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Abstract 

Background: Indoor residual spraying (IRS) is one of the key interventions recommended by World Health Organiza‑
tion in preventing malaria infection. We aimed to conduct a systematic review and meta‑analysis of global studies 
about the impact of IRS on malaria control.

Method: We searched PubMed, Web of Science, Embase, and Scopus for relevant studies published from database 
establishment to 31 December 2021. Random‑effects models were used to perform meta‑analysis and subgroup 
analysis to pool the odds ratio (OR) and 95% confidence interval (CI). Meta‑regression was used to investigate poten‑
tial factors of heterogeneity across studies.

Results: Thirty‑eight articles including 81 reports and 1,174,970 individuals were included in the meta‑analysis. IRS 
was associated with lower rates of malaria infection (OR = 0.35, 95% CI: 0.27–0.44). The significantly higher effective‑
ness was observed in IRS coverage ≥ 80% than in IRS coverage < 80%. Pyrethroids was identified to show the greatest 
performance in malaria control. In addition, higher effectiveness was associated with a lower gross domestic product 
as well as a higher coverage of IRS and bed net utilization.

Conclusions: IRS could induce a positive effect on malaria infection globally. The high IRS coverage and the use of 
pyrethroids are key measures to reduce malaria infection. More efforts should focus on increasing IRS coverage, devel‑
oping more effective new insecticides against malaria, and using multiple interventions comprehensively to achieve 
malaria control goals.
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Background
Malaria is an insect-borne disease caused by Plasmodium 
parasite infection through the bite of infected mosqui-
toes, which was endemic in 87 countries and contrib-
uted to approximately 241 million cases and more than 
627,000 deaths globally in 2020 [1]. Although the epi-
demiological burden of malaria has decreased signifi-
cantly during 2000–2019 for the annual incidence (from 
81/1000 to 56/1000 population at risk) and mortality 
(from 30/100,000 to 13/100,000 population at risk), it 
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remains a major public health concern globally, especially 
in Africa, where the deaths caused by malaria accounted 
for about 95% of deaths globally [1].

In the past decades, numerous measures have been 
developed and implemented to prevent the malaria epi-
demic. Between 2000 and 2015, at least 663 million 
malaria cases were estimated to be averted by using 
malaria control interventions, vector control measures 
in particular [2]. Indoor residual spraying (IRS) is a key 
component in vector control of malaria, which has been 
used and showed the effectiveness in a variety of coun-
tries [3]. IRS works via spraying a long-lasting residual 
insecticide to internal and exterior surfaces of a house 
where malaria vectors might rest and be killed by the 
insecticide [4]. In the 1930s, IRS with pyrethrum succeed 
on malaria control in South Africa and India [5]. Between 
the 1940s and the 1960s, several pilot projects performed 
in African countries aimed at eliminating malaria dem-
onstrated that malaria could be highly responsive to 
control by IRS with insecticides. In addition, the goal 
of eliminating malaria has been achieved in the United 
States and some European countries by using IRS insec-
ticides such as dichloro-diphenyl-trichloroethane (DDT) 
[6]. On 30 June 2021, China was certified by the World 
Health Organization (WHO) as a malaria-free country 
with 4 consecutive years of reporting no indigenous cases 
[7].

In recent years, most studies in African countries indi-
cated that IRS was associated with reductions in the 
incidence of malaria [8–12]. For example, after three 
rounds of IRS with bendiocarb from December 2014 
to December 2015 in Tororo, Uganda, the significantly 
lower incidence of malaria and prevalence of para-
sitemia were observed in the following investigations [8]. 
Another study in Uganda also showed the same associa-
tion between IRS implementation and a lower incidence 
of malaria, though a waned reduction effect in malaria 
occurred 4  months following IRS [9]. However, the 
effectiveness of IRS was not consistent across studies. A 
study carried out in northern Zambia reported that IRS 
with pirimiphos-methyl contributed to 25% of decline in 
parasite prevalence during rainy seasons, while no such 
decline existed in dry seasons [13].

Although IRS might be a useful measure to control 
malaria, its coverage remains extremely low in malaria-
endemic countries. According to the WHO report, the 
percentage of the population susceptible to malaria pro-
tected by IRS at the globe declined from 5.8% in 2010 to 
2.6% in 2020 [1]. Low IRS coverage might have unfavora-
ble effects on the progress towards global eradication of 
malaria. Thus, we need to pool existing evidence on the 
effectiveness of IRS to prevent malaria so as to inform 
intervention decisions and practices in malaria control. A 

previous systematic review and meta-analysis published 
in 2012 included 13 studies and indicated a summary risk 
reduction of 62% for malaria following the implementa-
tion of IRS [14]. In light of the limited number of origi-
nal studies pooled and the lack of subgroup analysis in 
the previous meta-analysis, it is imperative to perform 
an updated one to provide more robust and comprehen-
sive information by incorporating over 20 recent extra 
published literature and carrying out more in-depth and 
detailed analysis. In this study, we aimed to estimate the 
effect of IRS on malaria control based on all the related 
studies and analyze potential impact factors of IRS’s 
effectiveness.

Methods
This systematic review and meta-analysis were conducted 
following the principles of Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) [15].

Literature retrieval and selection criteria
We searched systematically for relevant studies pub-
lished from database establishment to 31 December 2021 
from PubMed, Web of Science, Embase, and Scopus. The 
searching strategy consisted of a combination of key-
word items in titles or abstracts as follows: Malaria AND 
(Indoor residual spraying OR IRS OR Indoor residual 
spray) AND (effectiveness OR protection OR prevalence 
OR incidence OR rate OR ratio OR proportion). These 
keywords relevant to the study aims were determined 
according to the discussion among the authors and the 
retrieval strategies used in previous systematic reviews 
on malaria and epidemiological outcomes [14, 16]. In 
addition, reference lists of original studies included 
were checked for potential missed studies in database 
searches. We did not contact any authors for providing 
additional original data.

All studies obtained through the initial search were 
entered into EndNote version X9 (Clarivate, Philadel-
phia, Pennsylvania) to remove duplicates automatically. 
Two researchers YZ and MX independently carried 
out the screening of titles and abstracts, followed by a 
full-text check for remaining papers. Discrepancy in 
screening results was resolved by discussion in the two 
researchers and a consultation with another experienced 
researcher. Studies were selected for data extraction and 
subsequent data analysis if they met criteria concurrently 
as follows: (1) malaria was the target disease; (2) IRS was 
the only intervention measure; (3) authors reported the 
detailed number of cases and number of total popula-
tion in the intervention group and the control group, or 
these values could be recalculated based on existing data 
in results; (4) the impact of IRS on malaria was assessed 
through before-after self-control or setting up another 
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control group without IRS implementation; (5) published 
in English. Eligibility of original studies was also assessed 
in accordance with several exclusion criteria as follows: 
(1) being a review, conference abstract, comment, or 
case report; (2) only reporting outcomes of entomologi-
cal indicators; (3) reporting results from mathematical 
modelling other than data in the real world; (4) without 
estimating the impact of IRS on malaria or related indica-
tors. In addition, when multiple studies reported results 
from the same resource population, studies with smaller 
sample sizes or shorter follow-up periods were excluded.

Quality assessment and data extraction
Quality assessment of original studies successfully pass-
ing the full-text screening was done using the Joanna 
Briggs Institute (JBI) Critical Appraisal tools checklist 
for analytical cross-sectional studies and checklist for 
quasi-experimental studies [17]. The two appraisal tools 
respectively included 9 and 10 items associated with 
study design and quality control. Studies with more than 
50% of items met were regarded as eligible for further 
data analysis [18]. YZ and WZ independently carried out 
the quality assessment, and disagreement was addressed 
through discussion.

Data were extracted independently by YZ and MX with 
a predefined and standardized form, including study vari-
ables when available as follows: first author, publication 
year, study design, type of control (a before-after self-
control or a blank control), study location, study popula-
tion, malaria epidemic level, outcome indicator, malaria 
diagnosis method, type of IRS insecticide, frequency of 
IRS, IRS coverage, coverage of bed net, time of IRS imple-
mentation, time of IRS effectiveness evaluation, effect 
size [odds ratio (OR), risk ratio (RR), incidence rate ratio 
(IRR), and rate difference (RD)] indicating IRS impact 
and its 95% confidence interval (CI), and the number of 
cases and the number of total population in both inter-
vention group and control group. Multiple records were 
extracted when there were multiple reports of targeted 
outcomes involving different investigation time points 
and locations. In addition, we accessed and documented 
the gross domestic product (GDP) in 2019 from Trad-
ing Economics website [19] and malaria incidence rate in 
2019 from the website of WHO of the countries involved 
in original studies in this review to perform subgroup 
analyses.

Statistical analysis
The pooled OR and RR with 95% CI were used to evaluate 
the association between IRS and malaria risk. Cochran’s 
Q and I2 statistics were used to estimate the heteroge-
neity among the studies [20]. I2 < 25% and I2 of 25–75% 
respectively denoted low heterogeneity and moderate 

heterogeneity, and I2 > 75% was regarded as high hetero-
geneity. A random-effects model with Mantel–Haenszel 
method was used to do all the meta-analyses in light of 
high heterogeneity appeared across studies. Results were 
visualized through mapping forest plots. Some variables 
were used for subgroup analysis in light of heterogene-
ity, including study design, GDP in corresponding coun-
try (< 30 billion USD, 30–60 billion USD and ≥ 60 billion 
USD), incidence rate per 1000 population at risk (< 250 
per 1000 and ≥ 250 per 1000), malaria epidemic level, 
IRS coverage (< 80% and ≥ 80%), bed net coverage (0%, 
0–50%, 50–90%, ≥ 90% and unknown), and IRS chemi-
cals. Subgroup analysis was only performed on datasets 
containing at least two studies. Meta-regression model 
was performed to compare the effects of IRS on malaria 
among different study-level variables. Sensitivity analysis 
was performed to strengthen reliability of the result by 
carrying out meta-analyses omitting each study to exam-
ine whether there was a study with disproportionately 
excessive impact. In addition, only the cross-sectional/
case-control studies and only the cohort/randomized 
controlled trial (RCT) studies were kept to respectively 
calculate a pooled OR and RR in order to evaluate the 
stability of results. Funnel plot and Egger’s test were used 
to assess the potential bias of publication. P < 0.05 (two-
sided) was defined as statistically significant. All data 
analyses were performed using Stata 17.0 (Stata Corp LP, 
College Station, TX, USA).

Results
Overview of the included studies
Among the 4268 records initially searched in electronic 
databases, 2463 duplicates in EndNote software, 1753 
reports in screening of titles and abstracts, and 14 reports 
in screening of full texts, were removed. A total of 38 arti-
cles (81 reports) were included in the final analysis, com-
posed of 25 cross-sectional studies, six cohort studies, 
five case-control studies, and two RCT studies (Fig. 1).

Results of quality assessment showed 36 observational 
studies fulfilled at least 5 items (5/8, 62.5%) of all items 
and they were all included. Two RCT studies fulfilled at 
least 8 items (8/9, 88.9%) and were also included (Addi-
tional file 1: Tables S1 and S2). The funnel plot presented 
symmetrical distribution of all studies, and the Egger’s 
test did not show any statistical significance (P = 0.221). 
Therefore, a low risk of publication bias was observed 
across studies in this systematic review (Fig. 2).

Of the 38 original articles included, 35 were carried 
out in African countries and only three were in India 
(Table 1). Twenty-eight were published after the year of 
2010, and 19 focused on children. Rapid diagnostic test 
(n = 23) was the most frequent method used to diag-
nose malaria, followed by blood smear test (n = 13) and 
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clinical judgement (n = 2). Pyrethroids (n = 13) were the 
most common IRS insecticide used in articles, followed 
by the use of multiple insecticides (n = 12) and DDT 
(n = 4). In addition, 19 articles reported an IRS coverage 
at least 80%, 7 reported an IRS coverage less than 80%, 
and 12 did not report the value.

Overall effect of IRS on malaria prevention
This meta-analysis of 81 reports from 38 relevant articles 
[8, 10–13, 21–53] included a pooled study population 
that contained 1,174,970 individuals, with 801,953 indi-
viduals accepting IRS and 373,017 living without IRS. The 
combined OR based on a random-effects model for the 
association between IRS and the risk of malaria was esti-
mated as 0.35 (95% CI: 0.27–0.44, I2 = 100%) (Fig. 3). Of 
the 81 reports, only 17 showed a crude odds ratio with 
upper limits of 95% CI passing one, denoting an unre-
lated or positive relationship between IRS and the risk of 
malaria. Most studies showed a protective effect for IRS 
on the risk of malaria.

Subgroup meta‑analysis on the effect of IRS on malaria 
prevention
When classified by study design, 29 cohort reports and 
45 cross-sectional reports showed a positive protection 
of IRS, with pooled ORs of 0.24 (95% CI: 0.16–0.36) and 
0.44 (95% CI: 0.33–0.58), respectively. Five case-control 
reports and two RCT reports did not present statistically 
significant effectiveness of IRS on malaria (Fig.  4 and 
Additional file 1: Fig. S1).

When classified by the country’s GDP in 2019, stud-
ies in countries with a GDP < 30 billion dollars showed 
the best effectiveness of IRS (pooled OR = 0.28, 95% CI: 
0.15–0.50), followed by that in countries with a GDP of 
30–60 billion dollars (pooled OR = 0.36, 95% CI: 0.26–
0.50) and a GDP ≥ 60 billion dollars (pooled OR = 0.38, 
95% CI: 0.25–0.58), respectively (Fig.  4 and Additional 
file 1: Fig. S2).

When classified by malaria incidence rate in 2019, the 
highest effectiveness of IRS was observed in countries 
with malaria incidence rate < 250 per 1000 population at 
risk, while countries with rate ≥ 250 per 1000 population 
at risk performed slightly worse, with similar pooled ORs 
being 0.30 (95% CI: 0.19–0.45) and 0.40 (95% CI: 0.30–
0.52), respectively. Similar differences also occurred in 
settings with different levels of malaria epidemic. Better 
protective effects of IRS were observed in studies report-
ing a low epidemic level compared to areas with a high 
level (pooled OR: 0.20 vs 0.35) in Fig.  4 and Additional 
file 1: Fig. S3.

When classified by IRS insecticide, except for propoxur 
and pirimiphos methyl (both only with 3 reports), the 
other insecticides involved in studies showed significant 

Fig. 1 Selection of reports for inclusion in systematic review and 
meta‑analysis. WOS Web of Science, RCT  randomized controlled trial

Fig. 2 Funnel plot of 81 reports in the meta‑analysis
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Fig. 3 The total effect of indoor residual spraying on the risk of malaria by the random effects model. ni: the number of malaria cases who accepted 
indoor residual spraying (IRS); Ni: the number of people who accepted IRS; nc: the number of malaria cases who did not accept IRS; Nc: the number 
of people who did not accept IRS; OR: odds ratio; CI: confidence interval



Page 9 of 14Zhou et al. Infectious Diseases of Poverty           (2022) 11:83  

Fig. 4 The effect of indoor residual spraying on the malaria control in subgroup analysis using the random effects model. Ni: the number of people 
who accepted indoor residual spraying (IRS); Nc: the number of people who did not accept IRS; OR: odds ratio; CI: confidence interval; P: P‑value 
denoting the level of heterogeneity among studies; RCT: randomized controlled trial; DDT: dichloro‑diphenyl‑tricgloroethane
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effects on the decrease of malaria incidence rate. Of 
these, pyrethroids had the lowest pooled OR of 0.29 (95% 
CI: 0.16–0.52), followed by DDT (OR = 0.35, 95% CI: 
0.16–0.78) and methyl carbamate (OR = 0.36, 95% CI: 
0.24–0.52) in Fig. 4 and Additional file 1: Fig. S4.

When classified by IRS coverage, it showed a stronger 
protective effect of IRS on the risk of malaria in the group 
with IRS coverage ≥ 80% with OR of 0.27 (95% CI: 0.17–
0.43). In contrast, IRS coverage < 80% were not related 
to the decrease of malaria risk with OR of 0.53 (95% CI: 
0.24–1.15). In addition, the effectiveness of IRS increased 
with the increase of the coverage of bed net in house-
holds. A significantly lower pooled OR (0.56 vs 0.35) was 
observed in the group of a coverage ≥ 90% (Fig.  4 and 
Additional file 1: Fig. S5).

Results of meta‑regression and sensitivity analysis
In the multivariate meta-regression model including all 
the subgroup factors, none of these factors had any signif-
icant influence on effect sizes (all P > 0.05) (Table 2). The 
results remained stable when conducting the leave-one-
out sensitivity analysis (Additional file 1: Table S3). When 
only the 30 cross-sectional/case-control studies were 
kept, the overall pooled OR increased slightly from 0.35 
(95% CI: 0.27–0.44) to 0.42 (95% CI: 0.31–0.56) (Addi-
tional file 1: Fig. S6). In the subgroup analysis within only 
cross-sectional/case-control studies, the most pooled 
estimates increased slightly. When only the eight cohort/
RCT studies were kept, the pooled RR was 0.34 (95% CI: 
0.23–0.49) (Additional file 1: Fig. S7). The effectiveness of 
IRS remained strong in most subgroup analysis.

Discussion
In this study, we pooled the results from 38 original arti-
cles (81 reports) regarding the effectiveness of IRS imple-
mentation on the control of malaria. We identified an 
obvious and extensive protective effect of IRS on the con-
trol of malaria, regardless of countries’ GDP, incidence 
rate of malaria, IRS coverage, type of IRS insecticide, 
epidemic level of malaria, coverage level of bed net, and 
study design among the studies included in analysis. Sen-
sitivity analyses and results of funnel plot and the Egger’s 
test proved that no significant publication bias existed, 
and our findings were reliable and robust. High hetero-
geneity existed in the meta-analysis of overall studies and 
the subgroup analyses. However, all the variables in the 
subgroup analysis did not show a significant correlation 
with the outcome indicator.

A meta-analysis published in 2012 had the same 
research purpose as ours, which included only 13 
original papers and concluded that IRS could reduce 
the risk of malaria by 62% [14]. This meta-analysis 

also found an excessive degree of heterogeneity across 
original studies and indicated a high initial prevalence 
of malaria, multiple spraying rounds, the use of DDT, 
and in areas with Plasmodium falciparum and P. vivax 
malaria were associated with better effectiveness of the 
implementation of IRS. Though there were some differ-
ences in spraying year, study design, and effect size used 
between this meta-analysis and ours, and more than 20 
extra studies have been published since 2012, our study 
reported a reduced risk of 65% via performing IRS, 
which was very close to the value in the prementioned 

Table 2 Multivariate meta‑regression on the association 
between indoor residual spraying and malaria risk

CI confidence interval, RCT  randomized controlled trial, GDP gross domestic 
product, DDT dichloro-diphenyl-tricgloroethane, IRS indoor residual spraying

Variable Coefficients (95% CI) P-value

Study design

 Case‑control study Reference –

 Cohort study − 0.607 (− 2.344 to 1.130) 0.493

 Cross‑sectional study 0.323 (− 1.179 to 1.825) 0.673

 RCT study 1.436 (− 1.330 to 4.202) 0.309

GDP, billion dollars

 < 30 Reference –

 30–60 0.863 (− 0.920 to 2.646) 0.343

 ≥ 60 0.093 (− 0.996 to 1.182) 0.867

 Unknown 0.843 (− 1.925 to 3.611) 0.551

Incidence rate (/1000)

 < 250 Reference –

 ≥ 250 0.286 (− 0.960 to 1.532) 0.653

IRS chemicals

 DDT Reference –

 Pyrethroids − 0.010 (− 1.374 to 1.354) 0.989

 Methyl carbamate 0.070 (− 2.034 to 2.173) 0.948

 Pirimiphos‑methyl − 0.757 (− 3.751 to 2.236) 0.620

 Multiple − 0.099 (− 1.529 to 1.332) 0.893

IRS coverage, %

 < 80 Reference –

 ≥ 80 − 0.562 (− 1.699 to 0.575) 0.333

 Unknown − 0.059 (− 1.546 to 1.428) 0.938

Net coverage, %

 0 − 0.286 (− 2.461 to 1.890) 0.797

 < 50 Reference –

 50–90 − 0.137 (− 1.757 to 1.482) 0.868

 ≥ 90 − 0.908 (− 3.282 to 1.467) 0.454

 Unknown − 0.390 (− 1.982 to 1.203) 0.632

Malaria epidemic level

 High Reference –

 Medium − 0.522 (− 1.890 to 0.845) 0.454

 Low − 0.793 (− 2.104 to 0.517) 0.235
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meta-analysis. Therefore, the effectiveness of IRS has 
obtained further confirmation.

We found the effectiveness of IRS on malaria decreased 
slightly with a higher GDP of countries. It may be 
explained by the fact that richer countries have been 
providing multiple and high-quality intervention meas-
ures against malaria to their citizens for a long term. In 
addition, people living in a more affluent and urbanized 
country usually enjoy better housing conditions with 
other effective measures to protect them from mosquito’s 
bites. Therefore, countries with a high GDP might use 
effective alternative interventions and mask the effec-
tiveness of IRS. Zhao et al. found an increased per-capita 
GDP might indirectly influence the reduction of malaria 
cases at a macro level [54], and Xu et al. reported a nega-
tive correlation between annual malaria incidence and 
national GDP [55]. Countries with a relatively low GDP 
should allocate locally available IRS resources properly 
and simultaneously apply other effective interventions to 
contain the malaria epidemic. In the subgroup analysis, 
we also found a better protective impact of IRS in coun-
tries with a lower malaria incidence rate. Due to the sub-
tle difference existing in OR values across studies with 
different malaria incidences, we cannot conclude that 
IRS’s effectiveness was associated with malaria incidence.

Higher effect of IRS was found in countries and areas 
with IRS coverage ≥ 80%. In contrast, it was much less 
effective in settings with IRS coverage < 80%. This finding 
is consistent with some previous investigations. Elmardi 
et  al. used a multilevel multivariate logistic regression 
model to analyze cross-sectional data, and demonstrated 
that a higher level of IRS coverage was associated with 
fewer malaria infections [56]. Another study showed a 
negative relationship between IRS coverage and malaria 
incidence but did not obtain a statistical significance [57]. 
It has been proved that stopping IRS in Uganda, a coun-
try with a high bed net coverage, would be faced with a 
fivefold increase in malaria incidence within 10  months 
[58]. As a result, IRS could play a critical role in achiev-
ing global malaria targets, and its coverage should be 
promoted as high as possible through improved commu-
nity engagement [57]. Furthermore, this study upheld the 
WHO guidance on IRS coverage of at least 80% in order 
to have significant effectiveness and thereafter benefit the 
community.

In the subgroup analysis, DDT, pyrethroids, methyl 
carbamate, and combined use of multiple insecticides 
showed great effectiveness in controlling malaria, par-
ticularly pyrethroids. Pirimiphos-methyl did not pre-
sent an obvious protective impact. Only three studies 
performed this IRS insecticide, therefore corresponding 
pooling estimates might not be accurate and reliable. This 
review included original reports carried out in a large 

time span, thus our results can only reflect the effective-
ness of IRS insecticides in the past other than right now. 
An increased number of studies have reported the rapid 
spread of insecticide resistance in malaria vectors and 
rebounds of malaria in some endemic areas. Almost all 
of IRS insecticides reviewed in this study were reported 
to have generated or to be generating resistance among 
malaria vectors such as Anopheles culicifacies, An. gam-
biae, An. coluzzii, and An. stephensi in different countries 
and areas [59–64]. Therefore, the increasing resistance 
of IRS insecticides may pose a growing threat to malaria 
control, the monitoring of local insecticide resistance 
before implementation of IRS might be necessary to pick 
out an insecticide with a high sensitivity for local malaria 
vectors. In addition, IRS using alternative insecticide for-
mulations may be needed.

We also observed better IRS effects in settings with a 
higher bed net coverage compared with settings without 
net. This is reasonable that comprehensive use of mul-
tiple intervention measures against malaria performs 
better than single use. A review published in 2009 drew 
a similar conclusion that combined use of IRS and nets 
was more protective relative to IRS alone (OR = 0.71 and 
0.63 in two studies, respectively) [65]. Gimnig et al. found 
IRS could provide added benefits in an area of moderate 
to high transmission with moderate ITN coverage, while 
the value of adding ITNs to IRS remained unclear as their 
benefits were likely to be masked by IRS [49]. A modeling 
study concluded that long-lasting insecticidal net use of 
56% and IRS coverage of 70% was the most cost-effective 
malaria control strategy in western Kenya [66]. Based on 
above evidence, the necessity and potential benefits of 
performing IRS and improving IRS coverage are further 
highlighted. Research on how to maximize the benefits 
of using two measures concurrently, particularly in the 
context of increasing resistance to IRS insecticides, is 
encouraged [49].

Some limitations should be acknowledged in this sys-
tematic review and meta-analysis. First, most of origi-
nal studies were cross-sectional studies, which could 
only provide limited epidemiological evidence. Second, 
malaria definition included multiple indicators such as 
parasites infection, Plasmodium falciparum infection, 
malaria parasitemia, clinical malaria symptoms, and 
microscopic parasitemia. Inconsistent diagnostic meth-
ods and criteria might influence the comparison within 
these studies. Third, periods from IRS implementa-
tion to outcome measuring varied among studies, thus 
the effect sizes might not be comparable across them 
and the accuracy of pooling estimates was impacted. 
Fourth, the vectors and their resistance were inconsist-
ent among countries and areas, which might lead to the 
underestimation of IRS’s effect. In addition, it seemed 
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some unreasonable to observe a higher effectiveness 
of IRS in areas with a lower malaria incidence and epi-
demic level in the results, though the differences were 
tiny. The association between IRS effectiveness and 
malaria might be distorted by some confounding fac-
tors across studies such as insecticide assistance and 
spraying frequency. This issue is worth further investi-
gation with confounding factors controlled.

Conclusions
IRS showed a positive effect on the control of malaria 
globally. In the past decades of fighting against malaria, 
IRS played an essential role in killing of pathogen-
carrying vectors and preventing people from infection 
with malaria. Effectiveness was associated with the IRS 
coverage and the type of IRS insecticide. Higher IRS 
coverage and the use of pyrethroids are key measures 
to reduce malaria infection, and other interventions 
can be supplemented in malaria prevention. However, 
growing insecticide resistance should be paid more 
attention to before the implementation of IRS. The 
policy makers should also consider factors concerning 
IRS implementation such as GDP, incidence and prev-
alence rate of malaria, and IRS coverage to direct the 
formulation of policies. More efforts should focus on 
increasing IRS coverage, developing more effective new 
insecticides against malaria and implementing multiple 
interventions comprehensively for specific settings in 
the future.
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