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Abstract.

Understanding factors influencing sustained use of long-lasting insecticide-treated nets (LLIN) in areas of

declining malaria transmission is critical to sustaining control and may facilitate elimination. From 2008 to 2013, 655 house-
holds in Choma District, Zambia, were randomly selected and residents were administered a questionnaire and malaria
rapid diagnostic test. Mosquitoes were collected concurrently by light trap. In a multilevel model, children and adoles-
cents of 5-17 years of age were 55% less likely to sleep under LLIN than adults (odds ratio [OR] = 0.45; 95% confidence
interval [CI] = 0.35, 0.58). LLIN use was 80% higher during the rainy season (OR = 1.8; CI = 1.5, 2.2) and residents of
households with three or more nets were over twice as likely to use a LLIN (OR = 2.1; CI = 1.4, 3.1). For every increase
in 0.5 km from the nearest health center, the odds of LLIN use decreased 9% (OR = 0.9; CI = 0.88, 0.98). In a second
multilevel model, the odds of LLIN use were more than twice high if more than five mosquitoes (anopheline and
culicine) were captured in the house compared with households with no mosquitoes captured (OR = 2.1; CI = 1.1, 3.9).
LLIN use can be sustained in low-transmission settings with continued education and distributions, and may be partially

driven by the presence of nuisance mosquitoes.

INTRODUCTION

Several interventions are widely used for malaria control
and prevention, and one of the most cost-effective and widely
available methods is long-lasting insecticide-treated nets
(LLINSs). Substantial increases in funding for malaria con-
trol and the procurement and distribution of LLINs have
been associated with declines in malaria burden.! LLINs
were associated with decreases in malaria incidence, mor-
tality, and associated morbidity such as anemia in various
settings.” Unfortunately, these gains may be followed by
resurgence of malaria in regions with high transmission
potential if control efforts are not sustained.> As transmis-
sion and perceived risk decline, LLIN access and use need to
be maintained.

LLIN access is defined as one LLIN per two persons in
a single household. The Zambian 2011-2015 Strategic Plan
calls for universal net coverage, defined as “ensuring all sleep-
ing spaces in targeted households are covered” by a bed
net.!” LLINs in Zambia are distributed to all ages and have
been free since 2005.'1 A total of 2,738,835 LLINs were dis-
tributed in 2012. Challenges to achieving universal coverage
are getting sufficient funding and ensuring that nets are suc-
cessfully delivered. The Zambian 2012 Malaria Indicator
Survey identified a gap between overall LLIN ownership and
use; 68% of households surveyed reporting owning at least
one net, but only 49% of household members reported sleep-
ing under a net the night before the survey.'%2

To address this gap between LLIN ownership and use, the
World Health Organization recommends behavior change
interventions including information, education, communica-
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tion campaigns, and post-distribution “hang-up campaigns”
to ensure continued, proper use of LLINs."® The Zambian
2011-2015 Malaria Operational Plan stated that it aims to
strengthen behavior change communication for malaria pre-
vention, particularly, appropriate and consistent LLIN use.'?
As transmission declines, maintaining high coverage of vector
control measures such as LLINs and promotion of their con-
tinued use are critical, even as perceived risk declines.'™* A
recent study conducted in Tanzania identified sustained use
of LLINs after a significant decrease in transmission, but
the authors argued that as perceived risk declines use may
not be sustained.'” Ensuring continued use entails a better
understanding of LLIN user preferences, use patterns, alter-
native uses for LLINs, and factors influencing LLIN use.'¢"'
Little data exist on sustained use of LLINs in regions of
declining malaria transmission. LLIN use was evaluated over
a 6-year period in a region of declining malaria transmission
in southern Zambia. Trends in use over time and between
seasons were assessed, and demographic factors associated
with sustained high use of LLINs were identified. In addi-
tion, the association between total number of mosquitoes
(culicine and anopheline) captured in the household and
LLIN use was quantified. Identifying factors and trends asso-
ciated with sustained use of LLINs is critical to sustaining
progress in malaria control and may facilitate elimination.

METHODS

Study site and population. The study was conducted in the
catchment area of Macha Hospital in Choma District, South-
ern Province, Zambia, between February 2008 and December
2013. The single rainy season lasts from November through
April, followed by a cool dry season from April to August
and a hot dry season through November. Malaria transmission
peaks during the rainy season.'” The primary malaria vector is
Anopheles arabiensis. The hospital catchment area is populated
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by villagers living in small, scattered homesteads. The preva-
lence of malaria declined in this area over the past decade
from 13.7% in 2006 to 5.7% in 2010.>° Artemesinin combina-
tion therapies (ACTs) were introduced as first-line antimalarial
therapy in Zambia in 2002*' and into the study area in 2004.
In Zambia, LLINs are distributed through antenatal care
(ANC) clinics and additional mass distribution campaigns.'?
LLINs were widely distributed in the study area in 2007%
and more than 11,000 LLINs were distributed from nine
health posts in the catchment area of Macha Hospital
in June 2012, according to the Office of the Macha Hospital
Environmental Technician.

The development of the sampling frame and enumeration
of households were reported in detail elsewhere.” In brief,
satellite images were used to construct a sampling frame
from which households were selected by simple random sam-
pling for enrollment. A total of 6,210 structures were enumer-
ated. Households were enrolled into prospective longitudinal
and cross-sectional surveys depending on the month in which
they were selected. Cross-sectional households were selected
and enrolled every other month, and were visited once. Cross-
sectional surveys were done every other month between 2008
and 2013. Longitudinal households were selected and visited
every other month, beginning in 2008. If a household declined
to participate or moved, a new longitudinal house was selected
from a backup replacement list of randomly selected house-
holds. Households could enter or exit the longitudinal cohort
and the number of follow-up visits ranged from 2 to 35. After
comparing LLIN use at longitudinal follow-up visits with LLIN
use at cross-sectional and the first longitudinal household visit,
the analyses were restricted to households enrolled in the
longitudinal cohort that reported owning at least one LLIN.

The study was approved by the Institutional Review Board
of the Tropical Diseases Research Center, Ndola, Zambia, and
the Institutional Review Board of the Johns Hopkins University
Bloomberg School of Public Health, Baltimore, MD. Informed
consent was translated into Chitonga, and obtained from adult
participants and the parents or guardians of children.

Survey data. A trained field team conducted household
visits. Coordinates of households were recorded using global
positioning system devices and Euclidean distance to the
nearest health facility was calculated using ArcGIS v9.2
(ESRI, Redlands, CA). During each study visit, a question-
naire was administered to consenting participants older than
16 years of age and the guardians of participants younger than
16 years of age. Data collected included demographic infor-
mation, history of recent malaria and antimalarial treatment,
reported health-seeking behavior, knowledge of malaria trans-
mission and prevention, and ownership and use of LLIN the
night before the visit. A blood sample was collected by finger
prick for a malaria rapid diagnostic test (RDT) (ICT Diagnos-
tics, Cape Town, South Africa). The RDT-positive participants
were offered treatment with artemether-lumefantrine
(Coartem®, Novartis, Basel, Switzerland). In a subset of
households visited during 2012 and 2013, overnight mosquito
collections were conducted using Centers for Disease Control
and Prevention (CDC) light traps and both anopheline and
culicine mosquitoes were enumerated.

Statistical analysis. The proportion of individuals reporting
sleeping under LLIN the night before the survey visit was
compared between first visits (cross-sectional households and
first visit to longitudinal households) and follow-up visits (longi-

tudinal households only). LLIN ownership and use over time
were analyzed by month and season for both longitudinal and
cross-sectional visits. Among longitudinal participants who
reported owning a LLIN, demographic and household-level
variables were compared between those who reported sleeping
under a LLIN and those who reported not sleeping under a
LLIN using y? test for proportions and r-test for differences in
means. A multilevel longitudinal model with random intercepts
was constructed to assess factors associated with LLIN use
adjusting for individuals clustered within households and
repeated measures over time for individuals. The outcome of
interest was individual self-reported LLIN use the night before.
Variables associated with LLIN use in univariate models were
included in the multilevel longitudinal model using a P value
cutoff of 0.1. Study time was modeled as a quadratic function
of time and season was included using an indicator variable
(rainy season versus dry season). Model fit was assessed using
the receiver operating characteristic (ROC) area C-statistic. A
LLIN distribution occurred in Southern Province in June 2012,
so a binary variable was constructed to examine LLIN owner-
ship and use before and after June 2012. Qualitative questions
regarding LLIN ownership and use were tabulated.

A generalized estimating equation (GEE) logistic regres-
sion model was used to investigate the association between
the total number of mosquitoes captured by CDC light trap
and LLIN use among a subset of households in which both
anopheline and culicine mosquitoes were enumerated.

RESULTS

Temporal trends in LLIN use. A total of 585 cross-
sectional and 70 longitudinal households were enrolled
between February 2008 and December 2013. The parasite
prevalence as measured by RDT among the cross-sectional
visits and first visit to longitudinal households was 8.4% in
2008 but declined to 2.1% in 2013. The proportion of par-
ticipants in the cross-sectional and first longitudinal surveys
who reported owning a LLIN was 77% in 2008, 64% in
2009, 54% in 2010, 52% in 2011, 52% in 2012, and 83% in
2013 (Figure 1). Of the participants who reported owning a
LLIN, the proportion who reported using a LLIN the night
before was 56% in 2008, 58% in 2009, 49% in 2010, 56% in
2011, 51% in 2012, and 73% in 2013 (Figure 1).

The longitudinal surveys included 399 individuals residing
in 66 households in which at least one LLIN was reportedly
owned, and followed for an average of six visits (minimum
two and maximum 36 visits) for 3,689 observations. LLIN
ownership was consistently higher during follow-up visits of
the longitudinal households (58% use at cross-sectional and
first visits as compared with 77% during follow-up) (unadjusted
P value = 0.01). The proportion of participants reporting LLIN
use was higher at follow-up visits compared with initial visits
for each year, except for 2013 (Figure 1). LLIN ownership and
use followed a seasonal trend, with a slightly higher use during
the rainy season from November to April (74%) compared
with the dry season (65.7%; P = 0.001) (Figure 2). Both LLIN
ownership and use were significantly higher after the LLIN
distribution in June 2012 for first visits (58% ownership and
52% use pre-distribution compared with 75% ownership
and 70% use post distribution) and longitudinal follow-up
visits (80% ownership and 78% use pre-distribution com-
pared with 86% ownership and 75% use post distribution).
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Reported long-lasting insecticide-treated nets (LLIN) use at cross-sectional and the first visit to longitudinal households, compared

with reported use during follow-up visits to longitudinal households: 2008-2013.

Factors associated with LLIN use. Individual- and house-
hold-level characteristics were compared in univariate analy-
ses between those who reported using a LLIN and those
who did not among participants in the longitudinal surveys.
Among residents of households that owned a LLIN, 74.7%
of individuals over the age of 18 years used their LLIN,
66.2% between 5 and 17 years of age used their LLIN, and
72.7% of individuals younger than 4 years used their LLIN.
In the rainy season, LLIN owners were more likely to report
using their LLIN (74.3% versus 55.1%). Households that
owned more than three LLINs reported higher use (90%
versus 74%). Similarly, households with appropriate access
(defined as one LLIN per two people per household)
reported higher LLIN use (71.4% versus 61.1%; P = 0.0001).
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LLIN users were more likely to reside closer to a health
facility (median distance of 3.5 km versus 6.9 km) (Table 1).
In a multilevel longitudinal model that adjusted for indi-
vidual- and household-level clustering, several individual- and
household-level factors were associated with LLIN use among
residents of longitudinal households that owned at least
one LLIN. Compared with adults older than 18 years, chil-
dren younger than 5 years of age were 35% less likely to
sleep under LLIN (P < 0.0001) and children and adolescents
5 to 17 years of age were 55% less likely to sleep under LLIN
(P = 0.001) (Table 2). Participants who reported learning
about malaria from a community health worker (CHW) were
50% more likely to use their LLIN compared with those
who learned from a different source such as from radio or
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FiGURE 2. Reported long-lasting insecticide-treated nets (LLIN) ownership and use among longitudinal households per month from 2008 to 2013.
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TaBLE 1
Individual- and household-level factors associated with reported LLIN use among households followed longitudinally that owned at least one LLIN

at the baseline visit, 2008-2013

Individual-level variables

Unadjusted
Use LLIN P value
Number of individuals 275 -
Age category in years 0.25
72.7% -
5-17 66.2% -
>18 74.7% -
Male 72.9% 0.4
Female 69.0% -
RDT positive 55.6% 0.66
Rainy season 74.3% 0.001
Dry season 55.1% -
Learned about malaria from community health worker 70.3% 0.82
Household-level variables
Any LLIN Unadjusted
users in household P value
Number of households 48 -
Number of children < 5 years in the household 0.02
0 children < 5 years 84.8% -
1 or more children < 5 years 69.8% -
Household education - 0.03
Primary 79.6% -
Secondary or higher 70.2% -
More than 3 ITNs in the house 90.0% 0.003
Appropriate coverage (1 net per 2 people) 71.0% 0.0001
Distance to clinic per 500 m (median [minimum, maximumy]) 7.1 (0.17,26.1) 0.01

ITN = insecticide-treated net; LLIN = long-lasting insecticide-treated net; RDT = rapid diagnostic test.

at school (P = 0.001) (Table 2). Residents of households
with more than three LLINs were twice as likely as to use a
LLIN than residents of households with fewer than three
LLINs (P = 0.001). Individuals had 80% higher odds of
using a LLIN during the rainy season than the dry season
(P < 0.0001). LLIN use increased slightly over time (about
9% per 6 months) despite the low parasite prevalence
(Table 2). Although LLIN use was significantly higher after

TABLE 2

Multilevel model of individual- and household-level factors associated
with reported LLIN use, 2008-2013

Factors OR* (95% CI)

Number of observations 3,689
Fixed effects
Household level

Distance to nearest facility (per 0.5 km) 0.93 (0.88, 0.98)

Own > 3 LLINs 2.1 (1.4,3.1)
Post 2012 LLIN distribution 1.7 (0.94, 3.2)
Rainy season 1.8 (1.5,22)
Number of children < 5 years in 1.0 (0.89, 1.2)

the household
Individual level

Female 0.98 (0.78, 1.2)
Age category

> 18 years REF

0-4 years 0.66 (0.48, 0.90)

5-17 years 0.45 (0.35, 0.58)
Learned about malaria from a CHW 1.5 (1.2,2.0)
Random effects Variance (SE)
Household random effect 1.2 (0.17)
Individual random effect 0.35 (0.11)

CHW = community health worker; CI = confidence interval; LLIN = long-lasting insecticide-
treated net; OR = odds ratio; SE = standard error; REF = reference.

*The model results are adjusted for a quadratic function of time to account for variation in
the odds of LLIN use during follow-up at the individual level. The estimated time effects are:
time (per 6 months): 1.1 (1.1, 1.2), time? (per 6 months?): 0.9 (0.99, 0.99).

the LLIN distribution in 2012, this association was not sig-
nificant after controlling for distance to the nearest health
facility. Since the household-level random intercept vari-
ance estimate was larger than the individual-level random
intercept variance estimate, greater differences between house-
holds were observed than the variation between individuals
within a household. The model was considered a strong fit for
the data (ROC Area C-statistic of 0.82).

Mosquitoes and LLIN use. The association between LLIN
use and the total number of mosquitoes (anophelines and
culicines) captured in the household was measured in all
cross-sectional and longitudinal households visited during 2012
and 2013 (238 households). A total of 2,647 mosquitoes were
captured; 665 anophelines and 1,982 culicines. Controlling for
season and whether the visit was a follow-up or baseline visit,
the odds of using a LLIN increased with increasing number of
total mosquitoes captured by CDC light trap in the house-
hold. As compared with households with no mosquitoes, the
odds of LLIN use increased 19% where one to four mos-
quitoes were captured (OR = 1.2, CI = 0.8, 1.9), and more
than doubled in households with five or more mosquitoes
(OR = 2.1 [1.1, 3.9]) (Table 3). This association approached
significance when restricted to anopheline mosquitoes only;
households with any anophelines caught were 64% more
likely to use their LLIN(s) (OR = 1.64, CI = 0.99, 2.72).

Qualitative survey of LLIN use. Almost half of partici-
pants who did not own a LLIN reported that they were too
expensive (42%) despite the history of free LLIN distribu-
tion in the community (Table 4). Of the 1,654 participants
who owned a LLIN, 250 (16%) did not use a LLIN because
there were no mosquitoes, 76 (4%) reported that LLINs did
not protect against mosquitoes, 139 (7%) reported that they
were unable to hang the net over their sleeping space and
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TABLE 3

GEE model of the association between total number of mosquitoes
and LLIN use in a subset of surveyed households between 2012
and 2013

Fixed effects OR 95% CI P value
Number of observations 703 - -
0 mosquitoes REF - -
1-4 mosquitoes 1.19 (0.75,1.89) 0.46
> 5 mosquitoes 2.11 (1.14, 3.93) 0.02
Rainy season 0.83 (0.56, 1.24) 0.36
Follow-up visit vs. baseline visit 2.76 (1.57, 4.85) 0.001

Random effects
Household random effect

Estimate (SE) - -
3.73 (0.39) - -

CI = confidence interval; LLIN = long-lasting insecticide-treated net; OR = odds ratio.

100 (5%) reported that their net was too old to use (Table 4).
Other answers included that it was not the rainy season (1%).

DISCUSSION

LLIN use in the study area was high over the 6-year study
period, during which the prevalence of malaria declined from
8.4% to 2.1%. Although malaria indicator surveys measure
malaria prevalence and LLIN ownership and use with cross-
sectional surveys, this study identified individual- and house-
hold-level factors influencing LLIN use over time and included
data on the number of mosquitoes captured by CDC light
traps within study households. Maintaining high LLIN use is
critical to sustain malaria control and reduce the risk of resur-
gence. However, this will not be possible unless high owner-
ship is maintained through frequent LLIN distributions and
effective promotion of LLIN use.”

Quantitative and qualitative studies suggest a range of fac-
tors associated with sleeping under a LLIN; however, these
studies were mainly conducted in areas where the malaria

TABLE 4

Qualitative responses for reasons not owning or using a LLIN at
baseline visit (includes among cross-sectional households) in Macha,
2008-2013

‘What is the reason you do not own a LLIN in your house?

N 2,647
It is too expensive 1,073 (42.1%)

No mosquitoes around 58 (2.3%)

Bed nets not available 52 2%)

Change my sleeping space too often 30 (1.2%)

Not enough nets for everyone in the 28 (1.1%)
house in the house

Do not know where to buy one 27 (1.1%)

It does not protect against mosquitoes/insects 23 (0.9%)

It is too hot under the net 10 (0.39%)

What is the reason you do not use a LLIN?

N 1,654

No mosquitoes around 250 (16.2%)
Cannot hang it over my sleeping space 139 (6.5%)
The net I have is too old 100 (4.6%)

Does not protect against mosquitoes/insects 76 (3.5%)

Chang my sleeping space too often 53 (2.5%)

There is not enough space under the 26 (1.2%)
net/I feel closed in

It is not the rainy/malaria season 24 (1.1%)

The net is itchy 17 (0.8%)

It is too hot under the net 13 (1%)

LLIN = long-lasting insecticide-treated net.

burden was high.?** In low-transmission regions in Uganda,
Swaziland, and Zambia, reasons for not using LLIN included
the low density of mosquitoes and the infrequency of
malaria.'=* In contrast, a recent qualitative study in Zanzibar,
where malaria prevalence decreased from 50% to less than
2% in 15 years, found that caretakers strongly believed in the
protection afforded by LLINs despite the reduction of malaria
risk.>!*** Although malaria was no longer considered a com-
mon disease, caretakers associated high mosquito density with
increased risk of malaria."* Other factors associated with bed
net use in Zanzibar were instructions from health-care
workers or hearing about malaria in the media.'* Attrition
in LLIN ownership and use also is associated with the aging
and degradation of nets. Nets will be discarded or used for
other activities more commonly in areas where perceived risk
is low.®!” These findings suggest that if malaria transmission
is reduced, personal protective measures such as LLINs may
no longer be used. That LLIN ownership and use were higher
in longitudinal households suggest that repeated messaging
may be useful to ensure sustained use.

Several individual- and household-level variables were asso-
ciated with sustained LLIN use in this region of declining
malaria transmission in southern Zambia. Households enrolled
in the longitudinal cohort reported slightly higher LLIN use
over time, perhaps because frequent visits from the field team
increased awareness about malaria and the benefits of LLINSs.
Factors related to LLIN coverage and ownership were signifi-
cantly associated with higher use, for example, owning three
or more nets or living closer to a health facility. Living closer
to a health facility was associated with higher LLIN owner-
ship and use, suggesting distributions that originate from the
health facility may not achieve universal access.>>~’ Although
LLIN use increased despite declining malaria transmission,
our comparison of households visited once and households
with repeated study visits suggest that without continued
LLIN distributions and educational campaigns, LLIN use
will likely decrease over time.

Children and adolescents of 5-17 years old were the least
likely to sleep under LLIN. In Kenya, children aged 5-14 years
reported significantly lower LLIN use.*® School-based LLIN
distributions and educational campaigns may help target
this high-risk age group, especially if coupled with educa-
tional campaigns. Traditionally, LLINs are targeted to children
younger than 5 years and pregnant women, often excluding
older children. A recent study in Zanzibar concluded that
future behavior change communications should expand cur-
rent messages of the potential benefits of net use in addition
to protection against malaria, including a “good night’s sleep”
and protection from other insects.'?

In response to qualitative questions, participants reported
that deterrents to LLIN use were that they were too expen-
sive, it was too hot or there were few mosquitoes during the
dry season. Recent studies in Kenya and Tanzania also iden-
tified strong seasonality to LLIN use.?>%*® This seasonality
in use may be related to temperature (LLINs are often
described as uncomfortable to sleep under when it is hot)
and mosquito density in households (LLIN use is higher
when mosquitoes are present). Previous studies in Zanzibar,
Kenya, and Ghana found the presence of culicine mosquitoes
to be associated with LLIN use.!**** Promoting the protec-
tion that LLINs can offer against nuisance mosquitoes in
public health messages may increase LLIN use.
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There were some limitations to these analyses, including
the fact that LLIN use was self-reported. Although owner-
ship and use were high, LLINs may not have adequately
provided protection because the nets were improperly hung,
in poor physical condition (e.g., holes) or no longer had
effective concentrations of insecticide. A recent study in the
same area identified significant degradation of LLINs.*
Because few cases of malaria were identified, the effective-
ness of LLINs could not be measured.

These findings support free universal LLIN distribution,
ongoing education and “hang up campaigns” as successful
strategies to increase LLIN use. If LLINs are delivered solely
through health facilities, ownership and use declined as dis-
tance to the nearest health facility increases,® as supported
by these findings. Thus, additional distribution mechanisms
are necessary, with frequently repeated messages regarding
LLIN use and their benefits to ensuring high levels of LLIN
use are sustained. As transmission declines, ensuring con-
tinued LLIN use is necessary to sustain malaria control, and
may be helpful to pursue malaria elimination.
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