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Fungi are ubiquitous and consist of several families. Once believed
to be a part of the plant family, most experts now believe that fungi are a
separate kingdom. There are over 100,000 types of fungi. About 90% of
these are Ascomycota but some are far more colorful such as the
Basidiomycetes.

Ascomycota are spore formers and have in common a structure
termed the ascus.



Ascus 1

Examples of this family include Candida Albicans, Penicillium
chrysogenum  (the producer of penicillin), Saccharomycetes cerviviciae
(the commercial yeast so vital commercially), Aspergillus flavus (a
producer of aflatoxins) and Morchella esculentum, the edible morel . As
parasites, Ascomycetes account for most of the animal and plant
pathogens including Pneumocystis carinii, responsible for pneumonia of
humans with compromised immune systems and Ophiostoma ulmi, the
Dutch elm disease fungus that is responsible for the demise of elm trees in
North America and Europe

 A vast majorit y of this class are the terrestrial, filamentous molds
called Euascomycetes.  It is from this group that toxic products termed
mycotoxins are produced. Molds produce a number of other compounds
extracellularly. These include volatile organic hydrocarbons, β - D –
glycans, enzymes and a variety of toxins. The products permit survival of
the molds in a hostile environment. They work in concert to breach cellular
wall of other organisms, attack cellular material and cause death of other
living organisms. Their products are potentially toxic to plants, other
molds, insects, animals and man. 2,3,4

In 1955 following the death of a number of turkey foals the cause was
found to be contaminated feed. The contaminated material was analyzed
and the cause isolated, identified and classified. This was termed aflatoxins
which is the most potent naturally occurring carcinogen. Aflatoxin is so
potent that it is often included in discussion of potential bioterrorist
weapons. Later five classes of mycotoxins were identified -  aflatoxins,
fumonisins, rubratoxins, and trichothecenes and ochratoxins. All have the
potential to destroy plants, animals and sometimes man. All molds produce
mycotoxins but some are more potent than others. Mycotoxins are
secondary products of metabolism that vary from one fungal species to
another. They produce a disease termed mycotoxicosis in both animals
and man, in nature by ingestion of contaminated food products. The
production of these products is not constant but depends on
environmental conditions. Not all species produce toxins that are
detrimental to man. 5,6

Virtually all livestock feeds contain molds or mold spores, usually in
small amounts. Under certain conditions, these molds can grow rapidly.
Mold growth is undesirable because as the mold grows it consumes
valuable nutrients, lowering the energy, fat, protein, and vitamin content of
the feed, which may lead to nutritional deficiencies. Mold growth causes
feeds to cake or clump, making them more difficult to handle, and molded
feeds generally change in color, consistency, and smell, causing animals
to reject them. In addition, as they grow, molds can produce mycotoxins.



While mycotoxins cause significant losses in crop receipts, few systematic
estimates of the economic losses associated with mycotoxins have been
made. One of the few economic estimates available put the losses of North
Carolina corn producers and handlers at $30 million in 1980. Other crops
such as peanuts, soybeans, cotton, and small grains can also be affected.

Mycotoxins also cause significant economic losses to livestock producers
due to impaired animal health, reduced productivity and, in severe cases,
death. Examples of some of the better-studied mycotoxins include T2,
deoxynivalenol, nivalenol, zearalenone and fumonisins. 7

T2

Mycotoxins have been linked to a variety of human disease. Ergot a
mold derivative is utilized beneficially for migraine headaches and for
parturition. Ergot however can produce both physical and mental disorders
and in fact was used by the Assyrians 600 years BC to poison the well
water of their enemies. This is the first recorded use of biological weapons.
Trichothecenes are mycotoxins that have received a lot of attention due to
increased public awareness of “toxic” molds in water damaged houses and
buildings. Millions of dollars worth of insurance claims are being spent on
illnesses said to be related to molds.  This was initiated by several infant
mortalities from idiopathic pulmonary hemorrhage said to be related to a
combination of tobacco smoke and the presence of trichothecenes from
Stachybotrus chartarum. The evidence for this is rather weak from a
scientific point of view. Measuring evidence of mycotoxins in humans was
and is difficult and correlating the clinical response with the type of
mycotoxin detected is still not on the grounds of firm science.
Stachybotryotoxicosis however has been reported in farm workers in
Russia, Yugoslavia and Hungary. This mold produces a hemolysin, a
neurotoxin and satratoxin among others.

A recent conference on the health effects of fungi was held in
Saratoga Springs, New York 8 Trichothecenes consists of over 150
substances, which have in common a chemical feature  - the presence of a
trichothecene ring, which contains an olefinic bond at C9, 10 and an
epoxide group at C 12, 12.

From 1942 to 1947 more than 10% of the population of Orenberg,
near Siberia, were fatally affected by overwintered millet, wheat and barley.



Extensive investigations after the war indicated that a toxin from Fusarium,
a mold, caused these deaths. The condition was called alimentary toxic
aleukia (ATA). The specific mycotoxin is believed to be a trichothecene, T2.

T2 was the only mycotoxin believed to be weaponized until aflatoxin
was found in Iraq by United Nation inspectors in 1995. T2 was implicated in
the deaths in Laos (1975-1981) among Hmong villagers opposed to the
North Vietnamese and the Laotian Peoples Liberation Army. It is suspected
by the defense department that T2 was supplied by the Soviet Union and
were both ground and airborne delivered by Laotian aircraft and military.
These air attacks were described as a “yellow rain” though other colors
were also seen. It is also suspected that Soviet pilots delivered these
weapons, along with others, in their war in Afghanistan. (1979-1981). There
are unconfirmed reports that it was also employed in the Iran-Iraq war
(1983-1984). There is a controversy as to whether T2 was actually ever used
in these attacks, however the evidence leans toward its use in Laos and
Afghanistan. The conclusion that T2 was involved in Laos and Kampuchea
(Cambodia) is based on blood testing of victims, tissue analysis of
autopsies on some of the fatal cases and direct interviews of victims by a
trained CBW team. 9,10,11,12,13,14,15,16,17,18

Even though we have not verified that the Soviet Union has stockpiled or
even weaponized T2 for certain, this particular compound must be
considered as a significant terrorist agent potentially due to its ease of
production, its extreme potency and its survival potential under extreme
thermal conditions. The Soviets were the first to experience and investigate
the impact of ingested mycotoxicosis from Fusarium tricinctum, later
called T2. The Soviets have never admitted that they weaponized T2.

Epidemiology

Molds  are ubiquitous. Every time you open the door millions of mold
spores enter your home. Some molds are predominately found outside and
some prefer an indoor environment. Indoor molds such as Aspergillus
flavus, Aspergillus niger, Penicillium and Stachybotrus chartarum are
gaining a reputation as “toxic” molds as they are known to produce  a
variety of mycotoxins though not T2.

Fusarium tricinctum, the producer of T2, is predominately found in
grains. If the grains are not harvested and allowed to become fungal
infested with the proper atmospheric conditions present, they can become
heavily infested with Fusarium and cause mycotoxicosis. Two countries
have adapted regulatory limits for T2 of 100 ng/kg.

Allergies to molds are common. The American College of Allergy,
Asthma and Immunology notes that persistent or recurrent symptoms of
allergy is commonly seen but often misdiagnosed. These include
headaches, fatigue, sinusitis, rhinitis, urticaria or rashes, concentration



problems, sore throat and arthralgias. These symptoms are more likely in
the 35 to 40 million Americans born with allergies. This problem accounts
for a portion of cases suffering from “sick building syndrome”.

Measuring mycotoxins has been undertaken on agricultural products
in the past several years but is only beginning to be done in the civilian
medical community for potential clinical disorders. All mold species do not
make T2.

PATHOPHYSIOLOGY

Mycotoxins have a variety of effects. Some hemolysins, some are
neurotoxicants, many are irritants to skin and mucosa and many suppress
protein metabolism. Some, like Ochratoxin have an affinity for the kidneys,
(Balkan nephropathy and renal tumors.) others, like aflatoxin, have an
affinity for the liver (acute toxic hepatitis, Indian childhood cirrhosis,
hepatocarcinogenesis). Some are potent carcinogens (notably aflatoxins
and ochratoxins). T2 is only weakly so.

The trichothecenes are potent inhibitors of protein metabolism
including RNA and DNA. They have an effect on lipid peroxidation and
cause excessive free radical damage. T2 can also interfere with the
electron transfer mechanism at the level of succinic dehydrogenase. T2,
one of the most potent trichothecenes is radiomimetic in that it is
teratogenic, mutagenic and carcinogenic and causes immunologic and
hematopoetic suppression.

These small molecular weight chemicals freely pass through cell
membranes where they specifically attach to ribosomes and mitochondria.
Absorption of T2 is rapid with peak concentration experimentally in less
than one hour. They readily pass through intestinal mucosa and the lungs.
Mice, rats and guinea pigs die within one to 12 hours after a high
concentration of this aerosolized mycotoxin is administered. No obvious
lung lesions are present.

Clinical Manifestations

Sporadic cases and animal experiments indicate that consumption of
T2 infested grain results in weight loss, vomiting, skin inflammation,
bloody diarrhea, diffuses hemorrhage and possibly death.  In experimental
animals there was a rise in Prothrombin time and aspartate amino
transferase levels. Alimentary toxic aleukia (ALA) victims showed three
phases of illness:

• The acute phase lasting 3 to 9 days with burning of the skin
and mucous membrane, headaches, dizziness, extreme
fatigue, nausea, vomiting and diarrhea, fever, sweating,
cyanosis. Then in 2 to 4 weeks neutropenia,



thrombocytopenia, and anemia occurred. Sepsis was a
complication of this as well as petechiae. This resembled
radiation poisoning.

• Deaths occurred but the survivors entered an intermediate
stage with all of the above symptoms but more skin
hemorrhage and focal necrosis. Gastrointestinal bleeding
occurs at this stage as well as worsening of the bone marrow
depression. Sepsis then becomes even more of a problem.

• In those who survive, a late stage occurs starting 3 weeks to 2
months, with gradual improvement of skin and hematologic
abnormalities. Immunologic suppression may persist and
increased risk of infection remains.

 Inhalation of high amounts of T2 experimentally as well as from
clinical evaluation of victims indicates an acute onset of ocular and
cutaneous irritation followed by the onset of systemic illness in a few
hours followed by cardiovascular collapse, shock and death occur within
12 hours. In survivors, not only is there skin burning, which may persist
after washing away the obvious surface mycotoxin after an aerosol attack,
but skin vesiculation occurs as well as necrosis.

Differential Diagnosis

On must consider: Sulfur and Nitrogen Mustard, Lewisite, Radiation
poisoning, some plant poisonings. Epidemiologic information, laboratory
results and history of being exposed to colored droplets or gas is critical.
The irritative effects are not accompanied by a prolonged latent period as
seen in most mustard cases. There would be negative gamma counter
readings.  Phosgene Oxime may be considered if necrosis and cutaneous
manifestations were prominent. Staph Enterotoxin B does not cause skin
burning.

Laboratory Findings

In experimental animals initially a Leukocytosis followed by a
neutropenia which returned to normal in about 7 days. In victims of ALA, a
more severe bone marrow depression occurs with anemia,
thrombocytopenia and neutropenia and frequent evidence of sepsis.

Specific testing for mycotoxins is carried out by reference
laboratories that can identify T2 with gas chromatography and high speed
liquid chromatography. 75% of the parent compound is eliminated in 24
hours but the metabolite lasts for 28 days. It can also be identified with
immunologic methods.  A one time non frozen or refrigerated urine
specimen is preferred if the exposure is less than 48 hours old. A small
amount of hydrochloric acid is added to reduce bacterial contamination.



After a few days lapses, the specimen is recommended to be a 24 hour
urine study with hydrochloric acid added (0.1 cc of HCL added per 100 cc
of urine).

Pre-exposure Prophylaxis

There is no vaccine currently available. High dose vitamin C has
shown some protective benefit in experimental animals but has not been
studied on humans.

Post – Exposure Therapy

There is no specific therapy for trichothecene mycotoxin poisoning.
Skin contamination will help up to 6 hours after exposure. Use soap and
water or in the military, use a M258A1 or M291 kit. Symptomatic support for
dermal, gastrointestinal and respiratory symptoms is required. Superactive
charcoal may help as it improves survival rate in mice. Dexamethasone
also helps survival in animal models.

Future Research

The Department of Defense has researched two skin products that
can protect animals from the dermal effects of T2. An IND has been applied
for one of these agents and has been shown to be safe for human. It also
can bind other agents. The use of a passively protective agent with a
limited time frame of efficacy would only be practical if appropriate
intelligence indicates that there is a high risk of this agents use or a first
responder is entering a contaminated area. No specific postexposure
treatment agent is currently being studied.

References

1. Volk T.J., www.wisc.edu/botany/fungi/volkmyco.html

2. R. Bamburg et al, Tetrahedron  24, 3329 (1968). Physicochemical data

3. A. E. Pohland et al, Pure Appl. Chem . 54, 2119 (1982). Synthesis
4. M.C. Wani et al., J. Org. Chem . 52, 3468 (1987). Biosynthetic study
5. F. Van Middlesworth et al., J. Org. Chem . 55, 1237 (1990). Toxicology
    studies
6. W. F. 0. Marasas et al., Toxicol. Appl. Pharmacol . 15, 471 (1969)

      7. H. B. Schiefer, D. S. Hancock,  ibid . 76, 464 (1984)

8. Bioaerosols, Fungi and Mycotoxins: Health Effects, Assessment,
Prevention and Control.: Johanning E. Mount Sinai School of



Medicine, Department of Community Medicine, Fungal Research
Group (2001) Fungal Research Group .

9. D. A. Creasia et al, Fund. Appl. Toxicol  14, 54 (1990). Implicated as a
    chemical warfare agent in Southeast Asia with nivalenol, q.v.
10. N. Wade, Science  214, 34 (1981)
11. R. T. Rosen, J. D. Rosen, Biomed Mass Spectrum . 9, 443 (1982).
12. Review: Developments in Food Science  vol. 4, Y. Ueno, Ed., entitled
    "Trichothecenes: Chemical, Biological and Toxicological Aspects"
    (Kodansha Ltd. and Elsevier, New York, 1983) 310 pp. Review of
    pharmacokinetics and metabolism:
13. B. Yagen, M. Bialer, Drug Metab. Rev . 25, 281-323 (1993).
14. USAMRIID Medical Management of Biological Casualties Handbook
     (2001) Fourth Edition: U.S. Army Research Institute of Infectious
     Disease. Fort Detrick, Fredericksburg Md.
15. Textbook of Military Medicine. Medical Aspects of Chemical and
Biologic Warfare. Eds. Zajtchuk R, Bellamy R. 1997 Office of the
Surgeon General, Department of the Army. Borden Institute. Walter
Reed Medical Center. Washington
16.. Siess MH, Le Bon AM, Canivenc-Lavier MC, Suschetet M.
Mechanisms involved in the chemoprevention of flavonoids.
Biofactors 2000;12(1-4):193-9
17. Pitt JI. Toxigenic fungi and mycotoxins.
Br Med Bull 2000;56(1):184-92
18. Peraica M, Radic B, Lucic A, Pavlovic M. Toxic effects of mycotoxins
in humans.  Bull World Health Organ 1999; 77(9): 754-66
19.Kucewicz W. The Bee feces theory still has no sting. Wall Street
Journal Sept 17 1987
20. Ellenhorn M. Ellenhorn’s Medical Toxicology Second Edition
Williams and Wilkins electronic


