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Vector control for malaria prevention during humanitarian 
emergencies: a systematic review and meta-analysis
Louisa A Messenger, Joanna Furnival-Adams, Kallista Chan, Bethanie Pelloquin, Laura Paris, Mark Rowland

Summary
Background Humanitarian emergencies can lead to population displacement, food insecurity, severe health system 
disruptions, and malaria epidemics among individuals who are immunologically naive. We aimed to assess the 
impact of different vector control interventions on malaria disease burden during humanitarian emergencies.

Methods In this systematic review and meta-analysis, we searched ten electronic databases and two clinical trial 
registries from database inception to Oct 19, 2020, with no restrictions on language or study design. We also searched 
grey literature from 59 stakeholders. Studies were eligible if the population was affected by a humanitarian emergency 
in a malaria endemic region. We included studies assessing any vector control intervention and in which the primary 
outcome of interest was malaria infection risk. Reviewers (LAM, JF-A, KC, BP, and LP) independently extracted 
information from eligible studies, without masking of author or publication, into a database. We did random-effects 
meta-analyses to calculate pooled risk ratios (RRs) for randomised controlled trials, odds ratios (ORs) for dichotomous 
outcomes, and incidence rate ratios (IRR) for clinical malaria in non-randomised studies. Certainty of evidence was 
evaluated using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach. 
This study is registered with PROSPERO, CRD42020214961.

Findings Of 12 475 studies screened, 22 studies were eligible for inclusion in our meta-analysis. All studies were conducted 
between Sept 1, 1989, and Dec 31, 2018, in chronic emergencies, with 616 611 participants from nine countries, evaluating 
seven different vector control interventions. Insecticide-treated nets significantly decreased Plasmodium falciparum 
incidence (RR 0·55 [95% CI 0·37–0·79]; high certainty) and Plasmodium vivax incidence (RR 0·69 [0·51–0·94]; high 
certainty). Evidence for an effect of indoor residual spraying on P falciparum (IRR 0·57 [95% CI 0·53–0·61]) and P vivax 
(IRR 0·51 [0·49–0·52]) incidence was of very low certainty. Topical repellents were associated with reductions in malaria 
infection (RR 0·58 [0·35–0·97]; moderate certainty). Moderate-to-high certainty evidence for an effect of insecticide-
treated chaddars (equivalent to shawls or blankets) and insecticide-treated cattle on malaria outcomes was evident in 
some emergency settings. There was very low certainty evidence for the effect of insecticide-treated clothing.

Interpretation Study findings strengthen and support WHO policy recommendations to deploy insecticide-treated 
nets during chronic humanitarian emergencies. There is an urgent need to evaluate and adopt novel interventions for 
malaria control in the acute phase of humanitarian emergencies.

Funding WHO Global Malaria Programme.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license

Introduction
Humanitarian emergencies, of either natural or 
anthropogenic origins, can lead to large-scale population 
movement, food insecurity, and severe health system 
disruptions. As of 2022, the UN High Commissioner 
for Refugees estimates that there are 89·3 million 
people who have been forcibly displaced worldwide, 
including 53·2 million people who have been internally 
displaced, 21·3 million refugees, and 4·6 million 
asylum-seekers.1 Humanitarian emergencies in 
Venezuela have led to a displacement of 4·4 million 
Venezuelan people and a 1200% increase in malaria 
cases between 2000 and 2020 in Venezuela, which is a 
stark reminder of how easily reversible malaria control 
gains are.2 Venezuela now accounts for 73% of total 
malaria deaths on the continent.3 Globally, almost two-
thirds of people affected by humanitarian emergencies 

inhabit malaria endemic areas,4 particularly the WHO 
African region, which currently accounts for 94% of all 
malaria cases and deaths.3 Mass displacement can 
increase the risk of severe malaria epidemics, especially 
when populations with little or no previous disease 
exposure move into areas of more intense transmission 
or when individuals with subclinical infections transit 
into urban settings. Inadequate water, sanitation, and 
hygiene (WASH) facilities, drainage, and waste 
management systems all contribute to high levels of 
vector breeding and increased malaria transmission. 
Limited, disrupted, and overburdened national malaria 
control programmes and health services result in 
insufficient access to treatment and control measures, 
with poor health outcomes worsened by concomitant 
infectious diseases, malnutrition, security concerns,5 
trauma, and anaemia.6

Lancet Glob Health 2023; 
11: e534–45

See Comment page e482

Department of Disease Control, 
Faculty of Infectious Tropical 
Diseases, London School of 
Hygiene and Tropical Medicine, 
London, UK (L A Messenger PhD, 
J Furnival-Adams MSc, 
K Chan PhD, B Pelloquin MSc, 
M Rowland PhD); Department 
of Environmental and 
Occupational Health, School of 
Public Health, University of 
Nevada, Las Vegas, NV, USA 
(L A Messenger); ISGlobal, 
Hospital Clínic, Universitat de 
Barcelona, Barcelona, Spain 
(J Furnival-Adams); School of 
Tropical Medicine and Global 
Health, University of Nagasaki, 
Nagasaki, Japan (B Pelloquin); 
The MENTOR Initiative, 
Crawley, UK (L Paris MSc)

Correspondence to: 
Dr Louisa Messenger, 
Department of Disease Control, 
Faculty of Infectious Tropical 
Diseases, London School of 
Hygiene and Tropical Medicine, 
London WC1E 7HT, UK 
louisa.messenger@lshtm.ac.uk

http://crossmark.crossref.org/dialog/?doi=10.1016/S2214-109X(23)00044-X&domain=pdf


Articles

e535 www.thelancet.com/lancetgh   Vol 11   April 2023

During the initial phase of a humanitarian emergency, 
the priorities for malaria control are prompt and effective 
diagnosis and treatment.6 Selection of complementary 
vector control interventions in these situations depends 
on malaria infection risk, human and local vector 
population behaviours, available logistical support, and 
type of shelter.7 In some emergencies, effective case 
management can be supplemented with distribution of 
insecticide-treated nets (ITNs), first targeting the most 
susceptible populations, such as pregnant women and 
children younger than 5 years, with the end goal of 
achieving and maintaining universal coverage.8–10 Indoor 
residual spraying (IRS) is generally not feasible when 
dwellings are scattered widely, of a temporary nature, or 
constructed with surfaces that are unsuitable for 
spraying,11 but it is more appropriate for protecting larger 
populations where housing is permanent and structurally 
sound, as are more often established when emergencies 
progress into the post-acute and recovery phases.6,12

Other innovative community-level and personal vector 
control interventions have been designed specifically 

for humanitarian emergencies, including shelter 
materials,13–15 bed sheets,16–18 blankets,19 and clothing that 
are treated with insecticides,20 as well as topical repellents 
for individual use21,22 or to treat community livestock.23 
However, evidence for the effectiveness of vector control 
tools deployed during humanitarian emergencies has 
been considered insufficient by WHO to develop policy 
recommendations. Recommendations for ITNs and IRS 
during humanitarian emergencies are based on their 
proven efficacy in non-emergency situations, without 
consideration of the unique operational challenges 
associated with emergency settings.7 We did a systematic 
review and meta-analysis of the effect of different vector 
control interventions on malaria disease burden during 
humanitarian emergencies.

Methods
Search strategy and selection criteria
In this systematic review and meta-analysis, we adhered 
to the updated PRISMA 2020 guidelines.24,25 We searched 
Cochrane Infectious Disease Group Specialized Register, 

Research in context

Evidence before this study
Humanitarian emergencies (natural, climate-related, or man-
made) can increase risk of malaria epidemics and the incidence 
of severe disease, particularly when individuals with 
immunological naivety are displaced into high malaria 
transmission areas and when vector breeding increases due to 
flooding, loss of infrastructure, and inappropriate waste 
drainage and management systems. When reviewed previously 
by WHO, the evidence for vector control tools deployed during 
humanitarian emergencies was considered insufficient to 
develop formal policy. Few recommendations were given 
based on proven intervention effectiveness during 
non-emergency situations. We searched PubMed, without 
restriction on language or study design, using the terms 
“humanitarian emergency”, “malaria”, “vectors” or “mosquito” 
or “Anopheles”, “insecticide-treated net”, “indoor residual 
spraying”, “insecticide-treated plastic sheeting”, “insecticide-
treated clothing”, “insecticide-treated blankets”, “topical 
repellents” for articles published between database inception 
and Oct 15, 2020. We found no published synthesis of the 
evidence base for malaria control interventions during 
emergency settings.

Added value of this study
We investigated the effect of different vector control 
interventions on malaria disease burden during humanitarian 
emergencies to provide a comprehensive global evidence 
summary and to highlight the complexities associated with 
generating robust evidence for vector control tools in such 
settings. Insecticide-treated nets (ITNs) were confirmed as 
effective for preventing both Plasmodium falciparum and 
Plasmodium vivax malaria infection in chronic emergencies with 

adequate shelter. The evidence for an effect of indoor residual 
spraying (IRS) on preventing malaria infection during 
humanitarian emergencies was weaker. Other experimental 
vector control tools, including insecticide-treated chaddars or 
blankets and insecticide treatment of cattle, also showed 
promise in individual studies and might be transferable to acute 
emergencies or outdoor conditions. Key differences in vector 
and human behaviours might influence the effectiveness of 
these interventions between emergency settings and 
additional randomised studies are warranted.

Implications of all the available evidence
No formal guidelines existed for malaria vector control in 
humanitarian emergencies. The results of this systematic review 
and meta-analysis support the use of ITNs in these settings, 
where shelter types and sleeping arrangements are appropriate 
for their use. We identified multiple barriers affecting the 
evaluation of vector control tools in humanitarian emergencies, 
including the rapid onset of these events, ethical design of 
appropriate control groups, inequitable access of study 
participants to concomitant improvements in malaria diagnosis 
and treatment, heterogeneities in refugee camp infrastructure, 
and recent requirements of two randomised controlled trials 
with epidemiological endpoints to provide evidence for 
approval of new classes of vector control tool. Most importantly, 
there is a clear and urgent need to evaluate novel, innovative, 
emergency-specific vector control interventions to complement 
ITN distributions, IRS campaigns, and parallel strategies to 
improve policy evaluation processes, expand market access, and 
stimulate the development of these niche vector control 
products. Study findings have now contributed directly to the 
latest WHO guidelines for malaria vector control.
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Central Register of Controlled Trials, MEDLINE, Africa-
Wide Information, the WHO Global Index Medicus, 
the Science Citation Index Expanded, the Conference 
Proceedings Citation Index—Science, Embase, Global 
Health, and LILACS to identify relevant studies from 
database inception to Oct 19, 2020. We did not impose 
any language or study design restrictions. Bibliographies 
of relevant articles retrieved from the searches were 
checked for additional publications. We also searched 
ClinicalTrials.gov and the ISRCTN registry to identify 
ongoing trials. Grey literature from 29 key non-
governmental organisations, 24 donors, stakeholders, 
and policy makers, and six industrial partners were also 
searched. A full description of the search methods and 
terms is available online. Five reviewers (LAM, JF-A, BP, 
LP, and KC) used predetermined eligibility criteria to 
screen records and full texts, with adjudication by 
consensus in cases of disagreement. We ensured that 
multiple publications of the same study were included 
only once. We listed excluded studies, together with their 
reasons for exclusion, in the appendix (pp 3–20). 
References were managed using EndNote (X9.3.3) and 
screened using Rayyan.26

Studies retrieved were eligible for inclusion in the 
systematic review and meta-analysis if they satisfied all 
criteria: the study population consisted of individuals 
of all age groups or children of specified age groups 
(ie ≤5 years or 6–15 years) who were affected by 
humanitarian emergencies (any phase) in malaria 
endemic regions; any malaria-specific vector control 
intervention was evaluated; and the primary outcome of 
interest was malaria infection risk, measured as case 
incidence, infection incidence, or parasite prevalence. 
An expanded definition of a humanitarian emergency 
can be found in the appendix (p 21). Studies retrieved 
were eligible for inclusion in secondary analyses if 
none of the primary malaria risk indicators were 
measured but at least one of the following secondary 
outcomes were reported: all-cause mortality, incidence 
of severe malaria, anaemia prevalence (<10 g/dL), 
entomological inoculation rate, adult mosquito density, 
sporozoite rate, intervention durability, occurrence of 
adverse events, and user acceptability and usage of 
interventions. The following study designs were eligible 
for inclusion in the primary meta-analysis: cluster-
randomised, controlled before-and-after, cross-sectional, 
non-randomised crossover, case–control, and cohort 
studies, case series, interrupted time series, and 
programmatic evaluations. A detailed study design is 
available from the review protocol.27

Data analysis
Two review authors (LAM and JF-A) independently 
extracted information from eligible studies, without 
masking to author or publication, into a database. 
Disagreements in data extraction were resolved by 
discussion and consensus between the two review 

authors, with arbitration by a third (KC, BP, or LP) 
when necessary. Original study authors and research 
groups were contacted in cases of missing data or 
ambiguous reporting. Information on data extraction 
can be found in the appendix (pp 22).

Analyses were structured first by type of vector control 
intervention, second by outcome (separating Plasmodium 
falciparum and Plasmodium vivax), and third by study 
design. If a combination of vector control interventions 
were used (eg, IRS with ITNs), these were considered as 
separate interventions. Studies that reported sufficient 
data to calculate crude effects and studies that reported 
crude or adjusted effect measures with 95% CIs were 
included in the quantitative analysis.

Epidemiological data were combined in meta-analyses. 
Meta-analyses of both crude and adjusted results were 
reported. Random-effects models were used to calculate 
pooled effect measures (risk ratios [RRs] for randomised 
controlled trials, odds ratios [ORs] for dichotomous 
outcomes in non-randomised studies, and incidence rate 
ratios [IRRs] for clinical malaria incidence in non-
randomised studies). Study effects were combined in the 
meta-analysis using the generic inverse method for non-
randomised studies with adjusted results.28 For cluster-
randomised controlled trials or non-randomised cluster 
trials, adjusted measures of effect were extracted. If study 
authors did not perform any adjustment for clustering, 
raw data were adjusted using an intraclass correlation 
coefficient (ICC). If no ICC was reported, this was 
estimated with reference to similar studies. If the ICC 
was estimated, sensitivity analyses were done to 
investigate the robustness of our analyses.

Risk of bias for randomised controlled trials was 
assessed using the Cochrane risk of bias tool.29 Risk of 
bias for non-randomised studies was assessed using the 
Newcastle-Ottawa scale.30 There were insufficient studies 
identified to assess publication bias; however, we had 
planned to assess this by visual inspection of funnel plots 
and Egger test for funnel plot asymmetry.31 Certainty of 
the evidence was evaluated for all comparisons using the 
Grading of Recommendations, Assessment, Development 
and Evaluation (GRADE) approach.32

We did analyses in Review Manager (version 54.1). This 
study is registered with PROSPERO, CRD42020214961.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Our initial search yielded 21 309 records, of which 
12 475 remained after removing duplicates (figure 1). 
An additional 28 records were identified from the 
bibliographies of screened studies. After exclusions, 
278 full-text articles were assessed for eligibility, of which 
24 records were considered for inclusion in the systematic 

For more on the search methods 
and terms see https://osf.io/
r6n7k/?view_only=38d7a705d7
43435097f170bbebaa0623

See Online for appendix

https://osf.io/r6n7k/?view_only=38d7a705d743435097f170bbebaa0623
https://osf.io/r6n7k/?view_only=38d7a705d743435097f170bbebaa0623
https://osf.io/r6n7k/?view_only=38d7a705d743435097f170bbebaa0623
https://osf.io/r6n7k/?view_only=38d7a705d743435097f170bbebaa0623
https://osf.io/r6n7k/?view_only=38d7a705d743435097f170bbebaa0623
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review (qualitative synthesis8,10–14,16,20,21,23,33–46; table); 22 of 
these studies contained the necessary data for inclusion 
in the quantitative analysis (appendix pp 23–35). One 
record was excluded from the quantitative analysis 
because it was a study with no events,33 and another was 
excluded because it did not have a true control group.13 
All studies included in the meta-analysis were conducted 
between Sept 1, 1989 and Dec 31, 2018 during chronic or 
protracted humanitarian emergencies in nine countries 
in WHO regions: five in sub-Saharan Africa (four in 
Democratic Republic of the Congo, one in Kenya, one in 
Sierra Leone, two in Sudan, one in Uganda), two in the 
Eastern Mediterranean (eight in Pakistan and one in 
Afghanistan) and two in South-East Asia (one in 
Myanmar, one in Thailand, and two in the Thai–
Myanmar border; appendix p 36). Sources of all 
humanitarian emergencies were violent conflict, usually 
due to political, religious, or ethnic persecution and all 
studies included in the quantitative analysis were in 
refugee camps and settlements that had been established 
for several years or more. 11 of the included studies 
involved internally displaced people (fleeing from conflict 
in Myanmar or Thailand,10,34–36 Democratic Republic of 

the Congo,37–40 Sierra Leone,14 Sudan,41 or Uganda8). The 
remaining 11 studies were in refugee populations (either 
Afghan refugees in Pakistan,12,16,21,23,42–45 or people resettled 
back in Afghanistan after time spent in Pakistan,46 
Somalian refugees in Kenya20 or Ethiopian refugees in 
Sudan11).

Seven different vector control interventions were 
deployed alone (21 of 22 studies) or in combination 
(one of 22 studies): ITNs (12 studies),8,10,33–35,37–41,43–46 
IRS (three),11,12,42 ITNs and IRS (one),44 insecticide-treated 
plastic sheeting (one),14 insecticide-treated chaddars 
(equivalent to shawls or blankets; one),16 insecticide-
treated clothing (one),20 topical repellents (two),21,36 and 
insecticidal treatment of livestock (one;23 table and 
appendix pp 23–35). Nine studies were either cluster-
randomised controlled trials (cRCTs; six; either 
household-randomised or village-randomised) or 
randomised trials at the individual level (three). 
13 studies were non-randomised, including a before-
and-after study (one), a controlled before-and-after 
study (one), cross-sectional surveys (seven), cross-
sectional surveys with nested case-control studies (two), 
a cohort trial (one), and a non-randomised trial (one). 
Where appropriate, for cRCTs the data were adjusted for 
clustering and sensitivity analyses were done for 
outcomes in which the ICC was estimated. For all 
outcomes, the sensitivity analyses showed that using an 
estimated ICC did not greatly influence the effect size 
(appendix pp 36–42).

The majority of studies included in the meta-analysis 
(13 of 22) evaluated ITNs,8,10,33–35,37–41,43–46 and demonstrated 
a significant reduction in P falciparum case incidence 
(RR 0·55 [95% CI 0·37–0·79]; four cRCTs; high 
certainty),10,34,35,45 P vivax case incidence (RR 0·69 
[0·51–0·94]; three cRCTs; moderate certainty; figure 2),10,35,45 
and P falciparum prevalence (RR 0·60 [0·40–0·88]; two 
cRCTs; high certainty; appendix pp 43–44) over 10 months. 
These studies took place during chronic humanitarian 
emergencies on the Thai–Myanmar border,34,35 within 
Myanmar,10 and within Pakistan45 (appendix p 43).

Four studies deployed IRS, with evidence from 
observational studies in Pakistan supporting a reduction 
in P falciparum incidence (IRR 0·57 [95% CI 0·53–0·61]; 
one before-and-after study; very low certainty)12 and 
P vivax incidence (IRR 0·51 [0·49–0·52]; one before-
and-after study; very low certainty).12 P vivax prevalence 
was not significantly affected by IRS (OR 0·74 [95% CI 
0·25–2·14]; one cross-sectional study and one controlled 
before-and-after study; very low certainty;42,44 figure 3; 
appendix pp 44–45). However, the only cRCT to evaluate 
IRS in eastern Sudan did not observe an effect on 
P falciparum prevalence (RR 1·31 [95% CI 0·91–1·88]; 
low certainty;11 appendix pp 44–45). Furthermore, a 
single cross-sectional study in Pakistan showed a 
combined effect of ITNs and IRS on P vivax prevalence 
(OR 0·26 [95% CI 0·10–0·67]; very low certainty;44 

appendix p 45).

Figure 1: Study selection

21 309 records identified through database searching

12 475 records after duplicates removed

12 503 records screened

278 full-text articles assessed for eligibility

28 records identified from bibliographies of 
screened studies

69 records identified through other sources

2 studies included in qualitative synthesis 22 studies included in quantitative synthesis 
(meta-analysis)

12 225 records excluded

254 full-text articles excluded
47 did not have required study population
43 did not include required exposure
38 did not include required outcome
16 unable to link outcome to exposure
20 did not include control group or had an 

inappropriate study design
4 same data in two articles

64 records were reviews, conference abstracts, 
commentaries, policy documents, press 
releases, or modelling studies

22 records for which full texts could not be 
retrieved
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The use of topical repellents was also associated with a 
significant decrease in P falciparum infection incidence 
(RR 0·58 [95% CI 0·35–0·97]; moderate certainty) but 
not P vivax infection incidence (RR 1·06 [0·60–1·85]; low 
certainty), in two cRCTs in Pakistan and Thailand21,36 
(figure 4, appendix p 46).

Four of six remaining studies evaluated vector control 
interventions specifically designed for use during 
humanitarian emergencies. Individual studies showed 
that insecticide-treated plastic sheeting led to a reduction 
of P falciparum case incidence over 4 months (RR 0·68 
[95% CI 0·62–0·74]; one cohort study; very low certainty) 

in Sierra Leone14 (appendix p 47), and of insecticide-
treated clothing on P falciparum prevalence (OR 0·29 
[95% CI 0·14–0·60]; one non-randomised study; very 
low certainty) in Kenya20 (appendix p 48). In addition, 
insecticide-treated chaddars or blankets reduced 
P falciparum case incidence (RR 0·56 [95% CI 0·39–0·80]; 
moderate certainty) but not P vivax case incidence 
(RR 0·74 [95% CI 0·54–1·02]; low certainty; one study) 
and insecticide-treated cattle significantly reduced both 
P falciparum incidence and prevalence (incidence: 
IRR 0·44 [95% CI 0·22–0·86]; moderate certainty; 
prevalence: RR 0·46 [95% CI 0·31–0·70]; high certainty; 
one study) and P vivax incidence but not prevalence 
(incidence: IRR 0·69 [95% CI 0·50–0·95]; moderate 
certainty; prevalence: RR 0·60 [95% CI 0·33–1·08]; 
moderate certainty) in Pakistan in two cRCTs (appendix 
pp 49–50).16,23

Regarding secondary outcomes, anaemia was 
measured in five studies, with ITNs having no significant 
change on haemoglobin levels (RR 0·95 [95% CI 
0·81 to 1·11]; moderate certainty; two cRCTs in interior 
Myanmar10 and the Thai–Myanmar border;34 and mean 
difference –0·10 [–0·34 to 0·14]; very low certainty; a 
cross-sectional survey in Uganda8); insecticide-treated 
plastic sheeting decreased anaemia prevalence (mean 
difference 0·71 [95% CI 0·48 to 0·94]; very low certainty; 
one cohort study in Sierra Leone14). By comparison topical 
repellents had no impact on anaemia prevalence (RR 1·06 
[95% CI 0·91 to 1·23]; low certainty; one cRCT in 
Thailand36). There was insufficient published data for all 
other secondary outcomes to perform quantitative 
analyses.

Due to the absence of a published protocol for all 
studies, there were some concerns regarding the risk of 
bias in the selection of the reported result for cRCTs. 
However, in all other domains, the risk of bias was low 
for all studies apart from the study by Rowland and 
colleagues (1999),16 in which there were concerns related 
to bias due to deviations from the intended intervention 
(appendix p 51). There was a high risk of bias in two 
case–control studies,39,46 which were scored low on 
the Newcastle-Ottawa scale in the representativeness 
of cases, selection of controls, and ascertainment of 
exposure (appendix p 52). There was a moderate risk of 
bias for the 11 cross-sectional, controlled before-and-after, 
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and before-and-after studies.8,12,20,37–42,44,46 Bias was attributed 
to the absence of information on non-responding 
participants, exposures not being formally validated 
through a measurement tool, and because some studies 
did not control for any potential confounders (appendix 
p 53). There was a low risk of bias in the one cohort 
study14 (appendix p 54). There were insufficient studies to 
test for asymmetry in the meta-analysis for any outcome 
measurement per intervention. The GRADE assessments 
indicated moderate-to-high certainty evidence for the 
effect of ITNs, insecticide-treated chaddars and blankets, 
topical repellents, and insecticide-treated cattle on 
malaria outcomes during humanitarian emergencies. 

The GRADE approach indicated very low or low certainty 
evidence for the effect of IRS, IRS and ITNs, insecticide-
treated clothing, and insecticide-treated plastic sheeting 
on malaria outcomes during humanitarian emergencies.

Discussion
Study findings showed high certainty evidence that ITN 
deployment in chronic humanitarian emergencies can 
reduce P falciparum incidence by 45% and P vivax 
by 31%. Similar effect sizes have been reported from 
recent meta-analyses of ITNs used in non-emergency 
malaria-endemic settings.47 The contemporary effective-
ness of ITNs is predicated on several factors, including 

Events Total Events Total

Weight (%)ITNs No ITNs Risk ratio (95% CI)

Dolan et al (substudy 1), 199334

Rowland et al, 199645

Luxemburger et al, 199435

Smithius et al, 201310

Dolan et al (substudy 2), 199334

Total (95% CI)

Heterogeneity: τ2=0·12; χ2=11·72, df=4 (p=0·02); I2=66%

Test for overall effect: Z=3·15 (p=0·016)

9

44

24

16

19

112

36

1155

155

185

67

1598

23

114

46

28

16

227

35

1152

163

187

65

1602

17·1

24·9

21·8

18

18·2

100

0·38 (0·21–0·70)

0·38 (0·27–0·54)

0·55 (0·35–0·85)

0·58 (0·32–1·03)

1·15 (0·65–2·04)

0·55 (0·37–0·79)

Rowland et al, 199645

Smithius et al, 201310

Luxemburger et al, 199435

Total (95% CI)

Heterogeneity: τ2=0·04; χ2=3·61, df=2 (p=0·16); I2=45%

Test for overall effect: Z=2·34 (p=0·019)

150

18

23

23

1155

185

155

1495

259

23

26

308

1152

187

163

1502

55·9

20·3

23·9

100

0·58 (0·48–0·69)

0·79 (0·44–1·42)

0·93 (0·56–1·56)

0·69 (0·51–0·94)

1e–2 1e–1 1e0 1e1 1e2

Risk ratio (log scale)

A

B

Events Total Events Total

Weight (%)IRS No IRS Rate ratio (95% CI)

Rowland et al (substudy 1), 199712

Rowland et al (substudy 2), 199712

Total

Heterogeneity: χ2=44·00, df=1 (p<0·00001); I2=98%

Test for overall effect: Z=14·34 (p<0·00001)

687

329

1016

163 568

76 618

240 186

1407

375

1782

163 568

76 618

240 186

79·0

21·0

100·0

0·49 (0·44–0·53)

0·88 (0·76–1·02)

0·57 (0·53–0·61)

Rowland et al (substudy 1), 199712

Rowland et al (substudy 2), 199712

Total

Heterogeneity: χ2=771·73, df=1 (p<0·0001); I2=100%

Test for overall effect: Z=45·59 (p<0·0001)

3713

3494

7207

163 568

76 618

240 186

9749

4030

13 779

163568

76 618

240 186

71·2

28·8

100·0

0·37 (0·35–0·38)

0·86 (0·82–0·90)

0·51 (0·49–0·52)

1e–2 1e–1 1e0 1e1 1e2

Risk ratio (log scale)

A

B

Figure 2: The effect of ITNs on malaria case incidence
(A) Plasmodium falciparum case incidence. (B) Plasmodium vivax case incidence. Error bars show 95% CIs. ITN=insecticide-treated nets.

Figure 3: The effect of IRS on malaria case incidence
(A) Plasmodium falciparum case incidence. (B) Plasmodium vivax case incidence. Error bars show 95% CIs. IRS=indoor residual spraying.
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net access, use, and durability, insecticide retention and 
bioefficacy, and vector susceptibility.48 Several operational 
studies have highlighted substantial pragmatic barriers 
to ITN use in mobile populations of internally displaced 
people, including inadequate sleeping arrangements, 
overcrowding, violence, misuse of ITNs, rapid develop-
ment of net holes from harsh living conditions, and 
inadequate information education communication and 
behaviour change communication (IEC/BCC) about net 
care in populations that are unreceptive, have low levels 
of literacy, or have high levels of trauma.8,37,49,50 Another 
complication of deploying personal protective vector 
control interventions is the economic vulnerability of 
internally displaced people relative to neighbouring or 
host communities, which can encourage trade in donated 
goods, theft, heightened tensions, and even violence 
against internally displaced people by those who were 
not beneficiaries of charitable commodities.37,49 Adapted 
ITN delivery mechanisms and coordinated monitoring 
and evaluation programmes, in particular accurate 
population mapping, continuous community-based 
distribution systems, hang-up campaigns reinforcing 
key IEC/BCC messages, and strengthened intersectoral 
partnerships, are crucial to achieve and maintain 
high ITN coverage and use during humanitarian 
emergencies.49

There were some indications that IRS can prevent 
P falciparum and P vivax infection during humanitarian 
emergencies. However, the certainty of evidence was 
very low, aligning with previous results from non-
emergency settings, which highlighted the need for 
additional trials to quantify the effect size of IRS in 
different transmission settings.51 Based on ITN and IRS 
efficacy during non-emergency situations, WHO has 
suggested these two tools for use in emergencies, and 
our study findings strengthen and support this policy 
for ITNs where sleeping arrangements are appropriate 

(ie, where there is somewhere to hang a bed net). 
Compared with ITNs, IRS requires fewer behavioural 
changes, which can impede intervention use during 
humanitarian emergencies, and the arsenal of available 
insecticides is greater, an asset with regards to the 
pervasive problem of insecticide resistance among 
major malaria vector populations.52 However, IRS 
does require planning, timely application, specialist 
experience, greater logistical resources for implemen-
tation, and sustained donor initiatives.53 One strategy 
to circumvent some of these limitations has been 
to exploit utilitarian emergency materials, such as 
plastic sheeting, tarpaulins, and tents, as longer-
term mechanisms of insecticide delivery.13,15,54–59 In this 
systematic review, we only identified one study that 
reported very low certainty evidence of the effect of 
insecticide-treated plastic sheeting on P falciparum case 
incidence in west Africa during a chronic emergency.14 
This concept has also been extended to treating 
personal material items during emergencies, including 
clothing, blankets, and bedsheets, with pyrethroid 
insecticides,16,18,20,60 with moderate evidence for a 
reduction in P falciparum case incidence from a 
household-randomised trial of permethrin-treated 
chaddars in Pakistan16 and lower certainty evidence for 
insecticide-treated clothing to prevent malaria infection 
in Kenya.20 As none of these products are currently 
commercially available, there is an urgent need to 
design and further evaluate novel, innovative, and 
emergency-specific vector control tools to comple -
ment ITN distributions and IRS campaigns. The 
simultaneous deployment of several malaria control 
tools has been identified as a priority in humanitarian 
emergencies among experts, with insecticide-treated 
covers and blankets considered favourable because of 
their transportability and flexibility for use in mobile 
populations.53 The private sector has largely failed to 

Figure 4: The effect of topical repellents on malaria infection incidence
(A) Plasmodium falciparum infection incidence. (B) Plasmodium vivax infection incidence. Error bars show 95% CIs.
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develop these niche vector control tools, particularly 
those that might not have a market share for routine 
use in stable malaria endemic settings.61

Topical repellents and insecticide-treated cattle were 
also associated with significant reductions in malaria 
incidence in the Eastern Mediterranean and South-East 
Asia with moderate-to-high certainty evidence.21,23,36 
However, by comparison with sub-Saharan Africa, there 
are key differences in malaria vector populations between 
these areas, particularly exophilic or exophagic and 
anthropophilic or zoophilic tendencies, which might 
influence the efficacy of these vector control interventions. 
Insecticide-treated cattle was an effective intervention in 
Pakistan,23,62 where vector populations are highly zoophilic 
and the study population lived in established housing 
settlements. It could be assumed that this strategy would 
also show promise in areas where Anopheles arabiensis is a 
major vector species in sub-Saharan Africa.63–65 Topical 
repellents have not always performed well in malaria-
endemic parts of Africa, largely due to issues of IEC/BCC, 
standardised repellent formulation, user compliance, 
and duration of protection, which can all contribute to 
participants being unprotected at peak vector biting 
times.66,67 Differences in vector behaviour were also 
apparent in some of the eligible ITN studies from South-
East Asia, where the evidence for an effect of ITNs on 
malaria transmission was weak in rural, non-conflict 
areas due to early biting and exophilic or exophagic 
behaviours of most primary vectors.68,69 A similar absence 
of protection from malaria was observed in populations 
of internally displaced people in the same region.10

In several cases, published data were limited to 
observational studies or retrospective programmatic 
evaluations,8,12,37–39,42–44,46 or from randomised studies, which 
were done in much more stable internally displaced 
people and refugee settlements, established for a number 
of years.10,11,16,22,23,34–36,45 We were only able to identify one 
study done in acute settings, which was done during a 
tropical cyclone in Vanuatu and was excluded because it 
had no malaria events.33 Most eligible randomised studies 
were done in chronic humanitarian emergencies in the 
Eastern Mediterranean and in South-East Asia, with 
comparatively fewer done in sub-Saharan Africa, where 
most of the malaria disease burden is now concentrated3 
and substantial numbers of humanitarian emergencies 
are ongoing.1 In addition, most eligible studies were done 
between 1990 and mid-2000s. Due to the age of these 
studies, some key details, such as reporting methods 
of cluster randomisation, were not always described 
adequately because of the available reporting guidelines 
at the time, thereby downgrading their overall GRADE 
assessment.70 Furthermore, all eligible studies evaluated 
interventions using insecticides (primarily pyrethroids), 
which might not be used for malaria vector control due to 
widespread insecticide resistance.71–73 New dual-active 
ingredient ITNs, piperonyl butoxide ITNs, novel IRS 
compounds, attractive toxic sugar baits,74 and spatial 

repellents75 are undergoing phase 3 trials in non-
emergency settings to determine their efficacy against 
pyrethroid-resistant malaria vector populations.76–80 
Additional randomised trials evaluating the efficacy of 
these new tools, and other existing ones, are warranted in 
emergency settings, spanning a range of geographical 
areas, malaria vector species, and insecticide resistance 
intensities, to strengthen the evidence basis for use of 
vector control tools to prevent malaria infection among 
internally displaced people and refugees.
Contributors
LAM and MR conceived of the study concept. LAM, JF-A, BP, and MR 
developed the study design. LAM, JF-A, KC, BP, and LP screened the 
literature and extracted data from the articles. JF-A and KC led the data 
analysis, with support from LAM, BP, LP, and MR. LAM wrote the first 
draft of the manuscript, which was revised by all authors. All authors 
reviewed and agreed with the final version of the report. All authors had 
access to all the data in the study and had final responsibility for the 
decision to submit for publication. LAM, JF-A, and KC accessed and 
verified the data.

Declaration of interests
We declare no competing interests.

Data sharing
As this study is a systematic review and meta-analysis, there is no 
primary data to be shared. Raw extracted data are available from the 
corresponding author on reasonable request.

Acknowledgments
London School of Hygiene and Tropical Medicine gratefully acknowledges 
the funding of the WHO Global Malaria Programme (WHO-GMP; 
2020/1014542-0). The authors acknowledge the WHO-GMP secretariat, the 
Vector Control Guideline Steering Committee, the Vector Control 
Guideline Development Group, and Elie Akl (American University of 
Beirut, Ras, Beirut). We also thank Jan Kolaczinski and Jennifer Stevenson 
(Global Malaria Programme, WHO, Geneva, Switzerland) for their 
valuable time and expertise and we thank Jane Falconer (London School of 
Hygiene & Tropical Medicine, London, UK) for help with the literature 
search strategy. LAM, JF-A, and MR are supported by the UK Department 
for International Development, Medical Research Council, National 
Institute for Health and Care Research, and Wellcome Trust Joint Global 
Health Trials Scheme. KC is supported by the Wellcome Trust 
(216098/Z/19/Z). LAM and MR also supported by UNITAID and Global 
Fund and by the UK Foreign, Commonwealth & Development Office 
(PO8615). BP is supported by the Nagasaki University Doctoral Program 
for World-Leading Innovative and Smart Education for Global Health 
(Ministry of Education, Culture, Sports, Science, and Technology of Japan).

References
1 UN High Commissioner for Refugees. Figures at a glance. 2020. 

https://www.unhcr.org/uk/figures-at-a-glance.html (accessed 
Nov 2, 2021).

2 Gabaldón-Figueira JC, Villegas L, Grillet ME, et al. Malaria in 
Venezuela: Gabaldón’s legacy scattered to the winds. 
Lancet Glob Health 2021; 9: e584–85.

3 WHO. World malaria report. November 30. Geneva: World Health 
Organization, 2020. 

4 Anderson J, Doocy S, Haskew C, Spiegel P, Moss WJ. The burden 
of malaria in post-emergency refugee sites: a retrospective study. 
Confl Health 2011; 5: 17.

5 Coghlan B, Brennan RJ, Ngoy P, et al. Mortality in the Democratic 
Republic of Congo: a nationwide survey. Lancet 2006; 367: 44–51.

6 WHO. Malaria control in complex emergencies: an inter agency 
field handbook. Geneva: World Health Organization, 2005.

7 WHO. Guidelines for malaria vector control. Geneva: World Health 
Organization, 2019.

8 Spencer S, Grant AD, Piola P, et al. Malaria in camps for internally-
displaced persons in Uganda: evaluation of an insecticide-treated 
bednet distribution programme. Trans R Soc Trop Med Hyg 2004; 
98: 719–27.



Articles

www.thelancet.com/lancetgh   Vol 11   April 2023 e544

9 Richards AK, Banek K, Mullany LC, et al. Cross-border malaria 
control for internally displaced persons: observational results from 
a pilot programme in eastern Burma/Myanmar. Trop Med Int Health 
2009; 14: 512–21.

10 Smithuis FM, Kyaw MK, Phe UO, et al. The effect of insecticide-
treated bed nets on the incidence and prevalence of malaria in 
children in an area of unstable seasonal transmission in western 
Myanmar. Malar J 2013; 12: 363.

11 Charlwood JD, Qassim M, Elnsur EI, et al. The impact of indoor 
residual spraying with malathion on malaria in refugee camps in 
eastern Sudan. Acta Trop 2001; 80: 1–8.

12 Rowland M, Hewitt S, Durrani N, Bano N, Wirtz R. Transmission 
and control of vivax malaria in Afghan refugee settlements in 
Pakistan. Trans R Soc Trop Med Hyg 1997; 91: 252–55.

13 Bouma MJ, Parvez SD, Nesbit R, Winkler AM. Malaria control 
using permethrin applied to tents of nomadic Afghan refugees in 
northern Pakistan. Bull World Health Organ 1996; 74: 413–21.

14 Burns M, Rowland M, N’Guessan R, et al. Insecticide-treated 
plastic sheeting for emergency malaria prevention and shelter 
among displaced populations: an observational cohort study in a 
refugee setting in Sierra Leone. Am J Trop Med Hyg 2012; 
87: 242–50.

15 Graham K, Mohammad N, Rehman H, et al. Insecticide-treated 
plastic tarpaulins for control of malaria vectors in refugee camps. 
Med Vet Entomol 2002; 16: 404–08.

16 Rowland M, Durrani N, Hewitt S, et al. Permethrin-treated 
chaddars and top-sheets: appropriate technology for protection 
against malaria in Afghanistan and other complex emergencies. 
Trans R Soc Trop Med Hyg 1999; 93: 465–72.

17 Graham K, Mohammad N, Rehman H, Farhan M, Kamal M, 
Rowland M. Comparison of three pyrethroid treatments of 
top-sheets for malaria control in emergencies: entomological and 
user acceptance studies in an Afghan refugee camp in Pakistan. 
Med Vet Entomol 2002; 16: 199–206.

18 Macintyre K, Sosler S, Letipila F, et al. A new tool for malaria 
prevention? Results of a trial of permethrin-impregnated bedsheets 
(shukas) in an area of unstable transmission. Int J Epidemiol 2003; 
32: 157–60.

19 Kitau J, Oxborough R, Kaye A, et al. Laboratory and experimental 
hut evaluation of a long-lasting insecticide treated blanket for 
protection against mosquitoes. Parasit Vectors 2014; 7: 129.

20 Kimani EW, Vulule JM, Kuria IW, Mugisha F. Use of insecticide-
treated clothes for personal protection against malaria: 
a community trial. Malar J 2006; 5: 63.

21 Rowland M, Downey G, Rab A, et al. DEET mosquito repellent 
provides personal protection against malaria: a household 
randomized trial in an Afghan refugee camp in Pakistan. 
Trop Med Int Health 2004; 9: 335–42.

22 Rowland M, Freeman T, Downey G, Hadi A, Saeed M. DEET 
mosquito repellent sold through social marketing provides personal 
protection against malaria in an area of all-night mosquito biting 
and partial coverage of insecticide-treated nets: a case-control study 
of effectiveness. Trop Med Int Health 2004; 9: 343–50.

23 Rowland M, Durrani N, Kenward M, Mohammed N, Urahman H, 
Hewitt S. Control of malaria in Pakistan by applying deltamethrin 
insecticide to cattle: a community-randomised trial. Lancet 2001; 
357: 1837–41.

24 Page MJ, Moher D, Bossuyt PM, et al. PRISMA 2020 explanation 
and elaboration: updated guidance and exemplars for reporting 
systematic reviews. BMJ 2021; 372: n160.

25 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. 
BMJ 2021; 372: n71.

26 Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan— 
a web and mobile app for systematic reviews. Syst Rev 2016; 5: 210.

27 Messenger LA, Furnival-Adams J, Pelloquin B, Rowland M. Vector 
control for malaria prevention during humanitarian emergencies: 
protocol for a systematic review and meta-analysis. BMJ Open 2021; 
11: e046325.

28 Deeks JJ, Altman DG. Bradburn. Statistical methods for examining 
heterogeneity and combining results from several studies in meta-
analysis. In: Egger M, Smith GD, O’Rourke K, eds. Systematic 
reviews in health care: meta-analysis in context, 2nd edn. London: 
BMJ, 2001: 285–312.

29 Higgins JP, Green S. Cochrane handbook for systematic reviews of 
interventions, version 5.1.0. London: The Cochrane Collaboration, 
2011.

30 Shea B, Robertson J, Peterson J, Welch V, Losos M. The Newcastle-
Ottawa scale (NOS) for assessing the quality of nonrandomized 
studies in meta-analysis bias and confounding Newcastle-Ottowa 
scale. 2012. http://www.evidencebasedpublichealth.de/download/
newcastle_ottowa_scale_pope_bruce.pdf (accessed May 4, 2021).

31 Harbord RM, Egger M, Sterne JAC. A modified test for small-study 
effects in meta-analyses of controlled trials with binary endpoints. 
Stat Med 2006; 25: 3443–57.

32 Atkins D, Best D, Briss PA, et al. Grading quality of evidence and 
strength of recommendations. BMJ 2004; 328: 1490–94.

33 Chan CW, Iata H, Yaviong J, et al. Surveillance for malaria 
outbreak on malaria-eliminating islands in Tafea Province, 
Vanuatu after Tropical Cyclone Pam in 2015. Epidemiol Infect 2017; 
145: 41–45.

34 Dolan G, ter Kuile FO, Jacoutot V, et al. Bed nets for the prevention 
of malaria and anaemia in pregnancy. Trans R Soc Trop Med Hyg 
1993; 87: 620–26.

35 Luxemburger C, Perea WA, Delmas G, Pruja C, Pecoul B, Moren A. 
Permethrin-impregnated bed nets for the prevention of malaria in 
schoolchildren on the Thai–Burmese border. 
Trans R Soc Trop Med Hyg 1994; 88: 155–59.

36 McGready R, Simpson JA, Htway M, White NJ, Nosten F, 
Lindsay SW. A double-blind randomized therapeutic trial of insect 
repellents for the prevention of malaria in pregnancy. 
Trans R Soc Trop Med Hyg 2001; 95: 137–38.

37 Brooks HM, Jean Paul MK, Claude KM, Mocanu V, Hawkes MT. 
Use and disuse of malaria bed nets in an internally displaced 
persons camp in the Democratic Republic of the Congo: a mixed-
methods study. PLoS One 2017; 12: e0185290.

38 Brooks HM, Jean Paul MK, Claude KM, Houston S, Hawkes MT. 
Malaria in an internally displaced persons camp in the Democratic 
Republic of the Congo. Clin Infect Dis 2017; 65: 529–30.

39 Charchuk R, Paul MK, Claude KM, Houston S, Hawkes MT. 
Burden of malaria is higher among children in an internal 
displacement camp compared to a neighbouring village in the 
Democratic Republic of the Congo. Malar J 2016; 15: 431.

40 Ma C, Claude KM, Kibendelwa ZT, Brooks H, Zheng X, Hawkes M. 
Is maternal education a social vaccine for childhood malaria 
infection? A cross-sectional study from war-torn Democratic 
Republic of Congo. Pathog Glob Health 2017; 111: 98–106.

41 Eshag HA, Elnzer E, Nahied E, et al. Molecular epidemiology of 
malaria parasite amongst patients in a displaced people’s camp in 
Sudan. Trop Med Health 2020; 48: 3.

42 Rowland M, Hewitt S, Durrani N. Prevalence of malaria in Afghan 
refugee villages in Pakistan sprayed with lambdacyhalothrin or 
malathion. Trans R Soc Trop Med Hyg 1994; 88: 378–79.

43 Rowland M, Hewitt S, Durrani N, Saleh P, Bouma M, Sondorp E. 
Sustainability of pyrethroid-impregnated bednets for malaria 
control in Afghan communities. Bull World Health Organ 1997; 
75: 23–29.

44 Wahid S, Stresman GH, Kamal SS, et al. Heterogeneous malaria 
transmission in long-term Afghan refugee populations: a cross-
sectional study in five refugee camps in northern Pakistan. Malar J 
2016; 15: 245.

45 Rowland M, Bouma M, Ducornez D, et al. Pyrethroid-impregnated 
bed nets for personal protection against malaria for Afghan 
refugees. Trans R Soc Trop Med Hyg 1996; 90: 357–61.

46 Rowland M, Webster J, Saleh P, et al. Prevention of malaria in 
Afghanistan through social marketing of insecticide-treated nets: 
evaluation of coverage and effectiveness by cross-sectional surveys 
and passive surveillance. Trop Med Int Health 2002; 7: 813–22.

47 Pryce J, Richardson M, Lengeler C. Insecticide-treated nets for 
preventing malaria. Cochrane Database Syst Rev 2018; 11: CD000363.

48 Lindsay SW, Thomas MB, Kleinschmidt I. Threats to the 
effectiveness of insecticide-treated bednets for malaria control: 
thinking beyond insecticide resistance. Lancet Glob Health 2021; 
9: e1325–31.

49 Chanda E, Remijo CD, Pasquale H, Baba SP, Lako RL. Scale-up of a 
programme for malaria vector control using long-lasting 
insecticide-treated nets: lessons from South Sudan. 
Bull World Health Organ 2014; 92: 290–96.



Articles

e545 www.thelancet.com/lancetgh   Vol 11   April 2023

50 Kolaczinski JH, Muhammad N, Khan QS, et al. Subsidized sales of 
insecticide-treated nets in Afghan refugee camps demonstrate the 
feasibility of a transition from humanitarian aid towards 
sustainability. Malar J 2004; 3: 15.

51 Pluess B, Tanser FC, Lengeler C, Sharp BL. Indoor residual 
spraying for preventing malaria. Cochrane Database Syst Rev 2010; 
2010: CD006657.

52 Ranson H, N’guessan R, Lines J, Moiroux N, Nkuni Z, Corbel V. 
Pyrethroid resistance in African anopheline mosquitoes: what are the 
implications for malaria control? Trends Parasitol 2011; 27: 91–98.

53 Boëte C, Burza S, Lasry E, Moriana S, Robertson W. Malaria vector 
control tools in emergency settings: what do experts think? Results 
from a DELPHI survey. Confl Health 2021; 15: 93.

54 Graham K, Rehman H, Ahmad M, Kamal M, Khan I, Rowland M. 
Tents pre-treated with insecticide for malaria control in refugee 
camps: an entomological evaluation. Malar J 2004; 3: 25.

55 Kitau J, Oxborough R, Kaye A, et al. Laboratory and experimental 
hut evaluation of a long-lasting insecticide treated blanket for 
protection against mosquitoes. Parasit Vectors 2014; 7: 129.

56 Hewitt S, Rowland M, Muhammad N, Kamal M, Kemp E. 
Pyrethroid-sprayed tents for malaria control: an entomological 
evaluation in Pakistan. Med Vet Entomol 1995; 9: 344–52.

57 Messenger LA, Miller NP, Adeogun AO, Awolola TS, Rowland M. 
The development of insecticide-treated durable wall lining for 
malaria control: insights from rural and urban populations in 
Angola and Nigeria. Malar J 2012; 11: 332.

58 Tungu PK, Sudi WS, Kaur H, Magesa SM, Rowland M. Bio-efficacy 
and wash-fastness of a lambda-cyhalothrin long-lasting insecticide 
treatment kit (ICON Maxx) against mosquitoes on various polymer 
materials. Malar J 2021; 20: 387.

59 Tungu PK, Sudi W, Kisinza W, Rowland M. Effectiveness of a long-
lasting insecticide treatment kit (ICON® Maxx) for polyester nets 
over three years of household use: a WHO phase III trial in 
Tanzania. Malar J 2021; 20: 345.

60 Graham K, Mohammad N, Rehman H, Farhan M, Kamal M, 
Rowland M. Comparison of three pyrethroid treatments of top-
sheets for malaria control in emergencies: entomological and user 
acceptance studies in an Afghan refugee camp in Pakistan. 
Med Vet Entomol 2002; 16: 199–206.

61 WHO. Vector control interventions designed to control malaria in 
complex humanitarian emergencies and in response to natural 
disasters. Feb 12, 2021. https://www.who.int/publications/i/
item/9789240018754 (accessed March 1, 2021).

62 Hewitt S, Rowland M. Control of zoophilic malaria vectors by 
applying pyrethroid insecticides to cattle. Trop Med Int Health 1999; 
4: 481–86.

63 Iwashita H, Dida GO, Sonye GO, et al. Push by a net, pull by a cow: 
can zooprophylaxis enhance the impact of insecticide treated bed 
nets on malaria control? Parasit Vectors 2014; 7: 52.

64 Massebo F, Balkew M, Gebre-Michael T, Lindtjørn B. Zoophagic 
behaviour of anopheline mosquitoes in southwest Ethiopia: 
opportunity for malaria vector control. Parasit Vectors 2015; 8: 645.

65 Bøgh C, Clarke SE, Walraven GEL, Lindsay SW. Zooprophylaxis, 
artefact or reality? A paired-cohort study of the effect of passive 
zooprophylaxis on malaria in The Gambia. Trans R Soc Trop Med Hyg 
2002; 96: 593–96.

66 Wilson AL, Chen-Hussey V, Logan JG, Lindsay SW. Are topical 
insect repellents effective against malaria in endemic populations? 
A systematic review and meta-analysis. Malar J 2014; 13: 446.

67 Maia MF, Kliner M, Richardson M, Lengeler C, Moore SJ. Mosquito 
repellents for malaria prevention. Cochrane Database Syst Rev 2018; 
2: CD011595.

68 Smithuis FM, Kyaw MK, Phe UO, et al. Entomological 
determinants of insecticide-treated bed net effectiveness in western 
Myanmar. Malar J 2013; 12: 364.

69 Chaumeau V, Fustec B, Nay Hsel S, et al. Entomological 
determinants of malaria transmission in Kayin state, eastern 
Myanmar: a 24-month longitudinal study in four villages. 
Wellcome Open Res 2019; 3: 109.

70 Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 
statement: updated guidelines for reporting parallel group 
randomised trials. BMJ 2010; 340: c332.

71 Hemingway J, Ranson H, Magill A, et al. Averting a malaria 
disaster: will insecticide resistance derail malaria control? Lancet 
2016; 387: 1785–88.

72 Ranson H, Lissenden N. Insecticide resistance in African Anopheles 
mosquitoes: a worsening situation that needs urgent action to 
maintain malaria control. Trends Parasitol 2016; 32: 187–96.

73 Moyes CL, Athinya DK, Seethaler T, et al. Evaluating insecticide 
resistance across African districts to aid malaria control decisions. 
Proc Natl Acad Sci USA 2020; 117: 22042–50.

74 Attractive Targeted Sugar Bait Phase III Trial Group. Attractive 
targeted sugar bait phase III trials in Kenya, Mali, and Zambia. 
Trials 2022; 23: 640.

75 Ochomo EO, Gimnig JE, Bhattarai A, et al. Evaluation of the 
protective efficacy of a spatial repellent to reduce malaria incidence 
in children in western Kenya compared to placebo: study protocol 
for a cluster-randomized double-blinded control trial (the AEGIS 
program). Trials 2022; 23: 260.

76 Accrombessi M, Cook J, Ngufor C, et al. Assessing the efficacy of 
two dual-active ingredients long-lasting insecticidal nets for the 
control of malaria transmitted by pyrethroid-resistant vectors in 
Benin: study protocol for a three-arm, single-blinded, parallel, 
cluster-randomized controlled trial. BMC Infect Dis 2021; 21: 194.

77 Ngufor C, Govoetchan R, Fongnikin A, et al. Efficacy of broflanilide 
(VECTRON T500), a new meta-diamide insecticide, for indoor 
residual spraying against pyrethroid-resistant malaria vectors. 
Sci Rep 2021; 11: 7976.

78 Protopopoff N, Mosha JF, Lukole E, et al. Effectiveness of a long-
lasting piperonyl butoxide-treated insecticidal net and indoor 
residual spray interventions, separately and together, against 
malaria transmitted by pyrethroid-resistant mosquitoes: a cluster, 
randomised controlled, two-by-two factorial design trial. Lancet 
2018; 391: 1577–88.

79 Staedke SG, Gonahasa S, Dorsey G, et al. Effect of long-lasting 
insecticidal nets with and without piperonyl butoxide on malaria 
indicators in Uganda (LLINEUP): a pragmatic, cluster-randomised 
trial embedded in a national LLIN distribution campaign. Lancet 
2020; 395: 1292–303.

80 Mosha JF, Kulkarni MA, Lukole E, et al. Effectiveness and cost-
effectiveness against malaria of three types of dual-active-ingredient 
long-lasting insecticidal nets (LLINs) compared with pyrethroid-
only LLINs in Tanzania: a four-arm, cluster-randomised trial. Lancet 
2022; 399: 1227–41.


	Vector control for malaria prevention during humanitarian emergencies: a systematic review and meta-analysis
	Introduction
	Methods
	Search strategy and selection criteria
	Data analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


