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Acute lung function response to cotton dust in atopic
and non-atopic individuals
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ABSTRACT Acute spirometric responses to inhaled cotton dust were examined in a population of
226 healthy, non-asthmatic adults whose atopic status had been evaluated by skin prick tests to
10 common environmental allergens. Exposure to cotton dust occurred in model cardrooms
where elutriated dust levels were carefully controlled (1.02 mg/m3). Atopy, defined as positive
prick tests to at least two allergens, was observed in 26% of subjects. Significant forced expiratory
volume in one second (FEV1) decrements occurred after exposure to cotton dust independent of
atopic status (p< 0.001). The mean FEV1 decline in atopic subjects, however, was significantly
greater than in non-atopic subjects (p < 0.05). Degree of atopy, as measured by number of
positive skin tests, also exhibited a significant association with cotton induced decrements in
FEV, (p< 0.05). These data suggest that atopy may be an important determinant of the mag-

nitude of the acute pulmonary response to cotton dust. This may reflect the non-specific airways
hyperresponsiveness that has been described in non-asthmatic, atopic individuals.

Acute decrements in lung function have been
observed in cotton textile workers and in previously
unexposed individuals after exposure to cotton
dust.' 2 This response has been related to concentra-
tions of total and respirable dust, and to grade, mic-
robial, and endotoxin content of cotton.36 The pre-
cise role of the atopic state in acute pulmonary
responses to cotton dust is the subject of consider-
able speculation but may be of great importance if
acute declines in lung function are found to be
related to the chronic respiratory disease described
in cotton textile workers.'8

During the course of selecting volunteer subjects
for a study of the pulmonary effects of dust from
pretreated cotton, atopic status was evaluated by
performing prick tests to common inhalant
allergens. Skin tests were used to examine the rela-
tion between atopy and acute spirometric responses
to controlled concentrations of untreated cotton
dust. We report here the results of this investigation.
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STUDY PROTOCOL
Adult volunteer subjects, obtained from a South
Carolina community, provided informed consent
and were screened to exclude those with a forced
expiratory volume in one second (FEV,) below 80%
of predicted, those currently employed as cotton
textile workers, and those with a history of asthma,
chronic bronchitis, use of medications affecting air-
way tone, significant heart disease, or any other
medical condition precluding safe participation in an
exposure study.9 The remaining healthy subjects
then underwent skin testing and two separate six
hour exposures each to no dust and to a controlled
concentration of cotton dust. Each exposure was
separated by at least two full days and alternated a
control (no cotton dust) and cotton dust exposure.
All exposures occurred at the same time of day.

Allergy skin testing used diluent (50% glycerin)
and histamine (1 mg/ml histamine base) controls,
and 10 common South Carolina aeroallergens,'0
including pollens (grasses, weeds, trees), Alternaria
tenuis, house dust, and mite. Extract concentrations
were 1:20 weight/volume except for house dust
( 1: 10 w/v) and mite ( 1:50 w/v). To avoid drug inter-
ference with the test responses, the participants
were instructed not to use antihistamine containing
preparations for five days before testing." Prick
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tests were performed on the volar surface of the
forearm by standard methods,'2 and positive
immediate reactions were defined as weals at least 3
mm in diameter in the presence of negative diluent
and positive histamine control reactions. Atopy was
defined as a positive reaction to two or more
allergen extracts.

Spirometry conformed to criteria recommended
by the American Thoracic Society'3 and was per-
formed using the same technician and instrument
immediately before and after six hours of each
exposure. The spirometer used was a dry rolling seal
spirometer (Ohio Medical Products 840) directly
interfaced with an oscilloscope and computer (Digi-
tal LSI 11/23). The subjects performed at least five
maximal forced expiratory manoeuvres at each test
period, and the largest FEV, and forced vital capac-
ity (FVC) were selected for analysis regardless of
the curve(s) on which they occurred. Flow volume
curves were aligned at total lung capacity and max-
imum expiratory flow rates were obtained from the
resulting maximum envelopes. The predicted values
for FEV1 and FVC used were those of Knudson et
al,4 corrected by a factor of 0-85 for blacks.

Exposures to cotton dust occurred in identical
model cardrooms and used the same blended, strict
low middling cotton. Carding was performed at a
constant rate, and dust concentrations were control-
led by varying the amount of ventilation. Dust levels
were monitored in each room with four vertical elut-
riators, one in each quadrant of the room.
Gravimetric analysis of elutriator filters was done
hourly, and appropriate ventilation adjustments
were made to maintain the desired concentration of
cotton dust (1 mg/m3). The subjects sat in chairs
placed around the carding machine and were moved
on a regular basis so that they made a complete
circuit during the exposure period. Control expo-
sures (no cotton dust) took place in two rooms venti-
lated with fresh air in an adjacent building; dust
monitoring was performed in an identical fashion
during these exposures. Smoking was not permitted
during exposures and subjects were allowed to leave
the rooms only for brief restroom breaks.

STATISTICAL ANALYSIS
Acute lung function responses were assessed by
determining percentage change (%A) over each
exposure as follows: postexposure value minus pre-
exposure value/pre-exposure value x 100. Negative
percentage changes indicate, therefore, an exposure
related decrement. Means were obtained from the
two control and two cotton dust exposures and were
used to calculate a change relative to the control
exposure, A%A = %A cotton exposure less %A con-
trol exposure.
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Table 1 Demographic features and baseline lung function
of the study group by atopic status

Atopic Non-atopic Total

No (% total) 59 (26) 167 (74) 226 (100)
Mean age (SE) 28 (1) 30(1) 29 (1)
Sex:
Female (%) 54 62 60

Race:
White (%) 64 78 75

Smoking:
Current smoker (%) 45 41 42
Never smoked (%) 47 45 46
Mean pack years (SE) 2-8 (0-6)* 5-6 (0 9)* 4.9 (0.9)

Mean dust level (mg/r3)
Control (SEM) 0-04 (0-01) 004 001) 004(001)
Cotton (SEM) 1-02 0-01) 1-02 001) 1-02 (001

Cotton mill work:
Subjects with (%) 34 49 45
Mean years (SE) 0-7 (0-2)* 1-7 (0-2)* 1-5 (0-2)

Baseline lung function:
Pred FEVI (SE) (%) 94 (2) 96 (1) 96 (1)
Pred FVC (SE) (%) 97 2) 100 (1) 100 1)

*p< 0-01, two tailed t test.

Differences in acute responses between atopic
and non-atopic subjects were compared by two
tailed t tests. Linear modelling was used to evaluate
the relation between acute changes in lung function
and years of cotton mill work, pack-years of smok-
ing, atopic status (atopics v non-atopic), and number
of postive skin tests.'5
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Fig 1 Frequency distribution showing percentage of total
population (n = 226) with a positive reaction to each
allergen.
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Fig 2 Histogram showing proportions ofpopulation (n =
226) with specified number ofpositive skin tests.

Reslts

Table 1 shows the demographic profile and baseline
lung function of the study group. The population as
a whole was predominantly white, contained slightly
more women than men, and had a mean age of 29.
Current and never cigarette smokers comprised
about equal proportions of the study group, and the
actual mean level of exposure to cotton dust (±
SEM) was 1-02+ 0.01 mg/m3. Twenty six percent of
subjects were atopic by prick testing of the skin and
were similar to non-atopic individuals in all respects
except pack-years of smoking and previous expos-
ure to cotton dust. Pack-years of smoking and
cumulative years of cotton mill work, however, were
few in both groups.
The prevalence rates of cutaneous hypersensitiv-

ity to allergens used are illustrated in fig 1. Mite,
ragweed, and Kentucky blue grass showed the high-
est rates of reactivity. Twelve percent of participants
had a positive reaction to one allergen, about 8% to
two allergens, and 18% to three or more allergens
(fig 2).
The acute lung function response to inhaled cot-

ton dust was evaluated by comparing mean changes
on the days of exposure to cotton dust with mean
changes during the control exposures. Table 2 shows

Table 2 Lung function response to inhaled cotton dust by
atopic status

Atopic Non-atopic p valuet
(n= 59) (n= 167)

A%A* (SE):
FEV -6-9 (0.9) -4-6 (0.3) 0-04
FVC -39 (0-7) -3-0 (0.3) 0-23
PFR -6-3 (1-3) -36 (0.5) 007
FEF5 -17-1 (2.4) -12-9 (1.1) 0-12
FEE75 -287 (37) -231 (1-6) 0-17

*A%A is the mean % change during cotton dust exposures less the
mean % change during the control exposures.
tTwo tailed t test; Ho: A%A atopic= A%A non-atopic.

the differences between these means by atopic
status. Significant exposure related decrements
occurred in all spirometric indices independent of
atopic status (p < 0-001). While cotton induced
decrements were generally greater in atopics com-
pared with non-atopics, only the FEV1 response was
observed to be significantly different between the
two groups (p= 0 04).
To assess the effect of pack-years of smoking,

years of cotton textile work, atopic status, and
number of positive skin responses to acute changes in
lung function, linear models using these as indepen-
dent variables were used. Pack-years of smoking
and years of cotton mill work were not found to be
related to acute changes in pulmonary function.
Atopic status and number of positive skin tests were
associated with greater acute declines in FEV, (p<
0.05).
To evaluate further the relation between lung

function responses and atopic status, the distribu-
tions of percentage change in FEV, were examined
for the group of atopic subjects (n= 59) and for the
group of non-atopic individuals (n = 167) (fig 3).
Non-atopic participants showed an approximately
normal distribution with a mean percentage FEV,
change of -4-6% relative to the mean control
exposure response (table 2). By contrast, the atopic
group had a distribution with a mean percentage
FEV1 change of -6-9% and a skewness towards
larger FEV, decrements.

Conclusions
Atopy has been defined as "that form of
immunological reactivity of the subject in which
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Fig 3 Distribution ofacute FEV, responses to inhaled
cotton dust (relative to control exposures) by atopic status.
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reaginic antibody, now identifiable as IgE antibody,
is readily produced in response to ordinary exposure
to the common allergens of the subject s environ-
ment." 16 It may be assessed by allergen specific prick
tests of the skin that have proved to be reliable and
sensitive indicators of immunoglobulin sensitised
mast cells.'2 Atopy has been observed to play a
prominent part in allergic diseases (extrinsic asthma,
allergic rhinitis, atopic dermatitis),'' and has also
proved useful in the identification of individuals at
increased risk of sensitisation to occupational
allergens.'8
The demonstration of airway hyperresponsiveness

in people with bronchial asthma has also stimulated
inquiry into this condition in the airways of non-
asthmatic atopic individuals. Studies by Townley et
al'9 and Fish et a120 have shown that non-asthmatic
atopic individuals may show enhanced airway
responsiveness when challenged with the cholinergic
agent, methacholine. The question of whether
atopic subjects respond differently from non-atopic
subjects to bronchoactive occupational dusts has
therefore become important.
The relation between acute lung function

response in cotton dust exposed subjects and atopic
status has been examined in only one epidemiologi-
cal investigation. Jones and his colleagues examined
workers in several cottonseed crushing mills with
respiratory questionnaires, shift spirometry, and
skin prick tests to 10 common inhalant allergens.2'
They observed significantly greater FEV1 declines
over the work shift in atopic workers exposed to
linter dust than in their non-atopic counterparts.
This differential response could not be ascribed to
differences in demographic profiles, smoking habit,
or dust levels.
The current study confirms and extends these

findings. Our population was selected to exclude
known asthmatics, chronic bronchitics, current cot-
ton textile workers, and people with an abnormal
baseline FEVI. Yet the prevalence rate of a single
positive skin test observed in our study group (35%)
was similar to that reported in other populations by
Barbee et al (34%) and Curran and Goldman
(28.9%).2223 Using the same definition of atopy as
Jones et al,2' we also found significantly greater
acute declines in pulmonary function in atopics than
in non-atopics after exposure to cotton dust.
The cotton induced acute decrements in lung

function showed two additional features in our

study. Analysis of covariance indicated that, among
those with positive skin tests, the greater the-number
of positive tests, the larger the acute decline in pul-
monary function. A comparison of the distributions
of FEVI changes after cotton exposure showed that
atopic individuals contributed disproportionately to
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the group with the larger FEV, decrements (fig 3).
These data suggest that the degree of atopy may
define a subgroup of atopic subjects who are particu-
larly susceptible to the acute bronchoconstrictor
effect of cotton dust.
Type I (IgE-mediated) immune reactions have

not been shown to have a causal role in the acute
pulmonary response to cotton dust.2426 In addition,
immediate hypersensitivity to common inhalant
allergens is not required for the acute lung function
response to cotton dust (table 2). The present study
and that of Jones et al,2' however, indicate that
atopy is an important determinant of the degree of
acute bronchoconstriction induced by cotton dust
and linter dust, respectively. Probably, therefore,
atopy acts as a marker for non-specific bronchial
hyperresponsiveness,'9 and the latter is responsible
for the greater effect among atopic individuals.

We thank Dr L Blair Thrush, Dr Alan D Engelberg,
and Betsy Post for their thoughtful help during the
course of this study.
Requests for reprints to: M-J Sepulveda, MD, Clini-
cal Investigations Branch, National Institute for
Occupational Safety and Health, 944 Chestnut
Ridge Road, Morgantown, WV 26505, USA.
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