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Summary
The aerial and ground spraying of insecticide formulations based on Bacillus thuringiensis
(Bt) is an increasingly widespread practice throughout the world. In particular, Bt subspecies
kurstaki (Btk) is used to eradicate various species of moth larvae, and subspecies israelensis
(Bti) is used to kill mosquito larvae. The long-term safety to human populations that are
exposed to these microbes and their crystalline protein byproducts is not well demonstrated.
Previous epidemiological studies of exposed human populations have been flawed in that
they do not follow subjects for a sufficient length of time, look only for specific symptoms, or
draw conclusions of safety from arguably inconclusive data. This review examines some
evidence that casts doubt on the safety of Btk-based insecticides to humans.
Background
The bacteria Bacillus thurengiensis, found naturally at extremely low levels in soil, is actually part of a
continuum of bacilli that include B. thuringiensis, B. cereus (a common cause of food-borne gastroenteritis),
and to some extent B. anthracis (anthrax) [Carlson et al. 1993]. These organisms are generally distinguished
only by a few cellular organelles called plasmids. Plasmids produce proteins that are responsible for part of
the particular pathological behavior of each species. However, B. cereus sensu lato (as both B. cereus and B.
thuringiensis species may be identified as a group) all exhibit characteristics that can cause illness in humans.
Because the overall cell architecture of the various species is virtually identical except for the plasmids,
differentiating B. cereus sensu stricto from B. thuringiensis requires a certain amount of genetic testing.
Btk (B. thuringiensis var. kurstaki) has been used in insecticidal formulations for at least fifty years, and has
been in widespread use (applied to hundreds of thousands or millions of hectares) around the world for at
least twenty years. Public authorities have consistently maintained that these insecticides are almost
completely harmless to humans and cannot enter into a vegetative state in the human body, as well as being a
“natural” or “organic” pest control found in soil. This declaration of safety has enabled repeated spraying in
densely populated regions. It is instructive to examine the basis of this declaration.
Previous epidemiological studies of exposed human populations have all been flawed or inconclusive in that
they do not follow cohorts for a sufficient length of time [Green et al 1990], look only for specific signs or
symptoms [Petrie et al. 2003 and Aer’Aqua 2001], or draw conclusions of safety from arguably inconclusive
data [Pearce et al. 2002].
Exposure from Spraying
Humans can be exposed to Btk spores, cells, and proteins either by inhalation during a spraying episode or by
ingestion (either from food or placing sprayed surfaces in the mouth).
To date, studies have been inadequate to infer the exact particle and droplet spectra during aerial sprayings
[Hales et al.2004]. Droplet spectra from spray nozzles of various types necessarily include a significant
portion of droplets below 50 µm in diameter, because the peak spray droplet size must be less than 100 µm to
not penetrate foliage and end up on the ground. There is also the unknown influence of turbulence created by
the fixed or rotating wings on the aircraft. Even considering weather conditions with higher humidity, a
substantial portion of these droplets will evaporate, leaving spore and crystalline protein particles of less than
10µm diameter in the air [Ware 1983].
From the existing evidence from Btk-based pesticide sprayings [Teschke et al.2001] it is clear that exposure
can be high (possibly much greater than the detection limit of 1600 CFU/m3) during and immediately after
spraying, and remains at a significant percentage of this level for 24 hours. Sealed buildings in the spray zone
appear to maintain viable spore levels at significant levels (>500 CFU/m3) for a number of hours after the
spraying, suggesting that remaining indoors during a spraying is inadequate protection against inhalation. In
addition, a significant amount of drift was detected at least 1 km outside the spray zone, so that a larger than
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anticipated population was exposed. No measurements of exposure levels to the crystalline protein byproducts
of Btk (such as δ-endotoxin) or to other substances in the spray formulation have been made.
Viability in Humans
There is mounting evidence that Btk spores are able to enter the vegetative state in immunocompetent
individuals. In several studies, viable Btk bacilli in the vegetative state were recovered from the nasal
passages [Valadares et al. 2001] and feces [Jensen et al. 2000] of exposed populations, some weeks or months
after exposure [Bernstein et al. 1999]. This fact, coupled with the conditions in the nares and human gut being
similar to cultural requirements for B. cereus sensu lato, is strong evidence that reproducing populations were
established in vivo. There has been no recorded evidence of illness caused by the vegetative cells in these
studies; the infections, if present, remained asymptomatic. However, an immune response (serum IgE and
IgG) can be detected in a number of exposed individuals – a response which may last up to three years in 25%
of the test subjects [Doekes et al. 2004]. The IgG response, in particular, suggests an immune response to a
reproducing population.
Bt, B. cereus and Enterotoxins
B. cereus sensu stricto has been thought to cause emetic or diarrhoeal forms of gastroenteritis due to its
production of an enterotoxin, as well as a toxic nonspecific β-exotoxin. Btk insecticidal strains are selected to
not produce β-exotoxin, but testing of commercial Btk-based pesticides has shown that enterotoxins are still
present at significant levels1 [Damgaard 1995, Tayabali and Seligy 2000] and it may be difficult or impossible
to find a natural Btk strain that has appropriate insecticidal behavior while not producing enterotoxin or βexotoxin [Perani et al.1998].
There is one documented case of Bt causing a gastroenteritis outbreak [Jackson et al. 1995] but it is quite
possible that many cases of food-borne illness attributed to B. cereus are actually caused by Bt. B. cereus is
currently the listed cause for 1-5% of food-borne illness in several Western countries. Hospitals almost never
positively identify Bt because of the difficulty of distinguishing the two organisms – instead, if the etiology
appears to be B. cereus sensu lato, it is labeled as B. cereus [Carlson op cit.]. Bt residual spray in many
common raw and prepared foods can be 106 to 107/g, which is 1000 times the contamination level set by food
industry for B. cereus levels [Rosenquist et al. 2005]. Enterotoxin production occurs in the vegetative state,
and it is likely that Bt can actually enter this state in the human body, as described above.
Recent research [Yang et al. 2003] has identified a method for using genetic engineering (forming a
recombinant plasmid) to prevent enterotoxin production in Bt, but this presents an entirely different sort of
problem of testing the new organism sufficiently so that safety to humans and the environment can be
established.
Other Bt Infections
Although rare, there are documented cases of fulminant Bt infections in humans [Samples and Buettner 1983,
Hernandez et al. 1998]. While these sorts of overwhelming infections would not be expected in
immunocompetent individuals except after overwhelming exposures, others may be at risk. B. cereus sensu
stricto is known to have caused fulminant infections in immunocompromised persons and persons with
depressed immune systems from steroidal therapy [Arnaout et al. 1999]. Bt superinfections have caused death
in immunosuppressed mice [Hernandez 1998 and 1999] and mice infected with influenza-A virus [Hernandez
et al. 2000].
Bioaerosols
The health effects of bioaerosols of various types have been documented (for example, see Hauswirth and
Sundy 2004). In particular, endotoxins, which are produced by Bt, may play a key role in sensitization and
disease. Particles of less than 10 µm diameter are difficult to expel and particularly liable to lodge in the
lungs. Common reports of symptoms after sprayings with Btk-based pesticides include the same symptoms as
seen with other bioaerosols [Hales 2004]. The potential for other bioaerosols to cause later chronic and
serious disease has also been documented, and it is plausible to suggest the same could be true for Bt.

1

Foray 48B, a commonly used Btk-based pesticide, produced enterotoxin at a level about 1/30th of known B. cereus pathogens.
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Asymptomatic or Short-Duration Infections and Later Disease
There is a large body of evidence suggesting the role of bacterial infections in the later development of
autoimmune diseases such as SLE (systemic lupus erythematosus) [Zandeman-Goddard and Schoenfeld
2005], MS (multiple sclerosis), psoriasis [Boehncke et al. 1997], scleroderma [Buechner et al 1993] and other
skin diseases, and rheumatoid arthritis [Stiernstedt and Granstrom 1985]. It appears possible that the actual
infection may be cleared or present in other parts of the body when the ultimate autoimmune reaction occurs
[Wolfson and Talbot 2002]. These diseases may be triggered by the infection in combination with a genetic
susceptibility and/or some kind of autoimmune mechanism or immunomodulation [Wedi and Knapp 2002] or
a combination of other environmental factors [Molina et al. 2005]. It is worth mentioning the particularly
strong apparent link between ALS (amyotrophic lateral sclerosis or “motor neurone disease”) and
mycoplasmal infection [Nicholson et al. 2002]. There has been no link established to date between B. cereus
sensu lato and autoimmune disease, but this (at least possible) connection has not been explored.
Bt Still an Unknown
Not enough is known about the multiplicity of substances produced by Bt and B. cereus sensu lato to
absolutely predict the behavior of these organisms. For example, a recent study [Ito et al. 2004] details a
newly discovered class of proteins produced by some Bt organisms. These proteins are preferentially
cytotoxic to some human cancer cells, but are still relatively toxic to normal cells in the range of 0.01 µg/ml.
Products from the fermentation production stage may also be present in commercial spray mixtures, and could
be toxic [Tayabali and Seligy 2000].
To complicate matters more, there is good evidence that members of the B. cereus sensu lato group can
exchange plasmids, thus transferring the virulence of one organism to another that was not virulent. The
plasmid exchange can and probably does happen in the gut of earthworms in soil, where Bt can be found in
the vegetative state (it remains as a spore in soil) [Jensen et al. 2003].
Conclusions
Considerable questions remain as to the pathology of B. cereus sensu lato. In keeping with the Precautionary
Principle, it is doubtful that there is sufficient evidence of safety to humans and the environment to continue
to expose large populations to Btk and Bti based pesticides.
The public health problem is exacerbated in large-scale insect eradication and control programs because these
programs are designed and administered primarily by entomologists. Entomologists can consult with health
professionals but they are not generally knowledgeable about current microbiological and health science
research . Bt has also been presented for years as a safer alternative to chemical pesticides. This may explain
why so many entomologists are still of the opinion Bt is a “magic bullet” that has absolutely no potential for
adverse human health or environmental effects [for example, Gara 2005].
There is some information about allergic reactions and sensitization, but the data, mostly concerning asthma,
is mixed and inconclusive. Most larger studies show a marked increase in asthmatic complications after
sprayings, but no long-term information is available. The evidence of IgE immune response suggests possible
IgE modulated allergic reactions to repeated exposures (some of which might have been via food). This has
not been fully explored.
Further research needs to be completed to accurately identify droplet spectra and sizes at the ground during
and after sprayings, both inside and outside spray zones. In addition, the long-term risks from inhalation of
the bioaerosols produced by spraying must be quantified. Larger cohorts must be followed for a number of
years to try to identify health problems caused by the spraying. This will be difficult because the development
of later disease, if found, must be linked with the initial exposures, but it is necessary to ensure safety.
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