
across Uganda. Health facility data can be challenging 
to work with due to high rates of clinical diagnosis 
and aggregate reporting,2 but its utility lies in its wide 
geographic spread and longitudinal nature. The UMSP 
acts as an intervention in these public health facilities, 
improving data quality and case management: data are 
reported at the patient level, diagnostic testing rates are 
markedly high and missingness of variables is near- zero. 
Furthermore, by capturing data on where patients reside 
and identifying and enumerating target areas around 
the health facilities, we can continuously and robustly 
measure malaria incidence on a large scale, at a high 
temporal resolution, and for a relatively low cost, allowing 
for longitudinal measurement of the impact of interven-
tions, including this LLIN UCC. We have demonstrated 
that incidence estimated using passive case detection at 
UMSP health facilities is highly correlated with incidence 
measured simultaneously in cohorts at the same locations 
at two sites.41 This approach can be used in the future to 
estimate the impact of future UCCs or other interven-
tions, including IRS.

This study is not without limitations. Importantly, due 
to resource constraints, we did not have data from the 
LLINEUP2 trial on physical integrity, chemical composi-
tion, bioefficacy, nor entomological outcomes; we could 
therefore not examine the potential contribution of 
each factor towards LLIN impact. In addition, we had 
varying amounts of baseline data from different MRCs, 
with as low as 2 months of baseline data contributing to 
the model for one MRC, which introduces uncertainty 
into our counterfactual model. Furthermore, incidence 
measured using passive case detection likely underesti-
mates true malaria incidence due to patients seeking care 
in the private sector or simply not seeking care at all. Data 
from community- based cross- sectional surveys conducted 
12 and 24 months following LLIN distribution indicated 
that 81% and 79% of household residents who reported 
being treated for malaria in the prior 6 months received 
care at their local MRC, respectively. Thus, while estimates 
of absolute incidence may underestimate the truth, we 
do not believe the degree of underestimation changed 
over time, suggesting that results from the ITS analysis 
remain valid.9 Finally, the ITS model may be impacted 
by unmeasured confounding. For example, if changes in 
care- seeking due to the COVID- 19 pandemic impacted 
changes in malaria incidence captured at health facilities, 

our results may be flawed. However, an analysis assessing 
the potential impact of the first year of the COVID- 19 
pandemic at MRCs found no impact of the pandemic on 
malaria cases and non- malarial visits at health facilities.42

CONCLUSIONS
In most high- burden countries in sub- Saharan Africa, 
UCCs are typically conducted every 3 years. There is 
mounting evidence from observational studies, however, 
that this timing is too infrequent given degradation in 
net retention, use, physical integrity and bioefficacy. This 
study further contributes to this literature, with longitu-
dinal data on malaria incidence, suggesting that distrib-
uted newer- generation LLINs were effective for only 12 
months after the distribution. Future work aimed at iden-
tifying factors that contribute to reductions in LLIN effec-
tiveness is essential for designing interventions aimed at 
enhancing their longevity. Furthermore, international 
donors and National Malaria Control Programs may 
consider reducing the spacing between UCCs, particu-
larly in areas with higher malaria burden, and bolstering 
continuous distributions through alternative avenues to 
ensure net effectiveness remains high.
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