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Abstract
Background dengue, chikungunya and Zika are vector borne diseases widely spread throughout the world affecting millions 

of people with Aedes spp. as the main vectors. Currently, vector control remains the most effective method for preventing diseases, 
particularly carried out with chemical pesticides leading to insecticide resistance in most mosquito populations’ worldwide 
objective. We evaluated the larvicidal activity and persistence of tablet formulation of the biolarvicide spinosad (NatularTM DT) 
in ovitraps placed in shade and sunny environments, which established the basis for monitoring. Furthermore, the influence of 
spinosad on the choice of trap as an oviposition site and the potential of inhibition of hatchability in eggs were assessed methods. 
Three concentrations - 0.21, 0.43 and 0.87 g/L-were used in ovitraps installed and surveyed weekly for immatures results. 
Spinosad provided 8-17 weeks of control of Aedes spp. larvae. Ovitrap colonization (>90%) and egg density were recorded, 
indicating no repellent effect of the spinosad conclusion. The results provide evidence that the spinosad tablet formulation has 
a high persistence and larvicidal activity, particularly under unshaded conditions. Furthermore, the product does not interfere 
with the choice of the ovitrap as oviposition site by Aedes spp. female and may be indicated as an alternative for use in ovitraps.

Keywords: Saccharopolyspora spinosa; Biological control; 
Mosquito; Arboviruses

Introduction
Important arboviral diseases such as dengue (DENV), chikungunya 
(CHIKV) and Zika (ZIKV) that affect millions of people across the 
worlds have as main vectors Aedes mosquitoes, especially Aedes 
aegypti and Aedes albopictus [1,2]. Over the last 50 years, DENV 
and CHIKV have increased dramatically around the world causing 
high negative impact on public health in terms of morbidity, 
mortality and economic impact [1-5]. Recently, ZIKV has been 
expanded through the continental Americas causing outbreak of 
Zika virus disease [3], associated with neurological complications 

of microcephaly in newborns of ZIKV-infected mothers, as 
well as Guillain-Barré syndrome, particularly in Brazil [3]. In 
the absence of simple preventive methods and specific drugs, 
mosquito control is the primary means of preventing disease 
transmission and controlling epidemics [4]. In Brazil, the use of 
chemical insecticides, biological control, social interventions 
and environmental management remain the primary control 
methods for A. aegypti, the main vector of dengue, chikungunya 
and Zika in the country [5]. The extensive use of larvicides led to 
the emergence of populations of A. aegypti with different levels 
of resistance [6]. An alternative for the managing the resistance 
populations that has been the use of the biological larvicide based 
on the entomopathogenic bacteria Bacillus thuringiensis serovar 
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israelensis (Bti) [6,7] and Saccharopolyspora spinosa [8,9]. The 
biological larvicide spinosad is a secondary metabolite from the 
aerobic fermentation of the soil bacterium Saccharopolyspora 
spinosa, composed of 2 tetracyclic neurotoxins (spinosyns A 
and D) [8,9]. The targets of this compound are the GABA and 
acetylcholine receptors, whose action mechanism leads to 
excitation of the nervous system, followed by paralysis and death 
of the larvae [10,11]. This biolarvicide, which acts by ingestion 
or contact, has been widely used in agriculture to control various 
pest species of the orders Diptera, Lepidoptera, Coleoptera, and 
Thysanoptera [12,13]. The low toxicity to humans and non-
target organisms [9-14] and lack of cross-resistance with other 
insecticides [15], have favored the use of spinosad in agriculture 
and more recently for the control of mosquitoes [16,17]. Although 
spinosad is found in liquid (emulsion concentrate) and solid 
(powder, granule, and tablet) formulations (NatularTM, 2013), the 
majority of studies that have assessed its larvicidal effect against 
A. aegypti have used the liquid formulation [9-17]. Among the 
aspects that do not favor the liquid type of formulation of the 
biolarvicide spinosad are low stability in the environment and rapid 
degradation of the toxic components by exposure to sunlight [18]. 
Solid formulations are generally more stable, and some slowly 
release the active ingredient, prolonging the residual effect on the 
environment and favoring increased contact of the target organism 
to the toxic particles of the product [19]. The use of larvicidal 
products in oviposition traps has been fundamental for a long-term 
permanence of this tool during monitoring and control actions [6]. 
In the case of spinosad, it has been speculated by some authors 
that the time of exposure to the product in high concentrations in 
the trap would be a variable that may influence the hatchability of 
A. aegypti larvae [8-20]. In this sense a product with dual activity-
larvicidal and ovicidal-would be beneficial as control measure. 
Thus, to evaluate the performance of spinosad in oviposition 
traps for Aedes spp., this study examined the following questions: 
(1) Does the use of high concentrations of spinosad affect the 
choice of oviposition site by Aedes spp. females? (2) What is the 
best relationship between the concentration of spinosad and the 
persistence of its larvicidal activity? (3) Does spinosad regulate 
the hatchability of Aedes spp. larvae?

Although there are already dengue vaccines, there is still no 
vaccine that is safe and effective for all people, so it is still an 
unmet need, since the population is not contemplated with a broad 
immunization for dengue [23]. Thus, vector control remains an 
important strategy to avoid disease.

Materials and Methods
Period and Site of the Field Study

Field tests occurred between January and October 2013, 
in Recife, State of Pernambuco and Northeastern Brazil. The 

experiments were conducted on the campus of the Federal 
University of Pernambuco, 8°3′7′′S and 34°56′59′′W, in an area of 
411,971 m². This area is considered a strategic point because at the 
beginning of the experiments the level of Aedes spp. infestation in 
this area, estimated through positive ovitraps, was 97.5% (n=30). 
In addition, a large number of people (about 35,000) circulate in 
the campus daily, facilitating vector / host contact and consequently 
the possibility of virus transmission.

Trap Model and Biological Larvicide
Oviposition traps, called ovitraps, were constructed from 

plastic bottles (2 L) that were cut and painted black, adapted from 
the model described in Santos et al. [20]. Inside a bottle, a palette 
of Eucatex (5 × 12 cm) was fixed vertically to serve as a substrate 
for Aedes spp. oviposition. The traps contained 1.5 L of water and 
spinosad tablet, NatularTM DT, containing 7.48%spinosyns in the 
following concentrations: 0.87 g/L (1 tablet), 0.43 g/L (1/2 tablet), 
or 0.21 g/L (1/4 tablet), provided by Clarke Mosquito Control 
Products. 

Experimental Design
Effect of Different Concentrations of Spinosad Tablets on 
Oviposition Site Selection

At the beginning of the experiments, groups of 30 ovitraps 
for each experimental condition and untreated, totalizing 120 traps 
were used to evaluate the effect of different concentrations of 
spinosad on the choice of the traps as the oviposition site. Traps 
were placed in different buildings in areas completely protected 
from sunlight and rain (corridors and under stairs) (n= 60) or in 
places partially exposed to environmental elements under leaves 
on tree branches or in bushes (gardens) (n= 60).The presence and 
density of eggs in ovitraps were parameters used to evaluate the 
influence of different concentrations of spinosad on the choice 
of the trap as the oviposition site. For analysis, were considered 
only the eggs collected during the first 15 days after application of 
the product. The results were compared with those obtained from 
untreated ovitraps containing only water. To avoid the emergence 
of adults in the absence of larvicidal in untreated traps, the larvae 
were removed weekly and discarded. 

Persistence of Larvicidal Activity

To evaluate the persistence (residual larvicidal activity) of 
spinosad tablet, 120 ovitraps were installed in a similar condition as 
described above in shade (sites completely protected from sunlight 
and rain) and unshaded (places partially exposed to environmental 
elements). In order to evaluate the residual activity of the products, 
the ovitraps were monitored at weekly intervals, considering 
the process of natural colonization of the area. After detection 
of the third-stage larvae (L3), the traps were monitored every 2 
days to count and collect survivors in the L4 and pupal stages. 
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The collected samples were monitored in the laboratory until the 
emergence of mosquitoes, to estimate the cumulative percentage 
of mortality. The volume lost by evaporation was replaced weekly. 
Residual larvicidal activity of the products was monitored until 
≥80% inhibition of emergence. During the experimental period, 
the monthly average temperature and rainfall recorded in the study 
area were 28.4 ± 2.6°C and 245.8 ± 53.4 mm, respectively.
Effect of Spinosad on Hatchability

Eggs present in palettes were examined under a 
stereomicroscope and classified as intact (sealed with normal 
appearance), open (without operculum), or withered (wrinkled 
and/or dehydrated). To avoid greater inaccuracies in the counting 
of larvae in the field traps, the hatching rate was based on eggs that 
still remained (closed sealed and wrinkled) in the paddles after 15 
days. Inhibition of hatching of the larvae in the field was classified 
as low, moderate, or high whether the number of eggs intact and 
withered in the experimental groups were, respectively, 30%, 50%, 
or 80% higher than those in the control group. Differences in the 
mean number of these eggs were used to evaluate the effect of 
the concentration on hatching. To assess whether the apparently 
intact eggs retained hatchability after the period in the field, 1,500 
eggs exposed to each spinosad concentration and the control were 
analyzed. The eggs were carefully removed from the pallets and 
placed in contact with water for seven consecutive days. The 
incubated larvae were observed after 48h to determine the survival 
rate after hatching. Trials were performed in three replicates of 
500 eggs each. Moreover, laboratory experiments were conducted 
to verify whether the effects of spinosad occurred early in the 
development of the embryo or after their formation. Groups of 50 
eggs that were 1 day or 7-15 days old that originated from the 
F1 generation of the field population were exposed to different 
concentrations of the larvicide for 24, 48, or 72 h. After each 
period, the eggs were dipped in water for a period of seven days 
and the hatching rate was recorded.

Statistical Analyses
One-way analysis of variance (ANOVA, α set to 0.05) with 

Tukey’s HSD post-hoc correction on square-root transformation 
of the data and nonparametric Kruskal Wallis tests were applied 
for the comparative analysis, using BioEstat Version 5.3 software 
where C is the mean percentage survival of old L4 and pupae in 
the control group at a particular time, and T is the mean percentage 
of old L4 and pupae in the treated ovitraps in the same period. 
Numbers of Aedes spp. larvae and pupae were summed prior to 

analysis due to the low numbers of immature insects in some 
treatments. The persistence of the larvicide was estimated by 
calculating the inhibition of adult emergence with the formula of 
Darriet et al. [16]. 

% IE=(C-T)/C X 100

Residual larvicidal activity of the products was considered 
when the product promoted more than 80% inhibition of 
emergence (IE %) of exposed individuals [16]. Kruskal-Wallis 
test was conducted to verify whether there was a difference in 
values between time of persistence and place of traps installation 
(shady and unshaded sites). All data were previously tested for 
normality and homogeneity using Shapiro-Wilk and Bartlett test 
respectively

Results
Selection of  Ovitraps Containing Different Concentrations of  
Spinosad Tablets as Oviposition Site

Total egg numbers per treatment ranged from 5,709 to 6,329 showing 
the average (± standard error-SE) egg density of 135.86±21.59 
(n= 4,056) in untreated traps whereas in treated groups were 
195.13±26.19 (0.21g/L), 154.94 ±28.29 (0.43g/L), 167.63±30.60 
(0.87 g/L). These data do not differ significantly between treated 
and untreated trails (F 3,120= 1.674, p = 0.174), indicating that 
spinosad would neither inhibit nor stimulate oviposition at the 
oviposition site. However, in general, the ovitraps containing 
spinosad had 19% more eggs compared to that in the control.

Persistence of Spinosad
Mean numbers of Aedes spp. (larvae + pupae) registered in 

shady and unshaded traps along the study are shown in Table1. 
All three concentrations of the spinosad tablet showed residual 
larvicidal effects of ≥80% for 17-31 weeks, depending on the 
location of ovitraps (shaded or unshaded areas) (Table 1). The 
ovitraps treated with 0.21, 0.43, and 0.87 g/L of the spinosad, 
in shaded areas, provided 9, 15 and 17 weeks of total control, 
respectively. In unshaded areas, the persistence of the product was 
lower, with the highest difference noted for 0.43 g/L (Table 1). 
Even so, less than 13,3% of positive ovitraps showed low larval 
density ranging from 6.75±1.72 to 12.5±1.15, independent of the 
concentration and site of trap installation, and do not statistically 
differ along the weeks (H=9.7520, df=5, p=0.082).
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0.21g/L 0.43g/L 0.87g/L

Unshaded shady Unshaded Shady Unshaded shady

IE 100% (Mean±SE)
8 9 8 15 14 17

0 0 0 0 0 0

IE≥80% Positive Traps (N) 17 30 17 30 18 31
(Mean±SE) (range) 6.75±1.72a

(2-13)

8.00±3.53a

(6-10)

10.5±2.50a

(6-12)

12.5±1.15a

(11-14)

4.00±1.27a

(2-5)

1 3

-

Table 1: Period (in weeks) of 100% and ≥ 80 % IE. Mean (±SE) positive trap of Aedes spp. live larvae (L4) and pupae in ovitraps containing 0.21, 0.43 
and 0.87g/L of spinosad tablet installed in shaded and unshaded areas.

Effect of Spinosad Tablets on Hatchability
Total eggs sealed, opened and withered in the traps are shown 

in [Figure 1]. In the field, the percentage of eggs hatching in the 
control group was 39.4% and average 15% in the treated group, 
independent of the spinosad concentration. These data show a 
hatching inhibition rate in the treated groups <30% compared to 
untreated groups corresponding to a low inhibition rate according 
to our classification. Variations in spinosad concentration did 
not influence hatching rate (F 3, 176 = 4.553, p = 0.005). Sealed 
eggs retained hatchability after two weeks in the field in contact 
with spinosad. In the laboratory, 54.6%, 64.6%, and 64.0% 
intact eggs with no signs of morphological changes, hatched in 
the 0.21, 0.43, and 0.87 g/L groups, respectively. In the control 
group, this percentage was 70.6%. Analyzing the outcome of the 
Kruskal-Wallis test, (H = 1.175, df = 3, p = 0.759) spinosad had 

no influence on hatchability. However, the hatched larvae from 
the eggs exposed to spinosad had a mortality rate of about 30% 
after 48 h of observation (Table 2). In this condition the mean 
percentage (±SE) of dead larvae in comparison with total larvae in 
treated groups was 40.57% (±1.0), while the equivalent value for 
larvae from untreated traps was nule (Table 2). In the laboratory, 
for eggs from the F1 generation of the field population placed in 
direct contact with spinosad, the hatching rate was approximately 
25% lower than that in the control group, suggesting a reduced 
ovicidal effect (Table 3). In this experiment, neither the age of the 
egg (1 day or 7-14 days old) (F 1, 65=0.746, p=0.391) nor the 
exposure time (24, 48, or 72 h) (F 2, 65=2,167, p=0.123) to the 
product at different concentrations influenced the hatching rate. 
However, a significant higher hatching rate was found in untreated 
than treated trials (F 3, 68= 31, 58, p<0, 00005) (Figure 2).

% Control
Spinosad

0.87g/L 0.43g/L 0.21g/L
 Eclosion 70.6 ±14.56 64.0±13.86 64.6±13.93 54.6±12.81

Mortality after 48h 0 44.36±1.78 42.00±1.34 35.33±1.54

Table 2: Mortality of Aedes spp. larvae by the residual effect of spinosad impregnated in eggs collected in oviposition traps treated with different 
concentrations of tablet formulation.

24h Mean±SE 48h Mean±SE 72h Mean±SE

Control 74
37.00±0.38

62
31.00±0.62

77.4
38.67±0.19

(33-41) (25-37) (37-41)

0.87g/L 48
24.00±0.11

34
17.00±0.74

52
26.00±0.11

Eggs 7-15 days (23-25) (11-21) (2-27)

0.43g/L 44
22.00±0.61

38
19.00±0.80

40.6
20.33±0.64

(17-27) (12-23) (15-25)

0.21g/L 35.4
17.67±0.69

46
23.00±1.73

43.4
21.67±0.51

(13-23) (21-14) (17-27)

Control 69.4
34.67± 0.39

70
35.00±0.35

69.6
33.00±0.36

(31-39) (31-38) (29-36)
Eggs 1 day

0.87g/L 50.6
25.33±0.96

48.6
24.33±0.17

49
17.67±0.55

(20-35) (23-26) (13-20)
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0.43g/L 58.6
29.33±0.85

45.4
22.67±0.14

52
19.00±0.13

(21-37) (22-24) (18-20)

0.21g/L 50.6
25.33±0,47

48.6
24,33±0.17

36.6
18.33±0.07

(22-30) (23-26) (18-19)

Table 3: Average percentage of larvae hatched from Aedes eggs in different ages exposed 1 to different concentrations of spinosad during 24, 48 and 
72 hours. Eggs were from the F1 2 generation of the field population.

Figure 1: Aedes spp. egg hatchability inhibition (based on eggs morphological aspects) of different concentrations of spinosad tablet in field ovitraps.

Figure 2: Graphic representation evidencing differences in hatching rate between the groups treated with different concentrations of spinosad tablet 
and untreated group. Lines followed by the same symbol (**) do not differ significantly, as tested by ANOVA, or from each other three following a 
Tukey’s test (P < 0.005).
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Discussion
This study showed the performance of the larvicidal action 

of spinosad tablet (NatularTM DT) against Aedes spp. in ovitraps 
for population monitoring in urban areas. The use of spinosad at 
high concentrations did not influence the attractiveness of traps as 
oviposition sites for Aedes spp. Mosquito species. Furthermore, 
all concentrations were highly effective in preventing larval 
development. The residual larvicidal activity of the product 
ensured the permanence of the ovitrap in the field with the complete 
absence of live larvae for 8-17 weeks after a single treatment, 
despite the number of larvae had been similar in the traps installed 
in both environments. When installed in shady areas, the 0.43 g/L 
concentration of spinosad tablet resulted in 100% control of larvae 
in the traps for 15 weeks, similar to that of the higher concentration 
(0.87 g/L) at 17 weeks. Thus, in shaded areas, the use of 0.43 g/L 
tablet concentration was the most appropriate. In situations where 
it is not possible to install the ovitraps in shaded areas, the use of 
0.87 g/L tablet concentration would be the most suitable, since this 
concentration showed longer persistence (14 weeks) in unshaded 
locations than that by the other concentrations (8 weeks). The 
effect of exposure to sunlight was also evident as it related to the 
persistence of the product with sufficient efficacy (IE% ≥ 80%) up 
to 18 weeks when the traps were placed in gardens and up to 31 
weeks when placed in shaded areas. Sunlight has been shown as an 
adverse factor for the persistence of spinosad in liquid formulation 
[9,18,22]. Pérez et al. [22], used an emulsion of 10 mg/L of spinosad 
in ovitraps installed in a cemetery in Mexico and reported 99.7% 
loss of toxicity of spinosad when exposed to direct sunlight for 
20 days, while containers that remained in shaded areas showed 
92% loss of toxicity after 90 days. The data are supported by the 
observations of Cleveland et al. [18], of the rapid photodegradation 
of spinosyns in the aquatic environment, with a half-life of <1 to 2 
days. According to these authors, photolysis would be the main route 
of degradation of spinosyns in aquatic systems. Our study findings 
confirm the observations; however, the effect was minimized, 
possibly due to the greater stability of the solid tablet formulation 
and its characteristic slow release of spinosyns. Our results show 
a persistence of larvicidal activity, at least two times lower than 
spinosad in unshaded environments, although the traps were not 
directly exposed to sunlight. Further studies need to be performed 
to evaluate the effect of direct sunlight on the spinosad tablet. It is 
plausible suppose that a greater stability of the solid formulation 
occurs due to its characteristic of slow release of spinosyns the 
persistence of larvicidal effect of low spinosad concentration 
(0.21g/L) to 100% of the exposed individuals was at least 8 weeks, 
even under adverse conditions, revealing its high potential for use 
in ovitraps. In our study, a complete larval control was obtained 
for 8 - 14 weeks (0.21g/L - 0.87g/L, NatularTM DT, 7.48% a.i) in 
unshaded sites. In a similar environment, Marina et al. [9], assessed 
the performance of spinosad (480SC Tracer; Naturalyte Insect 

Control, Dow Agrosciences LLC- 48% a.i) in liquid formulation at 
oviposition traps during the dry season in Mexico, and found that 
spinosad persisted for 6 or 8 weeks with complete larval control 
at concentrations of 1 and 5 mg/L, respectively. The data suggest 
that the solid formulations tend to improve the field performance 
of the bacterial control agents, revealing its high potential for use 
in ovitraps. In addition, the use of the tablet in ovitraps implies 
the reduction of effort associated with the application and 
transportation of the product in the field, as well as in reducing the 
frequency of inspection of traps by health agents, which are aspects 
that could promote the use of spinosad. Although spinosad tablet 
formulation showed a significantly higher hatching inhibition rate 
than control, this difference refers to less than 30% of the eggs 
analyzed. Therefore, more than 70% of the eggs remained with 
possible hatchability hability. It was expected that the ovicidal 
effect of the product would be potentialized by increasing the 
concentration which was not confirmed in this study, suggesting 
that spinosad tablet, even at highest concentrations tested, has low 
inhibition hatching activity. The results corroborate those by Perez 
et al. [22], for liquid spinosad (480SC Tracer), which was also used 
in high concentrations (5 and 20 mg/L) presenting a hatching rate 
similar to controls. Argueta et al. [20], also showed low ovicidal 
activity for the liquid formulation (480SC Tracer), with the mean 
percentage of inhibition of hatching of A. aegypti ranging from 
6.8% with 1 mg/L to 8.2% with 10 mg/L of the product. In our 
study, about 30% mortality was observed for larvae hatched from 
the eggs exposed to the spinosad in the ovitraps, suggesting the 
presence of larvicidal residues impregnated on the surface of the 
eggs in amounts capable of promoting additional mortality. To our 
knowledge, this feature has not been described for spinosad until 
now. 

Conclusion
To conclude, spinosad even at high concentrations has no 

repellent activity in ovitraps for Aedes spp, but shows extended 
residual larvicidal activity, particularly in ovitraps installed in 
shaded areas. Further, in shaded areas, a complete absence of 
larvae in the ovitraps can be maintained for up to 17 weeks. It is 
suggested that the spinosad tablet, particularly at 0.43 g/L, can be 
used in ovitraps for monitoring in Aedes spp. control programs, 
because of its high potential larvicidal and operational advantages 
namely ease of application and prolonged persistence. Other 
advantages attributed to spinosad such as low toxicity to non-target 
organisms [14] and an action mechanism different from chemical 
larvicides makes this a more environmentally safe product, with 
high potential for use in the population control of mosquito species 
and a candidate for the management of populations resistant to 
chemical insecticides. These results suggest a potential utilization 
of spinosad tablet for the control of Aedes vectors of diseases such 
as dengue, Zika and chikungunya. 
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