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SCIENTIFIC NOTE

ASSESSMENT OF A DIRECT APPLICATION OF TWO BACILLUS

THURINGIENSIS ISRAELENSIS FORMULATIONS FOR
IMMEDIATE AND RESIDUAL CONTROL OF AEDES ALBOPICTUS

ARY FARAJOLLAHI,1,2 GREGORY M. WILLIAMS,1,3 GEORGE C. CONDON,1,2 BANUGOPAN
KESAVARAJU,4 ISIK UNLU1,2

AND RANDY GAUGLER1

ABSTRACT. The bacterial agent Bacillus thuringiensis israelensis (Bti) is a highly effective larvicide
against various medically important mosquito and black fly vector species. Recent formulations of this
powerful larvicidal tool have been evaluated for their field efficacy in integrated mosquito management
programs. Laboratory and controlled-condition trials have indicated long periods of residual efficacy,
whereas field persistence is often much lower in duration. We investigated the residual persistence of high
doses of 2 formulations of Bti, a water-dispersible granule (VectoBacH WDG; 16 mg/liter) and an extruded
pellet (VBC-60066; 80 mg/liter), for the management of natural larval populations of Aedes albopictus.
Laboratory tests demonstrated 100% (WDG) and $99.7% (VBC) average mortality across all treatments
over 180 days. Field tests exhibited 100% efficacy (WDG and VBC) for 3 wk against Ae. albopictus and other
coinhabiting mosquito species, with some residual efficacy lasting for .4 wk. These results are discussed in
relation to current field control of domestic Aedes vectors of public health significance.
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The larvicidal control agent Bacillus thurin-
giensis israelensis de Barjac (Bti) has been one of
the main components of integrated mosquito
management programs for the past 2 decades in
many parts of the world (Lacey 2007). Population
suppression of mosquito vectors using biorational
or chemical insecticides is often the only practi-
cable means of large-scale disease prevention for
certain emerging and significant vector-borne
public health threats such as dengue and chikun-
gunya viruses (WHO 2008, 2009). Bacillus
thuringiensis israelensis is highly target-specific
for culicid, chironomid, and simuliid larvae and
has been shown to have minimal nontarget
effects under field conditions (Lacey 2007,
Caquet et al. 2011). The larvicidal activity of
Bti is caused by 4 main toxins that are activated
in the larval midgut, leading to cell lysis and
death. This combination has so far defied
substantial development of resistance despite
extended periods of exposure to field populations
(Lacey 2007).

Aedes albopictus (Skuse) is a highly invasive
mosquito species that has become established in
temperate regions of the USA, and continues to
expand its range (Farajollahi and Nelder 2009,

Farajollahi and Price 2013, Rochlin et al. 2013).
A 2007 epidemic of chikungunya virus was solely
driven by Ae. albopictus populations (Tsetsarkin
et al. 2007). The public health importance of Ae.
albopictus in urban and suburban areas where
disease transmission to humans is of concern
makes suppression of this species a priority for
vector control programs (Unlu et al. 2011,
Fonseca et al. 2013). The removal, draining, or
treatment of all potential container larval habitats
in peridomestic areas is extremely labor intensive
and requires constant attention (Bartlett-Healy
et al. 2011). Consequently, the preferred larvicide
for control of a container-inhabiting mosquito,
such as Ae. albopictus, should be one that
provides extended residual activity.

Bacillus thuringiensis israelensis larvicidal activ-
ity has been known to be influenced by prevailing
biotic and abiotic environmental conditions act-
ing on larval habitats (Lacey 2007). Such variables
that can affect Bti efficacy include temperature,
ultraviolet or sunlight exposure, container type,
treatment dosage, water renewal, organic content,
target mosquito species, larval stage, feeding
behavior, and larval density (Nayar et al. 1999).
While Bti is conventionally considered a single-
brood application tool with short field persistence,
simulated field studies in shaded conditions with
covered containers have indicated longer residual
activities of 3–4 months (Mulla et al. 2004) and 5–
6 months (Benjamin et al. 2005). However,
investigations under typical field conditions have
found limited residual persistence of only 2 days
(Toma et al. 2003) and 1–4 wk (Batra et al. 2000).
Efficacy of a water-dispersible granular formula-
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tion of Bti, VectoBacH WDG, has been shown
against Aedes aegypti (L.) for 3 months, and
though pesticide efficacy was reduced to 3 wk
under sunlight exposure (Vilarinhos and Mon-
nerat 2004), it would appear that formulation type
is the key means to achieve extended persistence.

Ritchie et al. (2010) determined that residual
efficacy of particularly high doses (‘‘megadoses’’)
of WDG can provide 2–6 months of larvicidal
suppression from a single application against Ae.
aegypti exposed to natural temperature fluctua-
tions. However, the results may have been affected
by protection from water renewal by a cloth mesh
over the outer container and also from sunlight
exposure (limited ultraviolet degradation), as well
as absence of natural continual oviposition and
larval competition pressures that would be affect-
ed under normal field use. Here we investigate the
efficacy and residual activity of a high-dose
application (23 the maximum recommended
concentration) of 2 Bti formulations on colonized
and natural populations of Ae. albopictus.

The formulations of Bti strain AM 65-52
utilized were the water-dispersible granular Vec-
toBac WDG and an extruded pellet VBC-60066
(Valent BioSciences, Libertyville, IL). WDG has
a potency of 3,000 international toxic units (ITU)
per milligram, while VBC has a potency of 800
ITU/mg. Recommended application rates for
WDG are 8 mg/liter and for VBC 40 mg/liter
(P. DeChant, Valent BioSciences, personal com-
munication). The WDG formulations mix readily
with water, and direct application to artificial
containers quickly spreads across the surface and
suspends in the water column before settling and
ingestion by mosquito larvae (Su and Mulla 1999).

Second-stage Ae. albopictus larvae utilized in
the indoor efficacy trials were obtained from a
laboratory colony recently isolated from endemic
populations in Mercer County, NJ, as described
previously (Nelder et al. 2010). Field trials
utilized natural endemic mosquito populations
within the experimental site.

Laboratory trials were conducted in translu-
cent 473-ml polyethylene terephthalate cups (Solo
Cup Company, Lake Forrest, IL) in replicates of
5 for each treatment condition of WDG at rates
of 0, 8, 16, and 32 mg/liter and VBC at rates of 0,
40, 80, and 160 mg/liter. Each cup held 245 ml of
tap water, 5 ml of bacterial inoculum (filtered
local natural larval habitat), and 1 g of crushed
red oak (Quercus rubra L.) leaves. After a 4-day
acclimation period, 10 larvae were added. The
following actions were taken at 4-day intervals
for over a 180-day test period: larval mortality
was monitored, evaporated water was replen-
ished, all larvae were removed (alive or dead), cup
location was rotated within the incubator, and 10
new 2nd-stage Ae. albopictus from the laboratory
colony were added to each cup. The study was

conducted at 25uC, 50% RH, and a 12-hour light
to 12-hour dark photoperiod.

Field trials were conducted from August 14 to
November 6, 2009, at an abandoned industrial site
in Trenton, NJ. This site harbored large numbers of
discarded artificial containers (primarily automobile
tires) and provided adequate vegetation and shade
to sustain large populations of Ae. albopictus.
Eleven-liter black polyethylene buckets with holes
drilled at the 8-liter mark were randomly placed in
shade $20 m apart. Ten replicates each of 8-liter
dechlorinated tap water and 5 g of crushed oak
leaves were acclimated for 2 wk prior to the initial
pretreatment sampling and direct (neat) applica-
tion of WDG (16 mg/liter), VBC (80 mg/liter), and
control treatments. Larval sampling was conduct-
ed every 4 days for 80 days following the
treatment using an aquarium net (25 3 18 cm),
following sampling protocols by Nelder et al.
(2010). Collected mosquitoes were brought to the
laboratory for enumeration and species identifi-
cation. Water was added as necessary to maintain
a consistent 8-liter volume after each sampling.

Statistical analyses for field trials were per-
formed using a REPEATED statement in PROC
MIXED (SAS Institute, Cary, NC). Independent
variables were treatment, time, and their interac-
tion. Response variables for the field trials were
abundances (log transformed). Least square
estimates were obtained and compared for each
period using Tukey’s adjustment.

Laboratory trials displayed an average mortality
of .99.7% across all treatments for the 180-day
study period. All 3 WDG rates provided 100%
larval mortality. VBC provided 100%, 99.9%, and
99.7% average mortality at the 160 mg/liter, 80 mg/
liter, and 40 mg/liter application rates. Ten larvae
(0.1%) survived the VBC exposure: 7 individuals at
the 40 mg/liter rate, 2 at 80 mg/liter, and 1 at 160 mg/
liter. Control mortality averaged 1.8%.

Pretreatment collections from the buckets includ-
ed 8 species (2,849 specimens): Culex pipiens L.
(40%), Ae. albopictus (28%), Cx. restuans Theo-
bald (17%), Ae. japonicus (Theobald) (13%),
Anopheles punctipennis (Say) (1%), Ae. atropalpus
(Coquillett), Toxorhynchites rutilus septentrionalis
(Dyar and Knab), and Ae. triseriatus (Say).
Natural infestation in control buckets (posttreat-
ment) were: Ae. albopictus (34%), Cx. restuans
(25%), Cx. pipiens (21%), and Ae. japonicus (18%).

There was a significant interaction between
treatment and time for both Ae. albopictus and all
other species combined, indicating that the slopes
were not equal (Ae. albopictus: df 5 2, F 5 10.72,
P 5 ,0.0001. All other species: df 5 2, F 5
24.96, P 5 ,0.0001). The slope for control was
significantly different from VBC and WDG until
the 48th day (Fig. 1). The WDG provided 100%
suppression of Ae. albopictus for 3 wk (Figs. 1A
and 2A). The VBC provided 100% suppression of
all mosquito species throughout, apart from 2 Ae.
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albopictus pupae encountered on the 1st post-
treatment sampling. Control collections provided
a mixture of all instars (Fig. 2B), and treatment
populations never reached the 3rd- or 4th-stage
larval developmental stage, apart from a single
anopheline larva (Fig. 2A). Laboratory trials
yielded .99% larval mortality over the test
period for both formulations at all dosages. But
larvicide efficacy evaluations are most informa-

tive under conditions encountered naturally, such
as in open-container field trials.

Our open-container field trials revealed 100%
residual activity of WDG and VBC for at least
21 days against all developmental larval stages.
Previously, a 2-day residual per application was
found in public parks in Italy for a tablet
formulation of Bti (Toma et al. 2003). A natural
infestation field trial in Malaysia using the same
formulation on both Ae. albopictus and Ae.
aegypti provided 100% residual efficacy for 6 days
in earthen containers, 12 days in plastic contain-
ers, and 19 days for high-density polyethylene
containers (Benjamin et al. 2005).

Our 1st field sampling conducted was in
September, and the study continued until No-
vember when natural mosquito populations were
declining or nonexistent. Consequently, the full
efficacy of the products from the beginning of the
season remains to be determined.

The WDG and VBC provided 100% suppres-
sion of pupae and 3rd/4th instars, with 2 notable
exceptions. First, 2 pupae from initial posttreat-
ment VBC collection, is explained by the mode of
action of Bti, via uptake into the larval midgut
through grazing and filter-feeding, since pupae
do not feed. The other, a single Anopheles pupa
within WDG buckets, is not unexpected as
Anopheles feed at the surface and would not be
exposed as much to Bti formulations intended for
Aedes (and Culex) species, designed to settle at
their trophic zone at the bottom and sides of
containers (Aly et al. 1987).

The WDG and VBC formulations of Bti were
effective against natural Ae. albopictus popula-

Fig. 1. Back-transformed (log average abundance)
mean 6 SE of (A) Aedes albopictus and (B) all larval
species from each treatment type of VectoBacH WDG,
VBC, and control bucket habitats.

Fig. 2. Posttreatment stacked distribution of larval
developmental stages of Aedes albopictus from the field
trial treatments (A) VectoBacH WDG and (B) controls.
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tions for at least 3–4 wk at 16 mg/liter and 80 mg/
liter, respectively. The WDG formulation has
been in regular use as part of large-scale integrated
mosquito management strategy for container-
inhabiting mosquitoes in the dengue control
program in Brazil since 2006. The results of our
field study corroborate the use of these Bti
formulations as part of an overall mosquito
management strategy against Ae. albopictus pop-
ulations. Natural infestation evaluations of
‘‘megadose’’ concentrations may be of particular
interest in future studies to perhaps increase field
residual persistence (Ritchie et al. 2010) and
afford public health officials a much needed and
enduring mosquito management tool to combat a
peridomestic disease vector such as Ae. albopictus.
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