APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Oct. 2002, p. 4900–4905
0099-2240/02/$04.00⫹0 DOI: 10.1128/AEM.68.10.4900–4905.2002
Copyright © 2002, American Society for Microbiology. All Rights Reserved.

Vol. 68, No. 10

Bacillus thuringiensis in Fecal Samples from Greenhouse Workers after
Exposure to B. thuringiensis-Based Pesticides
Gert B. Jensen,1* Preben Larsen,2 Bodil L. Jacobsen,3 Bodil Madsen,3 Lasse Smidt,1
and Lars Andrup1
Department of Chemical Working Environments, National Institute of Occupational Health, DK-2100 Copenhagen,1
Department of Occupational and Environmental Medicine, Odense University Hospital, DK-5000 Odense,2 and
The Danish Veterinary and Food Administration, DK-2860 Søborg,3 Denmark
Received 1 April 2002/Accepted 26 July 2002

(BceT) (1). Lastly, a gene from B. cereus FM (entFM) has been
isolated (3) whose product is implicated in the development of
gastroenteritis. Most of these genes and gene products have
been found as frequently in strains of B. thuringiensis as in
strains of B. cereus (14, 15, 25). Additionally, some strains of B.
cereus are known to produce an emetic toxin (2) but this toxin
has not been associated with B. thuringiensis isolates.
To our knowledge, no information regarding the level of
airborne B. thuringiensis originating from commercial insecticides in enclosed environments, such as greenhouses, has been
previously published. Also, exposure in many studies has been
measured indirectly; i.e., individuals exposed were defined as
persons residing or working in areas sprayed with B. thuringiensis (8, 34). Therefore, a major aim of this study was to
determine whether a correlation exists among individual exposure, gastrointestinal symptoms, work processes, and intestinal
carriage of B. thuringiensis.
In the present study, we have isolated and characterized B.
thuringiensis from fecal samples from greenhouse workers. Individual exposure levels were monitored with a personal bioaerosol sampling device, and the work processes and gastrointestinal symptoms were described.

Bacillus thuringiensis is a gram-positive, facultatively anaerobic, endospore-forming bacterium. It is characterized by its
ability to form parasporal crystalline inclusions toxic to larvae
of different insect orders. These proteinaceous inclusions are
the basis for the commercial use of B. thuringiensis as an insecticide, and since the beginning of the 1950s, this bacterium
has been used increasingly against various insect pests. However, in recent years, the close relationship between B. thuringiensis and the bacterium Bacillus cereus, one bacterial species
responsible for food poisoning, has been confirmed (4, 11, 37,
48). Despite the widespread use of B. thuringiensis, only few
clinical case reports of illness related to the use of B. thuringiensis have been published (18, 21, 34, 40, 45).
Neither medical practice nor the methods used for detection
of food pathogens (19) discriminate between B. thuringiensis
and B. cereus as causative agents in connection with food contamination or gastroenteritis (41). Therefore, the true proportion of B. thuringiensis involvement in gastroenteritis thought
to be caused by B. cereus is not known. However, one study
exists in which B. thuringiensis has been shown to be involved in
an outbreak of gastroenteritis in four persons (27). In this
study, the bacteria initially identified as B. cereus were later
found to be B. thuringiensis.
Much research has been aimed at identifying the virulence
factors in B. cereus. At least four enterotoxins have been reported to be involved in causing gastroenteritis (32). The
three-component hemolysin BL (HBL) complex has been well
characterized and has been suggested to be a primary virulence
factor in B. cereus diarrhea (6). Recently, the sequence of
another three-component enterotoxin, the nonhemolytic enterotoxin (NHE), was published (20). Earlier, Agata et al.
reported the identification of a single enterotoxin protein

MATERIALS AND METHODS
Materials. The study involved 20 volunteers. Four males and 16 females (mean
age, 41.0 [range, 27 to 61] years) working in four different greenhouses where B.
thuringiensis-based insecticides were used agreed to donate fecal samples for
microbial analysis. The insecticides used (Vectobac and Bactimos) were both
based on B. thuringiensis subsp. israelensis, and the spraying was performed on
the day of monitoring. Individuals with a known medical history were recruited
among participants in a 3-year follow-up study of greenhouse workers in 31
different enterprises on Funen Island in Denmark. The data on each person were
supplemented with questionnaire-generated data related to gastrointestinal
symptoms the day before, on the same day, and the day after fecal samples were
taken. The insecticides used (Vectobac and Bactimos) were both based on B.
thuringiensis subsp. israelensis, and spraying against fungus gnats (Bradysia sp.) in
ornamentals was performed on the day of monitoring. The Scientific Ethical
Committee of Vejle and Funen Counties approved the study.
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In a study of occupational exposure to Bacillus thuringiensis, 20 exposed greenhouse workers were examined
for Bacillus cereus-like bacteria in fecal samples and on biomonitoring filters. Bacteria with the following
characteristics were isolated from eight individuals: intracellular crystalline inclusions characteristic of B.
thuringiensis, genes for and production of B. cereus enterotoxins, and positivity for cry11 as determined by PCR.
DNA fingerprints of the fecal isolates were identical to those of strains isolated from the commercial products
used. Work processes (i.e., spraying) correlated with the presence of B. thuringiensis in the fecal samples (102
to 103 CFU/g of feces). However, no gastrointestinal symptoms correlated with the presence of B. thuringiensis
in the fecal samples.
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Detection of enterotoxins. Two commercial kits were used for detection of
enterotoxins, the Oxoid BCET-RPLA kit (Unipath Ltd., Hampshire, United
Kingdom) and the Tecra BDE-VIA kit (Tecra Diagnostics, Reading, United
Kingdom). Overnight cultures originating from single colonies were diluted 1:100
in fresh Luria-Bertani broth and incubated for 12 h at 30°C with moderate
shaking (200 rpm). The supernatant was isolated by centrifugation and subjected
to enterotoxin immunoassays in accordance with the manufacturers’ instructions.
The Oxoid kit is reported to detect the L2 component of HBL (7), and the Tecra
kit is reported to detect a component of the NHE complex (32). Finally, the
presence of the bceT gene, which is reported to encode an enterotoxic protein (1,
35), was tested for by PCR assay with bceT-specific primers (see Table 2).

RESULTS
B. thuringiensis bacteria were isolated from the feces of 8 of
the 20 participants. The results of the exposure study are
shown in Table 1. The number of CFU isolated from the fecal
samples gives an estimate in the range of 102 to 103 B. thuringiensis bacteria per g of feces (Table 1). On the basis of the
numbers of CFU counted before and after heat treatment of
the dilutions prior to plating on B. cereus selective agar, it is
estimated that approximately 10% of the CFU originated from
spores (data not shown). To verify that the strains isolated
from both the fecal samples and the filters belonged to the B.
cereus group, rRNA typing with primers for the 16S-23S spacer
region was performed. Except for two isolates, 421-3 and 421-4
(see Table 3), all of the isolates gave rise to the four-band
pattern characteristic of the B. cereus group (13) (data not
shown). The DNA fingerprints in Fig. 1 show the results of
digestion of genomic DNA with AccI, followed by hybridization of the 508-bp PCR fragment with the 23S rRNA gene (see
Materials and Methods) (36). The DNA fingerprints (Fig. 1) of
strains from Vectobac and Bactimos are identical to those of
all of the fecal isolates (except isolates 421-3 and 421-4) and to
that of reference strain B. thuringiensis subsp. israelensis 4Q2.
B. cereus reference strains ATCC 10987 and ATCC 10876 and
a B. thuringiensis subsp. kurstaki isolate from the commercial
product Dipel all had individual rRNA typing patterns different from the patterns of the fecal isolates (Fig. 1).
Additionally, the isolates were characterized by PCR with
four general primer sets designed to detect various groups of
insecticide toxin genes from B. thuringiensis (listed in Table 2).
All isolates from the filters gave signals with primer sets against
cry11 and cyt (data not shown). Commercial strains and all
fecal isolates, except for isolates 421-3, 421-4, and 302-5, also
gave signals with primer sets against cry11 and cyt, a finding
that is further substantiated by the absence of parasporal inclusions (Table 3). The presence of enterotoxin genes was
verified by PCR with the primers listed in Table 2. Primers
NheA1S and NheA1 amplify a 671-bp product within the nheA
gene (accession no. Y19005). Primers plc1 and plc2 amplify a
415-bp product within the plc gene (accession no. X12854). All
air sample isolates were positive for these primer sets, and the
results obtained with the fecal isolates are also summarized in
Table 3. Furthermore, the expression of enterotoxins from the
fecal isolates was detected by using the commercial kits and the
results are listed in Table 3. Because of limitations on resources, the 200 environmental isolates were not tested for the
expression of enterotoxins.
Although the study only included 20 participants, a positive
correlation between the work process (i.e., spraying) and the
presence of B. thuringiensis in the feces of workers (Fisher
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Design. Bioaerosol sampling was performed on the day of B. thuringiensis
spraying, and fecal samples were taken on days 0 to 5.
Collection of samples. The participants were equipped with a personal bioaerosol sampler (IOM personal sampler; SKC Inc.) with a sterilized MultiDust
Foam Disk and polycarbonate filter (pore size, 4 m) (31). The individuals
performing the spraying were not wearing facemasks or taking other precautionary measures to prevent inhalation exposure. Participants who were not spraying
were typically working in the vicinity, i.e., in the same greenhouse, within 10 m
of the spraying zone. The sampler was operated at 2 liters/min. The sampling
device was mounted in the breathing zone, and the participants were instructed
not to cover the sampler during the sampling procedure. The airflow rate was
checked and calibrated three times during the 8-h sampling period. After exposure, the sampling devices were dismounted and filters were washed within 4 h
after sampling in accordance with the method of Würtz et al. (50) and serial
dilutions were spread on B. cereus selective agar (33) (Oxoid Ltd., Hampshire,
United Kingdom). From each sampling device, 10 single colonies were randomly
picked for further characterization, 5 colonies from the MultiDust filter sample
(collection of thoracic particle fractions with a 10-m cutoff point) and 5 colonies
from the polycarbonate filter sample (collection of respirable particle fractions
with a 4-m cutoff point). As a negative control, one blank field sample was
collected at each sampling site while the sampler was not in operation. Furthermore, the participants donated fecal samples for microbial analysis 0 to 5 days
after exposure measurement. For storage, the fecal samples were mixed with an
equal volume of brain heart infusion medium (39) containing 34% glycerol and
stored at ⫺80°C.
Isolation of B. cereus-like bacteria. One gram of fecal material was combined
with 9 ml of saline dilution liquid (0.9% [wt/vol] NaCl, 0.1% [wt/vol] peptone)
and homogenized by using doublet bags and a Stomacher 400 (Ceward Ltd.,
London, United Kingdom) for 1 min. Serial dilutions (10⫺2, 10⫺3, and 10⫺4)
were plated in duplicate directly on B. cereus selective medium and incubated at
30 and 37°C, respectively. Controls comprising B. cereus-negative fecal samples
alone or the addition of a known number of B. thuringiensis cells were included
and tested in parallel. Furthermore, heat treatment of fractions of the fecal
samples (80°C, 15 min) was performed prior to dilution and plating on B. cereus
selective medium. The controls showed that more than 80% of the added B.
thuringiensis cells could be reisolated from feces after storage at ⫺80°C for
approximately 6 weeks. For the strains used as controls of insecticidal toxin
genes, ribosomal organization, enterotoxin-related loci, and enterotoxin production see Table 3, where isolates from commercial insecticides used in Danish
greenhouses and isolates from fecal samples from greenhouse workers are also
listed.
DNA manipulations. Total DNA was isolated by the method of Boe et al. (9).
Preparation of large plasmids was performed as described previously (30). All
PCR amplifications were performed with a PTC-100 programmable thermal
controller (MJ Research Inc.) as previously described (29). DNA was analyzed
by horizontal gel electrophoresis (6 to 10 V/cm) in 0.5 to 1.0% agarose (SeaKem
GTG) with 1⫻ Tris-borate-EDTA buffer (39) for 1.5 to 2 h. After electrophoresis, the gel was stained in 1 mg of ethidium bromide per ml for 5 to 10 min and
destained in water. Where faint or indefinite bands were recovered, PCR amplifications were repeated with new DNA preparations. DNA was blotted from
the agarose gel to Hybond N⫹ (pore size, 0.45 m; Amersham International plc,
Buckinghamshire, United Kingdom) by the method of Southern (43). For DNA
fingerprinting, purified DNA samples (2 to 3 g) were digested with AccI and
analyzed by gel electrophoresis and subsequently blotted to Hybond N⫹ membranes. The probe for hybridization experiments was generated by using the
primers GP-1 and GP-2 (36) (see Table 2) and 100 ng of template DNA from B.
cereus reference strain ATCC 10987. Probe labeling with fluorescein, DNA
hybridization, and washing steps were performed with the Gene Images random
prime labeling module and the Gene Images CDP-Star detection module from
Amersham. Restriction enzymes were purchased from New England Biolabs Inc.
(Beverly, Mass.) or GIBCO-BRL and used as specified by the suppliers.
Microscopy and taxonomy. The isolates were streaked on agar starch medium
(BD Biosciences) and inspected in a phase-contrast microscope after 2- and
3-day incubations at 30°C for parasporal inclusions characteristic of B. thuringiensis. Four general primer sets designed to detect various groups of insecticide
toxin genes from B. thuringiensis (see Table 2) were employed. To examine
whether the strains isolated from fecal samples belonged to the B. cereus group,
rRNA typing with primers for the 16S-23S spacer region was performed (13).
Furthermore, oligonucleotide primers GP1 and GP2 (see Table 2) were used to
PCR amplify a 508-bp region within the 23S rRNA gene. This PCR product was
used as a probe in a Southern blot with AccI-digested chromosomal DNA to give
a DNA fingerprint of the strains.
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TABLE 1. Results of biomonitoring, questionnaire, and work processes
No. of B. cereus-like CFUa

Sample code

Work process(es)

Watering with VectoBac

166
507
565
302

Packing
Packing
Watering with VectoBac
Packing (working in Vectobacsprayed area sprayed day
before)
Handling cuttings
Planting cactus
Handling cuttings
Handling cuttings
Watering with VectoBac
Handling cuttings, moving plants
Watering with VectoBac
Watering with VectoBac
Handling cuttings
Handling cuttings, moving plants
Watering with Bactimos
Watering with VectoBac
Packing
Cutting, packing
Cutting, packing

410
412
413
419
421
429
457
459
223
573
526
244
246
525
524

Biomonitoring

Feces

Before
monitoring

On day of
monitoring

Day after
monitoring

8.5 ⫻ 103b,c
6.5 ⫻ 103
0, 8.0 ⫻ 103
0, 0
2.3 ⫻ 103, 2.7 ⫻ 103
1.9 ⫻ 104, 2.2 ⫻ 104

103

⫺

⫺

⫺

⫺
⫹
⫺
⫺

⫺
⫹
⫺
⫺

⫺
⫹
⫺
⫺

⫺
⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫺
⫹
⫺
⫺
⫺
⫺
⫺

⫺
⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫺
⫹
⫺
⫺
⫺
⫺
⫺

⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫺
⫹
⫺
⫺
⫺
⫺
⫺

⬍103, 1.9 ⫻ 104
2.4 ⫻ 104, 8.3 ⫻103
1.0 ⫻ 103, ⬍103
3.5 ⫻ 103, ⬍103
4.0 ⫻ 104, 5.5 ⫻ 103
⬍103, ⬍103
1.1 ⫻ 104, 2.2 ⫻ 104
2.5 ⫻ 104, 1.9 ⫻ 104
0, 5.3 ⫻ 103
5.8 ⫻ 103, 0
1.5 ⫻ 105, 1.4 ⫻ 104
1.5 ⫻ 103, 2.5 ⫻ 103
⬍103, 2.5 ⫻ 103
2.0 ⫻ 103, 2.5 ⫻ 103
0, 1.6 ⫻ 104

102
103

102
103
102
102
102

a

Determined on B. cereus selective substrate as mentioned in Materials and Methods.
Monitoring data are listed with the CFU count from the filter, followed by the CFU count from the MultiDust foam disk from each individual.
To get an estimate of the concentration of B. cereus bacilli in the air (CFU per liter), multiply the number by 195 (2 liters/min ⫻ 60 min/h ⫻ 7.5 h).
d
⫹, symptoms present; ⫺, symptoms absent.
b
c

P-exact value, ⬍0.05) can be observed. However, no health
complaints (stomachache, loose stomach, nausea, or vomiting)
correlated with exposure to B. thuringiensis as measured by
biomonitoring or isolation from feces.

FIG. 1. DNA fingerprints of strains from fecal samples and commercial products. Total DNA was digested with AccI and then subjected to hybridization with a fluorescein-labeled 508-bp fragment
from the 23S rRNA gene of B. cereus reference strain ATCC 10987.

DISCUSSION
In recent years, the close relationship between B. thuringiensis and B. cereus has been further substantiated (11, 22, 23, 49).
In reality, it is only the insect-toxic effect that differentiates the
two species. The genes coding for insect toxins are found primarily on large plasmids in B. thuringiensis (5), and in the
laboratory, these plasmids can be lost or transferred horizontally to other bacilli (16, 17, 28, 30, 47); hence, a B. thuringiensis
strain can be transformed into a B. cereus strain and vice versa.
We have previously isolated B. thuringiensis from the feces of
exposed persons (29), and in this study, we have shown that
commercial preparations of B. thuringiensis subsp. israelensis
contain the genes for and produce enterotoxins characteristic
of B. cereus. Additionally, we have shown that all of the B.
thuringiensis isolates from the fecal samples of greenhouse
workers also contained genes for and produced enterotoxins.
Furthermore, except for the obvious discrepancies among isolates 421-3, 421-4, and 302-5, it was not possible to distinguish
among the fecal isolates of B. thuringiensis from the greenhouse workers, the airborne isolates, and the commercial products used in the greenhouses by using any of the techniques
employed in this study.
A high frequency of gastrointestinal problems has previously
been reported for waste collectors, and Ivens et al. (26) have
shown an exposure-response relationship among diarrhea, endotoxins, and microorganisms. In a study carried out in 1999
involving 48 exposed farm workers, Bernstein et al. failed to
demonstrate occupationally related symptoms caused by B.
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TABLE 2. PCR primers used to characterize isolates from fecal samples and commercial insecticides
Target(s) and primer pair

Insecticidal genes
Cry1a
Cry1b

Primer sequence (5⬘ to 3⬘)

Amplicon size(s) (bp)

Reference

543–594

10

Cry3a
Cry3b

TTA-ACC-GTT-TTC-GCA-GAG-A
TCC-GCA-CTT-CTA-TGT-GTC-CAA-G

652–718

12

Cry11a
Cry11b

TTA-GAA-GAT-ACG-CCA-GAT-CAA-GC
CAT-TTG-TAC-TTG-AAG-TTG-TAA-TCC-C

305

10

Cyta
Cytb

AAC-CCC-TCA-ATC-AAC-AGC-AAG-G
GGT-ACA-CAA-TAG-ATA-ACG-CCA-CC

522–525

10

16S-23S spacer region
G1
G2

GAA-GTC-GTA-ACA-AGG
CAA-GGC-ATC-CAC-CGT

240, 460, 530, 650

13

23S internal fragment
GP1
GP2

GGC-TCG-TCC-GCT-CAG-GG
AAC-CTT-CCA-GCA-CCG-GG

508

36

Phospholipase C
plc1
plc2

TGA-ATG-GCG-TAC-GGA-GTT-AGA
CCG-CTC-CAT-GAA-TCC-ACT-C

415

This study

Enterotoxin gene
NheA1S
NheA1A

ATT-AAG-GTA-AAT-GCG-ATG-AG
GCT-TCA-GTT-TGT-GAT-AAC-TT

671

This study

HblA3
HblA4

ACG-AAC-AAT-GGA-GAT-ACG-GC
ATT-TTT-GTG-GAG-TAA-CAG-TTT-CTA-C

1,017

46

BceT3
BceT4

TTA-CAT-TAC-CAG-GAC-GTG-CTT
TGT-TTG-TGA-TTG-TAA-TTC-AGG

427

46

thuringiensis (8). However, an increased immune response was
detected in the exposed farm workers. Tayabali and Seligy
have argued that if a spore-containing B. thuringiensis-based
insecticide were to affect the body severely, it would be the
result of an extremely rare scenario only made possible by the
occurrence of an unfortunate combination of high spore concentrations and exposed individuals with impaired or weakened immune defense systems (44). It is known that the infective dose of B. cereus in food is typically greater than 105
CFU/g of food (38). The CFU counts measured in this survey
during an entire workday did not amount to the numbers
characteristic of infective doses. Hernandez et al. have mentioned that farm workers spraying with B. thuringiensis-based
insecticides during a flu epidemic may constitute a potential
risk group (24). Even with limited statistical material (n ⫽ 20),
our study shows that there is a positive correlation between the
work process (i.e., spraying or mixing) and the occurrence of B.
thuringiensis in fecal samples. However, it was not possible to
correlate this with any gastrointestinal symptoms. This is further substantiated by the fact that the amounts of B. thuringiensis isolated from fecal samples were sporadic and did not
produce gastrointestinal symptoms.
In an examination of the safety of B. thuringiensis subsp.

israelensis for mammals, Siegel et al. found that the strain
examined seemed to be cleared from the (mouse) host as
inert particles (42). In our study, only 10% of the isolates
from fecal samples were insensitive to heat treatment. These
data indicate that the majority of excreted cells were in the
vegetative stage, meaning that the ingested spores could
have germinated in the gastrointestinal tract. It remains to
be clarified whether B. thuringiensis is able to colonize the
intestine or if the vegetative cells isolated from the exposed
individuals were spores that had germinated immediately
prior to shedding in the feces.
In conclusion, we have shown that spraying with a B. thuringiensis-based insecticide correlates with the presence of B. thuringiensis in the feces of workers. We have been able to isolate
B. thuringiensis from fecal samples from five of seven persons
spraying with B. thuringiensis. Additionally, with the methods
employed in this study, the B. thuringiensis isolates from the
filter samples and fecal samples were indistinguishable from
the B. thuringiensis strains isolated from the commercial insecticides used. Importantly, however, there was no evidence that
the presence of B. thuringiensis in feces was correlated with any
ill effects on the workers evaluated in this study.
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4904

JENSEN ET AL.

APPL. ENVIRON. MICROBIOL.
TABLE 3. Characterization of fecal isolates
Parasporal
inclusions

cry11

cyt

hblA
(Oxoid ⫹ PCR)

bceT

NHE
(Tecra ⫹ PCR [nheA])

Phospholipase C

B. cereus ATCC 10987
B. cereus ATCC 10876
B. thuringiensis subsp. israelensis 4Q2
Dipel
Vectobac
Bactimos
457-1
457-2
457-3
457-4
457-5
457-6
457-7
302-1
302-2
302-3
302-4
302-5
302-6
171-1
171-2
171-3
171-4
171-5
421-1
421-2
421-3
421-4
459-1
459-2
459-3
573-1
573-2
507-1
244-1

⫺
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹

⫺
⫺
⫹
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹

⫺
⫺
⫹
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹

⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹

NDb
ND
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹

⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹

⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹

a
b

ID, identification. The first three digits identify the origin of the strain (see sample code, Table 1) followed by a number for the individual strain.
ND, not determined.
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González, J. M., Jr., B. J. Brown, and B. C. Carlton. 1982. Transfer of
Bacillus thuringiensis plasmids coding for ␦-endotoxin among strains of Bacillus thuringiensis and Bacillus cereus. Proc. Natl. Acad. Sci. USA 79:6951–
6955.
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