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Respiratory symptoms and bronchial reactivity among pig
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CHOUDAT D, GOEHEN M, KOROBAEFF M, BOULET A, DEWITTE JD, MARTIN MH. Respi-
ratory symptoms and bronchial reactivity among pig and dairy farmers. Scand J Work Environ Health
1994;20:48—54. OBJEcTIVES — This study assessed the prevalence of respiratory manifestations
among French pig and dairy farmers and determined the relationship between bronchial reactivity and
respiratory manifestations. METHODS — The pig farmers included 102 men working more than half-
time inside swine confinement buildings. There were 51 male dairy farmers and 81 male referents.
The demographic characteristics of the three groups were similar except for more smokers among the
referents. Each subject completed a standardized questionnaire. Pulmonary function tests were per-
formed before and after a methacholine challenge (cumulative doses 80, 240, and 560 pg). Airborne
dust, ammonia, and carbon dioxide were measured inside 28 swine confinement buildings. RESULTS
— The pig farmers were exposed to a total dust level of 2.41 mg - m=. The respirable particle con-
centration was low. The pig and dairy farmers had a significantly higher prevalence of cough and
morning phlegm than the referents. Before the methacholine challenge, the dairy farmers had nonsig-
nificantly lower mean lung function values than the other groups. Among the subjects with no history
of asthma, nonspecific bronchial hyperreactivity was significantly higher among the pig and dairy farm-
ers than among the referents. There was a fall in the forced expiratory volume in 1 s (FEV, ) that was
greater than 10% in 6.7% of the referents, 17.9% of the swine workers, and 35.6% of the dairy farm-
ers. This result was unchanged after adjustment for the initial FEV . ConcLusioNs — The preva-
lence of respiratory symptoms was significantly higher among the pig farmers without base-line lung
function impairment. However, both the pig and the dairy farmers had increased bronchial reactivity.

Key terms: agricultural workers, epidemiology, occupational airborne exposure.

Epidemiologic studies have demonstrated an in-
creased risk of respiratory dysfunction among farm-
ers (1—4) and, especially, among workers in swine
confinement buildings (5—24). These studies iden-
tified the following characteristics of pig farmers in
different countries: (i) a higher prevalence of respi-
ratory symptoms, including chronic bronchitis and
asthma than in a reference group, (ii) nonrespirato-
ry symptoms consistent with the organic dust toxic
syndrome; (iii) similar or only slightly lower lung
function values as compared with reference groups,
(iv) no change or only small decreases in lung func-
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tion values during the workshift. The following air-
borne agents in swine confinement buildings have
been suggested as being responsible for these respi-
ratory manifestations: organic dust, microorganisms,
endotoxins, and gases including ammonia and hydro-
gen sulfide (8, 10, 15, 20, 21, 23, 25-—30). The
pathogenesis of these symptoms has not yet been es-
tablished (24, 31).

However, previous studies have reported an in-
crease in nonspecific airway responsiveness among
pig farmers. Acute exposure in swine confinement
buildings caused bronchial hyperresponsiveness
among six healthy subjects (30). Swine confinement
workers have slightly higher nonspecific airway re-
sponsiveness than outdoor blue-collar workers (22)
and referent workers (32). Moreover, nonspecific
bronchial reactivity correlates with duration of ex-
posure among pig farmers (17). However, the hyper-
reactivity found among pig farmers is not significant-
ly different from that found among dairy farmers (17,
32). These studies comparing pig farmers with either
dairy farmers or other referents suggest an increased
nonspecific airway responsiveness among pig farm-
ers and probably also among dairy farmers. Only one
study did not find bronchial hyperresponsiveness in
pig farmers (33).

The western region of France has a particularly
high density of pig farms. There are about 150 000
people working on pig farms, including 30 000 who



work in swine confinement buildings. No data is cur-
rently available about the respiratory health of French
pig farmers. Therefore, we initiated a cross-sectional
epidemiologic study to assess the prevalence of res-
piratory manifestations among French pig and
dairy farmers and to determine the possible role of
bronchial reactivity in the respiratory manifestations
by comparing farmers with people not exposed to
pigs or the farm environment.

Subjects and methods

Population

All of the subjects were selected from the Rural Na-
tional Health Service register for two districts of
western France. The group of pig farmers was cho-
sen first. All swine confinement producers with more
than 50 sows or more than 800 pigs were selected.
In farms of this size at least one worker spends more
than half of his or her worktime inside the swine con-
finement buildings. Each pig farmer was visited at
his or her residence and asked to participate in the
study. One hundred and sixty-four pig farmers were
visited, and 138 (84.1%) were included in the study.
Women were excluded because they had different
patterns of possible confounding factors. They were
older than the men (43.2 versus 39.7 years, P = 0.08),
the prevalence of smokers was lower (5.6 versus
28.4%, P<10™), and the type of work and duration
of exposure inside the swine confinement buildings
were different. The study group was thus 102 men
(group P).

Two reference groups were then selected from the
same register according to a similar recruiting pro-
gram. The men were not confinement swine pro-
ducers. They were matched for age (5 years) and
county of residence.

One hundred and twenty-one farmers other than
pig producers were chosen, of which 101 persons
(83.5%) responded. All 36 women and 14 subjects
who were ex-swine producers or poultry breeders
were excluded. The group of dairy farmers thus con-
tained 51 men (group D).
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A second reference group was drawn from the list
of workers in the dairy industry who were not ex-
posed to any air contaminants. A sample of 125 sub-
jects was selected, and 115 persons (92.0%) were
studied. Twenty-five women and nine men were ex-
swine producers, poultry breeders, or dairy farmers
and were therefore excluded. The group of reference
workers was thus 81 men (group R).

The study was conducted over three weeks in May
1989.

The demographic characteristics of the three
groups are presented in table 1. The smoking habits
of groups P and D were similar. The percentage of
smokers in group R was higher than in groups P
(P<10*) and D (P<10).

Questionnaire

Each subject completed a questionnaire about per-
sonal characteristics, respiratory symptoms, smoking
habits, and occupational history. Nonsmokers were
defined as those with a lifelong abstinence from
smoking and ex-smokers as those who had ceased
smoking completely at least six months before the
study. The questions on respiratory symptoms were
translated from the questionnaires of the British Med-
ical Research Council and of the International Un-
ion Against Tuberculosis and Lung Disease. They
addressed, among other things, the following items:
usual and morning cough, phlegm, wheezing during
the last 12 months, shortness of breath, and a descrip-
tion of breathing. Additional questions on work-re-
lated symptoms such as rhinitis, irritation of the eyes,
and respiratory symptoms were included.

Pulmonary function tests

Pulmonary function tests were performed on each
subject with the use of a computerized pneumotach-
ograph Fleish no 3 (Spiromatic, ets MSR). The
spirometer was calibrated each day with a 1.5-1 sy-
ringe. At least three satisfactory forced maximal ex-
pirations were performed by each subject while he
was seated and wearing a noseclip.

The highest forced vital capacity (FVC), highest
forced expiratory volume during 1 s (FEV, ), and

Table 1. Demographic characteristics of the pig farmers (group P), dairy farmers (group D), and the reference group (group R).

: ; Length of
Aeg?s Helr%?t W(i'g)ht employment Smoking status
Group Number v ) c g (years)
Non- Ex-
Mean SD Mean SD Mean SD Mean SD smokers Srr}glk)ers smokers
(%) % (%)
P 102 39.7 117 175  7*+ 73.2 8.6 157 10.0*+ 549 28.4*** 16.7
D 51 401 117 172 6 711 9.4** 20.3 14.0* 58.8 27.4*** 13.7
R 81 385 103 173 6 75.2 101 15.7 8.8 24.7 44.4 309

*  P<0.05; significantly different from group R.
** P<0.01; significantly different from group R.
*** P<0.001; significantly different from group R.

+ P<0.05; significantly different from group D.
++ P<0.01; significantly different from group D.

49



Scand J Work Environ Health 1994, vol 20, no 1

highest peak flow rate (PF) were recorded, not nec-
essarily from the same test. The other forced expir-
atory flow rates were taken from the curve with the
highest sum of the FVC and FEV | : forced expira-
tory flow between 25% and 50% of the FVC (MEF),
and maximal expiratory flow rates at 75%, 50%, and
25% of the FVC still to be expired (FEF ,, FEF,,
and FEF , respectively).

All of the values were expressed as percentages
of predicted values from the European Committee for
Coal and Steel and Bouhouys. To avoid bias from
age, height, and smoking habits in the lung function
measurements, standardized deviations were used for
the statistical analyses (ie, the observed value minus
the predicted value divided by the residual standard
deviation).

Methacholine challenge

Bronchoconstrictor challenge was performed with an
automatic device (FDC 88, Et Mediprom) that va-
porizes a dose of methacholine at the beginning
of inhalation. The solution of methacholine (1 mg -
ml™') was vaporized by a De Vilbiss 646 nebulizer
powered by an air compressor. The inhalations were
done while the subject was seated and wearing a
noseclip. Each dose contained 40 pg of metha-
choline, and the spirometric variations were recorded
2 or 3 min after cumulative doses of 80, 240, and
560 ug of methacholine. The challenge was not per-
formed if the subject had an observed FEV  :pre-
dicted FEV  ratio of less than 70%, and it was
stopped after a decrease of 20% of the FEV, .

For the analysis of the methacholine challenge, we
compared the prevalence of the subjects with a fall
in FEV that was greater than 10, 15, and 20%. They
were considered responders. (See table 5 in the Re-
sults section.) The decrease in FEV | was less than
10% for many of the subjects. The dose-response
slopes were calculated for each subject as the ratio
between the percentage of the variation from the
initial value of the FEV  and the final cumulative
methacholine dose administered as follows (34):

[(FEV,, final ~ FEV  initial)/(FEV  initial X final

1.0

dose)] x 100.

Table 2. Airborne concentrations of various contaminants in
swine confinement buildings.

Number

Contaminant of Mean Range
samples

Airborne dust (mg - m—3)

Total dust 21 2.41 0.29—8.55

Inspirable particles 28 1.82 0.23—86.71

Respirable fraction 24 0.17 0.01—0.52
Dust individual exposure (mg - m—3}

Inspirable particles 4 3.63 1.63—7.51
Airborne ammonia {mg - m—3) 48 8.50 0.80—28.3
Ammonia, individual exposure
(mg - m—3) 4 3.23 0.60—5.90
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Environmental assessments

Airborne dust, ammonia, and carbon dioxide were
measured inside 28 swine confinement buildings on
six pig farms (table 2). Samples were taken from sites
considered to represent the typical work environment
in the building.

Total dust, inspirable particles, and the respirable
fraction were determined for each site (35). Inspira-
ble particles in the breathing zone of the workers
were also determined with personal sampling pumps.
The dust was collected on 25-mm polyvinyl chloride
filters with or without cyclone separators. Some of
the dust samplers were equipped with Nuclepore fil-
ters for electronic microscopy. The particles were
identified by scanning electron microscopy with X-
ray energy spectromietry.

Ammonia in the sites from which the dust sam-
ples were taken was measured using Driger colori-
metric tubes, and the carbon dioxide concentration
was determined by spectrophotometry (Binos 1).
Ammonia was also assayed by personal sampling.
Filters were impregnated with sulfuric acid, and the
ammonia was measured by ionic chromatography
(Dionex).

The measurement of endotoxins is not possible in
France. The environment was not assessed on the
small dairy farms, which are scattered over the re-
gion. The dairy farmers had varied activities. They
do not work in confinement buildings but often work
in the open air.

Statistical analysis

Standard descriptive statistics were used to represent
the responses. Chi-squared tests were used with 2x2
contingency tables to determine whether the rela-
tionships between the qualitative variables were sta-
tistically significant, and the Mantel-Haenszel anal-
ysis was used to determine the relative risk. Discrete
variables were corrected for smoking. An analysis
of variance was used to examine the relation-
ships between pulmonary function and respiratory
symptoms, work exposure, and smoking. The con-
tinuous variables were corrected for age, height, and
smoking.

The treatment of the data was performed with an
SAS (Statistical Analysis System) package.

Results

The workers on the pig farms were exposed, on the
average, to a total dust level of 2.41 mg - m™>. How-
ever, the amount of respirable particulate matter was
low (table 2). Electron microscopy indicated large
organic particles (figure 1). The amount of ammo-
nia varied from 0.60 to 5.9 mg - m~ between build-
ings. The concentration of carbon dioxide was low
(1000 to 5000 ppm). The peak concentrations of car-
bon dioxide occurred when the pigs were excited by
the farmer entering the buildings (figure 2).



The distribution of positive responses to the ques-
tion “Have you ever had asthma?” was similar in the
three groups, four subjects in group P, three in group
D, and three in group R. Excluding asthmatics did
not change the demographic characteristics of the
groups.

The prevalence of respiratory symptoms did not
differ between group P and D except for work-re-
lated fits of coughing (P<0.02) (table 3). These two
groups had a slightly higher prevalence of cough and
morning phlegm than group R did. These differenc-
es were significant even after adjustment for smok-
ing habits.

Respiratory symptoms were significantly more fre-
quent during work in groups P and D than in group
R (table 3). Very few farmers reported delayed,
work-related symptoms.

Figure 1. Scanning electron micrograph of airborne particles
collected in a swine confinement building.
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Before the methacholine challenge, the mean lung
function values were normal according to the Euro-
pean reference values. The dairy farmers had lower
values, but there was no significant difference be-
tween the groups (table 4). No significant correla-
tion was observed between duration of employment
and the lung function values, adjusted for age, height,
and smoking habits.

Two subjects in group P, two in group D, and one
in group R could not undergo bronchoconstrictor
challenge because their initial pulmonary function
values were too low. One subject in group P, one in
group D, and two in group R stopped the challenge
at cumulative doses below 560 ug.

The methacholine challenge induced a significant
decrease in lung function in all three groups.

Bronchial hyperreactivity to methacholine chal-
lenge was significantly higher among the dairy and
pig farmers than among the referents, with higher
prevalences of responders and lower negative mean
slopes (table 5). Only four subjects (1.8%) had a de-
crease in FEV |  that was greater than 20%. The find-
ings were unaffected by adjustment for the initial
FEV, .

0.2

0.1 : =

Time
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Figure 2. Carbon dioxide concentration in a swine confine-
ment building. Peak induced by the farmer entering.

Table 3. Prevalence of respiratory symptoms. Comparisons between pig farmers (group P), dairy farmers (group D) and the refer-

ence group (group R).

Work-related

. . . i rt-
Morning Diurnal Fits of Morning Chest Wheez- o " - .
Group cough cough coughing phlegm tightness ing ness of Sneezing Rhinitis  fits of  Sneez- .. Wheez- Short
breath coughing ing Rhinitis ing ness of
breath
P (N=98) 13.3* 13.3** 240** 102 3.1 71 12.2 29.6 10.2 245 214" 153 20 31
P=0.03 P=0.004 P=0.009 P =0.0004 P=0.03
D (N=48) 10.4 6.2 22.9* 16.7 10.4* 8.3 14.5 25.2 8.3 8.3 104 6.2 0 21
P=0.03 P=0.03
R (N =78) 3.8 1.3 9.0 7.7 13 5.1 16.7 19.2 15.4 5.1 9.0 15.4 1.3 5.1

Table 4. Lung function values before methacholine challenge in the three groups. The values have been adjusted for age, height,
and smoking habits. [P = pig farmers, D =dairy farmers, R =referents, FVC = forced vital capacity, FEV, o =forced expiratory
volume in 1 s, MEF = maximal midexpiratory flow rate, PF = peak expiratory flow, FEF = forced expiratory flow rate at a certain
percentage (figure in subscript) of the forced vital capacity].

& FVC () FEV4, (1) MEF (I - s—1) PF (I-s71) FEF;5(1-s~% FEFs (1-s~1) FEF. (I-s7Y)
roup

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
P (N =97) 5.04 0.85 4.05 0.72 420 1.29 9.06 1.61 776 1.79 500 155 1.92 074
D (N =48) 495 093 3.97 0.87 372 1.32 8.36 1.81 6.79 197 424 147 185 0.76
R(N=78) 5.04 0.73 407 0.63 420 1.15 834 1.60 729 163 501 1.41 194 074
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Table 5. Prevalence (%) of subjects with a decrease in forced
expiratory volume in 1 s equal to or greater than 10% (re-
sponders 10) and 15% (responders 15) and the mean of the
slope of the bronchial reactivity by group. The reactivity was
higher in groups P and D than in group R. (group P = pig farm-
ers, group D =dairy farmers, group R =referents)

Variable Group P Group D GroupR
Responders 10 17.9 356 6.7
(prevalence) —pP=0.02—'—P=0.0001—"

B P =0.03 4
Responders 15 6.3 17.8 4.0
(prevalence) l-—P=0,07—"~- P=0.02—!
Slope of reactivity —-12.4 -175 -97
(mean, % - ug) L— p=0.07—

Discussion

Several airborne contaminants are present in pig con-
finement buildings. In this study, the mean levels of
ammonia, carbon dioxide, and dust were lower than
the threshold limit values. However, there may be
synergistic effects between toxic agents. The levels
of these agents were similar or lower than the con-
centrations observed in Canada (10), Sweden (8, 15),
the United States (25, 26), Finland (29), The Neth-
erlands (27), and Yugoslavia (23). The dust was
mainly composed of organic particles. The size of
these particles, evaluated with the aid of both sam-
plers and electronic microscopy, were about 5—10
um. This finding is consistent with those of Haglind
& Rylander (8), Crook et al (20), and Donham et al
(26, 36). The inhalation of endotoxins may play a
role in the occurrence of febrile reaction and respi-
ratory manifestations among swine confinement
workers (8, 18, 20, 21, 27). The endotoxin level cor-
relates with base-line FVC (21) and also with change
in FEV  over a work period (15). Endotoxins may
thus increase bronchial reactivity. However, it is not
known whether endotoxins alone are responsible for
the change in bronchial responsiveness caused by
inhaled swine dust (28, 30, 32). For technical rea-
sons, exposure to endotoxins was not assessed in our
study.

We compared pig farmers, dairy farmers, and ref-
erents. Many previous studies have compared pig
farmers to only one reference group, ecither dairy
farmers or other referents. The use of nonpig farm-
ers as referents is debatable, as they may be exposed
to various airborne contaminants. They have a higher
prevalence of respiratory symptoms and function
abnormalities than nonfarm workers (2—4, 10, 19).
On the other hand, the prevalence of smokers was
lower among the farmers than among the nonfarm-
ers in our study population, and in Italy (2) and Can-
ada (19, 22).

This cross-sectional study may have been biased
by the “healthy worker effect.” However, we iden-
tified a higher prevalence of respiratory symptoms
among the pig farmers and among farmers not in-
volved in intensive breeding than among nonfarm-
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ing references workers. There was no significant dif-
ference between the prevalence of respiratory symp-
toms in the two farming groups. However, respira-
tory symptoms were more prevalent in both groups
of farmers than in the group of nonfarmers, despite
lower percentages of smokers. The pig farmers es-
pecially reported symptoms of cough, fits of cough-
ing, and phlegm. The prevalence of wheezing, chest
tightness, shortness of breath, and asthma were not
significantly different between the pig farmers and
referents. Various respiratory symptoms have been
identified among pig farmers in previous studies. For
example, a higher prevalence of airway irritation and
bronchitis was found in several studies (8, 9, 12, 14,
15, 17, 19, 22, 23), and sometimes a higher preva-
lence of asthma (11, 16) and symptoms of bronchi-
al hyperreactivity (13) were revealed.

In the three groups, the mean base-line FVC and
FEV, , were similar to the European reference val-
ues. The mean MEF, FEF, , and FEF ; were slightly
lower than the reference values but without signifi-
cant differences between the three studied groups
even when smoking habits were taken into account.
Lung function values were also slightly lower for the
reference farmers than for the pig farmers in the
study of Holness et al (10). Lower lung function val-
ues were also found by Dalphin et al (3) among
French dairy farmers.

Bongers et al (9) found mean pulmonary function
values, except for FVC, that were lower than the ref-
erence values among 132 pig farm owners. Howev-
er, consistent with our study, there was no signifi-
cant correlation between duration of exposure and
pulmonary function. They did not study other farm-
ers or reference groups. In contrast, Iversen et al (16)
demonstrated that a low FEV  correlated with the
number of years in pig farming and also with bron-
chial hyperreactivity in a subgroup of symptomatic
farmers without asthma. Therefore, bronchial hyper-
reactivity has been suggested to be involved in the
higher prevalence of respiratory disease among farm-
ers, especially among pig producers (16, 36).

Our doses of methacholine may have been too low
to identify the hyperreactive subgroup unambiguous-
ly. The doses were however sufficient to reveal high-
er hyperreactivity in the farming groups than in the
nonfarming group. This finding confirms the higher
hyperreactivity observed by Zhou et al (22) among
20 pig farmers as compared with outdoor urban
workers and by Rylander et al (32) among 36 pig
farmers as compared with 16 referents, but not be-
tween the pig farmers and 23 dairy farmers. Iversen
et al (16) studied bronchial reactivity by determining
the provocative concentration of histamine causing
a 20% decrease in peak expiratory flow. They found
that most of the hyperreactivity among farmers was
explained by a low FEV, . Moreover, they found that
the hyperresponsiveness was slightly higher among
pig farmers than among dairy farmers, but the dif-
ference was not significant (17).



The lower initial FEV |, did not completely explain

our results. The increase in the nonspecific hyperre-
activity among the pig and dairy farmers was inde-
pendent of the initial FEV . Further studies are re-
quired to characterize the causative agents of respi-
ratory symptoms and hyperreactivity among farmers.
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