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Abstract 

Street marijuana, commercial cigarettes and pipe tobaccos were studied for the presence of fungi and 
actinomycetes associated with hypersensitivity pneumonitis. Aspergillus species and thermophilic actinomy- 
cetes were isolated from the smoking materials. In addition, Aspergillusfumigatus spores were isolated from 
marijuana smoke, indicating the potential hazard involved in developing serious disease. Precipitin antibo- 
dies against fungi, particularly Aspergillus, showed a higher prevalence in marijuana smokers, whereas only 
very few cigarette smokers and nonsmokers demonstrated antibodies to fungi. Cigarette smokers and 
nonsmokers showed more or less similar prevelance of antibodies against thermophilic actinomycetes. 

Introduction 

A number of fungi and actinomycetes have been 
shown to cause hypersensitivity pneumonitis (HP) 
in man (3, 14). These organisms have been isolated 
from various working and living environments of 
patients (8). Inhalation of numerous spores of these 
organisms will sensitize the individuals and, on pro- 
longed inhalation of heavily contaminated air, may 
result in HP. Hypersensitivity pneumonitis is an 
immunologic interstitial lung disease which may be 
incapacitating if not diagnosed early and controlled 
by avoidance of insulting antigens. The commonly 
recognized diseases include farmer's lung, bagasso- 
sis, mushroom worker's lung and ventilation 
pneumonitis are caused by inhalation of thermo-~ 
philic actinomycetes and various fungi or other 
organic dusts. 

Smoking marijuana contaminated with Asper- 
gillusfumigatus has been recently attributed to sev- 
eral cases of aspergillosis (2, 5, I 1). This led us to 
evaluate smoking materials such as cigarettes, pipe 

tobacco and marijuana for the presence of thermo- 
philic actinomycetes and fungi, and the possible 
role of these organisms in the development of im- 
munologic lung diseases. 

Materials and methods 

Smoking materials. Twenty-four samples of 
street marijuana, 12 different brands of cigarettes 
(both with and without filters) and 3 samples of 
pipe tobacco were studied. Approximately 100 mg 
of the sample was suspended in 10 ml of sterile 
distilled water. After vigorous mixing the suspen- 
sion was allowed to stand for l0 minutes. About 1 
ml of the supernatant was serially diluted and cul- 
tured in appropriate media. 

Culture 

For the isolation of fungi, 1 ml of the suspension 
was plated in Sabouraud's glucose agar (SGA) and 
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SGA with streptomycin (40 #g/ml)  and penicillin 
(40 units/ml) to suppress bacterial growth. One set 
each of the inoculated plates were incubated at 
37 ~ C and at 25 ~ C. Cultures were examined regu- 
larly for up to 2 weeks and growth appearing on the 
plates were identified by standard procedures. 

Cultures for the isolation of thermophilic actin- 
omycetes were made in tryptic soy agar (TSA) and 
in TSA with novobiocin (25 #g/ml).  The inoculated 
plates were incubated at 55 ~ in plastic bags to 
prevent evaporation. Plates were examined daily 
for l0 days. Growth appearing on the plates were 
subcultured and identified according to procedures 
previously described (6). 

Fungal  inhalation 

Marijuana cigarettes obtained from patients and 
commercial  brands of cigarettes were attached to 
an Andersen air sampler (1). The cigarettes were 
then lit and the smoke drawn through the sampler 
containing SGA or TSA plates. The plates were 
incubated and studied as described above. Spores 
present in equal volume of room air were also col- 
lected on the sampler impact plates and studied for 
comparison. 

Ant igen  preparat ions  

The detailed methods of antigen extraction from 
Aspergi l lus  and thermophilic actinomycetes were 
reported elsewhere (7, 9, 10). Fungi were grown in a 
synthetic broth for 2-3 weeks at 37 ~ C in stationary 
cultures or 5 days in shaker cultures. Following 
incubation the culture filtrate was separated, dia- 
lyzed and freeze-dried. These antigens were used to 
detect antibodies in the sera of subjects included in 
the study. 

Thermophilic actinomycetes were grown in syn- 
thetic medium or by the double dialysis method 
using dialyzate of tryptic soy broth (TSB) (9). Mi- 
e r o p o l y s p o r a f a e n i  was grown in a synthetic medi- 
um incubated at 50 ~ in shaker incubators for 
5 days (7). Culture filtrate was separated and pro- 
cessed as in the case of fungal antigens. Thermoac-  
t inomyces  candidus and T. vulgaris were grown in 
stationary cultures incubated at 55 ~ for 2 weeks 
in dialyzate medium, The culture filtrate was pro- 
cessed as described above. 

Agar  gel  double  di f fusion 

Antibodies present in the sera against various 
fungi and actinomycetes were tested by agar gel 
double diffusion (DD) method (9, 10). Antigens 
were used at a concentration of 5-10 mg/ml.  After 
filling the wells with antigen and antibody the gels 
were incubated in a humid chamber for48 hours. It 
was then washed to remove the unreacted antigen 
and ant ibody and stained by Coomassie blue. Pre- 
cipitin arcs appearing on the slides were studied in 
comparison with appropriate positive and negative 
controls run along with the test sera. 

Results 

Culture results 

The various fungi and actinomycetes isolated 
from smoking materials are shown in Table 1. As- 

pergi l lus  species were the predominent group in the 
marijuana samples. Thermoac t inomyces  candidus, 
T .  vulgaris and M. f a e n i  were also isolated. Only 
one sample was completely negative for fungi or 
actinomycetes, but it was heavily contaminated 
with bacteria. Quantitative cultures yielded 105 to 
107 colonies of fungi per gram of marijuana sample. 
When lit and unlit cigarettes were studied by the 
Andersen sampler, they yielded Aspergil lus  f u m i -  
gatus and Mucor.  

When studied quantitatively, tobacco cigarettes 
yielded 1.5 X 104 to 1 )< 105 colonies ofthermophil ic  

Table l. Fungi and actinomycetes isolated from smoking mate- 
rials. 

Organism Marijuana Cigarettes Pipe 
tobacco 

(24) (12) (3) 
A spergillus fla vus 12 - 
A. Jumigatus 7 
A. niger 6 
Mucor sp. 10 - 
Penicillium 2 - 
Other fungi 4 - 
Micropolvspora faeni 1 
Thermoactinomyces 

candidus 7 10 3 
7". vulgaris 3 2 
Number of negative 

samples 1 1 

No. in parentheses = No. of samples analyzed. 



Table 2. Precipitins against fungi and actinomycetes in the sera. 

Fungi or actinomycetes Marijuana Cigarette Normal 
smokers smokers controls* 

(24) (19) (14) 
Aspergillus fumigalus 9 3 2 
A. niger 2 - 

A. .flavus 1 3 - 
Micropolyspora faeni 7 
T]Termoactinom)'ces 

candidus 13 6 5 
T. vulgaris 9 9 6 

* No smoking during the past 5 years. 
No. in parentheses = No. of patients studied. 

actinomycetes per gram. No fungi were isolated 
from the tobacco products. None of the cigarette 
samples studied yielded any organism when 
sampled through the Andersen sampler. Thermo- 
actinomyces candidus was the predominent orga- 
nism isolated from cigarettes and pipe tobacco. 
Only one cigarette was negative for any growth. 

Serology 

Of the 24 marijuana smokers studied, 9 showed 
antibodies to A. fumigatus (Table 2). Other fungal 
antigens reacted only with a few sera. However, 
cigarette smokers showed only low incidence of 
precipitins against A. furnigatus. All three groups, 
marijuana and cigarette smokers and control, dem- 
onstrated the presence of antibodies against the 
thermophilic actinomycetes, T. candidus and 
1". vulgaris, while M. faeni antibody was seen only 
in marijuana smokers. 

Of the 24 marijuana smokers 18 were asympto- 
matic, while the remaining complained of varying 
degrees of resPiratory symptoms. One, of the smok- 
ers with proven systemic aspergillosis developed 
pulmonary granulomas related to a defect in his 
polymorphonuclear leukocyte oxidation enzyme 
system. The remaining 5 marijuana smokers expe- 
rienced coughing and wheezing after exposure to 
marijuana. None of the cigarette smokers had any 
respiratory complaints. 

Discussion 

Previous studies demonstrated the presence of 
mesophilic and thermophilic fungi in tobacco pro- 
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ducts (12, 13, 15). However, in the present study, we 
could not demonstrate any fungi from pipe tobacco 
or cigarettes. This may be due to the differences 
involved in tobacco processing. Our study isolated 
thermophilic actinomycetes from cigarettes, pipe 
tobacco and marijuana samples. In addition, the 
results presented indicated that fungal spores pres- 
ent in the marijuana samples can be inhaled during 
smoking. The three species of thermophilic actino- 
mycetes and the Aspergillus (Table 1) are capable of 
causing hypersensitivity lung diseases in man. 

The distribution of antibodies against fungi was 
higher in the group of marijuana smokers than in 
the other groups, clearly indicating that the fungi 
present in marijuana samples led to the sensitiza- 
tion of smokers. On the other hand, there was no 
difference between the three groups with regard to 
the presence of antibodies against various thermo- 
philic actinomycetes. Thermoactinomycescandi- 
dus and T. vulgaris are widely distributed in nature 
and may be the reason for the higher incidence of 
antibodies in all three groups. However, because of 
the universal presence of these organisms in ci- 
garettes, cigarette smokers may inhale more ther- 
mophilic actinomycetes spores than normals. 

Marijuana samples contained fungi which can 
cause asthma and invasive lung diseases. The respi- 
ratory complaints of marijuana smokers are most 
likely due to an allergic reaction elicited by the 
inhalation of Aspergillus spores. Inviduals with 
underlying pulmonary or systemic diseases may in- 
hale Aspergillus spores during smoking and may 
develop pulmonary or generalized aspergillosis. 
Both marijuana and cigarette smoking impair the 
function of pulmonary alveolar macrophages (4). 
As a result the inhaled spores may not be cleared by 
phagocytosis and result in colonization by the or- 
ganisms and eventual invasion of the lung and other 
organs. Additional studies on the immunological 
response of smokers to the prevalent fungal and 
actinomycetes antigens are essential to determine 
the impact of smoking, if any, on the development 
of HP and other diseases. 
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