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Abstract 

The aim of this study was to evaluate the oviposition response of Aedes aegypti to ovitraps loaded with 
grass infusions and a larvicide based on Bacillus thuringiensis israelensis (Bti). The ovitraps consisted of 
a container of either tap water, 10% grass infusion or 30% grass infusion and Bti larvicide (0.18 
mg/ml). Traps were placed in the field and paired with Bti-free controls. The oviposition response by 
Aedes aegypti mosquitoes was quantified using the Ovitrap Positivity Index (OPI) and the per cent 
proportion of eggs laid in each trap. The persistence of the Bti larvicide under these conditions was 
analysed over 15 days. The OPI response of paired Bti and control ovitraps was similar, irrespective of 
the treatment. Traps containing only tap water or 10% grass infusion were found to have a significantly 
higher number of eggs than those treated with Bti. The reverse was true for traps containing the 30% 
grass infusion and Bti, where the percentage of eggs laid was higher than in the control. A higher 
proportion of eggs were laid in traps containing 30% grass infusion and Bti than those with 10%+Bti. 
At the test dose of 0.18 mg/ml, over a period of 15 days, 100% of larvae were killed in all of the traps. 
The results demonstrate that the presence of Bti does not alter the choice of oviposition site; however, 
Bti may influence the quantity of eggs that are laid in proportion to infusion concentration. Since the 
larvicide remains effective for 15 days, ovitraps may be safely used in the field over an extended 
period. 
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Introduction 
The dengue endemicity in Brazil has led 
many workers to conduct studies on 
different aspects of the ecology of the vector 

species Aedes aegypti. In the absence of any 
effective vaccine, interruption of viral 
transmission through vector control is the 
only option. To achieve this objective, 
information on vector prevalence is being 
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collected and the types of breeding 
containers utilized by the species are being 
monitored through larval surveys which 
entail active search for breeding sites and 
laboratory identification of immature larval 
stages. This method is labour-intensive and is 
a poor indicator of measuring the vector 
population density. 

In recent years, ovitrap surveys for 
monitoring the Aedes aegypti population 
have found greater acceptability, as these 
have been found to be sensitive even at 
times when vector densities are at low 
levels(1,2,3,4). These traps enable workers to 
establish the Ovitrap Positive Index (OPI) 
and the Egg Density Index (EDI) to indicate, 
respectively, the extent and intensity of the 
vector prevalence. This technique has been 
further improved by adding 'hay infusion' in 
different strengths to enhance its 
attractiveness to egg-laying females(2,5). This 
method not only yielded higher number of 
eggs, but its attractiveness remained 
unchanged despite seasonal variations(5). 

The use of an insecticide-treated 
oviposition strip incorporated in an ovitrap 
was suggested by Zeichner and Perich(6), in 
order to make the trap lethal to both larvae 
and adult Aedes aegypti. However, this 
combination has limitations in areas where 
insecticide resistance is known. Since the 
existing populations of Aedes aegypti in 
Brazil are already resistant to chemical 
insecticides used for their control, this 
excludes the use of insecticide-treated 
ovitraps(7). On the other hand however, the 
use of the biological larvicide Bacillus 
thuringiensis var. israelensis (Bti), which is 
highly effective against Aedes aegypti larvae, 
would reduce the possibility of resistance 

because of its highly specific mode of 
action(8). Besides, Bti is eco-friendly and safe 
to handle. In this study, the effect of Bti as a 
biological larvicide in ovitraps serving as 
oviposition sites for Aedes aegypti 
mosquitoes was analysed under field 
conditions. Although the ovitrap is a method 
that is operationally viable, if it remains in 
the field for more than the maximum of 
seven days, it becomes a potential breeding 
site by itself. Therefore, the persistence of Bti 
was also assessed over 15 days, with the 
objective of enabling the ovitrap to be used 
safely for a more prolonged period. 

Materials and methods 
Study area 

The study was carried out in the 
neighbourhood of Sucupira, in the city of 
Jaboatão dos Guararapes, Pernambuco, 
Brazil, from September to November 2001. 
The area consisted of 492 blocks and a total 
of 9,911 residences. The Aedes aegypti 
house index as determined during 
November 2001 for the specified area was 
0.45%, as per data from the Public Health 
Department. 

Ovitraps 

Traps were adapted from the model 
described by Fay and Perry(9) (1965) and 
consisted of 500 ml black plastic pots, 15 cm 
tall by 12 cm wide. The oviposition substrate 
was a 12 x 2 cm strip of a wooden Eucatex 
pallet attached to the inside of the jar with a 
paperclip. A grass infusion of Eleusine indica 
(Poaceae) in concentrations of 10% and 30% 
was used to attract female mosquitoes (220 
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ml/trap). The grass stock infusion was 
prepared by adding 30 g of grass to two litres 
of tap water and stagnated for seven days. A 
granular formulation of BtiΦ was used as the 
larvicide @ 40 mg per trap, thus giving a test 
dose of 0.18 mg/ml. Bti is a commercial 
preparation containing 0.2% of the active 
ingredient. 

Effect of Bti on the choice of ovitrap as 
an oviposition site 

To evaluate the effect of Bti on the Aedes 
aegypti oviposition response, pairs of ovitraps 
were placed in shaded areas of living 
quarters, under four different experimental 
conditions: 

(1) Ovitrap containing tap water and 
Bti, and ovitrap containing tap 
water without Bti. 

(2) Ovitrap containing 10% grass 
infusion with Bti and without Bti. 

(3) Ovitrap containing 30% grass 
infusion with Bti and without Bti. 

(4) Ovitrap containing 10% grass 
infusion and 30% grass infusion 
with Bti. 

For the first three experimental groups, 
the ovitraps were placed adjacent to each 
other and remained in position for four days. 
In the fourth group, the ovitraps were placed 
two metres apart and remained there for 15 
days. At the end of this period in the field, 
the ovitraps were transferred to the 
laboratory. Pallets were dried at room 
temperature (28±2°C; 70-90% RH) and the 
number of eggs counted. 

                                                
Φ VectoBacG 

Evaluation of the Bti-based larvicide 
used in the ovitraps 

The efficacy and persistence of Bti larvicide 
used in the ovitraps was estimated from the 
number of hatched eggs per pallet compared 
to the presence of live fourth instar larvae, 
pupae and pupal exuvia observed in the 
ovitrap. 

Statistical analysis 

The effect of Bti on the choice of trap for 
oviposition was evaluated based on the OPI, 
expressed as the percentage of ovitraps 
positive for eggs from the total of number of 
traps examined (Number of ovitrap X 100 / 
Total ovitraps). The efficiency of ovitraps in 
egg-collection (EDI) was evaluated according 
to the average number of eggs laid per 
positive ovitrap for each treatment (Total 
number of eggs / Total positive ovitraps). The 
percentages were compared with the 
respective controls using the χ2 test for 
proportions. 

Results 
Table 1 indicates the number of ovitraps 
used, their positivity and the total number of 
eggs of Aedes aegypti harvested under 
different experimental groups in the field. 
The following inferences have been drawn 
from these results: 

(1) Effect of Bti on choice of ovitrap as 
oviposition site: There was no significant 
difference in OPIs between paired ovitraps 
with ordinary tap water (χ2 = 0.10; p= 
0.751), 10% grass infusion (χ2= 0.04; p = 
0.97) or 30% grass infusion (χ2= 0.0; p = 
1.0) (Figure 1). 



Oviposition Rates of Aedes aegypti in Bti –treated Ovitraps 

Dengue Bulletin – Vol 27, 2003 159 

 
 
 

0

10

20

30

40

50

60

70

1 2 3 4
Treatment

O
PI

Control group Test group
 

1 – Drinking water and drinking water+Bti 
2 – 10% infusion and 10% infusion+Bti 
3 – 30% infusion and 30% infusion+Bti 
4 – 10% infusion+Bti and 30% infusion+Bti 

With regard to the number of eggs 
deposited, accentuated differences were 
noted between the ovitraps of the same 
experimental group (Table 1).  

Compared to ovitraps that contained 
Bti, there was an increase in the percentage 
of eggs collected in paired ovitraps 

containing only tap water (χ2 = 99.56; p = 
0.001) or 10% grass infusion (χ2 = 471; p > 
0.001 (Figure 2)). In the ovitraps containing 
30% grass infusion, however, the percentage 
of eggs (EDI) was significantly larger in the 
traps containing Bti (χ2 = 824.84; p> 0.001) 
(Figure 2) compared to the control. 
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Table 1. Number of ovitraps placed, positivity and total number of eggs of Aedes aegypti 
harvested under different experimental groups 

No. of ovitraps Eggs/Ovitrap 
Experimental 

group Treatment 
Total 

Positive/ 
percent 

Total 
no. of 
eggs Mean ± SD (variation) 

1 Tap water 
Tap water+Bti 

20 
20 

11 (55.0) 
10 (50.0) 

449  
261 

40,8 ± 8,4 (07 – 106) 
26,1 ± 6,0 (03 – 69) 

2 Infusion 10% 
Infusion 10%+Bti 

12 
12 

9 (75.0) 
8 (66.6) 

1,764 
962 

196,0 ± 78,3 (15 – 732) 
120,0 ± 53,0 (05 – 394) 

3 Infusion 30% 
Infusion 30%+Bti 

12 
12 

11 (91.6) 
11 (91.6) 

1,362  
2,648 

123,8 ± 22,6 (30 – 272) 
240,7 ± 53,7 (22 – 630) 

4 Infusion 10%+Bti 
Infusion 30%+Bti 

40 
40 

37 (92.5) 
33 (82.5) 

3,456  
5,263 

93,4 ± 54,9 (01 – 315) 
159,5 ± 52,7 (01 – 724) 

Figure 1. Ovitrap Positivity Index (OPI) 
for Aedes aegypti under different 

experimental groups 

Figure 2. Egg Density Index (EDI) in 
Aedes aegypti ovitraps under different 

experimental groups 
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(2) Persistence of larvicide activity in the 
ovitraps: Of the total number of eggs 
collected (8,719) in the 80 ovitraps that 
remained in the field for 15 days, 57.1% had 
already hatched when examined in the 
laboratory. Neither live larvae, pupae, nor 
pupal exuvia were found, proving that the 
product continued to eliminate 100% of the 
larvae during the period of evaluation. 

(3) Effect of infusion concentration on 
oviposition in ovitraps associated with Bti: 
A total of 5,263 eggs were harvested from 
the 40 ovitraps containing 30% grass infusion 
during the 15-day evaluation period, 
compared with 3,456 eggs harvested from 
the same number of ovitraps containing only 
10% grass infusion (Table 1), when placed 
two metres apart from one another. These 
results are statistically significant (χ2 = 749.0; 
p < 0.001) and demonstrate that 1.5 times 
as many eggs were harvested from traps 
containing 30% grass infusion compared 
with traps containing 10% grass infusion. 

Discussion 
The small difference in OPIs between traps 
with and without Bti suggests that the 
larvicide does not interfere in the choice of 
trap for oviposition by gravid Aedes aegypti 
females. Although the presence of Bti 
appears not to influence the choice of 
ovitrap as an oviposition site, the test results 
suggest that the larvicide does influence the 
number of eggs laid and that this effect may 
depend on the infusion concentration. It is 
possible that female mosquitoes are not able 
to detect the larvicide or a component of the 
test product when used with high infusion 
concentrations. 

No previous studies have been 
performed combining Bti with grass 
infusions. Studies using dry grass infusions 
(hay infusion) alone as a mosquito attractant 
are extremely controversial. Reiter et al(5) 
(1991) noted significantly more Aedes 
aegypti eggs in traps containing 10% hay 
infusion compared with 100%. These 
authors suggest that whereas more 
concentrated infusions may attract females 
from further afield, less concentrated 
infusions are preferred as oviposition sites. 
Under similar experimental conditions but 
using a different species of grass, Chadee et 
al(1) noted quite different results. They found 
a similar number of eggs in all ovitraps 
tested, regardless of the concentration used 
(10%, 20%, 60% or 80%). 

The fact that at the test dose of 0.18 
mg/ml of Bti, it eliminated 100% of larvae for 
15 days in traps containing infusions of 10% 
or 30%, demonstrates that the presence of 
rotting organic material in the suspension 
does not reduce its efficacy over this period. 
This permits it to be used in the field for 
longer than seven days, the average post-
embryonic development time for Aedes 
aegypti mosquitoes, removing the real risk of 
transforming an ovitrap into a breeding site. 
The increased time for which an ovitrap can 
remain in the field could greatly reduce the 
operational cost of control programmes. The 
number of eggs collected may also increase. 
It is known, for example, that female Aedes 
aegypti mosquitoes prefer to lay their eggs in 
sites already containing eggs or larvae(10). The 
resultant metabolites from the bacterial 
growth within the ovitrap may also be a 
contributing factor for increased oviposition 
and ovitrap attractiveness(11). 
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We believe that the intensive use of Bti 
ovitraps throughout the infested areas for a 
maximum of 15 days may be a useful tool in 
control programmes. If the traps serve as a 
permanent oviposition site, female 
mosquitoes will tend not to disperse in 
search of other breeding grounds. According 
to Reiter et al(12) (1995), control methods that 
reduce accessibility to breeding grounds 
result in increased dispersion of female 
mosquitoes and, consequently, to 
dissemination of any arbovirus they transmit. 
Another advantage of large-scale ovitrap use 
is that eggs are removed en masse. In the 
absence of traps, these eggs would be 
deposited in otherwise unmonitored 
breeding sites in the vicinity. The use of 
these traps may be particularly effective in 
the dry season in order to collect eggs. If 
these eggs are deposited in other sites, they 
could enter a period of dormancy of up to a 
year(13). As such, the systematic elimination 
of eggs associated with continued larval 
control programmes could result in a 
significant reduction in the Aedes aegypti 
population in the long run. 

The results of this study demonstrate 
that the presence of Bti does not 
compromise the ovitrap performance in 
terms of its attractiveness for the female 
gravid mosquitoes, and that the traps can 
safely remain in the field for up to 15 days 
when used with Bti. The technical 
information generated from this study has 
since been passed to the Municipal 
Department of Health, Recife. Ovitraps with 
Bti are currently in use (2002) at strategic 
locations within the municipality, particularly 
in the cemeteries. 
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