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Abstract

Background: Insecticide-treated net (ITN) use is crucial for preventing malaria infection. Despite significant improve-
ments in ITN access and use over the past two decades, many malaria-endemic countries in sub-Saharan Africa have
not yet reached global targets for universal coverage of ITNs. To reduce the gaps in ITN use, it is important to under-
stand the factors associated with TN use. The goal of this analysis was to determine the factors associated with ITN
use in Manica District, Mozambique.

Methods: A cross-sectional community-based survey was conducted from October to November 2019. Households
were randomly selected, and all members of selected households were eligible to participate. Data on socio-demo-
graphic characteristics, housing construction and the ownership, use and characteristics of [TNs were collected using
structured questionnaires. Factors independently associated with ITN use were identified using generalized estimat-
ing equations multivariate logistic regression.

Results: Of the 302 households surveyed, 209 (69.2%) owned at least one ITN and 176 (58.3%) had one ITN for every
two household members. The multivariate analysis indicated that the odds of ITN use was significantly lower among
individuals in households with 3 or more members. However, the odds of TN use was significantly higher among
older age groups, poorer households, and as the number of ITNs in a household increased.

Conclusions: The findings of this analysis highlight the need for behaviour change communication strategies target-
ing young people and ITN distribution campaigns targeting larger households to increase ITN ownership, thereby
improving ITN use in Manica District.
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Background

Malaria exacts a heavy toll on public health across
the world, as half of the world’s population is at risk of
contracting malaria [1]. Sub-Saharan Africa bears a

disproportionate burden of malaria morbidity and mor-
tality, accounting for 94% of malaria cases and 94% of
malaria deaths globally [1]. The region has been the
focus of an intensive scale-up of interventions to pre-
vent and control malaria, including insecticide-treated
nets (ITNs), indoor residual spraying (IRS), intermittent
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preventative treatment during pregnancy (IPTp) and
prompt diagnosis and treatment [2]. Vector control using
ITNs represents the cornerstone of malaria prevention,
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as ITNs provide a physical barrier between the user
and mosquito vectors, and repel or kill mosquito vec-
tors upon contact with the insecticide [3]. It is estimated
that 69% of the 663 million malaria cases averted in sub-
Saharan Africa between 2000 and 2015 were attributable
to ITNs [4]. In areas of stable malaria transmission, ITNs
also have the potential to reduce severe malaria by up
to 45% and malaria-related mortality in children under
five years of age by up to 55% [5, 6]. Furthermore, when
ITN usage is high, the protection of ITNs against malaria
infection extends beyond the individual, affording the
community indirect protection [7-9].

The World Health Organization (WHO) recommends
mass campaigns for I'TN distribution to the general pop-
ulation, and continuous distribution targeting pregnant
women during antenatal care (ANC) visits and children
under five years during immunizations, to ensure at
least one ITN for every two people within a household
[10]. Global targets for universal coverage with ITNs
aim to achieve at least 80% coverage for ITN ownership
and use [11]. Current estimates of I'TN access and use
demonstrate variable progress in achieving global tar-
gets for universal coverage, with most malaria endemic
countries in sub-Saharan Africa falling well below these
targets [1]. In 2018, an estimated 72% of households in
sub-Saharan Africa owned at least one ITN [1]. Despite
significant improvements in household ITN ownership
in the past two decades, household ITN ownership rates
have stagnated in recent years. Furthermore, only 50% of
the population at risk in sub-Saharan Africa slept under
an ITN the previous night indicating that gaps still exist
between ITN ownership and use [12]. To maximize the
direct (individual) and indirect (community) benefits of
ITNs, an understanding of barriers and determinants of
ITN use is crucial.

The most significant barrier to ITN use is insufficient
availability of I'TNs within households [13]. However,
while availability of ITNs within households is neces-
sary, it is not a guarantee for effective use of ITNs. Lack
of knowledge of malaria, community beliefs and mis-
conceptions regarding malaria and its prevention con-
tribute to the non-use of ITNs [13-15]. Other barriers
to the use of ITNs include the physical discomfort of
sleeping under a net, particularly during hot weather,
challenges hanging nets over sleeping spaces, perceived
lack of mosquitoes and perceived low risk of contract-
ing malaria [13-15]. Several studies investigating the
determinants of ITN use have previously identified age,
sex, education level, socioeconomic status, rural/urban
residence and number of nets in a household, among
others as factors associated with ITN use [16-24].
The heterogeneity of determinants of ITN use in dif-
ferent settings is further compounded by the shifting
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epidemiology of malaria over time. Understanding the
context-specific factors associated with ITN use is cru-
cial in providing guidance for local ITN distribution
programs and behaviour change communication activi-
ties, achieving universal ITN coverage, and reducing
the burden of malaria.

Mozambique has the fourth highest number of malaria
cases in the world, with an estimated 9 million cases in
2018 [1]. Malaria is the leading cause of death among
children under five years in Mozambique [25]. Anoph-
eles arabiensis, Anopheles funestus sensu stricto (s.s.) and
Anopheles gambiae s.s. are the major vectors for malaria,
and the predominant malaria species is Plasmodium fal-
ciparum [26]. Year-round malaria transmission occurs
in most of the country, with seasonal peaks during the
rainy season from November to March. The spatial dis-
tribution pattern of malaria risk is heterogenous. Malaria
parasite prevalence by rapid diagnostic test (RDT) among
children age 6-59 months is highest in the northern
provinces of Cabo Delgado (57%), Niassa (49%), Nam-
pula (48%) and Manica (48%) Provinces and lowest in
the southern provinces of Maputo (1%) and Gaza (17%)
Provinces [27]. The main strategies to reduce malaria
morbidity and mortality that have been implemented by
the National Malaria Control Programme (NMCP) in
Mozambique are IRS and ITNs [28]. IRS is targeted in
districts in Maputo, Inhambane, Nampula and Zambe-
zia. In 2019 and 2020, the country conducted a universal
coverage campaign of ITNs with financial support from
the Global Fund [29]. The NMCP aims to ensure at least
90% of households have one ITN for every 2 people in the
household and at least 80% of the population with access
to an I'TN slept under an ITN [30].

According to the 2018 Malaria Indicator Survey (MIS),
82% of households in Mozambique owned at least one
ITN, 51% of households had at least one ITN for every
two people and 68% of the population slept under an
ITN the night before the survey [27]. There was wide
variation in the availability and use of ITNs by province.
Notably, compared to national estimates, Manica Prov-
ince had slightly higher ITN ownership (87%) and use
(69%); however, the prevalence of malaria in children age
6—59 months by RDT was higher (48%) than the national
average of (39%) [27]. Very few studies conducted in
Mozambique have identified determinants of ITN use
among households that own at least one ITN and none
have been conducted in Manica District [16, 18, 31]. The
overall goal of this analysis was to assess ITN ownership
and identify factors associated with ITN use in Manica
District, Mozambique. Identifying determinants of ITN
use can be used to target individuals less likely to sleep
under a bed net, and more likely to benefit from targeted
social and behavioural change communication strategies.



Scott et al. Malar J (2021) 20:200

Methods

This is a sub-analysis of data obtained from a larger study
to understand human population movement and how it
influences malaria epidemiology and parasite genomics
along the Zimbabwe-Mozambique border. The study was
a collaboration between the Southern and Central Africa
International Centers of Excellence for Malaria Research
(ICEMR) in Mutasa District, Zimbabwe, and Centro
de Investigacdo em Saude de Manhica (CISM) based in
Mozambique. The study was conducted in Manica Dis-
trict, Manica Province which lies on the border with
Zimbabwe (Fig. 1). The district experiences a tropical cli-
mate and the rainy season lasts from November to March
[32]. According to the 2017 Census, this rural district
has a population of 215,239 with farming being the most
common occupation [33]. One district hospital and 20
rural health centres provide primary health care services
including malaria diagnosis and treatment [34].

Briefly, all households in Manica District were manu-
ally enumerated from a high-resolution satellite image,
then randomly selected. All members of selected house-
holds 10 years and older were eligible for participation
in the community-based cross-sectional survey. Chil-
dren less than 10 years of age were excluded as previ-
ous studies suggest children particularly those under the
age of 5 years often accompany caregivers on travel for
family-related reasons [35]. Written informed consent
was obtained from all participants, and in the case of
children less than 18 years of age from adult caregivers.
A structured household questionnaire was administered
to the head of the household to collect data on socio-
demographic characteristics. The quality of housing
construction was verified through observation by data
collectors. The availability, condition, age and source of
ITNs were documented by data collectors. Information
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on IRS was also collected for each household. An indi-
vidual questionnaire was administered to participants
to collect information on age, gender, level of education,
occupation, malaria symptoms, health-seeking behav-
iour, malaria treatment, and travel history. The commu-
nity-based survey was conducted from September to
November 2019 and collected data from 302 households,
763 individuals and 373 ITNs in Manica District.

The primary outcome of interest in this study was ITN
use the night before the study visit. Factors assessed
for an association with the outcome were age category
(10-14, 15-19, 20-24, 25-39, > 40 years), sex (male,
female), highest level of education completed by the
head of the household (never attended, primary school,
secondary school or higher), household size (1-2 house-
hold members, 3—4 household members,>5 household
members), number of ITNs owned by household (con-
tinuous), recent spraying with insecticide in the previ-
ous 12 months, and quality of housing materials used for
the roof, floor, and walls of sleeping rooms (finished or
unfinished). A household wealth index was calculated
using principal components analysis and was based on
asset ownership (radio, television, refrigerator, cellphone,
solar panels, computer, stereo, cows, mules, goats, pigs,
bicycle, car, motorcycle), source of drinking water, type of
toilet and main source of energy. The resulting index was
then divided into wealth tertiles to represent the poorest,
middle, and wealthiest households.

Potential biases include selection bias and bias from
missing data. Selection of households may have contrib-
uted to the bias of covariates and outcome. However,
households were randomly selected and due to the large
sample size of households included, selection bias was
minimized. Lastly, the bias from missing data is not likely
to be of concern with very few observations missing for
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the variables included in this analysis. With a large sam-
ple size, the few missing observations will have little
impact on the associations.

Logistic regression was used to identify factors associ-
ated with ITN use. To account for clustering of individu-
als in households, the generalized estimating equations
(GEE) approach was used [36]. An exchangeable correla-
tion structure was specified based on the assumption that
the correlation between any two members of the same
household was uniform. All potential risk factors with a p
value<0.1 in the univariate analysis were included in the
preliminary multivariate logistic regression model. Back-
wards elimination was then used to retain any risk factors
with a significant association (p <0.05). The -2 Log Likeli-
hood was used to assess the goodness of fit and variance
inflation factors (VIF) were used to assess multi-collin-
earity. Measures of association were expressed as crude
and adjusted odds ratios (ORs) and corresponding 95%
confidence intervals (CI). All analyses were conducted
using STATA/SE 15.1 (College Station, Texas, USA).

Results

Of the 302 households sampled, 69.2% owned at least
one ITN, 58.3% had at least one ITN for every two people
and 10.3% were sprayed with insecticide in the previous
12 months. Of the households owning at least one ITN,
28.4% owned exactly one ITN, 34.9% owned two ITNs
and 36.7% owned three or more I'TNs (Fig. 2). Most of
the ITNs found in households were PermaNet® brand
(94.9%), did not have holes (93.8%), were received for free
during distribution campaigns (72.9%), and were more
than one year old (82.6%). Few ITNs were stored and not
hung up (9.7%). The most common reasons cited for not
owning an ITN were unavailability of ITNs (40.4%) and
not knowing where to get ITNs (41.4%).

Page 4 of 9

A total of 553 participants resided in the 209 house-
holds that owned at least one ITN and were included
in the analysis of factors associated with ITN use. Most
participants were female (63.7%), older than 15 years of
age (81.4%) and slept in rooms that had finished floors
(76.3%), walls (85.2%), and roofs (87.9%). Few partici-
pants slept in rooms with open eaves (23.0%) or with win-
dows that could not be blocked at night (30.6%) (Table 1).
Overall, 74.3% of participants in households with at
least one ITN reported sleeping under an ITN the pre-
vious night. The main reason for not sleeping under an
ITN was insufficient availability of ITNs in the household
(88.0%), however, 22.7% of individuals indicated they did
not use an ITN the previous night because the rainy or
malaria season had not yet begun, in spite of transmis-
sion occurring throughout the year with seasonal peaks.

In the univariate analysis, the odds of ITN use was sig-
nificantly increased in individuals who were 15 years of
age or older (15-19 years: OR 2.24, 95% CI 1.35-3.73;
20-24 years: OR 3.73, 95% CI 2.17-6.40; 25—-39 years: OR
13.52, 95% CI 6.93-26.38; > 40 years: OR 12.38, 95% CI
6.70-22.80), lived in the poorest households (OR 3.30,
95% CI 1.53-7.11), and slept in a room with finished
walls (OR 2.10, 95% CI 1.13-3.91) and a finished roof
(OR 2.56, 95% CI 1.29-5.09) (Table 2).

The odds of ITN use also increased with increasing
number of available ITNs within the household (OR
1.80, 95% CI 1.35-2.40). The odds of ITN use was signifi-
cantly lower with increasing household size (3—4 mem-
bers: OR 0.30, 95% CI 0.16—0.58; 5 or more members:
OR 0.20, 95% CI 0.10-0.39) and for households with 3
or more sleeping rooms (OR 0.36, 95% CI 0.15-0.88).
Gender, education of the head of the household, finished
floors in the sleeping room and spraying with insecticide
in the past 12 months were not associated with ITN use
(p>0.1).

Households with at least one ITN

Households with 1 ITN

Households with 2 ITNs

Households with 3 or more ITNs

Households with at least one ITN for every two people

Population with access to an ITN within their household

Population that slept under an ITN the previous night

Existing ITNs used the previous night

Population protected by IRS within the last 12 months

0

Fig. 2 Key household survey indicators for malaria control. /TN insecticide-treated bed net, IRS indoor residual spraying

40 60 80 100
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Table 1 Characteristics of individuals residing in households
owning at least one ITN Manica District, Mozambique

n %

Number of ITNs

TITN 106 284

2 ITNs 130 349

3 ormore ITNs 137 36.7
Age category

10-14 years 103 18.6

15-19 years 85 154

20-24 years 89 16.1

25-39 years 130 235

>40 years 146 264
Female sex 352 63.7
Education level completed by head of household

Never attended 37 6.7

Primary school 435 787

Secondary school or higher 81 14.6
Household wealth

Wealthiest 225 40.7

Middle 153 27.7

Poorest 175 316
Household size

1-2 household members 197 356

3-4 household members 182 329

5 or more household members 174 315
Number of sleeping rooms

1 sleeping room 334 60.4

2 sleeping rooms 143 259

3 or more sleeping rooms 76 137
Finished wall material 471 85.2
Finished roof material 486 879
Finished floor material 422 76.3
Presence of holes or openings on walls 24 43
Open eaves 127 23
Windows that can be blocked at night 384 69.4
Household sprayed with insecticide in the previous 12 315 57.0

months

ITN insecticide-treated bed net

In the multivariate model, factors independently asso-
ciated with ITN use were older age categories, lower
household wealth, fewer number of household members,
and higher number of ITNs (Table 2). Increased odds
of ITN use was associated with older age; compared to
individuals 10—14 years of age, those 15-19 years had
more than 2 times the odds of ITN use (aOR 2.86, 95% CI
1.35-6.05), and adults (20—24, 25-39 and > 40 years) had
more than 5 times the odds of ITN use (aOR 5.53, 95% CI
2.56-11.97; aOR 29.68, 95% CI 11.73-65.14; aOR 26.03
95% CI 11.16—60.68), respectively.
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Residing in a household in the poorest wealth tertile
was associated with a higher likelihood of sleeping under
an ITN (aOR 2.36, 95% CI 1.16—4.81) when compared to
the wealthiest tertile. For every additional ITN available
within a household, the odds of ITN use increased by
2.92 (95% CI 2.21-3.85). Individuals in households with
3 or more sleeping rooms had 67% lower odds of sleeping
under an ITN net the night before the survey compared
to individuals who slept in the same one room (aOR 0.33,
95% CI 0.12-0.93). The odds of ITN use decreased with
an increasing number of household members; individu-
als in households with three or four household mem-
bers had 70% lower odds of ITN use (aOR 0.30, 95% CI
0.15-0.58) and individuals in households with 5 or more
members had 90% lower odds of ITN use (aOR 0.10, 95%
CI 0.04-0.23) compared to those in households with
less than three household members (Table 2). Notably,
although age-specific ITN use was consistently higher in
households with less than three members, differences in
age-specific ITN use were largest in the adolescent age
groups (10—14 and 15-19 years) and smallest in the old-
est age group (> 40 years) (Fig. 3).

Discussion

This analysis examined ITN ownership and factors
associated with ITN use in a predominantly rural area
of Mozambique, where the burden of malaria is high.
Among the 302 households surveyed in this study, cov-
erage estimates for household ITN ownership and popu-
lation level access were lower than previously published
estimates for Manica Province from the 2018 MIS [27].
According to the MIS, 87% of households owned at least
one ITN, 68% of the population had access to an ITN,
and among individuals living in household with at least
one ITN, 69% slept under an ITN the previous night [27].
Since 2018, the country has conducted mass distribution
of ITNs with support from development partners. Since
2018, over 16 million nets have been distributed [29]. The
ongoing nationwide mass distribution campaign (2019—
2020) will likely contribute to gains in ITN ownership
and use in Manica District and the rest of Mozambique.
However, further improvements are needed if universal
ITN coverage targets are to be met at the national and
provincial levels. Assessing factors associated with ITN
use can provide guidance for targeting interventions. The
present study found that the likelihood of ITN use was
increased among individuals aged 15 years and older, liv-
ing in households that are poor, smaller in size and with a
higher number of ITNs available.

In this analysis, individuals 15 years and older had an
increased likelihood of using an ITN the previous night
compared to adolescents 10-14 years. Other stud-
ies in Uganda, Ethiopia, Zimbabwe and Zambia have
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Table 2 Factors associated with ITN use in Manica District, Mozambique
Univariate Multivariate
Variable OR (95% Cl) p-value aOR (95% Cl) p-value
Number of ITNs 1.80 (1.35-2.40) <0.001 2.92(2.21-3.85) <0.001
Age category
10-14 years Reference Reference
15-19 years 2.24(1.35-3.73) 0.02 2.86 (1.35-6.05) 0.006
20-24 years 373 (2.17-6.40) <0.001 5.53(2.56-11.97) <0.001
25-39 years 13.52 (6.93-26.38) <0.001 29.68 (11.73-65.14) <0.001
> 40 years 12.38 (6.70-22.8) <0.001 26.03 (11.16-60.68) <0.001
Female sex 1.08 (0.75-1.54) 0.7
Education completed by head of household
Never attended Reference
Primary school 1.01(0.38-2.72) 0.9
Secondary school or higher 1.82 (0.54-6.14) 03
Household wealth
Wealthiest Reference Reference
Middle 0.97 (0.50-1.87) 09 0.98 (0.53-1.86) 0.9
Poorest 330(1.53-7.11) 0.002 2.36 (1.16-4.81) 0.02
Household size
1-2 household members Reference Reference
3-4 household members 0.30 (0.16-0.58) <0.001 0.30 (0.15-0.58) <0.001
5 or more household members 0.20 (0.10-0.39) <0.001 0.10 (0.04-0.23) < 0.001
Number of sleeping rooms
1 sleeping room Reference Reference
2 sleeping rooms 0.58 (0.31-1.09) 0.09 0.58 (0.28-1.19) 0.14
3 or more sleeping rooms 0.36 (0.15-0.88) 0.03 0.33(0.12-0.93) 0.03
Finished wall material 2.10(1.13-3.91) 0.02
Finished roof material 2.56 (1.29-5.09) 0.007
Finished floor material 145 (0.83-2.54) 0.2
Household sprayed with insecticide in the previous 1.59(0.91-2.79) 0.1

12 months

ITN insecticide-treated bed net, OR odds ratio, aOR adjusted odds ratio, 95% Cl 95% confidence interval

100%

80%
60%

40%

20% H
0%

10-14 years 15-19 years

@1-2 household members

20-24 years

25-39 years 240 years Overall

O3 or more household members

Fig. 3 Age-specific ITN use by household size

demonstrated similar patterns of association with age,
where individuals 15 years and older were more likely to
use ITNs compared to school-age children 5-15 years
[17, 19, 37]. Throughout Africa, school age children
5-14 years have been the least prioritized age group in
terms of ITN access and use within a household [20].

One possible explanation is that this age group is largely
considered the least vulnerable within a household com-
pared to their younger counterparts, and not given prior-
ity in the household allocation of available ITNs. Another
possible explanation relates to sleeping arrangement
within a household. Children under 5 years may be more
likely to sleep with a parent under an ITN, while those
aged 5—14 may be more likely to sleep alone or away from
parents. However, school-age children can function as a
parasite reservoir, having high parasite prevalence while
showing few symptoms [38]. An increased focus on ado-
lescents in ITN distribution campaigns may help increase
nightly ITN use.

Consistent with other studies in sub-Saharan Africa,
this study found that the likelihood of ITN use decreased
as the household size increased. Studies in Zimbabwe,
Rwanda and Nigeria found that increasing household size
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was associated with a decreased likelihood of ITN use the
previous night among all household members, children
and pregnant women [17, 21, 22]. Larger households may
have lower ITN use because of insufficient ITN avail-
ability, limited sleeping space, and limited space to hang
ITNs. While the sleeping space and ITN space cannot
be addressed through ITN distributions, the ITN avail-
ability can be increased. Ensuring that all members of a
household have access to an ITN is key to increasing use,
which is shown here. Not surprisingly, this study found
that for every additional ITN available in the household,
the likelihood of ITN use increased. In this study, only
58.3% of households owned at least one ITN for every
two members (which corresponds to the countries defi-
nition of universal ITN coverage), underscoring the need
to increase ITN distributions particularly among larger
households.

The present study also found that the likelihood of ITN
use was highest among the poorest households, similar
to findings in other settings [23, 24]. This could be due
to wealthier households having a higher proportion of
improvements, such as finished structures and closed
eaves that reduce exposure to mosquitoes, and the risk
of malaria. Conversely, poorer households may not have
these improvements leaving household members more
susceptible to mosquito exposure, thereby increasing
the perceived need for ITN use [39]. These results sug-
gest progress in closing the gap in ITN use by household
wealth.

There are several limitations to this study. First, the
cross-sectional design of this study prevents determining
causal associations. Second, self-reported data on ITN
use is subject to social desirability bias. However, direct
observation and verification of several factors by data
collectors (e.g. number of ITNs) may reduce the impact
of this bias. Third, children under 10 years of age were
not included in this study limiting the generalizability
of the findings. Children under 5 years of age are often
considered a vulnerable group and the target of ITN dis-
tributions campaigns during immunizations and well
child clinics. A study conducted in Sofala and Nampula
Provinces found that up to 90% of children under 3 years
of age slept with their parents. There is, therefore, a mar-
gin of assumption that children may be subject to their
parents’ sleeping behaviours and ITN use [40]. Despite
not including this vulnerable age group, this study iden-
tified school age children 10-14 as an important target
for future ITN distribution campaigns and behaviour
change communication strategies. Fourth, this study was
not able to assess how malaria transmission impacts ITN
use the previous night. Manica has high prevalence of
malaria, with 48% of children aged 6-59 months having
a positive RDT in 2018. Therefore, the results here may
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not be generalizable to areas with lower levels of malaria
transmission. Lastly, this study was conducted just prior
to the rainy season. Throughout sub-Saharan Africa, peak
ITN use has been shown to occur 1-3 months after peak
rainfall due to the increase in mosquito density [41]. In
this study, 22.7% of individuals that did not sleep under
an ITN the previous night indicated that it was because
the rainy or malaria season had not yet begun. Given the
seasonality of ITN use, it is likely that ITN use would
have been higher if data were collected during the rainy
season.

The factors associated with ITN use have not been pre-
viously investigated in Manica District, Mozambique.
ITN use was lowest in younger ages, less poor house-
holds, larger households and households with fewer
ITNs. Targeting at least one ITN for every two household
members in future ITN distribution campaigns will help
ensure sufficient access to ITNs, particularly in larger
households. Increasing community awareness of how and
where to obtain ITNs as well as the effectiveness of ITNs
in malaria prevention is important. School-age children
have been identified as a vulnerable population, being
at greater risk of malaria infection and development of
severe disease [11]. Therefore, school-based health edu-
cation interventions and ITN distribution should be con-
sidered to improve ITN use in this age group.

Conclusion

The goals of universal ITN coverage have still not been
met throughout Mozambique. Understanding barri-
ers and facilitators of ITN use should continue to be at
the forefront of the successful implementation of inter-
ventions in Mozambique. These efforts together with
prompt diagnosis and treatment, IRS, and IPTp can work
to control and eliminate malaria throughout sub-Saharan
Africa.

Abbreviations

aOR: Adjusted odds ratio; ANC: Antenatal care; Cl: Confidence interval; CISM:
Centro de Investigagdo em Saude de Manhica; GEE: Generalized estimating
equations; ICEMR: International Centers of Excellence for Malaria Research; IRS:
Indoor residual spraying; ITN: Insecticide-treated net; IRB: Institutional Review
Board; IPTp: Intermittent preventative treatment in pregnancy; MIS: Malaria
Indicator Survey; OR: Odds ratio; RDT: Rapid diagnostic test; VIF: Variance infla-
tion factor; WHO: World Health Organization.

Acknowledgements
Not applicable.

Authors’ contributions

JS performed the data analysis and drafted the manuscript. MK conceived the
study design, participated in the coordination of the study, performed the
data analysis and revised the manuscript. WJM, AN, EM and FS participated

in the design and coordination of the study and revised the manuscript. All
authors read and approved the final manuscript.



Scott et al. Malar J (2021) 20:200

Funding

The larger study was supported by the Johns Hopkins Malaria Research
Institute (JHMRI) pilot grant “Cross Border Malaria Transmission along the
Zimbabwe-Mozambique Border”awarded to Mufaro Kanyangarara (MK) and
William John Moss (WJM).

Availability of data and materials
The datasets used during the current study are available from the Dr. Francisco
Saute (francisco.saute@manhica.net) on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical clearance and approval were obtained from the Comite Institucional
de Bioetica para Saude (CIBS) which is the Institutional Review Board of Centro
de Investigacdo em Satide de Manhica (CISM), the Institutional Review Board
of the Johns Hopkins Bloomberg School of Public Health in Baltimore, Mary-
land and the National Bioethical Committee (Comité Nacional de Bioética para
a Saude de Mogambique (CNBS—IRB00002657)). Local government officials
were informed of the study purpose and procedures prior to data collection
and local community acceptance was sought. Before enrollment, written
informed consent was obtained from heads of households, adult participants
and caregivers of children less than 18 years.

Consent for publication
Not applicable.

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

Author details

'Department of Epidemiology and Biostatistics, Arnold School of Public
Health, University of South Carolina, 915 Greene Street, Columbia, SC 29201,
USA. 2Centro de Investigacdo Em Satide de Manhica (CISM), Maputo, Mozam-
bique. *Instituto Nacional de Satde (INS), Maputo, Mozambique. “Depart-
ment of Epidemiology, Bloomberg School of Public Health, Johns Hopkins
University, Baltimore, MD, USA.

Received: 5 December 2020 Accepted: 19 April 2021
Published online: 27 April 2021

References

1. WHO. World Malaria Report. 20 years of Global Progress and Challenges.
Geneva: World Health Organization; 2020. p. 2020.

2. YéY, Eisele TP, Eckert E, Korenromp E, Shah JA, Hershey CL, et al. Frame-
work for evaluating the health impact of the scale-up of malaria control
interventions on all-cause child mortality in Sub-Saharan Africa. Am J
Trop Med Hyg. 2017,97:9-19.

3. Thiévent K, Hofer L, Rapp E, Tambwe MM, Moore S, Koella JC. Malaria
infection in mosquitoes decreases the personal protection offered by
permethrin-treated bednets. Parasit Vectors. 2018;11:284.

4. Bhatt S, Weiss DJ, Cameron E, Bisanzio D, Mappin B, Dalrymple U, et al.
The effect of malaria control on Plasmodium falciparum in Africa
between 2000 and 2015. Nature. 2015;526:207-11.

5. Lengeler C. Insecticide-treated bed nets and curtains for preventing
malaria. Cochrane Database Syst Rev. 2004;2:CD000363.

6. Eisele TP, Larsen D, Steketee RW. Protective efficacy of interventions
for preventing malaria mortality in children in Plasmodium falciparum
endemic areas. Int J Epidemiol. 2010;39:i88-101.

7. Hawley WA, Phillips-Howard PA, ter Kuile FO, Terlouw DJ, Vulule JM,
Ombok M, et al. Community-wide effects of permethrin-treated bed nets
on child mortality and malaria morbidity in western Kenya. Am J Trop
Med Hyg. 2003;68:121-7.

8. Binka FN, Indome F, Smith T. Impact of spatial distribution of permethrin-
impregnated bed nets on child mortality in rural northern Ghana. Am J
Trop Med Hyg. 1998;59:80-5.

9. Howard SC, Omumbo J, Nevill C, Some ES, Donnelly CA, Snow RW.
Evidence for a mass community effects of insecticide-treated bebnets on

10.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 8 of 9

the incidence of malaria on the Kenyan coast. Trans R Soc Trop Med Hyg.
2000;94:357-60.

WHO. Achieving and maintaining universal coverage with long-lasting
insecticidal nets for malaria control. Geneva, World Health Organization:
2017.

. WHO. Global Technical Strategy for Malaria 2016-2030. Geneva, World

Health Organization: 2015.

Koenker H, Kilian A. Recalculating the net use gap: A multi-country com-
parison of ITN use versus ITN access. PLoS ONE. 2014,9:e97496.

Singh M, Brown G, Rogerson SJ. Ownership and use of insecticide-
treated nets during pregnancy in sub-Saharan Africa: a review. Malar J.
2013;12:268.

Pulford J, Hetzel MW, Bryant M, Siba PM, Mueller . Reported reasons for
not using a mosquito net when one is available: a review of the pub-
lished literature. Malar J. 2011;10:83.

Hill J, Hoyt J, van Eijk AM, D'Mello-Guyett L, ter Kuile FO, Steketee R, et al.
Factors affecting the delivery, access, and use of interventions to prevent
malaria in pregnancy in sub-Saharan Africa: a systematic review and
meta-analysis. PLoS Med. 2013;10:e1001488.

Moon TD, Hayes CB, Blevins M, Lopez ML, Green AF, Gonzalez-Calvo L,

et al. Factors associated with the use of mosquito bed nets: Results from
two cross-sectional household surveys in Zambézia Province. Mozam-
bique Malar J. 2016;15:196.

Kanyangarara M, Hamapumbu H, Mamini E, Lupiya J, Stevenson JC,
Mharakurwa S, et al. Malaria knowledge and bed net use in three trans-
mission settings in southern Africa. Malar J. 2018;17:41.

De Oliveira AM, Wolkon A, Krishnamurthy R, Erskine M, Roberts J, Sate F.
Ownership and usage of insecticide-treated bed nets after free distribu-
tion via a voucher system in two provinces of Mozambique. Malar J.
2010;9:222.

Tchinda VHM, Socpa A, Keundo AA, Zeukeng F, Seumen CT, Leke RGF,

et al. Factors associated to bed net use in Cameroon: a retrospec-

tive study in mfou health district in the centre region. Pan Afr Med J.
2012;12:112.

Olapeju B, Choiriyyah |, Lynch M, Acosta A, Blaufuss S, Filemyr E, et al. Age
and gender trends in insecticide-treated net use in sub-Saharan Africa: a
multi-country analysis. Malar J. 2018;17:423.

Ruyange MM, Condo J, Karema C, Binagwaho A, Rukundo A, Muyirukazi
Y. Factors associated with the non-use of insecticide-treated nets in
Rwandan children. Malar J. 2016;15:355.

Adedokun ST, Uthman OA. Individual and contextual correlates of mos-
quito net use among women in Nigeria. Malar J. 2020;19:138.

Ricotta E, Oppong S, Yukich JO, Briét OJT. Determinants of bed net use
conditional on access in population surveys in Ghana. Malar J. 2019;18:63.
Woyessa A, Deressa W, Ali A, Lindtjern B. Ownership and use of long-last-
ing insecticidal nets for malaria prevention in Butajira area, south-central
Ethiopia: complex samples data analysis. BMC Public Health. 2014;14:99.
Liu'L, Oza S, Hogan D, Chu'Y, Perin J, Zhu J, et al. Global, regional, and
national causes of under-5 mortality in 2000-15: an updated systematic
analysis with implications for the Sustainable Development Goals. Lancet.
2016;388:3027-35.

USAID: President’s Malaria Initiative. Mozambique Malaria Operational
Plan FY 2018. Washinton, DC: US President’s Malaria Initiative: 2018.
Instituto Nacional de Saude (INS) and ICF. Mogambique Inquérito
Nacional sobre Indicadores de Maldria em Mogambique 2018. Maputo,
Mogambique: 2019.

Aide P, Candrinho B, Galatas B, Munguambe K, Guinovart C, Luis F, et al.
Setting the scene and generating evidence for malaria elimination in
Southern Mozambique. Malar J. 2019;18:190.

US President’s Malaria Initiative. Mozambique: Malaria Operational Plan
FY 2020. 2019. https://www.pmi.gov/docs/default-source/default-docum
ent-library/malaria-operational-plans/fy20/fy-2020-mozambique-malar
ia-operational-plan.pdf?sfvrsn=6. Accessed 4 Dec 2020.

Arroz JA, Candrinho B, Pedro S, Mathe G, da Silva M, Tsabete S, et al.
Planning and implementation of a countrywide campaign to deliver
over 16 million long-lasting insecticidal nets in Mozambique. Malar J.
2018;17:254.

Chase C, Sicuri E, Sacoor C, Nhalungo D, Nhacolo A, Alonso PL, et al.
Determinants of household demand for bed nets in a rural area of south-
ern Mozambique. Malar J. 2009;8:132.


https://www.pmi.gov/docs/default-source/default-document-library/malaria-operational-plans/fy20/fy-2020-mozambique-malaria-operational-plan.pdf?sfvrsn=6
https://www.pmi.gov/docs/default-source/default-document-library/malaria-operational-plans/fy20/fy-2020-mozambique-malaria-operational-plan.pdf?sfvrsn=6
https://www.pmi.gov/docs/default-source/default-document-library/malaria-operational-plans/fy20/fy-2020-mozambique-malaria-operational-plan.pdf?sfvrsn=6

Scott et al. Malar J

32.

33.

34

35.

36.

37.

38.

(2021) 20:200

Climate Manica - Mozambique n.d. https://www.climatedata.eu/climate.
php?loc=mzzz0065&lang=en. Accessed 11 Sep 2020.

Instituto Nacional de Estatistica (INE). Resultados Preliminares do IV
Recenseamento Geral da Populagdo e Habitagao 2017. Maputo, Mozam-
bique: INE: 2017.

Maina J, Ouma PO, Macharia PM, Alegana VA, Mitto B, Fall IS, et al. A
spatial database of health facilities managed by the public health sector
in sub-Saharan Africa. Sci Data. 2019;6:134.

Marshall JM, Touré M, Ouédraogo AL, Ndhlovu M, Kiware SS, Rezai A, et al.

Key traveller groups of relevance to spatial malaria transmission: a survey
of movement patterns in four sub-Saharan African countries. Malar J.
2016;15:200.

Zeger SL, Liang K-Y, Albert PS. Models for longitudinal data: a generalized
estimating equation approach. Biometrics. 1988;44:1049-60.
Nankabirwa J, Brooker SJ, Clarke SE, Fernando D, Gitonga CW, Schel-
lenberg D, et al. Malaria in school-age children in Africa: an increasingly
important challenge. Trop Med Int Health. 2014;19:1294-309.
Walldorf JA, Cohee LM, Coalson JE, Bauleni A, Nkanaunena K, Kapito-
Tembo A, et al. School-age children are a reservoir of malaria infection in
Malawi. PLoS ONE. 2015;10:e0134061.

39.

40.

Page 9 of 9

Tusting LS, Bottomley C, Gibson H, Kleinschmidt I, Tatem AJ, Lindsay SW,
et al. Housing improvements and malaria risk in sub-Saharan Africa: a
multi-country analysis of survey data. PLoS Med. 2017;14:21002234.
Plucinski MM, Chicuecue S, Macete E, Chambe GA, Muguande O,
Matcinhe G, et al. Sleeping arrangements and mass distribution of bed
nets in six districts in central and northern Mozambique. Trop Med Int
Health. 2015;20:1685-95.

41. Koenker H, Taylor C, Burgert-Brucker CR, Thwing J, Fish T, Kilian A. Quanti-
fying seasonal variation in insecticide-treated net use among those with
access. Am J Trop Med Hyg. 2019;101:371-82.

Publisher’s Note

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

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



https://www.climatedata.eu/climate.php?loc=mzzz0065&lang=en
https://www.climatedata.eu/climate.php?loc=mzzz0065&lang=en

	Factors associated with use of insecticide-treated net for malaria prevention in Manica District, Mozambique: a community-based cross-sectional survey
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References




