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ABSTRACT 

Three samples of hay associated with an outbreak of bovine respirato~ 
disease were examined for possible etiological agents. The total numbers of 
viable microorganisms in the samples ranged from 104 to 10 ~ colony-forming 
units/mg dust. Mycological studies on these samples revealed that the 
predominant fungi were members of the genus Aspergiilus with fewer 
numbers of Penicillium, Phoma, and Aureobasidiurrt The predominant 
Aspergilli observed were members of the xerophilic A. glaucus group. 
Counterimmunoelectrophoretic analysis demonstrated that one of the hay 
samples (sample 3) contained material which reacted with all except two of the 
bovine sera tested and with serum from both exposed and unexposed human 
subjects. 

I N T R O D U C T I O N  

Agricultural  dust contains  a myr iad  of  substances and  is known to cause 
adverse respiratory effects in agricultural  workers and  other  individuals  
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exposed to high concentrations of dust (Pratt & May, 1984; doPico, 1986: 
May et al., 1986). The bedding chopper is a mechanical  device which cuts 
hay into short lengths and blows it into cattle stalls to be used as bedding 
by dairy cows. This operation creates a considerable dust cloud 
containing high levels of microorganisms and other materials, e.g. 
endotoxin (Pratt et al., 1990). A recent study of endotoxin air concen- 
trations associated with these choppers demonstrated levels as high as 
27096 EU/m 3 (Pratt et al., 1990). Endotoxin is also commonly  found in 
high levels in cotton dust associated with adverse respiratory responses 
(Castellan etal . ,  1987). The present study reports the results of an 
examination of three hay samples from a barn in which both the farmer 
and the dairy cows had symptoms associated with the use of a bedding 
chopper. The presence of endotoxin and histamine were previously 
demonstrated in these samples (Siegel et al., 1991). The cows displayed 
asthma-like symptoms. The farmer who operated the bedding chopper 
had no respiratory symptoms during the day, but complained of 
congestion at night. Hay extracts were examined for the presence of 
bacteria and fungi and respirable dust clouds were also generated from 
these samples to study the presence of microorganisms introduced into 
the air. 

MATERIALS AND METHODS 

Hay samples 

Three samples of hay from barns in which 50% of the cows displayed 
wheezing and coughing spells were obtained from farms located near 
Cooperstown, NY. Sample 1 consisted of hay and hay chaffwhich  was 
the accumulat ion of approximately 5 years between the floor of the mow 
and the ceiling of the milking floor of the barn. This hay had been 
exposed to leakage from the barn roof, it showed obvious evidence of 
decay, and was originally thought to be the cause of the problem in one of 
the cows because chaff, from this hay, had fallen directly on her head. 
Sample 2 was newly purchased from a local source. This sample had 
been refused by a horse farm because it was too dusty for horses but the 
cows did not refuse to eat it. Sample 3 was estimated to be approximately 
1 year old and probably had got wet during storage because the roof 
above it leaked badly. This was replaced soon after the new owner moved 
to the farm. All the samples were sent to Morgantown for study. 

The hay samples were chopped and sieved through a 20 mesh stainless 
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steel screen before being in t roduced into the aerosol generator. The 
system described by Sorenson etal .  (1987) was used for aerosol 
generat ion and  analysis. Respirable-sized dust  particles were generated 
from 10-20 g port ions of  hay samples in a minia ture  version of  the Pitt-3 
acoustical dust  generator (Weyel et aL, 1984). This  minigenerator  has a 
Plexiglass tube (approximately 38 cm high with an inner  diameter  of  
approximately  12 cm) with vibration provided by rubber  dam material 
over a 6.3 cm speaker, powered at 60 Hz and  3V by an  autotransformer.  
Filtered air was in t roduced into the generator  at 2 l i ters/min ( lpm)  and 
mixed with filtered room air prior  to being in t roduced into a 20 liter glass 
carboy used as a settling chamber.  Exhaust  air flow was main ta ined  at 
7-4 l p m  by three critical orifices sealed into Nalgene tubing with silicone 
adhesive and  calibrated by the soap bubble  meter  me thod  (Levy, 1964). 
Respirable dust  was collected at 1.7 1 p m  through a 10 m m  cyclone (Mine 
Safety Applicances Co., Pittsburgh, PA) onto  an in-line, preweighed 
37 m m  0.45 p m  HA filter (Millipore, Bedford, MA). Total dust  concen- 
trations were de termined  by collecting air at 4-25 l p m  through an in-line 
37 m m  0.45 ~m HA filter. Total and  respirable dust  concentrat ions were 
de termined  gravimetrically. Samples for microbial  analysis were 
collected on in-line, sterile 37 m m  polycarbonate filters (pore size = 0.2 pm)  
at a flow rate of  1.5 l p m  for 20-30 min  to min imize  possible viability loss 
due to desiccation. All componen t s  of  the system were either replaced or 
disinfected with 70% isopropanol  between samples  in order  to reduce or 
el iminate the possibility o f  carry-over of  microorganisms from sample to 
sample. 

For  est imation of  the concentrat ion of  bacteria and  fungi in 
aerosolized hay, the respirable-sized dust particles were removed from 
the polycarbonate  filters by the method  o fPa lmgren  et al. (1986). In brief, 
1.5 ml of  sterile water conta in ing 0.1% (w/w) of  Tween 80 was added  
through the outlet connect ion of  the cassette to saturate the cellulose 
back-up pad and  then 5 ml of  the same solution was added  through the 
inlet connection.  The cassette was replugged and shaken for 15 min on a 
shaking table. After shaking, port ions of  the fluid on the inlet side of  the 
filter were used for est imation of  total microorganisms by scanning 
electron microscopy and  the remainder  of  the fluid was used for dilution 
plating to determine the n u m b e r  of  viable microorganisms present. 
Undi lu ted  samples for SEM were collected on a second filter, dehydrated 
through a graded series of  ethanol,  and  transferred into graded amyl 
acetate-ethanol  solutions to 100% amyl acetate. Samples were then dried 
using a Denton  DCP-I  apparatus.  Samples were moun ted  onto carbon 
planchets,  placed on a lumin ium SEM stubs, and  coated with gold- 
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pa lad ium (200,~). Coat ing of  the samples was carried out using a 
Polaron E5100 Series III sputted coater. SEM examinat ion was 
performed using an ETEC Autoscan SEM operating at 20 kV. The 
number  of  spores or bacterial cells was counted from at least 10 fields of  
view at a magnificat ion of  3000× (Pasanen et al., 1989). Serial 10-fold 
dilutions were made, and  0.1-ml port ions were plated in triplicate on the 
following agar media: tryptic soy agar (TSA) for total bacteria, eosin 
methylene blue agar (EMB) for Gram-negat ive bacteria, half-strength 
tryptic soy agar (TSA/2) for thermophi l ic  actinomycetes, and rose 
bengal-streptomycin (RBS) and dichlor-glycerol agar (DGI8)  for fungi. 
DG18 (Hocking & Pitt. 1980) was originally formulated for the 
enumera t ion  of  xerophilic fungi, which are known to be c o m m o n  
contaminants  of  cereals. This med ium has been proved to be useful for 
the enumera t ion  of  other fungi as well (Hocking & Pitt, 1980). The agar 
plates were incubated at 28°C for 5-7 days (RBS and DGI8),  35°C for 2 
days (TSA and EMB). 45°C for 5-7 days (RBS), and 55°C for 7 days 
(TSA/2). After incubation,  colonies were counted in order to determine 
the concentrat ion of  viable organisms per sample. 

Because the aerosol was generated in an artificial system which may or 
may not simulate actual dust concentrat ions in the workplace, concen- 
trations of  microorganisms in the aerosol are expressed in colony- 
forming (CFU) units per mill igram of  dust rather than C F U / m  3. In order 
to estimate the frequency of  individual organisms in the aerosols, 
representative plates of  each med ium were selected and each colony on 
these plates was transferred to agar slants for further study. Fungi were 
identified on the basis of colony and microscopic morphology,  and. in 
the case of  Penicillium species, on their growth rates on specific media 
(Pitt, 1979). Raper  & Fennell  (1965) and Pitt (1979) were used for the 
identification of Aspergillus and Penicillium isolates respectively, 

Serum samples were collected from 12 exposed and six unexposed 
cows and from one exposed farmer and from one unexposed h u m a n  
volunteer. Ten of  the exposed cows were sick. Each serum was tested for 
specific precipitating ant ibody to extracts from the three hay samples by 
counter immunoelec t rophores is  (CIEP) by the procedure of Gordon  
etal. (1971). A positive control was used with each CIEP plate. Bulk 
samples were extracted in sterile pyrogen-free water by rocking for 
60 min at ambient  room temperature and then centrifuging at 1000g for 
10 min. Supernatant  fluids were stored at 85°C before use. Positive 
controls were used with each CIEP plate and consisted of  known 
Aspergillus fumigatus antigens from Greer Laboratories Inc. (Lenoir, 
NC). 
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RESULTS 

The total numbers  of  viable microorganisms detected in these samples  
are summar ized  according to the broad category of  organism in Table 1. 
The numbers  of  viable microorganisms ranged from c. 104 t o  C. 10 ~ 
C F U / m g  of  dust  with the highest  coricentrations found in Sample 3. 
Thermophi l i c  act inomycetes were not detected in these samples. In 
general, numbers  of  viable fungi and bacteria were comparable  in 
Samples 1 and 3, whereas in Sample  2, fungi were found in c. 40- to 50- 
fold greater numbers  than  bacteria. Of the viable microorganisms 
observed in these samples, the mesophi l ic  fungi were found in the 
greatest numbers ,  especially members  of  the xerophilic Aspergillus 
glaucus group (anamorphs  of  the genus Eurotium Link ex Fr., E. rubrum. 
E. chevalieri, and E. amstelodami). Although the numbers  of fungi from 
each sample were nearly equal on the two media  (Table 2), the species 
observed were not. For example,  E. rubrum and E. chevalieri were not 
isolated from RBS, even though equal port ions of  the same dilutions 
were plated on both media at the same time. On the other hand,  
E. amstelodami was isolated from both media  in roughly equal numbers .  
Aspevgillus versicolor, al though not observed in hay 2. was a major  
componen t  of  the mycota of  hay 1 and hay 3. Penicillium aurantiogriseum 
was found only in hay 3 and  Penicillium spinulosum only in hay 1. 

Thermoto le ran t  fungi in these hay samples  consisted p redominant ly  
of Aspergillus fumigatus with smaller  numbers  of Aspergillus nidulans and 
Absidia co~mbifera. Total numbers  of  these fungi were not  exceptionally 
high (Table 1). Certain of  the fungi observed on RBS, e.g.Aureobasidium 
pullulans, were not observed on DG18. The numbers  of  organisms 
observed by SEM on Nucleopore  filters were one to three orders of  
magni tude  higher  than the numbers  of  viable organisms (Table 3). 

TABLE i 
Viable  M i c r o o r g a n i s m s  from Aeroso l i zed  Hay  ( C F U / m g  of  dust)  

Hay Sample 1 Hay Sample 2 Hay Samph" 3 

Total bac te r ia  1"2 × 10 4 1'7 × 10 3 2"3 × l0 t 
G r a m - n e g a t i v e  bac te r ia  N D  N D  4 '5  x 10 6 
M e s o p h i l i c  fungi 1"2 × 104 8"5 × 104 I'1 × 10 6 
Xeroph i l i c  fungi I-0 X 104 7"2 × 10 4 1"1 x 10 6 
T h e r m o t o l e r a n t  fungi 2-9 X 10 2 9"2 × 101 8"9 X 10 z 

ND:  not  detected.  
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TABLE 2 
Mesophilic Fungi from Aerosolized Hay (CFU/mg of dust) 

RBS agar DGI8 agar 

Ha)' Ha), Hay Hay Hay Hay 
Sample 1 Sample 2 Sample 3 Sample 1 Sample 2 Sample 3 

Aspergillus versicolor 8 X 103 ND 
Aureobasidium pullulans ND ND 
Eurotium amstelodami 4 X 102 8"5 X 104 
Eurotium chevalieri ND ND 
Eurotium rubrum ND ND 
Pen icilliu m N D N D 
aurantiogriseum 
Penicillium spinulosum 
Phoma sp. 
Undetermined 
Total 

8"5X 105 1"9X 10 ~ ND 3-1 X 10 ~ 
5"0 X 105 ND ND ND 

ND 3"7X 10 e 6.9X 104 3-9X 104 
ND 3"7X 102 3"3X l0 S ND 
ND 4.1 X 103 ND 1'6 X 10 ~ 
ND ND ND 5.9 x I0 5 

2 .8x10  ~ ND ND ND ND ND 
ND ND ND 3 . 7 x 1 ~  ND ND 

8.0X102 ND 2.0X 105 3.0x103 ND 4.0x104 
1.2X 104 8-5x104 1.1x 106 1.0X 104 7.2X 104 1.1 x 106 

ND: not detected. 

TABLE 3 
Total Microorganisms Observed by SEM on Nucleopore Filters (spores and/or cells per 

mg of dust) 

Ha), Sample 1 Ha), Sample 2 Hay Samph" 3 

Bacteria 27 X 10 -~ (4.4)" 1" 1 x 106 (0"2) 9.8 X 106 (2.4) 
Fungi 1"6 x 106 (0'8) 5"2 X 106 (1"5) 6-9 × 106 (15"9) 

"Numbers in parentheses represent the viable counts expressed as a percentage of the 
counts observed by SEM, 

C o u n t e r i m m u n o e l e c t r o p h o r e t i c  ana lys i s  revea led  that  sera o b t a i n e d  
f rom 8 o f  10 sick cows,  2 o f  2 h e a l t h y  cows  f rom the s a m e  ba rn ,  a n d  f rom 6 
o f  6 cows  f rom o t h e r  f a rms  p r o d u c e d  p rec ip i t in  b a n d s  with S a m p l e  3. 
Th i s  s a m e  s a m p l e  reac ted  with s e r u m  f rom b o t h  e x p o s e d  a n d  u n e x p o s e d  
h u m a n  subjects.  N o  prec ip i t in  b a n d s  were  o b s e r v e d  with S a m p l e s  1 or  2 

(data  no t  shown) .  

D I S C U S S I O N  

Total  v iable  m i c r o o r g a n i s m s  in these  s a m p l e s  were c o m p a r a b l e  to the 
levels r epor ted  in o t h e r  s tudies  (Pra t t  & May,  1984; M a y  etal..  1986: 
D u t k i e w i c z  etal. ,  1989) except  tha t  G r a m - n e g a t i v e  bac te r ia  were no t  
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detected in hay 1 or hay 2 and represented less than 2% of the total viable 
bacteria in hay 3. In spite of the respiratory disease symptoms observed 
in the dairy cattle, the numbers of thermophilic actinomycetes commonly 
associated with farmer's lung disease (FLD) were low. This suggests (1) 
that the etiologic agents were present in sufficient concentration to 
elaborate symptoms in the absence of large numbers  of irrelevant 
microorganisms, or (2) that other, as yet undefined, substances were 
present in the hay which are the etiologic agents. 

The most striking group of fungi in these samples were members of the 
A. glaucus group. All are xerophilic fungi common on cereal grains 
(Raper & Fennel, 1965: Ito etal., 1973: Le Bars & Escoula, 1973: 
El-Sharouny etal., 1988). According to the International Code of  
Botanical Nomenclature,  the correct generic name for these fungi is 
Eurotium because of the presence of the asci and ascospores. Eurotium 
umbrosum, a member  of this group, has been reported to be particularly 
abundant  in hays associated with FLD in Fin land and it reacted with 
most sera from farmer's lung patients in precipitin tests there (Terho & 
Lacey, 1979). Members of this group are remarkably similar, both 
morphologically and biochemically. Eurotium umbrosum is regarded by 
some authors (Pitt, 1985: Pitt & Hocking, 1985) as a synonym of  Eurotium 
herbariorum, which is closely related to Eurotium rubrum. In addition, 
Blaser (1976) has suggested that both E. rubrum and E. umbrosum be 
reduced to synonymy with E. herbariorum on the basis of ascospore 
structure. Although this view is not universal (Kozakiewicz, 1985). it has 
been suggested that E. rubrum and other members of this group be 
investigated as probable candidate agents of FLD and ODTS (Warren, 
1981). Eurotium amstelodami and E. rubrum were reported to be both toxic 
and common in industrial feed mixtures (Borkowska-Opacka & 
Truszczynski, 1979). The relative frequency of occurrence of these fungi 
on RBS and DG18 underscore the value of using a variety of media, each 
designed to enhance  the growth of different groups of fungi when 
attempting to characterize and enumerate fungi in food stuffs and/or  
other organic substrates (Samson, 1985). 

Although FLD is a hypersensitivity disease in which a high 
proportion of patients show precipitating antibodies to known agents, 
positive serological response is not necessarily a feature of ODTS 
(doPico, 1986). The positive CIEP reactions observed in sera of both 
cows and humans  to extracts of hay Sample 3 is probably due to the 
presence of common antigens to which virtually everyone has been 
exposed. Nicolet et al. (1972) and Pirie et al. (1972) reported that c. 80% of 
exposed cattle had precipitins to moldy hay antigens and/or  Micro- 
polyspora faeni antigens. 

Siegel et al. (1991), examined these hay samples for the presence of 
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endotoxin  and histamine.  Endotoxin  was found in the bulk hay as well 
as the aerosol samples produced in the Pitt 3 generator. Endotoxin  in 
the bulk hay ranged from 93 to 6138.3 EU/mg  hay and the endotoxin 
concentrat ions in the aerosol ranged from 474,6 to 1473.6 EU/mg dust. 
There was little difference between the respirable and total dust 
concentrat ions from the aerosol, suggesting that almost  the entire dust 
cloud was of  respirable size (<10pm) .  His tamine  was demonst ra ted  in 
the bulk hay and Samples 2 and  3 (0.5 and 0.175 ng/mg,  respectively) but 
not  in Sample 1. The presence of  his tamine in the absence of  creatinine 
suggests that his tamine was not of  animal  origin and raises the 
possibility that it was produced by microorganisms (Siegel et al., 1991). 
Al though the Pitt 3 generator does not necessarily simulate dust 
generation during the bedding chopper  operation,  it generates samples 
containing respirable size particles, it provides a laboratory, model  of  
what  could be aerosolized from these materials, and  it demonstrates  that 
the microbial contaminants  of  hay can be easily aerosolized. 

These data demonstra te  that dusts generated from hay samples 
associated with an outbreak of  respiratory illness in cows contained high 
levels of  fungi and bacteria. The fungi were predominant ly  of  the 
A. glaucus group, previously reported to be associated with FLD in 
humans .  
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