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ABSTBACT: Exposure to swine confinemeot buildings has a negative impad on 
respiratory be&h. A short exposure to this environment results in an acute air- 
way inflammatory respoose. The present study was performed to confirm and fur- 
ther defme the acute effects of working in P swine building, and to determine 
whether these efFects are reproducible. 

Seven previously nonexposed normnl subjects underwent evebmtioos that in- 
cluded hourly measurement of foreed expiratoy volume in one second (FE%?), 
methacholine challenge (the provocative concentration producing B 20% fall in 
FEYI (PCZO)), broocboalveolar larage QAL), nosal lavsge (h’L), and blood aonly. 
SW, before (control) and after each of two 5 b exposorea to a swine building en+ 
ronment. The exposures were condueted 8 days apart. The levels of total dust, 
endotoxins, and ammonia (NFQ in the cootiiement building wee measured on 
each day of exposure. 

Both exposurea molted in P signifkaot reduction in FEVI (meantiM change in 
FEvt: control - 7&z%; exposure 1 - lW%; exposure 2 -X3+3%), decrease in 
l’Cm (median value (Xth-75th percentile): 223 (23~ZS6), 20 (1.5498) and 24 (ll- 
71), respectively; p-0.05) and increa,ie io BAL cells (12W0, &I?43 and Sllf103x 
1D, ceU.woL-t, rqktively) and NL cells (6k4,126?zSS and 103i26~10’ ceUs.mL-1, 
respectively), mostly neutmphils. Levels of interleokio% @L-8), but not inter- 
leokin-1 (U-1) or turnour necrosis factor-a (TN&a), increased both in BAL and 
nasal nuids with eqosure. 

In oormel alive subjects, repeated expoawe to the erwimoment of a swine build- 
ing induced a marked and reproducible reduction in forced expiretory volume io 
ooe second, increase in airway responsiveness, and increased q eutrophilic inflam- 
matorv remonse. These i-w~lts could not be accounted for by any of the environ- 
menId faciors meawed. 
Eur Respir I 1997; IO: 1516-1522. 

Confining large-numbers of animals in relatively small 
spaces has become the standard practice of swine prod- 
uction in most industrialized countries. Studies have 
documented that tbe air in swine confinement build- 
ings contains large quantities of dust, bacteria and fungi, 
endotoxins and toxic gases (hydrogen sulphide (H,S) 
and ammonia (NH,) being the most abundant) [l-5]. In 
cold countries, such as Canada, adequate ventilation re- 
quired to assure proper elimination of these contami- 
nants is economically unfeasible. particularly during the 
winter months. when ventilation is reduced to conserve 
heat inside rhe swine building. 

Exposure to swine buildings is a respiratory health 
hazard [&I?]. Farmers who work in these buildings have 
abigh prevalenceof chronic bronchitis [13-151, increased 
airway responsiveness [16-181, and a decline in their 
lung functions during the shift [ 19,201. Separate Swedish 
studies (21. 221 showed lung inflammation and airway 
hyperresponsiveness after a brief exposure of naive sub- 
jects to swine building dust. No information is provid- 
ed on the possible link between these two important 
observations. These acute results are surprising. since 
chronically exposed pig farmers have only a very mild 
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increase in bronchoalveolar lavage (BAL) cells and no 
increase in airways reactivity to histamine [23,24]. This 
discrepancy could be explained either by an adaptation 
process in farmers or by B selection process, with bias 
towards those who can tolerate tie polluted environment. 

We designed this study: 1) to determine whether swine 
building exposure in Quebec induced similar effects in 
normal naive subjects as weighing pigs did in Sweden; 
2) to determine whether the effects of swine building 
exposure were reproducible: 3) to measure early phase 
cytokine involvement in inflammation due to swine build- 
ing exposure; 4) to evaluate less invasive parameters 
than BAL, e.g. nasal lavage, white blood cells (WBCs). 
to monitor .the effects of this exposure; and 5) to look 
at environmental contaminants that could induce changes 
in the parameters measured. The study of air contami- 
nants simultaneously with subject exposure could help 
identify potential risk factors that need to be controlled. 
The study of reproducibility is important for future stu- 
dies in which environmental interventions would be 
tested. Any parameter that is reproducible. especially if 
noninvasive, could serve as a marker of the efficacy of 
interventions to improve air quality. 
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Materials and methods 

Subjecrs 

Seven nonsmoking healthy males, aged 2638 yrs 
(mean 29 yrs), who had never been exposed to the envi- 
ronment of a swine confinement building participated 
in the study. Each subject was first screened by spim- 
metry and skin-prick tests to cmnmcm aemallergens, 
including pig antigens. Subjects normal in these aspects, 
with no history of lung disease or recent airway infec- 
tions (cl month), and on no medication were eligible 
for participation. Eleven young males were screened to 
identify the seven eligible subjects. Four were elimi- 
nated. one due to a recent history of smoking and three 
because of positive skin-prick reactions to common air- 
borne allergens. Befote starting participation, each sub- 
ject signed a consent form approved by out institution’s 
Ethics Committee. 

Swine confinement building 

The building was se!ected to represent an average type 
in Quebec. It housed about 400 wines. aged 2-5 
months. i.e. the fattening period before market. The build- 
ing was ventilated by eight temperature-controlled fans 
placed on each side of the building. During the winter 
months, the period when the experiments were perfamed, 
the inside temperature was set at 16°C. 

Study design 

Day I. Nonexposure baseline day with hourly mea- 
surements of forced expiratoty volume in one second 
(FEVI), body temperature, and symptom scores (scale 
l-10) for headache, dyspwea. cough, chest tightness, 
chills, running nose, ‘and eye irritation. from 09.00 to 
14.00 h. Venous blood was collected and nasal lavage 
obtained at 16.00 h. for cell comas and cytokine deter- 
minations. 

Day 2. Methacholine challenge (starting dose of 8 mg 
rnL’) and BAl. (between 07.00 and 09.00 h). 

Day 10. Swine building exposure from 09.00 to 14.00 
h with measurements and assessments of tbe same pan- 
meters as on Day 1, including venous blood sampling 
and nasal lavage at 16.00 h. 

Day 11. Methacholine challenge (as for Day 2 but with 
a starting dose of 2 mgmL-1) and BAL (between 07.00 
and 09.00 h). 
Day 18. Repeat of Day 10. 
Day 19. Repeat of Day Il. 

On both exposure days air. samples were collected 
for the measurement of total dust, endotoxin and NH, 
levels in tbe swine building. An experienced nurse. trained 
in performing spimmetty. accompanied all volunteers 
to the swine building m ensure their safety and that tbe 
study parameters were accurately followed. 

Spirometric measunmenls 

Forced expiratoty flows and volumes were obtained 
using a Vitalograph spirometer (Roxon, Buckingham. 
UK). On the initial evaluation. we obtained complete 

flow curves from which the forced expired vital capac- 
ity (FVC). FEVI and the ratio FEVUFVC were derived. 
Tbe tests were performed according to the American 
Thoracic Scciety (ATS) standard procedure [25]. For 
the methacholine challenges and hourly monitoring (see 
protocol) only FEVI measurements were obtained. 

Merhacboline challenge 

A standard pnxedure as described by JUMPER N al. 
[26] was used in this study. Briefly, doubling doses of 
methacholine were delivered via a calibrated Wright 
nebulirer, and inhaled for 2 min every 5 min until there 
was a drop in FEVI of at least 20% or a maximal dose 
of 256 mg,mL-1 had been reached. The provocation con- 
centration giving a 20% f&in FEVl (FT20) was ob- 
tained by interpolation on a semilogarithmic scale. 

After blowing and wiping his nose. the subject was 
instructed to occlude his retmpharynx by positioning 
the tongue against the soft palate. He then tilted his head 
backward, and 5 mL of 0.9% saline was instilled into 
each nostril. The saline wash was kept in the nasal cw- 
ities for 20 s, while the subject held his breath and main- 
tained a closed posteriopharynx and a backward tilted 
head position. The subject then tilted his head forward 
and blew the nasal wash into a clean dry flask 1271. Tbe 
volume of fluid recovered was measured, before cen- 
trifuging at SOOxg for 15 min at 4°C. The supematant 
was aliquoted and frozen at -70°C for subsequent cytc- 
kine assays. The cell pellet was resuspended in 11%500 
pL of Hank’s balanced saline solution (HBSS) for total 
cell count. Differential cc~unts were performed on Diff- 
Quik stained glass coverslip slides [28]. Cell viability 
was verified by trypan blue exclusion. 

Bronchoalveolar lavage 

Under local anaesthesia, a 5.5 mm outer diameter tib- 
reoptic bmnchoscope was advanced and wedged into a 
segmental bronchus. The wedged lung segment was 
then lavaged with five aliquots of 60 mL of 0.9% saline; 
the fluid was gently aspirated after each aliquot. The 
fluid recovered was processed, as described for the nasal 
lavage, to obtain total cell and differential counts. BAL 
fluids were concentrated 15 fold by centrifugation using 
a lO.M)o cut-off centricon filter (Amicon Canada Ltd), 
and aliquots were frozen at -70°C for cytokine mea- 
surement. 

Blood samples 

Ten millilitres of heparinized venous blood were 
withdrawn. Total and differential counts were obtained 
electronically with a cell counter (STKS: Coulter Elec- 
tmnics Ltd. Hialeah, FL USA). Another 10 mL of non- 
hepa-inized bIocd was withdrawn, allowed to clot, and 
the semm separated by centrifugation. Serum was kept 
frozen at -70°C until processed for cytokine detemti- 
nation. 

Cytokine measurements 

revels of mmour necrosis factor-a (TNF-a), interleu- 
kin-lb (IL-IB) and interleuhn-8 (IL-8) in nasal lava@. 
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fiuids. concentrated BAL fluids and sera were assayed 
by enzyme-linked immunosorbent assay (ELISA) kits 
from Perceptive Diagnostics (Cambridge, MA. USA). 

Air sampling and measurements 

Total dust was measured by personal sampling (1.5 
Lmin-1) for the tota exposure time. Dust was deposi- 
ted on a dry preweighed filter cassette. ‘Ibe dust was 
dried on the filter for 24 h. the filter with dust was 
weighed by gravimetry (with a precision of 0.01 mg), 
and the average amount of envim~~ntal dust for the 5 
h sampling period was calculated. Endototin was mea- 
sured from total dust by Chromogenic Liiulus Amoe- 
bocyte Assay (Associates of Cape Cod, Woodshole. MA, 
USA). Dust suspension in sterile endotoxin-free water 
(LAL reagent water) (Associates of Cape Cod) was 
obtained from the filter. Dilutions of the samples were 
made directly in a Pyroplate (Associates of Cape Cod), 
and endotoxins were measured using pyrocbrome. The 
dilutions giving an optical density of 0.2-0.5 were used 
to calculate the’amount of lipopolysacchsrides (LPS) 
per cubic metre of air. To measure ammonia levels. air 
was sampled at 0.15 Lmin-’ through a sulphuric acid 
pretreated silica gel column. and ammonia was tneasur- 
ed by spectrophotometry. 

Data were expressed graphically as me-s~. Blood 
cell counts were tint analysed using npeated-mea- 
sores analysis of variance (ANOVA). with sphericity 
tests on orthogonal components to test for no difference 
between baseline, exposure 1 and exposure 2. This test 
determines whether or not the F tests from univariate 
design are valid. Since the p-values of sphericity tests 
were almost significant at the 0.05 level, only repeated 
tneasttres designs were used. The same approach was 
used for BAL and nasal wash cells and lung functions. 
Comparisons between baseline and exposure 1 and 
between baseline and exposure 2 were performed using 
Student’s paired t-test. To ensure an overall p-value of 
0.05, a Bonferroni’s correction was applied to these com- 
parisons. Thus, 0.05 was divided by 2 to test at the 0.025 
level. All other tests were performed at the 0.05 level. 
The data were snalysed using the Statistical Analysis 
System program (SAS Institute Inc.. Guy, NC). 

ReSUlts 

Symptoms 

Maximal scores for symptoms that occurred on either 
of the exposure days are presented in table 1. Most sub- 
jects reported nasal congestion. four had some cough, 
four a headache and two mild eye irritation. Three sub- 
jects developed mild dyspnoea. and one had a chill the 
evening following his second exposure. At that time, 
his oral temperature was 38.4”C. Otherwise. body tem- 
perature remained normal in all subjects. 

Changes in FEVt for each subject arc presented in 
figure 1. The data represent tbe maximal difference 

Table 1. - Maximal subjective scores. on a scale of 
O-5 &no symptoms, 5=severe SymptomS), for differ- 
ent symptoms reported by each volunteer on either of 
the exposure days 
ss Eye Nasal chills SOB Cough Head- 
No. irritation conges. ache 

tion 
I 0.5 3 0 1 1.5 2.5 
: 0 0 2 0 

2 i !I : 0 
4 1 2 0 1 

0 
2 
0 

1 
5 0 3 2 j 

!: E 0 I 0 0 0 2 0 0 2 0 

Ss: subjects: SOB: shortness of breath 

Table 2. - Provocation dose of metbaoholine (mgmL-1) 
causing a 20% drop in FEVi (PCzo) for each subject, 
for the baseline day and after each exposure day 
SS PC20 metbacboline mgmL-1 
NO. B&e EXpoSUlX Exposure 2 
1 14.5 4 3.4 

: 
190 256’ 256’ 
256’ 26 24 

4 256’ 14 II 

i 
2.5.5* 19.5 10.4 
ND 256’ 

7 23 20 ifi 
Median 223 
(2s75th (23-256) $198) (E-71) 
pc%CIltikS) 

l : the value of 256 II@&’ is given when the PEVI did not 
drop by 20% at this maximal dosage. Ss: subjects; PEVI: 
forced cxpintory volume in one second; ND: not deteneiaed 
for technical reasons. 

between the highest and the lowest F!ZVl obtained on 
each study day for.each subject. Tbe FEVI drop was 
signifwmtly greater on both exposure days compared 
to tbe control baseline day (p=O.O2). The second expo- 
sure day induced an even larger decrease in FE’& thao 
the fmt (p=O.o09). Individual values for PC20 metha- 
choline are prercnted in table 2. Four of tbe six sub- 
jects for whom we have measurements for all thtre study 
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days had a significant reduction in their PC20 (greater 
than a twofold concentration). In one subject the PC20 
fell into the classical asthmatic z”“e (<8 mgmL-t). 
F’f31 at baseline was higher than on the swine exposure 
days (~6; p&05). The difference in PC20 between the 
t*o swine days was also nonsignificant (“=7; p&33). 
Subjects who had a drop in theii PC20 were m&al- 
lenged 2-3 weeks later: all PCZOs had re”tmed t” pm- 
exposure values (data not shown). 

BAL nasal Images and blood 

There were no pumlent secretions in the ainvays at 
a”y of the bmnchoscopies; however, the bronchoscopist 
(ML) noted mild-m-moderate airway itdlanunatio” after 
swine building exposures. Figure 2 presents tbe BAL. 
cellular tindiogs before and 24 h after each exposure 
to the swine building. The total number of cells iacre- 
ased significantly (pcO.CKJl2). The “umber of macro- 
phages doubled (p=O.O003), the lymphocytes increased 
from 21.9 to 75.8 and 117.3~103 cellsml-* BAL fluid 
(p=O.OOO@, while the neutmphils had the greatest in- 
crease. from 2.7 to 142.2 and to 145.0~10’ celMnL-’ 
@=0.0276). Results of the nasal washes are presented 

b 

I 

b 

Ease 

b b 

T T 

in figure 3. Seven hours after the start of the first expos- 
me, then was a 10-30 fold increase in the total “umber 
of cells recovered compared to baseline values (@X013); 
these cells were mostly neutmphils. The increase in cell 
numbers was also see” after the second exposure @5 
0.010). This respmtse was, however, significantly lower 
than that seen after the frst exposure @=0.016). The 
systemic effect of swine building exposure is illushat- 
ed by the results in WBC counts (tig. 4). The increase 
in total WBCs was highly significant (pAl.001); this 
increase was due mainly to a.” increase in the number 
of nwtr”phils. 

IL-8 levels i” concentrated BAL fluids and in the 
nasal washes. before and after both exposures are pre- 
sented ia figun 5. This cytokine was significantly in- 
creased atIer exposure in both fluids &x0.016 and p= 
0.0001, respectively). No IL-8 was detected in the 
semm.IL-1 1evelsi”BAL fluidsand nasal washes were 
variable and not significantly increased in the BAL 
fluid after the exposures (p=O.149 and p=O.265, respcc- 
tively compared to baselime) (fig. 6). .TNF-a conte”- 
uxioos in BAL.fluids, nasal washes and sera, at the 
time-point measured. were not altered by swine build- 
ing exposures (H.578, p=O.lW, and p=O.287 nspec- 
tively) (fig. 7). 

b 
. 

b 

T 
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Environmental &to both days. The outside temperature on the seven dif- 
ferent days that we visited the swine confinement build- 
ing ranged from -3 to -22°C. Total dust, endotoxins and NH, messured for each 

subject by personal samplers are presented in table 3. 
The missing data were due to technical problems. The 
personal sampler of subject No. 2 fell into the dung pit 
on his second exposure day! LPS levels were siguiti- 
candy higher on the first exposure day thau oo the set- 
and (p=O.OCGl). the other parameters were similar on 

Diiussion 

The present study confirms that exposure to a swine 
building can cause a marked inflammatory resputtse, 
acute symptoms, and an increase in bronchial respoa- 
siveness. This study also shows that a second exposure, 
8 days later, provoked a similar type of response. No 
specific environmental parameter has been identified to 
explain all the findings. 

Although the number of subjects studied is small. the 
results are sufftciently striking to confirm the effect of 
a short-term exposure to a swine building ettviron- 
merit in previously aonnal nonexposed subjects. Only 
a small number of subjects was included due to the 
complexity of the study. Because of this small number 
of subjects no valid correlations between variables cquld 
be “lade. 

Because of the small number of subjects studied, we 
felt it would be best to perform all the exposures in the 
same building. The fans of the building wheti subjects 
were exposed were set to function on the basis of the 
inside temperature, which was kept at 16’C. Ventilation 
was, therefore, influenced by the outside temperature. 
The study wss performed in January and February, two 
cold months in Quebec, when minimal ventilation would 
be used. The outside temperature was below 0°C on all 
study days. 

Our results support those of previous studies [21,22], 
showing that naive subjects exposed acutely to swine 
confinement buildings seem to have more intense in- 
flammatoty response than workers exposed chronically 
to this environment [23, 241. Moreover. chronically ex- 
posed subjects have smaller shift changes in their lung 
functions [20]. and do not have increased bronchial 
reactivity 1241. These differences could represent either 
a selection process, where only tolerant subjects con- 
tinue to work in swine buildings, or an adaptation to the 
envimn”lent. 

Although both exposure days resulted in striking res- 
ponses compared to baseline, cross-shift changes in FEVI 
and nasal lavage cell numbers were significantly dif- 
ferent between the two exposure days. The greater de- 
crease in FEVt on the second exposure could represent 
residual effects of the tint exposure [Zl]. Whilst the 

Table 3. - Results of personal air sampling for each subject on each exposure day 
ss Total dust mgm-3 Ammonia mgm3 LPS p%.m’ 
No. Exposure I Exposure 2 Exposure 1 Exposure 2 Exposure 1 Exposure 2 

1 51.6 2.6 6.4 9.9 78.6 8.7 
2 6.5 ND 11.0 ND 16.5 ND 
3 6.7 11.9 11.9 17.7 25.6 7.9 
4 IS.7 8.8 21.7 6.3 14.1 7.9 
5 ND 6.2 7.3 14 ND 6.4 
;. 8.3 9.9 12.1 9.2 10.2 2.4 18 9 19.6 3.7 9.8 6.9 

Mean 17.0 8.5 10.1 12.4 28.0 7.9 
SE&l i7.2 *1.5 e2.3 *I.9 110.3 to.5 
p-value 0.70 0.47 O.ooOl 

Ss: subjects: LPS: lipopolysaccharide: ND: not determined. 
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FEVI decreases were greater. the nasal inflammation term exposure to a swine building induces an acute 
was bwer on the second day of exposure. It is unclear inflammatory effect in normal naive subjects. Swine 
whether there is a relationship between the two. One buildings in Quebec appear to be similar to those in 
could speculate that subjects breathed through the Sweden. Although there are differences in response 
mouth more on the second exposure day, and therefore between the two exposure days, there are sufftcient sim- 
had less nasal inflammation and more bronchial res- ilarities and reproducibility in the observations made, 
ponse seconduy to bypassing the protective filter of the so that similar studies could be valid to evaluate the 
nose and sinuses. Further studies comparing the mute 
of breathing, i.e. nose M~U mouth, on responses will 

efficacy of environmental contml measures and personal 
protection devices. The mechanisms and environmental 

be needed to verify this hypothesis. The responses be- factors responsible for the effects observed remain to 
tween both exposures were. however, similar for all be elucidated. Further studies are needed to verify whe- 
other variables, which could. therefore. be used as out- ther exposure to all swine confinement buildings in- 
come parameters to study the efficacy of envimnmen- duces similar responses. and, if not, what differences 
tal interventions. These results are similar to those reported between different buildings could explain why one swine 
from Sweden after weighing pigs [21, 221. building is less hazardous than another. 

The reproducibility and the magnitude of the’increase 
in venous blood WBCs suggests that this simple outcome 
parameter could be useful in evaluating the effective- 
ness of environmental interventions on human response 
to swine confinement buildings. It is unclear, however. 
whether the factor (or factors) in the air that induced 
this blood response is the same as that which induced 
the lung reactions. Similar comments are also true for 
tbe nasal lavages. 
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