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Some considerations on the safety evaluation of
nonviral microbial pesticides

J. A. SHADDUCK1

The tactics and rationale of maximum challenge safety tests for nonviral microbial
pesticides have been reviewed. Maximum challenge tests and a tier approach to data collec-
tion for regulatory purposes offer the best opportunities to detect the acute effects of
entomopathogenic organisms in mammals. Premature condemnation ofpromising orga-
nisms that are based on incomplete results of maximum challenge tests must be avoided.
Further investigations should be conducted on the role ofmammalian immune response in
resistance to entomopathogenic organisms and on the value of medium- or long-term
exposure tests.

Interest in the use of living agents for controlling
insects is increasing rapidly. Biological control as a
part of integrated management has long been an
interesting and potentially important tool in the
control of a variety of pest insects (1). More recently
this technique has been extended to control insects
that are vectors of diseases in man and the World
Health Organization has participated extensively in
the development and implementation of these bio-
logical control methods. With the advent of the
UNDP/World Bank/WHO Special Programme for
Research and Training in Tropical Diseases, financial
support has become available to expand and extend
these efforts. Agents of particular interest to WHO
are those that potentially could be used for the control
of mosquito-borne diseases. Thus, bacteria, fungi,
and protozoa have been the main subjects of study.'
Viruses have gained considerable acceptance in the
control of agricultural and forest pests, but have not
been used for controlling human disease vectors.

Considerable experience in relatively conventional
safety testing protocols has been obtained during the
development of bacterial and viral pesticides (2- 4);
less information was available, until recently, on the
use of fungi or protozoa as pesticides (5- 7). As the
properties of microbial agents are quite different
from those of chemical pesticides, it has been
necessary to develop new approaches for predicting
their mammalian and, by extension, human health
hazard.
The extent of interest in biocontrol agents can be

appreciated when it is realized that several countries
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have devoted significant time and effort to developing
registration guidelines to assist them in making
rational decisions on the increasing requests for
permission to use these agents in many different
environments. Governmental bodies in the United
Kingdom (8), the USA (9, 10) and other countries, as
well as the European Economic Community, b have
made considerable progress in the development of
such guidelines. Unfortunately, as is frequently the
case with developing technologies, adequate inform-
ation on which to base rational guidelines is not
always available.
For the past several years our laboratory has been

actively engaged in the development of protocols for
mammalian safety tests on several spore-forming
bacteria, protozoa, and a fungus-all of which are
candidate biocontrol agents. It is the purpose of this
brief review to summarize our experiences and discuss
the rationale upon which some of our experimental
designs are based.

DEVELOPMENT OF TEST MODELS

Early in our studies, we examined a number of
standard chemical pesticide safety tests (11, 12).
There are several assumptions in these tests, none of
which may be true for the microbial pesticides. First,
it is assumed in most test designs that some sort of
biological effect can be achieved if the dose of the
chemical is high enough. This is usually expressed as a
50Wo lethal dose (LD5o). Although the actual number
varies depending on the test species, the route by
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4267 -117



J. A. SHADDUCK

which the material is administered, and the form in
which it is presented, it is almost universally true that
some sort of measurable biological effect can be
achieved. Based on this quantitative information,
other tests are conducted to evaluate the effect of the
material on mammals under conditions of exposure
representative of those likely to be encountered
during manufacture and in field use. These and other
data are used to estimate the potential hazard the
material poses for man and other mammals and to
develop a series of use restrictions designed to
minimize the hazards.
A second assumption in chemical toxicology is that

the material administered is metabolized, excreted, or
both. Toxic effects may be predicted in part if one
knows the route(s) by which the primary substance
and its metabolites are eliminated from the mam-

malian body. It is further assumed that some of
the metabolic products may be as toxic or more toxic
than the original material and tests are designed to
detect these effects. Tests are not intended to detect
increases in the primary compound above the
amounts administered.

Another assumption is that the chemical material
may accumulate and exert its effects over a long
period of time. The evidence for this is that the
original material (or its metabolic products) is stored
in a number of body tissues (such as fat, muscle, or

skin) and the fact that the amount of stored material
increases with prolonged exposure. Thus, the testing
of both acute and chronic toxicity is important and
the evaluation of long-term effects on the host (such
as carcinogenicity and teratogenicity) is included in
most safety testing products for chemical pesticides
(12).

There is at least some information about the chemi-
cal structure of most nonbiological pesticides and,
frequently, there is a large family of related
compounds. It is possible to make some educated
guesses about the potential toxicity likely to be
expressed by molecules of a particular chemical
family and this too aids the toxicologist in designing
test protocols. Standardized mammalian toxicity
testing protocols have been designed to obtain these
and other data that are suitable for evaluating the
mammalian and human hazards of existing and newly
developed chemical pesticides (11, 12).

Unfortunately, these assumptions are not as useful
in the development of protocols for biological
pesticides. First, biological pesticides are usually
replicating agents, although not all exert their effects
on insects by infecting them. Nevertheless, one of the
potential great advantages of microbial pesticides is
that they may be used to establish a constant level of
insect control because the agent may be able to
establish itself and multiply in the same environment
with the insect (1). This possibility, although very

attractive to the insect control specialist, is a source of
concern to many who fear that organisms that are
potentially hazardous to man will be released into the
environment where they will multiply and pose a
threat to all who contact them. It is frequently
forgotten, however, that all microbial biological
pesticides developed to date have originated from
field isolates of insect pathogens and the organisms
are applied to the same environment from which they
originated. Although the quantities of pesticide
applied often exceed the background levels, the
amounts are usually less than that which would occur
during a natural outbreak. Unlike chemical pesticides
that are foreign to the environment, many people
have been exposed spontaneously to the insect
pathogens without ill effects.

In contrast to the chemical pesticides, it is usually
not possible to achieve an adverse effect on mammals
with microbial pesticides without resorting to extreme
conditions of exposure. The typical experience is that
it is impossible to achieve an LD50 using conventional
modes of test exposure unless the quantities of
material applied are so large that they physically
obstruct the animal's gastrointestinal or respiratory
tracts.

There is at present no evidence to indicate that
microbial pesticides are metabolized or genetically
altered by passage through mammals or that they
colonize mammals. These observations have impor-
tant implications which suggest that toxic effects
from the metabolic breakdown products of microbial
pesticides are unlikely. There are no data showing
that these organisms are teratogenic or carcinogenic.
It must be noted, however, that not much informa-
tion is available on this subject and, in particular, not
many data on the fate in mammals of toxins from
entomocidal organisms.

It will be seen from data summarized below that
there is, so far, no evidence of multiplication of
entomocidal organisms in mammals although
schizonts of Nosema algerae have been seen in the
smears of inoculation sites in mice (5). Thus,
mammals do not appear to be colonized or infected by
these agents, and it is unlikely that previously
innocuous organisms will mutate to produce
pathogens virulent in mammals. Moreover, for a
mutant organism to spread in a mammal, it must
multiply. Even if a biological pesticide contains a
subpopulation of organisms capable of behaving as a
mammalian pathogen, this subpopulation has no
chance of increasing its numbers at the expense of the
remaining organisms unless multiplication can occur.
Thus, so long as exposure to the potentially patho-
genic organisms remains below the threshold level for
mammalian injury, the entomocidal pathogen is safe
and has no opportunity to become a danger. Mutants
that are pathogenic to mammals would already have

118



SAFETY EVALUATION OF NONVIRAL MICROBIAL PESTICIDES

appeared if they had a selective advantage during
multiplication of the microbe in insects or their
environment.

MAXIMUM CHALLENGE TESTS

It seemed highly unlikely that entomopathogens
would have no effect whatsoever on mammals. We
assumed that exposure of mammals to known non-

pathogenic organisms was not likely to yield much
information if conducted along lines conventional for
chemical tests. Therefore, we adopted the tactic of
maximum challenge testing in which extreme test
conditions were used to achieve a detectable biolo-
gical effect (13). This approach is similar in concept,
but different in construction, to the measurement of
an LD5o with a chemical pesticide. Instead of altering
the dose, we alter the route of exposure or the test
animal in an attempt to create a highly vulnerable
system. In the maximum challenge test, the highest
possible dose of organisms is given to the most vul-
nerable animal by the route that most severely
compromises the animal's natural defences. In
practice, these terms are defined operationally. The
highest dose of organisms usually represents the
largest quantity of material that can be handled or
administered. The usual limiting factor is the physical
nature of the material which determines the amount
that can be administered by a given route or
technique. The subject of selecting the most
vulnerable test animal is as yet incompletely explored.
To date, we have selected animals based on their
availability to testing laboratories and the ease with
which they can be handled in the laboratory. When
known, we selected species that would respond
detectably to the deleterious effects of the organism,
the test agent then behaving like its most closely
related known mammalian pathogen (e.g., Nosema
algerae was tested as if it might behave like
Encephalitozoon cuniculi).

Selection of the route most vulnerable to the animal
is based on two kinds of information. First, we
conduct as complete a literature search as possible,
attempting to identify instances in which animals or
people have been said to be infected or have had
lesions associated with the agent in question or by
organisms closely related to it. If these data are

available, tests are designed to attempt to reproduce
the infection or disease by introducing the material
into the appropriate tissues (13). Some mammalian
body systems are considered to be highly vulnerable to
infections because of their limited range of responses
and the devastating effects of even moderate lesions
on the function of those tissues. Our maximum chal-
lenge tests have thus resulted in the administration of

doses as high as 109 protozoa intracerebrally in
rabbits. Intraocular injections (injections into the
globe itself) have also been conducted.

It is helpful to note that microbial agents could
potentially injure mammals by one or more of four
major mechanisms. First, the microbial agent may
multiply in the animal tissues. Thus, tests designed to
detect survival and multiplication of the organism in
the mammal must be conducted. Second, the biolo-
gical control agent may produce one or more toxins
that could be deleterious to mammals and man either
directly or via its metabolites. Third, the agent could
act as an allergen or immunogen and initiate one or
more immune responses that could result in tissue
injury. Finally, the material may act as an irritant to
the skin, eyes, or respiratory tract. In the designing of
tests it is helpful to keep these four potential
mechanisms in mind. Frequently, of course, it is
possible to conduct tests that evaluate the effects of
more than one of these properties simultaneously.
Nevertheless, the effects may be quite separable and
this may influence the design and construction of
safety tests.

It should be noted that some aspects of our
approach, e.g., tier tests, are accepted parts of the
guidelines issued by WHO and the US regulatory
agencies, while other aspects, e.g., maximum chal-
lenge, are unconventional.

Background data

Certain basic information is highly desirable or
essential before rational mammalian safety tests can
be conducted. What follows is applicable to any type
of safety test, but is especially important when
maximum challenge tests are done. First, it is impor-
tant that the organism to be tested has been correctly
identified and its relationship to other organisms of
its own group has been clarified. This information is
important in order to avoid wasting expensive mam-
malian safety tests on organisms that are so similar to
mammalian pathogens that they could not be
seriously considered as insect control agents, and also
assists in the design of the maximum challenge
experiments as described above. Attempts to recover
the organism from mammalian specimens will be to-
tally frustrated if accurate and reliable identification
procedures are not available to distinguish this
organism from other similar organisms that may be
recovered from the test animals.

It is important to know the upper temperature
limits for replication of the candidate organism and,
if possible, other limiting factors that determine its
replicative potential. One would design somewhat
different experiments to test an organism incapable of
multiplying at 37 °C and an agent that multiplied
readily at mammalian body temperatures. Insect
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pathogens incapable of multiplying above 35 °C are
obviously much less likely to multiply in mammals,
but it is important that this temperature restriction
should be shown to be a stable trait.

Finally, information about the mode of action of
the entomocidal agent on its target insects aids greatly
in the design of mammalian safety tests. For example,
if the organism acts by multiplying and penetrating
the tissues of the insect, one might design different
experiments than if the organism acts by a direct
chemical toxin without requiring multiplication of the
organism in the insect host in order to achieve a result.
If further information (e.g., on the biological system
or systems impaired by the insect pathogens) is
known, this further aids in designing rational
mammalian safety tests.

Advantages and disadvantages ofmaximum
challenge tests

Several advantages of maximum challenge tests
have been alluded to in the preceding sections. One of
the most important is the ability to detect hazards
likely to be encountered at various stages in the
development, production, and use of microbial pesti-
cides. It is obvious that laboratory workers, pro-
duction plant personnel, field workers and the
general population in the areas of application will be
exposed to different amounts of material, perhaps by
different routes. Knowledge of the most severe effect
achievable with the largest dose of a given organism
and the effect of lower doses or altering the route of
exposure will allow rational decisions to be made on
whether the agent is safe in all circumstances and, if
not, what safety precautions will be required.

Information from maximum challenge tests can be
used to rationally evaluate reports that ostensibly
implicate the agent as a cause of human or mamma-
lian disease. The tests also provide information on
which to base tier tests (see below) and restrictions for
safe use. Maximum challenge experiments generate
rapid, high-yield and relatively low-cost safety data.

There are several disadvantages, however, to maxi-
mum challenge tests. The most significant one is the
danger of concluding that an organism is not safe
before all the data are available. Maximum challenge
tests, by their design, detect the worst effects first.
Their detractors point out, correctly, that the death of
animals after receiving very high doses of a test
organism provide data that can be used to prema-
turely condemn a potentially useful organism. There
is no doubt that rejection of an agent on such grounds
would be premature and unwarranted. Decisions
must therefore be deferred till the results of other
tests-using lower doses and/or other routes of
exposure-are available. Tier testing has been pro-
posed as an effective response to this problem.

An advantage with the maximum challenge test and
tier approach is the opportunity to omit other more
costly and time-consuming tests if the original maxi-
mum challenge tests are negative. Positive maximum
challenge results do call for further testing, but we
predict that the maximum challenge tests will
markedly decrease the number of conventional tests
required and will allow additional tests to be targeted
to increase the probability of detecting serious
hazards.
Maximum challenge tests, as designed at present,

are short-term tests, usually lasting only 2-3 weeks. It
has already been pointed out why this approach is
justified but there is some concern that longer-term
tests may be needed as well. So far, there is no
evidence that maximum challenge tests have failed to
detect long-term effects but there is too little
information to allow a final decision on whether
medium- or long-term tests should be used, and if so,
in what circumstances.

Tier testing

Tier testing is the term selected by some regulatory
groups (e.g., the U.S. Environmental Protection
Agency) to designate a scheme in which the tests are
arranged in tiers or levels, beginning with those
required for each entomopathogen. If the candidate
agent clears the first tier without evidence of hazard,
no further tests are required and the organism can be
cleared for commercial production and use. Tiers two
and three are designed to follow up the positive results
in tier one. The tier two and three tests further charac-
terize and quantify the potential hazards detected in
tier one. The tests are usually more conventional and
are designed to determine whether the potential
hazard detected in tier one is a real hazard when more
usual routes of exposure, dose, etc. are used. A
general outline for such an approach is shown in
Tables 1-4.

Research-versus-regulatory testing

One must not lose sight of the fact that a certain
amount of research is required before sensible, useful
safety-test protocols can be developed for entomo-
pathogenic organisms. Occasionally, research proto-
cols designed to determine whether a particular test is
desirable or useful are criticized as meaningless or too
extreme to predict any practical hazard. These reser-
vations about the applicability of some research
protocols to regulatory decision-making may be justi-
fied, but this should not be allowed to detract from
the value of the research itself. For example, several
groups (including our own) have proposed, or
conducted, research using animals with impaired im-
munocompetence to ascertain the role of the host's
immune response in preventing entomopathogenic
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Table 1. Decisions and predictions based on results of tests for infectivity

Questions: Does the organism multiply following maximum hazard challenge?
(a) At the site of parenteral injection (intracerebral, intraocular, intraperitoneal, intravenous)?
(b) At distant sites (e.g., spleen, liver, lymph nodes)?
(c) In the gastrointestinal tract following oral administration?

Results: Organism does not Organism survives but Organism both survives
survive does not multiply" and multiplies'

Possible further Confirm by maximum (1) Confirm by maximum Evaluate effect on host
tests: challenge in other challenge in other (lesions, death, permanent

test animals. test animals. injury, etc.).

(2) Determine length of Determine influence of dose
time of survival. and route of injection.

(3) If excreted," determine If excreted,b determine
effect of repeated effect of repeated
mammalian passage mammalian passage on
on infectivity. infectivity.

(4) Evaluate role of host Evaluate role of host immune
immune response in response in limiting
limiting multiplication. multiplication.

Decision: No evidence of Evidence of limited Evidence of more serious
mammalian hazard. mammalian hazard. mammalian hazard.
detected.

Prediction: Organisms will not survive Organism may survive in man Organism may multiply in
or multiply in man. in certain circumstances. certain circumstances.

(Conditions and potential (Conditions and potential
hazard to be defined from hazard to be defined from
results of tests outlined results of tests outlined
above). above).

An appropriate length of time to allow for multiplication will have to be defined for each group of organisms.
b "Excretion", for purposes of this table, is defined as shedding of viable test organisms from the body, other than via the digestive

tract.

organisms from multiplying or disseminating in
mammalian tissues.C This approach would seem a
little irrational for organisms that cannot multiply at
mammalian body temperatures but is quite justified
for those that can. Evidence that the agents can sur-
vive but not multiply in the tissues of immunologi-
cally normal animals strengthens the argument in
favour of tests in immunologically impaired hosts. If
it can be shown that multiplication is blocked equally
well in the latter, this is further evidence that the agent
is an unlikely mammalian pathogen. Data showing
that the agent can affect the immunologically vulner-
able animal call for further tests to determine the
effects of dose and route and, finally, a decision on
whether the agent can be used at all and, if so, with
what restrictions. Research is needed to obtain the
answers to questions such as:

C ALGER, N. ET AL. Nosema algerae: infectivity and immune
response in normal and nude mice. Unpublished WHO document,
WHO/VBC/80.778, 1980.

(1) Is failure to multiply in normal mammals
always repeated in immunologically impaired
animals?

(2) Is the dose or route of administration a factor in
immunologically impaired animals?

(3) Is antibody produced against a microbial ento-
mopathogen important in controlling the multipli-
cation of the agent?

Finally, the differences between bench research and
regulatory requirements should be emphasized. There
are at least two instances in which research and regu-
latory approaches will not necessarily coincide. One is
when a promising new pathogen is in the early stages
of development. Here, the goal of safety testing is to
learn as much as possible about the potential mam-
malian hazard as rapidly and inexpensively as pos-
sible. The second is when well-known agents are used
as prototypes in research on new testing methods.
Here the years of safe use of the organism and the
safety data used for regulatory clearance are accepted
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Table 2. Decisions and predictions based on results of tests for toxicity

Question: Does the organism produce one or more toxins hazardous to mammals, as determined by measuring lethal dose (LD5s )
and/or effective dose (ED5o )?

Toxic effect detectable
in some tests

Toxic effect detectable
in most tests

If possible,
confirm in highly
susceptible animals
as predicted from mode
of action of toxin(s)
in non-mammalian
systems.

(1) Expand tests to
define limits of
susceptibility:

(i assess effect of
route of adminis-
tration.

Conduct full-scale
classical toxicological
tests.

(ii) assess effect of
species of test animal.

(2) Test predictions of
toxicity made from
information on mode
of action.

(3) If necessary, conduct
limited classical toxico-
logical tests.

(4) If necessary, conduct
full-scale toxicological
tests.

No evidence of Evidence of limited Evidence of more serious
mammalian hazard mammalian hazard. mammalian hazard.
due to toxicity.

Decision:

Organism will not be
toxic to man.

Organism may be toxic to
man in certain circum-
stances. (Conditions and
potential hazard to be
defined from results of
tests outlined above.)

Organism may be toxic to
man in certain circum-
stances. (Conditions and
potential hazard to be
defined from results of
furtl,er tests.)

as evidence of the organism's innocuity, and the
experiment asks whether the new tests would have
made this prediction. In neither instance is it correct
to assume that the research protocols employed
should become part of the mandatory safety tests for
regulatory decisions. The design and objectives of the
test may make even the data themselves irrelevant for
regulatory purposes.

CURRENT SAFETY DATA

This section briefly summarizes the data collected
in several maximum challenge experiments. The tests
were designed to examine the validity of the maxi-
mum challenge concept and to gain experience with
different groups of insect pathogens in various test
regimens. As indicated earlier, the tests were designed
to maximize the chances of detecting an effect and, in

some instances, our attempts were successful. It
should be noted, however, that dramatic measures
were required to obtain positive results. In no instance
did we conclude that the organisms were significant
health hazards for man or other mammals. The
following sections summarize our few positive
findings.

Data on Bacillus sphaericus

Three entomocidal strains of Bacillus sphaericus
were tested by the administration of approximately
7 x 109 organisms subcutaneously in mice. One of 5
mice receiving one strain (1404-9) developed an
abscess but all the other animals were unaffected. No
organisms were seen on histological examination.
Intraperitoneal injection of rats with 3 x 108 viable
B. sphaericus (strains 1404-9 and 1593-4) or equal
quantities of autoclaved organisms produced no
detectable changes. Intracerebral injection of mice,

Results:

Possible further
tests:

No toxic effect
detectable
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Table 3. Decisions and predictions based on results of tests for allergenicity

Questions: Can the organism:
(a) induce immediate hypersensitivity?
(b) induce delayed hypersensitivity?
(c) activate complement by classical or alternative pathways?
(d) induce immune complex disease?

Use tests designed to maximize the opportunity of detecting each of the responses listed above.

No evidence of
allergenicity

Evidence of limited
allergenicity

Evidence of
extensive allergenicity

Repeat tests using Repeat tests using Repeat tests using
routes of exposure routes of exposure routes of exposure most
most likely to be most likely to be likely to be encountered
encountered by man. encountered by man. by man.

Evaluate spontaneously
exposed human subjects.
(1) Define conditions of

exposure.
(2) Evaluate severity

of reactions.
(3) Evaluate effects

of human subjects.
(4) Identify allergen(s).

No evidence of Evidence of limited Evidence of more serious
mammalian hazard mammalian hazard. mammalian hazard.
due to allergenicity.

No human hazard due to
allergenicity.

Organism may be allergenic
to man in certain
circumstances. (Conditions
and potential hazard
to be defined from results
of tests outlined above.)

Organism may be allergenic
to man in certain
circumstances. (Conditions
and potential hazard
to be defined from results
of tests outlined above.)

rabbits and rats with these strains produced mild
lesions and organisms were recovered. Intracerebral
haemorrhages occurred in most mice receiving
B.sphaericus of three strains (1404-9, 1593-4 and
SSII- 1, tested individually) and 1 of the 5 mice
receiving the control medium. B. sphaericus was
recovered several times from rats receiving large
numbers (1 x 108) of each of the above three strains
intracerebrally. Mild perivascular cuffs and
meningitis were seen in rats from which organisms
were recovered. No lesions were seen in rabbits
receiving strains 1593-4 intracerebrally (13).

Intraocular injection of rabbits with several
different doses of all three entomopathogenic strains
of B. sphaericus also resulted in recovery of
organisms and produced lesions. Bacteria were
recovered from rabbits receiving as few as 103 viable
organisms of strain SSII-1 and lesions were seen in the
eyes of these animals. The lesions ranged from
moderate ophthalmitis to moderate panophthalmitis.
Many of the lesions appeared to be the result of
deposition of large quantities of foreign material

because there were also lesions in eyes that had been
injected with autoclaved organisms (13). The lesions
were more severe, however, in the eyes of animals
receiving viable organisms. It must be noted that
autoclaving not only kills the bacteria but inactivates
their entomotoxins (14).

In an experiment designed to detect replication of
strain 1593-4 in rat brains, we noted that more than
600 bacteria per 100 mg of wet brain tissue were
recovered 3 days after injection. Two days later, the
number fell to less than 10 bacteria per 100 mg and by
day 14 the brains were sterile (13).
Minimal ocular irritation was observed when living

or autoclaved B. sphaericus (strains SSII-l and
1404-9) were placed in the conjunctival cul-de-sac of
rabbits in conventional ocular irritation tests.
Another series of tests was conducted in which

acute and chronic toxicity studies were done on rats,
mice, and guinea pigs using B. sphaericus strain
1593-4. The animals were given the organism in con-
taminated food or by subcutaneous, intraperitoneal
or intracerebral injection. Inhalation and dermal

Results:

Possible further
tests:

Decision:

Prediction:
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Table 4. Decisions and predictions based on results of tests for irritancy

Questions: Does the organism produce:
(a) eye irritation?
(b) skin irritation?
(c) irritation of the respiratory tract?

Evaluate (a) and (b) using the standard tests already developed; evaluate (c) using maximum hazard concepts.

Results: No detectable Evidence of mild Evidence of severe
effects irritation irritation

Possible further 1) Compare with other (1) Evaluate sponta-
tests: acceptable neously exposed

irritants. human subjects.
(2) Evaluate effect of (2) Identify irritative

chronic or multiple component(s).
repeated exposures.

(3) Evaluate effect on (3) If possible, quantify
wound healing (skin severity of irritation.
and eye).

(4) Evaluate effect on
respiratory structure
and/or function in
compromised host.

(5) Determine whether
irritant will predispose
to or increase severity
of other respiratory
diseases.

(6) Evaluate effects in
spontaneously exposed
human subjects.

Decision: No evidence of Evidence of limited Evidence of more serious
mammalian hazard mammalian hazard. mammalian hazard.
due to irritation.

Prediction: No human hazard due to Organism may be irritating Organism may be irritating
irritation. to man in certain to man in certain

circumstances. (Con- circumstances. (Con-
ditions and potential hazard dition and potential hazard
to be defined from results to be defined from results
of tests outlined above.) of tests outlined above.)

absorption studies also were conducted. No evidence
of pathogenicity was detected. The behaviour and
growth of the test animals were normal and no abnor-
malities were detected on post-mortem examina-

* dtion.

Data on Bacillus thuringiensis serotype H-14

The introduction of either serotype 3a3b or sero-
type H-14 of B. thuringiensis (or B. t.) into rats intra-
cerebrally, in doses containing approximately 1 x 107
organisms/ml, led to head tilt, circling, prostration,
and death. Most animals died within the first 24
hours, although some lived for as long as four days

d DE BARJAC, H. ET AL. Innocuite6 de Bacillus sphaericus,
souche 1593, pour les mammiferes. Unpublished WHO document,
WHO/VBC/79.731, 1979.

after the injection. No histologically recognizable
lesions were detected in the brains or other tissues.
The results varied because in some experiments sero-
type 3a3b and serotype H-14 resulted in deaths, while
in other experiments only one serotype was lethal
intracerebrally. The intracerebral toxicity was not
affected by growing the bacteria at 30°C or 37°C on
either agar or broth cultures, nor did rough and
smooth colony types differ. Tenfold to 100-fold
dilutions of the preparations reduced the deaths to
zero.e

Oral and intraperitoneal exposure of weanling rats
to high doses of B. t. H-14 and 3a3b resulted in 1 death

e SHADDUCK, J. A. Bacillus thuringiensis serotype H-14. Maxi-
mum challenge and eye irritation safety tests in mammals.
Unpublished WHO document, WHO/VBC/80.763, 1980.
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in 26 rats receiving the material orally, and 1 death in
26 rats receiving the material intraperitoneally. No
clinical signs of illness were detected. The animals
died overnight and autolysis prevented adequate
examination of the carcasses.

Recovery experiments using B.t. H-14 and 3a3b in
mice, rats and rabbits were also conducted. Two
weeks after subcutaneous injection of 15 mice with
B.t. serotype H-14, the latter was recovered from all
the animals at the subcutaneous injection site and
from the spleen. The subcutaneous sites consistently
had small inflammatory foci surrounding a mass of
spores, but the spleens were not detectably abnormal
anatomically. Both brain and spleen consistently
yielded organisms when mice were given 6.5 x 108
organisms intracerebrally, but the bacteria were
recovered less regularly from rats and rabbits. No
evidence of multiplication was detected when
quantitative recoveries were done from brain and
spleen using rats injected intracerebrally with high
doses of B.t. H-14 or B.t.serotype 3a3b. Organisms
were recovered until about day 24 in rats given 5 x 104
B.t. H-14 and till the end of the experiment (on day
29) from rats receiving 5 x 106 B.t.serotype 3a3b;
throughout, the bacterial numbers continuously
declined.e
Eye irritation tests were conducted in which dry

spore preparations were either dusted into the eyes or
aliquots were placed physically into the conjunctival
cul-de-sac. Dusting of the material into rabbit eyes
produced minimal ocular irritation, but quite intense
irritation occurred when large clumps of material
were placed into the conjunctival cul-de-sac. Control
dusts (talc) produced minimal irritation, much like
that seen with the B. t. dust. No control could be
found that was equivalent to the large clumps of spore
material that formed when the powder was placed
directly in the conjunctival cul-del-sac.

In other experiments, no evidence of toxicity of B. t.
H-14 was detected when mice, rabbits, and guinea
pigs were exposed. There were no changes in body
weight and no anatomical evidence of abnormalities
at necropsy.f

Data on Nosema algerae and Nosema locustae

Safety tests have been conducted on two spore-
forming protozoa, Nosema algerae and Nosema
locustae. Both these organisms were grown in live
insects, and contamination with insect tissue debris as
well as bacteria and fungi was a problem. The ma-
terial administered to our animals was cleaned of the
majority of the tissue debris and was monocultural
except that some Nosema algerae, given orally, were
contaminated with Pseudomonas and Enterobacter

f DE BARJAC, H. ET AL. Test d'innocuite sur mammiferes avec
du serotype H-14 de Bacillus thuringiensis. Unpublished WHO
document, WHO/VBC/80.761, 1980.

cloacae. Most of the studies were done with Nosema
locustae that had been harvested aseptically from the
fat bodies of grasshoppers, or using Nosema algerae
that was propagated in tissue culture.9
Mice were injected with about 1 x 107 spores of

Nosema algerae per mouse intraperitoneally and
necropsied after 3 weeks. Some mice were treated
with 2.5 mg of cortisone acetate per mouse twice
weekly for 2 weeks to immunosuppress the animals.
Other mice were injected into the foot pad and tail
skin with approximately 2 x 106 spores per site and
killed every second or third day over a 30-day period.
Weanling New Zealand white rabbits were injected
intracerebrally with about 1 x 107 spores and killed 3
to 4 weeks after injection. Spores of Nosema algerae
were administered orally to rats, using about 5 x 106
organisms daily, on 5 days per week for a total of
24 doses; 34 days after receiving the first dose the
animals were killed. The results of all these experi-
ments were negative. No animals were clinically ill or
died as the result of exposure to the Nosema algerae
spores. No macroscopic or microscopic lesions were
detected.

In other studies, it was shown that Nosema algerae
could infect pig kidney cell cultures in vitro (S) and
that spores of Nosema algerae, injected sub-
cutaneously into the ears, tails, and feet of white
mice, produced transient localized infections at the
injection site (6). Spore germination tests in plasma
indicated it was unlikely that spores, injected by an
infected mosquito bite, would result in mammalian
host infection. Studies in athymic (nude) mice showed
that Nosema algerae was not able to produce lesions
and that organisms were not detectable histo-
logically.h Macrophages engorged with N. algerae
were found at the injection sites in both normal and
nude mice. Normal mice were able to respond to the
injections by a production of serum antibody detected
by immunofluorescence. Heat-killed spores persisted
for 14 days in 2 out of 5 mice.

Rabbits were exposed to Nosema locustae by
simultaneous intracerebral, intraocular, and intra-
peritoneal injection and mice were exposed by simul-
taneous intracerebral and intraperitoneal injection.
Approximately 2 x 108 organisms per ml were
injected. Quantities were 0.1 ml intracerebrally in
rabbits, 0.05 ml intraocularly in rabbits and intra-
cerebrally in mice, and 1.0 ml intraperitoneally in
rabbits and mice. The rabbits underwent necropsy
during post-injection weeks 4, 6, 8 and 10 and the
mice at post-injection weeks 3, 4, 5, 6, 7 and 8. In
each instance, the animals were examined grossly
and microscopically for evidence of lesions. With the

' See footnote c, page 121. Also J.A. Shadduck-unpublished
observations.

h See footnote c, page 121.
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exception of some traumatic injuries resulting either
from the intracerebral injections or from a few
handling accidents during the study, no animals died
or were clinically ill as a result of the injection of the
organism. Lesions were detected in both control and
experimental animals and most of these were the
result of intercurrent diseases such as rabbit pasteurel-
losis and encephalitozoonosis. The mice had large
hepatic and intrasplenic granulomas 3 weeks after the
injection and these were more severe in animals
receiving N. Iocustae than in the controls. The lesions
in both groups persisted throughout the 8-week
course of the study, but became less frequent and
much less severe with time. The lesions were thought
to be the result of the insect material in the inoculum.
Five mice had abdominal abscesses containing spores
compatible with N. locustae, but no evidence of
organism multiplication was detected by histological
means. Nosema locustae were recognized in the
tissues of two rabbits, one in a hepatic lesion (ap-
parently produced as the result of accidental de-
position of the inoculum into the liver) and the other
in the brain of a rabbit at the site of injection one week
after injection. In both instances a few recognizable
organisms were seen adjacent to inflammatory cells.
They were not phagocytosed and no evidence of
multiplication was detected. During the course of the
study, no differences in clinical behaviour, weight
gain, body temperature, or haemograms were noted
between injected and control rabbits, and no differ-
ences in body weight gain were noted between injected
and control mice. Nosema locustae was not detected
in urine sediments in injected or control rabbits.

Data on Metarhizium anisopliae
Mammalian safety tests were conducted on the

entomopathogenic fungus Metarhizium anisopliae.
No animals died or were clinically ill after injection of
or inhalation exposure to M. anisopliae. There was no
evidence of ocular irritation and tissue lesions were
confined to local sites at which large numbers of
spores were injected. There was no histological
evidence of spore germination in mammalian tissues.
M. anisopliae was recovered from stomach, lung, and
spleen of mice after two weeks of exposure to dusts
but not at the end of the third week of exposure to
dust. Fungi were recovered also from focal granu-
lomas that followed intraperitoneal injection of
M. anisopliae spores into rats. Fungi were recovered
from minced or ground spleen of rats injected
intraperitoneally until post-injection day 21; after this
time the spleens were sterile. No lesions were seen in
10 rats, each receiving 20 mg of spores once orally and
killed 3 weeks later. M. anisopliae was not detected in
the lung, stomach, or spleen of these animals (7).

CONSIDERATIONS FOR THE FUTURE

There are several issues yet unaddressed in the deve-
lopment of safety testing protocols for entomopatho-
genic organisms. The need for medium- and long-
term tests has not been directly assessed for the
bacteria, fungi or protozoa. These tests may be un-
necessary because of the demonstrated clearance of
the organisms, the absence of evidence that toxins
produced by these microbial agents are metabolized,
and the nearly complete absence of deleterious effects
as demonstrated in maximum challenge studies.
Nevertheless, a case could be made for the continuous
administration by a conventional route, perhaps
orally in the drinking water, over a period of time
ranging from 30 to 90 days. During this time it might
be possible to collect and evaluate a variety of clinical
samples such as serum for serum chemistries, blood
for haemograms, and faeces and urine for recovery of
the organisms, as well as to determine body weight
gain, temperature, and food intake. In certain situ-
ations in which humans may be exposed constantly to
large quantities of these materials by aerosols, con-
stant exposure of test animals to aerosols or dusts of
the candidate organisms might be substituted for oral
exposure. The value of the clinical chemistry determi-
nations has not yet been established. These studies
should be conducted to ascertain whether any
detectable abnormalities can be found by these
techniques.
The importance of the host's immune response in

preventing infection to entomopathogens has not
been completely elucidated. Most experiments have
been done with athymic (nude) mice. In none of these
instances did the animals become sick or die as the
result of injection or administration of the entomo-
pathogens, nor did the animals treated with cortisone
suffer any deleterious effects when exposed to insect
protozoa. Thus, the evidence to date suggests that the
host's immune response is not an important factor in
resistance. These studies should be expanded and the
issue clarified.
The potential of entomopathogenic bacteria, fungi

and protozoa to behave as carcinogens or teratogens
has not been evaluated. The data indicating the
relatively rapid clearance and failure of persistence of
the organisms, plus the absence of any evidence that
the materials carried by the organisms are metaboli-
zed or persist in tissues, suggest that these agents will
not behave as carcinogens or teratogens. Further,
there are no known bacterial or protozoal carcino-
gens.

It would be helpful if the various govqrnmental
agencies could agree on standardized testing proto-
cols for the evaluation of the hazards outlined above.
The general concept of maximum challenge and tier
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testing seems most useful, but to date the specific
protocols have been devised with little attention to
standardization among laboratories. It would be
helpful also to have standard reports on exposed
persons that would yield prospective as well as retro-
spective data. Laboratory workers and field workers
in contact with these materials might be questioned
and perhaps also examined by physicians prior to,
during, and after their exposures to the organisms.
The protocol might include a detailed history of
allergies, skin tests, and a standardized reporting
system of signs and symptoms of illness associated
with exposure to the organisms.

Several problems remain for the microbiologists to
clarify. In addition to the proper identification of the
organisms, it is important to consider the approach to
be taken when an agent closely related to an already
well-tested agent is discovered. Is it necessary to
repeat all the procedures previously conducted on the
well-studied organism, or can the tests be limited to
key questions? Related to this is the question of what

safety tests of production batches will be required as a
part of quality control. This is especially important if
microbial control agents are produced outside the
established industrial settings (for example, as part of
a local community vector control programme).

In the designing of safety tests, it is important to
consider not only the regulatory requirements but
also whether it is best to test the organism in pure
form or in its final formulation. In the final
formulation it must be kept in mind that many
substances in the extenders and stabilizers may them-
selves produce more damage and irritation to
mammalian tissue than the organism. Perhaps it is
best to conduct the exhaustive and high-challenge
safety tests on purified organisms and the more
simple safety tests on final formulated products.
Tests for allergenicity and irritation, however, might
best be done on formulated products since these are
the materials to which the skin or eye is likely to be
exposed.

RESUME

QUELQUES CONSIDERATIONS SUR L'EVALUATION DE LA SECURITE DES PESTICIDES MICROBIENS NON VIRAUX

La lutte biologique dans le cadre de la lutte integree contre
les ravageurs a e pendant un certain temps un outil
interessant et precieux pour combattre les insectes de ce
type. Recemment, ces techniques ont ete appliquees egale-
ment aux insectes vecteurs. On a acquis une experience
considerable des protocoles d'epreuves relativement
classiques de la securite pour les mammiferes au cours de la
mise au point des preparations bacteriennes et virales, mais
les renseignements sont plus rares en ce qui concerne les
champignons et les protozoaires. Les proprietes des agents
microbiens sont tres differentes de celles des pesticides
chimiques, si bien qu'il a et necessaire de mettre au point de
nouvelles methodes permettant de prevoir les risques qu'ils
pouvaient faire courir a la sante des mammiferes et (par
extension) de l'homme. Parmi les differences notables entre
produits chimiques et produits microbiens, il y a le fait que
de nombreux agents microbiens peuvent se multiplier dans
l'insecte cible, ainsi que la difficulte ou l'impossibilite de
determiner une DL50 classique pour les mammif&res avec les
agents de lutte biologique.
Nous avons entrepris nos tests en supposant que, meme

s'il etait minime, il etait peu probable que les agents micro-
biens n'aient aucun effet sur les mammiferes. La connais-
sance prealable de problemes minimes mais potentiels
permettrait d'etablir des directives rationnelles pour l'utili-
sation de ces nouveaux agents importants de lutte contre les
insectes. Ainsi, on a proced& a des tests d'epreuve maximale
au cours desquels de grosses doses de microorganismes
viables etaient administrees a des animaux potentiellement
vulnerables en vue d'obtenir une detection maximale des
effets nocifs. Nous avons observe que les bacteries sporo-

genes (Bacillus thuringiensis souche 14, B. sphaericus) et les
champignons (Metarhizium anosipliae) etaient capables de
survivre pendant des jours ou des semaines dans les tissus
animaux in vivo, mais ne pouvaient pas s'y multiplier. Des
lesions occasionnelles ont et produites, mais elles etaient en
rapport avec les grandes quantites de materiel etranger
introduites dans un tissu delicat (par exemple, l'aeil) plut6t
qu'a un facteur de virulence inne pour les mammiferes, sp&
cifique du microorganisme. L'injection intracerebrale de
certains bacilles ont eu des effets mortels aigus chez les rats,
mais ces effets disparaissaient lorsque les doses etaient re-
duites au-dessous de 1.4 x 105 microorganismes/ml. Des
preparations des protozoaires (Nosema sp.) produisaient
des granulomes focaux lorsqu'elles etaient injectees a des
souris, mais les materiels temoins (contenant des debris
d'insectes) donnaient des lesions identiques. Nous avons
conclu que les tests d'epreuve maximale etaient utiles pour
controler la securite de B.t. souche 14, B. sphaericus,
M. anosipliae et Nosema pour les mammiferes.

I1 faudra proceder a des experiences pour explorer
l'importance du role de la reponse immunitaire des mammi-
feres dans l'inhibition de la multiplication des microorga-
nismes des insectes. 11 serait utile de disposer de tests
precoces et plus sensibles permettant de deceler les dangers
potentiels pour les mammiferes, mais ces tests peuvent etre
difficiles a mettre au point en raison des changements
minimes produits, meme lorsque des doses elevees de micro-
organismes des insectes sont administrees. I1 est hautement
souhaitable que les divers organismes de controle ou autres
organismes gouvernementaux uniformisent les methodes et
tests necessaires.
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