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Abstract 

Introduction Malaria presents a significant global public health burden, although substantial progress has been 
made, with vector control initiatives such as indoor residual surface spraying with insecticides and insecticide-treated 
nets. There now exists many different approaches to apply residual insecticide to indoor and outdoor surfaces in 
malaria-endemic settings, although no comprehensive systematic reviews exist evaluating these interventions. This 
manuscript outlines the protocol for a systematic review which aims to synthesise the best available evidence regard-
ing full or partial indoor or outdoor residual insecticide surface treatment for preventing malaria.

Methods and analysis This review will comprehensively search the literature (both published and unpublished) 
for any studies investigating the effectiveness of residual insecticide surface treatment for malaria. Studies will be 
screened to meet the inclusion criteria by a minimum of two authors, followed by assessment of risk of bias (using 
appropriate risk-of-bias tools for randomised and non-randomised studies) and extraction of relevant information 
using structured forms by two independent authors. Meta-analysis will be carried out where possible for epidemio-
logical outcomes such as malaria, anaemia, malaria-related mortality, all-cause mortality and adverse effects. Certainty 
in the evidence will be established with GRADE assessments.

Ethics and dissemination A full review report will be submitted to the Vector Control & Insecticide Resistance Unit, 
Global Malaria Program, WHO. A version of this report will be submitted for publication in an open access peer-
reviewed journal. The report will inform the development of WHO recommendations regarding residual insecticide 
treatment for malaria. This systematic review does not require ethics approval as it is a review of primary studies.

Systematic review registration PROSPERO 293194.
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Strengths and limitations of this study

• This study is planned to use a rigorous system-
atic review methodology including comprehensive 
searching and study selection, risk-of-bias assess-
ment and extraction by multiple reviewers in dupli-
cate.

• This review is taking an inclusive approach to inclu-
sion in terms of outcomes, interventions and study 
designs.

• This work will support guideline development in the 
field of malaria control and prevention.

Background
Description of the condition
Malaria is a parasitic, mosquito-borne, infectious disease 
that is highly transmissible, with a significant amount of 
the world’s population at risk [1, 2]. In 2020, there were 
an estimated 241 million cases of malaria worldwide with 
627,000 deaths attributed to the disease [2]. The World 
Health Organization (WHO)-designated African region 
bears the largest burden in terms of malaria morbidity 
and mortality, with 228 million cases (approximately 95% 
of the global total) reported in 2020 [2]. Children under 
5 years of age account for 77% of the total deaths [2].

While malaria remains a significant global public health 
burden, substantial progress has been made since 2000 
when global malaria deaths were estimated at 736,000. 
Global malaria incidence is estimated to have fallen from 
81 cases per 1000 population at risk in 2000 to 59 per 
1000 in 2020 [2]. Much of the decline in malaria burden 
was due to the scale up of malaria prevention and control 
interventions, particularly vector control such as insec-
ticide-treated nets (ITNs) and indoor residual spraying 
(IRS), which are estimated to have contributed to 68% 
and 11%, respectively, of the reduction in malaria burden 
between 2000 and 2015 [3].

Description of the intervention
One of the primary measures of prevention and control 
of malaria includes residual insecticide surface treatment 
[4]. This broad intervention may include the spraying 
(often described as indoor or outdoor residual spray-
ing), painting or application of treated surface coverings 
(such as wallpaper) to the surface of walls and ceilings in 
houses (potentially). Both inside and outside of the home 
may be sprayed  with insecticide to kill mosquitoes and 
reduce their longevity and population size. This may be 
full residual spraying (i.e. treating all surfaces) or partial 
(treating selected surfaces, rooms, parts of walls, etc.). 
This practice, when applied indoors on internal walls and 

surfaces, has been used as an effective intervention in the 
control of malaria, by targeting Anopheles mosquitoes at 
rest, contributing to the significant reduction of malaria 
cases in multiple at-risk countries [3, 5–7]. A previ-
ous Cochrane review studying indoor residual spraying 
determined that while the primary evidence was limited 
in scope to determine efficacy, indoor residual spraying 
may be associated with overall health benefits [8].

Why it is important to do this review
While the global burden of malaria has declined since 
2000, much of this was achieved between 2000 and 2015. 
Since 2015, malaria case incidence has declined by less 
than 2% with 31 countries reporting increased incidence 
of malaria [1]. There is an urgent need to continue inves-
tigating potential measures for the control and preven-
tion of malaria. A previous systematic review on this 
topic [8] was limited to only randomised controlled trials 
(RCTs) and concluded that insufficient evidence existed 
at the time to determine efficacy. In addition, there have 
been no systematic reviews conducted on partial treat-
ment of indoor surfaces or treatment of outdoor surfaces 
or different application methods for insecticide (such 
as paints). Furthermore, there are now new insecticides 
and interventions that may have a different impact on 
malaria. Therefore, the current review aims to expand 
upon this earlier review, with broader inclusion of the 
various study designs, while also answering questions 
related to partial and outdoor surface treatment.

Review questions

1. In areas with ongoing malaria transmission, what are 
the relative benefits and harms of residual insecticide 
surface treatment where all surfaces of interior walls 
are treated compared with no residual insecticide 
surface treatment or other treatments/strategies to 
prevent malaria in adults and children?

2. In areas with ongoing malaria transmission, what are 
the relative benefits and harms of selective (or par-
tial) residual insecticide surface treatment (such as 
where surfaces of interior walls are partially treated) 
compared with no residual insecticide surface treat-
ment, full residual insecticide surface treatment or 
other treatments/strategies to prevent malaria in 
adults and children?

3. In areas with ongoing malaria transmission, what are 
the relative benefits and harms of outdoor residual 
surface treatment (either stand alone or with con-
comitant treatment or indoor residual spraying) 
compared with no outdoor residual surface treat-
ment or other treatments/strategies to prevent 
malaria in adults and children?
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Main objective

1. To assess the benefits (on malaria transmission or 
burden) and harms (adverse effects and unintended 
consequences) of residual insecticide surface treat-
ments (either full or selective/partial indoor and out-
door residual surface treatment).

Secondary objectives

1. To retrieve studies on contextual factors relating to 
residual insecticide surface treatments for preventing 
malaria. These factors include operational and fea-
sibility considerations, such as area of intervention, 
coverage needed to optimise impact, acceptability, 
cost and resource use, cost-effectiveness, impact on 
equity, values and preferences.

2. To retrieve entomological studies such as experimen-
tal hut studies and modelling as supportive data for 
interventions for which epidemiological outcomes 
may or may not have been reported.

Methods
This review will be conducted in line with guidance 
from Cochrane [9], JBI [10] and GRADE [11]. It will be 
reported in line with PRISMA 2020 [12], and this proto-
col is reported in line with PRISMA-P [13]. The methods 
for the three review questions are presented together 
below. Where the methods differ based on the question, 
they are presented separately. This review has been regis-
tered within PROSPERO ID: 293194.

Eligibility criteria
Participants
Studies of adults and children who have resided in 
malaria-endemic regions (regions where malaria infec-
tion is a public health problem) [14]  for more than 
1 month (excluding travellers) are eligible for this review. 
Where studies have included travellers, attempts will be 
made to extract only information on residents, such as by 
contacting the authors or attempts to identify subgroups 
in the report. Where these attempts are unsuccessful, 
studies that combined data (residents and travellers) will 
be included only if more than 85% of participants were 
residents for more than 1 month.

Interventions
The interventions of interest are residual insecticide sur-
face treatments, with surfaces being sprayed, painted 
or treated with insecticide or application of insecticide-
treated surface coverings such as wallpaper. There are no 

limitations on the type of insecticide that is studied. Spe-
cifically, the intervention of interest for the three review 
questions is as follows:

1. Indoor residual insecticide surface treatment of the 
entirety of all indoor walls and ceilings where appli-
cable.

2. Selective/partial residual insecticide surface treat-
ment (where insecticides are applied to only a limited 
surface area or limited wall application within the 
dwelling).

3. Outdoor residual insecticide surface treatment 
(either of the house/dwelling or other exterior sur-
faces of structures within a homestead).

For partial (or selective) treatment, the author’s defi-
nition of ‘partial’ will be used to categorise studies as 
opposed to a threshold established by the author team. 
In particular, we are interested in selective treatment that 
refers to applying an insecticide to parts of a wall, such 
as intentionally only spraying the bottom half of a wall. 
Different levels of houseful coverage will then be investi-
gated through subgroup analysis. Where authors do not 
specify the household coverage, this will be presumed to 
be full surface treatment unless there is information to 
the contrary.

Non-residual, non-surface treatments (such as insec-
ticide space sprays) will be excluded. The target of the 
interventions is mosquitoes at rest, and interventions 
aiming to limit mosquito movement or entry into a 
dwelling (such as curtains or nets) are not for considera-
tion, but interventions such as wall paper and wall linings 
are relevant.

Background interventions
Background interventions (co-interventions) will likely be 
encountered, and information on these will be extracted. 
These are interventions other than the intervention/s 
under consideration or any other malaria- or vector-spe-
cific control intervention. Studies conducted where back-
ground interventions are present will be included as long 
as interventions (both malaria and non-malaria) were 
balanced between intervention and control arms.

Comparators
Comparators for the three review questions include no 
residual insecticide surface treatment as a comparator 
to full residual insecticide surface treatment, no residual 
insecticide surface treatment or full residual insecticide 
surface treatment as a comparator to selective or partial 
residual insecticide surface treatment and no outdoor 
residual surface treatment as a comparator to outdoor 
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residual surface treatment. All other comparators will be 
considered for inclusion, such as ITNs.

Reactive residual insecticide surface treatment, where 
treatment occurs in response into an index case, will only 
be included in cases where it is a comparator to one of 
the three main interventions or where it is a background 
intervention.

Outcomes
The following outcomes were considered for inclusion 
and are grouped into epidemiological outcomes, entomo-
logical outcomes, unintended benefits and harms/unin-
tended consequences:

Epidemiological

• Malaria case incidence (symptomatic infection) in 
children and adults: Defined as malaria symptoms 
with parasitological confirmation, such as with rapid 
diagnostic tests, thick/thin blood film for all species, 
PCR or ELISA or other methods.

• Malaria infection incidence: Active and passive para-
sitological confirmation with rapid diagnostic tests, 
thick/thin blood film, PCR or ELISA (both sympto-
matic and asymptomatic infections)

• Severe clinical malaria incidence: Cerebral malaria 
or malaria with severe anaemia or based on site-spe-
cific definition with parasitological confirmation of 
malaria infection.

• Malaria parasitaemia prevalence, confirmed using 
rapid diagnostic tests or thick/thin blood film for all 
species or PCR or other appropriate methods (both 
symptomatic and asymptomatic infections).

• Mild, moderate or severe anaemia prevalence defined 
by age- and sex-specific WHO haemoglobin cut-offs 
[15].

• Malaria mortality.
• All-cause mortality.

Entomological (only when epidemiological outcomes have 
also been reported)

• Entomological inoculation rate (EIR), defined as the 
number of infective bites received by an individual 
during a season or annually.

• Sporozoite rate, defined as the proportion of mosqui-
toes positive for sporozoites.

• Density of adult female Anopheles, including human 
biting rate (number of mosquitoes caught per per-
son or house per time period) and other measures of 
adult vector density.

• Mortality of adult female Anopheles measured by 
observation if it is knocked down, immobile or una-
ble to stand or take off for 24 h after exposure (or as 
reported in the primary evidence).

• Repellency of vector populations (e.g. anophelines) 
measured by contact irritancy and toxicity in the lab-
oratory or through field evaluations.

• Parity rate, calculated as the number of parous 
females multiplied by 100 and divided by the total 
number of females dissected.

Unintended benefits

• Epidemiological impact on other vector-borne dis-
eases.

Harms and/or unintended consequences of interventions

• Adverse effects known to be associated with insecti-
cides, including skin irritation, irritation of upper air-
ways, nausea and headache.

• Human behaviour changes, e.g. proportion of time 
spent outside the house.

• Any influence on neighbouring houses, e.g. increased 
vector abundance in unsprayed houses.

• Environmental impacts such as biodiversity and eco-
system changes.

• Entomological impacts, e.g. mosquito behaviour 
changes such as outdoor biting, biting times, feeding 
preference and development of insecticide resistance.

Setting
Studies were conducted in settings with ongoing human 
malaria transmission. The presence of other background 
interventions will not impact on study eligibility. Stud-
ies where additional malaria interventions are consid-
ered standard of care were implemented will be included 
as long as interventions (both malaria and non-malaria) 
were balanced between intervention and control arms.

Study design
Randomised studies including cluster randomised con-
trolled trials (no minimum amount of clusters), crossover 
trials and stepped wedge designs will be included.

Non-randomised study designs will be included when 
there is a comparison/control group present. This can 
include historical controls. There will be no exclusions on 
buffer period or length of intervention or timing of meas-
urement of outcomes, and these details will be extracted.
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There will be no exclusions based on language or 
publication status (i.e. published, unpublished, in 
press, in progress, preprint). There are no date limi-
tations. For studies published in languages other than 
English, Google Translate will be used to determine 
whether the study meets inclusion criteria. Where 
studies are published in a language other than Eng-
lish and meet inclusion criteria, Google Translate 
translations will be reviewed by a person fluent in the 
language.

Due to the large amount of studies expected to be 
identified from the search, each article retrieved will 
be categorised based on their study methodology and 
design characteristics. Depending on the amount of 
studies identified for each intervention of interest, 
exclusions based on study design will be considered by 
the author team and the guideline development group 
and potentially implemented post searching, screen-
ing and retrieval of full text prior to extraction. This 
is to ensure the best available evidence to answer the 
research questions is used by optimising the signal-
to-noise ratio from the evidence. This will allow the 
research team to prioritise and balance higher cer-
tainty evidence where it exists for a question against 
very low certainty evidence. For example, for the first 
intervention of interest (indoor residual insecticide 
surface treatment) where we expect to encounter the 
most studies, the group may choose to exclude from 
the level of before-and-after studies (with no con-
trol group) as it is unlikely the lower levels will pro-
vide higher certainty evidence. It will also be recorded 
whether studies have only one cluster/site/study area 
included in each arm or whether there are 2 or more 
within each arm. Some studies may contain elements 
of multiple study designs, and as such the below are 
not mutually exclusive. Studies will be classified using 
the listing below:

 1. Randomised controlled trials.
 2. Controlled trials.
 3. Controlled before and after studies.
 4. Interrupted time series (further split into studies 

where there are 3 or more data points pre/post the 
intervention and those where this is not the case).

 5. Prospective/retrospective cohort studies (with 
exposed/nonexposed groups and baseline/postex-
posure data).

 6. Before and after studies with no control group.
 7. Case–control studies.
 8. Analytical cross-sectional studies at one time 

point.
 9. Descriptive cross-sectional studies at one time 

point.

 10. Modelling studies.

Search strategy
The search strategy aims to locate both published and 
unpublished studies and was developed with the input of 
a health librarian. An initial limited search of MEDLINE 
was undertaken to identify relevant articles on this topic. 
The terminology contained in the titles and abstracts of 
relevant articles, and the related subject headings and 
index terms used to describe the articles, was used to 
develop a full search strategy for Ovid MEDLINE. This 
was also informed by a previous review on reactive 
indoor residual spraying and by using the searchrefinery 
tool [16]. The search strategy, including all identified key-
words and index terms, will be adapted for each included 
database and/or information source, by using polyglot 
and with the aid of a health librarian [17]. The reference 
list and citations of all studies undergoing extraction will 
be screened for additional studies using citationchaser 
[18] and/or related citations search [19]. The full search 
strategies for major databases are available in Supple-
mentary file 1.

The databases to be searched include Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), pub-
lished in the Cochrane Library, and include the Cochrane 
Infectious Diseases Group Specialized Register; MED-
LINE (Ovid); Embase (Elsevier); CINAHL with full text 
(EBSCO) and US National Institute of Health Ongoing 
Trials Register (www. Clini calTr ials. gov/); ISRCTN reg-
istry (www. isrctn. com/); and the WHO’s International 
Clinical Trials Registry Platform (WHO ICTRP) (https:// 
www. who. int/ clini cal- trials- regis try- platf orm), the WHO 
Global Index Medicus (https:// www. globa linde xmedi cus. 
net/), MSF publications and reports (www. msf. org), and 
Demographics and Health Surveys (DHS) indicator sur-
veys and reports (dhspr ogram. com).

Additionally, experts in the field and relevant organi-
sations will be asked whether they know of any studies 
(completed or ongoing) that are relevant to this review 
topic. Organisations included the Malaria Elimination 
Initiative at the University of California at San Francisco, 
the Malaria Eradication Research Agenda Consortium, 
the Malaria Eradication Scientific Alliance, and the Bill 
and Melinda Gates Foundation.

Relevant conference proceedings will also be reviewed 
(where accessible) for potential studies. This will include 
searching the most recent conferences for the Multi-
lateral Initiative on Malaria Pan-African Malaria Con-
ference, American Society of Tropical Medicine and 
Hygiene, and the Malaria in Melbourne event.

http://www.ClinicalTrials.gov/
http://www.isrctn.com/
https://www.who.int/clinical-trials-registry-platform
https://www.who.int/clinical-trials-registry-platform
https://www.globalindexmedicus.net/
https://www.globalindexmedicus.net/
http://www.msf.org
https://www.dhsprogram.com
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Study selection and screening
Following the search, all identified citations will be col-
lated and uploaded into EndNote™ and duplicates 
removed. The studies will then be imported into Covi-
dence for screening, with titles and abstracts screened 
by two or more independent reviewers for assessment 
against the inclusion criteria for the review. Potentially 
relevant studies will be retrieved in full. The full text of 
selected citations will be assessed in detail against the 
inclusion criteria by two or more independent reviewers 
in Covidence. Reasons for exclusion of studies at full text 
that do not meet the inclusion criteria will be recorded 
and reported. Any disagreements that arise between 
the reviewers at each stage of the selection process will 
be resolved through discussion or with an additional 
reviewer/s. The results of the search and the study inclu-
sion process will be reported in full in the final review 
and presented in a Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA 2020) 
flow diagram [12]. Where relevant systematic reviews are 
identified in the search, we will review the list of included 
and excluded studies for consideration; however, the sys-
tematic reviews themselves will not be included in our 
review.

Where members of the author team are named as 
authors on primary studies identified through the search, 
they will be excluded from any decision-making regard-
ing the inclusion of the study or the assessment of the 
study risk of bias.

Contextual factors and entomological studies
During the screening process, studies that potentially 
provide important information regarding the contextual 
factors required to make a recommendation by a guide-
line panel will be tagged within Covidence at the full-text 
screening stage. These studies, if they do not provide data 
relating to the outcomes of interest in this review, will be 
retrieved and collated for further consideration in the 
future (i.e. data extraction and synthesis), potentially as 
subsequent standalone reviews. There are no restrictions 
based on the study design type for contextual factors. 
Likewise, entomological studies will be retrieved and col-
lated for further consideration.

Data extraction
Data will be extracted from papers included in the review 
by two or more independent reviewers using a tailored 
data extraction tool developed by the reviewers. The 
data extracted will include specific details about the par-
ticipants, concept, context, study methods and key find-
ings relevant to the review question/s. The full list of 
items to be extracted is included in Supplementary file 
2. Any disagreements that arise between the reviewers 

will be resolved through discussion or with an addi-
tional reviewer/s. If appropriate, authors of papers will 
be contacted to request missing or additional data where 
required. The data extraction form for study characteris-
tics and outcome data will be piloted on two studies prior 
to finalisation.

Assessment of the risk of bias
Two review authors will independently assess the risk 
of bias for each study using the Cochrane risk-of-bias 2 
tool for randomised controlled trials (and the risk-of-
bias 2 tool for cluster trials where appropriate) [20] and 
the ROBINS-I for non-randomised studies [21], using 
the templates available at https:// www. risko fbias. info/. 
Any disagreements that arise between the reviewers 
will be resolved through discussion or with an addi-
tional reviewer/s. Authors of papers will be contacted to 
request missing or additional data, where required. Risk 
of bias will be undertaken at the result level.

Data synthesis and meta‑analysis
Meta‑analysis
We will pool studies, where possible, in a meta-analysis 
using Review Manager 5 (RevMan5) [22] where two or 
more studies report results for the same outcome in a 
format conducive to meta-analysis. Where there is only 
one study contributing data to a particular outcome for 
a comparison, a forest plot will still be presented for 
illustrative purposes (without a meta-analysis estimate). 
A narrative synthesis of the results will accompany any 
meta-analysis or present the results in the absence of a 
meta-analysis. Results from randomised controlled tri-
als and non-randomised controlled trials will be analysed 
separately.

For dichotomous data, we will calculate effect sizes 
as relative risks and present these with 95% confidence 
intervals (CIs). When there are no events in a treatment 
arm, RevMan will add a fixed value of 0.5 to the empty 
cell. If there are no events in the study, the study will not 
contribute to the pooled relative estimate of effect from 
the meta-analysis; however, we will keep these results to 
inform baseline risk for absolute as opposed to relative 
comparisons and use risk difference instead of relative 
risk. Where incidence rates are reported and appropriate, 
we will calculate the incidence rate ratios. Where pos-
sible, adjusted estimates will be extracted for synthesis 
from non-randomised studies. A random-effects model 
will be used when there are more than two studies and a 
fixed-effect model when there are only two studies.

Assessment of heterogeneity and publication biases
We will assess clinical and methodological heterogene-
ity by evaluating the similarities and differences across 

https://www.riskofbias.info/
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studies in terms of the population, the intervention and 
study design. We will assess statistical heterogeneity vis-
ually by inspection of the forest plot and statistically by 
Cochrane’s Q (P-value 0.05), and by I2, which is a statis-
tic used for quantifying inconsistency in meta-analysis. 
In a meta-analysis, which uses a random-effects model, 
we will also report  Tau2, an estimate of between-study 
variability. We will interpret the I2 according to the guid-
ance in the Cochrane Handbook for Systematic Reviews 
of Interventions [23], bearing in mind the limitations of 
concrete thresholds for I2:

1. 0 to 40%: Might not be important.
2. 30 to 60%: May represent moderate heterogeneity.
3. 50 to 90%: May represent substantial heterogeneity.
4. 75 to 100%: Considerable heterogeneity.

To address publication bias, we will seek both pub-
lished and unpublished literature. Additionally, if there is 
an adequate number of studies (at least 10), we will create 
funnel plots to investigate reporting bias [24]. In the case 
of 10 or more studies, for continuous data, we will use 
Egger’s test [25]. If effect sizes appear to depend on the 
size of the trial, we will explore whether this association 
is due to heterogeneity or publication bias.

Unit of analysis issues
We are likely to encounter unit of analysis issues in this 
systematic review, as groups of individuals are likely to 
be randomised and assigned together in clusters [26]. 
We will take appropriate measures to address unit of 
analysis issues such as using the generic inverse variance 
method in RevMan when studies have analysed their data 
accounting for their cluster design. It is likely that authors 
will have taken steps to control for clustering in their 
analysis; however, if not, we will inflate standard errors 
following the methods in the Cochrane Handbook [26].

Subgroup and sensitivity analysis
A number of potential treatment effect modifiers have 
been identified which will be assessed using subgroup 
analysis where data is available. These will also be 
explored as potential contributors to heterogeneity in the 
overall analysis. These include the following:

• Coverage/deployment strategy of intervention 
applied, e.g. number of rounds of spraying/treatment 
per year/season and timing of outcome measure-
ment.

• Insecticide used and class (i.e. organochlorines such 
as DDT, pyrethroids such as deltamethrin, carba-
mates such as bendiocarb, organophosphates such as 

pirimiphos-methyl, neonicotinoids such as clothiani-
din, and pyrroles such as chlorfenapyr).

• Target sites, mode of action and duration required to 
produce such effect(s).

• Dwelling material and type (e.g. fixed versus tempo-
rary/humanitarian structures).

• Level of household coverage (i.e. different amounts 
of ‘partial’ treatment or label indications (bedrooms 
only vs all house; 1  m from the floor vs full, 10  cm 
from the ceiling vs full).

• Level of transmission and seasonality of transmission 
(high: incidence of about 450 cases/1000 persons/
year or Plasmodium falciparum (Pf )/Plasmodium 
vivax (Pv) prevalence of >  = 35%; moderate: inci-
dence of 250–450 per 1000 persons per year and Pf/
Pv prevalence of 10–35%; low: incidence of 100–250 
per 1000 persons per year and Pf/Pv prevalence of 
1–10%; very low: incidence of < 100 per 1000 per-
sons per year and Pf/Pv prevalence < 1%) (the level 
of transmission will be categorised according to the 
schema found in the framework for malaria elimina-
tion.) [27]. 

• Coverage of other background interventions.
• Vector species characteristics, e.g. species, behav-

iours and insecticide resistance.
• Setting, e.g. rural/urban/peri-urban.
• Population demographics, e.g. sex/age/SES/ethnicity.
• Human behaviour, e.g. sleeping behaviour and 

replastering of houses.
• Time from implementation.
• Subgroups with/without ITNs (in addition to further 

subgroups if possible for pyrethroid-only nets and 
pyrethroid-PBO nets).

Sensitivity analyses will be conducted to determine the 
following:

1) The impact of bias by excluding studies that are at 
a high risk of bias. If there is no difference between 
the high risk-of-bias and low risk-of-bias studies, the 
original analysis result will stand. In the case where 
there are differences between the estimate of the 
pooled high risk-of-bias studies as compared to the 
low risk-of-bias studies, all the results will be pre-
sented, and the preference of the guideline group will 
be followed as to what estimate (i.e. the full analysis 
or only the low risk-of-bias studies) should be used 
for grading and as the basis of recommendations.
2) Where we have inflated standard errors for tri-
als where cluster designs have not been taken into 
account, we will analyse trials as if the individual was 
the unit of randomisation.
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Patient and public involvement
This protocol for a systematic review is being conducted 
for the purposes of informing a WHO guideline. Guide-
line panel members, which include many diverse stake-
holders including the public/patents, end users, experts 
and decision-makers, have shaped the review questions 
and focus and will guide the interpretation of the results.

GRADE
The Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) approach [11] for 
grading the certainty of evidence will be followed, and 
GRADE Evidence Profiles will be created using GRADE-
pro GDT for each comparison. Evidence from RCTs and 
non-RCTs will all start off as high certainty. Historically 
in the GRADE approach, evidence from non-randomised 
studies started as low certainty, but as we are using ROB-
INS-I for assessing risk of bias [28], they start off as high. 
The evidence profile will present the following informa-
tion where appropriate: absolute risks for the treatment 
and control, estimates of relative risk and a rating of the 
certainty of the evidence based on the risk of bias, indi-
rectness, heterogeneity, imprecision and risk of publica-
tion bias of the review results. Assessments from RCTs 
and non-RCTS will be presented separately. The out-
comes reported in the evidence profiles will be as follows:

• Malaria case incidence (symptomatic infection) by 
species (i.e. P. falciparum, Plasmodium malariae, P. 
vivax, Plasmodium ovale and Plasmodium knowlesi).

• Malaria infection incidence by species (i.e. P. falcipa-
rum, P. malariae, P. vivax, P. ovale and P. knowlesi).

• Malaria parasitaemia prevalence (both symptomatic 
and asymptomatic infection) by species (i.e. P. falci-
parum, P. malariae, P. vivax, P. ovale and P. knowlesi).

• Anaemia prevalence.
• Malaria mortality.
• All-cause mortality.
• Adverse effects known to be associated with insecti-

cides, including skin irritation, irritation of upper air-
ways, nausea and headache.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13643- 023- 02259-5.

Additional file 1. Search strategies.

Additional file 2. Data extraction form.
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