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Abstract 

Background  Aedes mosquitoes pose a significant global threat as vectors for several debilitating arboviruses, includ-
ing dengue, Zika, yellow fever, and chikungunya. Their unique breeding habits, behavior, and daytime activity compli-
cate control efforts, prompting the search for innovative solutions. The sterile insect technique (SIT) and incompatible 
insect technique (IIT) are promising new techniques under investigation. This review synthesizes findings from field 
trials on SIT and/or IIT for Aedes mosquito control.

Methods  A scoping review was conducted through comprehensive searches on Scopus, Web of Science, MEDLINE, 
PubMed, and preprint repositories up to April 25, 2024. Studies were initially screened for relevance based on their 
titles and abstracts, followed by a full-text review conducted by two independent extractors. Only field trials with con-
trol groups were included, with the final assessment focusing on trials reporting epidemiological outcomes. Data 
were abstracted into templates, emphasizing study design, intervention details, and outcomes. The review adhered 
to the PRISMA-ScR guidelines.

Results  The search identified 21 field trials in various countries against Aedes mosquitoes. These trials employed 
diverse methodologies and mosquito release strategies, achieving varying levels of mosquito population suppression. 
Notably, two SIT and two Wolbachia-based IIT trials reported epidemiological outcomes, including reductions in den-
gue incidence and associated risk ratios. However, the reliance on national surveillance data for assessing dengue 
incidence suggests caution due to the potential underreporting of subclinical cases.

Conclusions  The review underscores the promise of SIT and IIT for controlling Aedes mosquito populations, cit-
ing successful reductions in mosquito densities and dengue transmission. However, it calls for more rigorous study 
designs and standardized methodologies, as well as the adoption of comprehensive frameworks to accurately assess 
the effectiveness of these interventions. Future research should focus on bridging gaps in real-world effectiveness 
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by addressing factors such as feasibility, acceptability, scalability, and cost, which are crucial for guiding their success-
ful large-scale deployment in any country.

Keywords  Sterile insect technique, Incompatible insect technique, Trial, Aedes, Review

Background
Aedes mosquitoes are notorious vectors responsible for 
transmitting a myriad debilitating arboviruses, includ-
ing dengue virus, Zika virus  (ZIKV), yellow fever virus, 
and chikungunya virus  (CHIKV). These diseases inflict 
a heavy toll on human health, causing widespread mor-
bidity and mortality in affected regions across the globe. 
The intricate dynamics of Aedes-borne diseases demand 
comprehensive and targeted control measures to mitigate 
their impact effectively. Dengue fever stands as a bur-
geoning threat among arboviral diseases considering its 
endemicity in 128 countries compared to only 9 countries 
in the 1970s [1]. With the World Health Organization 
(WHO) reporting a staggering rise in cases globally, sur-
passing 5 million in 2019 alone, with an estimated clinical 
manifestation in 96 million people each year, the urgency 
to curtail this disease has never been more acute [1, 2]. 
There were reports of more than six million dengue cases 
and over 6000 deaths linked to dengue from 92 countries 
and territories in 2023 [3]. A global surge in dengue cases 
and deaths and expansion to new areas has prompted a 
health emergency appeal by WHO in 2024 [4]. The lack 
of commercially available effective antivirals and the 
potential limitations of dengue vaccines underscores the 
critical importance of disease prevention, with a primary 
emphasis on vector control [2]. Epidemics caused by 
emerging and re-emerging Aedes-borne arboviral infec-
tions like chikungunya, Zika, and yellow fever also hold 
concerns, especially in the rapidly urbanizing world [5]. 
Published data from 2010 to 2019 suggests that the ZIKV 
and CHIKV contributed to an average annual loss of over 
106,000 lives and an estimated 44,000 disability-adjusted 
life years (DALYs) [6].

Aedes mosquitoes possess optimal adaptations for viral 
transmission including anthropophilic behavior, human-
centric habitats like small containers, daytime feeding, 
and multiple host-seeking behaviors. Urbanization and 
climate change further exacerbate this by expanding 
suitable breeding habitats and creating conducive envi-
ronmental conditions for vector to thrive [7]. Despite 
concerted efforts, the arsenal against Aedes mosquitoes 
remains constrained. Chemical larvicides and adulti-
cides, though effective to some extent, remain subjects of 
ongoing debate concerning their impact on human health 
and the environment [8, 9]. Source reduction techniques, 
though promising, encounter practical constraints. One 
of the major impediments is the essential role of multiple 

stakeholders ranging from the health department to the 
urban development department and civic bodies. It also 
becomes more difficult to deploy particularly in water-
scarce regions. Biological control methods like larvi-
cide  Bacillus thuringiensis israelensis, larvivorous fish, 
and other natural predators offer a glimpse of hope but 
lack robust epidemiological evidence for sustained den-
gue control [10]. In the face of these limitations, the quest 
for innovative and sustainable solutions is intensify-
ing. Newer techniques for mosquito control like geneti-
cally modified mosquitoes, irradiated mosquitoes, and 
Wolbachia-transfected mosquitoes are being explored to 
manage mosquito vectors.

Among the strategies and tools currently under investi-
gation, the sterile insect technique (SIT) stands out with 
a proven track record in controlling agricultural pests 
like fruit flies, screwworms, moths, and tsetse fly [11]. 
SIT operates as a method of biological mosquito control, 
wherein sterile male insects are released into the field 
to mate with native females of the same species, gradu-
ally reducing the population’s reproductive potential 
over time [12]. In the context of vector-borne diseases 
affecting humans, this technique involves sterilizing 
male mosquitoes in the laboratory using irradiation/
chemosterilants/genetic modification techniques before 
releasing them into the wild, resulting in inseminations 
that fail to produce offspring [13]. Several countries are 
exploring SIT for Aedes mosquito control due to its envi-
ronmentally friendly and species-specific effectiveness 
against target mosquitoes. In parallel, the incompatible 
insect technique (IIT) presents another biological control 
method, deploying sterile male insects containing Wol-
bachia to disrupt the reproductive cycle of native females 
[14]. By preventing the hatching of eggs, IIT effectively 
suppresses population growth, serving as a barrier to 
Aedes mosquito reproduction. In recent years, numer-
ous field trials using SIT against Aedes mosquitoes have 
been conducted globally, with few also incorporating the 
IIT. Reports have indicated the combined efficacy of SIT 
with IIT against Ae. albopictus mosquitoes, showcasing 
their potential synergy in population suppression efforts 
[15]. To provide comprehensive guidance for pilot evalu-
ations, scale-up, and operational implementation of SIT, 
the WHO has developed a ‘Guidance Framework for 
Testing the Sterile Insect Technique as a Vector Control 
Tool against Aedes-Borne Diseases’ [16]. Additionally, 
the guidance document by the Vector Control Advisory 
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Group outlines standardized methodologies for design-
ing Phase III vector control field trials to evaluate the effi-
cacy of novel interventions [17]. The effectiveness of the 
intervention is usually measured through entomological 
outcomes and epidemiological impacts. Understanding 
the epidemiological outcomes is critical to both evaluate 
the effectiveness of such interventions in reducing Aedes-
borne disease transmission and to guide their integra-
tion into vector control programs. Therefore, this review 
aims to explore and synthesize findings from SIT and IIT 
trials for Aedes mosquito control, with a focus on epi-
demiological outcomes, study methodologies, the scal-
ability and feasibility of the intervention, and research 
gaps. By doing so, this review will provide insights into 
the potential of SIT and IIT as sustainable vector control 
strategies, as well as inform the design and implementa-
tion of future trials and policy decisions on vector control 
strategies.

Methods
A scoping review approach was chosen to comprehen-
sively map the diverse and expansive research on SIT 
for Aedes mosquito control. This methodology allows 
for a broad overview of existing evidence, highlights key 
advancements, and identifies research gaps, thereby pro-
viding a foundation for future studies.

Search strategy
A scoping review was undertaken through comprehen-
sive searches conducted on Scopus, Web of Science, 
MEDLINE, and PubMed databases. Additionally, an 
opportunistic search of preprint repositories was under-
taken to augment the dataset. The initial searches were 
executed in January 2024, and a supplementary search 
was performed on August 20, 2024, to ensure compre-
hensive inclusion of all relevant literature published 
up to that date. A subsequent search of the bibliogra-
phies of the selected articles was also done by a snow-
balling method. The methods followed the guidelines 
outlined in the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses Extension for Scop-
ing Reviews (PRISMA-ScR) statement [18]. The search 
strategy employed the following terms: (“Sterile Insect 
Technique”) OR (“Incompatible Insect Technique”) AND 
(“Field trial” OR Effectiveness) AND (Dengue OR Chi-
kungunya OR Zika OR Aedes). This controlled vocabu-
lary search was supplemented by a comprehensive search 
using synonyms found in the literature. The detailed 
search strategy for each database is given in Additional 
file  1. A thorough screening process was employed to 
avoid duplication, examining each result by author, title, 
journal, and publication date. Subsequently, the relevance 
of the studies was analyzed based solely on the title and 

abstract. For studies deemed relevant, the full text was 
meticulously reviewed by two independent data extrac-
tors for final evaluation. Any discrepancies were resolved 
through consensus via discussion when required. During 
the screening and data abstraction process, bibliogra-
phies of pertinent studies were also screened to identify 
additional potentially relevant citations that were not 
captured in the initial search results.

Inclusion and exclusion criteria
The review aimed to include data available on field trials 
examining the effectiveness of SIT, IIT, or combined SIT-
IIT for Aedes mosquitoes, emphasizing epidemiological 
outcomes. Consequently, review articles, protocols, case 
reports, opinion pieces, and predictive simulations were 
excluded from the analysis. Additionally, trials lacking a 
control group were excluded. Untranslated foreign lan-
guage (not in English) articles were also excluded. During 
the second stage of assessment, studies focusing solely on 
mosquito surveillance without reporting human health 
outcomes or Aedes-borne disease data were not consid-
ered, to streamline the epidemiological findings.

Quality assessment and data extraction
The quality of the included literature was assessed by two 
researchers working independently to ensure reliability. 
Initial screening, based on titles and abstracts, was fol-
lowed by a comprehensive full-text review. Key infor-
mation, which included study design, setting, duration, 
intervention details such as the mosquito species, steri-
lizing agent, and number of mosquitoes released, and 
outcomes, was extracted into pre-established templates. 
Methodological rigor, bias, confounding factors, data 
integrity, and statistical analyses were evaluated. Discrep-
ancies were resolved through discussion and consensus. 
In the second phase, studies reporting epidemiological 
outcomes were evaluated in depth, with an emphasis on 
adherence to predefined inclusion criteria, such as align-
ment with the Population, Intervention, Comparator, 
Outcome (PICO) framework, and adherence to recog-
nized reporting standards [19]. This rigorous assessment 
ensured the inclusion of studies that provided compre-
hensive data and met established methodological stand-
ards, thereby strengthening the validity of the review’s 
conclusions.

Data synthesis and gap analysis
Data synthesis involved a two-phase approach: initial 
extraction of key study information into standardized 
templates, followed by thematic analysis to identify pat-
terns and trends. Studies were grouped by intervention 
type (SIT, IIT, and combined SIT-IIT), geographical 
region, and outcomes. For gap analysis, synthesized data 
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were compared with existing knowledge to highlight 
methodological inconsistencies and under-researched 
areas. Special focus was given to epidemiological out-
comes to assess the impact on human health and the 
methodological rigor was evaluated to identify ways of 
enhancing the design of future studies.

Results
Search results and overview of the trials
The search yielded a total of 64 de-duplicated citations. 
Interestingly, the search also yielded a protocol for a ran-
domized controlled trial investigating the efficacy of IIT-
SIT for dengue control [20]. The full text of 34 trials in 
line with the selection criteria was evaluated and 13 trials 
among them were excluded considering the absence of a 
comparison group. The scope was narrowed to 21 field 
trials examining the effectiveness of SIT, IIT, or combined 
SIT-IIT for Aedes mosquitoes, as shown in Fig. 1. Only 4 
field trials explicitly measured the epidemiological out-
comes in terms of disease incidence and risk ratios. The 
full text of all the trials included in the review was availa-
ble in English language. The results reflect the progress in 
trial methodologies published from 2012 to August 2024.

Geographic distribution
Several field trials have explored the use of SIT for 
Aedes mosquito control by releasing sterile males of 
Aedes aegypti or Ae. albopictus in various locations. 

The European Region and the Americas have led exten-
sive trials, particularly in Brazil [21–23], Mexico [24], 
the United States [25, 26], Greece [27, 28] and Italy [29, 
30]. Notable studies have also emerged from the West-
ern Pacific Region, particularly in Singapore [31, 32], 
Australia [33] and China [15]. In contrast, the African, 
Eastern Mediterranean, and Southeast Asia Regions have 
seen fewer trials, with limited efforts in Indonesia and 
Thailand [34]. While Brazil, Mexico, Singapore, Indone-
sia, Thailand, and several Southeast Asian countries are 
endemic for dengue and experience regular outbreaks, 
significant epidemiological evaluations of the impact of 
the SIT/IIT have been conducted primarily in Brazil and 
Singapore. The geographic distribution of the SIT trials 
included in this review is illustrated in Fig. 2. Expanding 
SIT trials in underrepresented regions can provide criti-
cal data on its effectiveness and challenges across diverse 
ecological and sociopolitical settings, improving global 
strategies for Aedes control.

Methodological advances in SIT and IIT trials for Aedes 
control
The trials have evolved building on previous successes 
in designing the intervention, methodology, imple-
mentation, and outcome assessment. These studies 
have  explored different release techniques, tailored to 
the specific contexts. The strategies and outcomes are 
summarized in Table 1. Although several SIT-based field 

Fig. 1  Flow diagram depicting the article selection for the review
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trials have been conducted for Aedes mosquito control, 
very few studies reported epidemiological outcomes. 
Notably, two trials employing SIT and two trials utiliz-
ing Wolbachia-based IIT reported epidemiological out-
comes, such as a reduction in the incidence of dengue 
and the associated risk ratios (RR). These four trials are 
detailed in Table 2. Though all the studies followed a non-
randomized design with comparators, they vary widely 
in the methodology. While Poncio et  al. [22] attempted 
a cross-over technique to adjust for the baseline differ-
ences, Lim et  al. [32] used synthetic controls to adjust 
and reweight the pre-intervention trends in a quasi-
experimental framework [17, 18]. 

Poncio et al. can be considered a preliminary approach 
to assess the epidemiological impact, by estimating the 
incidence through sourcing data from the passive epi-
demiological surveillance system of the health system in 
Brazil [22]. The same team expanded the study area to 
conduct another non-randomized controlled trial, with 
before and after comparisons, as well as comparisons 
with neighboring cities [23]. Though systematic ento-
mological assessment was carried out in the interven-
tion and control areas, the data on dengue incidence was 
sourced from the national disease surveillance system. 
This data included clinically suspected dengue cases and 
laboratory confirmation (PCR) only in severe/fatal cases, 
pregnant women, and children. Four neighboring cities 
with a comparable pattern of dengue incidence over the 
last two decades were selected as control areas. Though 
the study mentions the intervention to be accessible, 

reliable, scalable, and reproducible, the methodology 
did not seem to assess indicators of these outcomes. Lim 
et al. used virologically confirmed dengue cases reported 
through the Ministry of Health, Singapore to calculate 
the dengue incidence in the study areas [32]. Yearly inter-
vention efficacy was analyzed alongside changes in the 
intervention coverage to assess the impact of different 
phases of dengue transmission. They also considered the 
possible confounding of age, gender, and transmission 
pattern (clustering) during analysis.

Epidemiological outcomes
The Brazilian team [22, 23] conducted two trials on the 
SIT technique using double-stranded RNA and thiotepa-
treated male Ae. aegypti mosquitoes [22, 23]. The initial 
trial (2021) achieved a 91.4% reduction in Ae. aegypti 
progeny (RR = 0.0627, 95% CI: 0.0414–0.0949) and 
observed a 15.9-fold decrease in the dengue incidence 
in phase 1 (8 months), followed by a 13.7-fold reduction 
in the 5  months post-cross-over (RR = 0.0737; 95% CI: 
0.0501–0.1083) [22]. In the subsequent trial (2023), the 
scope was extended to the entire Ortigueira city in Brazil, 
where they released 59 million sterile male mosquitoes 
from November 2020 to July 2022. The team reported a 
remarkable 98.7% reduction in live progeny of Ae. aegypti 
mosquitoes, and an 89.1% (95% CI: 82.3–95.5%) reduc-
tion in the dengue incidence rate ratio in the intervention 
site compared to neighboring cities serving as epidemio-
logical controls [23]. Furthermore, throughout the 2-year 
intervention period, there was a significant decline in 

Fig. 2  Geographical distribution of field trials employing sterile insect technique or incompatible insect technique for Aedes mosquito control
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the number of dengue cases with a maximum decrease 
of 97.7% (95% CI: 95.7–99.7%), as determined by the 
monthly moving averages method.

Project Wolbachia–Singapore Consortium team stud-
ied SIT–IIT-based X-ray sterilized Ae. aegypti males in 
two sites, namely Yishun and Tampines, Singapore [31]. 
The sterile male releases were conducted for 15  weeks 
in Yishun and 31 weeks in Tampines. A significant level 
of 91% and 66% reduction in the hatch rates of eggs was 
observed in two sites resulting in 71% (95% CI: 43–87%) 
to 88% (95% CI: 57–99%) lower dengue incidences in 
2019 compared to control sites. Notably, this study also 
investigated changes in dengue incidence within buffer 
zones, revealing a positive spillover effect on both dengue 
incidence and Ae. aegypti population up to 1  km from 
intervention cores, highlighting an added benefit of IIT. 
Lim et al. studied the SIT–IIT activity of wAlbB-infected 
Ae. aegypti male mosquitoes in Yishun, Tampines, Bukit 
Batok, and Choa Chu Kang, Singapore [32]. This large-
scale field trial released around 218.8 million mosqui-
toes demonstrating a concurrent increase in intervention 
efficacy with coverage. Across all towns and years, an 
aggregate efficacy of 56.88% (95% CI: 51.88–58.46%) 
was observed, despite an aggregate coverage of 34.5%, 
with the maximum efficacy reaching 77.28%. Moreo-
ver, the study revealed an aggregate intervention effi-
cacy of 63.6% (95% CI: 61.04–66.00%) among clustered 
cases divided across 4  years, with the maximum reach-
ing 82.9%. In terms of case aversion, the study reported 
averting a total of 516.9, 2114.6, 361.7, and 906.9 cases 
in 2019, 2020, 2021, and 2022, respectively. Additionally, 
this study demonstrated the replication of intervention 
effects across age groups, sexes, and dengue case types 
(clustered or sporadic) through subgroup analysis.

Although some studies have focused solely on entomo-
logical outcomes, efforts have been made to model the 
epidemiological impact. Carvalho et  al. [21] applied the 
disease transmission threshold model, which was devel-
oped by Focks et al. [35] and is based on pupae per per-
son, temperature, and seroprevalence. Using this model, 
they estimated that a reduction in pupae per person from 
0.7 to 0.04 post-treatment observed in the study area, 
would be sufficient to prevent dengue epidemic transmis-
sion, even under adverse conditions.

Considerations on cost and community engagement
Zheng et al. and Kittayapong et al. detailed the compre-
hensive community engagement strategies used before 
and during the open field releases  [15, 34]. These strat-
egies included stakeholder meetings, household visits, 
active health communication, public updates, and feed-
back channels, all aimed at building community under-
standing and support. Kittayapong et  al. further report 

that 4.29% of households in the intervention area with-
drew from the study, citing fear of mosquito bites as the 
reason [34]. Community engagement and communica-
tion strategies are also reported in several other studies 
[21, 24, 27, 33, 36], while they lack a systematic evalua-
tion of community engagement through process and out-
come indicators.

The cost of SIT and IIT remains competitive. The small 
pilot trial by Iyaloo et al. [37] estimated costs of EUR 582 
per hectare per week for sterile male mosquito treatment, 
which was considerably higher than the EUR 54–216 per 
hectare per week reported in a similar Chinese pilot trial 
[15]. However, the specific breakdown of these costs was 
not detailed. Separately, Martín-Park et  al. estimated a 
cost of EUR 385.28 for twice-weekly releases of 4000 Ae. 
aegypti males over a 50-hectare area, excluding the con-
struction expenses of a mosquito-rearing facility but cov-
ering implementation costs [24]. This estimate did not 
account for the substantial costs associated with com-
munity engagement and surveillance. Although some 
studies have attempted to assess the costs of SIT and IIT 
techniques, the majority of the trials have not systemati-
cally evaluated the cost-effectiveness of these interven-
tions using available entomological and epidemiological 
outcomes.

Challenges
The authors have cited several challenges in the conduct 
of the trials. Poncio et  al. [23] emphasized the impor-
tance of initiating interventions before the mosquito sea-
son while considering key bottlenecks, such as regulatory 
approvals, during the planning phase. They also high-
lighted the risk of mosquito population rebounds, noting 
that, Ae. aegypti eggs can remain dormant for over a year 
and human movement can lead to re-introductions  of 
vector, necessitating robust entomological surveillance. 
Similarly, the Project Wolbachia–Singapore Consor-
tium [31] reported a rapid rebound in the adult mos-
quito population and egg hatch rates post-intervention, 
which they attributed to the small site sizes. Their find-
ings underscored the need for a very high threshold of 
wAlb mosquitoes to establish dominance over wild-type 
mosquitoes after intervention. However, they observed 
that once releases were conducted over larger areas with 
sufficient buffer zones, mosquito suppression could be 
maintained with lower release volumes, even when the 
IIT–SIT strain exhibited reduced fitness.

Additionally, technological and logistical challenges 
persist, including the high costs of mosquito produc-
tion, storage, transport, and release, as well as public 
engagement and securing necessary authorizations and 
approvals [23, 27]. Crawford et al. noted that automation 
significantly improved the consistency of larval rearing, 
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the precision of sex separation, and the accuracy of mos-
quito release, effectively addressing issues like low pro-
duction yields, uncompetitive males, and high rates of 
female contamination [26].

Discussion
The study explored and synthesized data from SIT, IIT, 
and combined SIT–IIT field trials against Aedes mos-
quitoes. The review provides a comprehensive overview 
of the interventions, study methodology, outcomes, and 
potential bias. Most studies focused on assessing ento-
mological impacts, such as the mating competitiveness of 
sterile males, population suppression levels, and techni-
cal aspects of mosquito release strategies. Several trials 
evaluated optimal release rates and patterns to enhance 
coverage and mating success, while others analyzed the 
stability and persistence of sterile male populations in 
target areas. Notably, the majority of these trials reported 
significant reductions in mosquito populations, and 
four trials have shown positive epidemiological impact. 
In regions like Europe, where Ae. aegypti mosquitoes 
are present but arbovirus circulation or outbreaks are 
infrequent, the primary objective of SIT/IIT trials shifts 
from disease prevention to improving quality of life by 
mitigating the nuisance of mosquito bites [38]. In such 
contexts, these trials can significantly enhance public 
well-being while contributing to a broader understand-
ing of vector control strategies. However, it is important 
to note that some trials conducted in locations with high 
endemicity or at risk of outbreaks of Aedes-borne arbovi-
ruses, such as in the Americas, Asia, and Africa, did not 
measure the effects of the intervention on disease trans-
mission and burden. This may be due to challenges like 
financial and logistical constraints, as well as the need 
for enhanced surveillance systems to capture epidemio-
logical outcomes more effectively. Many trials were also 
limited in spatial and temporal scope, often being pilot 
studies or conducted in restricted geographic areas and 
over short durations, which further constrained their 
ability to evaluate epidemiological impacts compre-
hensively. All the studies adopted a non-randomized 
controlled trial design, potentially limiting the level of 
evidence from a disease control program perspective. 
Notably, the upcoming multi-site trial by Ong et  al. in 
Singapore will assess the efficacy of IIT–SIT in reduc-
ing dengue by combining randomized controlled trials 
(RCT) and test-negative design [20]. The study is a two-
arm, non-blinded cluster-randomized trial in high-rise 
residential complexes in Singapore, aimed at assessing 
whether large-scale deployment of Wolbachia-infected 
male mosquitoes can significantly reduce dengue inci-
dence. However, the study protocol excludes active den-
gue surveillance but additionally estimates the odds ratio 

of Wolbachia exposure distribution among confirmed 
dengue cases versus test-negative controls.

All the SIT/IIT trials published to date evaluating epi-
demiological outcomes have relied on national surveil-
lance data to assess dengue incidence. Consequently, it’s 
prudent to interpret the findings with caution, given that 
a significant portion of the illness persists sub-clinically 
and consequently goes unreported [39]. A recent system-
atic review suggests that 54% of dengue infections remain 
asymptomatic and clinically undetectable [40]. However, 
it’s worth noting that this limitation likely applies to con-
trol sites as well in comparative statistics. Enhancing 
the studies with active surveillance data or seropreva-
lence estimates, as discussed later, could improve their 
accuracy. The minutes of the meeting of the WHO Vec-
tor Control Advisory Group (VCAG) in 2023 report a 
planned study utilizing the SIT technique on two islands 
of French Polynesia—Tahiti and Tetiaroa. This study aims 
to assess the efficacy of SIT in reducing wild mosquito 
populations and dengue transmission through a struc-
tured release of sterile males. The study methodology 
incorporates active surveillance and serosurveys. How-
ever, VCAG notes that the non-randomized study design 
may limit the weight of the data obtained [41]. Further, 
the majority of studies reported in this review have 
overlooked coverage and implementation indicators. 
Notably, the study by the Project Wolbachia–Singapore 
Consortium in 2021 demonstrates a positive spillover 
effect through the analysis of buffer zones. While all 
studies mention ethical considerations and regulatory 
approvals, further insights into community engagement 
would greatly enhance their value.

As further investigations unfold in this domain, 
addressing certain fundamental methodological con-
straints in upcoming trials is critical. To demonstrate 
the public health effectiveness of new interventions, the 
WHO recommends conducting RCTs and cluster-rand-
omized trials over at least two transmission seasons [16]. 
Further, the trials may utilize various other designs influ-
enced by disease patterns, available resources, personnel, 
and logistical considerations like step wedge, cross-over 
or factorial design, and non-RCTs on a case-to-case basis. 
Measuring the epidemiological impact of SIT or IIT to 
reduce dengue transmission is complex. Contrary to indi-
vidual-level interventions, these initiatives target entire 
populations within a given location or area targeted by 
sterile male releases. Hence, large-scale deployment is 
crucial to ensure the capture of adequate data on disease 
incidence for meaningful analysis [16, 42]. Further, there 
is a possibility of ‘noises’ and biases due to spillover and 
importation of sporadic cases which may complicate the 
analysis. Effective evaluation hinges on comparing out-
comes in treated and control zones, necessitating the 
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establishment of buffer zones to prevent interference. 
Mitigating the biases requires robust epidemiological 
designs accounting for geographic clustering, subject 
movement tracking, and other potential confounders. 
Establishing an optimal-sized longitudinal cohort to 
track seroconversion rates in children in the study pop-
ulation can aid in dealing with reporting biases by out-
lining data on the incidence and relative risk of dengue 
infection [42]. Additionally, the data can be enhanced by 
active surveillance of human infections by sampling the 
geographical clusters around dengue index cases [23, 24]. 
Blinding of human and mosquito samples before labora-
tory testing can be considered, given that true placebo 
treatment is not feasible in these studies. However, some 
argue that a cluster randomized controlled trial may not 
be the optimal approach, as it is essential to continuously 
learn and adapt mosquito release strategies and monitor-
ing tools based on effectiveness and community factors 
during the study period, while also considering the sig-
nificant costs involved [43].

Given the complexity of implementing the intervention 
and the pace of expansion, it is advisable to monitor the 
settings for at least 2  years to capture meaningful end-
point measures. This observation should include tracking 
key entomological indicators such as mosquito density, 
sterility rates, and vector competence, as well as epidemi-
ological outcomes like disease incidence and seroconver-
sion rates. Assessments of cost-effectiveness, feasibility, 
acceptability, and safety are equally important and should 
be evaluated alongside the entomological and epidemio-
logical data.

While the  literature acknowledges the technical fea-
sibility of the intervention through large-scale pilot tri-
als, safety concerns persist within communities [27, 28]. 
The fear of unintentionally releasing sub-sterile males 
or residual females, which could result in mosquito 
reproduction, continues to raise apprehension [44]. 
Additionally, the use of radiation or genetic modifica-
tion to sterilize mosquitoes may evoke ecological con-
cerns, despite research consistently showing minimal 
impact on ecosystems [16, 45]. Achieving a consensus 
between technical scientific evidence and social percep-
tions is paramount for the success of such interventions. 
Alphey et al. modeled cost estimates for employing ster-
ile insect techniques, indicating approximately USD 2 
to 30 per case averted [46]. Notably, this cost was con-
siderably lower than the mean direct and indirect costs 
associated with the disease, which ranged from USD 86 
to 190 per dengue case. Larger-scale operations might 
offer better cost-effectiveness due to economies of scale, 
where the average cost per unit of output decreases as 
the scale of the operation increases [15, 37, 46]. However, 
there remains a gap in the literature regarding trials that 

accurately assess the cost-effectiveness of sterile male 
mosquito release interventions. The lack of a compre-
hensive and systematic cost-effective analysis is a missed 
opportunity, particularly given the promising results in 
mosquito population suppression and disease manage-
ment demonstrated in trials across various regions.

Future research should focus on improving methodo-
logical rigor through robust epidemiological designs that 
account for geographic clustering, subject movement, 
and confounders, alongside active surveillance and lon-
gitudinal cohort studies. The methodology should be 
meticulously designed using the appropriate and feasible 
approaches that take into account the disease patterns 
and resource availability of the specific setting. Expanding 
multi-country trials, incorporating systematic cost-effec-
tiveness evaluations, and using standardized guidelines 
will enhance comparability and generalizability. Further 
studies should assess the scalability and sustainability 
by modeling long-term rebound effects and operational 
feasibility in both urban and rural settings. Community 
engagement, social acceptance, and ethical considera-
tions are vital, making it necessary to conduct in-depth 
qualitative studies to align technical findings with public 
perceptions. Furthermore, trials should consider inte-
grating SIT/IIT into existing vector-borne disease control 
ecosystems to enhance current strategies, such as source 
reduction, larviciding, adult mosquito control measures, 
and personal protection. This approach can assess the 
impact of adding SIT/IIT to integrated vector manage-
ment strategies to better inform context-specific policies 
for controlling Aedes-borne diseases.

Our review has certain limitations. The search encom-
passed Scopus, MEDLINE, and PubMed databases and 
was limited to field trials published in the English lan-
guage. Additionally, grey literature, ongoing clinical trials, 
and reviews about the topic were not incorporated into 
our analysis. There also exists the potential for publica-
tion bias in this review, as studies demonstrating success-
ful reductions in mosquito populations are more likely to 
be reported and disseminated. Consequently, the absence 
of negative or inconclusive studies may skew the overall 
interpretation of the effectiveness of these interventions. 
However, we have tried to mitigate these limitations by 
employing a comprehensive search strategy that includes 
preprints and by incorporating a snowball search method 
to identify additional relevant studies.

Conclusions
The review highlights promising strides in SIT and IIT 
to complement and enhance Aedes mosquito control, 
alongside a noticeable gap in trials evaluating the epide-
miological outcomes within this domain. While nota-
ble successes have been observed, including substantial 
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reductions in Aedes populations and dengue incidence 
rates in the intervention areas, challenges persist in 
standardizing methodologies and accurately assessing 
epidemiological impacts. The diversity in study designs 
underscores the complexity of evaluating population-
based interventions and emphasizes the need for rigor-
ous epidemiological frameworks. Addressing gaps in 
surveillance data, enhancing community engagement, 
and considering cost-effectiveness, safety, and acceptabil-
ity elements are essential for the successful implementa-
tion of SIT and IIT strategies. Researchers in this field 
can leverage the WHO guidelines and support of WHO’s 
Vector Control Advisory Group to design and imple-
ment trials that yield robust evidence on the real-world 
effectiveness of these interventions in combatting Aedes-
borne diseases.
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