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Abstract

Background: North East Kenya is an area of semi-arid terrain, prone to malaria epidemics. The distribution of long-lasting
insecticidal nets (LLINs) has long been a key malaria intervention, however, for nomadic populations who live and sleep
outside, in harsh climates and areas with increasing reports of exophagic behaviour of mosquitoes, traditional LLINs are
often inadequate. This study investigates the acceptability of non-mesh LLINs, specifically designed to suit nomadic,
outdoor sleeping communities.

Methods: In September 2011, 13,922 non-mesh LLINs were distributed to 8,511 nomadic households in Garissa County,
North East Province, Kenya. A prospective, longitudinal study design was used to assess the acceptability of this novel
type of LLIN. Cross-sectional household surveys, focus group discussions (FGDs), and key informant interviews (KIs) were
used to collect data on attitudes and practices regarding the Dumuria nets.

Results: A very high level of acceptability was reported with 95.3% of respondents stating they liked the nets. Of the
factors reportedly determining net use the most frequently mentioned was “vulnerability”. Of those with concerns
about the nets, the colour (white) was the most frequently reported.

Conclusion: The tailoring of LLINs to specific communities and contexts leads to increased levels of acceptability.
Large-scale, blanket net distribution campaigns, which are currently the standard practice, do not cater for the specific
and nuanced needs of the differing communities they often serve. This non-mesh LLIN offers a highly effective and
desirable malaria prevention option to a typically hard to reach and underserved nomadic population at increased risk
of malaria infection.
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Background
Globally malaria caused 584,000 deaths in 2013 there
were an estimated 198 million clinical cases [1]. Malaria
control and treatment appears as one of eight Millennium
Development Goals as “Goal 6: Combat HIV/AIDS,
malaria and other diseases” [2]. In 2013 an estimated $2.7
billion was spent on malaria control, significantly below
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the estimated amount needed to achieve universal
coverage of malaria interventions ($5.1 billion) [1].
Principle among these malaria interventions is the distri-
bution of long-lasting insecticidal nets (LLINs) [3].
LLINs have been shown to be highly effective in many

settings [4-8]; however, they are predicated upon use in-
doors. There have been increasing reports of exophagic
vector behaviours playing a significant role in malaria
transmission [9-11]. This is of particular relevance and
concern to nomadic populations often found to sleep
entral. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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outdoors. Nomadic populations, defined here as groups
of people with no fixed home who move according to
the seasons and in search of water, food, and pasture,
have been estimated at 50 – 100 million persons [12]
with over 60% found in Africa, and making up ap-
proximately 19% of the population in Kenya [13,14].
Given this large population size, their pre-existing
vulnerability due to reduced access to health care
[12,14], and the increased threat exophagy poses to
these outdoor sleeping populations, exploring the ad-
equacies and limitations of LLINs in these contexts is
a pressing issue.
In order for LLINs to be effective at preventing mal-

aria, they must be correctly used every night. It is, there-
fore, necessary to identify factors that affect acceptability
rates and to then use this information to create a more
attractive and effective product. A review of the barriers
to net use in malaria endemic areas, including Kenya,
found that the most commonly cited reason for non-use
of malaria nets was discomfort, primarily due to heat,
accounting for 47.5% of reasons for not using a net. The
second most frequently cited reason was perceived (low)
mosquito density [15]. A study encompassing six loca-
tions across Western Kenya investigated the status of
universal coverage of ITNs. One of the indicators was
ITN usage- the proportion of the population that used
ITNs the previous night. Results showed usage to range
between 75 and 87%. Usage rates were roughly 10% lower
than ownership rates [16].
PermaNet® Dumuria (hereafter referred to as a Dumuria

net) is an LLIN produced by Vestergaard, Switzerland,
intended for use both indoors and outdoors. This net is
based on the PermaNet® 2.0 which is fully evaluated and
recommended by the WHO Pesticide Evaluation Scheme
(WHOPES) [17]; the only differences being unlike a
typical 156 mesh LLIN this net is made of a non-mesh,
opaque, bed sheet-like fabric (Figure 1) and added to the
insecticide in the Dumuria net (and not found in the
PermaNet® 2.0) are UV protectants designed to make the
Figure 1 The Dumuria LLIN. A Dumuria net being displayed in
the field.
insecticide more resilient to sunlight exposure. This net
has previously been distributed to the nomadic population
of South Sudan where extremely high levels of acceptabil-
ity were found when compared to standard LLINs
(unpublished observations, P. Guillet).
A study assessing the durability of Dumuria nets at

the study site and amongst the same population found it
had good physical and chemical integrity after almost
two years and high rates of utilization (Gore-Langton
et al. personal communication). It is the purpose of this
study to determine what the level of acceptability is for
this novel, non-mesh LLIN designed specifically for use
among outdoor sleeping populations and distributed
among the study population of a nomadic community.
Determining the level of acceptability and reasons for
use or non-use of the Dumuria net is vital to the evalu-
ation of this novel net and the benefits to malaria con-
trol that it may be able to offer typically underserved
populations. This information is also hoped to guide the
further development of this tool, and similar tools, so as
to secure the highest possible levels of acceptability
among the targeted population.
Presented here are the results from a 22-month longitu-

dinal study of the acceptability of Dumuria LLINs amongst
nomadic communities in Garissa County, North Eastern
Kenya.

Methods
Study area and population
Garissa County is situated in North Eastern Province,
Kenya (Figure 2); it is split into three administrative
districts, Garissa, Lagdera, and Fafi, with a total of 11
divisions. The climate is semi-arid with a range in
temperature from 21°C to 39°C in 2012 [18] and an annual
average bimodal rainfall (rainy seasons from March – May
and September – October) of 250 – 300 mm. The popula-
tion according to the last national census in 2009 was
623,060 [19]. The population was estimated to have grown
to 715, 312 in 2014 based on the Unicef prediction of a
2.8% annual growth rate [20].
Malaria transmission in Garissa is seasonal and epi-

demic prone [21]. The number of confirmed malaria
cases per 1,000 population in this area is 0.1-1.0 [1].
The primary vectors in the region are Anopheles cous-
tani, Anopheles gambiae, Anopheles funestus, and
Anopheles arabiensis [1,22,23]. Each of these vectors
has been shown to be both exophagic and exophilic
across various study sites [24-28]. Both Plasmodium
falciparum and Plasmodium vivax are present, with
P. falciparum accounting for the majority of cases
[29].
In September 2011, a total of 13,922 Dumuria nets

were distributed to 8,511 nomadic households in Garissa
county, providing an average coverage rate of 1.64 nets



Figure 2 Map of the study area. A map of the study area of Greater Garissa, North Eastern Province, Kenya (from World Food Programme, 2006).
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per household. This study area is one which at the time
of the study was not within the national LLIN distri-
bution plan as it is not an area of high malaria trans-
mission, meaning that the study population had no
previous, significant experience of LLINs [30]. All
households received malaria prevention education to
encourage correct net usage. Each net was assigned a
unique identifier and added to a master census list
along with a household code and global positioning
satellites coordinates.

Study design and sample size
From September 2011 to July 2013 a prospective longi-
tudinal study was conducted with cross-sectional house-
hold surveys to assess Dumuria net utilization and
acceptability at months 6, 12, 18, and 22. Households
were randomly selected from all households that re-
ceived the Dumuria nets using a two-stage cluster
sampling method.
Sample size was calculated using the formula [Np(1 − p)]/

[(d2/Z2
1 − α/2 * (N − 1) + p * (1 − p)], with the conservative es-

timate of 60% retention and usage of Dumuria (p = 0.6) and
a 95% confidence interval. Thirty clusters were randomly
selected using the probability proportional to size method.
Simple random sampling was used to select 10 households
from each cluster to give a sample size of 300 for each
round of surveys. Three hundred households were sampled
at 6, 12, 18, and 22 months for a total of 1,200. Destructive
sampling was followed, with the net being removed from
the master list after being surveyed.

Ethical approval
This study was planned with and approved by the De-
partment of Malaria Control (DoMC), Ministry of
Health in Garissa, and the Kenyan Medical Research In-
stitute (KEMRI) and the Ethics Review Committee
(ERC). All nomadic settlements involved in the survey
were informed in advance of the net distribution and the
surveys. Approval was obtained from local chiefs and
traditional authorities and informed consent was ob-
tained from the head of each household surveyed. The
consent form was read to each participant in Somali by
the interviewer. The respondent was then asked to sign/
thumb print the consent form if he/she accepted to par-
ticipate in the study.

Field procedures
The randomly selected households were visited and the
questionnaires administered. Focus Group Discussions
(FDGs) and Key informant Interviews (KIs) took place
during month one and month 22 of the study. A total of
10 FGDs and 10 KIs were conducted by two teams of
three researchers. Descriptive statistics and information
on Dumuria net status, use, and handling were collected
via questionnaires with a range of categorical responses
allowing for “other” responses to be given. FGDs and
KIs involved a range of open-ended questions to which
participants could respond freely; responses were then
grouped according to common content or theme.
Survey questions were transcribed in Somali before
being translated into English. All interviews were re-
corded by digital recorder and transcribed as soon as
possible with the target of being done within 24 hours
of the interview.

Data handling and statistical analysis
Quantitative data were double entered into Epi-Info
(WHO/CDC 2000) and analysed in SPSS (SPSS Inc. Re-
leased 2007. SPSS for Windows, Version 16.0. Chicago,
SPSS Inc.) and STATA (StataCorp. 2013. Stata Statistical
Software: Release 13. College Station, TX: StataCorp LP).
Data were summarised using proportions and means. 95%
confidence intervals were used where appropriate.

Results
Household characteristics
Overall, a total of 1,197 Dumuria nets were sampled
from as many households, with a total of 7,365 inhabi-
tants. The mean number of persons per household was
6.14 and 31.8% (95% CI: 30.7, 32.8) of the total popula-
tion was under five years old. The median number of
sleeping places per household was 2 (range: 2–22); what
constituted a sleeping place differed between house-
holds. Sleeping places could be regular or temporary,
they could be a bed, sand, bare floor, could be covered
by bedding or not, and could be found either inside or
outside. 54.3% (95% CI: 49.4, 59.7) of respondents had
attended at least primary level education.

Acceptability
From the aggregated data over the study time intervals
and data collection methods 95.3% (95% CI: 93.5, 96.6)
of respondents stated liking the Dumuria nets, 2.6%
(95% CI: 1.6, 3.6) stated disliking the nets, 2.1% (95% CI:
1.3, 3.1) did not know, and there were 173 (14.5%) miss-
ing values. 58.1% (95% CI: 55.3, 60.9) of respondents re-
ported liking the size of the nets, 35.6% (95% CI: 33.0,
38.4) reported liking the fabric, 33.6% (95% CI: 31.0,
36.3) reported liking the shape, and 14.2% (95% CI: 12.3,
16.3) of respondents reported liking the colour (white).
When asked which people were most likely to use the

Dumuria nets 51% (95% CI: 48.2, 53.9) responded chil-
dren under five, 25.9% (95% CI: 23.5, 28.5) responded
children over five but under 15 years, 31.1% (95% CI:
28.5, 33.8) responded adults (over 15 years), 24.4% (95%
CI: 22.0, 26.9) responded adults and children of all ages,
and 10.1% (95% CI: 8.5, 12.0) responded mother and
father only.
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The most commonly mentioned factor that deter-
mined net use was ‘Vulnerability’ mentioned by 49.3%
(95% CI: 46.5, 52.1) of respondents. For the purpose of
this study, vulnerability referred to a person perceived to
be at increased risk of malaria by the survey respondent;
survey responses which stated “children <5 years” or
“sick people” were included in this vulnerability criteria,
pregnant women were not included as they were consid-
ered a separate factor for determining net use. 20% (95%
CI: 17.8, 22.3) of respondents listed the season as a fac-
tor that determined net use. In response to the question
‘when do most people stop using the nets?’ 65.5% (95%
CI: 62.81, 68.19) said during the dry season, 8.1% (95%
CI: 6.55, 9.65) said at any time, 57.8% (95% CI: 55.0,
60.6) of all households stated that they stopped using
the net when holes had appeared and 17% (95% CI:
14.87, 19.13) responded not applicable.
58.8% (CI 95%: 55.4, 62.2) of respondents reported

having some sort of problem with the Dumuria net, al-
though there were 388 (32.4%) missing values for this
variable. The most frequently mentioned concern was
the colour of the Dumuria net, followed by heat/ventila-
tion, the least frequently reported concerns related to
the fabric and washing of the net (Table 1).

Discussion
A highly durable LLIN containing an effective insecticide
must also be of a design and style which make it ac-
cepted and liked by the population it is to protect. An
LLIN which is disliked or unpopular risks not being used
as it is designed to be and compromising the potential
benefits to malaria control. It is, therefore, very encour-
aging that the overall acceptability of novel Dumuria
nets, never before seen or used in this location or
amongst this population, is very high with 95.3% of re-
spondents stating they like the nets.
Despite the very high proportion of users liking the

Dumuria nets, over half of respondents reported some
sort of concern about the net and almost a third of all
households did not respond to questions of concerns.
Non-response could be evidence of courtesy bias with
grateful recipients preferring to say nothing than anything
Table 1 Reported concerns regarding the Dumuria nets

Concern Respondents reporting
concern (%)

95% confidence
interval

Colour 47.1 43.1, 51.0

Heat/ventilation 26.6 23.3, 30.0

Shape 20.0 17.0, 23.3

Size 5.4 3.8, 7.4

Fabric and washing 0.5 0.2, 1.4

A breakdown of the different types of concerns reported by study participants
in relation to use of the Dumuria nets, with the percentage of respondents
reporting each specific concern and the 95% confidence intervals.
negative; it could also be evidence of misunderstanding of
the meaning or purpose of the questions. Whilst the num-
bers of missing values (n = 175, 14.5%) and “don’t know”
responses (n = 21, 2.1%) are not negligible, if all these
values are assumed to be negative responses then 81.3%,
the majority, of all respondents liked the nets. Whilst
courtesy bias should always be considered in longitudinal
studies of this nature, results from another paper on the
same study show high Dumuria net utilization rates of
98.4% at 22 months (Gore-Langton et al. personal com-
munication). Since acceptability and utilization are not un-
related the high reported utilization rates provide further
support for the acceptability results presented here.
Colour stood out as the most frequently mentioned

concern making up almost half of all responses. The
Dumuria nets are white and from conversations with the
study participants this seemed to be a concern due to
the ease with which they picked up dirt – as can be
imagined in a semi-arid setting. It is conceivable that a
white net requires more frequent washing and subse-
quent drying in the sun, which may affect the insecti-
cidal activity of the Dumuria net. When asked about the
preferred choice for the colour, most respondents pre-
ferred a darker colour (blue/black), which may not show
the dirt so much. However, the second most frequently
reported concern was heat/lack of ventilation and a dar-
ker coloured net may compound this issue, if only in the
early evening and early morning when the sun is in the
sky and adults and/or children may still be under the
net. Whilst such high levels of acceptability over a sig-
nificant period of time may make these concerns seem
not all that pressing, they are important to consider as
feedback on how to further improve and secure the
highest possible acceptability rates of Dumuria nets.
The high levels of acceptability of Dumuria nets sug-

gest a popular potential solution to current challenges in
malaria prevention, key amongst which are increasing
reports of exophagy and outdoor sleeping populations.
Any potential shift from typically endophagic transmis-
sion is of particular concern to outdoor sleeping com-
munities, such as the ones at the centre of this study.
LLINs designed for indoor sleeping are often inadequate
and/or unsuitable when used outside in some of the
harshest climates in the world. Hence the need for
novel LLINs designed to cope specifically with the ef-
fects of sunlight, and increased physical wear and tear,
and which are liked and accepted by the people and
communities they hope to protect. The Dumuria net
appears a viable and promising answer to this malaria
control problem.

Conclusion
The nomadic populations subject of this study live in
some of the harshest climates on earth, they sleep
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outside and live long distances from health centres, mak-
ing traditional malaria control tools challenging to pro-
vide and often ineffective. The high levels of acceptance
reported in this study provide support for the develop-
ment and deployment of novel LLINs, tailored to the
habits and needs of the recipient populations. This study
shows that the designing and tailoring of Dumuria nets
in order to best suit the communities and environments
towards which they are targeted results in incredibly
high levels of acceptability of the net. This study high-
lights the Dumuria net as a tool with great potential to
protect long under-served and vulnerable communities
living in areas of changing malaria risk, and in doing so
challenges the one-net-fits all approach typically taken
by mass distribution campaigns.
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