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DEFENSE AGAINST TOXIN
WEAPONS

INTRODUCTION

The purpose of this manual is to pro-
vide basic information on biological toxins
to military leaders and health-care provid-
ers at all levels to help them make informed
decisions on protecting their troops from
toxins. Much of the information contained
herein will also be of interest to individuals
charged with countering domestic and in-
ternational terrorism. We typically fear
what we do not understand. Although un-
derstanding toxin poisoning is less useful in
a toxin attack than knowledge of cold injury
on an Arctic battlefield, information on any
threat reduces its potential to harm. I hope
that by providing information about the
physical characteristics and biological ac-
tivities of toxins, the threat of toxins will
actually be reduced. I did not intend to
provide detailed information on individual
threat toxins or on medical prevention or
treatment. This primer puts toxins in con-
text, attempts to remove the elements of
mystery and fear that surround them, and
provides general information that will ulti-
mately help leaders make rational decisions,
protect their soldiers and win battles.
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The mission of the U.S. Army Medical
Research and Development Command’s
Medical Biological Defense Research Pro-

- gram is to study and develop means of
medically defending the U.S. Armed Forces
from toxins and infectious threats posed by
adversaries. It is our responsibility to de-
velop medical countermeasures to toxins of
plant, animal and microbial origin. We
believe that there is a biological toxin threat
and we know of countries that are not in
compliance with the Biological Weapons
Convention of 1972. Therefore, prudence
mandates a strong defensive program. The
toxins described herein are all nonrepli-
cating agents; some have been identified by
the intelligence community as biological
warfare threats.

Physical measures, such as the protec-
tive mask and decontamination systems,
developed for the chemical threat are, for
the most part, effective against toxin
threats. Research to develop individual
medical countermeasures to toxins is com-
plicated by several factors. A number of
toxins could be selected by an adversary for
use in low-tech, relatively inexpensive
weapons. Many more are potentially avail-
able through genetic engineering or chemi-
cal synthesis. Biological weapons are far
more easily obtained and used than nuclear
weapons. They actually may be more easily
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produced and used than conventional ex-
plosive weapons. Colorless, tasteless, odor-
less, small-scale aerosols may be generated
relatively easily with a cheap plastic
nebulizer attached to a pump or pressur-
ized air bottle. However, production and
use of toxins as true mass casualty weapons
is not a trivial undertaking.

_ The likely route of intoxication for
soldiers or victims of terrorist attack is
through the lung by respirable aerosols;
another possibility is through the gas-
trointestinal tract by contamination of food
or water supplies, although the latter would
be difficult in chlorinated water, or in riv-
ers, lakes or reservoirs because of dilution
effects. The effects of most toxins are more
severe when inhaled than when they are
consumed in food or injected by bites or
stings. Some toxins can elicit a significantly
different clinical picture when the route of
exposure is changed, a phenomenon that
may confound diagnosis and delay treat-
ment.

Finally, because the primary popula-
tion at risk is relatively small (military
troops, not the general public, as with child-
hood infectious diseases), there is little
commercial incentive to produce vaccines,
antisera or therapeutic drugs to counter
toxin threats.




There are still many unknowns re-
garding toxins and their weaponization.
Statements in this document on the nature
of a “typical toxin attack” are based on my
understanding of the physical characteris-
tics of toxins, recent studies of aerosolized
toxins in small laboratory chambers to test
protective drugs and vaccines, and histori-
cal data from larger-scale studies with toxin
or simulant aerosols.

The following three descriptions,
Toxin, Mass Casualty Biological
(toxin) Weapon and Militarily Signifi-
cant Weapon, define these terms for the
purposes of this primer.

1. A Toxin is any toxic substance
that can be produced by an animal, plant or
microbe. Some toxins can also be produced
by molecular biologic techniques (protein
toxins) or by chemical synthesis (low mo-
lecular weight toxins). Chemical agents,
such as soman, sarin, VX, cyanide and mus-
tard agents, typically man-made for
weaponization, are not included in this
discussion except for comparison.

2. A Mass Casualty Biological
(toxin) Weapon (MCBW) is any toxin
weapon capable of causing death or disease
on a large scale, such that the military or




civilian infrastructure of the state or organi-
zation being attacked is overwhelmed.
(Note: The commonly accepted term for this
category of weapons is “Weapons of Mass
Destruction,” although that term brings to
mind destroyed cities, bomb craters and
great loss of life; MCBWs might cause loss of
life only. I do not anticipate that “MCBW”
will replace the term “Weapon of Mass De-
struction” in common usage, but it is tech-
nically more descriptive of toxin weapons).

3. A Militarily Significant (or
Terrorist) Weapon is any weapon capable
of affecting—directly or indirectly, physi-
cally or through psychological impact—the
outcome of a military operation.

UNDERSTANDING THE THREAT

The following is a theoretical discussion

based on an understanding of physical and
biochemical characteristics of toxins. It is not
an intelligence assessment of the threat.

TOXINS COMPARED TO CHEMICAL
WARFARE AGENTS

Toxins differ from classical chemical
agents by source and physical characteris-
tics. When considering how to protect sol-
diers from toxins, physical characteristics
are much more important than source.




Table 1. compares both types of agents.

Table 1. Comparison of Chemical
Agents and Toxins

TOXINS CHEMICAL AGENTS
Natural origin Man-made
Difficult, small-scale production Large-scale industrial
production
None volatile Many volatile
Many are more toxic Less toxic than many
toxins
Not dermally active* Dermally active
Legitimate medical use No use other than as
weapons
Odorless and tasteless Noticeable odor or
taste
Diverse toxic effects Fewer types of effects
Many are effective immunogens** Poor immunogens
Aerosol delivery Mist/droplet/aerosol
delivery

*Exceptions are trichothecene mycotoxins, lyngbyatoxin
and some of the blue-green algal toxins. The latter two
cause dermal injury to swimmers in contaminated waters,
but are generally unavailable in large quantities and have
low toxicity, respectively.

**The human body recognizes them as foreign material
and makes protective antibodies against them.

The most important differences to
understand are volatility and dermal
activity. Toxins also differ from bacterial
agents (e.g.: those causing anthrax or
plague) and viral agents (such as those that
cause VEE, smallpox, flu, etc.), in that toxins
do not reproduce themselves.




TOXINS ON THE BATTLEFIELD

Because toxins are not volatile, as are
chemical agents, and with rare exceptions,
do not directly affect the skin, an aggres-
sor would have to present toxins to
target populations in the form of re-
spirable aerosols, which allow contact
with the more vulnerable inner surfaces of
the lung. This, fortunately, complicates an
aggressor’s task by limiting the number of
toxins available for an arsenal. Aerosol
particles between 0.5 and 5 pm in diameter
are typically retained within the lung.
Smaller particles can be inhaled, but most
are exhaled. Particles larger than 5-15 pm
lodge in the nasal passages or trachea and
do not reach the lung. A large percentage
of aerosol particles larger than 15-20 pym
simply drop harmlessly to the ground. Be-
cause they are not volatile, they are no
longer a threat, even to unprotected troops.
Although there are few data on aerosolized
toxins, it is unlikely that secondary aerosol
formation caused by vehicular or troop
movement over ground previously exposed
to a toxin aerosol would generate a signifi-
cant threat; this may not be true with cer-
tain chemicals or with very heavy contami-
nation with infectious agents such as an-
thrax spores.




TOXICITY, EASE OF PRODUCTION AND
STABILITY

Because they must be delivered as
respirable aerosols, toxins’ utility as effec-
tive MCBW are limited by their toxicities
and ease of production. The laws of physics
dictate how much toxin of a given toxicity is
needed to fill a given area of space with a
small-particle aerosol. Figure 1 presents a
theoretical calculation of the approximate
quantities of toxins of varying toxicities
required to intoxicate people exposed in
large open areas on the battlefield under
optimal meteorological conditions. The
figure is based on a mathematical model
that has been field tested and found to be
valid. It shows that a toxin with an aerosol
toxicity of 0.025 pg/kg would require 80 kg
of toxin to cover 100 km2 with an effective
cloud exposing individuals to approxi-
mately a lethal dose 50 (LDsg). LDsg
means, for example, that a person weighing
70 kg would have a 50% chance of surviving
after receiving a 70 ug dose of a toxin with
an LDsp of 1.0 ug/kg. Note that for toxins
less toxic than botulinum or the staphylo-
coccal enterotoxins, hundreds of kilograms
or even ton quantities would be need to
cover an area of 10x10 km (100 km?2) with
an effective aerosol. Assuming this to be
true, the number of toxins which can be
used as MCBW is very limited; most of the




less toxic agents either cannot be produced
in quantity with current technology, or
delivered to cover large areas of the battle-
field. That could change, however, espe-
cially for the peptide toxins, as techniques
for generating genetic recombinants im-
prove. Stability of toxins after
aerosolization is also an important factor,
because it further limits toxin weapon effec-
tiveness.

It is readily apparent that, ignoring
other characteristics, if a toxin is not ad-
equately toxic, sufficient quantities cannot
be produced to make even one weapon.

B 1 xicity, hundr f toxin
n limin ineffecti r in
MCBWs, Certain plant toxins, with marginal

toxicity, could be produced in large (ton)
quantities. These toxins could possibly be
weaponized. At the other extreme, several
bacterial toxins are so lethal that MCBW
quantities are measured not in tons, but in
- kilograms — quantities more easily pro-
duced. Such toxins are potential threats to
our soldiers on the battlefield.
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Figure 1. Toxicity in LDsg (see Table 2) vs.

quantity of toxin required to provide a
theoretically effective open-air exposure,
under ideal meteorological conditions, to an
area 100 km2. (Patrick and Spertzel, 1992:
based on Calder K.L., BWL Tech Study #3,
Mathematical models for dosage and casu-
alty coverage resulting from single point
and line source release of aerosol near
ground level, DTIC# AD310-361, Dec.
1957.) Ricin, saxitoxin and botulinum tox-
ins kill at the concentrations depicted; the
staphylococcal enterotoxins incapacitate.
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‘Incapacitation, as well as lethality, to
humans must be considered. A few toxins
cause illness at levels many times less than
the concentration needed to kill. For ex-
ample, toxins that directly affect mem-
branes and/or fluid balance within the lung
may greatly reduce gas transport without
causing death. Less potent toxins could also
be significant threats as aerosols in a con-
fined space, such as the air-handling system
of a building. Finally, breakthroughs in
delivery vehicle efficiency or toxin “packag-
ing” by an aggressor might alter the rela-
tionship between toxicity and quantity, as
depicted in Figure 1; but even at best,
quantities needed could likely be reduced
only by one-half for a given toxicity. For
now, however, the figure provides a reason-
able and valid way of sorting toxins.

Some toxins are adequately toxic and
can be produced in sufficient quantities for
weapons, but are too unstable in the atmo-
sphere to be candidates for weaponization.
Although stabilization of naturally unstable
toxins and enhanced production of those
toxins now difficult to produce are possibili-
ties for the future, there exists no evidence
at this time for successful amplification of
toxicity of a naturally occurring toxin.
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Militarily significant weapons
need not be MCBW From 18 January to
28 February 1991, some 39 Iragi-modified
Scud missiles reached Israel. Although
many were off target or malfunctioned,
some of them landed in and around Tel
Aviv. Approximately 1,000 people were
treated as a result of missile attacks, but
only two died. Anxiety was listed as the
reason for admitting 544 patients and atro-
pine overdose for hospitalization of 230
patients. (Karsenty et al., Medical Aspects
of the Iraqi Missile Attacks on Israel, Isr J
Med Sci 1991: 27: 603-607). Clearly, these
Scuds were not effective mass casualty
weapons, yet they caused significant
disruption to the population of Tel
Aviv. Approximately 75% of the casualties
resulted from inappropriate actions or reac-
tions on the part of the victims. Had one of
the warheads contained a toxin which killed
or intoxicated a few people, the “terror
effect” would have been even greater.
Therefore, many toxins that are not suffi-
ciently toxic for use in an gpen-air MCBW
could probably be used to produce a mili-
tarily significant weapon. However, the
likelihood of such a toxin weapon causing
panic among military personnel decreases
when the leaders and troops become better
educated regarding toxins.
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CLASSES AND EXAMPLES OF TOXINS

The most toxic biological materials
known are protein toxins produced by
bacteria. They are generally more difficult
to produce on a large scale than are the
plant toxins, but are many, many times
more toxic. Botulinum toxins (seven related
toxins), the staphylococcal enterotoxins
(also seven different toxins), diphtheria and
tetanus toxin are well-known examples of
bacterial toxins. The botulinum toxins
are so very toxic that lethal aerosol MCBW
weapons could be produced with quantities
of toxin that are attainable relatively easily
with present technology. They cause death
through paralysis of respiratory muscles.
Staphylococcal enterotoxins, when
inhaled, cause fever, headache, diarrhea,
nausea, vomiting, muscle aches, shortness
of breath, and a nonproductive cough
within 2-12 hours after exposure; they can
also kill, but only at much higher doses.
Staphylococcal enterotoxin B (SEB) can
incapacitate at levels at least one hundred
times lower than the lethal level. These too
would likely be delivered as a respirable
aerosol.

Other bacterial toxins, classified
generally as membrane-damaging, are
derived from Escherichia coli (hemolysins),
Aeromonas, Pseudomonas and Staphylococ-
cus alpha, (cytolysins and phospholipases),
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and are moderately easy to produce, but
vary a great deal in stability. Many of these
toxins affect body functions or even kill by
forming pores in cell membranes. In gen-
eral, their lower toxicities make them less
likely battlefield threats.

A number of the toxins produced
by marine organisms or by bacteria
that live in marine organisms might be
used to produce terrorist biological weap-
ons. Saxitoxin, the best known example of
this group, is a sodium-channel blocker and
is more toxic by inhalation than by other
routes of exposure. Unlike oral intoxication
with saxitoxin (paralytic shellfish poison-
ing), which has a relatively slow onset, sax-
itoxin can be lethal in a few minutes by
inhalation. Saxitoxin could be used against
our troops as an antipersonnel weapon, but
because it cannot currently be chemically
synthesized efficiently, or produced easily
in large quantities from natural sources, it
is unlikely to be seen as an area aerosol
weapon on the battlefield. Tetrodotoxin
is much like saxitoxin in mechanism of
action, toxicity and physical characteristics.
Palytoxin, from a soft coral, is extremely
toxic and quite stable in impure form, but
difficulty of production or harvest from
nature reduces the likelihood of an aggres-
sor using it as an MCBW. The brevetoxins,
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produced by dinoflagellates, and the blue-
green algal toxins like the hepatotoxin,
microcystin, have limited toxicity. For
many of these toxins, either difficulty of
production or lack of sufficient toxicity
limits the likelihood of their use as MCBW.

The trichothecene mycotoxins,
produced by various species of fungi, are
also examples of low molecular weight tox-
ins (molecular weight: 400-700 daltons).
The yellow rain incidents in Southeast Asia
in the early 1980s are believed to have
demonstrated the utility of T-2 mycotoxin
as a biological warfare agent. T-2 is one of
the more stable toxins, retaining its
bioactivity even when heated to high tem-
peratures. High concentrations of sodium
hydroxide and sodium hypochlorite are
required to detoxify it. Aerosol toxicities
are generally too low to make this class of
toxins useful to an aggressor as an MCBW as
defined in Figure 1; however, unlike most
toxins, these are dermally active. Clinical
presentation includes nausea, vomiting,
weakness, low blood pressure, and burns in
exposed areas.

Toxins derived from plants are
generally very easy to produce in large
quantities at minimal cost in a low-tech
environment. A typical plant toxin is ricin,
a protein derived from the bean of the
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castor plant. Approximately 1 million tons
of castor beans are processed annually
worldwide in the production of castor oil.
The resulting waste mash is 3-5% ricin by
weight. Because of its marginal toxicity, at
least a ton of the toxin would be necessary
to produce an MCBW (as defined in Figure
1). Unfortunately, the precursor raw mate-
rials are available in those quantities
throughout the world.

Animal venoms often contain a
number of protein toxins as well as non-
toxic proteins. Until recently, it would have
been practically impossible to collect
enough of these materials to develop them
as biological weapons. However, many of
the venom toxins have now been sequenced
(their molecular structure is known) and
some have been cloned and expressed (pro-
duced by molecular biological techniques).
Some of the smaller ones could also be pro-
duced by relatively simple chemical synthe-
sis methods. Examples of the venom toxins
are 1) the ion channel (cationic) toxins,
such as those found in the venoms of the
rattlesnake, scorpion and cone snail; 2) the
presynaptic phospholipase A2 neuro-
toxins of the banded krait, Mojave rattler
and Australian taipan snake; 3) the
postsynaptic (curare-like alpha toxin)
neurotoxins of the coral, mamba, cobra,
sea snake and cone snail; 4) the membrane-
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damaging toxins of the Formosan cobra and
rattlesnake and 5) the coagulation/anti-
coagulation toxins of the Malayan pit
viper and carpet viper. Some of the toxins
in this group must be considered potential
future threats to our soldiers as large-scale
production of peptides becomes more effi-
cient; however, difficulty of production in
large quantity presently may limit the
threat potential of many of them.

HOW TOXINS WORK

Unlike chemical agents, there are
many classes of toxins, and they differ
widely in their mechanisms of action. This
makes the job of medically protecting sol-
diers difficult, as there are seldom instances
where one vaccine or therapy would be
effective against more than one toxin.
Time from exposure to onset of clinical
signs may also vary greatly among toxins.

(Note that, unlike a terrorist threat, one can pre-
pare for a battlefield threat through development of
specific medical countermeasures. Vaccines and
other prophylactic measures can be given before

combat, and therapies kept at the ready.)

Some neurotoxins, such as saxitoxin,
can kill an individual very quickly (min-
utes) after inhalation of a lethal dose. This
toxin acts by blocking nerve conduction
directly and causes death by paralyzing
muscles of respiration. Yet, at just less than

17




a lethal dose, the exposed individual may
not even feel ill or just dizzy. Because of
the rapid onset of signs after inhalation,
prophylaxis (immunization or pretreatment
with drugs) would be required to protect
soldiers from these rapidly acting neurotox-
ins. Unprotected soldiers inhaling a lethal
dose would likely die before they could be
helped, unless they could be intubated (a
breathing tube placed in the airway) and
artificially ventilated immediately. Al-
though the mechanism of death after inha-
lation of saxitoxin is believed to be the same
as when the toxin is administered intrave-
nously, it is more toxic (a smaller dose will
kill) if inhaled.

Other neurotoxins, such as the botu-
linum toxins, must enter nerve termi-
nals before they can block the release
of neurotransmitters which normally
cause muscle contraction. Botulinum neu-
rotoxins generally kill by relatively slow
onset (hours to days) respiratory failure.
The intoxicated individual may not show
signs of disease for 24-72 hours. The toxin
blocks biochemical action in the nerves that
activate the muscles necessary for respira-
tion, leading to suffocation. Intoxications
such as this can be treated with antitoxin (a
preparation of antibodies from humans or
animals) that can be injected hours (up to
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24 hours in monkeys, and probably hu-
mans) after exposure to a lethal dose of
toxin, and still prevent illness and death.
Although the mechanisms of toxicity of the
botulinum toxins appear to be the same
after any route of exposure, unlike sax-
itoxin, the actual toxicity is less by inhala-
tion (i.e., the lethal dose of botulinum toxin
is slightly greater by inhalation).

While neurotoxins effectively stop
nerve and muscle function without causing
microscopic damage to the tissues, other
toxins destroy or damage tissue di-
rectly. For these, prophylaxis (pretreat-
ment of some kind) is important because
the point at which the pathological change
becomes irreversible often occurs within
minutes or a few hours after exposure. An
example of this type of toxin is
microcystin, produced by blue-green
algae, which binds very specifically to an
important enzyme inside liver cells; this
toxin does not damage other cells of the
body. Unless uptake of the toxin by the
liver is blocked, irreversible damage to the
organ occurs within 15-60 minutes after
exposure to a lethal dose. In this case, the
tissue damage to a critical organ, the liver,
is so severe that therapy may have little or
no value. For this toxin, unlike most, the
toxicity is the same, no matter what the
route of exposure.
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The consequences of intoxication may
vary widely with route of exposure,
even with the same toxin. The plant
toxin, ricin, kills by blocking protein syn-
thesis in many cells of the body, but no
lung damage occurs with any exposure
route except inhalation. If ricin is inhaled,
as would be expected during a biological
attack, microscopic damage is limited pri-
marily to the lung, and that damage may be
caused by a mechanism different from that
which occurs if the toxin is injected. Fur-
thermore, when equivalent doses of toxin
are used, much more protective antibody
must be injected to protect from inhalation
exposure compared to intravenous injection
of the toxin. Finally, although signs of in-
toxication may not be noted for 12-24
hours, microscopic damage to lung tissue
begins within 8-12 hours or less. Irrevers-
ible biochemical changes may occur in 60-
90 minutes after exposure, again making
therapy difficult.

The toxicities of some bacterial toxins
are too low to make them effective lethal
MCBWs, according to the standards de-
scribed in Figure 1. However, some cause
incapacitating illness at extremely low lev-
els. Therefore, lethality alone is not an
appropriate criterion on which to base a
toxin’s potential as a threat. The staphylo-
coccal enterotoxins are examples. They
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can cause illness at extremely low doses, but
relatively high doses are required to kill.
These toxins are unusual, in that they act
by causing the body to release abnormally
high levels of certain of its own chemicals,
which, in very small amounts, are beneficial
and necessary for life, but at higher levels
are harmful.

Only one class of easily produced
toxins, the trichothecene mycotoxins, is
dermally active. Therefore,
trichothecenes must be considered by dif-
ferent standards than all other toxins. They
can cause skin lesions and systemic illness
without being inhaled and absorbed
through the respiratory system. Skin expo-
sure or ingestion of contaminated food are
the two likely routes of exposure of soldiers;
oral intoxication is unlikely in modern, well-
trained armies. Nanogram (one billionth of
a gram) quantities per square centimeter of
skin cause irritation, and microgram (one
millionth of a gram) quantities cause necro-
sis (destruction of skin cells). If the eye is
exposed, microgram doses can cause irre-
versible injury to the cornea (clear outer
surface of the eye). The aerosol toxicity of
even the most toxic member of this group is
low enough that large-quantity production
(approximately 80 metric tons to expose a
10 km2 area with respirable aerosol) makes
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an inhalation threat unlikely on the battle-
field. These toxins, therefore, might be
dispersed as larger particles, probably vis-
ible in the air and on the ground and foli-
age. In contrast to treatment for exposure
to any of the other toxins, simply washing
the skin with soap and water within 1-3
hours after an exposure would eliminate or
greatly reduce the risk of illness or injury.

MANY TOXINS, BUT NOT AN OVER-
WHELMING PROBLEM

Because there are hundreds of toxins
available in nature, the job of protecting
troops against them seems overwhelming.
One would think that an aggressor would
need only to discover the toxins against
which we can protect our troops and pick a
different one to weaponize. In reality, it is
not quite that simple. The utility of toxins
as MCBWs is limited by toxicity (Figure 1).
This criterion alone reduces the list of po-
tential open-air, weaponizable toxins for
MCBWs from hundr fewer than 2
[ssues related to stability and weaponization
will not be addressed here, but would only
further reduce the list and make the
aggressor’s job more difficult.
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POPULATIONS AT RISK

An armored or infantry division in the
field is not at great risk of exposure to a
marine toxin whose toxicity is such that 80
tons are needed to produce an MCBW cover-
ing 10 km2, Most marine toxins are simply
too difficult to produce in such quantities.
Military leaders on today’s battlefield
should be concerned first about the most
toxic bacterial toxins and possibly some of
the plant toxins that are slightly less toxic
but available in large quantities in nature.

The more confined the military or
terrorist target (e.g., inside shelters, build-
ings, ships or vehicles) the greater the list of
potential toxin threats which might be ef-
fective. This concern is countered, how-
ever, by the fact that toxins are not volatile
like the chemical agents and are thus more
easily removed from air-handling systems
than are volatile agents. It is probably most
cost-effective to protect our personnel from
these toxins through the use of collective
filtration systems.

Nonetheless, we must consider sub-
populations of troops and areas within
which they operate when we estimate vul-
nerability to a given toxin threat. Situations
could well occur in which different popula-
tions of troops require protection from
different toxins, because of differences in
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operational environments. To protect them
effectively, decision makers and leaders
must understand the nature of the threat
and the physical and medical defense solu-
tions.

Table 3 lists the approximate number
of known toxins by toxicity level and
source. To simplify our approach to devel-
opment of medical countermeasures, we
have divided them into “Most Toxic,”
“Highly Toxic” and “Moderately Toxic”
categories (also see Figure 1). The Most
Toxic toxins could probably be used in an
MCBW,; it is feasible to develop individual
medical countermeasures against them.
The Highly Toxic toxins could probably be
used in closed spaces such as the air-han-
dling system of a building or as ineffective
terror weapons in the open; collective
filtration would be effective against these
toxin aerosols targeted to enclosed spaces.
The Moderately Toxic toxins would likely be
useful only as assassination weapons which
would require direct attack against an indi-
vidual; it is not feasible to develop medical
countermeasures against all of the toxins in
this group. Such reasoning allows us to use
limited resources most effectively and maxi-
mize protection, and thus effectiveness, of
our fighting force.

24




SOUrCe  Most Toxic Highly Toxic Moderately Toxic Total

____(Number of toxins in each category) .

Bacterium 17 12 >20 >49
Plant 5 >31 >36
Fungus >26 >26
Marine

organism >46 >65 >111
Snake 8 >116 >124
Alga 2 >20 >22
Insect >22 >22
Amphibian >S5 >S5

Total 17 >73 >305 >395

Table 3. Approximate number of toxins
arbitrarily categorized as Most Toxic (LDso
<0.025 pg/kg), Highly Toxic (LDso, 0.025-
2.5 ug/kg) and Moderately Toxic (LDsp >2.5
ug/kg). From DNA-TR-92-116, Technical
Ramifications of Inclusion of Toxins in the
Chemical Weapons Convention (CWC).

COUNTERMEASURES

PHYSICAL PROTECTION

As stated above, most toxins are nei-
ther volatile nor dermally active. There-
fore, an aggressor would most likely at-
tempt to present them as respirable aero-
sols. Toxin aerosols should pose neither
significant residual environmental threat,
nor remain on the skin or clothing. The
typical toxin cloud would, depending on
meteorologic conditions, either drift with
the wind close to the ground or rise above
the surface of the earth and be diluted in
the atmosphere. There may, however, be
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residual contamination near the munition
release point. Humans in the target area of
a true aerosol would be exposed as the
agent drifted through that area. The princi-
pal way humans are exposed to such a
cloud is through breathing. Aerosol par-
ticles must be drawn into the lungs and
retained to cause harm.

The protective mask, worn properly, is
effective against toxin aerosols. Its efficacy
is, however, dependent on two factors: 1)
mask-to-face fit and 2) use during an attack.
Proper fit is vital. Because of the extreme
toxicity of some of the bacterial toxins, a
relatively small leak could easily result in a
significant exposure. Eyes should be pro-
tected when possible. Definitive studies
have not been done to assess the effects of
aerosolized toxins on the eyes. One would
expect that, in general, ocular exposure to a
toxin aerosol, unless the exposed individual
is near the release point, would result in few
systemic effects because of the low doses
absorbed. Certain toxins have direct effects
on the eyes, but these are generally not
toxins we would expect to face as aerosols.
Donning the protective mask prior to expo-
sure would, of course, protect the eyes.

Because important threat biological
warfare agents are not dermally active,
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special protective clothing, other than the
mask, is less important in at toxin attack
than a chemical attack. Presently available
clothing should be effective against biologi-
cal threats as we know them. Commanders
should carefully consider the relative im-
pact of thermal load and the minimal addi-
tional protection provided by protective
clothing.

REAL-TIME DETECTION OF AN ATTACK
Because of the nature of the threat,
soldiers may be dependent on a mechanical
detection and warning system to notify
them of impending or ongoing attack.
Without timely warning, their most effective
generic countermeasure, the protective
mask, may be of limited value. There have
been successful efforts in the past to de-
velop real-time detectors of a chemical
agent attack. It will be more difficult to
develop such detectors for toxins for several
reasons. As stated above, toxins must be
presented as respirable aerosols, which act
as a cloud, not as droplets (as the chemical
agents) that fall to the ground and evapo-
rate with time. The toxin cloud, typically
delivered at night with a slight wind, would
be expected to move across the battlefield
until it either rises into the atmosphere to
be diluted or settles, relatively harmlessly, -
to the ground. Unlike chemical agents,
which might be detectable for hours, toxins
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might be detectable in the air at one loca-
tion only for a few minutes. Definitive,
specific toxin detectors would have to
sample continuously or be turned on by a
continuous sampler of some kind.

Furthermore, toxin detectors (assum-
ing the present state of technology) would
likely have to have the specificity of immu-
noassays to identify a toxin and differenti-
ate it from other organic material in the air.
Continuous monitoring by such equipment
would be extremely costly, reagent inten-
sive, and logistically very difficult to sup-
port because of reagent requirements.
Identifying each toxin would require a dif-
ferent set of reagents if an immunoassay
system were used. Analytical assays would
necessarily be more complex and less likely
to identify distinct toxins, but might detect
that something unusual was present. Imag-
ine the difficulty of developing a detection
system based on molecular weight or other
physical characteristics to differentiate
among the seven botulinum toxins (molecu-
lar weight is the same for all of the botuli-
num toxins, while all seven require a differ-
ent antibody for identification or therapy).
Finally, to be effective, a detector would
have to be located where it could “sniff” a
toxin cloud in time to warn the appropriate
population. This might be possible on a
battlefield, but would be nearly impossible,
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except in selected facilities, in the case of a
terrorist attack. It is possible that, if all the
capabilities described were developed and
available at the right place and time, an
aerosol cloud of almost any of the toxins of
concern could be detected and identified.
Future advances in technology could well
resolve our present technical difficulties.

DIAGNOSIS: General Considerations
Health-care providers often ask
whether they will be able to tell the differ-
ence among cases of inhalation botulinum,
staphylococcal enterotoxin intoxication, and
chemical nerve agent poisoning Table 4.
describes these differences. In general,
nerve agent poisoning has a rapid onset
(minutes) and induces increased body se-
cretions (saliva, airways secretions), pin-
point pupils and convulsions or muscle
spasms. Botulinum intoxication has a slow
onset (24-72 hours) and manifests as visual
disturbance and muscle weakness, (often
seen first as droopy eyelids). SEB poisoning
has an intermediate (few hours) time of
onset and is typically not lethal, but se-
verely incapacitating. Chemical nerve agent
poisoning is a violent illness resulting in
respiratory failure because of muscle
spasm, airway constriction and excessive
fluid in the airways. Botulinum-intoxicated
patients simply get very tired, very weak
and, if they die, it is because the muscles of
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respiration fail. SEB-intoxicated patients
become very sick, but typically survive.

Health-care providers should consider
toxins in the differential diagnosis, espe-
cially when multiple patients present with a
similar clinical syndrome. Patients should
be viewed epidemiologically and asked
about where they were, whom they were
with, what they observed, how many other
soldiers were and are involved, etc. Inhaled
and retained doses of toxins will differ
among soldiers exposed to the same aerosol
cloud. Those who received the highest dose
typically will show signs and symptoms
first. Others will present somewhat later,
while others in the same group may show
no signs of intoxication. The distribution of
severities within the group of soldiers may |
vary with type of exposure and type of
toxin. For example, exposing a group of
individuals to the staphylococcal enterotox-
ins would likely make a large percentage
(80%) of them sick, but would result in few
deaths. Exposing a group of soldiers to a
cloud of botulinum toxin might kill half,
make 20% very sick, and leave 30% unaf-
fected.

One must consider the varying latent
periods before onset of clinical signs. For
patients exposed to toxins by aerosol, the
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latent or asymptomatic period varies from
minutes (saxitoxin, microcystin) to hours
(the staphylococcal enterotoxins), even to
days (ricin, the botulinum toxins).

Save clinical and environmental
samples for diagnosis. Both immunoas-
says and analytical tests are available for
many of the toxins. Toxin samples taken
directly from a weapon are often easier to
test than biological samples because they do
not contain body proteins and other inter-
fering materials. The best early diagnostic
sample for most toxins is a swab of the
nasal mucosa. In general, the more toxic
toxins are more difficult to detect in tissues
and body fluids, because so little toxin
needs to be present in the body to exert its
effect. The capability exists however, to
identify most of the important toxins in
biological fluids or tissues, and many other
toxins in environmental samples. Defini-
tive laboratory diagnosis might take 48-72
hours; however, prototype field assays that
can identify some toxins within 30 minutes
have been developed recently. For indi-
viduals who survive an attack with toxins of
lower toxicity, immunoassays that detect
IgM or IgG (immunoglobulins produced by
the body after exposure to a toxin) offer a
means of diagnosis or confirmation or indi-
rect identification of agent within 2-3 weeks
after exposure.
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APPROACHES TO PREVENTION AND
TREATMENT

In developing medical countermea-
sures, ﬁashngmuﬂ_b_e_mge_e_dm
vi Qgg y. Some incapacitate so quickly that
there would be little time for therapy after
an attack. Others cause few or no clinical
signs for many hours, but set off irrevers-
ible biochemical processes in minutes or a
few hours which lead to severe debilitation
or death several days later. Fortunately,
- some of the most potent bacterial protein
toxins act slowly enough that, if they are
identified, therapy is usually successful 12-
24 hours after exposure.

It is always better to prevent casual-
ties than to treat injured soldiers. For most
of the significant threat toxins in military
situations, vaccination is the most ef-
fective means of preventing casual-
ties. Unlike the chemical warfare agents,
many of the important threat toxins are
highly immunogenic (exposing the body to
small doses of the inactivated toxin causes
the body to make antibodies that protect
against subsequent actual toxin exposure).
Immunized laboratory animals are totally
protected from high-dose aerosols of these
toxins. Immunization requires a knowledge
of the threat, availability of a vaccine, and
time. The time needed to allow the body to
make its own protective antibodies to a
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toxin may range from a minimum of 4-6
weeks to 12-15 weeks or longer. Some vac-
cines currently in use require multiple in-
jections, often weeks apart. The logistical
burden of assuring that troops are given
booster immunizations at the correct time
could be overwhelming in a fast-moving
build-up to hostilities.

It may be possible to reduce the time
required for immunization. For example,
antigens (materials that stimulate the body
to develop antibodies) are being
microencapsulated (entrapped in a syn-
thetic polymer that breaks down, slowly
releasing the material) to form timed-re-
lease vaccines that might provide the pri-
mary immunization, a boost two weeks
later, and another boost 10 weeks after
that—all with one injection. Another ap-
proach is being evaluated with current
Medical Biological Defense Research Pro-
gram vaccines. Soldiers could be given a
priming dose and the first boost two weeks
apart while in basic training. The response
generated by the immune system’s memory
cells might last for many months or even
years, although not all soldiers would de-
velop fully protective immunity at that time
after two immunizations. Shortly before the
onset of hostilities, or when the soldier is
assigned to a rapidly deployable unit, one
boost could provide protective immunity
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quickly, and preclude the need for addi-
tional boosts after deployment. Preliminary
data suggest that a boost up to 24 months
(the greatest interval thus far tested) after
two initial priming doses will be effective,
even with moderately immunogenic vac-
cines such as the current botulinum toxoid.
Studies are ongoing to determine the maxi-
mum reasonable interval between initial
immunization series and the predeployment
boost.

Passive antibody prophylaxis (the
soldier doesn’t make his own antibodies,
but is given antibody preparations pro-
duced in animals or other humans)is gener-
ally quite effective in protecting laboratory
animals from toxin exposure. However, this
option is of little real utility for large groups
of people for several reasons. The protec-
tion provided by human antibody may last
for only 1-2 months, and protection af-
forded by despeciated (animal antibodies
altered chemically to reduce the likelihood
of the human body identifying them as
foreign protein) horse antibody may last for
only a few weeks. Therefore, antibody pro-
phylaxis would be practical only when the
threat is clearly understood and imminent.
Furthermore, it is unlikely that animal anti-
body would be used in an individual before
intoxication because of the risk, albeit
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small, of an adverse reaction to foreign
protein. The latter problem may be over-
come within the next few years, as the pro-
duction of human monoclonal antibodies
(homogeneous populations of antibodies
directed against one, very specific site on’
the toxin) or “humanization” of mouse
monoclonal antibodies become practical.
Unfortunately, single monoclonal antibodies
are seldom as effective against toxins as
polyclonal antibodies, such as those pro-
duced naturally in other humans or horses.
However, combined antibody therapy, or
“cocktails” of more than one monoclonal
antibody, may overcome this problem in
the future.

Pretreating soldiers with drugsis
feasible, but little success has been achieved
in the discovery or development of drugs
that block the effects of toxins. Many toxins
affect very basic mechanisms within body
cells, tissues and organs; therefore, drugs
that block these effects often have debilitat-
ing or toxic side effects. An exception is
rifampin, the anti-tuberculosis drug, which
protects laboratory animals exposed to the
blue-green algal toxin, microcystin, and is
safe for use in humans.

Pretreatment (treatment after
exposure) with antibodies from human
or animal sources is feasible for some of the
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threat toxins. Passive immunotherapy
(treatment with other than one’s own anti-
bodies) is very effective after exposure to
botulinum toxin if treatment is begun soon
enough, up to 24 hours after high-dose
aerosol exposure to the toxin. The utility of
antibody therapy drops sharply at or
shortly after the onset of the first signs of
disease. It appears that a significant
amount of the toxin has, at that time, been -
taken up by areas of the body that cannot
be reached by circulating antibodies. Even
so, we have preliminary evidence that anti-
body therapy is at least partially effective
after onset of signs of intoxication (36-48
hours after aerosol exposure) in monkeys
exposed to botulinum toxin. The available
antibody to botulinum toxin is produced in
horses, and then despeciated to make a
product with a reduced risk of adverse
reaction that can be given to humans. Hu-
man monoclonal antibodies, or cocktails of
two or more monoclonal antibodies, may be
the next generation of antibody therapy.
Passive antibody therapy such as that de-
scribed here is more likely to be effective
against neurotoxins like the botulinum
toxins, which do not cause tissue damage,
than against toxins that induce mediator
release (the staphylococcal enterotoxins) or
directly damage tissues (ricin).
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Specific therapy with drugs
(drugs that alter the action of the toxin or
reverse its toxic effects directly) presentiy
has little value because most of the toxins
either physically damage cells and tissues
very quickly (ricin), or affect such basic
mechanisms within the cell (the neurotox-
ins) that drugs designed to reverse their
effects are toxic themselves. Nevertheless,
we have shown that rifampin stops the
lethal intoxication by microcystin if given to
laboratory animals therapeutically soon
after toxin administration (within 15-30
min). Development of therapeutic
drugs for toxins is presently aimed at
several more general approaches.
Where the mechanism of action of the toxin
is understood and covalent (permanent)
bonding of the toxin to cellular protein does
not occur (example: ion-channel toxins),
attempts are being made to discover drugs
that compete or block the toxin from bind-
ing to its site of action. For toxins with
enzymatic activities, such as ricin and the
botulinum toxins, drugs that serve as alter-
nate targets of such enzymatic action may
be developed. For toxins such as botuli-
num, which block the release of a neural
transmitter, attempts can be made to en-
hance the release of the needed transmitter
by other means; the diaminopyridines are
temporarily effective in reversing botuli-
num intoxication by this mechanism.
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Finally, for toxins like staphylococcal en-
terotoxins and ricin, which induce the re-
lease of secondary mediators (actually, a
natural part of the body’s defense mecha-
nism that overreacts), specific mediator
blockers are being studied. It is likely that,
in the next few years, drugs may find a
place in the therapy of some intoxications
as adjuncts to vaccination or passive anti-
body therapy, or they may be used to delay
onset of toxic effects.

Other general supportive mea-
sures (Symptomatic Therapy) are likely
to be effective in therapy of intoxication.
Artificial ventilation could be life-saving in
the case of neurotoxins, which block nerves
that drive muscles of respiration (botuli-
num toxins and saxitoxin). Oxygen therapy,
with or without artificial ventilation, may be
beneficial for intoxication with toxins that
directly damage the alveolar-capillary mem-
brane (the site of movement of molecules
between the inhaled air and the blood) of
the lung. Vasoactive drugs (drugs that
cause blood vessels to dilate or contract)
and volume expanders could be used to
treat the shock-like state that accompanies
some intoxications. These measures could
be used in conjunction with more specific
therapies.
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DECONTAMINATION: Is It Necessary?
Recall that a true respirable aerosol
will leave less residue on clothing and envi-
ronmental objects than would the larger
- particles produced by a chemical munition.
This suggests that decontamination would
be relatively unimportant after a toxin aero-
sol attack. Because we lack field experience,
however, prudence dictates that soldiers
decontaminate themselves after an attack.
As a general rule, the decontamination
procedure recommended for chemical war-
fare agents (Army FM 8-285) effectively
destroys toxins. Exposure to 0.1% sodium
hypochlorite solution (household bleach)
for 10 minutes destroys most protein tox-
ins. The trichothecene mycotoxins require
more stringent measures to inactivate them,
but even they can be removed from the skin
(although not inactivated) simply by wash-
ing with soap and water. Soap and water,
or even just water, can be very effective in
removing most toxins from skin, clothing
and equipment.
Again, because most toxins are not volatile
or dermally active, decontamination is less
critical than after a chemical attack.

39




ANSWERS TO OFTEN-ASKED
QUESTIONS

PROTECTING HEALTH-CARE
PROVIDERS

For the same reason that decontami-
nation is only moderately important after
personnel are exposed to a respirable toxin
aerosol, health-care providers are probably
at only limited risk from secondary aero-
sols. Because toxins are not volatile, casual-
ties can, for the most part, be handled
safely and moved into closed spaces or
buildings, unless they were very heavily
exposed. Prudence dictates, however, that
patients be handled as chemical casualties
or, at a minimum, that they be washed with
soap and water. The risk to health-care
providers is of greater concern with some
agents. Secondary exposure might be a
hazard with very potent bacterial protein
toxins, such as botulinum toxin or the sta-
phylococcal enterotoxins. (Note that decon-
tamination and isolation bf patients or re-
mains could be much more important and
difficult after an attack with a bacteria or
virus that replicates within the body.)

Remains of persons possibly contami-
nated with toxins should be handled as
chemically contaminated remains. For the
most part, toxins are more easily destroyed
than chemical agents, and they are much
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more easily destroyed than spores of an-
thrax. Chemical disinfection of remains in
0.2% sodium hypochlorite solution for 10
minutes would destroy all surface toxin
(and even anthrax spores), greatly reducing
the risk of secondary exposure.

SAMPLE COLLECTION: General Rules
for Toxins

Identifying toxins or their metabolites
(break-down products) in biological
samples (blood, urine, feces, saliva or body
tissues) is difficult for several reasons. In
the case of the most toxic toxins, relatively
few molecules of toxin need be present in
the body to cause an effect, therefore, “find-
ing” them requires extremely sensitive as-
says. Secondly, the most toxic, and most
likely to be seen on the battlefield, are pro-
teins, a class of molecules which our bodies
break down and process. Therefore, these
toxins and pieces of them after breakdown
often “blend into the scenery” of the body
and, at some point, are no longer identifi-
able.

Typically, we must look for the toxin
itself or its metabolites, not an antibody
response, as can be done with infectious
agents. It is very unlikely that anyone re-
ceiving a lethal dose of any of the toxins
would live long enough to be able to mount
an antibody response. However, with
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certain protein toxins (ricin and the staphy-
lococcal enterotoxins) that are highly im-
munogenic and less lethal, one might expect
to see antibodies produced in soldiers who
received a single exposure and survived.
These might be seen as early as two weeks
after exposure.

Certain toxins can be identified in the
serum of animals, therefore probably hu-
mans, exposed by inhalation. Blood
samples should be collected in sterile tubes
and kept frozen, or at least cold, preferably
after clotting and removal of cells. If col-
lected within the first day, swab samples
taken from the nasal mucosa may be useful
in identifying several of the toxins. These
too, should be kept cold. As a general rule,
all samples that are allowed to remain at
room temperature (approximately 75-800F)
or above for any length of time will have
little value.

Biological samples from patients are
generally not as useful for diagnosis of
intoxications as they arc for diagnosis of
infectious diseases. The same is true of
postmortem samples. The literature sug-
gests that botulinum toxins can be isolated
from liver and spleen, even when they can-
not be isolated from blood. We can identify
ricin with immunoassays in extracts of lung,
liver, stomach and intestines up to 24 hours
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after aerosol exposure. We have identified
high doses of ricin in fixed lung tissue of
aerosol-exposed laboratory animals by im-
munohistochemical methods. The staphylo-
coccal enterotoxins can be detected by im-
munoassay in bronchial washes. Like blood
and swab samples, postmortem tissue or
fluid samples should be kept cold, prefer-
ably frozen, until they can be assayed.

Environmental samples from muni-
tions or swabs from environmental materi-
als should be placed in sealed glass or
Teflon® containers, and kept dry and as
cold as possible. Handling a dry or pow-
dered toxin can be very dangerous, because
the toxin may adhere to skin and clothing
and could be inhaled.

TOXIN ANALYSIS AND IDENTIFICATION

Immunological and/or analytical as-
says are available for most of the toxins
discussed in this document. Immunological
methods, typically enzyme-linked
immunosorbent assays (ELISA) or receptor-
binding assays, are sensitive to 1-10 nano-
grams/milliliter and require approximately
4 hours to complete; these are being devel-
oped as the definitive diagnostic tests for
deployment. Analytical (chemical) methods
are sensitive at low microgram to high
nanogram amounts, and take approximately
2 hours to run, plus time for instrument
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setup and isolation or matrix removal when
necessary; the latter can add days to the
process. A small, sensitive, far-forward,
fieldable assay for several toxins has been
developed and similar kit assays are being
developed for many of the other toxins
described in this document. The poly-
merase chain reaction (PCR) technique,
which provides very sensitive means of
~detecting and identifying the genetic mate-
rial (DNA) of any living organism, can be
used to detect remnants of the bacterial,
plant or animal cells that might remain in
the crude, impure toxin one would expect to
find in a weapon. Finally, a new method of
combining immunoassays with PCR may
allow us to detect extremely small quanti-
ties of the toxins themselves. In their
present state, PCR assays are primarily
suited for use in the reference laboratory.

WATER TREATMENT

Questions often arise regarding the
protection of water supplies from toxins. It
is unlikely that a typical small-particle aero-
sol attack with toxins would significantly
contaminate water supplies. Furthermore,
as a general rule, direct contamination of
water supplies by pouring toxins into the
water would require that it be done down-
stream of the processing plant and near the
end user, even for the most toxic bacterial
toxins—and normal chlorination methods
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are effective against some of the most po-
tent toxins. Because of dilution, adding
toxins to a lake or reservoir would be un-
likely to cause human illness. Natural pro-
duction of algal toxins (e.g., microcystin) in
stagnant bodies of water could produce
enough toxin to cause illness if that water
were used for drinking. The following
methods of water purification have been
tested for the toxins listed.

Reverse osmosis systems are effective
against:

Ricin—64,000 daltons (molecular
weight)

Microcystin—1,000 daltons

T-2—466 daltons

Saxitoxin—294 daltons

(Botulinum toxin—150,000 daltons
and SEB—28,494 daltons not tested: expect
same result)

Coagulation/flocculation
Not effective for removing ricin,
microcystin, T-2 or saxitoxin from water.

Chlorine

Five milligrams/liter (5 parts per
million) free, available chlorine (household
bleach) for 30 minutes destroys botulinum
toxin. This concentration does not inacti-
vate ricin, microcystin, T-2 or saxitoxin.
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THE FUTURE

INTELLIGENCE: Information that pro-
tects soldiers

Readers of this document should now
understand several important points about
protecting soldiers and targets of terrorist
attack from toxin weapons:

1) Fifteen to twenty of some 400
known toxins have the physical characteris-
tics that make them threats against U.S.
forces as potential MCBWs. However, many
toxins could be used in weapons to produce
militarily significant/terrorist (psy-
chological) effects—especially in poorly
educated troops or in uninformed civilian
populations.

2) Effective individual physical pro-
tective gear is available; soldiers must re-
ceive timely warning of an attack, however,
if they are to use their protective masks
effectively.

3) Most of the toxins with the charac-
teristics that make them threats as MCBW
are proteins, which is to our advantage;
vaccines or passive antibody therapy are
developed relatively easily.

4) Immunizing troops, much pre-
ferred to treating intoxicated troops after
exposure, typically requires a minimum of
4-15 weeks.

5) Development of medical counter-
measures against likely MCBWs is feasible.
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In addition, research for and develop-
ment of a vaccine or passive antibody
therapy through final approval by the U.S.
Food and Drug Administration as a product
for human use is likely to require a mini-
mum of 4-7 years (8-10 years in some
cases). Because developing and producing
countermeasures takes years, intelligence
information regarding toxin research for
weapons development and aggressor capa-
bility analysis is invaluable. Our own un-
derstanding of the physical characteristics
of toxins, even without intelligence informa-
tion, allows us to deduce what may be pos-
sible for the aggressor; this information
reduces the list of toxins from hundreds to
less than 20. Good intelligence on threat
research and development can, at a mini-
mum, help those responsible for research
and development of medical countermea-
sures prioritize finite resources, and thus
reduce the time of the research and devel-
opment cycle. Good intelligence on
weaponized toxins held by an aggressor will
also greatly assist leaders who must make
decisions to immunize troops as they pre-
pare for conflict.  Therefore, as regards
medical defense against toxin weapons, a
strong and effective intelligence effort is
both necessary and cost-effective.
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TOXINS AS WEAPONS

Research literature suggests that we
have discovered the majority of the “most
toxic” (LDsp < 0.0025 micrograms/kilo-
gram) naturally occurring toxins. New
toxins of lesser toxicity, especially the
venom toxins, are being discovered at the
rate of perhaps 10-30 per year. There is
little precedence in the literature for artifi-
cially increasing the toxicities of naturally
occurring toxins; however, it might be pos-
sible to increase the physical stability of
toxins that are toxic enough but too un-
stable to weaponize. This could increase
the effectiveness of the threat toxins.

It is unlikely that chemical synthesis
of complex nonprotein toxins will become
significantly easier in the near future. It is
likely, however, that large-scale biosynthe-
sis of peptide toxins of 10-15 amino acids
(some of the venom toxins) will become
possible in the next few years.

I have attempted to present a ratio-
nale for focusing our medical biological
defense resources on the development of
medical countermeasures for those toxins
that our soldiers are most likely to face on
the battlefield in the next 5 years. We must
also continue limited basic research efforts
and maintain “technical watch” of the pep-
tide and other toxins that could become the
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next generation of toxin weapons. Medical

defense against biological weapons requires

constant vigilance, especially today, because
biotechnology is now available worldwide.

COUNTERMEASURES TO TOXINS

Although the threat of toxin weapons
of the future is formidable, the prospect of
new and better medical countermeasures is
brighter than ever before. Biotechnology
may have more value to those of us devel-
oping countermeasures than to those who
would use toxins maliciously. Molecular
biological techniques developed in the last
few years now allow us to produce more
effective and less expensive vaccines against
the protein and peptide toxins. Such vac-
cines will likely be available for the most
important toxins within the next few years.
We are making good progress on developing
recombinant vaccines for certain high-
threat toxins. Similar technology allows us
to produce human antibodies, which will
eventually replace those now produced in
animals. Human antibodies will be a signifi-
cant advance over despeciated horse anti-
bodies, allowing us to protect unvaccinated
soldiers by simply giving them an injection
before they go into battle, thereby provid-
ing immediate protection. Human antibod-
ies could also find application in counter-
terrorism as therapy.
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PROTECTING SOLDIERS

Protecting soldiers on the battlefield
from toxins—and replicating agents—is
possible if we use our combined resources
effectively. Physical countermeasures such
as the protective mask, clothing and decon-
tamination capabilities exist and are effec-
tive; as we improve our battlefield detection
systems, early warning of our soldiers may
become a reality, at least in subpopulations
within our forces. These assets, unlike
most medical countermeasures, are gener-
ally generic and protect against most or all
of the agents. Among the medical counter-
measures, vaccines are available and effec-
tive for some of the most important agents
and therapies exist for others. Because of
limited resources available to develop vac-
cines, diagnostics and therapies, we can
field specific medical countermeasures only
to a relatively small group of threat agents.
Our efforts in this area must be carefully
focused. A third and complementary ele-
ment of our defensive program must be
good intelligence. Only through knowledge
of specific threat agents, delivery systems,
and national capabilities can we assure
effective development and use of our physi-
cal and medical countermeasures.

50




Finally, our renewed understanding of the
real strengths and weaknesses of toxins as
weapons allows us to put them in perspec-
tive in educating our soldiers, removing
much of the mystique—and associated
fear—surrounding toxins. Knowledge of the
threat thus reduces the threat to our sol-
diers.

51




urxojooAN redung
(pooygsjuoly) 3ueld
ey [eotway)
ey [eorway)
w31y usarn-anig
e31v usarn-onig
wWniIaloeg

juedy [eoTwWay)
ae[[adeyourq oulIBR]N
uotrdioog

usty Iejyndg

ayeus prderg

[reug auo)

(ueag I015BD) JUEB(]
801 uosiod-morry
wniIajoeg

ayeus pidery
aje[[edeljour(q oULIRN/qST]
[BI00) 3OS SUIIrB|N
ojeqraderjourq oSuULIBN
wnuaoeg

(eag Aresoy) juelg
wWnuaoeyg
wnuaoeyg
wnlILoe g

J0dNnos

99¢ 00121
LY9 0°001
ov1 0°001
781 0v9
¥66 0°0S
00S 008
¥6+'8T (3d-osaad) oL
L9T oSt
66T (0'z ‘requD) Q01
000°8 06
61€ 08
000°‘9Y 0s
00$‘1 oS
0009 0¢
6€S 07
000°0-000°S€E 0610
000°08 09°0
000°1 00
00LT S1°0
0ov'e 01°0
00029 010
000°s9 00
000°0S1 T00°0
000°SS 7000
000°‘0S1 100°0
IHOIAM (3y/37)
AVINDATON 0sa’1

urxol T-1
2UNTUO0DY
(gD) utes
(@o) uewog
unsAs0IdT

(s)y-urxojeuy
(josoray/snsoqy) €HS
XA

urxojrxes
urxolsniry-o
urxojoponsJ
urxodre],
urx0)ouo)-n

Ty

urxojoyseneg

surxoy suafuuyrad D
urxojo[nxal,
urxojensdt)
urxojfjed
uIx03)OoITR N

urxo], euemyudiq
ulqy

urxo], Snueld],
urxo], e3rqs

urxo], wnurmog

INIOV

- HOIIN AJOLVAOAVT NI SINTADV TVOINAHD ANV
SNIXOL dALOITAS 40 ALI'TVHLA'T HALLVIVJINO)D T 414V

I




swordufs
Teansajuonsed
oonpai Kew surdony

ISER UL
eaAres jo sonnuenb
posearouwt Apydys oq Aep

(wondsfwr reanunfuoo)
59K0 pax, 995 Key

eayLIelp
Iojpue  Jumiuioa ‘eosnen

Surgyeorq pnoypip/ured
ISOYO !SISO JIIA9S
y3noos sanonpoiduoN

oey WSl
pidey o JewioN

soyoR O[S
agoepedy

(9-1) sinoy

g ujxojordnuyg
1ev2000[Aydeys

ON

skep ¢-7
INNOUFIP.
Sumoyrems

nq ‘fewion

spijoks Adooiqg

Anmowm
pasearoa(g

sisArered
oatssaidoxd
uey) ‘[eUlIoN

.

ojel {EULION

sisAjered

aAIssa18o1g

(ZL-$T) simoH

uixo], winujjnjog

so X
SINULN

eAl[ES
K101em ‘osmyoid
spidnd  jrewmg

evoqarelp ‘ured
‘fahiow  poseazou]

gonouIsEod  skemire

‘Surpesiq  jnotyyicy

oje1 1resq Mmo[§

Surgoum) Josnm
‘SUOIS[NATOD)

SINUIN

juady aAJaN [edwey)

*U0I)BIIX0)U]

1D-WYdz/ruydonny
o3 aJsuodsay
qisaq
Lxwayus
Ie[nsQ
[eujIsajujoIIsen
LA1o0jwaydsay
Ie[nassaofpie)
u:.:».—uz

smoydmig o3 umLy,

d uIxojorduy [edxdodojAyde)g pue uixo) wnuijnjog
‘QUadVy QAJIN [edIWRY) JOo SsIsouderq [BNUAIYJI(J v ATAVL




About the author...

Colonel David R. Franz, Deputy Commander
of the U.S. Army Medical Research Institute
of Infectious Diseases, has served within the
Medical Research and Development Com-
mand for 19 of his 23 years on active duty.
He has been assigned to four of the
Command’s laboratories and has personally
conducted research and published in the
areas of frostbite pathogenesis, organophos-
phate chemical warfare agent effects on
pulmonary and upper airways function, the
role of cell-mediated small vessel dysfunc-
tion in cerebral malaria, and most recently,
medical countermeasures to the biological
toxins. Before joining the Command, he
served as Group Veterinarian for the 10th
Special Forces Group. Recently Colonel
Franz has served as Chief Inspector on two
United Nations Special Commission biologi-
cal warfare inspection missions to Iraq and
as technical advisor on long-term monitor-
ing. He also served as a member of the first
two US/UK teams which visited Russia in
support of the Trilateral Joint Statement on
Biological Weapons and as a member of the
Trilateral Experts’ Committee for BW nego-
tiations. Colonel Franz holds the D.V.M.
degree from Kansas State University and the
Ph.D. in Physiology from Baylor College of
Medicine.



