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Abstract

Background: Malaria is still a major public health concern in Bangladesh in spite of mass distribution of long-lasting
insecticide-treated nets (LLINs) as a key preventive strategy. There might be a considerable gap between coverage
and actual use of nets by the population in endemic areas. This study intended to assess the gap between coverage,
access to and use of LLINs among the households in malaria-endemic settings in Bangladesh.

Methods: This cross-sectional study collected data from 2640 households of 13 endemic districts of Bangladesh
through three-stage cluster random sampling. The gap between coverage, access and use of LLINs were calculated
using the procedure established by the Roll Back Malaria Monitoring and Evaluation Reference Group. To support the
quantitative findings, qualitative data were also collected through in-depth interview, focus group discussion and key
informant interview and analysed accordingly.

Results: Of 2640 total households, 77.4% (n=2044) possessed at least two LLINs, 56.8% (n=1499) had insufficient
access, and 18.8% (n=495) had excess LLINs. Members of 77.9% (n = 2056) households had used LLINs the previous
night and 6.0% (n =68) did not use LLINs despite having sufficient access. LLIN use was lower in non-hill track areas,
in Bengali community, in richer households and households with more than four members. Moreover, qualitative
findings revealed that the major reasons behind not using LLINs were insufficient access, sleeping outside the home,
migration, perceived low efficacy of LLINs, or fear of physical side effects.

Conclusion: Closing the access gap by providing enough nets through solid investment and well-designed behav-
ioural change interventions are crucial for achieving and sustaining universal coverage.
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Background

Although there has been significant success in the
fight against malaria over the last few decades, malaria
remains a major public health and socio-economic bur-
den [1]. Globally, malaria accounted for 445,000 deaths
in 2016 and is highly concentrated in the world’s poor-
est countries. In 2016, an estimated 216 million cases of
malaria occurred worldwide. Most malaria cases in 2016
were in the World Health Organization (WHO) African
region (90%), followed by the WHO Southeast Asian
region (7%) and the WHO Eastern Mediterranean region
(2%) [1]. Bangladesh, a country in South Asia, was also
endemic for malaria, while the disease is now restricted
to 71 upazilas of 13 districts of the country. Nearly 80%
of total deaths attributed to malaria occurred in these 13
districts in Bangladesh [2]. Also, 90% of all malaria cases
in Bangladesh are found in these 13 districts [2]. Cur-
rently, approximately 17.5 million people are at risk of
becoming infected with malaria in those districts [3].

The distribution of long-lasting insecticide-treated bed
nets (LLINSs) is one of the key intervention strategies for
preventing malaria in Bangladesh [4]. Increasing the cov-
erage and use of LLIN is also the most preferred malaria
vector control strategy in malaria-endemic countries,
according to WHO recommendations [5]. Therefore, the
national malaria control programme of Bangladesh has
planned to scale up the distribution of LLINs to 100%
and increase coverage (to at least two LLINs per house-
hold) in malaria-endemic areas, and to eliminate malaria
by 2030 [3]. The Government of Bangladesh and an NGO
consortium led by Building Resources Across Communi-
ties (BRAC) has been implementing the Global Fund to
Fight AIDS, Tuberculosis and Malaria (GFATM)-funded
malaria control programme since 2007 [6]. Up to now,
Bangladesh has maintained a highly cost-effective insec-
ticide-treated net coverage compared to other malaria-
endemic countries [7—9]. The Government has to abide
by the Global Technical Strategy for Malaria (2016—2030)
to attain the long-term goal of worldwide malaria elimi-
nation and eventual eradication.

According to WHO recommendation, one LLIN
should be distributed for every two people at risk of
malaria to ensure universal access [1]. Since there is
a high correlation between access and use of LLINs, to
eliminate malaria, improving access to LLINs should be
the major priority [10]. Globally, two main indicators
were being used to assess LLINs use: the “proportion of
households owning at least one LLIN” and the “propor-
tion of children under five and pregnant women sleep-
ing under LLINs the previous night” [11]. Consistently,
these indicators show a considerable gap between cover-
age and actual use of nets by vulnerable groups, i.e., chil-
dren and pregnant women. But the gap between coverage
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and required access and utilization was not completely
measurable by these indicators, and was a bottleneck for
assessing the LLINs access and proper usage. Although
behaviour-driven failure plays a key role, evidence has
shown that the main reason for non-use is lack of access
to a net [12].

To measure the access to LLINs in a more appropri-
ate way, the Roll Back Malaria (RBM) campaign recom-
mended two additional core LLIN indicators [13]. One
is the “proportion of households with at least one LLIN
for every two people (household access)” which allows
an estimate of the coverage gap (households with no or
insufficient LLINs) in a better way. However, affirmative
knowledge suggests the gaps in coverage, access and use
of LLINs have not yet been studied in Bangladesh. The
present study hypothesized that there was an existing gap
between the coverage, access and utilization of LLINSs.
Therefore, this study aimed to explore the gaps in terms
of coverage, access and use of LLINs at the household
level in 13 malaria-endemic districts in Bangladesh. The
study further aimed to measure the current gap and to
explore the reason behind the gap.

Methods

Study design

This study employed a cross-sectional design triangu-
lated with qualitative research method. In this case,
three-stage cluster random sampling of households was
applied. In the first stage of sampling, 30 upazilas were
randomly selected from 71 upazilas where LLINs have
been distributed. In the second stage of sampling, four
villages were randomly selected from each upazila for
statistically reliable estimate. In the third stage, 22 house-
holds per village having at least one under 5 and/or preg-
nant woman in the household were randomly selected.

Study setting

This study was conducted in 13 malaria-endemic dis-
tricts in the north, northeast and southeast regions in
Bangladesh bordering India and Myanmar (Fig. 1), which
included Khagrachhari, Rangamati, Bandarban, Cox’s
Bazar, Chittagong, Sylhet, Sunamganj, Moulvibazar,
Hobiganj, Mymensingh, Netrakona, Sherpur, and Kuri-
gram. Three hill districts: Khagrachhari, Rangamati and
Bandarban, located in the hilly remote areas of Chit-
tagong hill track (CHT), suffer from a geographical dis-
advantage with difficult communication and intense
perennial transmission of malaria. The field data were
collected between April and May 2017.

Participants
Information on socio-economic and demographic condi-
tion, coverage, access to and use of LLINs was collected
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1 , 1 , from 2640 households. The respondents were mainly the
B Hill tracts household head. If the household head was not present at
O Non-hill tracts the time of the interview, the information was collected
O _Non-study areas| - from the husband/wife of household head or a pregnant
woman or mother of children under 5 years old (Fig. 2).

For the qualitative part, a purposive sampling strategy
n was employed to select information-rich cases associ-
ated with the field of interest [14]. Two districts from
two different endemic areas (CHT and non-CHT) and
two villages from each district were selected. In each vil-
lage, four in-depth interviews (with pregnant women)
and one focus group discussion (with community peo-
ple) were carried out. Another focus group discussion
was conducted in each village with high-risk population
groups, e.g., Jhum (cereal crop that grows in hills) cultiva-
tors, wood cutter and coal mine workers, and migrants
- as they often have limited access to prevention, diagnos-
tic testing and treatment services. Three key-informant
interviews were undertaken with frontline development
workers of BRAC for qualitative exploration from each
district.
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Fig. 1 Map of the study area

13 districts, 71 upazilas where LLIN distributed
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30 upazilas were randomly selected by probability
proportional to district size

4 villages from an upazila (randomly
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&
K

A 4
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One under 5 child and/or a pregnant
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Fig. 2 Flow chart of study area and sampling
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Data collection tools and techniques

Data were collected by research assistants using a pre-
tested, structured questionnaire during face-to-face
interviews with respondents. Research assistants were
trained prior to data collection, encompassing lectures
on completing the questionnaires, mock interviews, and
field practice. A multilayered monitoring system was in
place to validate, standardize and maintain quality of
data and tasks such as spot checking, back checking, and
provided necessary feedback to the teams working in the
field. Different types of checklists were used in differ-
ent data collection tools for qualitative segment. A team
of four temporarily recruited research assistants with
anthropology background, along with the lead qualitative
researcher to collect field data.

Variables assessed

The background variables for respondents were: age (< 20,
20-29 and > 30 years), gender, relationship to household
head (head, spouse, other), and level of education (no
education, completed grade 1-5, completed grade 6-9,
completed grade 10 or more). The background variables
for household heads were: gender, level of education (no
education, completed grade 1-5, completed grade 6-9,
completed grade 10 or more), occupation (farmer, service
holder, businessman, self-employed, labourer, housewife,
others). The household level characteristics were: area
(CHT, non-CHT), ethnicity (Bengali, others), religion
(Muslim, Hindu, Buddhist, Christian, others), household
size (<4,>4), wealth quintile (low, middle, high), having
at least one child under 5 (yes/no), having at least one
pregnant woman (yes/no).

Construction of the wealth index was based on factor
analysis [15, 16] of key socio-economic variables. The key
socio-economic variables were: types of wall, floor and
roof of the house, ownership of radio, television, com-
puter, bicycle, mobile/telephone, refrigerator, wardrobe,
table, chair, watch, bed, sewing machine, bike, motor
vehicle, livestock, and access to solar system, electricity.

Outcome variables

Household-based indicators were used for assessment of
coverage and access of LLINs. LLIN use was recorded as
whether the household member/s slept under it the night
prior to the day of survey [17].

Proportion of households with at least one (or two) LLINs (P,)

The numerator consists of all households having at least
two LLINs and the denominator is the total number of
sampled households.
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Proportion of households with at least one (or two) usable
LLINs (P,)

The numerator consists of all households having at least
two usable (no visible rift on the net) LLINs and the
denominator is the total number of sampled households.

Proportion of households with access to LLINs (P)

The numerator contains all households where the ratio
between numbers of LLINs owned and the numbers of
household members is 0.5 or higher while the denomina-
tor is the total number of sampled households. This indi-
cator is also defined as households with at least one LLIN
for every two people.

Proportion of households with access to LLINs if any LLINs
(Py)

The numerator contains all households where the ratio
between numbers of LLINs owned and the numbers of
household members is 0.5 or higher while the denomina-
tor is the total number of sampled households having at
least one LLIN.

Proportion of households uses LLINs the previous night (Ps)
The numerator contains all households whose members
slept under LLINs the previous night and the denomina-
tor is the total households in the sample.

Proportion of households that used LLINs the previous night
if accessed (Pg)

The numerator contains all households whose members
slept under LLINs the previous night and the denomi-
nator is the total households having sufficient access to
LLINS.

Access gap

Households not having at least one LLIN for every two
people, ie, 1—DP; are defined as having insufficient
access to LLINs or access gap.

Intra-household net gap

Household that did not have access to LLINs despite pos-
sessing LLINSs, i.e.,, 1 —P,, is defined as intra-household
net gap.

Usegap
Household that did not use LLINs the previous night
despite having access, 1 — P, is defined as the use gap of
LLINS.

Statistical analysis

Descriptive analyses were conducted to show the dis-
tribution of different characteristics of the respondents
and household heads with appropriate cut-offs. The Chi
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square test [18] was done to assess association of dif-
ferent background characteristics with LLIN coverage,
access and use. Binary logistic regression [19] was applied
to assess relationship between background characteris-
tics and LLIN use. The final model was adjusted with area
of residence, gender and education of household head,
ethnicity, religion, household size, wealth quintile, status
of household having at least one child under 5 years, and
having at least one pregnant woman, and with respond-
ents’ relationship to household head. The adjusted odds
ratio (AOR), exponent of beta-coefficient of binary
logistic regression was calculated with 95% confidence
interval (95% CI). All tests were done at 5% level of signif-
icance. All analyses were performed using STATA soft-
ware (Version 13.0, STATA Corp LP, TX, USA).

Results

Background characteristics

Information was collected from a total of 2640 house-
holds, where one-third was from CHT area and remain-
ing from non-CHT area. The average family size was
5.542.2, with 1.06 female to male ratio. The major-
ity of the respondents were females (88.8%), with 20 or
more years of age (91.7%). Only 13.8% respondents were
household heads. Nearly one-third of respondents had
no formal education and only 11.7% had completed grade
10 or more. In terms of ethnicity and religion, 79.1% were
Bengali and 70.3% were Muslim. Also, 60.1% households
had more than four members, 76% households had at
least one child under 5 and 46.1% households had at least
one pregnant woman (Table 1).

Coverage of LLINs

A total of 6048 LLINs were distributed among 2640
households with a mean 2.3+1.1 LLINs per house-
holds. At the time of the survey, almost every household
had at least one LLIN (99.8%), 93.1% households had at
least one useable LLIN, 77.4% households had at least
two LLINs, and 58.4% households had at least two use-
able LLINs (Table 2). The coverage of LLINs was high in
hill track areas (P=0.003 for at least two LLINs), house-
holds with female heads (P=0.040 for at least two usable
LLINs), and in rich households (P<0.001 for at least two
LLINS or at least two usable LLINs).

Access to LLINs

Only 43.2% households had sufficient access to LLINs at
the time of survey (Table 3). Household access to LLINs
was significantly higher in hill track area (54.1 vs 37.8%,
P<0.001), in households with female head (50.4 vs 42.5%,
P=0.021) and in households with 4 or fewer mem-
bers (63 vs 30.8%, P<0.001). Furthermore, LLIN access
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Table 1 Background characteristics of respondents
and household heads (N =2640)
Characteristics n % 95% Cl
Area of residence

Hill tract 880 3333 31.56-35.16

Non-hill tract 1760 66.67 64.84-68.44
Gender of respondent

Male 296 11.21 10.06-12.47

Female 2344 88.79 87.53-89.94
Age of respondent (years)

<20 218 8.26 7.27-9.37

20-29 1379 5223 50.33-54.14

30+ 1043 39.51 37.66-41.39
Relationship to household head

Head 363 13.75 12.49-15.12

Spouse 1885 7140 69.65-73.09

Others? 392 14.85 13.54-16.26
Education of respondent

No education 583 22.08 20.54-23.71

1-5 917 34.73 32.94-36.57

6-9 819 31.02 29.29-32.82

10+ 321 12.16 10.97-13.46
Gender of household head

Male 2410 91.29 90.15-92.31

Female 230 8.71 7.69-9.85
Education of household head

No education 858 3250 30.74-34.31

1-5 942 35.68 33.87-37.53

6-9 531 20.11 18.63-21.69

104 309 11.70 10.53-12.99
Occupation of household head

Farmer 677 25.64 24.01-27.35

Service holder 261 9.89 8.80-11.09

Businessman 481 18.22 16.79-19.74

Self-employment 85 322 261-397

Labourer 892 33.79 32.01-35.62

Housewife 143 542 4.61-6.35

Others® 1071 383 3.16-4.63
Ethnicity

Bengali 2089 79.13 77.54-80.64

Others 551 20.87 19.36-22.46
Religion

Muslim 1857 70.34 68.57-72.05

Hindu 222 841 741-9.53

Buddhist 488 1848 17.05-20.01

Christian 51 193 147-253

Others® 22 0.83 0.55-1.26
Number of household members

<4 1054 39.92 38.07-41.81

>4 1586 60.08 58.19-61.93
Wealth quintile

Low 1059 40.11 38.26-42.00
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Table 1 (continued)

Characteristics n % 95% ClI
Middle 525 19.89 1841-21.45
High 1056 40.00 38.15-41.88

Household having at least one child under five
No 634 24.02 22.42-25.68
Yes 2006 75.98 74.32-77.58

Household having at least one pregnant woman
No 1422 53.86 51.96-55.76
Yes 1218 46.14 44.24--48.04

N 2640 100.00

@ Son, daughter, father, mother, brother, father-in-law, mother-in-law
b Student, disabled, beggar
¢ Garo, Chakma, Marma, Tripura, Mro, Hajong, Sawtal, Tongchonga, Bomo

increased with an increase in household head’s level of
education.

Use of LLINs

Out of a total 14,475 members in 2640 households, 91.7%
slept under an LLIN the previous night. LLIN use was
higher among females than males (92.9 vs 91.0%), and
the use of LLINs among females than males increased if
the household met with sufficient access (98.3 vs 97.7%)

(Fig. 3).

Table 2 LLIN coverage by selected background characteristics
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The proportion of LLIN use by households was 77.9%,
which means all the members of those households slept
under an LLIN the previous night (Table 4). The house-
holds’ use of LLINs was higher in hill track areas than
non-hill track areas (86.4 vs 73.4%, P<0.001), and in
households with 4 or fewer members than those with
more than 4 members (90 vs 69.8%, P<0.001). Although
LLIN coverage was high, usage was reportedly low in rich
households (74.2%). Moreover, households’ use of LLINs
increased when they had sufficient access to LLINs (94%)
(Table 4). This phenomenon is also reported in the quali-
tative part of the study. According to the qualitative
analysis, the lack of access to LLINs was one of the most
documented reasons for low utilization. Sleeping out-
doors, migrating outside, feeling uncomfortable, lack of
knowledge, incompatibility with sleeping arrangements,
saving LLINs for another time, and perceived degraded
efficacy of the nets were also reported as reasons for poor
utilization of LLINs (Table 5).

LLIN coverage, access and use gaps

This study identified three broad areas of gaps in utiliz-
ing LLINs: intra-household net allocation, household
inaccessibility, and proper usage of LLINs. Only 0.19%
(5 out of 2640) households did not have LLINs at the
time of the survey. Consequently, intra-household net
gap was 56.7%, and 56.8% households had insufficient

Characteristics N HHs at least with 1 LLIN

HHs at least with 1 usable

HHs at least with 2 LLINs HHs at least with 2 usable

LLIN Py LLINs (P,)
% (95% ClI) P % (95% Cl) P % (95% Cl) P % (95% Cl) P
Area of residence
Hill tract 880 99.89(99.20-99.98) 0527  94.66 (92.96-95.96) 0.023 80.91 (78.18-83.37) 0.003 5875 (55.46-61.96) 0.802
Non-hill tract 1760  99.77 (99.40-99.91) 92.27 (90.93-9343) 75.68 (73.62-77.63) 58.24 (55.92-60.52)
Gender of household head
Male 2410 99.79(99.50-99.91) 0489 93.11 (92.03-94.06) 0.774  77.01(7529-78.65) 0.102  57.80 (55.82-59.76) 0.040
Female 230 100.00 92.61 (88.43-95.36) 81.74 (76.21-86.22) 64.78 (58.39-70.69)
Education of household head
No education 858 99.65(98.92-99.89) 0426 96 (89.94-93.60) 0401 4(76.29-81.73) 0.140 5886 (55.53-62.11) 0.095
1-5 942 99.79 (99.15-99.95) 93.52 (91.76-94.93) 75.27 (72.41-77.92) 55.84 (52.65-58.98)
6-9 531 100.00 93.22 (90.74-95.07) 76.84 (73.05-80.23) 3(54.89-63.24)
10+ 309 100.00 94.50 (91.33-96.55) 80.26 (75.44-84.33) 63.75 (58.24-68.93)
Number of household members
<4 1054 99.62(98.99-99.86) 0.067 89.56(87.57-91.27) <0.001 55.22(52.20-58.20) <0.001 37.95(35.07-40.92) <0.001
>4 1586 99.94 (99.55-99.99) 95.40 (94.25-96.33) 92.18 (90.75-93.41) 72.01 (69.74-74.16)
Wealth quintile
Low 1059 99.62 (99.00-99.86) 0.136  92.16 (90.38-93.64) 0.196  71.95(69.17-74.58) <0.001 49.86 (46.85-52.87) <0.001
Middle 525  99.81 (98.66-99.97) 92.76 (90.21-94.69) 7829 (74.55-81.61) 58.86 (54.59-63.00)
High 1056 100.00 94.13 (92.54-95.40) 8248 (80.07-84.66) 66.76 (63.86-69.54)
Overall 2640 99.81(99.55-99.92) 93.07 (92.03-93.98) 7742 (75.79-78.98) 5841 (56.52-60.28)
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Table 3 Access to LLINs by selected background characteristics
Characteristics N HHs with access to LLINs (P;) N HHs with access to LLINs if any LLINs
(Py)
% (95% ClI) P % (95% Cl) P
Area of residence
Hill tracts 880 54.09 (50.78-57.36) <0.001 879 54.15 (50.84-57.43) <0.001
Non-hill tracts 1760 37.78 (35.55-40.08) 1756 37.87 (35.63-40.17)
Gender of household head
Male 2410 4253 (40.57-44.52) 0.021 2405 42.62 (40.65-44.61) 0.022
Female 230 50.43 (44.56-56.86) 230 50.43 (44.00-56.86)
Education of household head
No education 858 39.28 (36.06-42.59) 0.001 855 3942 (36.19-42.74) 0.002
1-5 942 4246 (39.34-45.65) 940 42.55 (39.42-45.74)
6-9 531 46.33 (42.12-50.59) 531 46.33 (42.12-50.59)
104+ 309 51.13 (45.56-56.67) 309 51.13 (45.56-56.67)
Number of household members
<4 1054 63.00 (60.04-65.86) <0.001 1050 63.24 (60.27-66.10) <0.001
>4 1586 30.08 (27.87-32.38) 1585 30.09 (27.88-32.40)
Wealth quintile
Low 1059 4344 (4048-46.44) 0.890 1055 43.60 (40.63-46.62) 0.888
Middle 525 42.29 (38.12-46.56) 524 42.37 (38.20-46.65)
High 1056 4347 (40.50-46.48) 1056 4347 (40.50-46.48)
Overall 2640 43.22 (41.34-45.12) 2635 43.30 (41.42-45.20)
100
95
[5)
80
S
5 90
2
}5)
-
85
80

LLIN use the previous night

M Total
Fig. 3 Proportion of people who used LLIN in the previous night

LLIN use the previous night if access

M Male ™ Female

access. Contrarily, 18.8% (495 out of 2640) households
had excess LLINs (i.e., more than one LLIN for every two
people). Moreover, the use gap was 6%, meaning mem-
bers from those 6% households who had sufficient access
to LLINs did not use them the previous night.

The qualitative findings of the study also discovered
some gap between coverage, access and utilization.
Despite having large coverage in the respective local-
ity, some people experienced a lack of LLINs as per
the needs of family members. Daily life experience of
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Table 4 Use of LLINs by selected background characteristics

Page 8 of 12

Characteristics N HHs use LLINs the previous N HHs use LLINs the previous N HHs use LLINs the previous
night (P5) night if any LLINs night if access (Pg)
% (95% Cl) P % (95% Cl) P % (95% CI) P

Area of residence
Hill tracts 880 86.36 (83.93-88.48) <0.001 879 86.46 (84.04-88.57) <0.001 476 95.38 (93.08-96.94) 0.107
Non-hill tracts 1760 73.64 (71.53-75.64) 1756 73.80 (71.69-75.81) 665 93.08 (90.88-94.78)

Gender of household head
Male 2410 7822 (76.52-79.82) 0177 2405 78.38 (76.69-79.98) 0159 1025 94.63 (93.07-95.86) 0012
Female 230 74.35 (68.31-79.58) 230 74.35 (68.31-79.58) 116 88.79 (81.64-93.39)

Education of household head
No education 858 76.11(73.14-78.84) 0.076 858 76.37 (73.41-79.10) 0.097 337 95.25 (92.39-97.07) 0.165
1-5 942 77.18(74.38-79.75) 940 77.34 (74.55-79.91) 400 92.75 (89.76-94.92)
6-9 531 81.92 (78.41-84.97) 531 81.92 (78.41-84.97) 246 95.93 (92.60-97.80)
10+ 309 77.99 (73.03-82.27) 309 77.99 (73.03-82.27) 158 91.77 (86.34-95.17)

Number of household members
<4 1054 90.04 (88.08-91.71) <0.001 1050 90.38 (88.44-92.02) <0.001 664 96.54 (94.84-97.69) <0.001
>4 1586 69.80 (67.49-72.01) 1585 69.84 (67.53-72.05) 477 90.57 (87.59-92.89)

Wealth quintile
Low 1059 81.87 (79.43-84.08) <0.001 1055 82.18 (79.75-84.37) <0.001 460 94.78 (92.33-96.48) 0.125
Middle 525 77.14 (73.35-80.54) 524 77.29 (73.50-80.68) 222 95.95 (92.39-97.88)
High 1056 74.24 (71.52-76.79) 1056 74.24 (71.52-76.79) 459 92.37 (89.56-94.48)

Overall 2640 77.88 (76.25-79.42) 2635 78.03 (76.40-79.57) 1141 94.04 (92.51-95.28)

Rasheda (pseudonym) of Netrokona district can illustrate
this statement:

“Having one LLIN in a family of four members is
very crucial when necessity is not able to supple-
ment. Moreover, we might face a situation in coming
days as my father-in-law would possibly come. How
would it be possible to manage the situation with
only one net?”

Another issue came to light regarding coverage gap
which signifies that the mosquito nets were provided
only among families. Individuals living separately in a
mess or in shared rooms might not have received LLINs
from the programme. SK from Bandarban adds:

“Someone came to me one day while we were distrib-
uting mosquito net among the listed population. He
asked for a net but we were not able to serve him as
we do not have permission to give it to any individ-
ual who live in a mess or shared household or who
was not in our distribution list. I felt pity for him but
there was nothing I could do”

Association between background characteristics and LLIN
use

The association of background factors of households with
sufficient and insufficient access to LLINs is shown in

Table 6. Of households with sufficient access to LLINs,
LLIN use was approximately five times less for Bengali
community than others (AOR 0.22, 95% CI 0.07-0.66).
Besides, households with more than four members had
more than double likelihood of using LLINs than house-
holds with four or fewer members (AOR 2.64, 95% CI
1.51-4.59). For households with insufficient access to
LLINSs, the odds of using LLINs was approximately 50%
higher in hill-track areas than non-hill track areas (AOR
1.46, 95% CI 1.04-2.04). Similarly, the Bengali commu-
nity had lower odds of using LLINs (AOR 0.53, 95% CI
0.30-0.94), and households with more than four mem-
bers had higher odds (AOR 2.13, 95% CI 1.60-2.82).
Remarkably, households with high wealth quintiles were
24% less likely to use LLINs than poor households (AOR
0.76, 95% CI 0.57-0.99). Besides, the odds of LLIN use
were nearly 50% higher when there was at least one child
under five in the household (AOR 1.47, 95% CI 1.03-
2.08). In addition, the odds of LLIN use was 60% higher
for spouses compared to household heads (AOR 1.60,
95% CI 1.12—2.27) (Table 6).

Discussion

The present study assessed the gap between LLIN cover-
age, access and utilization in 13 malaria-endemic districts
in Bangladesh, based on newly recommended Monitor-
ing and Evaluation Reference Group (MERG) indicators
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Table 5 Barriers against LLIN use as identified through focus group discussions, in-depth interviews, and key informants

interviews

Insufficient access to LLINs within households: Some participants complained they do not have sufficient number of LLINs for all household members
“I'have four beds in my household but got only one LLIN, how will we prevent ourselves from having malaria” (FGD, Netrokona)

Shape of the net: Given the rectangular nature of the nets, it is not comfortable to hang over sleeping area, incompatibility with sleeping arrangements

and house style’

Sleeping outdoor: Many FGD and key informants mentioned that the family members who slept outdoors for work (especially woodcutter, zoom

cultivator) cannot always use LLINs

Migration: The study documented some people who migrated in Bandarban district and those who are facing a shortage of LLINs. So that they mostly
use normal mosquito nets or coils to avoid mosquito bites at night. SK of Bandarban told us that there are some families and also single individu-
als who regularly migrate from rural to urban areas. Some of the families came before survey and some not, but only the families who come before
survey can get LLINs. Individuals living in mess/shared rooms for the purpose of education or service were not usually counted as a programme

beneficiary

Perceived low efficacy of LLINs: Some participants argued that mosquito net is not of good quality as before. One of the participants mentioned
“The LLINs we received previously from BRAC was of very good quality indeed; once we hanged those nets there we couldn’t find any mosquito in that whole
room but now using this LLINs we found poor quality from our experiences. This net is more or less similar with an ordinary mosquito net because we found

mosquito with it even after hanging before sleeping.” [FGD participant]

Fear of physical problems: Some may have faced various physical problems while using LLINs: burning inside eye, body itching and dyspnea were
major physical problems quoted by participants in FGD sessions. According to the statements of those who had faced such problems never used
LLIN in their household for a long time. One also reported a household who received LLINs in 2014. During the first time they were not very aware of
usage procedure of LLINs and found a burning sensation inside eye as a side effect of LLINs. So they moved the mosquito net and started using coil
instead. Another example might show the problem of body itching and dyspnea during LLIN use. They also moved the mosquito net but they never

tried nor understood to look for a solution

“Some people complained that they suffered from burning eyes, swelling of the eye after using LLINs. Some people complained that it has bad smell” (SS, Kolma-

kanda)

Saving LLIN for another time: People mentioned that they saved the nets for someone
A mother kept her LLIN for her son. Her son works in India and often comes home. So she and her daughter are using the normal bed nets, saving the LLIN for her

"

son

Lack of knowledge. Some people do not use LLINs because of their lack of knowledge regarding the importance of LLINs
“Some people do understand. | have seen some family that pregnant mothers or under five children are sleeping under normal bed nets, whereas other family
members are using LLINs. Because they do not understand the difference between LLINs and normal bed nets” (SS, Kolmakanda)

Uncomfortable: another reason for not using LLINs

“lam pregnant and | feel a sense of breathlessness whenever | use LLIN. Every time | hang LLIN | feel sick. So | use mosquito coil for safety.” (IDl, pregnant women)

Presence of a guest: LLINs are distributed according to family members, so, if the family has a guest, some members have to sleep without LLINS

“We have four members in our family but we have only one mosquito net. In this situation my father-in-law might come someday and we only have one mos-
quito net. How would it be possible to manage the situation with one net? Though we received 1 mosquito net almost 3 years ago and after that we received
another one. But day after day those nets became quite obsolete to use so we put them underground.” (IDI, Netrokona)

[13, 20]. Reported LLIN coverage is far better (99.8%)
compared to previous year’s coverage [4], demonstrating
continuous efforts by the government and other NGOs
in taking initiatives to prevent malaria. However, the
qualitative findings revealed that in urban settings, the
migratory people, especially bachelors who live alone had
low coverage. This might be as a result of targeted LLIN
distribution campaigns which mainly focus on rural and
family settings. To achieve universal coverage, LLIN dis-
tribution strategies need to be promoted to address the
needs of urban as well as rural settings.

To achieve universal coverage, the goal is to ensure
one LLIN for every two people, as per WHQO’s recom-
mendation. The present study identified that only 43.2%
households had enough LLINs for every member of that
household. However, examining those households who
own any LLINs revealed that the coverage of at least
one LLIN for every two people was 43.3%, while it was
54.2% in the hilly areas. The intra-household net gap was
56.7%, while the gap was 45.8% in the hilly areas. Even

with fairly high coverage of at least one LLIN, nearly
half of the households in highly endemic areas did not
have enough access to LLINs. This suggested a huge gap
between coverage and access in malaria-endemic set-
tings, which would hamper universal coverage and the
national target [5]. In contrast, 18.8% of households had
extra LLINs, suggesting the inequitable distribution of
LLINs in the community. These findings are consistent
with other studies in a similar context [17, 21, 22]. Some
households might have purchased more nets or saved
some nets for times of necessity, which could be the rea-
son for the presence of extra LLINSs at the time of the sur-
vey. This was also corroborated in the qualitative part of
this study.

In malaria-endemic settings, high utilization of LLINs
is the central goal for the malaria control programme
as LLINs are one of the most cost-effective interven-
tions. The present study found that 77.9% of households
used LLINs (all the members of those households slept
under LLINs the previous night). The high utilization, in
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Table 6 Association between background characteristics and LLINs use of previous night
Characteristics HHs with sufficient access to LLINs HHs with insufficient access to LLINs
LLINs use the previous night LLINs use the previous night
No, n (%) Yes, n (%) AOR (95% Cl) No, n (%) Yes, n (%) AOR (95% Cl) P

Area of residence

Non-hill tract 46 (6.92) 619 (93.08) 1.00 418 (38.17) 677 (61.83) 1.00

Hill tract 22 (462) 454 (95.38) 0.88 (0.46-1.70) 0.707 98 (24.26) 306 (75.74) 1.46 (1.04-2.04) 0.028
Gender of household head

Male 55(5.37) 970 (94.63) 1.00 470 (33.94) 915 (66.06) 1.00

Female 13(11.21) 103 (88.79) 0.65 (0.3-1.42) 0.281 46 (40.35) 68 (59.65) 1.13(0.73-1.74) 0.581
Education of household head

No education 16 (4.75) 321(95.25) 1.00 189 (36.28) 332(63.72) 1.00

1-5 29 (7.25) 371(92.75) 0.57 (0.29-1.11) 0.097 186 (34.32) 356 (65.68) 1.02 (0.78-1.33) 0.890

6-9 10 (4.07) 236 (95.93) 0.92 (0.39-2.18) 0.870 86 (30.18) 199 (69.82) 1.30(0.93-1.81) 0.128

10+ 13(8.23) 145 (91.77) 043 (0.18-1.00) 0.050 55 (36.42) 96 (63.58) 0.94 (0.62-1.41) 0.751
Ethnicity

Others 10 (3.0) 323(97.0) 1.00 46 (21.10) 172 (78.90) 1.00

Bengali 58(7.18) 750 (92.82) 0.22 (0.07-0.66) 0.007 470 (36.69) 811(63.31) 0.53(0.30-0.94) 0.029
Religion

Others? 19 (4.58) 396 (95.42) 1.00 109 (29.62) 259 (70.38) 1.00

Muslim 49 (6.75) 677 (93.25) 1.56 (0.71-3.41) 0.270 407 (35.99) 724 (64.01) 1.10(0.77-1.57) 0.608
Number of household members

<4 23 (3.46) 641 (96.54) 1.00 82 (21.03) 308 (78.97) 1.00

>4 45 (943) 432 (90.57) 264 (1.51-4.59) 0.001 434 (39.13) 675 (60.87) 2.13(1.60-2.82) < 0.001
Wealth quintile

Low 24(5.22) 436 (94.78) 1.00 168 (28.05) 431 (71.95) 1.00

Middle 9 (4.05) 213 (95.95) 2.11(0.93-4.78) 0.072 111 (36.63) 192 (63.37) 0.79 (0.58-1.08) 0.143

High 35(7.63) 424 (92.37) 1.21 (0.65-2.26) 0.546 237 (39.70) 360 (60.30) 0.76 (0.57-0.99) 0.045
Household having at least one child under five

No 19 (4.75) 381(95.25) 1.00 98 (41.88) 136 (58.12) 1.00

Yes 49 (6.61) 692 (93.39) 0.84 (0.41-1.74) 0.644 418 (33.04) 847 (66.96) 147 (1.03-2.08) 0.033
Household having at least one pregnant woman

No 33(6.17) 502 (93.83) 1.00 292 (32.92) 595 (67.08) 1.00

Yes 35(5.78) 571(94.22) 0.94 (0.49-1.81) 0.858 224 (36.60) 388 (63.40) 1.05 (0.80-1.37) 0.743
Relationship to household head

Head 16 (9.47) 153 (90.53) 1.00 74 (38.14) 120 (61.86) 1.00

Spouse 35 (4.30) 779 (95.70) 2.04(0.99-4.20) 0.053 323 (30.16) 748 (69.84) 1.60 (1.12-2.27) 0.009

Others? 17 (10.76) 141 (89.24) 0.98 (0.44-2.19) 0.967 119 (50.85) 115 (49.15) 0.78 (0.52-1.18) 0.237

@ Garo, Chakma, Marma, Tripura, Mro, Hajong, Sawtal, Tongchonga, Bomo

b Son, daughter, father, mother, brother, father-in-law, mother-in-law

contrast to low access, indicates that more than two peo-
ple were sharing a net. This was not surprising consider-
ing that children may be sharing both sleeping space and
LLINs with their parents, especially in conditions where
LLINs were scarce or in homes where hanging multiple
nets was not possible due to limited sleeping space [23,
24].

Moreover, when households had sufficient access to
LLINs their use increased to 94%, which indicates the

difference between non-use due to lack of access and
non-use due to behavioural failure. The vast majority of
those who had access to LLINs were using them. This
implies that non-use is mostly associated with lack of
access, which is confirmed by the qualitative part of the
study. And these findings are in line with other national
level studies [10] which established that access is the
key driver of LLIN use. Nevertheless, use of LLINs was
higher in the hilly areas, in women and in households
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having at least one child under five, which reflects the
success of extensive behaviour change communication
(BCC) efforts in the past decade that encouraged LLIN
use by vulnerable groups, such as women and children.
These results should encourage both donors and malaria
control programme officials that the effort and invest-
ment are not wasted. The malaria control programme
should continue its efforts towards closing the access gap
through continuous distribution of LLINs through com-
munity as well as through social marketing and retail
sales.

The qualitative component of the study offers insights
into the reason for not using LLINs. Outdoor sleep-
ing practices, living alone in a mess, and migration were
documented reasons for poor utilization of LLINs. Con-
ventional LLIN promotion approaches that focus mostly
on family and indoor interventions with an emphasis
on women and children should be re-oriented and refo-
cused. Several other reasons for not using LLINs were
feeling uncomfortable, fear of physical problem, per-
ceived low efficacy of LLINs, and lack of knowledge.
Moreover, 6% of household members were not using
LLINs even though they had enough, reflecting their
behavioural failure, which demands targeted behavioural
interventions.

Study limitations

This survey was conducted following the rainy season
in the study area when mosquitoes were abundant. This
should be taken into account when interpreting the find-
ings as the season might have encouraged people to use
the nets more. Outcomes in coverage and access as well
as LLIN utilization could show different proportions if
the study was conducted in other seasons of the year. It is
challenging to investigate causation from cross-sectional
design, and only association can be truly estimated. A
strength of this study is direct observation that has been
conducted by data collectors and research staff for all
applicable questions in order to minimize response bias
during the interviews.

Conclusion

Achieving universal coverage of LLINs was short of
the targets, with a relatively wide intra-household net
gap. Although higher access rate usually increases net
use, there is still a gap between access and utilization.
Therefore, moving towards elimination and eventual
eradication, the malaria control programme needs to
take into consideration three important aspects: (1)
ensuring sufficient provision of nets to every house-
hold; (2) targeting specific population groups to
achieve and maintain universal LLIN coverage; and,
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(3) concentrating on well-designed behavioural change
interventions to resolve behaviour-driven non-use. To
achieve and sustain universal user coverage of LLINs
in malaria-endemic areas, solid investment and well-
designed BCC interventions are mandatory.

Abbreviations

AOR: adjusted odds ratio; BCC: behaviour change communication; BRAC

: Building Resources Across Communities; CHT: Chittagong hill tract; Cl: con-
fidence interval; GFATM: Global Fund to Fight AIDS, Tuberculosis and Malaria;
LLIN: long-lasting insecticide-treated net; MERG: Monitoring and Evaluation

Reference Group; WHO: World Health Organization.

Authors’ contributions

MR and FK conceived and designed the study. FK, TRC, MSR and MBH contrib-
uted to the literature search and data collection. MBH performed statistical
analysis. FK, MBH and MSR participated in the result interpretation. FK, MBH,
MSR and TRC drafted the manuscript. MAI, MR, MK, SN and FK contributed in
critical review and finalized the manuscript. FK had primary responsibility for
final content. All authors read and approved the final manuscript.

Author details

! Research and Evaluation Division, BRAC, BRAC Centre, 75 Mohakhali,
Dhaka 1212, Bangladesh. 2 Tuberculosis and Malaria Control Programme,
BRAC, BRAC Centre, 75 Mohakhali, Dhaka 1212, Bangladesh.

Acknowledgements

We thank the staff of Malaria Prevention and Control Programme of BRAC

for providing appropriate cooperation and Mr. John Thiemel for editing
assistance. We also thank the participants of this study to give us their valuable
time and insight.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Consent to participate

The purpose of the study was described to respondents. Both verbal and writ-
ten consent was given by respondents prior to the interview after explaining
the right to refuse participation or decline any question item at any point of
time during the interview. The respondents were ensured of the confidential-
ity of information provided.

Consent for publication
Not applicable.

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Ethical approval was obtained
from the Ethical review committee of Research and Evaluation Division, BRAC.

Funding

The author(s) disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: Partnership Arrange-
ment between BRAC and The Global Fund to Fight AIDS, Tuberculosis and
Malaria (GFATM).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



Khanam et al. Malar J

(2018) 17:455

Received: 14 September 2018 Accepted: 1 December 2018
Published online: 06 December 2018

References

1.

WHO. World malaria report 2017. Geneva: World Health Organization;
2017.

Haque U, Overgaard HJ, Clements ACA, Norris DE, Islam N, Karim J, et al.
Malaria burden and control in Bangladesh and prospects for elimina-
tion: an epidemiological and economic assessment. Lancet Glob Health.
2014,2:298-105.

Asia Pacific Leaders on Malaria Alliance. Bangladesh: New plan for malaria
elimination (2017-2021). 2018. http://aplma.org/blog/42/bangladesh
-new-plan-for-malaria-elimination-2017-2021.html. Accessed 25 Nov
2018.

Ahmed SM, Hossain S, Kabir MM, Roy S. Free distribution of insecticidal
bed nets improves possession and preferential use by households and is
equitable: findings from two cross-sectional surveys in thirteen malaria
endemic districts of Bangladesh. Malar J. 2011;10:357.

WHO Global Malaria Programme. Achieving and maintaining universal
coverage with long-lasting insecticidal nets for malaria control. Geneva:
World Health Organization; 2017. http://www.who.int/malaria/publicatio
ns/atoz/who_recommendation_coverage_llin/en/. Accessed 25 Nov
2018.

Alam MS, Kabir MM, Hossain MS, Naher S, Ferdous NEN, Khan WA, et al.
Reduction in malaria prevalence and increase in malaria awareness in
endemic districts of Bangladesh. Malar J. 2016;15:552.

West PA, Protopopoff N, Rowland MW, Kirby MJ, Oxborough RM, Mosha
FW, et al. Evaluation of a national universal coverage campaign of long-
lasting insecticidal nets in a rural district in north-west Tanzania. Malar J.
2012;11:273.

Batisso E, Habte T, Tesfaye G, Getachew D, Tekalegne A, Kilian A, et al. A
stitch in time: a cross-sectional survey looking at long lasting insecticide-
treated bed net ownership, utilization and attrition in SNNPR, Ethiopia.
Malar J.2012;11:183.

Thwing JI, Perry RT, Townes DA, Diouf MB, Ndiaye S, Thior M. Success of
Senegal’s first nationwide distribution of long-lasting insecticide-treated
nets to children under five-contribution toward universal coverage. Malar
J.2011;10:86.

Eisele TP, Keating J, Littrell M, Larsen D, Macintyre K. Assessment of
insecticide-treated bednet use among children and pregnant women
across 15 countries using standardized national surveys. Am J Trop Med
Hyg. 2009;80:209-14.

. Roll Back Malaria, MEASURE Evaluation, USAID, UNICEF, World Health

Organization, MACEPA, et al. Guidelines for core population-based

19.
20.

21.

22.

23.

24.

Page 12 of 12

indicators. Calverton, MD. 2009. https://reliefweb.int/sites/reliefweb.int/
files/resources/AC7 19D00E5SDE6F5D492575B3001BE5A3-RMB-guideline-
20009.pdf. Accessed 25 Nov 2018.

Hetzel MW, Gideon G, Lote N, Makita L, Siba PM, Mueller I. Ownership and
usage of mosquito nets after four years of large-scale free distribution in
Papua New Guinea. Malar J. 2012;11:192.

Roll Back Malaria, MEASURE Evaluation, USAID, UNICEF, World Health
Organization, MACEPA, et al. Seventeenth Meeting of the RBM Partner-
ship Monitoring and Evaluation Reference Group (MERG): Changes to
guidance regarding vector control indicators. New York City, USA; 2011.
https://endmalaria.org/sites/default/files/17merg_meeting_report.pdf.
Accessed 25 Nov 2018.

Palinkas LA, Horwitz SM, Green CA, Wisdom JP, Duan N, Hoagwood K.
Purposeful sampling for qualitative data collection and analysis in mixed
method implementation research. Adm Policy Ment Health Serv Res.
2015;42:533-44.

Rutstein SO. Steps to constructing the new DHS wealth index. Rockville,
MD ICF Int. Maryland; 2015. https://dhsprogram.com/programming/
wealthindex/Steps_to_constructing_the_new_DHS_Wealth_Index.pdf.
Accessed 25 Nov 2018.

Johnson RA, Wichern D. Multivariate analysis. 6th ed. Hoboken: Wiley
Online Library; 2007.

Birhanu Z, Abebe L, Sudhakar M, Dissanayake G, Yihdego Y, Alemayehu
G, et al. Access to and use gaps of insecticide-treated nets among com-
munities in Jimma Zone, southwestern Ethiopia: baseline results from
malaria education interventions. BMC Public Health. 2015;15:1304.

Zar JH. Biostatistical Analysis: Pearson New International Edition. Pearson
Higher Ed; 2013.

McCullagh P. Generalized linear models. Eur J Oper Res. 1984;16:285-92.
Measure DHS. Malaria Indicators Survey (MIS). Calverton, Maryland, USA;
2012. https://dhsprogram.com/What-We-Do/Survey-Types/MIS.cfm.
Accessed 25 Nov 2018.

Haileselassie B, Ali A. Asesment of insecticide treated nets coverage for
malaria control in Kafta-Humera District, Tigray: possession versus use by
high-risk groups. Ethiop J Health Dev. 2008;22:259-67.

Zhou G, Li JS, Ototo EN, Atieli HE, Githeko AK, Yan G. Evaluation of univer-
sal coverage of insecticide-treated nets in western Kenya: field surveys.
Malar J. 2014;13:351.

Toé L, Skovmand O, Dabiré K, Diabaté A, Diallo Y, Guiguemdé T, et al.
Decreased motivation in the use of insecticide-treated nets in a malaria
endemic area in Burkina Faso. Malar J. 2009;8:175.

Iwashita H, Dida G, Futami K, Sonye G, Kaneko S, Horio M, et al. Sleeping
arrangement and house structure affect bed net use in villages along
Lake Victoria. Malar J. 2010;9:176.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://aplma.org/blog/42/bangladesh-new-plan-for-malaria-elimination-2017-2021.html
http://aplma.org/blog/42/bangladesh-new-plan-for-malaria-elimination-2017-2021.html
http://www.who.int/malaria/publications/atoz/who_recommendation_coverage_llin/en/
http://www.who.int/malaria/publications/atoz/who_recommendation_coverage_llin/en/
https://reliefweb.int/sites/reliefweb.int/files/resources/AC719D00E5DE6F5D492575B3001BE5A3-RMB-guideline-20009.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/AC719D00E5DE6F5D492575B3001BE5A3-RMB-guideline-20009.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/AC719D00E5DE6F5D492575B3001BE5A3-RMB-guideline-20009.pdf
https://endmalaria.org/sites/default/files/17merg_meeting_report.pdf
https://dhsprogram.com/programming/wealthindex/Steps_to_constructing_the_new_DHS_Wealth_Index.pdf
https://dhsprogram.com/programming/wealthindex/Steps_to_constructing_the_new_DHS_Wealth_Index.pdf
https://dhsprogram.com/What-We-Do/Survey-Types/MIS.cfm

	Exploring the gap between coverage, access, and utilization of long-lasting insecticide-treated nets (LLINs) among the households of malaria endemic districts in Bangladesh
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design
	Study setting
	Participants
	Data collection tools and techniques
	Variables assessed
	Outcome variables
	Proportion of households with at least one (or two) LLINs (P1)
	Proportion of households with at least one (or two) usable LLINs (P2)
	Proportion of households with access to LLINs (P3)
	Proportion of households with access to LLINs if any LLINs (P4)
	Proportion of households uses LLINs the previous night (P5)
	Proportion of households that used LLINs the previous night if accessed (P6)
	Access gap
	Intra-household net gap
	Use gap

	Statistical analysis

	Results
	Background characteristics
	Coverage of LLINs
	Access to LLINs
	Use of LLINs
	LLIN coverage, access and use gaps
	Association between background characteristics and LLIN use

	Discussion
	Study limitations

	Conclusion
	Authors’ contributions
	References




