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Summary
Background Dengue is a global problem that seems to be worsening, as hyper-urbanization associated with climate
change has led to a significant increase in the abundance and geographical spread of its principal vector, the Aedes
aegypti mosquito. Currently available solutions have not been able to stop the spread of dengue which shows the
urgent need to implement alternative technologies as practical solutions. In a previous pilot trial, we
demonstrated the efficacy and safety of the method ‘Natural Vector Control’ (NVC) in suppressing the Ae. aegypti
vector population and in blocking the occurrence of an outbreak of dengue in the treated areas. Here, we expand
the use of the NVC program in a large-scale 20 months intervention period in an entire city in southern Brazil.

Methods Sterile male mosquitoes were produced from locally sourced Ae. aegypti mosquitoes by using a treatment
that includes double-stranded RNA and thiotepa. Weekly massive releases of sterile male mosquitoes were performed
in predefined areas of Ortigueira city from November 2020 to July 2022. Mosquito monitoring was performed by
using ovitraps during the entire intervention period. Dengue incidence data was obtained from the Brazilian
National Disease Surveillance System.

Findings During the two epidemiological seasons, the intervention in Ortigueira resulted in up to 98.7% suppression
of live progeny of field Ae. aegypti mosquitoes recorded over time. More importantly, when comparing the 2020 and
2022 dengue outbreaks that occurred in the region, the post-intervention dengue incidence in Ortigueira was 97%
lower compared to the control cities.

Interpretation The NVC method was confirmed to be a safe and efficient way to suppress Ae. aegypti field populations
and prevent the occurrence of a dengue outbreak. Importantly, it has been shown to be applicable in large-scale, real-
world conditions.

Funding This study was funded by Klabin S/A and Forrest Innovations Ltd.
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Introduction
Dengue is a mosquito-borne viral disease that represents a
massive and growing problem worldwide. Globally, its
main vectors are mosquitoes of the specie Aedes aegypti (Ae.
aegypti). This mosquito is also the principal global vector of
chikungunya, yellow fever and Zika.1 Historically, the inci-
dence of arboviruses, especially dengue, was concentrated
throughout the tropics.1 However, hyper-urbanization and
climate change resulting from anthropological activities,
has prompted the expansion of this mosquito into regions
*Corresponding author. Forrest Innovations Ltd, 13 Gad Feinstein Street, R
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that until recently were not infested.2,3 Subsequently,
dengue and other Ae. aegypti-transmitted arboviruses are
becoming a concern to these regions.2–4

Along with the global increase in the incidence of
dengue, cases of severe dengue have also increased pro-
portionally, with subsequent impact on the morbidity and
mortality of affected populations and important social
and economic implications.2,5 To date, interventions such
as vaccination, have failed to control the spread of these
arboviruses (other than yellow fever), and it is becoming
ehovot, Israel.
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Research in context

Evidence before this study
Previously, several Sterile Insect Technology (SIT)
methodologies were shown to successfully suppress Aedes (Ae.)
aegypti mosquito populations relative to control areas. These
include the use of bacterially (Wolbachia) infected male
mosquitoes leading to incompatibility with wild females;
genetically modified male mosquitoes carrying a dominant
lethal gene that leads to female larval mortality, and, more
recently, our new methodology Natural Vector Control (NVC).
NVC is a SIT-based method that uses massive releases of sterile
male mosquitoes produced from the combined treatment with
dsRNA and thiotepa that was shown to be highly effective at
suppressing mosquito populations and preventing dengue
even when treatment and control areas were interchanged.

Added value of this study
Although the present study was not randomized, its design
enabled prospective comparison (before and after the

intervention), as well as comparison with neighboring cities.
As a result, strong evidence was produced regarding the
impact of the NVC intervention on mosquito control. More
importantly, the reduction in dengue cases resulting from the
intervention supports its potential use with short-term effects
on public health regarding dengue and other arboviruses. The
present study also provided real-life evidence that NVC can be
implemented on a large scale for an entire city.

Implications of all the available evidence
NVC represents an accessible, effective, reliable, scalable, and
reproducible system for preventing dengue and potentially
other mosquito-borne illnesses. The evidence produced by
this study, combined with the existing body of evidence on
NVC and other SITs, will be essential in supporting evidence-
based public policies and implementation programs in regions
endemic to dengue.
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clear that effective and safe vector elimination is the key
to reaching the WHO goals for dengue, i.e. reducing its
global incidence by 75% until 2027.6,7

Sterile Insect Technology (SIT) has emerged in the last
decade as a highly effective and ecologically viable method
to constrain the spread of disease-carrying mosquitoes.
This technique, in its various manifestations, is based on
the massive release of sterile male mosquitoes in the
intervention area, which mate with wild females and leads
to a progressive reduction of mosquito numbers in sub-
sequent generations.8 The techniques used to date to
reduce mosquito populations include the sterilization of
mosquitoes by irradiation,8 the use of genetically modified
mosquitoes carrying a dominant lethal gene,9 and incom-
patible insect technology, which utilizes mosquitoes
infected with Wolbachia bacteria.10–13

We previously provided direct evidence of prevention
of dengue using a technique called Natural Vector Con-
trol (NVC), a method that uses massive releases of sterile
male mosquitoes produced from the combined treatment
of dsRNA and thiotepa.14 We demonstrated that reversal
of treatment and control areas in two neighborhoods in a
Brazilian city, over two epidemiological seasons, brought
>90% reduction of dengue cases in the treatment areas in
the midst of a dengue epidemic in both seasons.14,15

Herein we present the results over two seasons of an
intervention with large-scale deployment of NVC in
Ortigueira, a city located in the southern region of Brazil.
Methods
Production of NVC sterile male mosquitoes
The Ae. aegypti colony was established from eggs collected
in the northern region of Paraná, Brazil (2017), using ovi-
traps.16 Mosquitoes were reared as described previously.14
The NVC sterile male mosquitoes’ large-scale pro-
duction process was performed essentially as described
in de Castro Poncio et al., 2021.14 Daily batches of mil-
lions of pathogen-free Ae. aegypti eggs were hatched and
incubated for 1 h in a PTB2-dsRNA solution.14 Then,
larvae were rinsed and fed in rearing trays until they
reached the pupal phase. At this stage, males and fe-
males were mechanically separated using an appropriate
device (Larval-Pupal Separator, Model 5412, John W.
Hock Company, Florida, USA). Male pupae were soaked
in a thiotepa solution (0.6% W/V) for 1 h, then washed
to remove and inactivate any remnants of thiotepa so-
lution.17 After emerging as adults, NVC sterile male
mosquitoes were fed 10% sugar solution. All the batches
of NVC sterile male mosquitoes underwent quality
control to detect the potential presence of contaminating
females and verify the sterility of the males.

NVC sterile male mosquito releases and monitoring
field Ae. aegypti mosquitoes
Ortigueira is a city in the northern region of Parana
state, southern Brazil, with a population of 21 thousand
inhabitants (source: 2021 extrapolation from the 2010
Brazilian census) (Fig. 1a). It has a subtropical climate,
with an average temperature of approximately 20 ◦C
over the year. Releases of NVC mosquitoes were per-
formed on a weekly basis from November 2020 to July
2022. NVC male mosquitoes were packed in plastic
containers and manually released from a car driving
along the streets of the city, as previously described.14

The number of NVC sterile male mosquitoes released
in Ortigueira was based on the size of the area, number
of eggs collected and the number of viable larvae
collected at the release sites, with an initial proportion of
200 sterile male mosquitoes per hectare x number of
www.thelancet.com Vol 21 May, 2023
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Fig. 1: Satellite image showing the location of Ortigueira in
Parana, South of Brazil (Google Earth v.7.3.6.9, 2022). (a) Satellite
image of Ortigueira urban area and surroundings. The right-upper
map shows the position of Parana state within Brazil and right-
lower inset shows the location of Ortigueira within Parana state.
(b) Map of Ortigueira showing the points where NVC mosquitoes
were released (blue marks). (c) Number of NVC sterile male
mosquitoes monthly released in Ortigueira during the intervention
period. (d) Map of Ortigueira showing the points where ovitraps
were installed (white marks).
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viable larvae. Fig. 1b shows the points of NVC mosquito
releases, and the total number of mosquitoes released
per month is shown in Fig. 1c.

Monitoring of local Ae. aegypti abundance was
performed by weekly installation of 159 ovitraps in
predefined houses or in the peri domiciliary area of the
residences in Ortigueira (Fig. 1d).14,18,19 Eggs from each
ovitrap were counted and hatched for a 48-h period. The
mean number of larvae/ovitrap that hatched in this
period were considered viable progeny. The mosquito
monitoring started one month before the beginning of
NVC releases and continued until one month after the
NVC intervention period.

Estimation of the mosquito field population sup-
pression was performed as previously described.14,20

Londrina city was used as a control city for Ae. aegypti
monitoring by using ovitraps, similarly as described for
Ortigueira. Briefly, monthly moving averages relative to
www.thelancet.com Vol 21 May, 2023
the same period of the control area were calculated ac-
cording to equation M = (Ta/Ca)/(Tb/Cb)−1, where M is
the viable progeny change, Ta is mean larvae per point
in the intervention area (Ortigueira) after release, Ca is
mean larvae per point in the control area (Londrina)
after release, Tb is mean larvae per point in the treated
area before release, and Cb is mean larvae per point in
the control area before release. This was done by
comparing monthly data against baseline data obtained
across the 2 months prior to the beginning of releases.
The corresponding 95% confidence intervals (CIs) were
calculated by a 10,000-loop bootstrap20 for the entire
period of releases and for each period of 4 weeks, to
follow the effect along the project and considering the
similar effect in coming weeks. The CIs were calculated
using R version 4.2.1 (R version 4.2.1–2022-06-23 ucrt–
Copyright © 2022 The R Foundation for Statistical
Computing).

Epidemiological data
Subsequent to the completion of the NVC mosquito
releases (at the end of the second epidemiological year),
data regarding dengue cases was obtained from the
Brazilian National Disease Surveillance system
(SINAN). The dataset considered the neighbourhood of
primary residence and date of onset of illness. Authoc-
tone and alloctone cases were not differentiated, since
the percentage of imported cases was very low (ranging
from 0 to 0.5% of all reported cases).21 Data on dengue is
available on SINAN since 2000. Suspected cases of
dengue are reported according to a case definition of
fever plus at least two of the following additional
symptoms: malaise, headache, myalgia, nausea, vomit-
ing, cutaneous rash and arthralgia.22 PCR testing is
performed only for severe and fatal cases, pregnant
women and young children.23

To assess the impact of the NVC intervention on the
incidence of dengue in Ortigueira, epidemiological
data on dengue in Ortigueira and the neighboring cities
(Marilândia do Sul, Tamarana, Telêmaco Borba, Mauá
da Serra, Apucarana, Imbaú, Londrina, Grandes Rios
and Tibagi) were also collected. Dengue incidence in
indicated periods was calculated as (number of dengue
cases/number of inhabitants) × 100,000. The number of
inhabitants in each city was based on demographic data
from the Brazilian Institute of Geography and Statistics
(IBGE). To evaluate the protective effect of NVC inter-
vention on dengue incidence, the incidence rate ratio
(IRR) was calculated (IRR = IDT/IDC). Where IDT is the
incidence of dengue cases in the treated area (Orti-
gueira) and IDC is the dengue incidence of control cities
during the period of intervention. Values of IRR < 1
indicate that the NVC treatment is protective against
dengue; 95% CIs were calculated using R software.

Estimation of dengue suppression after NVC inter-
vention was performed using the 10,000 Loop Bootstrap
simulation using 3-month period of comparison,
3
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starting in January 2020, one year before the interven-
tion.14,20 Telêmaco Borba, Grandes Rios, Imbaú and
Tibagi were used as control cities for dengue incidence
in the same period of NVC intervention performed in
Ortigueira. Monthly moving averages relative to the
same period at control cities were calculated according
to the equation M = (Ta/Ca)/(Tb/Cb)−1, where M is the
dengue incidence change, Ta is dengue incidence in
Ortigueira after NVC releases, Ca is the incidence in the
control cities after release, Tb is dengue incidence in
Ortigueira before NVC releases, and Cb is dengue
incidence in the control cities before NVC period re-
leases. This was done by comparing 3-months data in-
tervals against baseline data obtained across the 12
months prior to the beginning of releases. The corre-
sponding 95% confidence intervals (CIs) were calculated
by a 10,000-loop bootstrap20 for the entire period of re-
leases and for each period of 3 months, to follow the
effect along the project and considering the similar ef-
fect in the coming months. The CIs were calculated
using R version 4.2.1 (R version 4.2.1–2022-06-23 ucrt–
Copyright © 2022 The R Foundation for Statistical
Computing).

Ethics and trial registration
An Environmental License from the Environmental
Institute of Paraná was obtained (license number 36127)
to perform the NVC intervention in Ortigueira. In
addition, consent to perform the intervention was given
by the Sanitary and Epidemiological Surveillance service
the Health Secretariat and the Ortigueira City Hall
(consent letter 20201109_101236 and transport autho-
rization 197/2020).

Role of the funding source
This study was funded by Klabin S/A and Forrest In-
novations Ltd. Forrest Innovations Ltd. convened and led
the study implementation. Klabin S/A did not have any
involvement in the study design, in the collection, analysis,
and interpretation of data, nor in the writing of the report
or in the decision to submit the manuscript for
publication.
Results
To demonstrate the feasibility of implementing NVC in an
entire city and the impact of this intervention on the
prevention of dengue, a disease that has great social, eco-
nomic, and public health implications, the city of Orti-
gueira, in Paraná, was chosen to receive a 20 months
intervention plan. A total of 59 million sterile male
mosquitoes (NVC) were released during the period from
November 2020 to July 2022, in 200 points in the city, and
the monitoring of mosquito infestation was carried out
with the placement of ovitraps in 159 points throughout
the city (Fig. 1). The intervention in Ortigueira resulted in
a reduction in viable progeny of Ae. aegypti from the 18th
week of intervention (Fig. 2a). From then on, the viable
progeny of mosquitoes droped to close to zero and
remained low throughout the second year of the
intervention.

To quantify the reduction in viable progeny of Ae.
aegypti in Ortigueira during the NVC intervention
period, we measured monthly moving averages of viable
larvae hatched from eggs collected during field surveil-
lances in both Ortigueira (intervention area) and Lon-
drina (control area), a city near Ortigueira, as previously
described.14,20 Over the 2 seasons of intervention, NVC
dramatically reduced the Ae. aegypti mosquito field
population in Ortigueira, reaching up to 98.7% (CI
98.3%–100%) reduction in the number of viable larvae
during the entire period of intervention (Fig. 2b and
Supplementary Figure S1).

Next, we evaluated the incidence of dengue in
Ortigueira throughout the intervention period compared
to the occurrence of dengue in other cities in the region.
Ortigueira is surrounded by several other cities that
have sociodemographic and climatic similarities
(Supplementary Table S2). We compared neighboring
cities as controls, based mainly on the historical similarity
of the occurrence of dengue outbreaks/or epidemics be-
tween the years 2000 and mid-2020, a period prior to the
start of our NVC intervention.22 We did not consider the
history of other arboviruses (Zika and chikungunya) as
the incidence of these diseases in the region has been
very low since they began to be reported in Brazil
(Supplementary Figure S3). As can be seen in Fig. 3,
among the neighboring cities evaluated, Marilândia do
Sul, Mauá da Serra, Londrina, Tamarana and Apucarana
presented different dengue incidence peaks compared
with the dengue peaks that occurred in Ortigueira in the
same period. On the other hand, the cities Grandes Rios,
Telêmaco Borba, Imbaú and Tibagi showed similar pat-
terns of dengue incidence over the last 2 decades when
compared to Ortigueira, and therefore were chosen to
serve as controls of dengue occurrence during and after
the NVC intervention period.

We had previously demonstrated the effectiveness of
the NVC intervention in reducing dengue cases by
almost 95%, by alternating the NVC-treated and control
areas in 2 different epidemiological seasons.14 Herein we
expanded the NVC intervention to an entire city. As we
can see in Fig. 4a, which shows the dengue incidence
from January 2020 to July 2022, the first peak of inci-
dence in the cities of the region (including Ortigueira)
occurred in March 2020, before the NVC intervention
period. The second and more important peak of dengue
incidence occurred in May 2022. This period includes the
NVC intervention performed in Ortigueira. The other
cities nearby did not receive NVC intervention. The
incidence of dengue in the neighboring cities ranged
from 120 cases per 100,000 inhabitants (Telêmaco Borba)
to 3090 cases per 100,000 inhabitants (Tibagi). In
contrast, Ortigueira, presented a much lower incidence
www.thelancet.com Vol 21 May, 2023
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Fig. 2: Suppression of a field Ae. aegypti mosquito population in Ortigueira during the 1st and 2nd years of NVC intervention. The grey
shadows in each graph indicate the number of NVC sterile male mosquitoes released monthly in Ortigueira during the NVC period of inter-
vention (right axis). (a) Releases of NVC sterile male mosquitoes occurred weekly between November 2020 and July 2022 (Weeks 0–90). The
city was monitored with egg collection by using ovitraps during the entire period of NVC intervention. The collected eggs were transferred to
the laboratory, where they were hatched. The mean number of larvae hatched from eggs of each ovitrap (159 points) over the 90 weeks was
defined as viable progeny (Left axis). Statistical analysis: Paired t test provided a P value of <0.0001 for the difference between 1st and 2nd year
of NVC intervention. (b) Suppression of the Ae. aegypti wild population in Ortigueira during the NVC program. Monthly moving averages
showing percentage change in Ae. aegypti abundance in Ortigueira, measured by mean number of larvae per trap relative to control area
(Londrina). In weeks 30–34, there was a 98.7% (95% CI, 98.3%–100%) reduction in the number of mosquitoes compared to week 4.
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(20 cases per 100,000 inhabitants) in the same period.
Compared to the neighboring cities, the incidence of
dengue in Ortigueira was between 6 and 150 times lower.

The potential protective effect of NVC was
confirmed calculating the dengue ratio between areas.
The IRR showed a reduction of 89.1% in the incidence
of dengue in Ortigueira compared to the other four
control cities (CI 95.5%–82.3%) during the two years of
intervention. We also performed the measurement of
monthly moving averages of dengue incidence in both
Ortigueira (intervention area) and control cities. As can
www.thelancet.com Vol 21 May, 2023
be seen in Fig. 4b, using the monthly moving averages
method, the number of dengue cases was reduced by
up to 97.7% (CI 95.7%–99.7%) over the intervention
period.
Discussion
Mosquito transmitted diseases are a massive global
burden whose geographical area is expanding due to
climate change and urbanization.24 Dengue incidence
has grown dramatically in the last two decades. Globally,
5
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Fig. 3: Historical dengue incidence in Ortigueira vs neighboring cities. Each graph shows the dengue incidence from 2001 to 2020 (displayed
as cases per 100,000 inhabitants) in Ortigueira (green line) compared with neighboring cities (red lines), as indicated (Marilândia do Sul, Mauá
da Serra, Londrina, Tamarana, Apucarana, Grandes Rios, Telêmaco Borba, Imbaú, and Tibagi). Data source: Brazilian National Disease
Surveillance System (SINAN).
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the number of dengue cases reported to the World
Health Organization has increased from 505,430 cases
in 2000, to over 2.4 million in 2010 and 4.2 million in
2019.25 In Brazil, dengue has increased in magnitude
and frequency in recent years, inflicting a significant
economic and social burden.26 In the state of Parana in
Brazil, the epidemiological years of 2020 and 2022 were
by far the two worst dengue epidemic years in its
history.15,21

The Sterile Insect Technology (SIT) has been
demonstrated to be effective in reducing incidence of
disease or damage in different insect species.27 Natural
Vector Control (NVC)-based SIT was previously shown to
be highly effective in preventing dengue by successfully
suppressing the Ae. aegypti mosquito population.14 In a
previous controlled field trial, we described the produc-
tion method of NVC sterile male mosquitoes, as well as
the safety and efficacy of the method in suppressing
Ae. aegypti mosquito population. In that study we per-
formed two intervention periods (INT1 and INT2), in
which the treatment and control areas were alternated
between the INT1 and INT2 periods. In both intervention
periods, the incidence of dengue was drastically reduced
in the areas where the NVC was implemented, which
showed that the NVC program is robust and not biased.14

Herein we extended the program to a large-scale inter-
vention in an entire city in the State of Paraná, southern
Brazil. Our objective was to demonstrate the feasibility of
a large-scale NVC deployment in real-life conditions.

Herein we show a clear reduction in viable progeny
of Ae. aegypti throughout the intervention period in
Ortigueira reaching a mosquito population of less than
1% of the pre-intervention mosquito population, as
compared with the same calendar period before the start
of the intervention (Fig. 2). The effective suppression of
the mosquito population started approximately 15 weeks
after the beginning of the NVC intervention. The likely
reason for the relatively long period before effective
suppression was evident is that the releases of NVC
sterile mosquitoes started only at the end of November
2020, which is already summer in Ortigueira. This delay
in the start of releases was due to bureaucratic reasons
(authorizations and local regulatory approvals). Such a
long period before effective suppression is achieved
(due to starting releases in the summer when mosquito
populations already start growing exponentially), un-
derscore the importance to begin the intervention as
early as possible in the mosquito season. This has also
already been demonstrated in other SIT studies.9 In
addition, our results indicate that an intervention period
of at least 2 years, associated with continuous moni-
toring and releases during mosquito peak periods, is
necessary to avoid a rebound in the increase in the
number of mosquitoes and consequent higher risk of
dengue outbreaks, as has already been observed in
previous studies.14 The risk of rebounds in the mosquito
population after effective suppression may be due to the
fact that in Ae. aegypti eggs may lie dormant for over a
year.28

It is important to note that during the period of
intervention with NVC in Ortigueira, no other method
of controlling the mosquito vector, such as the use of
insecticides, was used. In contrast, a neighboring city,
Tibagi, implemented the use of Ultra-Low Volume
www.thelancet.com Vol 21 May, 2023
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Fig. 4: Dengue incidence in the NVC intervention area (Ortigueira) and control neighboring cities from January 2020 to July 2022. (a)
Dengue incidence in Ortigueira and the indicated control cities Telemaco Borba, Grandes Rios, Imbau and Tibagi is shown in the left axis,
expressed as the number of dengue cases per 100,000 inhabitants. The grey shadows in each graph indicate the number of NVC sterile male
mosquitoes released monthly in Ortigueira during the NVC intervention period. The incidence of dengue in Ortigueira in May 2022 was 20 cases
per 100,000 inhabitants (95% CI, 10–20), while the dengue incidence in control cities was 120 cases (95% CI, 100–150) in Telêmaco Borba; 440
cases (95% CI, 300–660) in Grandes Rios; 240 cases (95% CI, 170–340) in Imbaú; and 3090 cases (95% CI, 2870–3340) in Tibagi. (b) Monthly
moving averages of dengue incidence in Ortigueira and control cities. A 10,000 bootstrap simulation was performed to show the percentage
change in dengue incidence in Ortigueira, using the dengue incidence of the four neighboring cities as controls. In the spring of 2021, there was
89.9% reduction in the dengue incidence in Ortigueira compared to winter 2021 (95% CI, 79.7%–100%).
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insecticide spraying in public areas in an attempt to
contain the spread of dengue in the city. This reactive
insecticide intervention failed to control the spread of
dengue in the city, which was the worst among the
control cities in the region (Fig. 4a).29

Another important aspect to consider after a large-
scale NVC intervention is the possibility of mosquito
reintroduction after suppression has been achieved. It is
well known that the distribution of Ae. aegypti is largely
driven by human movement.30 Ortigueira is not an iso-
lated city, and there is daily movement of vehicles and
people between Ortigueira and the neighboring cities.
This represents the reality of the global economy, and
therefore, to be effective, mosquito population suppres-
sion projects need to be performed on a large-scale. The
www.thelancet.com Vol 21 May, 2023
solution to control the mosquito reintroduction in the
area previously treated with NVC lies in maintaining
entomological surveillance, particularly around high-risk
introduction routes such as highways,30 and subse-
quently carrying out punctual releases of NVC sterile
male mosquitoes in areas at greatest risk of mosquito
reintroduction.

It is stating the obvious that total or almost total
absence of a mosquito vector precludes transmission of
dengue or any other arbovirus.31 Indeed, the entire
northern region of Paraná experienced dengue epi-
demics in 2020 and 2022, including several cities sur-
rounding Ortigueira (Fig. 4 and Supplementary
Figure S4). In contrast, subsequent to our NVC inter-
vention in Ortigueira, the population of mosquitoes was
7
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simply so low during the 2021–2022 seasons (Fig. 2)
that dengue transmission was an extremely unlikely
event. It is true that the dynamics of transmission and
incidence of dengue can be unpredictable and varied
over the years.32 Therefore, we cannot completely
exclude the possibility that the almost total absence of
dengue cases in Ortigueira was due to chance.
Notwithstanding, this variability of dengue distribution
didn’t seem to happen in Paraná between the years of
2019–2022, since the vast majority of cities that had
extensive dengue epidemics in 2019 and 2020 presented
similar patterns of dengue outbreaks in 2022
(Supplementary Figure S4). In addition, to reduce the
potential of a biased comparison, we compared inci-
dence of dengue to all the neighboring cities with
similar dengue epidemiological profiles, as well as a
general evaluation of the epidemiological profile of
dengue in the State of Paraná. Most importantly, we
observed a 99% reduction in the Ae. aegypti mosquito
population in Ortigueira when comparing pre and post
NVC intervention of the same calendar period (Fig. 2).
Therefore, our results suggest that the reduction of up
to 150 times in the dengue incidence compared to other
cities is a direct result of the NVC intervention.

The mosquito suppression SIT methodologies,
such as genetic modification to introduce a dominant
lethal gene,9 cytoplasmatic incompatibility IIT33,34 and
more recently NVC14 have all shown reduction in the
Ae. aegypti mosquito population. However, despite
these numerous demonstrations of efficacy and
safety, SIT is still not being routinely used as a real-
world strategy to combat the vector.35 Among the
challenges to be overcome so that such technologies
(including NVC) are widely implemented worldwide,
we can mention the high costs related to the produc-
tion of sterile mosquitoes (inputs and process), stor-
age and logistics for transporting and releasing
mosquitoes, the infrastructure required for on-site
molecular surveillance, regulatory and legislation
framework (authorizations for monitoring and re-
leases) and public engagement.36 The current NVC
intervention program has achieved economies of scale
that can effectively and economically provide long-
term dengue prevention programs. It is important to
emphasize that not only NVC, but any SIT-based in-
terventions are likely to be used in conjunction with
other vector control programs and strategies, rather
than as standalone measures.

Traditionally, new treatments, vaccines and pre-
vention methods must go through several stages of
testing and regulatory approvals, ranging from pre-
clinical trials to commercial approvals before being
widely implemented.37 In the pre-COVID-19 pandemic
period, these processes could take more than 15 years
to complete.37,38 The COVID-19 pandemic demon-
strated that this process can be optimized and accel-
erated, and still prove safe and effective for the human
population.39 By joining of forces, the different stake-
holders involved in global health, which included sci-
entists, investors, regulatory authorities and the
industry, promoted the de-bureaucratization of several
processes—most notably vaccines and drug treat-
ments, that resulted in the faster relative containment
of the COVID-19 pandemic.

Dengue and other arboviruses cause massive
global human and economic burden. In 2017, the
WHO proposed a target goal of a 75% reduction in
global dengue cases by 2027.1 In the current trajec-
tory, this goal will probably not be achieved. On the
contrary, an increase in the incidence of dengue has
been observed over the last few years,40 and human-
induced global warming phenomena and its direct
consequences, such as flooding and heatwaves, will
likely further exasperate arboviral disease trans-
mission.41 Therefore, new safe and effective vector
control tools like NVC, a SIT-based method, are ur-
gently needed to reduce the burden of vector-borne
diseases and mitigate threats to existing methods,
such as ineffectiveness and resistance development to
insecticides.1 The potential suffering resulting from
dengue and other mosquito trasnmitted diseases can
and should be averted.

Conclusions
Herein we provided additional evidence of the effec-
tiveness of the NVC strategy to control dengue out-
breaks in endemic/high incidence areas. By
successfully reducing the Ae. aegypti mosquito popu-
lation by over 99%, dengue incidence was up to 150
times lower in Ortigueira city, compared to several
neighboring cities during the same period. Currently,
the plethora of successful SIT interventions for Aedes
mosquito suppression support their global imple-
mentation as part of integrated vector management
programs. We call on WHO and other stakeholders
involved in prevention and treatment of arbovirus
disease to consider massive implementation of such
existing technologies in endemic and highly affected
areas in order to mitigate human suffering.
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