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SUMMARY

fucpostire to funpt s common e many occupitional settings, espectally in agricalture. Presently numernus

mycotoxms are yeeopnized, and apprectable amounts can oceur in airborne spores. Thus i can be expected

that mycotoxins are mhaled when workers and others are exposed (o wirborne spores of Loxigente Tungi,

whetlier m (the oflice, or m a silo, grisin clevator, or barn. FForthermore, recent datis demonsirale that certain

mycolaxins ire scutely loxse to pidmuonary alvealar marcraphgies and thit some mycatoxing, especinlly the
miscrocyehe trichotheeences, are immunotorie, Although further studies are needed, data currently available

suppest thit pulivonary exposire Lo mycoloxins could have deleterious effects on Jrealth cither direetly or

i combination with other conponents ol thal exposure.

INTRODUCTION

Fung arc among the principal microorganisms
ymvolved in biodererioration and are found in many
sabstrates and occapational sellings. Occupalions
andd/or workplaces that may  snvolve  exposure
1o fungnclnde graim harvesting, storage and pro-
cessimy, sawmiils and wood pulp mills, mushroom
cultivibon,  waste  treanhment,  and cven  olfice
workers, brarians, and muscum workers. In fict,
virhially 1ny occupation which brings workers mio
close assocrahan with hiodeleriorntion processes
olfers the possibilibity of exposuie 10 fungr and

therr sporces,

As mipght be expected. o very large number of

workers are poltentially ac risk. I'or example, over
5 million LS, graon handlers, lumber and wood-
workers and (aom workers are helieved to be at risk
ol developing occopational asthma and  ehinitis
[33). Similarly. workers at risk ol vanons hyper-
sensitvity pnaamonitides anvolving Tung include
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approsinudely 3 million L workers, mashroon:
workers, and malt warkers combined |11

The present paper is an updiated summiry of a
previously published paper [33].

There are many ways in which fungi affect
leman health, For example, fungi are the principal
cause of plant discase and have had a major impact
on mapskind throughout history |1]. 'ungi also af-
feet haman health by divecl infectons, allergy and
hypersensitivity, and by the production of Logic me-
labolites, i.c. mycotoxing 28], Mycoloxin contami-
nation in Joodstulls and human and animals diets
has been extensively reviewed clsewhere |39, 40, 44).
Therclore, this averview will be restricted to putmo-
nary ¢xposure.

Bechause mycoloxing oceur 1n complex organic
matrices which include mtact spores andjor other
hryphat clements, bits ol subsirite, viable and non-
viahle microarganisms, and other cnvironmental
conbiminants, the overall result of cxposisre may e
the combined cifeet of one or more mycotoxing plus
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other inhaled substances ol fungal or nonfungal or-
igin. Therefore, pulmoniry exposure to mycotoxins
should be considered in the context of possible ex-
posure (o polential pathogens or allergenic micro-
organisms, as well as to lhe mycotoxins or other
chemical agents present. The nel result could in-
clude diminished resistance Lo infection and/or ad-
verse reactions of the immune system.

HYPERSENSITIVITY

Although there are many gaps in our knowledge
of the cause-cllecl relationships between fungi and
clinmicul allergy, there appears to be no doub( that
some fungi are related to respiralory allergy in a
significant proportion of atopic individuals. It js in-
teresting that many of the fungi reported to be aller-
genie in humans are also toxigenic. Some of the bet-
ter known toxigenic fungi which have been reported
as causative agents of human allergies include A/~
ternaria alternata. several species of Aspergiflus (A.
clavatus, A. fluvus, A. fumigalus, A. niger, A. ter-
reus. and A, versicolor), Cladosporium cladospo-
rivides, Stachybotrys atra, and Trichothecium ro-
seum [41]. Tt is not known whether mycotoxins play
any role in the development of human allergy, but
it is conceivable that toxins within the spore, in the
presence of specific alicrgens, could play a role in
sensitization Lo the allergen.

Farmers' lung discase (FLD) is a hypersensiti-
vily reaction which occurs in the lung in response
to inhaled thermophilic actinomyceles and cerlain
fungi [10, 28). Organic dust toxic syndrome (ODTS)
is a new syndrome, possibly associated with the
presence of fungi and/or mycotoxins. ODTS is
thought to be distinct from FLD even though its
cxact etiolony ts unknown [26]. ODTS has been re-
porled Lo be common on dairy farms in New York
State when the dry uppermosl silage in concrete-
stave silos is removed after several weeks to months
of storage [26). Total dust levels of > 100 mg/m?
and respirable dust levels of > 20 mg/m? were re-
porled in some silos with numbers of microorgan-
isms in e cess of 10%/g of dust [22).

The .ox of ‘polyclonal cell activators® as possi-

ble agents in the pathogenesis of inflammatory dis-
eases in the lung has received increasing attention
recently [48]. Polyclonal cell activators are sub-
stances which stimulate cells of the immune system
by immunologicaliy non-specific mechanisms. In
addition to endotoxin or lipopolysaccharide (LPS),
examples of such substances include plant lectins
such as concanavalin A, chemicals such as phorbal
esters, and grain dust extracts. Polyclonal cell acti-
vators may be especially important in occupational
lung disease because they can directly activate Jarge
populations of lymphocytes and/or macrophages.
This may result in the activation of much larger cell
populations and the generation of greater amounts
of inflammatory medialors than would
through antigenic slimuiation.

Olenchock et al. [24] have demonstrated that
conidia of A. fumigatus and A, terreus aerosolized
in high concentrations can cause acutc hypoxemia
and activalion of the alternative pathway of com-
plement in rabbits. Tt is not known what compo-
nent of these fungus spores incited the reaclion. If
the response of rabbits exposed to Aspergillus con-
idia can be considered comparable to ODTS, it is
possible that some component of the fungal spore
has properties similar to bacterial endotoxin and
which, il present in sufficiently high concentrations,
could incite ODTS.

occur

TOXIC VOLATILE COMPOUNDS OF FUNGI

Various fungi produce numerous volalile com-
pounds [5, 15, 18, 19, 29, 32]. The emphasis of most
of these studies was to identify major characteristic
odors, mcthodology was not consistent, and, in
most cases, no toxicity studies were undertaken.
The relevance of these studies for human health is
uncertain because: (1) the composition of the vola-
tilc mixture may vary with the methodology used,
(2) relevant concentrations of fungal volatile com-
pounds in the home or workplace arc not known,
and (3) little information is available in the litera-
ture on the toxicity of these compounds. Those fun-
gal volatile compounds for which toxicity data are
available have rather high (> 300 mg/kg) LDsq val-



ues [33]. but some are reported to be carcinogenic
(23). Scopmdariopsis brevicuulis and other fungi have
been shown to release volatile arsenic compounds
from suilable substrales [4]. Most of the known my-
coloxins are nonvolalile, but if volatile agents pro-
duced by fungi can be shown to be loxic. their im-
pact on human heilth should be considered.

OCCURRENCE OFF AFLATOXIN IN
WORKPLACE AEROSOLS

Although extensive literature has been devel-
oped since the discovery of the aflatoxins, relatively
little is known of the occurrence of these substances
in atrborne grain or other arganic dust. In addition,
virtually nothing is known of the inhalation hazard
to workers and others exposed (0 contaminated air-
borne dust. Al least two studies have provided cir-
cumstantial evidence for the association of cancer
in humans with inbalation of aflatoxin-conltaminat-
ed dust: (1) chemical engincers working with conta-
minated peanul dust [9]: and {2) biochemists work-
ing to purify allaloxing by preparative thin-layer
chromatography [8). Yan Nieuwcnhuize et al. {46)
have reported an epidemiological study of workers
in a peanut-processing plant in The Netherlands. In
the latter study. rates of multiple kinds of cancer
were more than 3 times those reported in the
matched control group. In a lollow-up study in the
same plant, Hayes et al. [16] demonstraled that
mortalily for tolal cancer and respiratory cancer in
the aflatoxin-cxposed group of peanut-oil-press
workers was higher than expecled based on stan-
dardized mortality ratio (SMR) analysis. Sorenson
ct al. [34] and Burg et al. |2] have reported the pres-
cnce of aflatoxins in respirable airborne corn dust,
sometimes in concentiations of several hundred
parts per bitiion. Also, Sorenson ct al. [35] reported
on the oceurrencee of aflatoxins in airborne respirable
pcanul dust. These results showed that airborne
peanut dust from conlaminaicd lols of peanuls
contained up Lo 612 ppb of aflatoxin By (AFBy). IT
one assumes 4 breathing rate of 3 m?/h und an air-
borne aflatoxin concentration of 1.0 ng/m* (100
ppb al a dust concentration of 50 mg/m*). a worker
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would inhale 15 ng/h and 120 ng in an 8-h work-
shilt. At present, there is a paucity ol information
concerning the risk of inhaling such amounts of al-
laloxin, bul the extremic genoloxic potential of afla-
toxin suggests Lhat the risk may be real. Otsen et al.
|25] did a retrospective study of cancer risk and oc-
cupational exposure to allaloxin among livestock
feed processing workers in Denmark. Their study
wus based on a dala linkage system which allows
linkage ol personal idenlity numbers for individual
workers, companics, employment histories back
until 1964, and cases ol cancer reported to the Dan-
ish Cancer Registry. The average concentration of
organic dusl in these companies was ca. 100 mg/m?,
crops imported for fced production have been high-
ly contaminated (average level of 140 ppb in pre-
pared cattle feed), and the estimated daily puimo-
nary exposure was ¢d. 170 ng. The Danish
investigators noted clevaled risks (or liver cancer
and cancers of biliary (ract in their worker popula-
tion, which increased by 2- 3-fold significance after
a 10-year latency and lhey reported that exposure
to aflatoxins in (he imported feed is (he most likely
explanation for their findings. Our estimate of a
possible daly exposurc to 120 ng B, by the pul-
nmonary routs is consistent with the Danish estimate
and is conservative (a light (o moderate breathing
rale was chosen and much higher dust and aflat-
oxin conlamination levels have heen reported in the
filerature).

OCCURRENCE OF MYCOTOXINS IN
FUNGAL SPORES

Wicklow and Shotwell [47) studied toxigenic
strains of A. flavus and Aspergillus parasiticus and
reported aflatoxin levels in the hundreds of thou-
sands of ppb in the conidia of certain of these
strains. These studies suggest the possibility of a
substantial risk to agricultural workers exposed to
dust containing large numbers of conidia of these
fungi. Darke et al. [7] reported that the airborne
dust around combine harvesters of cereal in Eng-
land consisted predominantly of fungus spores and
hyphal fragments with spore concentrations as high
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as 200 million spores/m® of air. Recenlly, Crolt et
al. [6] reported an outbreak of unexplained illness,
oceurring over a five-year period. which appeared
1o be relaled o the extensive oceurrence of 8. atra
contamination ol home duct work and ceiling fiber-
board. The fiberboard and air samples collected
fram the home contained substances which clicited
characteristic trichotheeene toxicity when injected
into mice. The loxic cexlracls were subsequently
shown by these investigators Lo contain macrocyclic
trichothecenes. Their study raised the possibility
thal S, asrre was the ctiologic agent lor this oul-
breik of illness via 118 Loxic metabolites. Sorenson
el al. [38) incubaled S. arra on sterile rice, and then
acrosolized the rice by acoustic vibration alter it
had hcen slerilized and dried. The distribution of
particles {mass and number) was monitored on an
aerodynamic particle sizer interfaced with a com-
puter. Dust was collected on prewceighed glass-fiber
fiters and cxtracted with 90% aqueous methanol.
fixtracts were tested in vitro for biological activity
againsl ral alveolar macrophages and mouse thy-
mocyles and lor the presence of specilic trichothe-
cenes. Most ol the particles were respirable (the
mass median duuneter was 5 gm). Microscopic
analysis of the generated dust revealed that 85% of
the dust particles were conidia of S. afra, and
another 6% were hyphal fragments. Thus, > 90%
of the particles were of fungal origin. The extracts
strongly inhibited protein synthesis and thymocyte
proliferation. Purified satratoxin H was also highly
toxic in the same systems. Each of the individual
filters contained satratoxin H (average, 9.5 ng/mg
of dust) and satratoxin G. and trichoverrols A and
B were found in lesser amounts in some. but not alt,
of the filters. These results establish that the conidia
of S, atra contain richothecene mycotoxins. The
(richothecene mycoloxing are aculely toxic Lo a va-
ricty of mammalian species {45]. strongly inhibit
protein, DNA. and RNA synthesis in cucaryoltic
cells {14, 45). and arc immunotoxic in rals and mice
[20. 30. 42, 43]. In additon. the symptoms of
sluchybotryotoxicosis in humans suggest immuno-
toxic effects [12]. The identification of tricholhecene
mycoloxins in ajirborne respirable conidia of S. arra
demonstrales the possibility for pulmonary cxpo-

sure ol workers and others (o these highly foxic
substances. They also may help o explain the (ind-
ings of previous researchers who identified human
stachybotryotoxicosis und other illness caused by
exposure 10 motdy hay, contaminated duct work,
and carpets heavily contaminated by S. atra.

EFFECTS OF MYCOTOXINS IN THE LUNG

Relatively litde information is available in (he
literature perlaining to the effects of specific myco-
toxins on the cells and tissues of the lung, cven
though these cells would be the first (o contact in-
haled mycotoxins. Some of the work from our labo-
ratory dealing with the cflects of mycoloxins on rat
alveolar nracrophages in vitro will be bricfly de-
seribed [13, 14, 36, 37). Pulmonary macrophages
perform scveral important functions in the Jung in-
cluding phagocytosis of living and nonliving for-
eign particles, regulation of T-lymphaocyte prolifer-
ation, provision of T-helper activity lor antibody
production, and production of medjators of cellular
immunity (21]. Thus, cyloloxic damage to alveolar
macrophages could lead to serious pulmonary and/
or syslemic damage.

Short-term cytotoxicity was studied by Lhe chro-
mium releasc assay, inhibition of protein and RNA
synthesis was studied by monttoring (he incorpora-
lion of [*HJ-leucine and [*H]-uridine. respectively,
and phagocylosis was studied with the use of 9'Cr-
labeled sheep erythrocytes opsonized with specific
antibody. T-2 toxin. patulin, and penicillic acid
were shown Lo cause dose- and time-dependent
chromium release, inibition of protein and RNA
synthesis, and inhibition of phagocytosis (13, 14,
36, 37} T-2 toxin also inhibiled the ability of
macrophages Lo respond to activalion stimuli, e.g.
lytnphokines produced in response to endotoxin
[14]. In this cxperiment, tymphocyles were cultured
in the presence of LPS oblained from Escherichia
coli; supernatant fluids from these culturcs were
used Lo activale alveolar macrophages. Incorpora-
tion of radiolabeled glucosamine was used as (he in-
dicator of macrophage activation. Richard ¢t al.
[27] exposed Wistar male weanling rats (o aerosols



ol killed A. fumigatus spores alone or 1o killed A.
Juwnmigatus spores conlaining 1000 or 5000 ppm
AFB). The animals were expased {or 2 h/day and
5 days/week lor 4 consccutive weeks and necropsy
was performed on a portion of the animals in cach
group al 3 wecks and 1 year post-cxposure, Hepatic
lesions were only observed in rats exposed o 1000
or 5000 ppm AFB; and only one neoplasm was ob-
served. No lung lesions were observed 1 year afier
exposure Lo aflatoxin-Iree spores or in unexposed
animals. Lung lesions of varying severity were ob-
served in 5 ol the § rats exposed to 1060 ppm AFB,,
and were more marked in rats exposed Lo the higher
level of aflatoxin. The authors estimate that the ani-
ma's exposéd (o 5000 ppm AFB, reccived a total
exposure of 0.006 mg/kg. This is well below the re-
ported LDgy of 6.0 mg/kg (i.p.) for AFB, in the
male ral [3]. The authors belizve thal the general re-
sponse ol the exposed animals appeared o be that
ol a compromised host.

FUTURE RESCARCH NEEDS

At Lhe present time, fittle information is availa-
bic on the concentralion of airborne mycotoxins in
the home or workplace. Although fungi are known
o produce a variely of volalile subslances, virtually
all of the known mycoloxins arc nonvolatite. There-
[ore. pulmonary exposure to the mycotoxins would
need to occur by inhalation of spores and/or small
substrate particles containing the toxins. There is a
need for additional information on the airborne
concentrations of selecied mycoloxins in specific
workplace settings. such as grain elevalors, silos,
and grain processing operations whenever there is
reason 1o believe conlamination by toxigenic fungi
may he a problem.

A limited number of studies exist to show that
fungal spoits can contain significant or even very
high levels of certain mycotoxins such as aflatoxin
or satraioxin H. Additional studies are needed to
determine whether exposure (0 lungus spores may
constituic a significant health risk by virtue of thejr
mycotoxins is well as by their ability to stimulate
adverse immunologic response. Only a very limited

209

amount of information is available in the literature
relating to inhalation toxicity of the mycotoxins.
Further inhalation studies are needed (o provide in-
formation as to the risk associated with exposure to
these compounds. Very litte is known of the ability
of tissues of the lung to metabolize mycotoxing and
lo claborate melabolites which may have modified
toxicity (o tung tissucs, or may be more or less easi-
ly transported out of the lung to olher tissues. Fur-
ther information is needed regarding the toxicity of
mycotoxins for the various cells and tissues of the
lung.
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