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Abstract

Background

Besides use of insecticide-treated mosquito nets (ITNs) and indoor residual spraying (IRS),

other complimentary measures including suitable housing structures, and environmental

management that reduce breeding of malaria vectors, can be implemented at households to

prevent the disease. However, most studies on malaria prevention have focused mainly on

ITNs and IRS. The aim of this study was therefore to assess malaria prevention practices

beyond ITNs and IRS, and associated environmental risk factors including housing structure

in rural Wakiso district, Uganda.

Methods

A clustered cross-sectional survey was conducted among 727 households in Wakiso dis-

trict. Data were collected using an interviewer-administered questionnaire and observational

checklist. The questionnaire assessed participants’ household practices on malaria preven-

tion, whereas the checklist recorded environmental risk factors for malaria transmission,

and structural condition of houses. Poisson regression modeling was used to identify factors

associated with use of mosquito nets by households.

Results

Of the 727 households, 471 (64.8%) owned at least one mosquito net. Use of mosquito nets

by households was higher with increasing education level of participants—primary (aPR =

1.27 [95% CI: 1.00–1.60]), secondary (ordinary level) (aPR = 1.47 [95% CI: 1.16–1.85]) and

advanced level / tertiary (aPR = 1.55 [95% CI: 1.19–2.01]), and higher household income

(aPR = 1.09 [95% CI: 1.00–1.20]). Additionally, participants who were not employed were

less likely to have mosquito nets used in their households (aPR = 0.83 [95% CI: 0.70–0.98]).

Houses that had undergone IRS in the previous 12 months were 42 (5.8%), while 220
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(43.2%) households closed their windows before 6.00 pm. Environmental risk factors found

at households included presence of vessels that could potentially hold water for mosquito

breeding 414 (56.9%), and stagnant water in compounds 144 (19.8%). Several structural

deficiencies on houses that could promote entry of mosquitoes were found such as lack of

screening in ventilators 645 (94.7%), and external doors not fitting perfectly into walls hence

potential for mosquito entry 305 (42.0%).

Conclusion

There is need to increase coverage and utilisation of ITNs and IRS for malaria prevention in

Wakiso district, Uganda. In addition, other malaria prevention strategies such as environ-

mental management, and improving structural condition of houses are required to

strengthen existing malaria prevention approaches.

Introduction

Global malaria prevention efforts have focused on reducing the malaria burden mainly using

insecticide-treated mosquito nets (ITNs) particularly long-lasting insecticidal nets (LLINs)

and indoor residual spraying (IRS). These methods have been shown to reduce the occurrence

of malaria in several studies [1,2]. The coverage of ITNs has increased markedly in recent

years with several countries, mostly in Africa, distributing them free of charge [3]. Use of IRS

remains low with only 2.9% of the global population at risk of malaria using it in 2016 [4],

despite evidence on its efficacy in reducing malaria incidence. Furthermore, despite these

proven preventive measures taken nationally and globally, the disease continues to cause

severe morbidity and mortality particularly in sub-Saharan Africa. In 2016, there were 216 mil-

lion cases of malaria and 445,000 deaths globally mainly occurring in Africa, and affecting chil-

dren under 5 years of age [4].

Environmental risk factors associated with increased breeding of mosquitoes such as the

presence of stagnant water and overgrown vegetation near homes are well known [5]. How-

ever, these factors have received little attention in the prevention of malaria despite recom-

mended use of non-chemical and chemical methods of control in the context of integrated

vector management [6]. The relatively inexpensive measures of removing pools of water, and

clearing overgrown vegetation have been shown to significantly reduce mosquito abundance

[7–9] and malaria incidence [10]. Such interventions can be used with core malaria prevention

methods such as LLINs as a strategy to reduce occurrence of the disease. Indeed, to improve

malaria prevention outcomes, it is important that interventions are implemented in a holistic

manner. This calls for more research on integrated malaria prevention including environmen-

tal management [11].

Human exposure to malaria vectors in Africa mainly occurs indoors [12]. The structural

design of houses is therefore critical in preventing entry of mosquitoes to reduce transmission

of malaria [13]. Mosquitoes have for several years been known to normally enter houses

through ventilators and open eaves [14], but also doors and windows [15]. Other openings on

houses such as cracks in walls and broken window panes can also facilitate mosquito entry.

Despite being known to protect against mosquitoes, the practice of screening houses has been

largely ignored [16,17]. While assessing malaria prevention in communities, it is necessary to

not only focus on core interventions such as ITNs and IRS, but also on conditions that
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contribute to presence of mosquitoes and their entry into houses. This study therefore assessed

malaria prevention practices including not only ITNs and IRS, but also environmental risk fac-

tors around homes, and housing structure related to mosquito entry in a rural community in

Wakiso district, Uganda.

Methods

Study area, context and sampling

The study was carried out in Ssisa sub-county, Wakiso district, in central Uganda; which is

predominantly rural. All the 11 parishes in the sub-county were included in the study. Malaria

is endemic in most parts of the country including Wakiso district. In Uganda, Anopheles gam-
biae is the predominant vector species responsible for transmitting malaria, whereas Plasmo-
dium falciparum parasites are the leading cause of cases. The 2014–2015 malaria indicator

survey established that nationally, malaria prevalence among children under 5 years was

18.9%, and 10.5% in the central region where Wakiso district is located [18]. The study clusters

were the villages within each parish, with each village providing a minimum of 23 households.

A total of 29 villages were included in the study, and 727 households were selected after taking

into consideration clustering as described in our earlier paper [19]. Sampling proportionate to

size was used to determine the number of villages to be selected from each parish, using cur-

rent numbers of parishes and villages in the sub-county obtained from the Uganda Bureau of

Statistics. The home of each village chairperson was used as the starting point during system-

atic sampling employed to select households per village involved in the study. The number of

households in each village was used to determine the respective sampling interval.

Study design and data collection

The study was a clustered cross-sectional survey that used quantitative data collection meth-

ods. Data were collected between 2014 and 2015 by trained research assistants using a ques-

tionnaire and observational checklist. The questionnaire collected data on participant

demographics, malaria prevention practices used by households, number of mosquito nets

owned by households including type, source and use the previous night. Data were collected

about each net owned to a maximum of 3 nets per household. The observational checklist was

used to assess environmental risk factors associated with occurrence of malaria present at

households such as presence of stagnant water in compounds, and structural condition of

houses related to mosquito entry such as lack of screening in ventilators. The questionnaire

and checklist, which were pretested prior to data collected, were administered once for each

household involved in the study. The study participants were household heads, and in their

absence, another responsible adult found at home during data collection such as the spouse

was involved.

Data management and analysis

Data were entered in SPSS 10 (Chicago, Illinios, USA) and analysed in STATA 10 (College Sta-

tion, Texas, USA). Univariate, bivariate and multivariate statistical data analysis procedures

were followed. Practices on malaria prevention were assessed based on the methods that were

being used by households. These methods were: sleeping under mosquito net; sleeping under

ITN; taking preventive medicine; using body mosquito repellent; spraying house with insecti-

cide; using mosquito coil; and removing mosquito breeding sites as used in the Uganda

Malaria Indicator Survey 2009 [20]. Other methods assessed were IRS, closing of windows

before 6.00pm, and removal of overgrown vegetation within 5 metres of houses. Assessment of
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structural condition of houses was done for the following parameters: windows having com-

plete shutters or mosquito screening hence no space for possible mosquito entry; ventilators

and open eaves having mosquito screening; houses with open eaves having ceilings; external

doors having complete shutters and no space for possible mosquito entry; and presence of any

other opening on house. The chi square test was used to assess association between households

having pregnant women and their sleeping under mosquito nets. To ascertain the factors asso-

ciated with use of mosquito nets, a generalized linear model with Poisson family, and a log link

with robust standard errors was run where socio-demographic characteristics were analysed

against use of mosquito nets (treated or untreated) that was coded as a binary outcome. Since

the outcome variable was not rare, prevalence ratios (PRs) were preferred as the measure of

association because odds ratios tend to overestimate the risk ratios in such instances [21]. Sim-

ple models were run to obtain the unadjusted PRs, then all variables were included in the mul-

tivariable model and a backward elimination method applied. A p-value of less than 0.05 was

considered statistically significant.

Ethical considerations

The study received ethical approval from Makerere University School of Public Health Higher

Degrees, Research and Ethics Committee (123), and from the Uganda National Council for

Science and Technology (SS 3294). Participants provided written informed consent after the

purpose of the research had been clearly explained to them.

Results

Characteristics of participants and households

Of the 727 participants, 493 (67.8%) were female, 438 (60.3%) were aged 30 years or above, 329

(45.3%) had attained up to primary school education, and 78 (10.7%) had not attended any

school. Further, 390 (53.7%) reported earning an equivalent of less than 40 US dollars per

household per month; 347 (47.7%) households comprised of 3 to 5 members, and 238 (32.7%)

of households had 2 or more children under 5 years of age. The majority of participants 416

(57.2%) were household heads (Table 1).

Practices on use of mosquito nets

Households that owned at least one mosquito net (ITN or untreated) were 471 (64.8%) with a

mean number of nets owned of 2.6 (SD ± 1.9) compared to a mean household size of 5.0 (SD±
3.0). Most of the mosquito nets owned by households were LLINs particularly of Permanet
brand 426 (44.5%), and provided by the Uganda Government 487 (50.8%). There was high use

of the nets the night prior to collecting data 834 (87.1%), with the main reason for non-use

being nets being too old / had many holes 54.0 (67%) (Table 2). There was a statistically signifi-

cant association between households having pregnant women and use of mosquito nets by the

same the night prior to the study (net 1 χ2 = 220.465, p< 0.001; net 2 χ2 = 57.415, p< 0.001;

net 3 χ2 = 15.096; p = 0.001).

Factors associated with use of mosquito nets by households

By bivariate analysis, use of mosquito nets was statistically associated with lower age of

participants (unadjusted PR = 1.06 [95% CI: 0.96–1.67],) and education level–primary

(unadjusted PR = 1.34 [95% CI: 1.07–1.69]), secondary (ordinary level) (unadjusted

PR = 1.59 [95% CI: 1.27–1.99), and secondary (advanced) level / tertiary (unadjusted

PR = 1.63 [95% CI: 1.27–2.01]). In addition, housewives (unadjusted PR = 1.19 [95% CI:
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1.06–1.36]) and participants whose households had higher household income (unadjusted

PR = 1.18 [95% CI: 1.08–1.29] had a higher prevalence of use of mosquito nets. In the

multi variable model, participants who had received primary, secondary (ordinary level)

and secondary (advanced level) / tertiary education were 27% (adjusted PR = 1.27 [95%

CI: 1.00–1.60]), 47% (adjusted PR = 1.47 [95% CI: 1.16–1.85]) and 55% (adjusted

PR = 1.55 [95% CI: 1.19–2.01]) more likely to use mosquito nets respectively compared to

those who had no education. Furthermore, use of mosquito nets was lower among partici-

pants who were unemployed (adjusted PR = 0.83 [95% CI: 0.70–0.98]) while households

that earned more than $40 monthly (adjusted PR = 1.09 [95% CI: 1.00–1.20]) were more

likely to use mosquito nets compared to their counterparts (Table 3).

Table 1. Characteristics of participants and households in a rural community in Wakiso district, Uganda.

Variable Frequency

(N = 727)

Percentage (%)

Gender

Female 493 67.8

Male 234 32.2

Age (years)

18–29 289 39.8

� 30 438 60.3

Highest level of education

None 78 10.7

Primary 329 45.3

Secondary (ordinary) level 259 35.6

Secondary (advanced) level / tertiary 61 8.4

Occupation

Agriculture 235 32.3

Business 249 34.2

Housewife 82 11.3

Unemployed 108 14.9

Others (students, commercial motorcycle riders, fisher folk, stone miners) 53 7.3

Average household monthly income (US dollars)

< 40 390 53.7

� 40 337 46.4

Children under 5 years in household

None 254 34.9

1 235 32.3

� 2 238 32.7

Position of participant in household in relation to household head

Household head 416 57.2

Spouse 227 31.2

Parent 35 4.8

Sibling 20 2.8

Other relative / not related 29 4.0

Household size

1–2 112 15.4

3–5 347 47.7

� 6 268 36.9

https://doi.org/10.1371/journal.pone.0205210.t001
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Practices on other malaria prevention methods

Only 42 (5.8%) of the households had undergone IRS in the previous 12 months, among

which 28 (66.7%) had been sprayed by household members. Other households were sprayed

through government programmes 3 (7.1%), or private companies 7 (16.7%). Over half of the

households that had been sprayed 22 (52.4%) paid for IRS. Among households that normally

opened windows of their houses 509 (70%), 220 (43.2%) closed them before 6.00 pm. Only 129

(17.7%) of houses had ever been space sprayed with insecticides to kill mosquitoes. Among

these houses, the frequency of space spraying was mainly whenever there was need 77 (59.7%).

Other houses were space sprayed weekly 19 (14.7%), monthly 16 (12.4%) or fortnightly 8

(6.2%). Other malaria prevention methods used by households were removing mosquito

breeding sites 181 (24.9%), using mosquito coils 70 (9.6%), and taking preventive medicine 20

(2.8%). A total of 105 households (14.4%) were doing nothing to prevent malaria.

Table 2. Details of mosquito nets owned by households in a rural community in Wakiso district, Uganda.

Variable Net 1

N = 471 (%)

Net 2 N = 311 (%) Net 3 N = 176 (%)

Source of net

Government 249 (52.9) 155 (49.8) 83 (47.2)

Shop / market / hawker 181 (38.4) 136 (43.7) 81 (46.0)

Other 29 (6.2) 10 (3.2) 6 (3.4)

Did not know 12 (2.5) 10 (3.2) 6 (3.4)

Type of net

Permanet 217 (46.1) 132 (42.4) 77 (43.8)

Duranet 18 (3.8) 13 (4.2) 6 (3.4)

Other long lasting nets� 41 (8.7) 26 (8.4) 12 (6.8)

Non-long lasting nets�� 9 (1.9) 5 (1.6) 3 (1.7)

Did not know 186 (39.5) 135 (43.4) 78 (44.3)

Net was used the previous night

Yes 418 (88.7) 265 (85.2) 151 (85.8)

No 51 (10.8) 42 (13.5) 23 (13.1)

Not sure 2 (0.4) 4 (1.3) 2 (1.1)

Reason for non-use of net N = 53 (%) N = 46 (%) N = 25 (%)

Net too old / had holes 31 (58.5) 23 (50.0) 13 (52.0)

Net not hang 17 (32.1) 19 (41.3) 9 (36.0)

Caused discomfort due to increased heat 4 (7.6) 1 (2.2) 1 (4.0)

Other reason - 2 (4.3) 2 (8.0)

Did not know 1 (1.9) 1 (2.2) -

Number of people who used net the previous night N = 471 (%) N = 311 (%) N = 176 (%)

None 53 (11.3) 46 (14.8) 25 (14.2)

1 131 (27.8) 147 (47.3) 90 (51.1)

2 204 (43.3) 103 (33.1) 55 (31.3)

� 3 83 (17.6) 15 (4.8) 6 (3.4)

Category of people who used net the previous night N = 786 (%) N = 407 (%) N = 221 (%)

< 5 years 248 (31.6) 135 (33.2) 56 (25.3)

Pregnant women 49 (6.2) 10 (2.5) 3 (1.4)

Others 489 (62.2) 262 (64.4) 162 (73.3)

� Other long lasting net brands were Interceptor, Netprotect, Dawanet and Iconlife.

�� Non-long lasting net brands were KO net, Kooper net, Iconet, Safi net, Century and Victoria.

https://doi.org/10.1371/journal.pone.0205210.t002
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Environmental risk factors related to malaria, and structural condition of

houses

Environmental factors that favour mosquito breeding found at households included presence

of vessels in the compound that could potentially hold water 414 (56.9%) and stagnant water

in compounds 144 (19.8%). Several structural deficiencies on houses that could promote entry

of mosquitoes were found such as lack of screening in ventilators 645 (94.7%), external doors

not fitting perfectly into the walls hence potential for mosquito entry 305 (42.0%), and pres-

ence of other openings on houses where mosquitoes could pass 265 (36.5%) (Table 4).

Discussion

Our study established that generally, there was low ownership and use of various malaria pre-

vention methods including LLINs and IRS. Use of mosquito nets by households increased

Table 3. Factors associated with use of mosquito nets by households in a rural community in Wakiso district, Uganda.

Variables Use of mosquito nets Unadjusted PR (95% CI) p-value Adjusted PR (95% CI) p-value

Overall 530 (72.9)

Gender

Male 164 (70.1) 1 1

Female 366 (74.2) 1.06 (0.96–1.67) 0.252 1.07 (0.96–1.18) 0.192

Age (years)

18–29 224 (77.5) 1 1

� 30 306 (69.7) 0.90 (0.82–0.98) 0.020� 0.96 (0.88–1.05) 0.356

Highest level of education

None 40 (51.3) 1 1

Primary 227 (69.0) 1.34 (1.07–1.69) 0.011� 1.27 (1.00–1.60) 0.048�

Secondary (ordinary level) 212 (81.8) 1.59 (1.27–1.99) <0.001� 1.47 (1.16–1.85) 0.001�

Secondary (advanced level) / tertiary 51 (83.6) 1.63 (1.27–2.01) <0.001� 1.55 (1.19–2.01) 0.001�

Occupation

Agriculture 165 (70.2) 1 1

Business 191 (76.7) 1.09 (0.98–1.22) 0.108 0.98 (0.88–1.09) 0.776

Housewife 69 (84.1) 1.19 (1.06–1.36) 0.005� 1.07 (0.94–1.22) 0.279

Unemployed 67 (62.0) 0.88 (0.74–1.05) 0.152 0.83 (0.70–0.98) 0.033�

Others 38 (71.7) 1.02 (0.84–1.23) 0.828 0.91 (0.75–1.10) 0.327

Average household monthly income (US dollars)

� 40 262 (67.2) 1 1

> 40 268 (79.5) 1.18 (1.08–1.29) <0.001� 1.09 (1.00–1.20) 0.046�

Religion

Christian 463 (73.1) 1

Muslim 67 (71.3) 0.97 (0.85–1.12) 0.711 - -

Had children under 5 years in household

Yes 348 (73.6) 1

No 182 (71.6) 1.02 (0.97–1.08) 0.435 - -

Household size

1–2 77 (68.7) 1

3–5 257 (74.1) 1.08 (0.94–1.24) 0.296 - -

� 6 196 (73.1) 1.06 (0.92–1.23) 0.402 - -

� Statistically significant at p < 0.05

https://doi.org/10.1371/journal.pone.0205210.t003
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with education of participants (who were mainly household heads), and household income.

However, participants who were not employed were less likely to have mosquito nets used in

their households to prevent malaria. In addition, several risk factors that promote presence of

mosquitoes at households existed in the community such as potential breeding sites. It was

also established that the structural condition of houses in the community enhanced mosquito

entry including lack of screening in ventilators. The findings of the study therefore emphasize

the fact that vast community practices (or lack of them) still predispose the population to the

disease that causes severe morbidity and mortality in the country [18].

Ownership of at least one mosquito net by households was relatively high (64.8%) despite

being much lower than the current national figure of 90% who owned an ITN [18]. However,

it is evident that the number of mosquito nets owned was not sufficient for members of the

households with a mean number of nets of 2.6 compared to a mean household size of 5.0.

Although use of available nets the night prior to the study was high (86.6%), many individuals

are likely to be exposed to mosquito bites due to the insufficient number of nets in households.

Since use of ITNs is the most advocated method for malaria prevention globally [4], there is

need for its increased coverage and utilisation. One of the barriers identified for the low own-

ership of mosquito nets particularly in low income countries is the high cost of buying them

[22]. Indeed, most of the nets owned by households in this study were provided by the govern-

ment free of charge. These nets have previously been distributed by Ministry of Health mainly

targeting pregnant women and children under 5 years of age through mass campaigns and

antenatal visits [23]. Such campaigns are likely to be responsible for the association between

households having pregnant women and their sleeping under mosquito nets found in this

study. More recently, other household members beyond children and pregnant women have

benefitted from government campaigns of receiving free nets. Indeed, the national increase in

Table 4. Environmental risk factors, and structural condition of houses in a rural community in Wakiso district,

Uganda.

Risk factor / structural condition Frequencies Percentage

(%)

Environmental risk factors

Stagnant water present in compound (N = 727) 144 19.8

Presence of vessels that could potentially hold water for mosquito breeding

(N = 727)

414 56.9

Presence of overgrown vegetation within 5 metres of houses (N = 727) 555 76.3

Structural condition of houses

Houses with windows lacking complete shutters (N = 727) 192 26.4

Houses with windows not fitting perfectly into wall (with space for possible

mosquito entry) (N = 727)

244 33.6

Houses lacking screening in windows to prevent mosquito entry (N = 727) 698 96.0

Windows found open lacking screening to prevent mosquito entry (N = 371) 345 93.0

Houses with ventilators lacking screening to prevent mosquito entry (N = 681) 645 94.7

Houses with open eaves lacking complete screening to prevent mosquito entry

(N = 194)

190 97.9

Houses with open eaves lacking ceilings (N = 194) 179 92.3

External doors lacking complete shutters (N = 727) 160 22.0

External doors not fitting perfectly into walls (with space for possible mosquito

entry) (N = 727)

305 42.0

Other opening on house (such as hole in wall) where mosquitoes could pass to enter

house (N = 727)

265 36.5

https://doi.org/10.1371/journal.pone.0205210.t004
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coverage of LLINs can be partly attributed to the government efforts of availing them to the

population in recent years [18].

Our study established that use of mosquito nets by households increased with increasing

education level of household heads. In addition, participants who were not employed were less

likely to have mosquito nets used in their households. Other studies carried out in sub-Saharan

Africa have also established use of mosquito nets to be associated with education, income and

employment [24,25,26]. Highly educated individuals would normally be aware of core malaria

prevention practices including use of mosquito nets hence increased use in their households.

In addition, households with higher income are more likely to spend on malaria prevention

including purchase of mosquito nets in comparison with their counterparts. Given that

employment is directly related to income, it was logical to establish in our study that unem-

ployment had a negative effect on use of mosquito nets in households. Practices on malaria

prevention particularly use of mosquito nets are therefore likely to improve with increased

education, employment and income among the population as established in our study.

Although IRS is a key global method for malaria prevention, its use in the study was low

(5.8%). Studies done in other malaria endemic countries have also found low coverage of IRS

[27,28,29]. Community acceptance of IRS has been impeded by insecticide smell, mess left by

the sprayers, inconvenience of removing household items from houses before spraying,

increased prevalence of other insects, perceived ineffectiveness, and side effects [30,31,32].

These barriers need to be addressed so as to increase utilisation of IRS for malaria prevention.

Use of insecticide space sprays was also found to be low in this study (17.7%) as was the case in

other studies in sub-Saharan Africa [16,33,34]. Such sprays are known to be costly, hence may

not be used by poor populations including in Uganda. In addition, there are concerns about

the potential impact on health and the environment that they might cause [35]. In this study,

less than half of households (43.2%) that normally opened windows on their houses closed

them before 6.00 pm. As endophagic malaria transmitting mosquitoes have for long been

known to enter houses in the early hours of the evening [36, 37], it is ideal that windows should

be closed before that time [38]. However, this simple practice of closing windows at an appro-

priate time to limit mosquito entry into houses is apparently ignored in many communities.

Therefore, there is need by various stakeholders such as health practitioners and community

health workers to promote early closing of windows (and doors) among communities to

reduce mosquito entry into houses.

Malaria transmitting mosquitoes are known to breed in pools of water [39] and habour in

vegetation [5], both often found near houses especially in rural communities in endemic coun-

tries. This study found that 56.9% of houses had vessels in their compounds that could poten-

tially hold water for mosquito breeding, and 76.3% had overgrown vegetation within 5 metres.

This is an indication that conditions that support mosquito breeding are allowed to exist in

communities. Although environmental management practices such as removing mosquito

breeding sites have shown promise in vector control, they have often received little attention

by malaria control stakeholders [40]. Given that the burden of malaria remains high particu-

larly in sub-Saharan Africa even after extensively promoting use of LLINs and IRS for many

years, it is prudent that other malaria prevention strategies such as removal of potential mos-

quito breeding sites notably stagnant water are widely promoted to complement existing ones.

Indeed, a holistic approach to malaria prevention encompassing several strategies and inter-

ventions is likely to have greater public health benefits.

Malaria transmitting mosquitoes particularly in sub-Saharan African mainly bite humans

indoors at night [12] hence enter houses through openings such as ventilators and open eaves

[41]. In many rural communities in malaria endemic countries, houses have poor structure

that promote entry of mosquitoes hence malaria transmission [13,42]. Indeed, this study
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found several structural defects on houses such as lack of screening in ventilators (94.7%) and

open eaves (97.9%), and external doors not fitting perfectly into the wall hence having space

for possible mosquito entry (42.0%). Although houses with open eaves but have ceilings would

observe reduced mosquito entry [43], 92.3% of such houses in this study lacked them.

Screened houses and those with closed eaves have been found with reduced incidence of

malaria among occupants [44]. In addition, screening of houses not only protects all house-

hold members from malaria but also other mosquito related and vector borne diseases trans-

mitted indoors such as yellow fever and dengue. It is therefore important that the structural

condition of houses is appropriate to reduce mosquito entry. This is particularly important in

communities with low ownership and use of ITNs and other core malaria prevention

methods.

A limitation of this study is that although both treated and untreated mosquito nets were

assessed, ITNs are recommended by the World Health Organization [45] because of their abil-

ity to not only prevent mosquito bites but also kill mosquitoes. In addition, LLINs retain their

biological activity for a long period hence can be used for up to three years without retreatment

[46]. Nevertheless, even untreated mosquito nets provide a protective barrier against mosqui-

toes which alone is a prevention method. In addition, as most of the nets were received from

the government which provided ITNs, the non-treated nets were likely to be minimal. Chal-

lenges have also been realised in distinguishing untreated nets from ITNs [47] and observing

those already hang in houses is often impractical. One strength of the study is that the environ-

mental conditions at households as well as the structural conditions of houses were observed

with help of a checklist hence eliminating social-desirability bias usually associated with ques-

tionnaire surveys.

Conclusions

Although mosquito nets were predominantly used, there is need to increase coverage and utili-

sation of ITNs and IRS for malaria prevention with attention given to barriers such as educa-

tion and income. In addition, other malaria prevention strategies such as environmental

management and early closing of windows, as well as improving structural condition of houses

need to be strengthened to complement existing malaria prevention approaches in endemic

countries including Uganda.
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ince, Mozambique. Malar J. 2016; 15: 196. https://doi.org/10.1186/s12936-016-1250-5 PMID:

27068575

26. Wale M, Mindaye A. Impact of insecticide-treated bednet use on malaria prevalence in Benishangul-

Gumuz regional state, Ethiopia. J Vector Borne Dis. 2016; 53(3): 215–224. PMID: 27681544

27. Eyobo MB, Awur AC, Wani G, Julla AI, Remijo CD, Sebit B, et al. Malaria indicator survey 2009, South

Sudan: baseline results at household level. Malar J. 2014; 13: 45. https://doi.org/10.1186/1475-2875-

13-45 PMID: 24490895

28. Noland GS, Graves PM, Sallau A, Eigege A, Emukah E, Patterson AE, et al. Malaria prevalence, ane-

mia and baseline intervention coverage prior to mass net distributions in Abia and Plateau States, Nige-

ria. BMC Infect Dis. 2014; 14: 168. https://doi.org/10.1186/1471-2334-14-168 PMID: 24669881

29. Jima D, Getachew A, Bilak H, Steketee RW, Emerson PM, Graves PM, et al. Malaria indicator survey

2007, Ethiopia: coverage and use of major malaria prevention and control interventions. Malar J. 2010;

9: 58. https://doi.org/10.1186/1475-2875-9-58 PMID: 20178654

30. Rodriguez AD, Penilla RP, Rodriguez MH, Hemingway J, Trejo A, Hernandez-Avila JE. Acceptability

and perceived side effects of insecticide indoor residual spraying under different resistance manage-

ment strategies. Salud Publica Mex, 2006; 48: 317–324. PMID: 16913456

31. Govere J, Durrheim D, la Grange K, Mabuza A, Booman M (2000). Community knowledge and percep-

tions about malaria and practices influencing malaria control in Mpumalanga Province, South Africa. S

Afr Med J. 90;(6): 611–616. PMID: 10918892

32. Kaufman MR, Rweyemamu D, Koenker H, Macha J (2012). "My children and I will no longer suffer from

malaria": a qualitative study of the acceptance and rejection of indoor residual spraying to prevent

malaria in Tanzania. Malar J. 2012; 11: 220. https://doi.org/10.1186/1475-2875-11-220 PMID:

22747610

33. Rhee M, Sissoko M, Perry S, Dicko A, McFarland W, Doumbo O. Malaria prevention practices in Mopti

region, Mali. East Afr Med J. 2005; 82(8): 396–402. PMID: 16261915

34. Ziba C, Slutsker L, Chitsulo L, Steketee RW. Use of malaria prevention measures in Malawian house-

holds. Trop Med Parasitol. 1994; 45(1): 70–73. PMID: 7915045

Malaria prevention practices and environmental risk factors

PLOS ONE | https://doi.org/10.1371/journal.pone.0205210 October 9, 2018 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/2908761
https://doi.org/10.1186/1475-2875-12-319
https://doi.org/10.1186/1475-2875-12-319
http://www.ncbi.nlm.nih.gov/pubmed/24028542
https://doi.org/10.4314/ahs.v15i2.13
http://www.ncbi.nlm.nih.gov/pubmed/26124785
http://www.ncbi.nlm.nih.gov/pubmed/12791056
https://doi.org/10.1371/journal.pone.0122699
http://www.ncbi.nlm.nih.gov/pubmed/25837978
http://www.ncbi.nlm.nih.gov/pubmed/24591802
https://doi.org/10.1016/j.actatropica.2011.03.004
http://www.ncbi.nlm.nih.gov/pubmed/21420377
https://doi.org/10.1186/s12889-017-4155-5
http://www.ncbi.nlm.nih.gov/pubmed/28302093
https://doi.org/10.1186/s12936-016-1250-5
http://www.ncbi.nlm.nih.gov/pubmed/27068575
http://www.ncbi.nlm.nih.gov/pubmed/27681544
https://doi.org/10.1186/1475-2875-13-45
https://doi.org/10.1186/1475-2875-13-45
http://www.ncbi.nlm.nih.gov/pubmed/24490895
https://doi.org/10.1186/1471-2334-14-168
http://www.ncbi.nlm.nih.gov/pubmed/24669881
https://doi.org/10.1186/1475-2875-9-58
http://www.ncbi.nlm.nih.gov/pubmed/20178654
http://www.ncbi.nlm.nih.gov/pubmed/16913456
http://www.ncbi.nlm.nih.gov/pubmed/10918892
https://doi.org/10.1186/1475-2875-11-220
http://www.ncbi.nlm.nih.gov/pubmed/22747610
http://www.ncbi.nlm.nih.gov/pubmed/16261915
http://www.ncbi.nlm.nih.gov/pubmed/7915045
https://doi.org/10.1371/journal.pone.0205210


35. Bonds JA. Ultra-low-volume space sprays in mosquito control: a critical review. Med Vet Entomol.

2012; 26(2): 121–130. https://doi.org/10.1111/j.1365-2915.2011.00992.x PMID: 22235908

36. White GB: Anopheles gambiae complex and disease transmission in Africa. Trans R Soc Trop Med Hyg

1974; 68: 279–301.

37. Pates H, Curtis C. Mosquito behavior and vector control. Ann Rev Entomol. 2005; 50: 53–70.

38. Parmet S, Lynm C, Glass RM. JAMA patient page. Malaria. 2007; 297(20): 2310.

39. Salem OA, Khadijetou ML, Moina MH, Lassana K, Sébastien B, Ousmane F, et al. Characterization of
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