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Immunological status and its relation to respiratory findings were studied in 42 female
textile workers occupationally exposed to hemp dust and in 49 female control workers. Skin
prick tests with hemp or flax dust extracts from different parts of the mill in hemp workers
demonstrated the following frequencies of positive tests to antigens: a mixture of hemp and
flax extracts (64%), followed by flax extracts (48%), hemp from combing machines (41%),
hemp from carding marchines (38%), hemp from spinning and weaving machines (33%), and
hemp from softening machines (20%). The prevalence of positive skin tests to hemp or flax
allergens in control workers was consistently lower, ranging from 21 to 5%. Increased total
serum IgE was recorded in 35.7% of hemp workers compared to only 5.0% of control
workers (P < 0.05). Hemp workers with positive skin tests had significantly higher preva-
lences of chronic respiratory symptoms than those with negative skin tests. There were,
however, no differences for acute symptoms between workers with positive and negative
skin tests. Across-shift changes and baseline lung function were not different when com-
pared by immunologic status. We showed additionally that a water-soluble extract of hemp
dust causes a dose-related contraction of nonsensitized guinea pig tracheal smooth muscle
when studied in vitro. Our results suggest that frequent immunologic abnormalities can be
documented in hemp workers but, with the exception of chronic respiratory symptoms, in
general, these do not correlate with respiratory findings. © 1992 Academic Press, Inc.

INTRODUCTION

An asthma-like disease among hemp workers has been described in the Spanish
literature under the name of cannabosis (Barbero Carnicero and Flores Marco,
1944). This disease resembles byssinosis, an occupational airway disease known
to occur among cotton and flax workers. Velvart and Stavrovska (1963) reported
respiratory disease in hemp workers and found that the severity of the disease was
related to the amount of dust in the workplace. Bouhuys ef al. (1967) reported that
respiratory findings among hemp workers constitute a serious and disabling prob-
lem.

There are only a few studies examining the importance of immunological find-
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ings in textile workers. Salvagio ef al. (1986) in their study raise the possibility
that, in some individuals, cotton dust-induced respiratory disease may be due to
preexisting or occupationally induced mold aliergy. On the other hand, the find-
ings of Mundie et al. (1972) do not support an immune etiology for byssinosis.
Sepulveda et al. (1984) suggested that atopy may be an important determinant
reflecting the magnitude of the acute pulmonary responses to textile dust. The
allergic properties of cotton and flax dust were studied by Fetisova et al. (1970).
These authors describe that cotton and flax dust are allergens and that the anti-
genic properties of these dusts are due to the presence of bacteria and fungi in the
dust.

The present study is an extension of our previous study of respiratory impair-
ment in hemp workers (Zuskin ef al., 1990). The current study was undertaken to
investigate the relationship between immunological status and respiratory func-
tion in a group of textile workers occupationally exposed to hemp dust.

SUBJECTS AND METHODS
Immunological Study

Subjects. The study included a group of 42 female textile workers employed in
one hemp mill in Croatia. This group represents 70% of all workers employed in
the mill. The mean age of the workers was 40 years (range: 23 to 55 years), mean
height was 161 cm (range: 155 to 180 cm), and mean duration of exposure to hemp
dust was 16 years (range: 2 to 35 years). Ten percent of the workers (4) were light
smokers (less than 10 cigarettes per day). Workers were exposed to hemp dust
released during the opening of bales and to dust from combing, carding, softening,
spinning, and weaving of the hemp. A group of 49 female control workers of
similar age and smoking habits, employed in a bottle packing factory, bottling fruit
juice, was used as a control. Of these 49 workers, 40 (82%) agreed to have skin
tests and blood studies, in addition to the respiratory questionnaire.

Immunological studies. Skin prick tests were performed with aqueous extracts
of hemp and flax dust in the 42 exposed hemp workers and in 40 of the control
workers. Hemp and flax extracts (1:20 w/v) were prepared using standard immu-
nological techniques employing the dust collected in the workroom where work-
ers were examined (Sheldon et al., 1967). In addition workers were skin-tested
with histamine base (0.01 mg/ml), extracts of bacteria, mold, and Dermatopha-
goides pteronyssinus and buffer as a control solution. Bacterial antigen consisted
of extracts of Hemophilus influenzae, Streptococcus preumoniae, S. viridans, S.
pyogenes, and Staphylococcus aureus in a concentration of 60 x 10%ml. Mold
antigen was a mixture of Alternaria, Penicillium, Mucor, Cladosporium, Aspergil-
lus niger, and Aspergillus fumigatus in 0.2% solution. Skin reactions were read
after 20 min. A test was considered positive if the diameter of the observed wheal
was 3 mm greater than that of the control solution.

The serum level of total IgE immunoglobulin was determined in 42 hemp work-
ers and 40 control workers by a reference laboratory, PRIST (Pharmacia Diag-
nostics AB, Upsala, Sweden) using the direct radioimmunologic ‘‘sandwich”’
technique. Levels of IgE below 125 IU/ml were considered normal.
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Throat smears. In 42 hemp workers throat cultures were collected for bacterial
analysis. Throat swabs were obtained during the work shift.

Respiratory symptoms. Chronic respiratory symptoms were recorded in 42
hemp and in 49 control workers using the British Medical Research Council Com-
mittee’s (1960) questionnaire on respiratory symptoms with additional questions
on occupational asthma (WHO, 1986) and on byssinosis (Schilling et al., 1964). In
all workers a detailed occupational history and questions about their smoking
history were recorded. We defined chronic cough, chronic phlegm, chronic bron-
chitis, dyspnea grades 3 and 4, occupational asthma, and byssinosis grades as
previously outlined (Zuskin ef al., 1990).

In all hemp workers, the presence of acute symptoms during the work shift such
as cough, dyspnea, chest tightness, irritation or dryness of the throat, secretions
or dryness of the nose, and headache were specifically recorded.

Ventilatory capacity. Ventilatory capacity was measured in the 42 hemp work-
ers by recording maximum expiratory flow-volume (MEFV) curves using a por-
table flow—volume spirometer (Pneumoscreen, Jaeger, Germany). Measurements
were recorded as detailed in a previous study (Zuskin et al., 1990).

Environmental measurements. Airborne dust in the hemp mill was sampled
during the 8-hr work shift at the worksite of the examined workers. Details of the
methods are described in our previous report (Zuskin et al., 1990).

Statistical analysis. The results of ventilatory capacity measurements were
analyzed using the ¢ test for differences of paired (acute effects across shift) and
unpaired (comparing baseline to predicted values) variables. The x* test (or,
where appropriate, Fisher’s exact test) was used for testing differences in the
prevalence of respiratory symptoms. A P < 0.05 was considered statistically
significant.

Hemp Dust Extract Assay

In order to investigate the potential of hemp dust to provoke airway smooth
muscle contraction we tested the bronchoconstricting potential of hemp dust ex-
tract on guinea pig trachea. The extract was obtained from hemp dust collected in
the industry. One gram of hemp dust was incubated in 10 ml of sterile water for
24 hr at +4°C. The solution was filtered and centrifuged at 16,000 rpm and the
supernatant decanted.

We used the trachea of young Albino Hartly male guinea pigs (300-390 g)
purchased from Perfection Breeders (PA). Animals were sacrificed by CO, as-
phyxiation for 2 min and the trachea was removed within 3 min. The animal
tissues were trimmed of excess fat and connective tissue. Four segments (‘‘rings’
each 4-6 mm wide) were cut from a single trachea, and each was suspended
between two L-shaped stainless-steel hooks mounted in a 20-ml organ chamber
containing Krebs-Henseleit buffer of the following composition (um): NaCl,
110.0; KCl, 4.80; CaCl,, 2.35; MgSO,, 1.20; KH,PO,, 1.20; NaHCO,, 25.0; dex-
trose, 11.0, and Na,EDTA, 0.03, in glass distilled water. Organ chambers were
maintained at 36.5 = 0.5°C and were continuously aerated with 95% O, and 5%
CO, to maintain pH 7.5 = 0.1. The tissue segments were initially set to 2 g of
tension and were allowed to relax for approximately 1.5 hr before the experiment
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began. During that period the tissue was washed at 15-min intervals. After the
relaxation period, the tension in each tissue segment was adjusted to 2 g for all
subsequent assays. Isometric contractions were recorded using Grass FTO3C
force displacement transducer attached to a Grass polygraph recorder. Before and
after concentration—response assays with our extracts of hemp were performed, a
challenge with carbachol 10~ M was run. A dose-response curve with hemp dust
extract was obtained by adding progressively increasing volumes of each extract
or Krebs (used as a control) into the tissue bath in progressive aliquots of 10, 30,
100, 300, and 1000 pl. The potency of the extracts was determined by comparing
the biological activity with the maximal contraction induced by carbachol (10>
M) on the same tissue. The data are expressed as a percentage of the initial
maximal carbachol contraction (10> m).

The protein content in hemp dust extract was determined by the method of
Lowry (1951). Endotoxin was measured in the hemp extract using the Limulus
Amebocyte Lysate test (Sigma E-Toxate Kit No. 210-A).

RESULTS
Immunological Study

The data on skin tests in hemp and in control workers are presented in Fig. 1.
All hemp workers reacted to histamine. The highest prevalence of positive skin
tests were found for mixed dust of hemp and flax (64%), followed by flax dust
(48%), hemp dust from combing machines (41%), hemp dust from carding ma-
chines (38%), hemp dust from spinning machines (33%), hemp dust from weaving
machines (33%), and hemp dust from softening machines (20%). These data in-
dicate that the dust collected at the early phase of the hemp processing was the
most potent in causing positive skin reactions. Considerably fewer of the hemp
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FiG. 1. Prevalence of positive skin prick tests to hemp and flax dust extracts in 42 hemp workers
and in 40 control workers.
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workers reacted to bacteria (19%) and mold (16%) extracts. None of hemp work-
ers reacted to the buffer solution.

Among 27 hemp workers with positive skin tests, 18 (66.7%) had byssinosis
whereas among the 15 hemp workers with negative skin tests only 5 (33.3%) had
byssinosis (P < 0.05). The workers with byssinosis were employed in hemp mill
for 2-30 years. Five workers among those with byssinosis symptoms did not react
to any of hemp or flax extracts. They were exposed to hemp dust for 1-5 years.

The prevalence of positive skin tests among control workers was considerably
lower than that among hemp workers. The highest prevalence was found with
mixed dust of hemp and flax (30%), followed by hemp on weaving machines
(21%), flax (20%) hemp on carding machines (20%), hemp on softening machines
(209%), hemp on combing machines (15%), and hemp on spinning machines (5%).
Among control workers five reacted to bacteria (13%), four to molds (10%), and
none to buffer solution. The prevalences of positive skin reactions in hemp and in
control workers were significantly different for the mixture of hemp and flax dust
(P < 0.01), for flax dust (P < 0.01), for hemp dust on combing machines (P <
0.05), and for hemp dust on spinning machines (P < 0.01).

Increased serum levels of total IgE immunoglobulins were found in 15 hemp
workers (35.7%) and in 2 control workers (5.0%) (P < 0.05). All hemp workers
with increased IgE level had positive skin reactions to at least one of the hemp or
flax extracts. Among the 2 control workers with increased IgE level both had
positive skin test to one of the hemp extracts. Among the 23 hemp workers with
byssinosis, 9 (39.1%) had increased serum level of total IgE compared to 6 (31.6%)
of the hemp workers without byssinosis (NS).

Throat smears. Bacteriologic cultures of throat smears grew S. aureus and
Escherichia coli in 14.3% of the hemp workers. Considerably fewer workers had
positive throat smears for Proteus mirabilis (4.8%), Enterobacter aerogenes
(2.4%), Enterobacter liquefaciens (2.4%), Streptococcus (beta hemolitic groups A
and B) (2.4%), Proteus morgani (2.4%), and Klebsiella species (2.4%). In 21 (50%)
hemp workers normal flora was found.

Respiratory symptoms. Table 1 presents the prevalence of chronic respiratory
symptoms in 42 hemp workers and in 49 control workers. For the hemp workers
symptoms are recorded by the presence or absence of a positive skin test. Hemp
workers had higher prevalences of all chronic respiratory symptoms than did the
control workers, being significantly different for chronic cough (P < 0.01), chest
tightness (P < 0.01), asthma (P < 0.05), nasal catarrh (P < 0.01), sinusitis (P <
0.01), and byssinosis (P < 0.01). Hemp workers with positive skin tests to one or
more of the hemp or flax dust extracts demonstrated generally higher prevalence
of all chronic respiratory symptoms, with significant differences for chronic
phlegm, chronic bronchitis, nasal catarrh, sinusitis, and byssinosis.

The prevalence of acute symptoms during the work shift in 42 hemp workers is
presented in Table 2. The highest prevalence was seen for eye irritation (76.2%),
followed by cough and dry throat (73.8%), dyspnea (66.7%), throat irritation
(64.3%), headache (61.9%), dry nose (54.8%), secretions from the nose (23.8%),
and bleeding of the nose (14.3%). There were no consistent differences in acute
symptoms between hemp workers with positive and negative skin tests.
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Ventilatory capacity. Table 3 presents the data for ventilatory capacity in hemp
workers with positive and negative skin prick tests. Hemp workers had signifi-
cantly lower respiratory function than predicted values. However, no significant
differences were seen between workers with positive and negative skin tests for
either across-shift or baseline lung function (expressed as a percentage of pre-
dicted).

Environmental dust measurements. The mean total hemp dust concentration
was 22.35 (range 3.3-68.5) mg/m® with a mean respirable fraction of 9.93 (range
1.3-38.4) mg/m>. These measurements are much higher than the maximum allow-
able concentration for vegetable textile dust allowed by Yugoslav occupational
standards (total dust 5 mg/m?; respirable fraction 1 mg/m?).

Hemp Dust Extract Assay

The mean data for the effect of hemp dust extract on isolated guinea pig tracheal
smooth muscle are shown in Fig. 2. A total of 14 guinea pigs was studied and the
contractile response to 10, 30, 100, 300, and 1000 pl of hemp dust extract was
tested. The results are presented as a percentage of an initial maximal carbachol
contraction produced by stimulation with 107> M carbachol. A typical dose~
response relationship between agonist (hemp) and contractile response is demon-
strated. The maximal effect was 51% of the maximal carbachol response.

Determination of protein content in hemp dust extract demonstrated that ex-
tract used for the in vitro study on isolated guinea pig tracheal rings contained
1.575 mg/ml of protein. No endotoxin was measured in the hemp extract.

DISCUSSION

Byssinosis is a clinical syndrome recognized among many textile workers in-
cluding those processing hemp. The mechanism by which dust in this industry
causes acute and chronic respiratory disease is not known, nor is the causal agent
well defined. Because of the asthmatic nature of the syndrome, much interest has
focused on possible allergic mechanisms.

Our data demonstrate a high prevalence of positive skin tests, particularly to a
mixture of hemp and flax dust among the studied hemp workers. The prevalences
were considerably higher than those among control workers. Additionally the
prevalence of increased total IgE was significantly higher among our hemp
(35.7%) than among our control workers (5.0%) (P < 0.05).

The relationship between immunologic testing and respiratory symptoms in
byssinosis has been extensively studied by many authors. Chen (1986) reported
that among hemp-sisal workers there was a correlation between positive skin
tests to hemp and increased IgE serum level. Gupta et al. (1980) demonstrated an
improvement in respiratory symptoms and ventilatory capacity (FVC and FEV,)
following immunotherapy in hemp workers who complained of respiratory symp-
toms and had positive skin tests to hemp.

Schachter et al. (1985), by contrast, injected cotton bract extract intradermally
into healthy volunteers never before exposed to cotton dust. They observed an
initial wheal-and-flare followed by a delayed induration, characterized by inflam-
matory cell infiltration. These authors suggested that this skin reaction repre-
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sented a non-IgE-mediated inflammation initiated by mast cell-derived mediators
and may be a model for nonimmune mechanisms in the pathogenesis of byssinotic
airway disease.

Popa et al. (1969) investigated allergy to hemp, cotton, flax, and jute in textile
workers and reported delayed skin reactions to textile allergens. Antibody di-
rected against an antigen present in the cotton plant is described by Massoud and
Taylor (1964). They found that the amount of antibody is higher in cardroom
workers than in normals and is highest in those workers with byssinosis. Oehling
et al. (1972) suggested that byssinosis is an immunological reaction due to a
specific antigen—antibody reaction, in which the antigen is contained in cotton.
Edwards and Jones (1973) by contrast, found that a so-called cotton antigen (a
polymer of 5,7,3,4-tetrahydroxyflavan-3-4-diol) extracted from cotton bracts, pre-
cipitated 58% IgG, 54% IgM, and 15 IgA in a sample of human serum. On the basis
of these results they suggested that human immunoglobulins are nonspecifically
precipitated by the tannin-like polymer. Petronio and Bovenzi (1983) reported that
in 353 cotton textile workers the average concentration of IgE was higher than
that expected for nonatopic subjects. Jones er al. (1980) reported a significant
interaction between atopy and exposure to cotton dust. Positive skin tests to
whole cottonseed and cottonseed linters showed a prevalence of 8% being great-
est in the linter-exposed group.

The higher prevalence of skin reactions to hemp extract in our worker group,
compared to controls, suggests that with exposure sensitization (over and above
any nonspecific inflammatory reaction) may occur. However, these observations
do not permit us to quantitate the relative roles of specific and nonspecific in-
flammatory responses in the pathogenesis of airway disease.

In textile dust there are numerous bacteria and fungi. In the throat cultures of
our hemp workers we found different types of bacteria including S. aureus
(14.3%), Proteus morgani and Klebsiella species (2.4%). Velvart et al. (1964)
reported that the bacterial and fungal organisms in hemp dust and in sputum do
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not appear to be agents capable of provoking the clinical picture of the disease in
hemp workers. Rylander and Haglind (1986) suggest that the amount of airborne
endotoxin found in mills determines the risk of developing byssinosis. The pres-
ence of these unusual microorganisms in cultures taken from these workers sug-
gests environmental contamination.

Our findings suggest a strong relationship between respiratory symptoms, par-
ticularly chronic bronchitis and byssinosis and the presence of positive skin tests
to hemp dust (but not total serum IgE). These observations complement those of
other investigators particularly Gupta et al. (1980) and Chen (1986). By contrast
we failed to demonstrate a relationship between skin test reactivity and acute
symptoms in the workplace. Moreover, skin test results were not related to ob-
jective findings of pulmonary impairment.

Our studies on isolated guinea pig trachea suggest that clinical respiratory find-
ings obtained in humans may have some counterpart in guinea pig tracheal smooth
muscle studied irn vitro. Such data indicate that hemp dust extract has a compo-
nent(s) that can induce airway constriction by a direct action on guinea pig airway
smooth muscle. The guinea pigs used in these experiments were not presensitized
to hemp. This contractile activity was thus probably not on an immunoglobulin-
mediated basis.

Immunologic abnormalities are common in hemp workers. Both serum IgE and
skin test reactivity to hemp extracts were increased in our workers. Our findings
suggest a strong relationship between chronic respiratory symptoms and positive
skin tests to hemp extract. Nevertheless hemp extract elicited many positive
reactions in our controls and hemp extract caused nonspecific airway smooth
muscle contraction. The findings of these studies thus suggest that chronic im-
pairment in hemp workers may result from both immunologic and nonspecific
inflammatory response.
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