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Background: This article explores the multifaceted perceptions among householders about the care, efficacy
and disposal of long-lasting insecticide-treated nets (LLINs), especially those regarding the end of the useful life
of LLINs, and their implications for malaria control.

Methods:We used a cross-sectional qualitative design. Data were gathered in the Shai-Osudoku District in the
Greater Accra Region of Ghana using focus group discussions and in-depth interviews. A thematic analysis tech-
nique was applied to analyse the data.

Results: Four findings emerged. First, participants were familiar with LLINs and the issues concerning the end of
their useful life. However, the application of this knowledgewas deficient. Second, characteristics of effectiveness
(e.g. torn beyond repair) other than the age of a net determined the end of the useful life of LLINs. Third, social
desirability and other social practices had positive and negative influences on perceptions about LLIN use and
the end of their useful life. Fourth, repurposing of LLINs signified the end of their useful life.

Conclusions: Policies and strategies to position LLIN use as the leading resource for malaria control need to be
innovative to accommodate the perceptions and practices of targeted households.
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Introduction
The World Health Organization (WHO) estimates that about half
of the world’s population are at risk of contracting malaria,
with approximately 90% of all global malaria cases and 91%
of malaria-related deaths found in sub-Saharan African nations
such as Ghana.1 Ghana has one of the highest rate of malaria
morbidity and mortality in the world. According to the National
Malarial Control Programme (NMCP), in 2017, 34% of all reported
outpatient diseases in Ghana were malaria cases.1,2 Accordingly,
the global fight against malaria has, over the past decade, in-
volved the implementation of several interventions to fight the
disease, with some success. For instance, in 2017 there were
about 20 million fewer reported malaria cases than there were
in 2010.1 Prominent among the interventions is the promotion
of the use of insecticide-treated nets (ITNs), particularly long-
lasting insecticide-treated nets (LLINs).1,3 However, poor user

practices, misconceptions and insufficient knowledge affect the
longevity of the LLINs (i.e. user-determined end of the useful life),
and this threatens the sustainability of gains made thus far.2–4
Consequently, in the quest to reduce the incidence of malaria

through LLIN use we must ascertain the perceptions and prac-
tices of householders on the end of the useful life of the nets
to inform appropriate strategies to ensure the adoption, proper
use and longevity of nets.3 This is particularly critical in Ghana,
where the NMCP aims to achieve a minimum of 75% reduction
in the incidence of malaria morbidity and mortality by the end of
2020. Therefore we explored the nuances of householders’ per-
ception of LLINs, particularly regarding the end of their useful life
(the point when a net loses its efficacy in protecting people from
being bitten bymosquitoes) and the implications of these percep-
tions for malaria prevention. This article addresses the following
questions: What are householders’ perceptions of the uses and
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effectiveness of LLINs? How do householders perceive the end of
the useful life of LLINs?
The article is based on an empirical study in the Shai-Osudoku

District, a predominantly fishing and crop farming enclave in the
Greater Accra Region in Ghana.5 In the past decade, the district
has been a part of the geographic areas chosen for the distribu-
tion and promotion of LLIN interventions, as it is an area with one
of the largest malaria burden in the Greater Accra Region. The
district has benefited from free LLIN distribution through mass
campaigns in 2013, 2015 and 2018.6 The Shai-Osudoku District
is, therefore, an ideal place to examine householders’ perceptions
on the end of the useful life of LLINs.
Among others, user-determined end of useful life is consid-

ered a significant factor in the coverage and impact of LLINs.3
The processes involved in handling and using LLINs can limit or
enhance their utility based on a household’s knowledge, expe-
riences and expectations.3,7 The literature suggests various per-
spectives on householders’ perceptions regarding LLINs and their
end of useful life. These include the physical integrity of the nets,
age of the net, availability/acquisition of new nets, availability of
alternativemosquito controlmechanisms, cost of acquiring LLINs
and alternative uses of the nets.3,8–10
The physical integrity of LLINs (such as the number and sizes

of holes in a net) is potentially the most characteristic determi-
nant of the end of useful life of nets.8,11 For instance, as of 2014,
about 55% of households in Ghana dispose of their treated nets
after using them for less than 2 years, mainly (83% of cases)
because the nets were torn.12 Householders’ practices such as
poor washing (more than three to four times per year or 20 times
throughout its lifespan with strong detergents), children playing
with nets, and drying nets in the sun can compromise the physical
and chemical integrity of the nets.8,13–15 Continuous protective
care behaviours are associated with perceptions of net effective-
ness and foster consistent use.4
The perception of LLINs and the end of their useful life is also

attributed to a net’s age.3,9 Householders tend to discard LLINs
only when they become old, torn beyond repair or ineffective in
repelling and killing mosquitoes.9 Thus, while LLINs are designed
to last for 3–4 years, households may either discontinue or pro-
long their use depending on their perception of the relationship
between a net’s age and its efficacy.10,16
Also, perceived alternative uses of nets influence their end

of useful life.3,9,10 Many households across sub-Saharan Africa
use LLINs for purposes other than preventing mosquito bites
both during and after their perceived efficacy period.17 Some al-
ternative uses when a net is torn beyond repair or no longer
considered effective include crop farming activities, bed covers,
table cloths and drying grains.3,9,10 Others use active nets for
non-conventional purposes such as fishing.17,18 There are also re-
ports of households passing on old nets (regardless of age) to
other family members when they receive new nets.9
Householders’ perceptions of the effectiveness of alternative

mosquito prevention, particularly alternatives that are socio-
culturally accepted (including burning herbs and reliance on
orange peels and dried palm nuts), affect efforts to promote
effective and optimum use of LLINs—and the end of the useful
life of a net.19,20 Often this stems from a historically integrated
use of both conventional and unconventional mosquito control
methods that introduces householders to various modalities, as

observed in Ethiopia, Ghana and Uganda.18–21 Relating to the use
of alternative methods of malaria control is access and capacity
to acquire new nets. Evidence suggests that there is an inverse
relationship between the cost of LLINs and the perception of
the end of the useful life of a net.3,10 While the evidence above
presents important perspectives on the end of the useful life
of LLINs, more contextual studies such as this one will help to
expand current knowledge about the prevailing socio-cultural,
environmental and economic conditions in Ghana and similar
places that affect LLINs use and longevity.

Methods
Study design
This article emerged from a broader study that used a cross-
sectional qualitative design.22 It leaned towards the interpretivist
epistemology, which ensured that the views and experiences of
participants took centre stage of the discussions.23 Two data col-
lection techniques, focus group discussions (FGDs) and in-depth
interviews (IDIs), were used. These two techniques provided am-
ple opportunities to cross-validate the views and experiences of
participants.23

Sampling and participants
A purposive sampling technique23 was used to select partic-
ipants based on the aims of the research and relevant ge-
ographical and household characteristics. Participant selection
was done in two stages. In the first stage, two communities
(one urban and one rural) were selected from the two subdis-
tricts (Dodowa and Osudoku).5 This helped to incorporate rural
and urban characteristics in terms of healthcare access, health
outcomes and health-related knowledge in the study.24 Par-
ticipants were selected to ensure a balanced sample accord-
ing to their age, sex and net ownership. Household heads or
spouses were also preferred, but the study included other adults
(≥18 years of age). In stage two, an average of nine partici-
pants were included in the four FGDs (one in each of the four
communities). A total of 38 participants (20 males and 18 fe-
males) were involved in the FGD study. The ages of the partici-
pants ranged from 22 to 72 years, with a mean age of 43 years.
The IDIs were conducted with four household heads (one in each
community).

Data collection
Semi-structured interview guides were used for the FGDs and
IDIs. The topics discussed in the FGDs included perceptions about
the longevity and efficacy, care and maintenance and disposal
practices of LLINs. During the FGDs, participants were presented
with two nets in different physical conditions to ascertain their
perception relating to the efficacy and decisions about the nets.
First, participants were shown an old and torn net and asked
whether they thought the net was still useful and what they
would do if the net belonged to them. In the second scenario,
participants were asked to explain what they would do if they re-
ceived a new LLIN (free of charge) while having a 1-year-old net
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that had no or only a few small holes in it? The data collection
took place between June and August 2017.

Data analysis
The FGDs and IDIs were audio-recorded (with permission from
participants) and transcribed verbatim in Dangme and then
translated into English. The data were analysed using NVivo ver-
sion 11 (QSR International, Melbourne, VC, Australia) guided by
the six-phase method for conducting thematic analysis outlined
by Nowell et al.25 and Braun and Clarke.23 Details of this process
and other aspects of themethods are provided as supplementary
material (Appendix 1).

Findings
The findings are grouped under four themes: knowledge about
the end of the useful life of LLINs; the efficacy of a net is not
age bound; social desirability, norms and the end of the useful
life of LLINs; and repurposing as an indication that the useful life
of LLINs has ended.

Knowledge and awareness of the end of the useful life of LLINs
The participants had ample experiential knowledge of the func-
tions and purpose of LLINs:

What I know is that it prevents mosquitos from biting me
and preventing malaria. (IDI participant)

…when we did not have bed net we were often bitten by
mosquitoes andmalaria cases were very high, but with the
introduction of the net, malaria cases have declined. (FGD
participant)

Even though there was no definitive answer on when LLINs
expire, most respondents agreed that the nets are active for a
maximum of 3 years and their effectiveness largely depends on
the care of the net:

The bed net will no longer be useful after washing it for
20 times within 2 to three 3 years period. (FGD participant)

Also, they were able to describe when an LLIN was ineffec-
tive. They realised that an LLIN become unusable when it failed
to prevent mosquito bites even though it may appear to be
useful:

When you go to bed, and your body comes in contact with
the net and the following morning you realise that you have
mosquito bites… that is how you get to know that the insec-
ticide level is low. (FGD participant)

Given this, some respondents explained the measures they
used to ensure the longevity of LLINs:

We do not dry it directly in the sun, and we do not use strong
detergents to wash them. (FGD participant)

This knowledge and practical experience translated into the
way in which participants cared for their LLINs. They often cited
some recommended measures to prevent damage to LLINs.
Washing a net too frequently and drying under the sun’s rays
were seen as ways to render the insecticide ineffective. Also,
based on some social conventions, particular soaps were pre-
ferred for washing LLINs:

I do not allow anyone to hang clothes on the net when I
arrange it over the bed.… It’ll weaken quickly…. (FGD partici-
pant)

…I do not let the children play with it. (FGD participant)

We must remember to wash it… with ‘key soap’ [a popular
soft soap] and dry it under a tree.… If it gets torn, we must
immediately repair it. (FGD participant)

Although many participants learned about proper handling,
washing and drying practices through their social circles and per-
sonal experiences, some received information from health pro-
fessionals on how to maintain LLINs:

If you wash your net regularly, someone in your house or
even the neighbourhood will warn you about it. (IDI partici-
pant)

Wewere taught by a nurse on how towash it, and not drying
it directly in the sun. (FGD participant)

The efficacy of a net is not age bound
Participants reported that the condition of LLINs diminishes with
use and hence the actual age of the net is critical in determin-
ing whether its useful life has ended. However, a significant pro-
portion of participants noted that while the age of a net mat-
ters, LLINs must be torn beyond repair before they are disposed
of or used for something else. To them, indicators such as fading
colour, tearing during washing or stretching of the material are
critical factors in considering when to dispose of LLINs:

There is no date for deciding when to stop using the bed
net.… You’ve to stop using when the colour fades. (FGD par-
ticipant)

As for me and my family, the moment the net is dirty we
wash it, butwhen the net is even less than a year and it starts
developing holes, we change it. (IDI participant)

However, some participants did not rely on physical attributes
to determine whether LLINs were still useful: they held the view
that when the insecticide concentration in the net begins to
wane, that is often a reason to either re-treat it or dispose of it:

The mosquito net loses its efficacy a year after its use, the
mosquitoes die when they come into contact with a new
net, but when it loses some of its efficacy, they can settle
on it.… It does not matter how long the net has lasted. (FGD
participant)
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Social desirability, norms and end of the useful life of LLINs
Some social expectations and norms in the study communities
shaped maintenance culture of LLINs. The concern of being stig-
matised for using torn and unrepaired nets was regarded as a
reason for users to replace or discontinue using a net:

Before I dispose of a net, it must be fragile and torn and to
the extent that my friends may even ridicule me when they
see it. (FGD participant)

Social practices such as sharing and ‘altruism’ were other fac-
tors that influenced perceptions about the end of the useful life of
LLINs. There was a practice of giving ‘old’ or extra LLINs to other
households, especially relatives and neighbours, instead of dis-
posing of them as refuse:

The nurses gave us [malaria volunteers] additional one
[LLIN], and so I gave it to a neighbour who was not having
one. (IDI participant)

I recently acquired a new net, but my old net was still in
good shape, so I gave the old net to my brother’s children.
(FGD participant)

Another social factor involved a commonly practised seasonal
use of the nets. The participants averred that mosquito breeding
reduced drastically during the dry season, while their numbers
increased exponentially during the rainy season. Consequently,
they used LLINs in the rainy season when individuals were more
susceptible tomosquito bites and kept the nets in safe places dur-
ing the dry season when they were less vulnerable:

My friend toldme that he sleeps in it [LLINs] in the rainy sea-
son when the mosquitoes are around and removes it in the
dry season when the mosquitoes are not around… I also re-
alised it is true and I have been practising it withmy family.…
I’ve told other people and they have been following it too.
(FGD participant)

Repurposing as an indication that the useful life of LLINs has
ended
Participants in both the FGDs and IDIs disclosed that old LLINs
could be used for purposes other than their original function
of protecting against mosquito bites. They reported that LLINs
that are due for disposal, either as a result of age, expira-
tion or damage, can be put to an alternative use, such as
fencing gardens, window screening, pillow stuffing, enclosing
poultry farms, drying fish and pepper and covering cargo on
mopeds:

We use it to fence our mango seedlings in the house to
prevent the goats and sheep from destroying them. (FGD
participant)

We sometimes use old nets to seal our windows and on our
kitchen doors to prevent other insects. (FGD participant)

As the principal livelihood in the study area was fishing, old
nets were repurposed as fishnets:

Weuse the damagedones to fish…. It is better than dumping
it on the compound. (IDI participant)

Thus, repurposing of a net marked the end of its useful life as
an effective preventive against mosquito bites.

Discussion
This study explored householders’ perceptions about the end of
the useful life of LLINs in the Shai-Osudoku District in Ghana.
Participants were generally aware of LLINs, including their uses,
causes of damage and ways to avoid early deterioration. In the
context of the study area, this finding can be explained from
two perspectives. First, it signifies the importance that house-
holders assign to the role of LLINs in malaria prevention. Sec-
ond, the depth of knowledge and use of LLINs demonstrate the
substantial progress made in controlling malaria in Ghana. In
fact, interventions to improve LLIN usage in Ghana have con-
tributed significantly to reducing malaria-related morbidity over
time, although several challenges, including limited coverage, re-
main.2 Nevertheless, the actions of householders in this study,
such as discarding nets as soon as they developed holes, demon-
strate a gap in their knowledge regarding the maintenance and
the end of the useful life of LLINs. Such perceptions often lead
to situations where householders have little regard for the re-
lationship between a net’s maintenance and longevity.4 There-
fore, current efforts to promote awareness and the adoption of
LLINs as a resource to control malaria must be improved and
sustained, as they hold promise for meeting malaria eradication
goals.
We also found that the end of the useful life of LLINs related

to factors other than age, including physical condition and insec-
ticide potency. This finding expands upon previous studies which
reported that the age of a net is an essential determinant of the
end of its useful life.3,10 Moreover, the relationship between the
perception about the end of the useful life of LLINs and the physi-
cal condition and insecticide potency, while typical, can differ be-
tween households due to differences in operational conditions.18
Results from research in other countries such as Kenya9 endorse
this assertion. This implies that programmes to enhance the ca-
pacity of householders tomaintain LLINs properly—such as com-
munity educational workshops—can yield positive results. With
knowledge on how to handle and repair LLINs, householders can
alter their practices and prolong the efficacy of nets (or at least
ensure efficacy until set expiration dates) by patching nets rather
than discarding or misusing them.4,26
Repurposing LLINswas a significant indicator of the perception

that an LLIN had reached the end of its useful life as a mosquito
preventive resource. However, unlike observations in other re-
search,4,26 participants in this studymostly repurposed LLINs that
were perceived as irreparably damaged or expired, as was also
found in Senegal.3 Although the act of repurposing used LLINs
is not novel,3,9,19 the findings of this study present some useful
information on other uses of expired and damaged nets, partic-
ularly for fishing, stuffing pillows and covering cargo on mopeds.
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However, these uses of LLINs, while imaginative,9 expose the lim-
itations in the participants’ understanding of the potential dan-
gers of the misapplication of expired or damaged nets. The WHO
and other agencies, including the Roll Back Malaria Partnership,
caution strongly against the use of LLINs for fishing, as it consti-
tutesmisuse and has detrimental environmental and health con-
sequences.17 Pyrethroid compounds,which are used in LLINs, bio-
concentrate in aquatic organisms and can be extremely toxic to
fish.17 Guidelines on the appropriate disposal of old LLINs are now
emerging17 to prevent environmental and human health risks.9,19
Moreover, the tendency to repurpose old nets can contribute to
their misuse. Those that intend to use the nets for other purposes
may not have the patience to wait for the LLINs to reach the end
of their useful life. Indeed, the fact that some participants were
ready to discard a net even after a year of use supports this argu-
ment and supports the need to intensify capacity-building efforts
to enable householders to use LLINs effectively and longer and to
discard them appropriately.
Furthermore, social desirability (concerns about social stand-

ing and seasonal use of nets) emerged as an important influence
on the perceptions, actions and decisions relating to the end of
the useful life of LLINs. This finding extends the debate about
the essential role of social norms and practices in health-related
behaviours, knowledge and attitudes.24,27–29 It has been found
that householders sometimes place more value on social prac-
tices such as the cleanliness and aesthetics of LLINs than the sta-
tus of its primary function, so as not be considered irresponsible.8
Thus social desirability holds the potential to promote undesir-
able practices, such as frequent washing, that can lead to early
deterioration of nets, as well as unguarded preference for new
nets,3 andhurried disposal of unexpired nets.4 Therefore, the phe-
nomenon of social desirability offers the possibility of developing
practical approaches to promote behavioural change in the use
of LLINs.

Limitations of the study
The study targeted household heads as a proxy for the knowledge
and practices held by all members of the households. This ap-
proach could lead to misrepresentation of the participants’ per-
ceptions and experiences. Also, some participants may have ex-
aggerated or understated their experiences in order to conceal
their limited understanding and malpractices regarding LLINs.

Conclusions
This study explored householders’ perceptions and practices
concerning the end of the useful life of LLINs. Overall, partic-
ipants demonstrated an understanding of the use of LLINs
and practices that destroy their efficacy. Notwithstanding, the
participants’ application of this knowledge was limited. Some
householders were ready to dispose of nets or repurpose them,
regardless of their age, as long as they perceived the physical
condition was poor, without any attempt to repair them. Pre-
vailing social expectations and norms partly influenced their
perceptions and decisions on the end of the useful life of LLINs.
Considering these findings, two conclusions can be drawn. First,
householders are not entirely aware of appropriate methods for

disposal or repurposing of LLINs, leading to uses that could po-
tentially harm the environment and reduce the longevity of nets.
Second, householders’ social norms and practices influence their
perception about uptake, maintenance and attitudes relating to
the end of the useful life of LLINs. Therefore, these factors should
be given the needed attention in policies and programmes aimed
at positioning LLINs as a leading resource for malaria control in
the study area and places alike.

Supplementary data
Supplementary data mentioned in the text are available to sub-
scribers in INTHEA online.
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