Mdiller et al. Parasites & Vectors (2024) 17:88 P a rasites & Vectors
https://doi.org/10.1186/513071-023-06064-w

RESEARCH Open Access

i . o®
Impact of SumiLarv® 2MR on Aedes aegypti ==

larvae: a multicenter study in Brazil

Josiane Nogueira Muiller'#*", Allan Kardec Ribeiro Galardo?, Ana Paula Sales de Andrade Corréa'??,
Maria de Lourdes da Graca Macoris?, Maria Alice Varjal de Melo-Santos’, Mitsue Maia Nakazawa®,
Ademir Jesus Martins' and José Bento Pereira Lima'*

Abstract

Background Aedes aegyptiis associated with dengue, Zika, and chikungunya transmission. These arboviruses are
responsible for national outbreaks with severe public health implications. Vector control is one of the tools used
to prevent mosquito proliferation, and SumiLarv® 2MR is an alternative commercial product based on pyriproxy-
fen for larval/pupal control. In this study, the residual effectiveness of SumiLarv® 2MR in different regions of Brazil
was evaluated in simulated field conditions.

Methods We conducted a multicenter study across four Brazilian states—Amapa, Pernambuco, Rio de Janeiro,

and Sdo Paulo—given the importance to the country’s climatic variances in the north, northeast, and southeast
regions and their influence on product efficiency. The populations of Ae. aegypti from each location were held

in an insectary. Third-instar larvae (L3) were added every 2 weeks to water containers with SumilLarv® 2MR discs

in 250-, 500- and 1000-I containers in Amapa and Rio de Janeiro, and 100-I containers in Pernambuco and Sao Paulo,
using concentrations of 0.04, 0.08, and 0.16 mg/I.

Results Adult emergence inhibition over 420 days was observed in all tests conducted at a concentration
of 0.16 mg/I; inhibition for 308-420 days was observed for 0.08 mg/I, and 224-420 days for 0.04 mg/I.

Conclusions Sumilarv® 2MR residual activity demonstrated in this study suggests that this new pyriproxyfen
formulation is a promising alternative for Aedes control, regardless of climatic variations and ideal concentration,

since the SumiLarv® 2MR showed adult emergence inhibition of over 80% and residual activity greater than 6 months,
a period longer than that recommended by the Ministry of Health of Brazil between product re-application in larval
breeding sites.
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Background

The control of Aedes aegypti remains a public health chal-
lenge worldwide, especially in countries like Brazil, where
socio-environmental factors such as the lack of basic
sanitation are common among various municipalities,
with open sewer drains and water storage containers.
The use of water in these containers is typically intense,
leading to loss of the larvicide applied for control of the
Ae. aegypti population. In this context, new products or
approaches for vector control are necessary to reduce the
mosquito population in areas with transmission of den-
gue virus (DENV), Zika virus (ZIKV, and chikungunya
virus (CHIKV) [1, 2].

Integrated vector management (IVM) is increas-
ingly recommended by the World Health Organization
(WHO) as a rational decision-making process that seeks
the best use of resources for efficacy, cost-effectiveness,
and sustainability of vector-borne disease control [3].
Different strategies addressing larvicides such as Bacillus
thuringiensis israelensis (Bti), spinosad, and pyriproxyfen
(PPF) are being evaluated [4-7] as a part of the Brazil-
ian Dengue Control Program (PNCD), since resistance to
temephos has been detected in some Brazilian field pop-
ulations of Ae. aegypti [8, 9].

Pyriproxyfen is an insect growth regulator (IGR) and
an analogue of the juvenile hormone used to inhibit the
metamorphosis of mosquito larva, preventing its normal
development into adulthood. SumiLarv 2MR is a novel
product based on PPF formulated as a small resin disc
with slow release of PPF through the matrix, designed to
provide long persistence of lethal activity [10] in breed-
ing sites. Studies have shown successful control using
SumiLarv® 2MR in Asia associated with the communica-
tion for behavioral impact (COMBI) program [11, 12].

The main objective of this study was to evaluate the
residual effectiveness of different concentrations of
SumiLarv® 2MR against four populations of Ae. aegypti
mosquitoes in different Brazilian regions. This was the
first multicenter collaborative study to use this formula-
tion in Brazil, and it aims to demonstrate the different
uses, strengths, and limitations of the novel product in
vector control of Aedes, which could help decision-mak-
ers to improve the Aedes control program in the country.

Methods

The semi-field test (bioassay) was conducted in the
states of Amap4, Rio de Janeiro, Pernambuco, and Sao
Paulo. In Amap4, the study was performed in the city of
Macapa at the Institute for Scientific and Technological
Research of the State of Amapd (IEPA). In Rio de Janeiro,
it was held in the capital of the state, Rio de Janeiro city,
at the Laboratory of Biology, Control and Surveillance of
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Vector Insects (LBCVIV, Oswaldo Cruz Institute [IOC]/
Oswaldo Cruz Foundation [Fiocruz]). In Pernambuco,
the study took place at the Department of Entomology,
Aggeu Magalhées Institute (IAM)/Fiocruz, in the capi-
tal city Recife. In Sao Paulo, the research was carried out
in Marilia, a city in the countryside of the state, at the
Superintendency for the Control of Endemic Diseases
(SUCEN). The bioassays were placed in an outdoor area,
conducted in a shaded or partially shaded area, without
direct sun exposure.

Aedes aegypti population

Eggs were obtained from the Ae. aegypti females using
ovitraps [13] in each city where the study was conducted
to build the parental generation and preserve the local
background. The larvae from the first offspring (F1) gen-
eration used in the test were reared in a synchronized
way to avoid variations between them. The maintenance
(feeding and density) of the larval rearing followed the
protocols developed by researchers [14, 15], with a stand-
ard feeding ratio of 1 mg/larva.

SumiLarv® 2MR

SumiLarv® 2MR is a product supplied by Sumitomo
Chemical Company and recommended by WHO as the
first long-lasting resin-based larvicide for treatment of
breeding sites of mosquitoes, such as water contain-
ers [10]. The active ingredient/synergist is PPF at a con-
centration of 2% and radius of 5 cm. The dosage is 1
disc/40-500 1 water, depending on local registration, with
a duration of up to 6 months.

Semi-field test (bioassay)

This study evaluated the residual larvicidal activity in a
bioassay that was conducted in eight semi-field experi-
ments in four different Brazilian regions. In Pernambuco
and Sao Paulo, 100 | of water was used for the bioassays
in the following concentrations: 0.04 (test 1), 0.08 (test
2), and 0.16 mg/l (test 3) (Fig. 1); the disks were cut to
sizes appropriate for the volume of each container, and
then weighed on a high-precision electronic scale. In
Amap4é and Rio de Janeiro, the whole disc was placed in
water storage tanks of 250 (test 4), 500 (tests 5 and 6),
and 1000 1 (tests 7 and 8), proportionally maintaining
the concentrations as shown in Fig. 1. Sixty percent of
the water was replaced weekly, and each test consisted of
three treated containers and one control group.

Three days before use, all containers were washed to
remove possible plastic residues and then filled with
water to confirm their integrity. This procedure was also
carried out for the dechlorination of water obtained from
the public supply system of each city, except in Amap4,
where well water was used.
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Fig. 1 Multicenter bioassay with eight tests using SumiLarv® 2MR in water containers in different concentrations. Period of the study: 2017-2019.
Brazilian states: PE Pernambuco, SP Sdo Paulo, AP Amapa, RJ Rio de Janeiro. T test

After the addition of 50 third-instar larvae (L3), the
containers were treated with the SumiLarv® 2MR prod-
uct (the day of treatment day considered day 0). This pro-
cedure was repeated biweekly, adding the same number
of Ae. aegypti larvae per replicate [15]. The protocol to
verify the emergence inhibition rate consisted of a first
assessment 72 h after the introduction of the larvae, fol-
lowed by assessments every 48 h until all adults from the
control group had emerged. Climate data (temperature
and pH) in the water containers were recorded to analyze
the environmental characteristics of each region where
the bioassays were conducted. A pH meter/thermometer
(K39-0014PA, KASVI) was used in the morning period.
The assays began in November 2017 and lasted until
March 2019. The criterion for completing the test was an
emergence inhibition rate <80% after 31 assessments or
for two consecutive biweekly assessments.

Data analysis

Emergence inhibition rate results were compared
between mosquito populations from Sdo Paulo and
Pernambuco (tests 1-3), and between Amapa and Rio
de Janeiro (tests 4—8). The exclusion criterion for the
biweekly evaluation was mortality greater than 20% in

the control group. For mortality rates between 5 and 20%,
the Abbott correction was applied [16]. Statistical analy-
sis used the Shapiro—Wilk W-test followed by the Mann—
Whitney—Wilcoxon test, both in the RStudio version
1.2.5001 program [17].

Results
A total of 31 assessments were recorded for 420 days,
with a total of 71,700 larvae of Ae. aegypti exposed to
the SumiLarv® 2MR product. The persistence of the
product in Pernambuco was 238 days for a concen-
tration of 0.04 mg/l, 322 days for a concentration of
0.08 mg/l, and 420 days for a concentration of 0.16 mg/l
in 100-1 containers. The tests conducted in Sdo Paulo
showed higher persistence (322 days) for 0.04 mg/l,
and the other concentrations of the product, 0.08 and
0.16 mg/l, maitained an emergence inhibition rate
above 80% during the entire evaluated period (Fig. 2).
In total, three assessments were excluded from the
study because of a mortality rate above 20% in the con-
trol group (Additional file 1).

Statistical analyses showed a significant differ-
ence between the residual activity of the product from
the populations of Sdo Paulo and Pernambuco in the
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0.08-mg/1 concentration, which corresponds to test 2 of
the bioassay (Fig. 3).

In Amapd and Rio de Janeiro, tests in 250-, 500-, and
1000-1 water storage tanks showed residual activity for
420 days (Fig. 4). Two assessments were excluded from
the analysis from test 4 and four from tests 5-8 because
of a mortality rate above 20% in the control group (Addi-
tional file 1). Statistical analyses also showed that there
was a significant difference (P<0.05) between the emer-
gence inhibition rate in all tested populations of Ae.
aegypti from Amapéa and Rio de Janeiro (Fig. 3).

Across the four regions, the control group mortal-
ity rate was higher than expected in the first assessment
(Additional file 1).

The replacement of 60% of the water per week in each
container used to simulate regular domestic water con-
sumption showed that the SumiLarv® 2MR remained
effective during the assessments. Throughout the bio-
assay, the water temperature ranged between 18.0 and
25.3 °C, with pH ranging from 5.9 to 7.7 in the state of
Sao Paulo; 25.5-32.9 °C and pH 6.5-7.6 in Pernambuco;
27.2-32.1 °C and pH 4.4-5.8 in Amap4; and 20.8-32.7 °C
and pH 5.0-7.1 in Rio de Janeiro (Fig. 5).

Discussion

Water storage tanks are very common as a domestic
container in Brazil, and the weekly dynamics in the use
of water, as well as specific environmental conditions,
can interfere in the residual activity of products aimed
to control Ae. aegypti [9, 18-20]. For this reason, the
performance of multicentric bioassays can indicate the
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effectiveness of products considering the actual condi-
tions of each location, since differences among regions
can be seen in these parameters and others such as tem-
perature and water pH.

The great territorial extent of Brazil contributes to tem-
perature variations between the different regions of the
country. Thus, the temperatures in the southeast, north,
and northeast are different, but high temperatures are
observed in all places throughout the year. A study inves-
tigating Amazon simulated climate change scenarios
showed accelerated Ae. aegypti larval development in the
case of increased global temperature [21]. The approach
carried out in our study indicated important differences
in water temperature when comparing semi-field condi-
tions. The maximum water temperature in Sdo Paulo was
around 25 °C, while in Pernambuco this was the mini-
mum temperature observed. A difference of 6.4 °C was
found when comparing the average minimum water tem-
perature in Amapa (27.2 °C) and Rio de Janeiro (20.8 °C),
while the maximum temperature in both locations was
around 32 °C. Statistical analyses showed that there was a
significant difference between them.

Temperature plays an important role in Ae. aegypti
development [22]; the temperature for the rearing of
larvae for all four populations averaged 26+2 °C in the
insectary environment. The larvae were added to water
storage tanks in semi-field conditions in the third stage,
and one of the reasons for mortality above 20% in the
control group may have been the variations in tempera-
ture between the laboratory environment and the semi-
field conditions. Assessment results that could not be
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Fig.5 Water temperature variation observed in different containers treated with SumiLarv® 2MR during semi-field tests in four Brazilian states: Sao
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adjusted by Abbott’s formula were excluded from the
analyses.

Smaller containers showed lower residual activity
than larger containers, for both high and low tempera-
ture averages, in both Pernambuco and Sao Paulo. As for
Amapd and Rio de Janeiro, larger tanks were used, and
the emergence inhibition rate was above 80%, with signif-
icant differences observed between groups. Variations in
the emergence inhibition rate for 100-1 storage tanks may
be associated with variations in temperature. The ques-
tion remains whether temperature variation was indeed
responsible for the residual activity difference in con-
tainers with less water, or if the lower concentration of
the product influenced the outcome. Further studies are
needed to provide conclusive answers to these questions.

Another important abiotic factor for larval develop-
ment is the water pH [23], which was measured during
the assessments, and did not show a significant differ-
ence between Sdo Paulo, Pernambuco, and Rio de Janeiro
(range 6-7.5). However, in Amap4a, the water pH was
considered acidic throughout the study period, ranging
from 4.4 to 5.8. This is because the water in Amapd did
not go through a treatment plant, as in the other places
of this study, and was taken directly from the well. We
believe that the presence of chlorine in water treatment
may have contributed to the larval mortality in the con-
trol group during the first evaluation of assessments in
Sao Paulo, Rio de Janeiro, and Pernambuco.

Abiotic factors such as temperature and pH can also
influence the residual activity of other products, such as
Bacillus thuringiensis var. israelensis and Temephos®,
whose results in semi-field and field conditions were
important for decision-making in mosquito control in
Brazil [18]. In our study, SumiLarv® 2MR showed inhibi-
tion of adult emergence for more than 60 days in all tests.

According to the national Aedes control program, visits
to properties for breeding site elimination and treatment
of unmoved containers must take place every 2 months.
Thus, the ideal setting is using the product as a control
measure with a minimum residual effect of 60 days.
SumiLarv® 2MR showed persistence greater than
400 days in 250-, 500-, and 1000-1 water storage tanks in
Amapé and Rio de Janeiro, and in 100-I tanks in Pernam-
buco and Sao Paulo at a concentration of 0.16 mg/l. Fur-
ther consideration should be given to the fact that resins
in Sdo Paulo and Pernambuco were reduced before they
were added to containers, confirming the homogeneity
of the activity and the efficiency of the product in lower
water volume.

The long-term residual activity of Sumilarv® 2MR
observed in the tests was related to the slow release of
PPF in water, since the juvenile hormone analogue influ-
ences larval development and inhibits adult emergence.
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Field studies performed in Cambodia using SumiLarv®
2MR in field conditions showed good acceptance by the
population because the PPF did not cause a bad odor
in the water, and because of its long-term effectiveness
when compared to other larvicides. Health volunteer
engagement was essential in the process of explaining
the products’ action, leading to higher acceptance by the
population [11].

Previous studies with SumiLarv® 2MR indicated resid-
ual efficacy for 6 months for domestic use simulation [24,
25]; however, the results presented in our study showed
that the residual efficacy was greater than 1 year. In field
studies conducted in Asian countries with the same
product in similar water storage tanks, the SumiLarv®
2MR discs were lost, demonstrating that an integrated
approach combined with COMBI strategies is required
for dengue control [11, 26, 27]. In studies where the
product was added in containers with large amounts of
organic matter, the results were also positive; according
to the authors, organic matter in the water served as a
reservoir of PPF [28].

SumiLarv in other formulations, such as in granules
[29], plays an important role in control measures against
mosquito-borne arbovirus. Dissemination stations using
PPF have shown positive control results [30]. However,
with the use of juvenile hormone analogues as routine
procedures in different vector control programs, the fac-
tors of susceptibility and resistance to insecticides must
be considered; in the USA, larvae of Ae. aegypti showed
moderate resistance to PPF [31].

The PPF powder formulation, Sumilarv® 0.5G, was
used in Brazil's National Aedes Control Program from
2010 to 2020. Rotation of larvicide classes is recom-
mended [32] in order to guarantee the effectiveness of
the insecticides over time [33] and to prevent selection
for resistance, as demonstrated by several studies car-
ried out in Brazil [34]. Our results showed residual activ-
ity greater than 400 days, indicating that SumiLarv®
2MR can be useful in the current context of Ae. aegypti
and Aedes albopictus dissemination. Similar results have
been highlighted in studies combining multidisciplinary
approaches [35, 36].

Conclusions

The larval and pupal control performance of SumiLarv®
2MR demonstrated in this multicenter semi-field study
suggests that this new PPF formulation is a promising
alternative for Aedes control. Further studies are needed
in field conditions incorporating active community par-
ticipation as an essential strategy for improving accept-
ance of the product and the success and sustainability of
its implementation in Aedes control programs.
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Amapa

LBCVIV Laboratory of Biology, Control and Surveillance of Vector Insects

10C Oswaldo Cruz Institute

FIOCRUZ  Oswaldo Cruz Foundation

SUCEN Superintendency for the Control of Endemic Diseases
Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513071-023-06064-w.

Additional file 1. Mortality rate above 20% in the control group (number
1) excluded from the statistical residuality study, during SumiLarv® 2MR
evaluation in four populations of Aedes aegypti mosquitoes in different
Brazilian regions. 0 < 20% in the control group; 1 > 20% in the control
group. T test.

Acknowledgements

We thank Evan Ferro, Geandro Gama, Michelle Sacramento, and other biolo-
gists who helped with the bioassays. We also thank Ana Paula Correa Cabral
for writing assistance and José Saraiva for statistical assistance. This study was
financed in part by the Coordenagao de Aperfeicoamento de Pessoal de Nivel
Superior—Brasil (CAPES)—Finance Code 001.

Author contributions

JBL designed the study. JM, MN, and AJMA developed the study. JBL, AKG,
MLM, and MAMS supervised the study. JM and APC prepared the manuscript
and performed the data analysis. JBL, AKG, AJMA, MLM, and MAMS reviewed
whole text.

Funding
This work was funded by Sumitomo Chemical Company.

Availability of data and materials

All data supporting the findings of this study are available within the paper
and its associated file.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests.

Received: 18 July 2023 Accepted: 20 November 2023
Published online: 26 February 2024

Page 8 of 9

References

1. LuzT, de Mesquita LSS, Amaral F, Coutinho DF. Essential oils and their
chemical constituents against Aedes aegypti L. (Diptera: Culicidae) larvae.
Acta Trop. 2020;212:105705.

2. Macédo SF, Silva KA, Vasconcelos RB, Sousa IV, Mesquita LPS, Barakat
RDM, et al. Scaling up of eco-bio-social strategy to control Aedes aegypti
in highly vulnerable areas in Fortaleza, Brazil: a cluster, non-randomized
controlled trial protocol. Int J Environ Res Public Health. 2021;18:1278.

3. WHO. World Health Organization. Handbook for Integrated Vector Man-
agement. 2012. https://www.who.int/publications/i/item/9789241502
801. Accessed 15 Jan 2023.

Thomas MB. Biological control of human disease vectors: a perspective
on challenges and opportunities. Biocontrol. 2018;63:61-9.

5. Pinto RA, Bauzer LGSR, Borges DT, Lima JBP. Assessing the efficacy of two
new formulations of larvicide pyriproxyfen for the control of Aedes aegypti
using dissemination stations in two sites of Rio de Janeiro city. Mem Inst
Oswaldo Cruz. 2020;115:€200271.

6. Dias LS, Macoris ML, Andrighetti MT, Otrera VC, Dias AD, Bauzer LG, et al.
Toxicity of spinosad to temephos-resistant Aedes aegypti populations in
Brazil. PLoS ONE. 2017;12:¢0173689.

7. Costa MM, Campos KB, Brito LP, Roux E, Rodovalho CM, Bellinato DF, et al.
Kdr genotyping in Aedes aegypti from Brazil on a nation-wide scale from
2017 to 2018. Sci Rep. 2020;10:1-12.

8.  Bellinato DF, Viana-Medeiros PF, Aratjo SC, Martins AJ, Lima JBP, Valle D.
Resistance status to the insecticides temephos, deltamethrin, and dif-
lubenzuron in Brazilian Aedes aegypti populations. BioMed Res Int. 2016.
https://doi.org/10.1155/2016/8603263.

9. Araujo AP, Paiva MHS, Cabral AM, Cavalcanti A, Pessoa LFF, Diniz DFA, et al.
Screening Aedes aegypti (Diptera: Culicidae) populations from Pernam-
buco, Brazil for resistance to temephos, diflubenzuron, and cypermethrin
and characterization of potential resistance mechanisms. J Insect Sci.
2019;19:16.

10. Sumitomo Chemical Company L. 2015. https://www.sumitomo-chem.co.
jp/english/newsreleases/docs/20150128e.pdf. Accessed 15 Jan 2018.

11. Shafique M, Lopes S, Doum D, KeoV, Sokha L, Sam B, et al. Implementa-
tion of guppy fish (Poecilia reticulata), and a novel larvicide (Pyriproxyfen)
product (Sumilarv 2MR) for dengue control in Cambodia: a qualitative
study of acceptability, sustainability and community engagement. PLoS
Negl Trop Dis. 2019;13:€0007907.

12. Hustedt J, Doum D, KeoV, Ly S, Sam B, Chan V, et al. Determining the
efficacy of guppies and pyriproxyfen (Sumilarv(R) 2MR) combined with
community engagement on dengue vectors in Cambodia: study proto-
col for a randomized controlled trial. Trials. 2017;18:367.

13. Codeco CT, Lima AW, Araujo SC, Lima JB, Maciel-de-Freitas R, Honorio NA,
et al. Surveillance of Aedes aegypti: comparison of house index with four
alternative traps. PLoS Negl Trop Dis. 2015;9:¢0003475.

14. Anjolette AFF, de Graga Macoris ML. Techniques for the Aedes aegypti
maintenance in the laboratory. 2016. https://docs.bvsalud.org/biblioref/
ses-sp/2016/ses-34229/ses-34229-6334.pdf. Accessed 23 Jan 2023.

15. WHO. Guidelines for laboratory and field testing of mosquito larvicides.
WHO/CDS/WHOPES/GCDPP/2005.13. Geneva. 2005. p. 39. https://
www.who.int/publications/i/item/WHO-CDS-WHOPES-GCDPP-2005.13.
Accessed 25 Jan 2022.

16. Abbott WS. A method of computing the effectiveness of an insecticide:
1925. J Am Mosq Control Assoc. 1987;3:302-3.

17. RStudio Team. R: a language and environment for computing. Vienna: R
Foundation for Statistical Computing; 2014.

18. Lima JBP, Rosa-Freitas MG, Rodovalho CM, Braga IA. Field and semi-field
evaluation of Bacillus thuringiensis var. israelensis versus Temephos® in
Aedes aegypti control. J Health Biol Sci. 2016;4:65-74.

19. Lima JBP, de Melo NV, Valle D. Persistence of Vectobac WDG and Meto-
prag S-2G against Aedes aegypti larvae using a semi-field bioassay in Rio
de Janeiro, Brazil. Rev Inst Med Trop Sao Paulo. 2005;47:7-12.

20. Marcombe S, Chonephetsarath S, Thammavong P, Brey PT. Alternative
insecticides for larval control of the dengue vector Aedes aegypti in Lao
PDR: insecticide resistance and semi-field trial study. Parasit Vectors.
2018;11:616.

21. Piovezan-Borges AC, Valente-Neto F, Tadei WP, Hamada N, Roque FO.
Simulated climate change, but not predation risk, accelerates Aedes
aegypti emergence in a microcosm experiment in western Amazonia.
PLoS ONE. 2020;15:€0241070.


https://doi.org/10.1186/s13071-023-06064-w
https://doi.org/10.1186/s13071-023-06064-w
https://www.who.int/publications/i/item/9789241502801
https://www.who.int/publications/i/item/9789241502801
https://doi.org/10.1155/2016/8603263
https://www.sumitomo-chem.co.jp/english/newsreleases/docs/20150128e.pdf
https://www.sumitomo-chem.co.jp/english/newsreleases/docs/20150128e.pdf
https://docs.bvsalud.org/biblioref/ses-sp/2016/ses-34229/ses-34229-6334.pdf
https://docs.bvsalud.org/biblioref/ses-sp/2016/ses-34229/ses-34229-6334.pdf
https://www.who.int/publications/i/item/WHO-CDS-WHOPES-GCDPP-2005.13
https://www.who.int/publications/i/item/WHO-CDS-WHOPES-GCDPP-2005.13

Mdiller et al. Parasites & Vectors (2024) 17:88

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

Reinhold JM, Lazzari CR, Lahondere C. Effects of the environmental
temperature on Aedes aegypti and Aedes albopictus mosquitoes: a review.
Insects. 2018;9:158.

Clark TM, Vieira MA, Huegel KL, Flury D, Carper M. Strategies for regulation
of hemolymph pH in acidic and alkaline water by the larval mosquito
Aedes aegypti (L.) (Diptera; Culicidae). J Exp Biol. 2007,210:4359-67.

Seng CM, SethaT, Chanta N, Socheat D, Guillet P, Nathan MB. Inhibition of
adult emergence of Aedes aegyptiin simulated domestic water-storage
containers by using a controlled-release formulation of pyriproxyfen. J
Am Mosq Control Assoc. 2006;22:152-4.

Seng CM, Setha T, Nealon J, Socheat D, Nathan MB. Six months of Aedes
aegypti control with a novel controlled-release formulation of pyriproxy-
fen in domestic water storage containers in Cambodia. Southeast Asian J
Trop Med Public Health. 2008;39:822-6.

Lamaningao P, Kanda S, Shimono T, Inthavongsack S, Xaypangna T,
Nishiyama T. Aedes mosquito surveillance and the use of a larvicide for
vector control in a rural area of the Lao People’s Democratic Republic.
Trop Med Health. 2020;48:54.

0o SZM, Thaung S, Maung YNM, Aye KM, Aung ZZ, Thu HM, et al. Effec-
tiveness of a novel long-lasting pyriproxyfen larvicide (SumilLarv(R)2MR)
against Aedes mosquitoes in schools in Yangon, Myanmar. Parasit Vectors.
2018;11:16.

Ohashi K. Control of mosquito larvae in catch basins using pyriproxyfen
and the mechanism underlying residual efficacy. Med Entomol Zool.
2017,68:127-35.

Ritchie SA, Paton C, Buhagiar T, Webb GA, Jovic V. Residual treatment of
Aedes aegypti (Diptera: Culicidae) in containers using pyriproxyfen slow-
release granules (Sumilarv 0.5G). J Med Entomol. 2013;50:1169-72.
Garcia KKS, Versiani HS, Araujo TO, Conceicao JPA, Obara MT, Ramalho
WM, et al. Measuring mosquito control: adult-mosquito catches vs
egg-trap data as endpoints of a cluster-randomized controlled trial of
mosquito-disseminated pyriproxyfen. Parasit Vectors. 2020;13:352.

SuT, Thieme J, Lura T, Cheng ML, Brown MQ. Susceptibility profile of
Aedes aegypti L. (Diptera: Culicidae) from Montclair, California, to com-
monly used pesticides, with note on resistance to pyriproxyfen. J Med
Entomol. 2019;56:1047-54.

MS/SVS—Ministério da Satide/Secretaria de Vigilancia em Saude. Il
Semindrio Internacional para Avaliagdes de Controle Quimico de Aedes
aegyptino Brasil, Programa Nacional de Controle da Dengue, Secretaria
de Vigilancia em Satde, Ministério da Saude, Rio de Janeiro. 2012
Campos KB, Martins AJ, Rodovalho CM, Bellinato DF, Dias LDS, Macoris
M, et al. Assessment of the susceptibility status of Aedes aegypti (Diptera:
Culicidae) populations to pyriproxyfen and malathion in a nation-wide
monitoring of insecticide resistance performed in Brazil from 2017 to
2018. Parasit Vectors. 2020;13:531.

Chediak M, Pimenta FGJ, Coelho GE, Braga IA, Lima JB, Cavalcante KR,

et al. Spatial and temporal country-wide survey of temephos resist-

ance in Brazilian populations of Aedes aegypti. Mem Inst Oswaldo Cruz.
2016;111:311-21.

Lwande OW, Obanda V, Lindstrom A, Ahlm C, Evander M, Naslund J, et al.
Globe-trotting Aedes aegypti and Aedes albopictus: risk factors for arbovi-
rus pandemics. Vector Borne Zoonotic Dis. 2020;20:71-81.

Muller JN, Galardo AKR, Santos WM, Ferro EP, Dias LS, Corréa APSA, et al.
Expansion of Aedes (Stegomyia) albopictus (Skuse, 1894) in northern Brazil:
new records and distribution in urban areas of Macapd city. Check List.
2021;17:911-5.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9



	Impact of SumiLarv® 2MR on Aedes aegypti larvae: a multicenter study in Brazil
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Aedes aegypti population
	SumiLarv® 2MR
	Semi-field test (bioassay)
	Data analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


