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A SEMIFIELD EVALUATION OF VECTOBAC@ DT (ABG-6499), A NEW
FORMULATION OF BACILLUS THURINGIENSIS ISRAEZENSIS FOR

CONTROL OF AEDES ALBOPICTUS

LUCIANO TOMA, FRANCESCO SEVERINI, ANTONINO BELLA auo ROBERTO ROMI
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ABSTRACT. We evaluated the effectiveness and duration of effectiveness of a new formulation of Bacillus
thuringiensis var. israelensis (Bti) for control of larval Aedes albopictus. The product tested was Vectobac" DT
(ABG-6499), a Bti t^blet formulation containing 3.4Vo of active ingredient (3,400 ITUimg) supplied by SCAE
Valent BioSciences Italy S.r.l. The study was conducted at the Botanical Garden of the University of Rome "La

Sapienza" between June and September 2OO2, the most favorable season for the development of Ae. albopictus
in Italy. Black 2O-liter plastic buckets containing water and an organic substrate were used as experimental
breeding sites. The number of larvae in these buckets was estimated weekly, and positive buckets were treated
with the recommended dose of the larvicide. The results showed that Vectobac DT induced TOOVo larval mortality
after 24 h in all experimental breeding sites during the entire study period. Nonetheless, in most cases, the
larvicidal activity only lasted about 48 h; thus, effective mosquito control would require that treatment be
performed every 8-10 days in this habitat.

KEY WORDS Aedes albopictus, Bacillus thuringiensis israelensis, mosquito control, insecticide formulations,
Italy

INTRODUCTION

Bacillus thuringiensis israelensis (Bri) has been
shown to be a very effective microbial larvicide in
the control of mosquitoes and blackflies, and it is
not harmful to nontarget species. Nonetheless, the
larvicidal activitiy of most of the commercially
available Bri formulations is short-lasting, except in
habitats lacking soil or organic substrate; thus,
these formulations need to be used frequently, re-
sulting in high costs of management (Regis et al.
2001). Although some formulations have been re-
ported to have a slow release of the active ingre-
dient (Nasci et al. 1994, Su and Mulla 1999, Pra-
bakaran et al.2OOl, Maldonato Blanco et al.2OO2),
a truly long-lasting formulation still needs to be de-
veloped (Regis et al. 2001).

The objective of the present study was to eval-
uate the effectiveness and the residual effect of a
new Bti formulation, Vectobac@ DT, in the control
of the larvae of Aedes albopictus (Skuse), a mos-
quito that is native to Southeast Asia and is a day-
time, outdoor mosquito that preferentially bites hu-
mans (Hawley 1988). The study was conducted in
2OO2 in Rome, Italy, where Ae. albopictus has been
present since the late summer of 1997 (Romi et al.
1999).

MATERIALS AND METHODS

Study area: Rome is the lst large city in Italy to
have experienced extensive infestation of Ae. al-
bopictus (Romi et al. 1999). In Rome, larvae are
found from March through November. Although a
few adult females have been found to be active in
December, the peak of adult abundance occurs in
late August and early September (Di Luca et al.
20Ol). The specific area selected for this study was

the Botanical Garden of the University of Rome
"La Sapienza," which is located in a densely pop-
ulated central area of the city. This garden is ap-
proximately t ha and is almost entirely shaded by
trees. Numerous containers are present on the
grounds for the experimental cultivation of aquatic
plants. These containers serve as developmental
sites for larval Ae. albopictus, making this garden
one of the most heavily infested areas in the city.

Monitoring: To monitor the abundance of Ae.
albopictus and to determine the point at which this
abundance was sufficient for evaluating the effec-
tiveness of Vectobac DT, we placed 6 ovitraps in
shaded areas of the garden at a distance of at least
50 m from each other. The ovitraps consisted of
500-ml black plastic pots filled with water and con-
taining a 15 x 3-cm Masonite@ stick as a wet sur-
face for laying eggs. To estimate the number of
eggs of Ae. albopicnrs the Masonite sticks were
brought weekly to the Laboratory of Parasitology
of the Istituto Superiore di Sanith (the National
Health Institute of Italy) and analyzed with a ste-
reomicroscope. The Masonite sticks removed from
the ovitraps were immediately replaced with new
sticks, and the pots were refilled to replace the
evaporated water. The ovitraps were placed in the
garden from May 9 (7 wk before beginning treat-
ment with Vectobac DT) to October 11 (5 wk after
treatment was discontinued).

Experimental breeding containers: Once the
abundance of Ae. albopictus was sufficient for eval-
uating the effectiveness of Vectobac DT (a mean of
at least 50 eggs/ovitrap), we created experimental
breeding sites in the garden. These sites consisted
of 8 black plastic buckets (30 cm in diameter and
34 cm in height). The buckets were filled with ap-
proximately 20 liters of tap watel and a Masonite
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stick (45 X 5 cm) was placed in each bucket as a
surface for egg laying. Each bucket was placed next
to an ovitrap (designated as buckets l-6); an ad-
ditional 2 buckets (buckets 7 and 8) were not treat-
ed and were used as controls. To estimate the num-
ber of larval and pupal Ae. albopictu,! each bucket
was emptied weekly into a plastic container without
removing the organic material (e.g., leaves and soil)
settled at the bottom, so as to better simulate a nat-
ural situation. The number of larvae in these con-
tainers was estimated by eye and recorded as a
range, by using the following categories: 0, no lar-
vae; A, 1-50; B, 5O-2OO; C, 200-500; and D,
>500; the preimaginal stages also were recorded.
The water and the Masonite sticks were then placed
back in the buckets. To determine whether or not
our estimates of the number of larvae and pupae
were accurate, each week we counted all of the
larvae in I treated and I nontreated bucket (buckets
I and 7) by filtering the water through a sieve. After
counting, the larvae in bucket 1 were placed back
in the bucket. whereas. to avoid additional infes-
tation, the larvae from both bucket 7 and the other
untreated bucket (bucket 8) were discarded each
week. When positive for larvae, buckets l-6 were
treated with Vectobac DT, as described below. Mor-
tality was recorded 24 h after treatment. After the
mortality check, the Masonite sticks from both the
treated and nontreated buckets were turned over
and put back in the buckets to allow the eggs on
the sticks to hatch. This procedure was repeated
weekly, beginning on June 27 (when egg abun-
dance was sufficient for evaluating treatment effec-
tiveness); the treatment period lasted for 11 wk,
ending on September 5, when the University re-
quired that the garden be disinfested with pyre-
throids, which drastically reduced the mosquito
population. The treatment period corresponded to
the most suitable season for reproduction of Ae.
albopictus in Rome. In only I case (bucket 1, week
1) did the 24-h mortality check reveal the presence
of live larvae; in this case. the bucket was imme-
diately retreated and another mortality check was
performed 24 h Iater

I^arvicidal treatment: Vectobac DT is a Bti for-
mulation (ABG-6499) in the form of a tablet con-
taining 3.4Vo of active ingredient (3,400 ITU/mg)
supplied by SCAE Valent BioSciences Italy S.r.l.
The dosage recomrnended by the manufacturer is 1
tablet (0.384 g) per 5O liters of water. Following
this recommendation, we placed one half of a tablet
(O.192 g) in the buckets that were positive for lar-
vae. To ensure that breaking the tablet in half had
no effect on the duration of effectiveness, starting
on August 22 (week 9 of the treatment period) an
entire tablet was used for the treatment of buckets
l-3.

Statistical analysis: The analysis of variance,
with grouping factor treatment and repeated mea-
sures, was used to evaluate the pre, and posttreat-
ment difference in larval abundance between treat-

ed and nontreated buckets. Multiple comparisons
were conducted by using Tukey's test. The effec-
tiveness of the 2 different dosages of Vectobac DT
tablets was compared by the Mann-Whitney test.
The adopted level of significance was ct : 0.05. All
statistical analyses were performed by BMDP
(1998) statistical software (Saugus, MA) (Dixon
1988) .

All data from monitoring and from the bioassay
were entered and managed by Microsoft@ Excel
software (Redmond, WA). Meteorological data
were provided by a meteorological station located
in the center of Rome (Mangianti and Perini 2002).

RESULTS

Monitoring

The mean number of eggs found in the ovitraps
by week and the weekly temperafure and rainfall
during the monitoring period are shown in Fig. l.
The 6 ovitraps were positive for eggs beginning in
the lst week of monitoring, and the garden re-
mained infested with Ae. albopictus during the en-
tire monitoring period. Seven weeks into monitor-
ing, the mean number of eggs reached 50 eggs/
ovitrap, which was considered to be sufficient for
evaluating the effectiveness of treatment. The
weekly abundance of the species, evaluated as the
mean number of eggs of the 6 ovitraps, increased
almost constantly up to mid-July, reaching a peak
of more than 100 eggs/ovitrap (Fig. l); it then fol-
lowed an erratic trend until being reduced to zero
after the insecticide treatment in early September.
As expected, and as previously observed in Rome
(Toma et al. 2OO3), peaks in egg abundance oc-
curred approximately 1 wk after peaks in rainfall
(Fig. 1). During the monitoring period, a total of
398.2 mrn of rain was recorded, the mean daily
temperature ranged from 18 to 28.9"C, the photo-
period ranged from 15.6 to 12 h daylight, and the
relative humidity ranged from 49-7 to 77.5Vo (with
a mean of approximately SOVo).

Mosquito species

In addition to Ae. albopictus, the larvae of 2 oth-
er species of mosquitoes (Culiseta longiareolata
(Macquart) and Culex pipiens (L.)) were found in
all of the experimental buckets and, although rarely,
also in the ovitraps. At all weekly observations, Ae.
albopictus represented more than SOVo of mosqui-
toes in the buckets, and Cs. longiareolata and Cx.
pipiens represented less than l5Vo and 5Vo of mos-
quitoes, respectively. Larvae of both Cs. longiareo-
lata and Cx. pipiens wore susccptible to treatment
(data not shown).

Effectiveness of treatment

The results of the evaluation of the effectiveness
are shown in Table l. At 24 h after treatment, larval
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Fig. l. Monitoring of abundance of Aedes albopictus in the study area, Rome, May-October ZoO2.'the black line
represents the mean number of eggs by ovitrap, the gray line the mean daily temperature ('C), and the bars the amount
of rainfall (mm).

mortality was 1007o for all of the treated buckets,
with the exception of bucket 1 at week l. However,
at the successive weekly pretreatment observations,
in approximately SOVo of the cases, the treated
buckets were again positive for larval Ae. albop-
ictus, with abundance reaching 200-500 (category
C) in some buckets. In the remaining 2OVo of cases,
the treated buckets remained negative in the suc-
cessive I or 2 wk; this was observed at least once
for all of the buckets except bucket 5.

The difference in larval abundance between the
treated buckets (buckets 1-6) and those not treated
(buckets 7 and 8) was statistically significant (F :

6.14, dt 1.2O, P : O.OO222). With regard to the
accuracy of our estimated ranges of larval abun-
dance, the larval counts perforrned on buckets I
and 7 were consistently within the ranges estimated
by eye. Figure 2 shows the weekly trend in larval
abundance in buckets 7 and 7, which were consid-
ered as representative of all of the buckets. As
shown in Table 1, the number of larval Ae. albop-
ictus in buckets I and 7 ranged from a minimum
of 37 (bucket 1, week 1) to a maximum of 793
(bucket 7,week4).

Most of the larvae in the treated buckets were
2nd and 3rd instars; some lst and early 4th instars
also were recorded, whereas no late 4th instars or
pupae were observed. In the untreated control
buckets, which were consistently positive through-
out the monitoring period, late preimaginal stages
were prevalent.

When comparing the buckets treated with the
recommended dose, which in this case was one half
of a tablet, to those treated with a double dose (a

whole tablet), no significant difference in larval

abundance or instar in the week after treatment was
observed.

During the bioassay period, 262.2 rnm of rain
was recorded, the mean daily temperature ranged
from 27.4 to 21.6"C, the photoperiod ranged from
15.6 to 13.5 h daylight, and the relative humidity
ranged from 49.7 to 77.5Va (with a mean of ap-
proximately 5OVa). The water temperature in the
buckets (recorded weekly at l2:OO p.m.) ranged
frorn 22.5 to 26.3"C.

DISCUSSION

The results of this study showed that Vectobac
DT induced IOOVo larval mortality when used to
control Ae. albopictus in experimental containers,
conflrming the previously reported effectiveness
and rapidity of.Bri-based products against this spe-
cies (Nasci et al. 1994, Ali et al. 1995, Sulaiman et
al. 1997). However, in most cases, the treated buck-
ets were again positive for larval Ae. albopictus at
the successive weekly observations. This finding.
together with the observation that the early devel-
opment stages were prevalent in the treated buckets
and the late stages were prevalent in the untreated
buckets, and considering that temperatures consis-
tently above 25"C allow eggs to develop into pupae
in about 6-8 days (Hawley 1988), suggests that the
larvicidal activity only lasted for approximately 48
h in most cases.

Although many data are available in the literature
on the effectiveness and duration of different Bri-
based formulations in the control of Aedes spp., rel-
atively few laboratory and field studies have as-
sessed formulations with a presumably slow release



DeceMepn 2003 EFFEcrrvENEss or Vscrosec" DT AcAhlsr AEDES ALBoptcrus 427

o

6 o

t ib
V ) A^ :

; >

- q
E : :

: l : l  : >  = ! ! S : > : l :  > t > t >  ^ t
a - - - - 4 4 - a - - -

. -  6 H  t -  ^ - H H  I  I  t i  I  H i ! l !  ^ -
- H l - - :

\O $ i O - d C'.1 ci ! c-l it- oC cO O\ \O n \O \O O\ o * oO
t-- O\ - oI O o O O\ tr- o ol o.' O \O O\ * t= o|\ t-- o|\ n F-
\O \O l= t-- F- i'- F- t-- $ r) <t ci \i $ 6 t

--
t t - t T - l

A  o  o o o  o  t q  o  (  o U  o  (  o  c Q  o  Q  o o  o  (  o

. l

= = = =
Q  o  (  o r q o r Q o O o U o d o @  o U o d o O o

- -
= = : = = . 2 = :

- l - -

= = = =
Q  o  (  o  r q o  c Q o d  o  { o  ( o o  o Q o d  o U o

i H -
2 =

- i T J t
= = = = = = =
O  o c q o o o o o  F Q o  (  o d  o  d o h  o o  o o o

: 4 3 3 4= = = = = = =

d a  5  j a E e i  s e
O o d o o o cq o d o d o d o ( o b o h o il,1 o

e e  g A  9 e e g  a
-t-.i | -: _: -.: I :

6  F o  o ! o  S  o o  o . . o  R o  $  o  S  o  o  o  $ o\ o s

S : t s t { . + $ . + s < t $ . +N N o l c - t N o l c . t N N c . l N

*  - F  o r  * o  *  a  *  r ,  * l o  *  r -  *  m  t  o .  + 9  +  I  +

. q

)l

= ^ i 9
r  . - . ]
6 : - i

9 - i s
F . ?

i  X c
o  s oB  a E
E o 9

E  F !
E i :  - -

5 2 9

f . ir - €

o  b 0 h
; t r v
J ' U ! J
O A

9 g d
E c  > ,

d  ! ' ;
F  * . ;
x v >

. " . :  t r
!  x -

P ! :

S G  c . >
o d v
A > 5

' i F o

B.J S
. X ' , H

,  t r  , ,
h E €
@  o S

6 E B

o 5  ^
-  ! ) '

. E ; F
3 - -
: - E  A. ! E 6
: ! * +
: t - -  Y

q  9 E
N ' E  .

i r ) :

t - :  t
r ! 9

: 3 '

A e t

@ . 9  B
9  E , <

3  n :

x N / \
X'o  ^ '
,  O H

- : ; {

H  5 n
o o ..1.

E  4 OE r  x i
. > u* . :  . -

_ 6 :  I



428 JounNel oF THE AMERTCaN Mosquno CoN-rRoL Assocrlnon VoL.  19 ,  No.4

_ 740
u
g 600

;: s00'to

E 400

3 :oo

Q zoo

1000

900

800

4rh

JULY

of their active ingredient (e.g., tablets, briquets, or
granules). In most of the studies adopting these
types of formulations, the duration of larvicidal ac-
tivity in the control of Ae. aegypti was reported to
be longer than the duration of activity observed in
our study (Novak et al. 1985, Ali et al. 1994,Batra
et al. 2000, de Melo-Santos et al. 2001). In partic-
ular, de Melo-Santos et al. (2001) reported that, un-
der simulated fleld conditions, a Bti tablet formu-
lation (C4Pl) showed long-term larvicidal activity
(>7OVo mortality) against larval Ae. aegypti in ex-
perimental containers exposed to sunlight (larvicid-
al activity lasting 13-35 days) and shade (larvicidal
activity lasting 4O-54 days). Considering that in
some cases Vectobac DT provided a residual con-
trol for 2 wk in our experimental containers (Table
l), results more similar to ours were obtained by
Batra et al. (2000), who reported that Vectobac tab-
lets provided residual control of larval Ae. aegypti
for 2 and 3 wk, respectively, in desert coolers and
scrap tires.

Nevertheless, it should be considered that the du-
ration of the residual effect of slow-release Bti for-
mulations in containers is strongly influenced by
the presence of an organic substrate (Ali et al.
1994, Sulaiman et al. 1997) and by the absence of
other biotic and abiotic factors that may occur in
natural habitats (Becker et al. 1992, Nayar et al.
1999). In our study, the organic material that had
settled at the bottom of the containers probably ac-
counted for the brief residual effect observed. The
tablets, whether half or whole, probably sank very
quickly, and the active ingredient settled among the
decaying organic material and out of the feeding
area of the larvae. However, this would not explain

8 t h
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10 th  11  rh

SEPTEMBER

why in approximately 2OVo of the cases the larvt-
cidal activity seems to have lasted for about 1-2
wk, although the amount of organic substrate was
about the same in all of the containers.

In light of these observations, and considering
the absence of late 4th-stage larvae and pupae in
the treated buckets, we may conclude that, under
these experimental conditions, Vectobac DT is
highly effective against larval Ae. albopictus. How-
ever, to obtain permanent mosquito control in these
habitats, treatment would need to be performed at
least every 8-10 days.
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