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 Abstract

The use of attractive toxic sugar baits (ATSBs) is a new paradigm in mosquito control. ATSBs kill both female 
and male mosquitoes attracted to sugar feed on a sugary solution containing a toxic substance such as boric acid. 
The impact of boric acid sugar baits on irradiated and non-irradiated Aedes aegypti was evaluated in the laboratory 
to determine any difference in mortality between the two groups. The mortality rates from the toxic sugar baits 
in both irradiated with 50 Gy and non-irradiated groups were highly significantly different, compared to those 
of corresponding control groups (t=6.916, p <0.0001 and t=6.451, p<0.01, respectively). Irradiated Ae. aegypti 
were not significantly different in mortality rates from non-irradiated counter parts after 24 and 48 h exposure 
to toxic sugar bait (t=0.576, p=0.578 and t=0.642, p=0.535 respectively). There was no significant difference in 
mortality caused by toxic sugar baits between the two sexes (t=0.595, p=0.869 and t=0.169, p=0.869 for irradiated 
and non-irradiated groups, respectively). The mean percent mortality after 48 h of exposure to toxic sugar baits 
was 43.3% for irradiated mosquitoes and 38.6% for non-irradiated mosquitoes. Mortality rates were significantly 
higher during second 24 h period in both irradiated and non-irradiated groups (t=-6.612, p<0.01 and t=-5.278, 
p<0.01 respectively). The study suggests that the toxic sugar bait approach could not be used within a sterile 
insect technique program to reduce the wild male population to increase the chances of wild females mating 
with irradiated males.

Key Words: radiation, sterile insect technique, Aedes aegypti, boric acid sugar bait, mortality

Aedes aegypti Linn. is an important mosqui-
to vector species which transmits arboviruses 
causing diseases, such as yellow fever, dengue, 
chikungunya and Zika viruses in humans 
(Beaumier et al. 2014, Chippaux & Chip-
paux 2018, Guerbois et al. 2015, Honório et 
al. 2018). Vector control consists primarily of 
the removal of immature development habi-
tats augmented by targeted adulticide appli-
cation. Ubiquitous and cryptic breeding sites 
combined with the domiciliary resting behav-
ior of the species have made density reduc-
tion challenging. Moreover, rapid evolution 
of insecticide resistance in Ae. aegypti popula-
tions has become a major problem. This justi-
fies the development of novel and enhanced 
control strategies (Deming et al. 2016) that 
are environmentally friendly, sustainable, 
and cost-effective (WHO 2012). Sterile insect 

technique (SIT) is one such control strategy 
that has been of increasing interest (Alphey et 
al. 2010, Chung et al. 2018, https://www.iaea.
org/topics/sterile-insect-technique ). Sterile 
insect technique involves the mass-rearing of 
mosquitoes and, release of sterile males.

Attractive-toxic sugar baits (ATSBs) that 
kill both female and male mosquitoes are 
also considered to be a promising strategy, 
which can be added in integrated vector 
management (IVM) programs for mosquito 
control (Fiorenzano et al. 2017). Boric acid 
has shown to be an effective active ingredient 
for the ATSB (Xue & Barnard 2003, Bhami 
& Das 2015 behind Xue & Barnard 2002). 
Boric acid sugar baits applied as a foliar or 
surface space spray have previously demon-
strated effective control of several mosqui-
to species in field trials (Beier et al. 2012,  
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Fiorenzano et al. 2017, Maia et al. 2018, 
Qualls et al. 2012, Qualls et al. 2015, Xue 
et al. 2006, 2011). However, SIT and ATSB 
control methods work in different ways. 
The SIT slowly reduces the fecundity of the 
wild population (Alphey et al. 2010) while 
the application of ATSB produces quick 
mortality of both males and females of tar-
geted vector populations (Xue et al. 2006). 
Additionally, although SIT is species-specif-
ic, the ATSB impacts a wide range of target 
and non-target organisms alike given the 
generic effect of some active ingredients.

The purpose of this study was to deter-
mine if ATSB could be used to reduce the 
wild male population within a SIT program 
to increase the chances of wild females mat-
ing with irradiated males. The impact of 
ATSB on adult female Ae. aegypti was also 
evaluated, because it is possible for some 
irradiated females to also be released with 
the sterile males. A laboratory experiment 
was conducted with colonized Ae. aegypti 
(St. Augustine strain 2016) provided by the 
USDA-Center for Medical, Agricultural & 
Veterinary Entomology, Gainesville, Flori-
da. Male and female Ae. aegypti pupae were 
irradiated with 50 Gray (Gy) by γ-radiation 
using a Gammator M (Radiation Machin-
ery Corp., Parsippany, NJ) containing a ce-
sium-137 source that generated 8.8Gy/min. 
The radiation doses applied to the pupae 
were 0 and 50 Gy, with the 0 Gy acting as 
a control. Radiation doses were checked 
with alanine films applied to petri dishes 
with pupae for every dose. Two hundred 
5-7- day-old irradiated and non-irradiated 
males and females were mouth-aspirated 
into each of several separate cages (29 cm 
L x 29 cm W X 29 cm H,). The experiment 
was carried out with one treatment group 
and one control group, each with cages of 
irradiated males, irradiated females, non-ir-
radiated males and non-irradiated females.

Each treatment cage was provided with 
a cup of cotton wool swabs (Cloud Mar-
keting Inc. Rancho Cucamonga, CA) satu-
rated with 5% sugar solution + 1% boric 
acid (Sigma-Aldrich, Co. USA) while the 
control cages were provided only with 5% 
sugar solution. Dead mosquitoes in cages 

were hand-picked and counted 24 and 48 
h after the exposure to the sugar solutions 
(control and treatment). The remaining 
live mosquitoes were counted after 48 h to 
enumerate the total number in each cage 
and the percent mortalities were calculated 
based on the totals summed across two col-
lection days. Three replicates of the experi-
ment were carried out in three different 
times. Each replicate was at least one week 
apart to minimize any environmental bias.

Data analysis was done using SPSS 
(IBM® SPSS® statistics, version 20). Nor-
mal distributions of the data sets were con-
firmed using the Shapiro-Wilk normality 
test. Means of percent mortalities between 
different groups after 48 h and at two 24 h 
periods were compared appropriately using 
independent sample t-test. The level of sig-
nificance was maintained at p<0.05.

Both irradiated and non-irradiated Ae. 
aegypti had statistically significant differenc-
es in mortality rates after exposure to boric 
acid sugar bait (treatment) for 48 h com-
pared to the corresponding control group 
(t= 6.916, p<0.0001 and t=6.451, p<0.01 
respectively). The difference in mortality 
rates between irradiated and non-irradiat-
ed mosquitoes exposed to boric acid sugar 
bait was not significantly different at both 
24 (t=0.576, p=0.578) and 48 h (t=0.642, 
p=0.535) exposure periods (Figure 1). 
Further, no difference in mortality rates 
between the two sexes was documented 
(t=0.477, p>0.05 and t=0.511, p>0.05 for 
irradiated and non-irradiated groups, re-
spectively). Mean percent mortalities after 
24 and 48 h of boric acid sugar bait expo-
sure were 5.89 ± 1.30 (SE) and 37.01 ± 4.52 
(SE) respectively for irradiated mosquitoes 
and 4.76 ± 1.45 (SE) and 33.87 ± 5.32 (SE) 
respectively for non-irradiated mosquitoes. 
There were highly significant differences in 
mortality rates between the two time peri-
ods with a higher mortality after the second 
24 h period (t=-6.612, p<0.01 for irradiated 
mosquitoes and t=-5.278, p<0.01 p<0.01 for 
non-irradiated mosquitoes (Table 1).

The results indicate that irradiated Ae. 
aegypti were as susceptible as non-irradiated 
Ae. aegypti when exposed to boric acid sugar 
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baits, and there was no statistical difference 
in susceptibility between males and females 
independent of irradiation. The results also 
suggest that significant mortality from boric 
acid sugar baits could be achieved 48 h post 
exposure. However, for the release of irra-
diated Ae. aegypti to be successful in control-
ling population densities, the released mos-
quitoes must disperse rapidly among the 
wild population so that they have a higher 
probability of mating with wild females 
within their life span (White et al. 2010). A 
requirement of SIT is that the release ratio 
is sufficiently large to overcome the natu-
ral rate of population increase, so that the 
trend in population size is downward follow-
ing the first release (Dunn & Follett, 2017). 

Therefore, the application of boric acid 
sugar baits or ATSB and the release of ir-
radiated male Ae. aegypti in the same area at 
the same time would not be complementary. 
Incorporation of the two techniques into an 
integrated vector management program will 
require considerable thought and planning 
to implement them both effectively. Further 
studies with field released irradiated and wild 
are suggested as the findings with colonized 
mosquitoes are not always indicative of what 
will be found with field mosquitoes.

We would like to acknowledge the support 
of Daniel A. Hahn and Chao Chen, University 
of Florida, Gainesville Florida, for supporting 
the research by exposing the mosquitoes in 
their radiator.

Figure 1. Mean (+ SE) mortality (%) of irradiated and non-irradiated adult Ae. aegypti after exposure to boric 
acid sugar baits at 24h and 48h in the laboratory.
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Table 1. Comparison of mean ( ± SE) percent mortality between irradiated and non-irradiated adult Ae. aegypti after 
exposure to boric acid sugar baits for 24 and 48 h

Mean  ±  SE

First 24 h Second 24 h After 48 h

Irradiated-treated 5.89 ± 1.30 37.01 ± 4.52 43.32 ± 4.68
Irradiated-control 1.11 ± 0.45 1.20 ± 0.18 2.31 ± 0.57
Non-irradiated-treated 4.76 ±  1.45 33.87 ± 5.32 38.61 ± 5.63
Non-irradiated-control 1.36 ± 0.51 0.26 ± 0.18 1.63 ± 0.63


