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Background: The sterile insect technique (SIT) has progressed from theory to a validated vector control
strategy for Aedes-borne diseases, including dengue and chikungunya. We assessed the feasibility and
effectiveness of SIT for suppressing Aedes albopictus in small-scale urban environments on Reunion Island.
Methods: From July 2021 to September 2022, over 10 million Ae. albopictus males sterilized as pupae with
40 Gy X-rays were released at a 20-hectare pilot site. Weekly releases ranged from 60,000 to 275,000
males (3000-13,750 per hectare). Outcomes were monitored using ovitrap surveillance and periodic adult
sampling during a 6-month baseline and a 13-month intervention.
Results: Sterile-to-wild male ratios ranged from 6:1 to 18:1. Compared with the control site, the treated
site showed a 33.5% reduction in egg abundance and a 61.5% reduction in egg viability (range 40.0-81.9).
Reductions in egg fertility were temporally aligned with a 60.4% decline in female abundance relative to
baseline.
Conclusion: This study demonstrates that SIT was technically and logistically feasible and achieved mea-
surable suppression of Ae. albopictus. Despite scale and operational constraints, the intervention achieved
significant reductions in egg fertility and female abundance, providing strong proof of concept for SIT-
based mosquito control on Reunion Island.
© 2026 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

The tiger mosquito, Aedes albopictus (Diptera: Culicidae), is
a widespread and highly adaptive vector of several arboviruses,
including chikungunya and dengue [1]. On Reunion Island, this
species is omnipresent, thriving in a plethora of artificial and
natural breeding habitats across urban, suburban, and natural
landscapes due to its broad ecological plasticity [2]. Its abun-
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dance poses a significant nuisance to residents and businesses,
particularly as daytime biting females interfere with outdoor
activities. In recent decades, Ae. albopictus has been linked to
major chikungunya and dengue epidemics in the Indian Ocean
region, with notable health consequences [3]. Overwhelmingly,
these outbreaks have been mitigated on Reunion Island through
sustained insecticide spraying to control Ae. albopictus infestation.
However, this strategy remains both costly and unsustainable [4].
Targeted insecticide applications have only provided temporary
reduction suppression of mosquito densities and disease transmis-
sion. Moreover, chemical control efforts often result in unintended
consequences: reduced populations of beneficial species, envi-
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ronmental contamination, and the development of insecticide
resistance due to overuse [5]. Community-based management
efforts, including source reduction, face challenges with to poor
compliance and the gap between knowledge and practice [6].
These concerns have fostered interest in alternative, eco-friendly
vector control approaches that can support or even replace
conventional insecticide-based programs. Among promising al-
ternatives, the Sterile Insect Technique (SIT) has emerged as a
potentially powerful, species-specific control method. SIT involves
the mass-rearing, sterilization—typically through irradiation—and
release of male insects into target areas. These sterile males
compete with wild males for mating with females, resulting in
infertile matings and a gradual population decline [7].

SIT is inherently autocidal, target-specific, and more effective at
lower population densities due to its inverse density dependence
[7]. It integrates well with other control methods and reduces re-
liance on insecticides, aligning with current public health and en-
vironmental priorities. SIT has achieved remarkable success in the
suppression or eradication of agricultural pests such as the screw-
worm fly (Cochliomyia hominivorax) and various fruit fly species
[8]. More recently, SIT is being considered for managing mosquito
vectors of human disease [9]. The key to this “green” vector control
with SIT component is that failure of wild female mosquitoes to
produce offspring will keep the target population below a certain
threshold level that would ultimately break the transmission cycle
of disease-causing pathogens. Before SIT can be widely adopted for
mosquito control, its feasibility and effectiveness must be demon-
strated in specific ecological and operational contexts. Feasibil-
ity testing is essential for building scientific evidence, optimizing
methodologies, and ensuring logistical and technological readiness
[10]. Such trials face unique challenges: understanding local vector
biology and behavior, establishing mass-rearing capacity, develop-
ing effective sexing and irradiation procedures, and ensuring ef-
fective mating competitiveness of sterile males. A structured, mul-
tiphase approach is recommended [11], covering the selection and
characterization of field sites, establishing technological capabilities
associated with mass rearing to optimize the production of ster-
ile males; additional laboratory and field studies, examination of
the behavior and reproductive competitiveness of sterile males and
community engagement. Pilot field trials serve as critical stepping-
stones to test SIT practicality, demonstrating whether sterile male
releases can suppress wild mosquito populations in real-world set-
tings. Globally, pilot SIT feasibility studies have yielded promising
results, highlighting its potential as a vector control tool.

Previous feasibility studies have effectively demonstrated the
efficacy of SIT against targeting Aedes mosquito species on a small-
scale in Italy [12], Spain [13], Cuba [14], Mauritius [15], in some
cases using imported sterile males like in Greece [16] and Germany
[17]. These efforts laid the groundwork for local adaptations and
technology transfer. On Reunion Island, an intensive research pro-
gram was developed since 2009 to assess SIT feasibility against Ae.
albopictus [18]. Supported by the French Ministry of Health and the
Regional Council of Reunion Island, this multiphase initiative ini-
tially focused on understanding the vector ecology [19], strength-
ened by integrating explicit population modeling of Ae. albopic-
tus dynamics [20]. Further effort focused on building local techno-
logical capacity [21] and characterizing male sexual performance,
and mating competitiveness in laboratory, semi-field and field set-
tings [22]. These foundational studies culminated in the design of
a pilot field trial using a rigorous, spatially controlled, case-control
design in a real urban environment along with sociological stud-
ies. The small-scale pilot trial reported herein, carried out from 21
July 2021 to 15 September 2022, did not aim at eradication or at
helping in achieving epidemiological impact, but rather to test the
practicality and measurable entomological efficacy of SIT: whether
repeated sterile male releases could induce sterility in wild females

International Journal of Infectious Diseases 166 (2026) 108496

and reduce reproductive output of Ae. albopictus in a defined urban
setting. Such evidence is essential for informing policy decisions
and determining whether SIT is a viable and realistic strategy for
area-wide mosquito control on Reunion Island.

Materials and methods
Study site description and trial design

A compartmentalized case-control field trial was conducted
in two ecologically comparable yet geographically distinct urban
neighborhoods within the Municipality of Sainte-Marie, northeast
of Saint-Denis, Reunion Island (Figure 1). The intervention site, Du-
parc (42 ha; 1384 inhabitants), lies at approximately 50 m above
sea level and predominantly comprising modern residences (over
900 premises) interspersed with extensive public green spaces.
Duparc’s relative isolation, bordered by an expressway, sugarcane
fields, and the rain-fed La Mare ravine, facilitated its selection for
a SIT-based suppression trial. The control site, Bois Rouge (52 ha;
roughly 950 premises with 1251 residents), is characterized by a
mix of housing types surrounded by agricultural land. Bois Rouge
lies at elevations of 100-150 meters and is separated from Du-
parc by a 2 km buffer zone of sugarcane fields, minimizing inter-
site mosquito dispersal since Aedes albopictus males typically ex-
hibit a mean flight range of 50 —100 m' in this context [23]. Both
sites share a tropical climate characterized by a hot, rainy season
(November-April; mean daily maximum 30-33°C; annual rainfall
~ 390 mm) and a cooler, drier season (May-October). Occasional
cyclones disrupt local conditions. Site selection considered natural
geographic barriers, similar area (20-50 hectares), the year-round
presence of Ae. albopictus as the exclusive Aedes species, as well as
the commitment from municipal bodies and local residents to sup-
port the SIT feasibility assessment. Proximity (<10 km) to labora-
tory infrastructure and reliable road access were also prerequisites.
Baseline surveys confirmed Ae. albopictus as the sole Aedes species,
with peak densities in February-March [19].

Public outreach and education

Community engagement was integral to the trial, fostering pub-
lic trust, addressing concerns, and ensuring intervention alignment
with local expectations. Pre-intervention activities included socio-
logical monitoring and focus group discussions, with a subsequent
survey capturing responses from over 5000 households regarding
baseline SIT awareness and acceptance (Raude et al., unpublished).
Findings informed communication strategies through educational
brochures, local media, social networks, and public meetings. Out-
reach initiatives featured mobile exhibits, quizzes, and frequent on-
line updates via a dedicated website and Facebook page. Media
coverage was uniformly positive, highlighting both the SIT and the
broader public health imperative of Ae. albopictus control. Educa-
tion emphasized vector reduction and personal protection. Coordi-
nation with municipal and health authorities, as well as periodic
public consultations ensured sustained support from residents and
authorities.

Door-to-door source reduction

From late April to June 2021, 3 months before SIT implemen-
tation, the research team and local vector control agency jointly
conducted door-to-door inspections. Approximately 1250 premises
were inspected monthly, water-holding containers were removed,
and residents were educated on protective behavior and source re-
duction through removal of potential mosquito breeding habitats.
Obstacles such as impenetrable vegetation or inaccessible ravines
hindered complete elimination in all areas. The primary aim of this
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Figure 1. Map of the study area comprising Duparc South (pilot site) with its adjacent coastal zone (Duparc North) and Bois-Rouge (Control site) in the Municipality of Sainte
Marie, Reunion Island. (A) Map showing the position of intervention site (Duparc) and the control sites (Bois Rouge). (B) Green, Light red and light green circles corresponding
to the position of ovitraps in the control site, intervention site and its adjacent non-treated neighborhood, respectively. (C) Violet circles represent the locations of sterile

male releases in the intervention site.

intensive pre-release source reduction was to optimize the SIT’s
impact, though no assessment of this intervention’s entomologi-
cal effects was performed. This activity ceased once sterile releases
began in July 2021, shifting focus to sustained community empow-
erment. Attempts to prevent reinfestation using a peripheral belt
of Gravid Aedes Traps (GATs) with glue-coated surfaces and Bacil-
lus thuringiensis israelensis were initiated but subsequently discon-
tinued due to limited efficacy and logistical challenges.

Pre-release entomological characterization and release planning

SIT field trials were designed considering target area size and
Ae. albopictus population density, to inform intervention timing,
field methodology, release ratio, and duration. Extensive ento-
mological surveys (2015-2021) characterized mosquito dynamics
and mathematical models integrating climatic factors identified
the optimal SIT deployment period as July-December, coincid-
ing with low-density season. Pre-release mark-release-recapture
(MRR) studies estimated male densities at 3000-5000 ha~' (sum-
mer) and 600-750 ha~' (winter). Historical mating competitiveness
studies supported a 10:1 ratio of sterile to wild males, requiring
the weekly release of 120,000-150,000 sterile males across the 20-
hectare intervention zone. Weekly release frequency was based on
field longevity estimates of 7-9 days.

Mosquito colony, mass rearing and production of sterile males

A dedicated mass-rearing facility was established at the CY-
ROI campus (Sainte-Clotilde) in early 2021 to consistently supply
high-quality sterile males. A local Ae. albopictus colony was es-
tablished from wild-captured eggs in Duparc. Facility features in-
cluded controlled temperature, humidity, and photoperiod, with
segregated rearing, sex separation, and egg storage areas. Rearing

utilized six mass cages and associated trays, ensuring genetic mix-
ing and weekly production of >150,000 sterile males. Adults re-
ceived a continuous 10% sucrose solution; Females were blood-fed
on bovine blood via a Hemotek® system. Eggs were harvested, air-
dried, and stored at 27°C and 80% RH until batch-specific hatch-
ing assessment and density calculations. Larvae were reared in
large trays on four aluminum racks (Vienna Scientific Instruments
GmbH, Austria), with 30 trays in each, being fed a 50:50 mixture of
ground fish food and rabbit pellets. Pupae were sex-separated me-
chanically (Wolbaki separator, Shanda Technology Service Co. Ltd.,
Guangzhou, China) and quality-checked microscopically to ensure
< 1% female contamination. Most male pupae proceeded for ster-
ilization, with the remainder cycling into colony maintenance and
weekly production.

Irradiation and pre-release handling

Randomized batches of 2000 male pupae were transported to
the French Blood Bank for irradiation. They were irradiated at
40 Gy using X-ray source (BloodXRad, Cegelec) 24 hours pre-
emergence. This dose achieved >99.5% sterility with minimal fit-
ness loss. Irradiated pupae were transferred to emergence cages
with controlled conditions. Adults were maintained 48 h post-
emergence at 28 + 1°C and 70 + 10% RH, with 10% sucrose before
release. Monthly sterility checks ensured consistently high perfor-
mance of released males (99.5% median sterility), though logistical
constraints precluded systematic pre-release flight assessments.

Ethical and regulatory compliance

Mosquito rearing utilized animal blood strictly in accordance
with EC Regulation No 1069/2009, with authorization granted by
the Departmental Animal Protection and Environment Division and
Prefectural Decree (AP No. SALIMPSPAE-2021-214-D). Field release
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approval was secured from the Departmental Advisory Board on
Environment, Health and Technological Risks, applying principles
of transparency and regulatory compliance. In the absence of na-
tional SIT-specific regulation, the SIT intervention protocol ad-
hered to recommendations from the French High Council for Pub-
lic Health and Biodiversity Agency. The prefectural decree (Arrété
N° 2022-438 /SG/SCOPP) authorized sterile male releases as of Oc-
tober 2019, with continued community engagement and adaptive
stakeholder consultation throughout implementation.

Sterile-male release strategy

Weekly releases occurred from 21 July 2021 to 15 August 2022.
The proximity of the rearing facility (<10 km from the release site)
minimized transport-induced stress and facilitated operational lo-
gistics. Approximately 120,000 sterile males were distributed man-
ually across 60 release points (~3 central release points ha~!, 50-
60 m spacing) within the 20 ha intervention area (Figure 1C),
guided by the hypothesis that consistent and uniform spatial distri-
bution would optimize sterile-wild mating encounters. Each point
received 2000-3000 males. Release logistics involved manual dis-
tribution from vehicles, targeting defined locations and adapting
to weather or site accessibility. Inaccessible portions (<10%) were
excluded from direct intervention. Aerial release was deemed in-
appropriate due to proximity to airport and military zones. Re-
leases were performed early mornings (06:00-07:00 h) under suit-
able weather. In May 2022, coverage expanded to adjacent high-
density areas.

Oviposition surveillance and fertility assessment

Egg abundance and hatching rates were assessed biweekly from
January 2021 to September 2022 across intervention, control, and
buffer sites. Subsequent to the baseline phase (January-mid-July
2021), the post-intervention monitoring phase ensued, extending
until September 2022. Trap density was three per hectare (60 Du-
parc; 64 Bois Rouge; 39 buffer) (Figure 1A-B). Traps utilized 1 L
dark containers half-filled with 500 mL tap water with a germi-
nation paper as oviposition substrate [19]. They were positioned
in shaded locales on private and accessible public properties, each
had a unique identifier and GPS coordinates. Weekly inspections
recovered oviposition substrate for laboratory-based enumeration
and hatch rate assessment. Species confirmation was unnecessary
as Ae. albopictus was the only Stegomiya species present. Metrics
calculated included weekly ovitrap positivity, average egg count,
and hatch rate per location.

Adult monitoring and sterile:wild ratio estimation

Adult abundance was monitored using BG-Sentinel traps (Bio-
gents AG) between March-July 2021 and May-August 2022 (20
traps; 200 trap-nights). Traps powered by 12 V battery operated
for four consecutive 24 h periods monthly, and was baited with
CO, and BG lure. Captured adults were morphologically identified
and counted per trap and time point, despite some operational
variability in sampling schedule and spatial coverage. Sterile:wild
male ratios were estimated through periodic mark-recapture ex-
periments (September 2021, June 2022). Marked sterile males were
distinguished in field collections via fluorescent powder and re-
capture using CO2 and lure-baited BG sentinel traps for 8 days;
marked/unmarked proportions provided ratio estimates.

Statistical analysis

Primary endpoints were ovitrap-monitored egg abundance and
viability, reflecting the SIT’s immediate impact on female fecun-
dity and fertility and anticipating delayed adult population effects.
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Ovitrap positivity, egg abundance, and hatch rates were computed
weekly with 95% confidence intervals. Site and period effects were
compared using x? and t-tests. Overdispersed data were modeled
with Linear Mixed Models (LMM) using a negative binomial dis-
tribution for egg counts and binomial for hatch rates. Models ad-
justed for site, treatment phase, week as fixed effects, and their
pairwise interactions, with a random intercept for site-replicate
structure. Model selection was informed by Akaike and Bayesian
Information Criteria. Suppression efficiency (SE) was calculated us-
ing Abbott’s formula [24] as follows: SE = ((Hc - Ht)/Hc) x 100,
where Hc and Ht represent mean hatched eggs per trap in con-
trol and treated sites, respectively. Spatial clustering was analyzed
using SaTScan (GIS-MCE). Heatmaps of egg abundance and hatch
rate were produced in R v3.6.2 (“ggplot2”, “ggmap”, “ggdensity”)
[25,26], with layouts finalized in Bigemap v30. Adult female trap
counts were analyzed by GLM relative to month and intervention
phase. Statistical analyses were performed in SPSS v22.1 for Win-
dows and R v3.6.2; significance was set at P < 0.05.

Results
Study design and site structure

Sterile male production and release

During the 56-week intervention (from 21 July 2021 to 15
August 2022), 10,346,000 sterile male Ae. albopictus were pro-
duced and released in the intervention zone. Weekly production
increased from 120,000-150,000 males in early phases to over
275,000 males by weeks 33-44, reflecting enhanced logistics and
operational scalability. Early releases in July-August 2021 were con-
strained (50,000-110,000 males/week) by operational challenges
(Figure 2), but subsequent improvements thereafter resulted in
mean release densities rising from 6000 + 577 to 7000 + 712
males/ha/week across the 20-ha intervention zone.

Ovitrap monitoring and positivity

Pre-release monitoring (January-mid-July 2021) entailed 1276
ovitrap records: 804 from the intervention, 261 from the con-
trol, and 211 from the buffer zone. During the intervention period,
5482 records were collected (2212 intervention, 2113 control, 1157
buffer) (Table 1, Suppl. data S1). Pre-intervention ovitrap positivity
was uniformly high across the control (97.6%) and treated (98.0%),
buffer zone (86.9%) (x2 = 3.23, P = 0.088). During SIT implemen-
tation, positivity declined to 81.4% in the intervention area com-
pared with 87.7% in the control (x? = 32.47, P < 0.01). Logistic re-
gression confirmed a significant SIT effect (8 = 0.493, SE = 0.086,
P < 0.001; OR = 1.64, 95% CI [1.38-1.94]), and a time-dependent
decline in egg presence (8 = -0.018, P < 0.001), indicating sus-
tained suppression over time. Persistent trap positivity suggests
partial immigration or incomplete local elimination.

Effect of SIT on Ae. albopictus egg production

Across the full study, 446,425 Ae. albopictus eggs were col-
lected (control: 173,303; treated: 177,909; buffer: 95,213) (Table 1).
Baseline and intervention-phase data revealed significant, time-
dependent reductions in mean egg counts per trap/week, most no-
tably in treated areas (Figure 3A). At the control site, mean weekly
egg counts decreased from 113.8 (SD = 107.9 to 67.7 + 83.8 eggs
trap~—! week™! (t = 7.80, P < 0.001). In the intervention zone, cor-
responding means declined from 97.49 to 45.03 eggs/trap/week
(t = 14.5, P < 0.001), while the buffer area saw a decline from
96.04 to 64.40 eggs/trap/week (t = 4.90, P < 0.001). The mean
suppression efficiency (SE) based on egg density was 33.5% =+
27.6% in the treated area relative to control (Table 1). Mixed-model
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Figure 2. Weekly distribution of the total number of Ae. albopictus males produced in the mass-rearing facility, including the male releases and those used for colony

maintenance.

Table 1

Wild Ae. albopictus egg in ovitraps and egg hatch rates before and during the SIT intervention phase in three locations (control site in Bois Rouge, treated site in Duparc

South, and its northern border in Duparc North).

Sites Periods Number (%) of

Total eggs counts Weekly mean (SEM) Egg Weekly mean (SEM)

egg-positive ovitraps counts/ovitrap percent egg hatch
Bois-Rouge (control) Baseline (N = 261) 260 (99.62%) 31,601 113.82 (6.68) 92.39 (2.17)
Intervention (N = 2113) 1853 (87.695) 141,702 67.67 (9.10) 81.47 (3.77)
Total (N = 2374) 2113 (89.00%) 173,303 73.00 (1.81) 82.41(0.62)
Duparc North (Non treated) Baseline (N = 211) 210 (99.52) 21,327 96.04 (7.17) 91.54 (2.48)
Intervention (N = 1157) 1005 (86.86%) 73,819 64.40 (2.46) 78.65 (1.60)
Total (N = 1368)) 1215 (88.81%) 95,213 69.60 (2.39) 80.48 (0.86)
Duparc South (SIT Baseline (N = 804) 788 (98.00%) 78,214 97.49 (3.35) 89.27 (1.99)
Intervention) Intervention (N = 2212) 1801 (81.42%) 99,695 45.03 (1.31) 31.38 (0.72)
Total (N = 3016) 2589 (85.84%) 177,909 58.99 (1.38)

Suppression efficacy (Abbott’s formula): [(C-T)/C) * 100

Egg count/ovitrap Egg hatch rates

Pre- vs Post Intervention (Duparc South): [(97.49-45.03)/
97.49] * 100 = 53,81%

Intervention: Treated vs control: (67.67-45.03)/

67.67 = 33.45%

Pre- vs Post Intervention (Duparc South): (89.27-31.38)/ 89.27= 64.84%

Intervention: Treated vs control: (81.47-31.38)/ 81.47 = 61.48%

analysis confirmed significant effects of locality (Fq.,4257 = 130.76,
P < 0.001) and week (F37,4257 = 17.01, P < 0.001), with a sig-
nificant Release x Week interaction (F3g,4257 = 4.05, P < 0.001).
These results demonstrate a clear, time-dependent reduction in
oviposition following sterile male releases (Figure 3A).

Effect of SIT on egg hatching rates

Site-level data demonstrated significant declines in egg hatch
rates after SIT implementation. Intervention site mean hatching
rates declined from 89.27% to 31.38% post-release (A = -57.89%,
95% CI [-55.99, -59.60], t = 62.76, P < 0.001). Control site hatch
rates changed moderately (92.39% to 81.47%, t = 12.17, P < 0.001),
while buffer zone effects were intermediate (from 91.5 £+ 10.2% to
78.7 £ 34.2% (t = 11.11, P < 0.001)). Mixed-effect modeling again
confirmed strong and time-dependent SIT impact on egg viabil-
ity (Fq, 3604 = 3976.75, P < 0.001). Egg fertility suppression ex-
ceeded 50% within 9 weeks of initial releases and stabilized at

>70% for most of the intervention period (Figure 3B-C). The mean
SIT-induced sterility across the intervention phase was 61.5% rela-
tive to control.

Spatiotemporal variation in egg densities

Spatial analysis categorized ovitraps by productivity: low
(<100), intermediate (100-200), and high (>200 eggs trap—!). The
control site consistently retained high-density oviposition zones
before and after intervention, whereas the proportion of high-
density traps in the treated area declined from 25.7% to 3% post-
intervention (Figure 4). Residual egg detection suggested limited
reinvasion or incomplete suppression in peripheral sectors, likely
reflecting immigration from adjacent non-treated zones.

Spatial heterogeneity in egg viability

Spatial modeling revealed strong site-specific heterogeneity
(Figure 5). While Bois Rouge maintained consistent high-fertility
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out over each study. Each point is characterized by its coordinates in the two-dimensional x-y space, and by the average egg density recorded.
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Figure 5. Spatial and temporal variation in Ae. albopictus egg-hatching rates at the control and treated sites. The first panel shows the distribution of the average egg hatch
rates before and during the intervention. The second panel shows the spatial distribution of areas with low and high weekly average of egg viability per ovitraps at the
surveyed sites. Hatch rates showed notable spatial heterogeneity within both treated and control sites.

clusters, Duparc South exhibited substantial reductions in egg
hatch rates, particularly within the central release zones. The max-
imum suppression (79.3%, 95% CI [78.4-80.0]) occurred in the res-
idential core, ~10% greater than the site-wide mean. Edge zones
displayed less suppression, indicating potential dilution of the lo-
cal sterile-to-wild ratio by immigration of fertile females from non-
treated areas and highlighting the importance of release coverage
density.

Sterile-to-wild male ratios

The sterile:wild ratio obtained from Mark-release-recapture
studies averaged 6.6 + 0.7 2 months after release initiation
(September 2021) and exceeded the 10:1 operational target (mean
11.5 + 1.6) during late-phase release phase in June 2022. Tempo-
ral and spatial fluctuations across sampled locations reflect vari-
able BG trap sensitivity and environmental influences, but results
confirmed efficient dispersal and persistence of sterile males in the
field.

Changes in adult mosquito populations

BG trap sampling documented a substantial decrease in adult
female Ae. albopictus abundance at the intervention site. Matched
monthly comparisons revealed consistent declines: May 2021
(mean: 16.7 females/trap/month) vs. May 2022 (5.4); June 2021
(9.7) vs. June 2022 (5.5); and July 2021 (9.2) vs. July 2022 (3.0).
Average female density dropped from 10.9 + 17.8 females trap—!
month~' (baseline, March-July 2021) to 4.3 + 6.4 (April-August
2022), representing a 60.4% reduction. General linear models con-
firmed significant effects of month (Fg,1n92 = 11.82, P < 0.001) and

treatment period (Fin,1n92 = 16.34, P < 0.001), demonstrating the
temporal alignment between sterile releases and population sup-
pression (Figure 6).

Discussion

This study illustrates both the technical feasibility and opera-
tional efficacy of the Sterile Insect Technique [SIT] for the sup-
pression of Aedes albopictus in a small-scale urban environment
on Reunion Island. Building on a multi-disciplinary foundation, the
intervention strategy was tailored to local ecological conditions
[19,23,27-29] and underpinned by recent advances in colony rear-
ing and a standardized sterilization approach using 40 Gy X-ray
irradiation at the pupal stage [21,30]. The intervention, initiated
during the austral winter of 2021 when mosquito population lev-
els are lowest involved the integration of door-to-door source re-
duction measures with systematic ground releases of sterile males
from July 2021 to August 2022. Over 13 months, more than 10 mil-
lion sterile males were released within a 20-hectare pilot site, with
weekly release numbers (150,000-275,000) comparable to those in
prior SIT studies [21,30], albeit lower than in larger scale trials of
SIT/IIT in China [31]. Comprehensive monitoring using ovitraps and
periodic adult sampling for 6 months prior and throughout the in-
tervention allowed rigorous evaluation.

The results provide crucial proof of concept: SIT can feasibly
suppress Ae. albopictus at the urban scale tested. Mean ovitrap egg
counts declined by 32.8% relative to controls, with sustained re-
ductions of 45-50% over a four-month peak (Figure 3B). Despite
the persistence of high ovitrap positivity, the decline in egg output
and the altered seasonal patterns of fecundity suggest a disruption
of natural reproductive cycles caused by SIT, a finding that is con-
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Figure 6. Monthly density of adult Aedes albopictus females at the SIT pilot site before and during the implementation phase. The dashed line indicates the start of the SIT

intervention. Error bars show the 95% CI.

sistent with the results of other field studies [12,13,15]. However,
the impact of this suppression was potentially mitigated by immi-
gration of wild females; a recognized challenge in Mauritius and
Florida implementations [15,32]. Notably, suppression was stronger
in central areas than in peripheral hotspots, likely due to lower
sterile:wild male ratios at the periphery and dispersal limitations
[23]. These findings underscore the imperative to adapt operational
frameworks to account for heterogeneity in urban landscapes, po-
tentially through the utilization of GIS-aided stratification and tai-
lored release schemes [33,34].

The most compelling indicator of SIT efficacy was the sharp re-
duction in egg fertility. Hatch rates declined by more than 57%
during the intervention relative to baseline; this led to a post-
intervention suppression efficacy of 61.1% when compared to con-
trols. Achieving close to 50% reduction in egg viability within 6
months demonstrates the speed and robustness of SIT in disrupt-
ing Ae. albopictus reproduction. In the residential core, egg viability
fell by a mean of 79.3% (Appendix 1), most likely owing to con-
centrated presence and higher competitive mating success of re-
leased sterile males. The weaker suppression observed in periph-
eral zones (Figure 5, Appendix 1) is consistent with an edge effect
driven by immigration of wild females from adjacent untreated ar-
eas [35]. This reinvasion pressure likely diluted the local sterile-to-
wild male ratio at the margins of the intervention zone, thereby
reducing SIT effectiveness relative to the central core. This spatial
suppression aligns with patterns reported in earlier studies from
Italy [12], Greece [16], and China [31], where cumulative induced
sterility exceeding 50% correlated with successful population con-
trol even under moderate migration pressures. These findings sup-
port the operational value of buffer zones or expanded coverage
to reduce edge-driven recolonization in heterogeneous urban envi-
ronments.

A key determinant of SIT impact is the ratio and field com-
petitiveness of sterile males [9]. Though the sterile:wild ratio did

not surpass 5:1 in the first months, release numbers steadily
raised observed ratios (6:1 to 18:1 across the site). While recap-
ture data indicate potentially low trap efficiency and/or behavioral
field variation, wild male capture rates relative to sterile males af-
firm competitive fitness. These variabilities highlight the necessity
of refining spatial release patterns, and real-time competitiveness
assessments and adaptive release scheduling [36]. Concurrently,
mosquito adult indices corroborated these trends. BGS trap surveil-
lance revealed a 60.4% decline in adult female Ae. albopictus popu-
lation density at the treated site in comparison to the baseline. Al-
though these adult data were less extensive than egg data, concor-
dance between declining egg fertility and subsequent female pop-
ulation reduction suggests a causal link with the SIT schedule. The
lag between ovitrap indices and adult suppression supports the
known biological pathway [37]: lower fertility reduces adult emer-
gence. Nevertheless, it is not possible to attribute changes in adult
density at the treated site to SIT alone due to the absence of a
comprehensive adult survey in the control site. However, monthly-
matched comparisons and triangulation with egg-based metrics
strengthens confidence in the intervention outcome. Complemen-
tary endpoints, such as quantification of mosquito nuisance or ex-
posure biomarkers [e.g., anti-saliva antibodies] [38], though not de-
tailed here, would provide further supporting evidence for opera-
tional SIT impact. The scale of observed suppression mirrors that
found in analogous trials, which report 30-60% reductions in egg
densities and 50-80% drops in adult densities [12-14,31], though
variation among studies can be traced to site-specific population
baselines and tactics. It is noteworthy that the efficacy of SIT has
been enhanced when employed concurrently with adulticide [32].

The interpretation of these results must take into account
three main limitations. Firstly, the intervention’s modest scale (20
hectares), the absence of sufficiently large ecological buffers, and
possible immigration from adjacent untreated areas likely reduced
achievable suppression, as reflected in sustained ovitrap positiv-
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ity and echoing experiences in other small-scale pilots [29,35].
Attempt to restrict immigration proved to be logistically unfeasi-
ble. Secondly, because adult monitoring was not done in the con-
trol zones, variations in adult density at the treated site should
be understood with caution and in relation to egg-based metrics
that were consistently collected. Third, extreme weather events,
such as cyclones Batsirai and Emnati in early 2022, disrupted re-
lease schedules, likely adding to site-specific challenges, with ana-
logues seen in other SIT settings [15,32]. Fourth, Reunion Island’s
distinctive ecology, including high vector densities and continu-
ously favorable climate, means results under these uncontrolled
variables may not generalize without additional contextual anal-
ysis. In addition, further methodological improvements, especially
adequate standardized adult monitoring across sites and extended
post-release surveillance will be crucial for the assessment of po-
tential rebounds and the understanding of longer-term sustainabil-
ity [39]. Future operational trials must scale up, incorporate robust
buffer zones, and employ adaptive releases to counteract immigra-
tion.

Conclusion

In conclusion, this study provides substantial technical and sci-
entific evidence that validates the use of SIT for Ae. albopictus sup-
pression in urban environments. Despite constraints, achievements
include a 32.7% drop in egg production, 64.2% fall in fertility, and
60.4% reduction in local female densities relative to controls. The
findings support the use of ovitrap indices as sensitive outcome
metrics for SIT impact and highlight the need to address urban
heterogeneity in program planning. Moving forward, larger field
trials would be essential in order to confirm efficacy observed in
this study and clarify the epidemiological outcomes. The success-
ful scale-up of the SIT will be contingent on sustained operational
capacity, iterative integration of sterile male releases with other
control methods, community engagement, and the ongoing eco-
nomic evaluation. Whilst the transition to operational deployment
is promising, this process requires attention to the technical con-
straints that were revealed during the pilot implementation, as
well as dedication to the adaptive, evidence-based refinement of
the process.
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