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Mammalian safety of microbial agents for
vector control: a WHO Memorandum*

This Memorandum outlines recommended safety tests for application to
biological agents under consideration for widespread usefor pest control. The basic
principles utilized in developing these recommendations were that: (i) the hazards
presented by microbial pesticides are inherently differentfrom those associated with
chemical pesticides and the tests used to determine hazard potential to man should
reflect this; (ii) a high proportion of negative results is likely; (iii) tiered testing
systems should be used; negative data obtained at any level would obviate the needfor
further testing; (iv) theprimary tier testingprotocolsshould bedesigned to expose test
animals to the microbial agents under conditions thatprovide maximum opportunity
for the expression ofany adverse effects.

Outlines oftestsproposedfor use withfourgroups ofbiological agents (bacteria,
fungi, protozoa, and viruses) are given. The safety tests required at each level of
development ofa microbial agent are described.

The present status ofsafety testing of the agents already under developmentfor
possible use in vector control is considered. It is concluded that, for Bacillus
thuringiensis H-14 and B. sphaericus, a level ofsafety testing has been reached that
permits their use in large-scale field trials.

Suggestions for applied research are made, covering safety aspects of cottage-
industry production of microbial agents, studies on allergic responses, serological
surveys on laboratory workers, and the investigation ofenvironmentalpersistence of
newly developed agents.

This Memorandum outlines the safety tests
necessary to assess the effects on mammals of
biological agents used in pest control, and hence to
perform a risk/benefit analysis for each of the
different uses envisaged for the agents. The
recommendations take into account and generally
accept the principles embodied in several recent
consultative documents on the testing of the safety of
microbial pathogens of invertebrates (1-3).,b,c,d

* This Memorandum was drafted by the signatories listed on
page 862 on the occasion of an informal consultation held in Geneva,
on 10-13 November 1980 under the auspices of the UNDP/World
Bank/WHO Special Progamme for Research and Training in
Tropical Diseases. Requests for reprints should be addressed to Chief,
Pesticide Development and Safe Use, World Health Organization,
1211 Geneva 27, Switzerland. A French translation of this article will
appear in a later issue of the Bulletin.

a BURGES, H. D. Comparison ofthesqfety testsrecommended by
four organizations for biological agents used in pest control and
proposals for recommendations to WHO. WHO unpublished
document, TDR/BVC/IC.80/WP.4, 1980.

b Guidelines for registering pesticides in the United States.
Subpart M: Data requirements for biorational pesticides, 1980.

c Meeting of group of experts on sqfety and regulation of
biological pesticides. Commission of the European Communities.
Director-General for Agriculture. Programme on integrated and
biological pest control. VI/692/80, 1980.

d BURGES, H. D. ET AL. Guidelinesfor safety tests on bacterial
pesticides. International Organization for Biological Control, West
Palearctic Regional Section, 1980.

These and other documents have incorporated several
fundamental principles that underlie the formal
testing requirements already adopted, or in process of
adoption, by the regulatory authorities of several
developed countries, including the United Kingdom
of Great Britain and Northern Ireland and the United
States of America. These are:

1. The hazards presented by microbial pesticides
are inherently different from those associated with
chemical pesticides, and appropriate test methods
should be adopted to reflect this.

2. Microbial agents have a generally lower potential
for adverse effects than do chemical ones, and thus a
high proportion of negative results is to be expected.

3. Tiered testing systems should be used, compris-
ing limited batteries of safety tests; negative data
obtained at any level would obviate the need for
further testing.

4. The primary tier testing protocols should be
designed to provide maximum opportunity for the
expression of any adverse effects of the agent.

This report outlines the proposed safety testing
system but does not give detailed individual protocols.
Where relevant, the tests should be carried out in
accordance with recognized practice for evaluating
the toxicity of chemicals (4).
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GUIDELINES FOR SAFETY EVALUATION
OF ENTOMOPATHOGENS

Four groups of biological agent are under consider-
ation for use in the control of disease vectors: bacteria,
fungi, protozoa, and viruses. The recommended
safety tests for bacteria will be considered first, as
many of the testing procedures are common to all the
pathogens; specific tests necessary for fungi,
protozoa, and viruses will be considered separately.
Health records should be kept for all human subjects
exposed to any pathogen during laboratory testing,
production, and subsequent application.

Bacteria
Information on the identity, host range, mode of

action in natural hosts, and optimum and maximum
temperatures for growth of the bacterium should be
elicited early in the research phase related to hazard
assessment.

The suggested tests for bacteria and fungi are given
in Fig. 1. These tests are arranged in three tiers, any of
which can lead directly to an assessment of potential
hazard. If all tests in the first tier produce negative
results, the pathogen can be considered safe for use as
directed without further experimentation.

Tier I tests. In the following tests, the term "unfor-
mulated" describes a technical product without the
addition of any formulation ingredients. Information
on the safety of material added subsequently to im-
prove adherence, longevity, etc., would have to be
obtained separately.

(a) Oral exposure. A single large dose of the
unformulated product should be administered orally
to a rat or mouse. The dose per kg of body weight of
the test animal should be at least equivalent to that
received by a 70-kg man exposed to a hypothetical
hectare dose, but should not exceed 5 g/kg of body
weight.

Clinical observations (including measurement of
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Fig. 1. Safety testing procedures for bacterial and fungoid agents for vector control. F = formulated; U = unformulated.
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body weight and food intake, and observation of coat
condition, respiration, etc.) should be made for 28
days in accordance with commonly used procedures.
Since infectivity may be involved, body temperature
should also be measured. At the end of the experimen-
tal period, a pathological examination should be
carried out, histological studies should be made of any
lesions, and samples of urine, faeces, blood, spleen,
kidney, and liver should be cultured. Animals that
become moribund during the tests should be examined
at autopsy at the cellular level, urine, kidney, spleen,
and liver samples should be cultured, and any lesions
examined.

(b) Intraperitoneal exposure. A single intra-
peritoneal dose of the unformulated product should
be administered to newly weaned mice or rats at a
minimum dosage of 106 bacteria per mouse or 10' per
rat. Clinical observations should be made as outlined
above, with special attention being paid to the
peritoneal cavity, and a histopathological examin-
ation of the kidney, liver, and spleen should be carried
out.

(c) Respiratory exposure. Guinea pigs, rats, or
rabbits should be exposed once only to the un-
formulated product via the respiratory tract, making
sure that adequate penetration into the lungs is
obtained (5, 6). Clinical observations should be made
for 28 days, and histopathological examination of the
lung should be performed at autopsy.

(d) Eye exposure. A single dose of formulated
product should be instilled into the conjunctival sac of
a rabbit (7) and observations of infection and level of
irritation carried out for 14 days, at which time, tissue
specimens from the eye should be cultured.

(e) Dermal exposure. Tests to assess the level of
skin irritation should be carried out on guinea pigs or
rabbits using a formulated product.

(f) Allergenicity and hypersensitivity. Sensitive
animal species or strains, such as the guinea pig or
hooded Lister rat, should be used for the evaluation of
immediate hypersensitivity reactions. These tests
could be incorporated in the inhalation and/or dermal
tests outlined above.

(g) Mutagenicity. Initial screening of the unfor-
mulated product should be carried out using suitable
in vitro tests (8, 9). If significant positive results are
obtained with any test, more detailed screening, in-
cluding the dominant lethal test, should be under-
taken to determine the level of mutagenicity potential.
At this point, the potential for carcinogenesis can be
assessed; this may necessitate further long-term tests
in Tier 3.

Tiers 2 and 3. These tests are summarized in Fig. 1.
If infectivity has been clearly demonstrated in the
Tier 1 tests then the product should be rejected. If
there is any doubt, tests to evaluate the EDsoe should
be carried out. If the persistence of the bacteria
significantly exceeds a level that could be expected
with inert materials (for example latex particles (10)),
then more prolonged observations should be made.
Tests in Tiers 2 and 3 need be done only on material
that has indicated a potential hazard in the tests done
in Tier 1.

Fungi

Since fungi present hazards very similar to those of
bacteria, the same tests can be used. However, in
allergy testing, additional indicators such as the
Arthus or delayed hypersensitivity reaction should
also be included. Inhalation of minute airborne
particles may result in non-specific irritation of lung
tissue.

Protozoa and vinrses
The emphasis in these tests must be placed on infec-

tivity rather than toxicity, since protozoal spores and
viruses are not known to be associated with toxins. It is
therefore necessary to use mammalian tissue cultures
in Tier 1, since they provide a sensitive test for
infectivity. In addition, they provide material with
which to test for the incorporation of viral DNA into
the host genome. The Ames test, the 90-day subacute
tests, and the long-term toxicity tests are not required
(Fig. 2).

Pesticidal microsporida may be related to a natural
microsporidan pathogen of mammals, which is
known to attack nervous tissue. Therefore, the
intracranial route should be included in Tier 1 tests
with insect microsporida. All mammals used in tests
with protozoa should be checked for absence of the
mammalian pathogen Encephalitozoon cuniculi to
avoid confusion of results. Many protozoa do not
replicate at mammalian body temperature, and for
these, the intraperitoneal route should be replaced by
injection into the tail or footpad.

SAFETY TESTING NEEDED
AT EACH DEVELOPMENTAL STAGE

The first level at which an individual may be
exposed to infection is at the stage of collection of
insects. It is therefore preferable that those engaged in
this activity should have some basic training in field
collection procedures and should be aware of the

e The ED,0 is a statistical estimate of the amount of agent (in mg
per kg of body weight) required to produce an effect in 50 of test
animals.
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Fig. 2. Safety testing procedures for viral agents for vector control. F = formulated; U = unformulated.

dangers involved in handling vectors of disease
endemic in the area in which they are working. It is
unlikely that such procedures present a hazard but
appropriate precautions should be taken.

Requirements during preliminary laboratory
assessment

In the early stages of development of a microbial
agent, little may be known about it other than its
potential ability to exert some degree of biological
control over an insect vector of disease. Although past
experience suggests that such an agent is unlikely to be
able to invade mammalian tissue, it should be handled
with care, using standard microbiological techniques.
An appropriate medical history should be recorded
for all laboratory personnel, and an occupational
health service should be available to them. Experience
in this field should establish confidence in the safety
precautions, and should lead to early identification of
the agent. Workers involved in field trials under strict
laboratory control should wear adequate protective
clothing.

This level of safety testing is referred to as level A in
Table 1.

Requirementsfor limitedfield trials

In the absence of comprehensive data on exposure
of workers, by analogy with the agricultural and
public health use of chemicals (4), the following
factors may influence the level of exposure during
small-scale field trials:

type of formulation, rate of application, and
equipment used;
- environmental conditions;

protective clothing;
personal hygiene and attitude of workers.

These variables must be considered in the use of
biological preparations, and in particular, protective
clothing should be available.
The agent should have passed at least the following

tests from Tier 1: acute oral, acute intraperitoneal,
dermal, and eye exposure tests (safety level B, Table
1).

Requirementsfor large-scale field trials

The agent must have passed the following tests from
Tier 1: acute oral, acute inhalation, acute intra-

WHO 81650
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Table 1. Development stages of microbial agents for vector control

Quantity of No. of people Available data Expected standard Level ofActivity material handled exposed on the agent of protection safety testingand supervision

Laboratory tests 1 -20 g very few fair very good A
Laboratory-controlled
field trials

Limited-scale field trials 1 - 10 kg few good good B

Large-scale trial > 100 kg8 several teams and very good fair/good C
residents

Operational use several tons large numbers of definitive poor/fair D
applicators and wide
environmental coverage

Quality controlled.

peritoneal, dermal and eye exposure, and allergen
tests (safety level C, Table 1).

Requirementsfor operational use

Before the pesticide can be put into operational use
all tests in Tier 1 should have been completed, together
with such tests from Tiers 2 and 3 as may have been
required for a full evaluation (safety level D, Table 1).

PRESENT STATUS OF SAFETY TESTING

Several agents are already under development for
possible use in vector control, namely Bacillus thurin-
giensis serotype H-14, B. sphaericus, Metarhizium
anisopliae, and Nosema algerae. Table 2 sets out the
tests that have been performed on these agents and the
conclusions that have been drawn as to their safety.
The following tests have also been carried out: a sub-
cutaneous and a 3-week feeding study on B. thurin-
giensis H-14; subcutaneous and percutaneous studies
on B. sphaericus; an acute inhalation study on M.
anisopliae; and subcutaneous, intramuscular, and
intravenous studies on N. algerae.

Close study of the results of all these tests, including
examination of the experimental protocols and
detailed analysis of the data obtained, has led to the
formulation of specific recommendations on the
application of these agents. In making these rec-
ommendations, it is recognized that they are based
only on the currently available information, and that
the task is complicated by the lack of standardized
protocols in this field.

Recommendations

For B. thuringiensis H-14 and B. sphaericus, since
level C of safety testing has been reached, it is

appropriate to pursue pesticide development activities
at the level of large-scale field trials.
The test data for M. anisopliae suggest that grave

allergic response is the primary hazard of concern;
only level B has been reached at present. A conserva-
tive approach to field development work is considered
appropriate, and anyone handling the test material
should wear at least a suitable face mask during field
activities. It is therefore recommended that develop-
ment activities should be restricted at present to small-
scale field trials, and that labelling of M. anisopliae

Table 2. Present status of safety testing of microbial agents
for vector controla

Bacteria Fungi Protozoa

Safety test B. thunin- . sph M. afSO- N. alge
giens/s ricus pllae N lee
H-14

Acute
infectivity
Oral + + +

Intra-
peritoneal + + + +

Intracerebral + + +

Irritation tests
Dermal + +
Ocular + + +

Acute
inhaiation + +

Allergy + + ~~~~Data notAllergy + + available

Mutagenicity + +

Recommended Large-scale Large-scale Small-scale Large-scale
activity level field trial field trial field trial field trial

a + = all test criteria satisfied.
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test materials should indicate the possibility of grave
allergic response.

In the case of N. algerae, it is considered that,
although results of only a few safety tests are
available, the extreme maximum hazard conditions
represented by these tests suggest an extremely low
hazard potential. The safety testing is considered
satisfactory at level C, and it is therefore appropriate
to pursue pesticide development activities at the level
of large-scale field trials.

SUGGESTIONS FOR APPLIED RESEARCH

Cottage-industry production
Under certain circumstances, especially in develop-

ing countries, it may be advantageous to use small-
scale cottage industry for the production of microbial
agents for vector control. This will involve the use and
adaptation of unsophisticated equipment for the
production of useful microbial agents based on
quality-controlled seed cultures. At this stage, the
only quality controls necessary are the avoidance of
harmful components, such as pathogens or toxins,
that may arise as a result of the unsophisticated
production techniques, and the assurance of a suf-
ficient concentration of the microbial agent.
The following areas require further work:

(a) Development of reliable seed cultures suitable
for transportation to tropical countries;

(b) Development of a protocol to instruct local
personnel on the production of a suitable and safe
culture medium using local materials;

(c) Development of a series of quality controls
based on physical and chemical tests. These might
include tests for pH change, presence or absence of
sugar, opacity measurements, smell, and appearance.

Grave allergic responses
Allergy is one of the more serious potential hazards

of biological control agents, and is most likely to occur
with fungi. Both immediate and delayed responses are
likely to be involved. At present, little information is
available on the allergenic potential of the microbial
agents considered in this report. There are no satis-
factory standard protocols for evaluation of grave
allergic response, although immunological methods
are currently in practical use. There is, therefore, a
need for research on the development of suitable
protocols for allergenicity testing to allow a complete,
reliable safety assessment to be made.

Serological surveys on laboratory workers

Regular serological surveys should be carried out on

laboratory workers in order to determine:
(a) whether the agents produce a serological

response in man;
(b) whether protective measures are adequate to

prevent inhalation of aerosols.
The extent, if any, of respiratory exposure should

be evaluated.

Environmentalpersistence ofnewly developed agents

There is a need to investigate the persistence of
spores and crystals of newly developed agents in lakes
and streams, in order to determine their effects on un-
treated drinking water supplies.

* *
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