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A total of 14 epidemiologic studies From four countries, involving 2,786 workers is 
reviewed for respiratory symptoms, pulmonary function, antibodies to swine house 
allergens. and exposure-response variables. Cough and phlegm were the most common 
symptoms (ranging from 12 to 55%). Tightness of chest and wheezing were frequently 
reported (12 to 33%) as well as episodes of organic dust toxic syndrome. Acute symp- 
toms, directly associated with work, were from 1.5 to 2 times more prevalent than 
chronic symptoms. Baseline pulmonary function generally revealed decrements in flow 
rates, but not volumes; over-shift changes showed small decrements in both flows and 
volumes. IgG antibodies to swine house antigens were common; no relation to symp- 
toms could he found. Exposure response studies were limited, but relationships were 
seen between endotoxin and pulmonary function decrements, or respiratory symptoms. 

Key words: swine confinement buildings, chronic bronchitis, pulmonary function, agricultural 
dusts, ODTS 

lNTRODUCTlON AND BACKGROUND 

During recent years, research reports from several countries have described 
health problems for persons working in swine buildings. This paper will review and 
summarize the data frum these reports, focusing on symptoms and pulmonary func- 
tion studies and comparing these parameters to those of workers exposed to agricul- 
tural dusts in various processes. 

Agents 

The agents within the air of swine confinement buildings include gases [Att- 
wood et al., 19871 as well as aerosols [Donham et al., 1985; Donham et al., 19861. 
The most dramatic effect of any agent within livestock confinement buildings is that 
of the acute poisoning from hydrogen sulfide gas [Donham et al., 1985; Donham et 
al., 19821. For buildings with liquid manure stored under the building, occasional 
sudden exposures to high levels of hydrogen sulfide may result in fatal acute poi- 
sonings or pulmonary edema when the manure is agitated. The storage of liquid 
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Chronic Symptoms”Among Swine Oonfi~ne;;~eni, 
Workers in Different Countries 

manure under the building is being phased out on farms in Western Europe but is still 
fairly common in North America. 

In comparison to hydrogen sulfide, chronic exposure to aerosols is much more 
prevalent. occurring in almost all types of swine buildings around the world [Donham 
et al., 19861. This aerosol is a very complex mixture of substances, containing 
components of both plant and animal origin, as well as microbial constituents and 
microbial metabolites [Donham, 19861. 

Symptoms 

This review is based on 14 different epidemiological studies of swine confine- 
ment workers. Ten of these studies also included pulmonary function testing. Ap- 
proximately 2_786 people were studied in these 14 reports. Most of the questionnaires 
used to assess symptoms were based either on the British Medical Research Council 
questionnaire, the American Thoracic Society questionnaire, or similar question- 
naires. Most of the studies ~assessed chronic symptoms. Only a few of the studies 
assessed acute symptoms related to the workplace exposure. 

Figure I compares the major chronic respiratory symptoms among swine con- 
finement workers in different countries. The countries compared included the U.S. 
[Donham et al., 1977; Donham et al., 1982; Donham et al., 1984a; Donham et al., 
19861, the Netherlands [Brouwer et al., 1986; Bongers et al., 1987; Heederik et al., 
19881, Sweden [Donham et al., 1986; Donham, 1986, Haglind and Rylander 19871, 
and Canada [Holness et al., 1987; Dosman et al., 19881. 

The prevalence of symptoms in the swine worker populations was from two to 
four times that in the comparison populations. Cough and phlegm were the two most 
prevalent symptoms with cough ranging from 15 to about 55% and phlegm from 12 

to about 55% in 
comparable in thL 
50% less prevalei 
ing and tightness 
countries, rangifi 
symptom was sip 
(ODTS) was stuc: 
ably comparable. 

Acute syml; 
working envirom 
I compares the p 

Workers in 
(38-75%), whici 
Netherlands repo 
(lo-16%). 

The prevak 
20-55%, or app: 
symptoms. How 
comparable to th 

In evaluati: 
described are a re 
chitic symptoms 
U.S. and Swede, 
symptoms of whc 
This seems to be 
in the Netherlam 

Pulmonary Fun 

Pulmonary 
ment workers. h 
(Table II). The 
countries studied 
urban control po, 



1 Europe but is still 

sols is much more 
is Lvorld [Donham 
iances. containing 
II constituents and 

of swine confine- 
ction testing. Ap- 
the questionnaires 
Research Council 
similar question- 

:ew of the studies 

~imong swine con- 
included the U.S. 
-a: Donham et al., 
7: Heederik et al., 
.I Rylander 19871, 

5 was from two to 
;vere the two most 
4 phlegm from 12 

Swine Worker Health Effects 

TABLE I. DitTwences Between Prevalence (70) of Acute 
and Chronic Symptoms in Swine Confinement Buildings 
as Reported in 14 Epidemiologic Studies 
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Symptoms 
Cough 
U.S. and Sweden 
The Netherlands 
Phlegm 
U.S. and Sweden 
The Netherlands 
Wheeze 
Tightness of chest 
U.S. and Sweden 
The Netherlands 

Chronic 

20-39 
IO-16 

16-58 
S-12 

12-38 
IO-22 

*cua 

38-74 
18 

24-64 
6 

20-55 
8 

to about 55% in the population. The extent of symptoms cough and phlegm were 
comparable in the U.S., Sweden, and Canada. In the Netherlands, they were about 
50% less prevalent compared to other countries. However, the prevalence of wheez- 
ing and tightness of chest in the Netherlands was more similar to the other three 
countries, ranging between 12 and 33%. Distribution of the shortness of breath 
symptom was similar to that of tightness of chest. Organic dust toxic syndrome 
(ODTS) was studied in the U.S., Canada, and Sweden and the figures were reason- 
ably comparable, ranging from IO to 30%. 

Acute symptoms, defined as those which the worker directly associated with the 
working environment, were studied in the U.S., Sweden, and the Netherlands. Table 
I compares the prevalence of chronic and acute symptoms in these studies. 

Workers in the U.S. and Sweden had a similar prevalence of acute cough 
(38-75%), which was about twice as prevalent as chronic cough. Workers in the 
Netherlands reported little difference between acute cough (18%) and chronic cough 
(IO-16%). 

The prevalence of the acute symptoms of wheeze and tightness of chest was 
20-55%, or approximately one and one-half to two times that seen for the chronic 
symptoms. However, in the Netherlands, the prevalence of these acute symptoms was 
comparable to the chronic symptoms. 

In evaluating the symptomatology, it can be postulated that the symptoms 
described are a result of airways inflammation, manifesting itself in bronchitis. Bron- 
chitic symptoms are a very common finding among swine workers, particularly in the 
U.S. and Sweden. Acute bronchitis is more prevalent than chronic bronchitis. The 
symptoms of wheeze and tightness of chest are suggestive of an occupational asthma. 
This seems to be a more proportionally important condition among the swine workers 
in the Netherlands rather than bronchitis. 

Pulmonary Function Testing 

Pulmonary function testing has been reported in ten studies of swine confine- 
ment workers. Nine of these studies included baseline pulmonary function testing 
(Table II). The mean forced vital capacity (FVC) for these swine workers in all 
countries studied were within normal limits when compared to standard nonfarm 
urban control populations. Studies in the Netherlands revealed apparent decrements in 



20 Donham 

TABLE IL Baseline Pulmonary Function Test Among Swine Confinemen Workers: Percent 
Predicted Values’ 

n FVC FEV FEVIFVC x ,133 Flows 

U.S. 
Donham et a,., 1984 24 102 109 79 112 
Donham et a,., ,988 198 108 108 81 80 
confrol~ (unpublished) 
Sweden 
Haglind et a,., 1987 95 92 - - 
Donham e, al., ,989 92 loo 78 60 
Canada 
Holness et al., ,987 5 98 95 97 64 
contds 7 95 94 99 72 
Dosman et a,.. ,988 50 97 96 98 87 
cclntrols 7 107 104 97 90 

*n, number of persons; -, measurements not done. 

the forced expiratory volume in I second (FEV,), the FEV, to FVC ratio, and flow 
rates. There were also apparent decrements in FEVJFVC and flow rates in studies 
from Sweden and the U.S., although the FEV, was not decreased. This picture of 
decrements in the ratios and in the flow rates suggest a pattern of obstructive disease. 

In three studies, work period shifts in pulmonary function were examined [Don- 
ham et al., 1984b, 1989; Haglind et al., 19871. In all of these studies, 318 farmers 
were investigated. The decrements in FVC ranged from 1.2 to 3.3% while those in 
FEV, ranged up to 6%. The FEV,/FVC showed a decrement of 3%. However, the 
greatest change over the work shift was in the flow rates, such as FEF25-75 (4-12%). 
Statistically significant work shift changes in FEV, and flow rates were present in 
both Swedish and U.S. studies. 

Two studies, one in Canada and one in the Netherlands [Dosman et al., 1988; 
Brouwer~et al., 19861, calculated prevalence of lung dysfunction (defined as less than 
80% of predicted value, or at least 1 standard deviation from the mean). The Cana- 
dian study showed that 14% of the swine workers had decrements in FVC. 

Significant decrements in FEV, were also seen but were less notable. Twelve 
percent of the swine farmers in the Netherlands had significant decrements in FEV, 
and 20% had decrements in flow rates. 

In summary, these pulmonary function studies showed minor decrements in 
flow volumes, as well as FEVJFVC and (in the Netherlands) FEV,. The major 
change was in decrements in flow rates over the workshift. Although it is generally 
recognized that there is a problem with variability in measurement of flow rates, these 
parameters were consistently low in all workshift and baseline studies. Clinically 
significant decrements in individual workers were primarily seen in flow rates. These 
pulmonary function studies suggest that obstructive conditions were present. 

Allergy Studies of Swine Confinement Workers 

There have been seven different studies (summarized in Table III) that assess 
allergic conditions in swine confinement workers. Five of these studies showed 
evidence of increased IgG antibodies to antigens that were isolated from the envi- 
ronment including both animal allergens and mold spares. Two of the studies showed 
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TABLE 111. Allerev Studies of Swine Confinement Workers: Skin Prick Test (SF”fI* 

Katila et al.. 1981 

Disease 
w IgE SF’T Other Contmls relation 

+ neg NR NR + N0lle 
Harries and Cromwell, 1982 challenge NR Asthma 
Matson et al., 1983 -L + + NR + INone 

I Dunham et al.. 1985 + NR NR NR + None 
Brouwer et al., 1986 + + NR NR NR Hrsiweek 
Heederik and Brouwer + NR NR NR NR NOW 
1988 (unpublished) 
Donham, 1988 NR NR + NR + NO”tT 
(unpublished) 

* + increased levels; NR, noI reported 

an IgE response. Skin prick testing was done in two studies, and in one study a 
challenge test was done. However, only four of these studies included a control 
population. 

The results of these immunologic studies showed that IgG ant&&es to envi- 
ronmental allergens were frequently_s_een. IgE antibodies responses were less com- 
mon t&fgG. In the studies ~with controls, no difference in antibody levels between 
swine workers and controls were found. No relationship was found in the one study 
that examined the relationship between the presence of antibodies to environmental 
allergens and symptoms. However, in orie of the Dutch studies [Brouwer et al., 
19861, a relationship was seen between IgE antibodies and hours worked per week in 
the swine building. In the studies where skin prick testing was done, there was no 
relationship to a disease condition. One case study in the United States showed that 
a challenge of pig urine resulted in development of asthma in one patient. No other 
challenge studies could be found in the literature. 

In summary, a relationship between antibody or skin test response to disease 
was not seen in any of these studies. The antibody appears to be more indicative of 
exposure but not related to disease or symptoms. 

It is apparent that classical Type 1 or Type 3 mediated ilInes& are only a minor 
part of the disease picture in the healthy working population of swine confinement 
workers. 

Exposure Response Studies in Swine Confinement Buildings 

Five studies have attempted to investigate relationships between environmental 
exposures and symptoms or pulmonary function in swine confinement workers. Three 
of these studies were done in United States, one in Sweden, and two in the Nether- 
lands. Smoking and total exposure time showed the most consistent relationship to 
symptomatology, as well as pulmonary dysfunction. 

Regarding the relation of symptoms to smoking, studies by Matson [ 19831 and 
Donham et al., [1982; 19861 point out that there is a relative risk of from 1.5 to 2 for 
coughing and wheezing for those confinement workers who smoke. However, no 
increased risk for workers who smoke could be found regarding phlegm, shortness of 
breath, and work absence. 

Table IV summarizes the effects of smoking on pulmonary function testing. 
Regarding baseline pulmonary function. smokers generally have lower values for 
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TABLE IV. Effects of Smoking an Pulmonary Function Test (PIT) in Studies of 
Swine Confinement Workers a.b* 

Baseline Nonsmokers compared 10 smokers % 

NC 0 10 7% lower 
FEV, 4% 1” mm, Inwer 
flows 

Workshift decline 

NC 
FEV , 

5% lower 

Relative risk 

1-2 
l-2 now; 1.5-2 

*a, Matson. 1983: b. Donham and Gustafsson. 1982: Donhsm. 1986. 

NC (O-7%). FEV, was 4% to 20% lower compared to nonsmokers. The decrements 
in flow rates were approximately 5% lower in smokers as compared to nonsmokers. 

In examining workshift decline in pulmonary function to smoking, workers who 
smoke had from one to two times greater workshift decrement in FVC compared to 
nonsmokers. This same decrement was seen also in FEV,, as well as in the flow rates. 
Exposure-response studies also included endotoxin, dust, ammonia, and microbes. 

Endotoxin showed the strongest and most consistent relationship to symptoms 
of organic dust toxic syndrome (ODTS) and work period PFT decrements. A slightly 
stronger relationships was seen between dust and bmnchitic symptoms (cough and 
phlegm), but a weaker relationship to tightness of chest and febrile syndromes. There 
was no relationship of dust to pulmonary function changes. Ammoniadid show some 
relationship to baseline pulmonary function decrements in two different studies. In 
one of the studies, the levels of microbes showed a significant relationship to symp- 
toms of occupational asthma. 

GENERAL EVALUATIONS 

These studies reviewed have involved different methods, and assessment of 
symptoms and pulmonary functions are sometimes difficuk to compare from one 
study to another. Of the fourteen studies, only seven included comparison (control) 
populations, and in one instance the comparison population was extremely small. The 
following conclusions are made with recognition of the current limitations of the data, 

The various symptoms seen in swine confinement workers can be grouped and 
the” classified according to a probable disease condition. Some of the most apparent 
generalizations that can be made include: I) symptoms of upper and lower airways 
inflammation are common, manifesting themselves as bronchitis (cough and 
phlegm); 2) inflammation of upper airways manifesting itself as rhinitis, pharyngitis. 
and sinusitis; and 3) symptoms of airway hyperreactivity are less common. 

Generalized symptoms were also present in swine workers. Episodes of deiayed 
onset of fever, malaise, muscle aches, and headaches (symptoms of ODTS) were 
commonly reported [MaImberg et al., 19851. Other symptoms are fatigue, chronic 
muscle~aches and pains. 

Table V summarizes and groups symptoms reported by swine confinement 
workers. When considered this way, there is suggestive evidence that several coo- 
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TABLE V. Summary of Symptoms Reported by Swine Confinement Workers 
and Suggested Disease Conditions 

Symptoms Suggested conditions 

Cough Airway inflammation or bronchitis 
Phlegm 
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Tighk,> “i ChCS‘ 
Tightness of chest 
Shortness of breath 

Occupational asthma or hyperreactive airway disease 

Wheeze 
Acute episodes of fever Organic dust toxic syndrome 
Malaise, muscle and joint 
pain, headache, fatique 
Chronic fatique. muscle and Chronic inflammation 
joint pains. shortness of breath 
hitation of throat. Mucous membrane irritation 
eyes, and nose 
Dizziness, “popping” ears, Mucous membrane inflammation 
continuous or frequent colds. 
stuffy nose 
Chest tightness on return Byssinosis-like rraction 
to work 

ditions may be ascribed to swine confinement building exposwe. Several of the 
conditions may occur simultaneously in the same workers. 

As pulmonary function testing often demonstrates marginal decreases (in mean 
values), symptoms may be a better parameter to study populations for’~respiratory 
disease relative to their working environment. In future studies it is thus a need to use 
a standardized questionnaire that assesses the types of symptoms seen after organic 
dust exposures. It is also necessary that representative control populations be included 
in future studies. 

Perspective to Other Agricultural Dusts 

Swine confinement work is but one example of the agricultural processes re- 
sulting in agricultural dust exposure. It is apparent that there are similarities in 
confinement workers’ illnesses and illnesses among persons exposed to other agri- 
cultural and other vegetable dust exposures [Schlenker et al., 1985; Pratt and May, 
19841. The resulting disease conditions may depend on the type of exposures, i.e., 
chronic exposure and/or an acute agricultural dust exposure. 

In chronic exposure, the workers complain primarily of symptoms suggestive of 
chronic airways inflammation including bronchitis and reactive airways disease. 
Commonly reported also are symptoms of chronic muscle aches, fatigue, and dysp- 
nea. 

There are processes resulting in acute agricultural dust exposures, characterized 
by dust levels from 5-20 mg/m3, endotoxin from 0.3 to 2 pg/m3, and microbes from 
IO’ to IO” per m3, The effects that results from this exposure are acute attacks of 
ODTS and/or occasionally perhaps hypersensitivity pneumonitis. The symptoms of 
airways obstruction and bronchitis are not the primary feature of these types of 
exposures but possibly result from multiple acute exposures. 

The swine confinement environments may be looked on as a model for generic 
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agricultural dust exposures. The exposure is both of a chronic nature and with epi- 
sodic acute exposures during certain activities, such as moving and sorting animals. 
and sweeping and cleaning in dusty and moldy places. A detailed study of swine 
confinement workers could represent a study of the full range of potential health 
effects of agricultural dusts. 
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