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Abstract 

Background: Countries in sub-Saharan Africa remain the most affected by malaria, with 
nearly 93% of cases and 94% of deaths in 2018 according to the World Health 
Organization (WHO). According to the WHO, in order to significantly reduce malaria-
related incidence and mortality, at least 80% of the population should be covered with 
insecticide-treated mosquito nets (ITNs). Hence our objective which was on the one hand 
to determine the rates in terms of possession and use of ITNs in countries located in Sub-
Saharan Africa between January 2015 and January 2020, and to determine the impact of 
the use of ITNs on the probability of being infected with malaria. 
Methods: To achieve our goal, we conducted a systematic literature review followed by a 
meta-analysis. The article search was done in the Scopus, Medline via Ovid, BioRxiv, 
MedRxiv, Google and Google scholar databases. Data extracted from articles included in 
the meta-analysis were represented as P-value, Odds Ratio (OR) and 95% confidence 
interval (CI). 
Results: We obtained 693 article references published between 2015 and 2020, of which 
54 were used in our work. Of these articles, 20 were used to analyze association between 
ITNs use and the probability of being infected with malaria. We noted an average rate in  
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terms of possession of 75.8%±15.2 and in terms of use of 58.3%±18. This represents a 
gap of approximately 43.1%±19.2. Many factors was significantly associated with this level 
of use. These included the wealth quintile, the number of children under 5 in the 
household, the education level of the head of the household, and the knowledge that 
sleeping under a mosquito net protects against malaria. Finally, we determined, basis on 
the meta-analysis, that ITNs use is significantly associated (OR=0.53; 95%CI=[0.45-0.62]) 
with a decrease in the probability of being infected with malaria. 
Conclusion: The results of this study highlight the huge gap between ITN ownership and 
use. It is therefore important to increase information and awareness campaigns on the 
importance of ITNs use against malaria in communities.     

Riassunto 

Introduzione : I paesi dell’Africa sub-sahariana rimangono i più colpiti dalla malaria, con 
approssimativamente il 93% dei casi e il 94% dei decessi nel 2018 in accordo con quanto 
riportato dall’Organizzazione Mondiale della Sanità (OMS). Secondo l’OMS, al fine di 
ridurre significativamente l’incidenza e la mortalità associati alla malaria, almeno l’80% 
della popolazione dovrebbe essere protetta da zanzariere trattata con insetticida. Da qui il 
nostro obiettivo, che da un lato è stato quello di determinare il tasso in termini di 
possesso e utilizzo delle zanzariere trattata con insetticida nei paesi situati nell’Africa sub-
sahariana tra gennaio 2015 e gennaio 2020, dall’altro di valutare l’impatto dell’uso di 
questi dispositivi sulla probabilità di essere contagiati dalla malaria. 
Materiali e Metodi : Per raggiungere il nostro obiettivo, abbiamo realizzato una rivista 
sistematica della letteratura seguita da una meta-analisi. La ricerca degli articoli è stata 
effettuata nei database di Scopus, Medline via Ovid, BioRxiv, MedRxiv, Google e Google 
scholar. I dati estratti dagli articoli inclusi nella meta-analisi sono stati rappresentati come 
P-value, Odds Ratio (OR) e intervallo di confidenza al 95% (CI). 
Risultati : Abbiamo ottenuto 693 riferimenti ad articoli pubblicati tra il 2015 e il 2020, di 
cui 54 sono stati utilizzati nel nostro lavoro. Di questi, 20 sono stati utilizzati per 
analizzare l’associazione tra l’uso delle zanzariere trattata con insetticida e la probabilità di 
essere infettati dalla malaria. Abbiamo notato un tasso medio in termini di possesso del 
75.8%±15.2 e in termini di utilizzo del 58.3%±18. Questo rappresenta un divario di 
approssimativamente il 43.1%±19.2. Molti fattori erano significativamente associati a 
questo livello di utilizzo. Questi includevano il quintile di ricchezza, il numero di bambini 
sotto i 5 anni in famiglia, il livello di educazione del capofamiglia e la consapevolezza del 
fatto che dormire sotto una zanzariera trattata con insetticida protegge dalla malaria. 
Infine, abbiamo determinato, sulla base della meta-analisi, che l’uso delle zanzariere 
trattata con insetticida è significativamente associato (OR=0.53; 95%CI= [0.45-0.62]) alla 
riduzione della probabilità di essere infettati dalla malaria. 
Conclusione: I risultati di questo studio evidenziano l'enorme divario tra la proprietà e 
l'uso delle zanzariere trattata con insetticida. È quindi importante aumentare le campagne 
di informazione e sensibilizzazione sull'importanza dell'uso di questi dispositivi contro la 
malaria nelle comunità.  
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Introduction 

Malaria is a disease caused by a protozoan belonging to the genus Plasmodium (P).(1) It is 
a real public health problem. According to WHO, In 2018, 228 million cases of malaria 
and 405,000 deaths related to this disease have been registered worldwide.(2) The WHO 
African zones alone account for 93% (213/228 million) of these cases and 94% of these 
deaths.(2) The most vulnerable group to this disease is children under 5. Indeed, in the 
same year, they accounted for 67% of deaths associated with malaria worldwide.(2) The 
second most vulnerable is pregnant women group. In 2018, nearly 11 million pregnant 
women living in the areas of moderate to high transmission in sub-Saharan Africa were 
reportedly exposed to malaria infection, resulting in 872,000 low-birth weight children 
(16% of all low-birth weight children in these countries).(2) Malaria is transmitted through 
the bites of mosquito called female Anopheles. For this reason, one of the WHO's 
recommendations to fight against malaria is vector control. Vector control is one essential 
point of the first pillar of the Global Technical Strategy for Malaria Control 2016-2030.(3) 

Vector control is based on two major approaches: the use of indoor residual spraying 
(IRS) and the use of insecticide-treated mosquito nets (ITNs).(4) According to WHO, in 
order to significantly reduce malaria-related incidence and mortality, at least 80% 
coverage of the population with ITNs would be required. Many countries in Sub-Saharan 
Africa have incorporated this recommendation into their strategic plans. Between 2015 
and 2020, many studies have set the goal of assessing the rate of ITNs coverage and 
especially its rate of use by the living populations in Sub-Saharan Africa. However, to date, 
no study in our knowledge has been carried out in order to identify the results of these 
various studies. Yet  this is a crucial work, because it allows to have an overview of the 
current situation in order to better organize future research and activities to meet the 
objectives set by the WHO and the government with regard to the problem of malaria. 
Hence our goal to carry out a systematic literature review follow by a meta-analysis of all 
studies conducted in Sub-Saharan Africa between January 2015 and January 2020, in 
which one of the objectives is the evaluation of the use of ITNs as a malaria control tool. 
Another purpose of this work was to assess the gap between possession and use of ITNs 
by populations. 

Methods 

To achieve our goal, a systematic review was conducted to identify all studies related to 
our topic, and the meta-analysis was designed to assess the strengths of the associations as 
well as the quality of the data. This work was carried out in accordance with the 
guidelines of the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) checklist.(5) 

Research Strategy 

In order to obtain all relevant articles on our topic, we conducted a search in several 
databases and search engines including Scopus, Medline via Ovid, BioRxiv, MedRxiv,  
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Google and Google scholar. Initially, we conducted searches using Mesh (Medical Subject 
Heading) words « malaria », « mosquito nets » and « Cameroon ». Secondly, we conducted 
research using free language. Finally, we used Boolean operators such as “OR”, “AND”, to 
combine the results of our research. As an example of a search strategy on Medline via 
Ovid, we used: [(Mosquito Nets) OR ((mosquito adj2 (net* or bednet)). ti,ab,kf)] AND 
[(Malaria)OR (((fever adj2 (marsh or remittent))) or (plasmodium adj2 infection*) or 
plasmodium). ti,ab,kf)]. To this research strategy, we have added the different names of 
countries belonging to sub-Saharan Africa. References obtained have been exported in the 
Mendeley software version 1.19.4. 

Eligibility criteria 

Inclusion Criteria 

We have used as inclusion criteria for our review, articles aimed at evaluating the use of 
ITN in one or more sub-Saharan African countries, those being original articles published 
in French or English, being cross-sectional studies and published between 2015 and 2020.  

Exclusion criteria 

Experimental studies conducted outside the Sub-Saharan Africa regions were excluded. 
Reviews were also excluded. 

Selection of articles 

The selection of articles was done independently by 2 authors. Initially, the references 
were sorted in order to eliminate duplicates. In a second step, a selection based on their 
titles and abstracts was made taking into account the eligibility criteria described above. 
At the end of this second step, the articles selected by each author were put together and 
those that matching were selected to be read in full text. In the case of non consensus 
between the two authors, a third author was consulted. 

Quality Assessment 

The risk of bias assessment of the studies included in Meta-analysis was carried out 
independently by 2 authors using the Quality Assessment Tool for Observational Cohort 
and Cross-Sectional Studies from the National Heart, Lung, and Blood Institute (NHLBI) 
(6). 
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Data Extraction and Quality Assessment  
Data extraction was carried out using Microsoft Excel software. The extraction took into 
account the author’s names, the year of publication, the city in which the study took 
place, the study period, the type of studies carried out, the sample size, the socio-
demographic characteristics, the objective of the study and the main results obtained.  
This extraction step was done independently by 2 authors.  

Meta-analysis 
Quantitative data was collected and used in Review Manager 5.3 software for the meta-
analysis. The random effects model was applied to assess the heterogeneity effects between 
the selected studies. This heterogeneity was quantified using the I² index. The Forest plot 
provided a detailed representation of the included studies taking into account the 95% 
confidence interval (CI), the Odds Ratio (OR) and the weight of each study. The analysis 
of publication bias was performed using the Egger method. 6 
Articles were individually evaluated to determine their quality using the "Newcastle-
Ottawa scale".  

Results 

Selected items 
As mentioned above, we used several databases and search engines. This research allowed 
us to identified 693 citations of which 57 were duplicates. Of the remaining 636 citations, 
we excluded 4 because there were systematic reviews. From the remaining 632, 571 were 
excluded based on titles and summaries reading. Of the 95 citations obtained, their 
integral text readings allowed us to select 54 articles that met the inclusion criteria. These 
citations were used in our work. Of these 54 articles, 20 were used to analyze the 
association between ITN use and the probability of being infected with malaria (Figure 1).  
From the extraction process, we noted that the selected articles varied geographically and 
were made between 2015 and 2020 (see extraction table). We also noted that the study 
populations were quite mixed. these included children under 5(8–11), children over 5 and 
under 14 (12–16), pregnant women (17,18), and households (19,20,29–38,21,39,40,22–28).  
Figure 1: PRISMA Flowchart for the selection of studies 

      Igiene e Sanità Pubblica LXXX.4.2021 •        568

693 of records indentified 
through database and additional 

searching 636 records after duplicates 
removed

636 of records screened
571 of  records excluded:
Non relevant
Not human studies (mosquitoes 
studies)
Systematic review
Non Sub-saharan Africa region

95 of full-text articles assessed 
for eligibility 41 of full-text articles exclude:

Non ITN studies
Not sufficient data for OR 
estimation

54 of studies included in 
qualitative synthesis

20 of studies included in 
quantitative synthesis meta-

analyse

I
d
e
n
t
i
f
i
c
a
t
i
o
n

s
c
r
e
e
n
i
n
g

E
li
g
i
b
il
i
t
y

I
n
c
l
u
d
e
d

INSECTICIDE-TREATED NET USE IN SUB-SAHARAN AFRICA: SYSTEMATIC REVIEW AND META-ANALYSIS 

564-582



      Igiene e Sanità Pubblica 2021; 77(1): 

 

Quality/risk of bias 

As specified in the methodology section, risk of bias analysis was performed using the 
National Heart, Lung, and Blood Institute's Quality Assessment Tool for Observational 
and Cross-Sectional Cohort Studies. (NHLBI). The results of this assessment are 
presented in the appendix 2. In general, the studies included in our meta-analysis was 
good in terms of quality 

Ownership of the insecticide-treated net 
One of our objectives was to determine the possession of ITNs by populations living in 
sub-Saharan African areas. We noted a high rate of net ownership in the majority of 
countries. Indeed, this rate was on average 75.8%±15.2. Only three countries had a rate 
below 50%: Angola (29%), Burundi (46%) and Zimbabwe (48%).(41–43) The lowest rate 
(29%) was observed in Angola while the highest rate (97.3%) was observed in Rwanda.
(9,41) 

Utilization of insecticide-treated nets  
In terms of ITN use, authors of the selected papers determined the rate by asking the 
respondent whether the previous day of the survey they had slept under an ITN. Thus we 
obtained an average utilization rate of 58.3%±18.5. 20 of 54 studies had a utilization rate 
of less than 50%. The lowest rate (9%) was observed in Zimbabwe while the highest rate 
(94.1%) was observed in Rwanda.(9,43) 

Gap between possession and use of the insecticide-treated net 
Of all the articles used in this work, only 42 allowed us to determine the gap between 
people's ITNs ownership and use. Thus, we found an average in terms of Gap of 43.1%
±19.2. This means that out of 100 people who said they owned a net, 44 do not use it. 16 
articles presented a gap greater than 50%. The lowest gap (5.9%) was observed in 
Zimbabwe while the highest gap (91%) was observed in Rwanda. 

Factors influencing non-use of the insecticide-treated net 
In the studies we selected, several factors were significantly associated with non-use of 
ITNs. It was the welfare quintile, the number of children under 5 in the household, the 
study level of the head of household, the environment, the number of sleeping spaces in 
the house, the date (in months) in which the painting was carried out, and knowing that 
sleeping under the bed net protects against malaria.  
Regarding the welfare quintile, Finlay et al., in 2017 and Edmund et al., in 2019 showed 
that people in the poorest quintile use ITNs more than those in the richest quintile.
(30,44)  
Finlay et al., and Fokam et al., in 2017, and Gonahasa et al., in 2018 reported that the 
more children under 5 in the household, the more ITNs are used.(44–46) 
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The fact that the head of the household is male, having a high level of education, being in 
a more mosquito-prone area, and the high number of sleeping spaces, positively 
influences ITN use.(31,44) 
It is the same for having a house whose painting was made less than 12 months ago. 
Indeed, having a wall that has recently painted reduces the effect of the spray due to the 
smell of the paint, hence a greater use of ITNs.(28) 
Finally, who are aware that the use of ITN prevents from malaria, use ITNs more than 
those who do not. (37,44)  

Meta-analysis of the Impact of ITN use  
In order to assess the impact of ITN use, we conducted a quantitative analysis based on 
the results from 20 selected papers. We performed this analysis in different sub-
population groups. We considered four subgroups: children under 5 years old, children 
between 5 and 14 years old, pregnant women and finally the general population. In each 
of these subgroups, children under 5 (OR=0.21; 95%CI=[0.06-0.78]), children between 5 
and 14 (OR=0.78; 95%CI=[0.69-0.87]) , general population (OR=0.43; 
95%CI=[0.33-0.57]), we noted that ITN use was significantly associated with a decrease in 
malaria prevalence except in the group of pregnant women (OR=0.22; 
95%CI=[0.02-2.56]). (Figure 2) Considering all of these 4 subgroups, it can be seen that 
the use of ITN remains significantly associated (OR=0.53; 95%CI= [0.45-0.62]) with a 
decrease in the probability of being infected with malaria. (Figure 2) 
Quantification of heterogeneity allowed us to note an I² of 85% (p-value<0.001) between 
studies and 83.9% (p-value<0.001) between subgroups.  
Figure 2: Forest Plot; Impact of ITN use; in the group of children under 5, children between 5 and 14, and general 
population, we noted that ITN use is significantly associated with a decrease sin malaria prevalence. On the other hand 
in the group of pregnant women we note a non significant association. 
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Discussion 
The aim of our work was to realize a systematic review and meta-analysis of studies 
conducted in Sub-Saharan Africa between January 2015 and January 2020, and having as 
one of the objectives the evaluation of the use of bed net as a malaria control tool. We 
obtained 41 articles from 23 countries in sub-Saharan Africa. 
We found an average rate of ITN ownership by the population of 75.8%±15.2. This high 
rate can be explained by the fact that in many countries free ITN distribution campaigns 
have been, and to date are being, organized.(32,44,46,47) This high rate remains below to  
WHO recommended rate. Indeed, the WHO, in its Global Technical Strategy for Malaria 
Control 2016-2030 recommends universal coverage of the population in areas at risk of 
malaria in ITNs.(3) ITN coverage is an important element in the fight against malaria, 
especially when we know that 80% coverage of the population in ITNs would already 
reduce 75% of deaths related malaria.(48) 
With the regards of the use of ITN, we noted that among those with ITNs, only 58.3%
±18.5 use them; Therefore a difference of 43.1%±19.2. This means that about half of the 
people with ITN do not use it to protect themselves against malaria. In their 2016 study, 
Ntonifor and Veynufambom, reported that some of their respondents used their ITNs to 
make football goal nets, wall covers, field crops for fishing.(36) We noted that several 
factors were significantly associated with the non-use of ITN. It was the welfare quintile, 
the number of children under 5 in the household, the number of members in the 
household, the fact that the head of the household is a man, the level of education of the 
head of the household, the environment, the number of sleeping spaces in the house, the 
date (in months) in which the painting was made, and knowing that sleeping under 
mosquito net protects against malaria. 
Regarding the welfare quintile, we noted that people in the poorest quintile use more 
ITNs than those in the richest quintile. While this is true for ITN use, there is an 
opposite effect regarding the ITNs ownership. This finding was made in many studies.
(30,49,50) The fact that more people in the richest quintile have ITN and less of the same 
quintile use it may be explained by the fact that, due to their economic level, they use 
methods other than ITNs to prevent malaria.(30) These methods include, for example, 
having windows and glass doors.(30) 
 We also noted that the presence of children under 5 years in the household contributes 
to ITN use by the household. This association is not surprising when we know that 
children under 5 are the most vulnerable to malaria. In 2018, they accounted for about 
67% of malaria-related deaths worldwide according to the WHO.(51) For this reason, many 
malaria control strategies are primarily intended for children under 5 and pregnant 
women.(38)  
The education level of the head of household is also a factor influencing ITN use. 
Indeed, it has been shown that the head of the family has a high level of education, 
contributing to a better appreciation of the information conveyed by awareness 
campaigns, and a better understanding of the importance of having ITN and specially 
using it. In this way, he have the capacity to better ensure the use of ITNs in his 
household.(46) This is not only true for the head of the household. Finlay et al., 
demonstrated in 2017 that the higher the level of education of the household members, 
the more they use ITNs.(44) 
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Finally, we noted that the knowing that the use of ITN prevents against malaria 
contributes to the increase in the ITN use. On this topic, Oluwabiyi et al,. in 2018 
showed in their study that 6 out of 10 respondents with a high level of knowledge about 
ITNs used them compared to only 4 out of 10 among those with a low level of knowledge.
(52)  Hence the importance of awareness and information campaigns on ITN, to improve 
the level of knowledge of users. 
The meta-analysis we carried out found that the use of ITNs significantly contributes to 
decrease in malaria prevalence of about 50%. This positive impact of ITN use was also 
observed in the subgroup analyses, that is to say in the group of children under 5 (79% 
decrease), those over 5 up to 14 (22%), pregnant women (78%) and finally in the group of 
those taking into account the entire population (57%). This positive impact of ITN use 
has been noted by several authors.(53–55) 
As limitations to this study, we may mention the fact that, as in the majority of meta-
analyses, we examined only published studies. However, it is important to point out that 
many non-significant studies are not published. The same applies to studies which are less 
broad in terms sample size or studies that are less precise. Thus, as the Funnel plot 
showns, we observed a publication bias in our study (Figure 3). We also noted a high 
variability (I²=85%) between our studies. This can be explained by a large variability in the 
sample size of the studies included in the meta-analysis as specified in the extraction table 
(Appendix 1). However, it is important to note that these limitations did not have a 
significant influence on the results of our study. 
Figure 3: Funnel Plot; through this funnel plot, we noted a publication bias in our study 

Conclusion 
The results of this study highlight the huge gap between ITN ownership and use. It is 
therefore important to increase information and awareness campaigns on the importance 
of ITNs use against malaria in communities 
Until now, malaria remains a real public health problem. In sub-Saharan Africa, in order  
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to reduce the impact of malaria, one of the strategies is the free distribution of 
insecticides-treated mosquito nets. This distribution has a positive impact because we have 
noted a high rate of ITNs use in these countries. However, it is important to note that 
almost half of those who have ITN do not use it. This is worrying, because it's not all 
about owning the net, it's also about using. This gap urgently calls for an increase in 
information and awareness campaigns on the use of insecticide-treated nets. 
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