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RECOVERY OF COMMERCIALLY PRODUCED
BACILLUS THURINGIENSIS VAR. ISRAELENSIS AND

BACILLUS SPHAERICUS FROM TIRES AND PREVALENCE OF BACILLI
IN ARTIFICIAL AND NATURAL CONTAINERS'

JOEL P SIEGEL,'�3 A. RAY SMITH4lND ROBERT J. NOVAKz5

ABSTRACT. We conducted surveys to identify the species of spore-forming bacteria present in natural and
artificial containers. Most of our samples came from Illinois. Identification was based on the cellular fatty acid
composition of the bacterial cell wall. In addition, we utilized a custom database for commercially produced
strains of Bacillus thuringiensis var. israelensis (Bti) and B. sphaericus, to differentiate between larvicidal isolates
with commercial or native origin. Native Btr'was present at low levels in almost all habitats but was not recovered
from bromeliads and metal containers. In temporary woodland pools, 27.9Vo of the colonies recovered were
native Bti. We did not recover larvicidal B. sphaericus in untreated habitats. VectoBac@ and Vectolex@ were
applied to tires containing water and the tires were sampled 3 months and 9 months after treatment. Isolates of
Bti and B. sphaericus with commercial origin were recovered as long as 9 months after application. We noticed
numerous cadavers of Aedes triseriatus in several tires 9 months after treatment with VectoBac. We could not
determine if this mortality resulted from recycling of Bti in these tires or whether insecticidal crystal proteins
from the original treatment were resuspended. Bacillus thuringiensis var, israelensis isolates with commercial
ancestry were recovered from untreated tires 9 months after application. Isolates of larvicidal B. sphaericus that
differed from the bacteria in Vectolex were also recovered from untreated tires.

KEY WORDS Fatty acid analysis, Bacillus thuringiensis var. israelensis, Bacillus sphaericus, persistence,
container

INTRODUCTION

Numerous surveys have been conducted world-
wide for novel isolates of the entomopathogen Ba-
cillus thuringiensis Berliner. This bacterium is pri-
marily considered a soil microorganism (Ohba and
Aizawa 1986, Martin and TLavers 1989), although
Smith and Couche (1991) presented evidence that
it can be isolated from the phylloplane (leaf surfac-
es) of conifers and deciduous trees. Currently, 82
serovars of B. thuringiensis are known and the in-
sect host spectrum of B. thuringiensis includes co-
leopteran, dipteran, and lepidopteran pest species
(Lecadet et al. 1999). The serovar B. thuringiensis
israelensis de Barjac (Btt), initially isolated in 1976
from cadavers of Culex pipiens L., is used in vector
control (Margalit 1990). This serovar produces in-
secticidal crystal proteins (ICPs) that, when ingest-
ed and activated in the gut, are toxic to larvae be-
longing to the genera Aedes, Anopheles, Culzx, and
Psorophora. These proteins are also toxic to black
fly larvae belonging to the genera Aastrosimulium
and Simulium (Molloy 1990, Mulla 1990). Subse-
quent surveys have demonstrated that Bti is not al-
ways associated with mosquitoes because it has
been recovered from leaf surfaces (2Vo of 81 iso-
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lates [Smith and Couche 1991] and 6Vo of 96 iso-
lates [Damgaard et al. 1997]) and residue samples
from an animal feed mill (5Vo of 477 B. thurin-
giensis isolates [Meadows et al. 1992'D.

Bacillus sphaericus Meyer and Neide is the other
member of the genus Bacillus used in vector con-
trol. Bacillus sphaericus is a heterogeneous species
and only isolates belonging to DNA homology
group IIA are toxic to mosquito larvae (Krych et
al. 1980, Rippere et al. 1997). The lst strain with
mosquito activity (K) was isolated from moribund
Culiseta incidens Thomson, and strain 2362 (used
in Vectolex@, Valent BioSciences Corp., Liberty-
ville, IL) was isolated from a nonmosquito source
(Simulium adults collected in Nigeria). Other mos-
quito-active strains of B. sphaericus have been iso-
lated from Lepidoptera and Orthoptera (Singer
l99O). As of 1994, the collection of the Pasteur
Institute contained 9 serotypes of mosquito-active
B. sphaericus (Anonymous 1994). ln contrast to B.
thuringiensis, the overwhelming majority of these
isolates came from insects, although mosquitocidal
B. sphaericus has been isolated from soil and water
(Schenkel et al. 1992). The only commercial B.
sphaericus larvicide registered in the United States
is Vectolex.

One obstacle to surveying larval habitat for bac-
teria is rapidly identifying the species recovered.
Automated microbial identiflcation systems are
now available and enable rapid identification (Sack-
in and Jones 1993). One system, based on gas-liq-
uid chromatography and marketed by MIDI, Inc.
(Newark, DE), utilizes cellular fatty acid (CFA)
analysis to identify species, subspecies, and strains
of bacteria. The MIDI database contains informa-
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tion on 50O species of bacteria. Numerous genera
of aerobic and anaerobic bacteria have been ana-
lyzed using CFA analysis and many of these studies
utilized the MIDI system (Welch 1991, Wauthoz et
al. 1995, Smith and Siegel 1996). The genus Ba-
cillus lras been extensively characterized using CFA
analysis, with particular emphasis on entomopath-
ogenic species (Kaneda 1968; Frachon et al. 1991;
Schenkel etal.1992; Stahly and Klein 1992; Siegel
et al. 1993, 1995, 1997,2000; Esnard et al. 1994;
Kiimpfer 1994). The MIDI system also enables us-
ers to create custom databases and the authors have
made entries for commercially produced B. thurin-
giensis va;; kurstaki, Bti, and B. sphaericus (Siegel
et al. 1993, 1995,1997,2OOO).

This study had 2 objectives. Our lst objective
was to determine the prevalence of Bti and larvi-
cidal B. sphaericus, as well as other species be-
longing to the genus Bacillus, in permanent pools
of water and both artificial and natural containers,
using CFA analysis and the MIDI system. Our 2nd
objective was to apply the larvicides VectoBac@
(Valent BioSciences) and Vectokx to tires and to
determine, by CFA analysis and the use of a custom
database, the persistence of Bti and B. sphaericus
originating from these formulations, as well as the
ability of these bacteria to spread to untreated tires
after application.

MATERIALS AND METHODS

Sample collection and preparatian.' Water sam-
ples (5-lO ml) were collected from 6 bromeliads,
6 metal containers, 2 ponds, 2 roadside ditches, 2
salt marshes, 1O tree holes, 3 temporary woodland
pools, and 30 waste tires using sterile disposable 5-
ml pipettes. The bromeliads sampled were on the
grounds of the Florida Medical Entomology Lab-
oratory (FMEL), Vero Beach, FL, and the drainage
ditches sampled were just outside the grounds of
FMEL. The salt marsh samples came from the An-
ahuac National Wildlife Refuge and J. D. Murphree
Wildlife Management Area in Texas. The tire sam-
ples came from Kankakee County, IL, and the met-
al containers, ponds, and tree holes were sampled
in central and southern Illinois. The woodland
pools were located in Busey Woods (Urbana, IL)
and were not treated with larvicide. Sampling oc-
curred from late spring through midsummer. All
samples were placed in marked sterile 15-ml cen-
trifuge tubes. When sediment was present in the
container, the sediment was stirred so that it was
included in the sample. Soil and leaf litter (3 sam-
ples) was scooped using an autoclaved metal spat-
ula. These samples were placed in sterile 15-ml
centrifuge tubes containing 10 ml of sterile distilled
water. All samples were pasteurized in a water bath
at 65oC for 3O min in order to kill non-spore-form-
ing bacteria. After pasteurization, the centrifuge
tubes were agitated and 0.3 ml of the pasteurized
sample was streaked onto brain-heart infusion

(BHI) agar plates (Micro Diagnostics, Addison, IL).
Streaking and colony isolation were performed in
a class II biological safety cabinet (The Baker Co.,
Sanford, ME). The plates were then incubated at
28'C for 48 h and the visible colonies were trans-
ferred to fresh BHI plates, I colony per plate, and
incubated for 24 h. Samples from these BHI plates
were then transferred to tryptic soy broth agar
(TSA) plates (Remel, Lenexa, KS), 1 colony per
plate, and these plates were incubated for 24 h at
28"C in accordance with the standard TSA protocol
of MIDI (Miller and Berger 1985). All of the sam-
ples were pooled by habitat type in our analysis.

Sample identification' Approximately 40-50 mg
(wet weight) of cells in the early stationary phase
were harvested from each TSA plate and the fatty
acids were extracted and methylated (Miller and
Berger 1985). The resulting fatty acid methyl esters
were identified with a Hewlett-Packard (Avondale,
PA) Microbial Identification System HP 5898A,
consisting of a 58904 gas-liquid chromatograph
equipped with a 57o phenylmethyl silicone capil-
lary column, a flame ionization detector, a7673 au-
tomatic sampler, a 7673A controller, a 3392A in-
tegrator, and a Hewlett-Packard 300 computer. The
gas-liquid chromatograph was calibrated every
l lth vial with a MIDI calibration standard kit con-
taining fatty acid methyl esters in 0.8 ml of hexane
(saturated C9:O to nC20:0 plus 2 and 3 hydroxy).
A reagent control was included with each run. A
separate computer record was generated for each
sample and this record included the fatty acid com-
position of the sample and the species identification
expressed as a similarity index (similarity values
were given for the standard MIDI database and our
custom database and were calculated by the data-
base software). According to the criteria of MIDI,
a sample is considered identified by the database
when its similarity index is >0.5. In our study iso-
lates with an index below this threshold were clas-
sified as unidentified.

As noted in the introduction, 82 serovars of B.
thuringiensis currently are known and we do not
have custom database entries for all serovars. Thx-
onomically, B. thuringiensis is considered part of
the B. cereus group and can only be distinguished
from B. cereus by the presence of ICPs (Sneath
1986). The MIDI database has entries for both B.
cereus and B. thuringiensis, and our custom data-
base includes entries for B. thuringiensis serovars
aizawai, kurstaki, and morrisoni, and the type
strain of B. cereus. However, in this study we did
not examine each isolate identified as B. thurin-
giensis or B. cereus for the presence of ICPs.
Therefore, except for serovar israelensis, isolates
belonging to all serovars of B. thuringiensis, rc-
gardless of our database identification, were
grouped with the isolates identified as B. cereus.
We also grouped isolates of B. sphaericzs that did
not belong to DNA homology group IIA.

Sources of commercially produced Bti and B.
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sphaericus: VectoBac and Vectolrx formulated on
corncob granules (8-lO mesh and 1O-14 mesh, re-
spectively) were received from Abbott Laborato-
ries, North Chicago, IL (VectoBac and Vectolex
are now marketed by Valent BioSciences, but are
fermented by Abbott Laboratories). The sources of
other commercially produced B. thuringiensis, Bti,
and larvicidal B. sphaericus used to create our cus-
tom database and the methodology used to validate
entries are described by Siegel et al. (1995, 1997,
2000). In this study, isolates of Bti and larvicidal
B. sphaericus that were indistinguishable from the
strains in our commercial database are classified as
having commercial ancestry, because we cannot
distinguish between isolates that were produced
commercially and isolates that were descended
from commercially produced bacteria. Isolates that
differed from our commercial database are classi-
fied as native.

Validation of the MIDI database identification of
nonentomopathogenic bacilli: Water and soil sam-
ples collected throughout Illinois (1991-93) were
prepared as described above and the bacilli isolated
were analyzed. The type strains of the most com-
monly identified species belonging to the genus Ba-
cillus (based on the MIDI database) were obtained
from the American Type Culture Collection
(ATCC, Rockville, MD). Samples of B. amyloli-
quefasciens (ATCC 23350), B. cereus (ATCC
14579), B. megaterium (ATCC 14581), B. mycoides
(ATCC 6462), and B. pumilus (ATCC 7O6l) were
then grown, extracted, and analyzed using CFA
analysis and the MIDI database to confirm that the
database values were correct.

Bioassay of isolates identified as Bti or lanicidal
B. sphaericus from tires: Culex restuans Theobald
larvae were exposed to samples identified as mos-
quitocidal bacilli as follows. Second- and 3rd-stage
larvae were placed in wax cups (2O larvae per cup)
containing 100 ml of water and a slurry of ground
TetraMino fish food (Tetra, Morris Plains, NJ). A
single loopful (approximately 4O-50 mg wet
weight) of the isolate was added to the water by
immersing the loop and then agitating it. The wax
cup was then gently swirled and covered with a
disposable petri dish cover. Cups were then covered
with a paper towel (to eliminate aggregation in a
single shaded area) and incubated at28oC. Mortal-
ity was evaluated at l, 6, 24, 48, and 168 h after
exposure. When all of the larvae died within 48 h
(no incidence occurred of no mortality at 48 h and
IOOVo rnortality at 168 h), the isolate was classified
as larvicidal; in many instances larvae became mor-
ibund within the lst hour. Mortality was confirmed
by prodding the larvae and swirling the cup.

Determination of diagnostic test parameters of
our database.' The diagnostic test parameters sen-
sitivity, specificity, accwacy, false-positive rate,
and the predictive values of a positive and negative
identification were calculated using a 2 x 2 table
(Kelsey et al. 1986). Our baseline standard (refered

to in diagnostic test literature as a gold standard)
for the validity of ow identification of an isolate as
Bri or larvicidal B. sphaericrrJ was the bioassay. If
an isolate that was identified as B/i or larvicidal B.
sphaericus did not kill larvae, the identification was
counted as a false positive. In the case of Bti, a
false positive was placed in the B. cereus/B. thu-
ringiensis category, whereas in the case of B.
sphaericus, a false positive was placed in the non-
larvicidal B. sphaericus category.

Forty-five isolates initially identified as Bti (5 of
the tire isolates identified as Bti were not bioas-
sayed) and 12 isolates initially identified as B. ce-
reus/B. thuringiensis were bioassayed. The latter
isolates were tested to determine if non-Bri isolates
were larvicidal. Ttventy-seven isolates identified as
larvicidal B. sphaericus and 17 isolates identified
as B. sphaericzs belonging to other DNA homology
groups were bioassayed. The latter B. sphaericus
isolates were included to evaluate our determina-
tion, based on our database, that they were non-
larvicidal.

Tire treatmenr.' The site for the waste tire per-
sistence study was an experimental tire dump lo-
cated in Tielease Woods, a mixed deciduous wood-
lot located in Champaign County, IL. The frees
were predominantly oak and maple. In August
1995, 15 granules of VectoBac (255 mg) or 150
granules of Vectol-ex (375 mg) were added to 12
marked tires containing water (6 tires received
VectoBac and 6 tires received Vectol-ex). One half
of these tires were in direct sunlight whereas the
rest were shaded. All tires contained leaves and
other debris and had been in the dump for at least
6 years. The tires were sampled 3 months after ap-
plication in November 1995, and 9 months after
application in May 1996, by stirring the water with
the disposable pipette and then collecting the sam-
ple. Additionally, in May 1996,6 tires containing
water adjacent to the treated tires and 6 tires con-
taining water located >2O m were also sampled.

REST]LTS

Identification of Bacillus species found in larval
habitat

The species of spore-forming bacteria isolated
from artificial and natural containers are summa-
rized in Table l. Colonies identified as native Bti
were obtained from waste tires and tree holes, but
they only comprised 9.5Vo and. 2.7Vo of the bacilli
recovered from these habitats, respectively. Bacil-
lus thuringiensis var. israelensis was not recovered
from metal containers or bromeliads. The predom-
inant group recovered was B. cereus/B. thuringien-
sis. Nonlarvicidal 8. sphaericus (DNA homology
groups other than IIA) was recovered from waste
tires, metal containers, and tree holes. Among the
artificial and natural containers sampled, bromeli-
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Table l. Spore-forming bacilli recovered from artificial
and natural containers (151 colonies analyzed). These

containers were not treated with microbial insecticides.

Table 2. Spore-forming bacilli recovered from soil, Ieaf
litter, and pools of water (140 colonies analyzed). These

areas were not treated with microbial insecticides.

Species of Bacillus based on
cellular fatty acid analysis

Percentage
of sample

Species of Bacillus based on
cellular fattv acid analvsis

Percentage
of sample

Waste tires (n : 74 colonies)

B. cereuslB. thuringiensist 44.6
Unidentified 23.0
B. sphaericus (nonlarvicidal) 14.9
B. thuringiensis var. israelensis (native) 9.5
B. mycoides 4.1
B. macerans I.4
B. megaterium 1.4
B. pumilus I.4

Metal containers (n : 12 colonies)

B. cereuslB. thuringiensist 33.0
Unidentified 33.0
B. sphericu.s (nonlarvicidal) 25.O
B. mycoides 9.0

Deciduous tree holes fu: 37 colonies)

B. cereusl8. thuringiensisl
Unidentified
B. sphaericus (nonlarvicidal)
B. laterosporus
B. thuringiensis var. israelensis (native)
B. mycoides

Bromeliads (n : 28 colonies)

B. cereusl B. thuringiensisl
Unidentified
B. megateium
B. mycoides

73.O
10.8
5.4
5.4
2.7
2.7

42.9
39.3
t4.3
3 .6

' This category pools all other serovars of B. thuringiensis with
B- cereus.

ads contained the greatest percentage of bacilli un-
identified by our system (39.3Vo).

The species of spore-forming bacteria isolated
from soil, leaf litter, woodland pools, roadside
ditches, ponds, and salt marshes and their preva-
lence in these habitats are summarized in Table 2.
The most common species recovered in these hab-
itats was B. cereus/B. thuringiensis and this species
predominated in soil and leaf litter. Native Bti was
prevalent in shaded temporary woodland pools,
where it comprised 27 .9Vo of the colonies analyzed.
The isolates from the woodland pools could be
grouped into 4 strains using CFA analysis, all of
which had larvicidal activity. Bacillus thuringiensis
var. israelensis was not recovered from soil and leaf
litter, roadside ditches, and salt marshes. Nonlarv-
icidal B. sphaericus was recovered from all habitats
listed in Table 2. Ponds and salt marsh contained
the greatest percentage ofbacilli unidentified by our
system (49.4Vo).

We can combine the other species of bacillus re-
covered into 3 groups, based on Sneath (1986). Ba-
cillus amyloliquefasciens, B. brevis, B. megaterium,
B. mycoides, arrd B. pumilu.r are species commonly
isolated from soil and plant material. Bacillus ma-
cerans and B. laterosporus are species relatively

Soil and leaf litter (n : 18 colonies)

B. cereuslB. thuringiensisl
B. megaterium
B. sphae ric us (nonlarvicidal)
Unidentified

Woodland pools and roadside ditches (z : 43 colonies)

B. cereusl B. thuringiensisl
B. thuringiensis van israelensis (native)
Unidentified
B. sp hae rtcus (nonlarvicidal)
B. amyloliquefasciens

Ponds and salt marsh (n : 79 colonies)

Unidentified
B. cereus/8. thuingiensisl
B. brevis
B. laterosporu.s
B. megaterium
B. thuringiensis van israelensrs (native)
B. sphae ric us (nonlarvicidal)
B. marinus
B. mycoides

44.2
27.9
14.0
9.3
A 1

49.4
29.r
tt.4
2.6
2.6
1 . 3
1 . 3
1 .3
1 . 3

I This category pools all other serovars of B. thuringiensis with
B- cereus.

scarce in soil or rarely isolated from soil and water
and B. laterosporus has been isolated from dead
honeybee larvae (Apds mellifera L.). Finally, B.
marinus has been isolated from marine sediments.
When we combine nonlarvicidal B. sphaericus with
the other nonpathogenic bacilli listed above, l8.2Vo
(531291) of the isolates are listed by Sneath (1986)
as commonly collected from soil and plant material.
If the B. cereus/B. thuringiensis group is included,
soil bacteria accounted for 62.5Vo of the colonies
arLalyzed (1821291).

Recovery of Bti and larvicidal B. sphaericus
from treated tires

Isolates with commercial ancestry were more
common than native larvicidal bacteria in treated
tires. Three months after application, isolates with
commercial irncestry were the only larvicidal bac-
teria recovered (Table 3). Almost one half of the
s.rmples (47Vo) were unidentified. Nine months af-
ter application, the majority of the Bri collected
(9OVo) had commercial ancestry. In contrast, 53%
of the larvicidal B. sphaericus collected had com-
mercial ancestry. Nonlarvicidal B. sphaericus was
as prevalent as larvicidal B. sphaericus. In addition,
2 species of bacteria commonly encountered in soil
(8. megaterium and B. mycoides) were collected.

In our samples from untreated adjacent tires,
both native Bti and Bri isolates with commercial
ancestry were recovered 9 months after treatment.

6 l . l
r6.7
1 l . l
l l . l
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Table 3. Recovery of Bacillus thuringiensis var.
israelensis and Bacillus sphaericus from tires.

Table 5. Bioassay results of the custom database
identification of larvicidal Bacillus sphaericus.l

Species of Bacillus based on
cellular fatty acid analysis

Percentage
of

sample

Database
identification

Cups of
dead larvae2

Cups of
live larvae

3 months after treatment (n = 34 colonies)

Unidentified 4'7.1
B. thuringiensis var. israelensis (commer-

cial ancestry) 20.6
Larvicidal B. sphaericus (commercial an-

cestry) 20.6
B. cereuslB. thuringiensist 5.9
B. sphaericus (nonlarvicidal) 5.9

9 months after treatment (n - L42 colonies)

Unidentified
B. cereusl B. thuringiensisl
B. thuringiensis var. israelensis (commer-

cial ancestry)
B. sphaericus (nonlarvicidal)
Larvicidal B. sphaericus (commercial an-

cestry) 5.7
Larvicidal B. sphaericus (native) 5.0
B. megateriurn 5.0
B. thuringiensis var. israelensis (native) 2.1
B. mycoides 1.4

Adjacent untreated tires, 9 months later (n :

48 colonies)

B. cereus/8. thuringiensisl
Unidentified
B. megaterium
B. thuringiensis vat israelensis (commer-

cial ancestry) 14.5
B. sphaericus (nonlarvicidal) 10.5
B. thuringiensis var. israelensls (native) 2.1

Untreated tires ) 20 m away, 9 months later (n : 37
colonies)

B. sphaericus (native)
B. cereus/B. thuringiensisl
Unidentified
B. thuringiensis yar. israelensis (native)
B. mycoides

IThis category poofs all other serovm of B. thuringiensis with
B- cereus-

Table 4. Bioassay results of the custom database
identifi cation of B acillus thuringiens is v ar. is raelensis.l

Database Cups of
dead larvae2

Cups of
live larvaeidentification

Positive
Negative

Positive
Negative

'Diagnostic test parameters for the custom database identifica-
tion are as follows. Sensitiviry (26/26) : 1OO7a. Specificity (17l
la) = 94.4qo. Accuracy (43144) : 97.7Vo. Predictive value of a
positive identi6cation (26127) : 96.3Vo. Predictive value of a neg-
ative identiRcatiot (17117) : 1ffi9o. False positive rate (l/18) :

5.6Va.
'�Basefine standard was toxicity to 2nd to 3rd-instar Culex res-

laans within 48 h.

Bacillus megaterium was also recovered and was
as prevalent as larvicidal bacilli. The samples from
the untreated tires >20 m away contained both na-
tive Bti and larvicidal B. sphaericus. Bacillus my-
coides was recovered from these tires as well.

Nine months after application, we noticed nu-
merous cadavers of Aedes triseriatus (Say) floating
on the surface of the water in several tires treated
with VectoBac. Several cadavers and water samples
were collected, and Bti was recovered. We could
not determine if this mortality resulted from recy-
cling of Bri in these tires or whether ICPs from the
original treatment had been resuspended and in-
gested by the larvae.

Diagnostic test pararneter values of the Bfi and
B. sphaericus database

The sensitivity (ability to detect an isolate with
larvicidal activity) of our B/i database was lOOVo,
because all isolates with larvicidal activity were
identified as Bri (Table 4). Speciflcity (ability to
correctly identify an isolate with no larvicidal ac-
tivity) was 36.4Vo, because only 12 isolates were
negative according to both the database and the bio-
assay. The false-positive rate was 63.6Vo and, the
overall accuracy of the database was 63.2Vo. The
greatest confidence should be placed in a negative
identification by our database, because its predic-
tive value was 1007a. The prevalence of Bti in all
of the samples assayed, based on the bioassay, was
53.3V".

The sensitivity of our larvicidal B. sphaericus
database was lOOVo. because all isolates with lar-
vicidal activity were identified (Table 5). In contrast
to the results of our Bti database, out B. sphaericus
database had a high specificity (94.4Vo). Only a sin-
gle isolate that was identified as larvicidal failed to
kill larvae in our bioassay. The false-positive rate
was 5.6Vo and the overall accuracy was 97,7Vo.Ttrc
greatest confidence should be placed in a negative
identiflcation by our database, because its predic-
tive value was lOOVo, but a positive identification
also had a high predictive value (96.3Vo). The prev-
alence of larvicidal B. sphaericu^s in t}te samples
assayed, based on the bioassay, was 59.lVo.

I
l 7

26
0

26.4
24.3

1 8 . 6
tr.4

25.0
22.9
2r .0

29.7
29.7
22.9
16.2
5.4

2 l
t 2

24
0

rDiagnostic test parameters for the custom database identifica-
tion are as follows. Sensitivity (24124) : lOOVo. Specificity (12l
33) : 36.4Eo. Accuracy (36157) = 63.2Vo. Predictive value of a
positive identification (24/45) : 53-3Vo. Predictive value of a nes-
ative identification (12/12) : lOOVo. False positive rate (21/33)-=
63.6Vo.

' Baseline standtrd was toxicity to 2nd- to 3rd-instr Culex res-
laans within 48 h.
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DISCUSSION

We stress that the serovar name israelensis does
not preclude recovery of native Bri from North
America, and its prevalence in natural and artificial
containers (2.7-9.5Vo) is consistent with the find-
ings of Smith and Couche (1991) and Meadows et
al. (1992). The frequency of recovery of Bti
(27.9Vo) in Busey Woods was an exception. Recov-
ery of Bti from this habitat is interesting, because
as noted in the introduction, Bti was originally iso-
lated from larvae and cadavers collected from a
pool in Israel. Unlike the circumstances surround-
ing the discovery of Bti, no mosquitoes were pre-
sent when the samples were collected. Bacillus thu-
ringiensis var. israelensis is not always associated
with mosquitoes (Meadows et al. 1992) and has
even been isolated from a saturniid moth, Hylesia
metabus (Vassal et al. 1993). Bacillus thuringiensis
var. israelensis might be introduced into temporary
pools when nondipteran insects or other arthropods
or leaves fall into the water. Nondipteran reservoirs
could also introduce native Bti into waste tires and
tree holes.

Initially, given the low overall prevalence of Bri
in the habitats sampled, Bti seems unlikely to be an
important natural mortality factor for mosquitoes in
the United States. However, if our data are in fact
representative, when the results are stratified by hab-
itat, Bti could play a role in regulating populations
of Aedes vexans Meigen or other species that utilize
temporary pools as larval habitat, provided that spor-
ulation occurs and ICPs are produced. Furthermore,
if nondipteran arthropod hosts are present for native
Bti, fluctuations in the populations of the hosts may
also influence the temporal distribution of this bac-
terium. At this point in time, researchers have iden-
tifled 17 crystal proteins produced by various sero-
vars of B. thuringiensis that have dipteran activity
(the current listing of Cry proteins can be viewed at
http : //www. b io ls. s usx. ac. uAHome/|,{ e i l-C ric kmo re/
Bt/index.html and the host spectrum of these Cry
proteins can be viewed at http://www.glfc.forestry.
c a/eng lisWre s/BtJI omePag e/netintro. htmt1. Because
B. cereus/B. thuringiensis was recovered from all
habitats including salt marsh, if some of these iso-
lates produced mosquito-toxic ICPs, they may also
be a source of larval mortality.

When we shift our focus from Bti to B. sph^aer-
iczs, with the exception of Tielease Woods, which
will be discussed in depth below, larvicidal B.
sphaericus was not recovered. Nonlarvicidal B.
sphaericus was most prevalent in waste tires
(l4.9Vo), but isolates were collected from all habi-
tats except bromeliads. Our data on the distribution
of nonlarvicidal B. sphaericus are similar to those
reported by Dias et al. (1999). In their study, non-
larvicidal B. sphaericus comprised 2.lVo of the ba-
cilli isolated from Argentine soil. Sneath (1986)

lists B. sphaericus as occurring in soil and fresh-

water and marine sediments, which concurs with
our data for nonlarvicidal B. sphaericus.

Assessing the significance of our recovery of
what we designated as native larvicidal B. sphaer-
icus from Tfelease Woods is difficult. Because these
isolates were only recovered at 1 location, they may
have descended from the bacteria in Vectolex that
no longer matched our commercial database. They
were not present in the samples taken from the
treated tires 3 months after application nor were
they recovered outside of Trelease Woods; there-
fore, one could argue that their ancestry was com-
mercial. Their introduction into untreated adjacent
tires could have occurred when the treated tires
overflowed or when splashing occurred. However,
overflow and splashing do not explain the recovery
of these isolates >2O m from the application site.
The distant isolates probably were deposited by
wind, but wind could deposit either native larvicid-
al B. sphaericus or larvicidal B. sphaericus with a
commercial ancestry. Native larvicidal B. sphaeri-
cas possibly was present in low numbers in all hab-
itats sampled but was missed because of the small
sample size used in our study. Ultimately, the origin
of these isolates cannot be determined for 2 rea-
sons. First, we did not sample all of the tires in the
Trelease Woods tire dumps immediately before
treatment, so we do not know if the larvicidal B.
sphaericus isolates were present. Second, even if
we had, covering the tires after sampling also
would have been necessary to eliminate the depo-
sition of native larvicidal B. sphaericus by the wind
or falling leaves at a later date. This was not done
because our focus was on persistence under fleld
conditions. What seems irrefutable is that in sam-
ples obtained from numerous larval habitats, lar-
vicidal B. sphaericus was rarely encountered.

The question raised above concerning the ances-
try of the native larvicidal B. sphaericus can also
be raised about the native Bti isolates collected in
Tfelease Woods, and is inextricably linked to the
issue of recycling. If multiplication did not occur
in tires, no opportunity existed for either species of
larvicidal bacillus to produce variants that did not
fit our CFA database. In that case. the larvicidal
bacteria collected came from the formulated prod-
uct. If we assume that the larvicidal isolates that
did not match our commercial database were mu-
tants, the predominance of isolates with commercial
ancestry in treated tires (78Vo of the bacilli identi-
fied) 3 months after treatment may be evidence that
recycling did not occur. This coincides with previ-
ous reports of the duration of control of commercial
formulations in tires, 75 days and 63 days for Bri
and B. sphaericus, respectively (Novak et al. 1985,
Siegel and Novak 1999). Our observation of ca-
davers of Ae. triseriatus in tires 9 months after
treatment with VectoBac is unusual, but this finding
still does not prove that multiplication occurred. A
fraction of the original treatment possibly was re-
suspended (we recovered both native Bti and com-
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mercial ancestry Bti from these tires). This raises
an additional issue, which is the stability of our
CFA profiles. Even if recycling did occur, it would
still not necessarily lead to a change in the CFA
composition of the cell wall. In the laboratory, col-
onies of Bti were serially transferred to new BHI
plates every other day for a 3-week period and their
CFA values did not change. However, changes in
these colonies may have occurred if the experiment
was carried out longer. When we compared isolates
from commercially produced B. thuringiensis var.
kurstaki separated by 20 years, we found them to
be indistinguishable (Siegel et al. 2OO0). We con-
ducted similar studies on 2 samples of commer-
cially produced larvicidal B. sphaericus separated
by 5 years and found them to be indistinguishable
as well (Siegel et al. 1997). Although our labora-
tory data indicate that our CFA entries are stable,
we cannot rule out the possibility that variants may
emerge under field conditions. Further study is nec-
essary to address this issue.

We regard the recovery from untreated tires of
isolates of Bri with commercial ancestry as one of
the more intriguing findings in this study. It is easy
to envision how heavy rains might transport either
carrier corncob granules or water containing larvi-
cide into adjacent tires when stacked treated tires
overflow, but this does not necessarily mean that
the ICPs are transported as well. We must distin-
guish between tlre recovery of bacteria from a tire
and a tire having a larvicidal concentration of ICPs
in the feeding zone. What is puzzling is that the
mechanisms mentioned above should also transport
larvicidal B. sphaericus with a commercial ances-
try, yet we did not recover any. Our calculations
may be distorted by the small sample size (48 col-
onies analyzed), but we are still left with the ques-
tion of why only Bri with a commercial ancestry
was recovered.

If our isolates of native larvicidal B. sphaericus
actually descended from the strain used in
Vectolex, then the data become even more intrigu-
ing. How did larvicidal B. sphaericus get trans-
ported >20 m from the treated tires? We noticed
considerable deposition of soil into tires over time,
and it is reasonable to assume that a portion of the
contents of treated tires may become airborne in
strong winds and be deposited in new sites, espe-
cially during a drought. From the perspective of
control, it would be ideal if a single application of
a microbial larvicide succeeded in not only killing
the existing larvae in treated tires but also colo-
nized untreated tires. However, in order to be ef-
fective after colonization, recycling would be nec-
essary to ensure the concentration of larvicidal
toxins necessary for control. Although analysis of
our data does not provide clearcut evidence that
effective colonization or recycling occurred, we did
establish that strains of both Bti allld B. sphaericus
with commercial ancestry were recovered months
after application. Furthermore, in several tires 9

months after application, larvicidal ICPs were pre-
sent in a sufficient concentration to kill mosquito
larvae.

Our database identification that isolates were Bti
did not necessarily mean that these isolates were
larvicidal. As reported in Table 4, 46.7Vo (21145)
of the isolates identified as Bti were not toxic to
larvae, presumably because they lost the plasmid
that contained the genes necessary for the produc-
tion of ICPs (Sekar 1990). Although our estimate
of the diagnostic test parameters for our CFA da-
tabase is based on a small sample size and high
frequency of Bri isolates analyzed, if this is a pro-
cess that frequently happens in the field over time,
this may be a mechanism that limits efficacy of Bti
despite recycling. In contrast, only I isolate iden-
tified as larvicidal B. sphaericus did not kill mos-
quitoes (Table 5). The genes for the larvicidal tox-
ins of B. sphaericus lie on the chromosome
(Davidson and Yousten 1990) and are less likely to
be lost than toxin genes that are located on a plas-
mid. This suggests that if recycling does occur, B.
sphaericus may be effective for a longer period
tlran Bti, but further studies are needed confirm this.
With regard to using CFA analysis to identify na-
tive Bti, analysis of our data on the predictive value
of our database suggests that an additional test such
as bioassay or confirmation that ICPs are present is
necessary to document toxicity.

Overall, waste thes seem to be excellent collec-
tors of bacteria commonly encountered in soil and
our Tielease Woods data underscore the dynamic
nature of the bacterial populations in waste tires.
Bacillus megaterium artd. B. mycoides were absent
at 3 months but were present in the g-month sam-
ples. The prevalence of nonlarvicidal B. sphaericus
doubled during this time period. Abiotic factors
such as water temperature, water level, and the de-
cay rate of the organic content inside a tire com-
bined with deposition of both new species and
strains of bacteria undoubtedly influence bacterial
populations. Our data on the spore-forming bacteria
collected from the tires in Tielease Woods, with the
exception of larvicidal B. sphaericus, show marked
similarities to the data from the other habitats sur-
veyed. If the larvicidal B. sphaericus collected in
Thelease Woods was native, then it was the only
bacterial species identified that was unique to tires.

In summary, we found that the majority of bacilli
collected in artificial conrainers and tree holes were
conrmon soil bacteria. Native Bti was present at low
levels in almost all habitats. In a temporary wood-
land pool, Bri comprised 27.9Vo of our samples and
we have no explanation for this high prevalence.
When Bri and B. sphaericus were applied to tires,
both species were recovered from treated tires as
long as 9 months after application. We could not
distinguish between multiplication in tires and re-
suspension of the original treatment. Both species
survived the Illinois winter and Bri isolates indis-
tinguishable from the strains present in VectoBac
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were recovered from adjacent untreated tires. Our
CFA database was more likely to conectly predict
larvicidal activity for B. sphaericus. We suggest
that this discrepancy is the result of the location of
tlre Bti ICP genes on a plasmid, which is easier to
lose than a chromosome. Our findings on the per-
sistence of these larvicidal bacilli and their move-
ment may prove helpful when public health and
vector control programs consider various larvicides
for mosquito control. Further research is necessary
to assess the stability of fatty acid profiles over nu-
merous generations in the field.

ACKNOWLEDGMENTS

Our work was funded in part through the Illinois
Waste Tire Act and by Abbott Laboratories. We
thank Jimmy K. Olson for the salt marsh samples
and Richard Lampman, Brian Melin, Pat Noble,
and Michael Vodkin for their comments.

REFERENCES CITED

Anonymous. 1994. Collection o/ Bacillus thuringiensis
and Bacillus sphaericus (classifed by H serotypes), cat-
alogue of strains number I Paris, France: International
Entomopathogenic Bacillus Center, WHO Collaborar
ing Center, Pasteur Institute.

Damgaard PH, Hansen BM, Pedersen JC, Eilenberg J.
1997. Natural occurrence of Bacillus thuringiensis on
cabbage foliage and in insects associated with cabbage
crops. J Appl Microbiol 82:253-258.

Davidson EW, Yousten AA. 1990. The mosquito larval
toxin of Bacillus sphaericus. In: de Barjac H, Suther-
land DJ, eds. Bacterial control of mosquitoes & black-
flies: biochemistry, genetics & applications o/Bacillus
thuringiensis israelensis and Bacillus sphaericus New
Brunswick, NJ: Rutgers University Press. p 237-255.

Dias SC, Sagardoy MA, Silva SR Dias JMCS. 1999. Char-
acterization and pathogenic evaluation of Bacillus thu-
ringiensis and Bacillus sphaericus isolates from Argen-
tinean soils. BioControl 44:59-7 l.

Esnard JT, Potter L, Zuckerman BM. 1994. Differentiation
of six strains of Bacillus thuringiensis by hydrolyzable
fatty acid composition. J Agric Food Chem 42:1251-
t255.

Frachon ES, Nicolas L, de Barjac H. 1991. Cellular fatty
acid analysis as a potential tool for predicting mosqui-
tocidal activity of Bacillus sphaericus strains. Appl En-
viron M icrobiol 57 :3394-3398.

Kiimpfer P. 1994. Limits and possibilities of total fatty
acid analysis for classification and identification of Ba-
cil/as species. Syst AppI Microbiol l7:86-98.

Kaneda T. 1968. Fatty acids in the genus Bacillus. J Bac-
teriol 95;221O-2216.

H-antigen classification of Bacillus thuringiensis. J
App I M ic rob i o I 86:66O-67 2.

Margalit J. 1990. Discovery of Bacillus thuringiensis is-
raelensis. In: de Barjac H, Sutherland DJ, eds. Bacterial
control of mosquitoes & blackfies: biochemistry, ge-
netics & applications o/ Bacillus thuringiensis israelen-
sis and Bacillus sphaericus New Brunswick, NJ: Rut-
gers University Press. p 3-9.

Martin PA, Travers RS. 1989. Worldwide abundance and
distribution of Bacillus thuringiensis isolates. Appl En-
viron Entomol 55:2437 -2442.

Meadows MP, Ells DJ, Butt J, Jarrett f; Burges HD. 1992.
Distribution, frequency, and diversity of Bacillus thu-
ringiensis in an animal feed mill. Appl Environ Entomol
58 :1344 -1350 .

Miller L, Berger T. 1985. Gas chromatography. Applica-
tion note 228-41 Avondale, PA: Hewlett Packard Co.

Molloy DP 1990. Progress in the biological control of
black flies with Bacillus thuringiensis israelensis, with
emphasis on temperate climates. In: de Barjac H, Suth-
erland DJ, eds. Bacterial control of mosquitoes &
blackflies: biochemistry, genetics & applications of Ba-
cillus thuringiensis israelensis and Bacillus sphaericus
New Brunswick, NJ: Rutgers University Press. p l6l-
186 .

Mulla M. 1990. Activity, field efficacy, and use of Bacil-
lus thuringiensis israelensis against mosquitoes. In: de
Barjac H, Sutherland DJ, eds. Bacterial control of mos-
quitoes & blackfies: biochemistry, genetics & appli-
cations of Bacillus thuringiensis israelensis and Bacillus
sphaericus New Brunswick, NJ: Rutgers University
Press. p 134-160.

Novak RJ, Gubler DJ, Underwood D. 1985. Evaluation of
slow-release formulations of Temephos (Abate@) and
Bacillus thuringiensis var. israelensis for the control of
Aedes aegypti in Puerto Rico. "I Am Mosq Control As-
soc 4:449-453.

Ohba M, Aizawa K. 1986. Distribution of Bacillus thu-
ringiensis in soils of Japan. J Invertebr Pathol 47:277-
282.

Rippere KE, Johnson JL, Yousten AA. 1997. DNA simi-
larities among mosquito-pathogenic and nonpathogenic
strains of Bacillus sphaericus. Int J Syst Bacteriol 47'.
214 -216 .

Sackin MJ, Jones D. 1993. Computer-assisted classifica-
tion. In: Goodfellow M, O'Donnell AG, eds. Handbook
of new bacterial systematics London, United Kingdom:
Academic Press Limited. p 281-313.

Schenkel RGM, Nicolas L, Frachon E, Hamon S. 1992.
Characterization and toxicity to mosquito larvae of four
Bacillus sphaericus strains isolated from Brazilian soils.
J Invertebr Pathol 60:lO-14.

Sekar V. 1990. Genetics of Bacillus thuringiensis. ln:. de
Barjac H, Sutherland DJ, eds. Bacterial control of mos-
quitoes & blackflies: biochemistry, genetics & appli-
cations of Baclllus thuringiensis israelensis and Bacillus
sphaericus New Brunswick, NJ: Rutgers University
Press. p 66-77.

Kelsey JL, Thompson WD, Evans AS. 1986. Measure- Siegel JR Novak RI. 1999. Duration of activity of the

-"nt "11o.. In: Kelsey JL, Thompson WD, Evans AS, microbial larvicide Vectolex CG (Bacillus sphaericu.s)

eds. Methods in obseryational epidemiology New York: in Illinois catch basins and waste tires. J Am Mosq Con'

Oxford University Press. p 285-288. trol Assoc 15:366-370-

Krych VK, Johnson JL, Yousten AA. 1980. Deoxyribo- Siegel JP, Smith AR, Novak RI. 1993. Use of cellular fatty

nucleic acid homologies among strains of Bacillus acid analysis to characterize commercial brands of Ba-

sphaericus. Int J Syst Bacteriol 3O:476-484. cillus thuringiensis var. israelensis' J Am Mosq Control

Lecadet MM, Frachon E, Cosmao Dumanoir V, Ripouteau Assoc 9:33O-334'

H, Hamon S, Laurent P, Thiery l. lgg9. Updating the Siegel JB Smith AR, Novak RJ. 1995. Cellular fatty acid



Mrncs 2001 PERstsrENcE lNn DrsrnrsurroN op Blcrllr 4 1

analysis of Bacillus thuringiensis ssp. israelensis
(ONR-60A). J Am Mosq Control Assoc ll:776-185.

Siegel JP, Smith AR, Novak RJ. 1997. Comparison of the
cellular fatty acid composition of a bacterium isolated
from a human and alleged to be Bacillus sphaericus
with that of Bacillus sphaericus isolated from a mos-
quito larvicide. Appl Environ Microbiol 63: 1006-10 10.

Siegel JP, Smith AR, Novak RJ. 2000. Cellular fatty acid
analysis of isolates of Bacillus thuringiensis serovar
kurstaki HD-t. Biol Control 17:82-91.

Singer S. 1990. Introduction to the study of Bacillus
sphaericus as a mosquito control agent. In: de Barjac
H, Sutherland DJ, eds. Bacterial control of mosquitoes
& blackfiies: biochemistry, genetics & applications of
Bacillus thuringiensis israelensis and B acillws sphaeri-
cus New Brunswick, NJ: Rutgers University Press. p
221-227.

Smith AR, Siegel JP 1996. Cellular fatty acid analysis for
the classification and identification of bacteria. In: Ol-
son WB ed. Automated microbial identifcation and
quantitation: technologies for the 2OO0s Buffalo Grove,
IL: Interpharm Press, Inc. p 18I-222.

Smith RA, Couche GA. 1991. The phylloplane as a source
of Bacillus thuringiensis variants. Appl Environ Micro-
biol 57:311-375.

Sneath PHA. 1986. Endospore-forming gram-positive
rods and cocci. In: Sneath PHA, Mair NS, Sharpe ME,
Holt JG, eds. Bergey's manual of systematic bacteri-
ology Yofume 2. Philadelphia, PA: Lipincott, Williams
& Wilkins. p 1104-1 139.

Stahly DP, Klein M. 1992. Problems with in vitro produc-
tion of spores of Bacillus popilliae for use in biological
control of the Japanese beetle. ./ Invertebr Pathol 6O:.
282-291.

Vassal JM, de Barjac H, Frutos R, Federici BA. 1993.
Isolation of Bacillus thuringiensis subsp. rsraelensls
from diseased field-collected larvae of the saturniid
moth, Hylesia metabus, in French Guiana. FEMS Mi-
crobiol l-ett lOi :199 -2O4.

Wauthoz P. El Lioui M. Decallonne J. 1995. Gas chro-
matographic analysis of cellular fatty acids in the iden-
tification of foodborne bacteria. J Food Prot 58:1234-
1240.

Welch DF 1991. Applications of cellular fatty acid anal-
ysis. Clin Microbiol Rev 4:422-438.

2000 Journal of the American

Discounts: 15%o discount allowed on PREPAID orders.
No Discounts allowed on Single Insertions.

Single Insertion, any issue. Billed each issue, 30 days net.
(March, June, September or December)

Ad Size B,AM 2IC 4IC

ControlAssociation Ad Rates

Preferred Position Guarantees: Add 20% to the
prices shown below. Preferred positions are sold on
a first-come basis only.

Orders for advertising mav be submitted on an
AMCA order for advertising. Rates quoted are for
the calendar year of2000, during which four issues
of the Journal of the AMCA will be published:
March, June, September and December. Camera
ready arhvork must be received by the Central
Office no later than two months prior to the month
ofpublication: January 10, April 10, July 10, and
October 10. The right is reserved to reject any
copy. In addition, it is the responsibility of the
advertiser to alert the Central Office to any cottec-
tions or changes to copywithin 30 days ofthe date
of pablication.

Full Page
l/2Page
ll4Page

515  1 ,330
3 1 5  t , t 1 5
260 1,080

365
155
1 1 0

Annual Rate (March, June, September and December)
Four insertions in one year purchased at one time.

Ad Size BiTV 2IC 4IC

FullPage
l/2Page
1/4Page

1,150 1,715 4,635
560 1,145 4,000
380 955 3,895

Border or size of ads should be measured in inches as follows: a 2"
1/4page-2"  x5l /2 '  l l2page- 4"  x5 l l2"  Ful l  page -8"  x5112"

Please contact the Central Office for more information.
American Mosquito Control Association, P.O. Box 5E6, Milltown, NJ 08850-0SE6

phone: (732) 932-0667 Fax: (732.) 932-0930




