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Objective   Exposure in connection with cleaning piggeries induces airway inflammation. The aim of this study 
was to compare the health effects related to two different pre-cleaning processes in a piggery. 

Methods   In a cross-over study design, 12� ����������������������������������������������������������������������           subjects were randomly exposed for three hours during the cleaning of 
a piggery with a high pressure water jet, with and without pre-cleaning using a robot. We assessed lung function, 
bronchial responsiveness, symptoms, body temperature, and exhaled nitric oxide, and performed blood sampling 
and nasal lavage before and after both exposures.

Results   Compared with ordinary cleaning without the use of a robot, pre-cleaning with a robot significantly 
reduced the increase in bronchial responsiveness (P=0.049), total cell number (P=0.0029), and pro-inflamma-
tory cytokines (IL-8 level [P=0.016]) in nasal lavage, and diminished the increase in neutrophils (P=0.0029) in 
the blood.

Conclusion   Pre-cleaning of a piggery with a robot reduced exposure to dust and endotoxin, and resulted in an 
attenuation of the increase in bronchial responsiveness and the airway inflammatory response compared pre-
cleaning without a robot. 
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People working in the pig farming industry have an 
increased prevalence of respiratory symptoms and dis-
eases such as chronic bronchitis and chronic obstruc-
tive pulmonary disease (1–4). Exposure of healthy, 
previously unexposed volunteers in the farming envi-
ronment has resulted in intense airway inflammation 
and increased bronchial responsiveness. The exposure-
induced airway inflammation in volunteers is charac-
terized by a multifold increase of inflammatory cells 
(mainly neutrophilic granulocytes), pro-inflammatory 
cytokines (IL-6 and IL-8) in blood, nasal, and bron-
choalveolar lavage fluid, and increased levels of exhaled 
nitric oxide (NO) (5–7). The reaction in both farmers 
and volunteers is most likely caused by the high levels 
of airborne organic dust in the piggery (8). 

Larsson et al has shown that the cleaning of the 
interior of the stable is a working situation that causes 
a high dust exposure with a greater proportion of respi-
rable dust compared with exposure when weighing pigs 
(9). After each completed breeding period, the stables 

are normally soaked with sprinklers during the night 
and subsequently manually cleaned using a high-pres-
sure water jet. The high proportion of respirable dust 
measured during this cleaning procedure could originate 
from the fragmentation of dust particles by the high-
pressure cleaner’s water jet that, together with damp-
ness in the stable, intensifies the exposure as previously 
shown. Even though the exposure to dust was approxi-
mately 20 times lower during the cleaning of the stable 
compared to when weighing pigs, the post-exposure 
increase in bronchial responsiveness is similar on both 
occasions. It has also been shown that wearing a mask 
attenuated, but did not abolish, the effects of exposure 
in healthy volunteers (9–11). 

Recently, an automatic cleaning robot (Ramsta Robot-
ics, Uppsala, Sweden) has come into use in piggeries. 
The robot pre-cleans the stables during the night and the 
farmer finishes the cleaning procedure with a water jet 
on the subsequent day. This procedure lowers the expo-
sure time for the farmer up to 75% (12–13). The robot 
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is, however, expensive and has to be specially adjusted 
for each stable by an expert, which is a time-consuming 
procedure. It is unknown whether the use of the robot 
influences the health impact of the cleaning procedure on 
the farmer. Even though the dust exposure and exposure 
time is reduced when using the robot, the higher propor-
tion of the respirable dust fraction might indicate a deeper 
penetration of small particles into the lungs, which in turn 
may cause more severe health effects. 

Using a cross-over design,���������������������������       the aim of this study was 
to evaluate the acute effect of the cleaning processes, 
with and without pre-cleaning using a robot, on previ-
ously unexposed volunteers. 

Materials and methods

Subjects

Twelve healthy, non-smoking volunteers participated 
in the study ���������������������������������������      [nine women, mean age 27 (range 20–37) 
years]��������������������������������������������������       . The participants had no respiratory symptoms or 
diseases, and no allergies as confirmed by a questionnaire 
and skin prick tests using 17 common aeroallergens. Other 
inclusion criteria included normal results of a physical 
examination, spirometry, and bronchial responsiveness to 
methacholine. None of the volunteers had previously been 
exposed to farm dust. All volunteers gave their informed 
consent. The study was approved by the ethics committee 
at the Karolinska Institutet (2005/1163-31/4). 

Study design

The subjects were twice exposed for three hours in a 
piggery for both exposure settings. During the exposure, 
the farmer was cleaning the stable with a high-pressure 
cleaner. On one occasion, the cleaning robot had carried 
out an automatic cleaning on the previous day. On the 
other occasion, cleaning was preceded by soaking the 
stables with a sprinkler installation (ie, no robot was 
used). The study was performed in a randomized, cross-
over design, with a wash-out period of at least one month 
between the two exposures. Six persons were exposed on 
each occasion, resulting in two exposures of pre-cleaning 
with a robot and two exposures of pre-cleaning without a 
robot. During each exposure, 2–3 of the volunteers wore 
personal samplers for exposure monitoring. Two weeks 
prior to the exposure, all subjects underwent spirometry, 
bronchial methacholine provocation, and nasal lavage 
and blood sampling; exhaled nitric oxide (NO) was also 
measured. The same tests were repeated seven hours 
after the start of each exposure. Immediately prior to and 
after exposure, we measured peak expiratory flow (PEF), 
symptoms, and oral temperature. 

Exposure measurements

Inhalable dust (IOM filter cassettes 25 mm, SKC Ltd, 
Dorset, United Kingdom) and respirable dust (plastic 
cyclones [25 mm, Casella Ltd, London, United King-
dom]) were sampled in the breathing zone with portable 
pumps with an airflow of 1.9–2 l/min. The cassettes 
were equipped with Teflon filters (1.0, Millipore, Sund
byberg, Sweden). We performed at least two measure-
ments of both inhalable and respirable dust during each 
exposure. 

After weighing, we extracted the filters and analyzed 
them for endotoxins using a kinetic technique version 
of limulus amebocyte lysate (LAL) assay (Endosafe 
Endochrome-K, Coatech AB, Kungsbacka, Sweden) 
with E. coli 0.111:B4 as standard (14). To ensure that 
b-glucans, which are most likely present in the dust, 
did not interfere with the assay, we used an endotoxin-
specific buffer (Charles River Endosafe, Charleston, 
USA) ��������������������������������������������������       to dilute the LAL assay ��������������������������  according to manufacturer 
recommendations. 

For all duplicates, an intra-assay variation of <15% 
was accepted. The detection limit for endotoxins was 
0.02 EU/ml corresponding to 40 ng/m3. 

Symptoms

We assessed general and airway specific symptoms 
using a 100 mm visual analogue scale. The volunteers 
were requested to put a cross on the scale where 0 indi-
cated “no symptoms” and 100 indicated “unbearable 
symptoms”. We measured oral temperature directly 
before exposure and then every hour up to eight hours 
after the start of exposure.

Lung function and bronchial responsiveness

We measured vital capacity and forced expiratory vol-
ume in one second (FEV1) using a wedge spirometer 
(Vitalograph®, Buckingham, United Kingdom) accord-
ing to the criteria of the American Thoracic Society (15). 
Local reference values were used (16–17). We measured 
PEF immediately prior to and after exposure and every 
hour up to five hours following exposure with a mini-
Wright peak flow meter (Clement Clarke Ltd, London, 
United Kingdom). We registered the best out of three 
measurements.

Bronchial responsiveness to methacholine was 
measured as has been previously described (18). The 
results were expressed as the cumulative dose causing a 
20% decrease in FEV1 (PD20FEV1). The dose/response 
slope of change in FEV1 was calculated by linear 
regression including all data points, as the percent 
change of FEV1 as a function of the cumulated metha-
choline dose (19). 
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Exhaled nitric oxide 

We measured NO in exhaled air using a single-breath exha-
lation with 50 ml/s ��������������������������������������     flow rate�����������������������������    , according to the  ���������American 
Thoracic Society recommendations �����������������������   (20). The analysis was 
conducted after reaction with ozone (NIOX®, Aerocrine, 
Stockholm, Sweden) as ������������������������������������    described earlier ������������������  (11). To decrease 
contamination from the oral cavity, �������������������  preceding the meas-
urement, ���������������������������������������������        the mouth was rinsed with water and a sodium 
bicarbonate solution (10%) for 30 seconds each (21).

Nasal lavage

Nasal lavage was performed using a procedure described 
by Bascom et al, with minor modifications (22). The 
lavage samples were centrifuged, and the numbers of 
cells were counted in a Bürker chamber. The superna-
tant was frozen before analyses. IL-6 and IL-8 were 
determined in the samples using an enzyme-linked 
immunosorbent assay developed at our laboratory using 
commercially available antibody pairs (R&D Systems 
Ltd, Europe, Abingdon, United Kingdom) (23). The 
lower detection limit of IL-6 and IL-8 were 3 pg/ml 
and 50 pg/ml, respectively. For duplicated samples, we 
accepted an intra-assay coefficient of variation of <10% 
and an inter-assay coefficient of variation of <20%. 

Blood leukocyte analysis

Whole peripheral blood was collected in ethylene diamine-
tetra-acetic acid vacutainer tubes (BD Bioscience, New 
Jersey, USA) and tested within two hours of the sampling. 

The samples were analyzed in AttractorsTM (BD Biosci-
ence, San Jose, CA, USA) to perform a five-part white 
blood cell differential, as previously described (11).

Statistics

Lung function, symptoms, and cell distribution in blood 
are presented as means and 95% confidence intervals 
(95% CI). Statistical comparisons between the exposures 
were assessed by analysis of variance (repeated measures) 
followed by the Student’s t-test for paired observations 
as a post hoc test when appropriate. For not normally 
distributed data, the results are presented as medians 
and 25th–75th percentile (exhaled nitric oxide, bronchial 
responsiveness, and nasal lavage fluid results). Statistical 
comparisons between exposures were then assessed by 
the Friedman test followed by the Wilcoxon signed rank 
test when appropriate or by the Spearman rank correlation 
test. We considered a P-value of <0.05 significant.

Results

Exposure measurements

Significantly lower levels of inhalable dust (P=0.023) 
were observed when the stable was pre-cleaned with the 
robot, whereas respirable dust levels were similar for 
both exposures (figure 1). Endotoxin levels in inhalable 
(P=0.0062) and respirable dust (P=0.014) were also 
lower when the stable was pre-cleaned with the robot.
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Figure 1. Inhalable and respirable dust and endotoxin levels for both exposures after robot cleaning and without the use of a robot. Detection 
limits were 1.4 mg/m3 and 0.3 mg/m3 for inhalable and respirable dust, respectively and 40 ng/m3 for endotoxin exposure. Each value is based 
on 4–6 measurements.
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Symptoms

Chills were reported after both exposures (P≤0.017), 
with no difference between the two (P=0.145). Chest 
tightness (P=0.032) and cough (P=0.001) were sig-
nificant only after exposure without robot pre-cleaning, 
with no significant differences between the exposures. 
Body temperature increased 0.9°C (95% CI 0.45–1.45) 
when exposed after robot pre-cleaning and 0.8°C (����95% 
CI ��������������������   ������������������   0.6–1.3) when the robot was not used. 

Lung function and bronchial responsiveness

Pre-exposure lung function of vital capacity and FEV1 
were normal for all participants. Pre-exposure percentage 
of predicted value for vital capacity was mean 97% (95% 
CI 90–103), and for FEV1 mean 98% (95% CI 91–105), 
respectively. Both exposures caused a significant decrease 
in PEF (P<0.01), but not in other lung function param-
eters (table 1). No significant difference between the two 
exposures was found. 

The PD20FEV1 decreased significantly only after the 
exposure without robot pre-cleaning (P=0.034), with no 
significant difference between the two exposure days 
(table 1). The dose response slope increased significantly 
only without robot pre-cleaning (P=0.0076), and signifi-
cantly more than when the robot was used (P=0.049). 

Exhaled nitric oxide

The level of exhaled NO increased without the use of a 
robot although not significantly, but significantly more 
than when pre-cleaning with a robot (P=0.0049).

Nasal lavage

After pre-cleaning the stable with the robot, the number 
of inflammatory cells in nasal lavage fluid doubled 
(P=0.022) (figure 2); without the use of a robot, a 
more than five-fold increase was observed (P=0.0022; 
P=0.0029 between exposures). No significant differ-
ences were found in the concentrations of IL-6 before 
and after the two exposures (P=0.30). The concentra-
tion of IL-8 increased following exposure without 
robot precleaning (P=0.0033) and significantly more 
than after pre-cleaning with a robot (P=0.016). There 
was a significant correlation between IL-8 concen-
trations and the cell number in nasal lavage fluid 
(Rho=0.58; P=0.0006). 

Blood leukocyte analysis

The total number of leukocytes in peripheral blood 
increased significantly after both exposures (P≤0.020), 
but significantly less using the robot (P<0.001). The 
change was mainly due to a greater increase in neutro-
philic granulocytes which was significantly higher when 
not using the robot compared with robot pre-cleaning 
(P=0.003) (figure 3). The number of monocytes, and T-
helper cells increased significantly after both exposures. 
The increase in monocytes were higher after exposure 
without using the robot (P<0.0002), but no significant 
difference in blood T-helper cells was found between 
the two exposures.

Table 1. Results of the measurements of lung function and exhaled nitric oxide (NO). Pre-exposure values were >80% of predicted in 
all participants (within 80–120% of predicted value). Peak Expiratory Flow (PEF) fell significantly following exposure, with no significant 
difference between the two exposures. Bronchial responsiveness to methacholine are presented as PD20FEV1 (ie, the cumulative dose) 
causing a 20% fall in FEV1 (forced expiratory volume in 1 second) or the dose/response slope (DRS) of change in FEV1. Data which had a 
P>0.05 are considered not significant and not listed in the footnotes. (IR = interquartile range, VC = vital capacity)

	 VC (l) 	 FEV1 (l) 	 FEV1/VC	 PEF (l/min) a	 PD20FEV1 (mg)	 DRS (%/mg-1)	 NO (ppb)

		  Mean	 95% CI	 Mean	 95% CI	 Mean	 95% CI	 Mean	 95% CI	 Mean	 95% CI	 Median	 IR	 Median	 IR	 Median	 IR

Pre-exposure	 4.49	 3.79–5.18	 3.79	 3.23–4.35	 84	 81–87	 538	 470–605	 525	 450–600	 1.7	 0.5–14.4	 16.3	 1.3–42.3	 9.7	 7.8–17.4

After exposure

	 With robot 	 4.44	 3.76–5.12	 3.78	 3.24–4.31	 84	 82–87	 515 b	 447–582	 ··	 ··	 0.8	 0.4–4.1	 24.9	 4.1–66.2	 9.9	 7.4–14.3
	 Without robot	 4.43	 3.79–5.08	 3.78	 3.26–4.31	 85	 82–87	 ··	 ··	 502 c	 434–569	 0.2 d	 0.1–1.3	 91.5 c	19.6–151.7	 13.2	 10.8–22.3

Between exposure 
P-value	 0.049	 0.0047

a	There are two sets of PEF (l/min) values because this was measured on each exposure day and not on the day two weeks prior to the exposure as other 
pre-exposure values.

b Comparisons with pre-exposure value, P<0.001.
c	Comparisons with pre-exposure value, P<0.01.
d	Comparisons with pre-exposure value, P<0.05.
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Discussion

Manual cleaning of a piggery inevitably results in expo-
sure to airborn material. In this study, it has been dem-
onstrated that pre-cleaning with a robot reduces the 
inflammatory reaction compared to soaking the stable 
over night with a sprinkler (ie, pre-cleaning without 
the use of a robot). Pre-cleaning the stable with a robot 
yielded reduced inhalable dust levels and lowered endo-
toxin levels in inhalable and respirable dust. The use of a 
robot also significantly reduced the increase in bronchial 
responsiveness, the inflammatory response in the nose, 
and the systemic reaction that was assessed as increase 
of circulating neutrophils and monocytes

Cleaning of the interior of the stable after a com-
pleted breeding period induced an inflammatory reaction 
in the respiratory tract as shown in this and a previ-
ous study (9). The magnitude of increase in bronchial 
responsiveness was similar to that which has been found 
in subjects exposed during the weighing of pigs (7, 8, 
10, 11, 23). This was a somewhat surprising finding 

considering that the exposure to inhalable dust was 
reduced up to 20 times during the cleaning procedure. 
However, the respirable fraction including endotoxin 
content, which consequently can penetrate into the lower 
airways, was on the other hand of the same magnitude 
as, or even higher than, during the weighing of pigs 
(24–25). These findings suggest that the water jet can 
break the particles into smaller pieces. 

Apart from a reduction of PEF, no changes in lung 
function (vital capacity and FEV1) could be detected 
after exposure compared to pre-exposure values, in 
agreement with a previous study (9). The apparent dis-
crepancy between the findings of a significant decrease 
in PEF, but not FEV1 could be due to the time of the 
measurement. Since PEF was measured hourly through-
out the day and FEV1 was only measured seven hours 
after exposure, it is possible that lung function was 
already normalized at the time of FEV1 measurements. 

The level of NO in exhaled air did not increase sig-
nificantly after either exposure, although a significant 
difference between the exposures was found. The lack 
of a significant increase after cleaning without the use 

Pre-exposure Robot Without Robot

C
el

ls
 in

 N
A

L 
(c

el
ls

 x
 1

0 
3 /m

l)

0
50

100

150

200

250

300
*

**

P=0.0029

Pre-exposure Robot Without Robot

IL
-6

 (p
g/

m
l)

0

10

20

30

40

50

Pre-exposure Robot Without Robot

IL
-8

 (p
g/

m
l)

0

50

100

150

200

250

300

350
**

P=0.016

Figure 2. Total cell number, IL-6, and IL-8 in nasal lavage fluid 
(NAL). Individual values before and after the two exposures are 
shown, with median values indicated as horizontal lines. *P<0.05, 
**P<0.01 compared to pre-exposure values. Significant differ-
ences between the exposures are indicated in the figures.
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of robot is probably due to the variation in pre-exposure 
values. The robot apparently attenuated the effect of 
cleaning on exhaled NO. As NO is considered to be a 
biomarker for lower airway inflammation, the use of 
a robot thus seems to attenuate the pro-inflammatory 
effect of exposure.

When the stable was not pre-cleaned using the robot, 
we found a significant decrease in PD20FEV1 and an 
increase in the slope compared to pre-exposure values. 
However, only the slope increased significantly more 
when not using a robot compared to pre-cleaning with 
a robot. It thus seems as if pre-cleaning with the robot 
leads to a smaller increase in bronchial responsiveness 
although this could only be demonstrated for one param-
eter due to the small sample. 

A previous study has shown that lipopolysaccharide 
(LPS) most likely is not the major cause of the increase 
in bronchial responsiveness, following exposure in a pig 
barn (14). That study found that bronchial responsive-
ness in farmers, smokers, and control subjects increased 
more after exposure in a piggery while weighing pigs, 

compared to a pure LPS-provocation. The concentration 
of LPS was 15 times higher during the LPS-provocation 
than the concentration of endotoxin in the respirable 
dust while weighing pigs. It has also been shown that 
mice with defective TLR4 (a toll-like receptor for LPS) 
have an attenuated inflammatory response in the lung, 
but there was no effect on bronchial responsiveness 
after exposure in a piggery compared to wild-type (WT) 
mice (26). The low impact of LPS as a causative agent 
of increased bronchial responsiveness is also supported 
by Sundblad et al who showed that, despite wearing 
a respirator with filters protective for both particles 
and gas which reduced endotoxin exposure by 99%, 
an increase in bronchial responsiveness could still be 
observed (11). Ultra fine particles, uptake through the 
skin, and exposure to organic dust prior to entering 
the piggery may contribute to the increased bronchial 
responsiveness. These results indicate that LPS is not 
the sole cause of the increased bronchial responsiveness 
following exposure in a pig house (11, 14, 26). 

The results of our study showed that the use of 
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Figure 3. Total numbers of neutrophils, monocytes, T-helper cells, and eosinophils in blood before and after both exposures. Individual values 
before and after the two exposures are shown, with median values indicated as horizontal lines. *P<0.05 , **P<0.01 compared to pre-exposure 
values. Significant differences between the exposures are indicated in the figures. 
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a cleaning robot reduced the increase in bronchial 
responsiveness apparently by decreasing the exposure 
to agents that cause such an increase. The study’s cross-
over design could have made this possible in contrast to 
previous comparative studies that included two parallel 
groups. This study design was chosen as a consequence 
of the study by Strandberg et al where it was proven 
that the final post-exposure bronchial responsiveness is 
independent of pre-exposure values (25). 

This study has shown that the use of a robot reduced 
the inflammatory reaction after three hours of exposure 
during cleaning procedures in healthy, unexposed vol-
unteers. Differences between the two exposures was 
observed for systemic parameters in peripheral blood as 
well as inflammatory parameters in both lower (exhaled 
NO, bronchial responsiveness) and upper (nasal lavage) 
airways. It is, however, still unknown if chronically 
exposed farmers will react in the same way as unex-
posed volunteers. 

In addition to the reduced inflammatory response 
observed following exposure after pre-cleaning with the 
robot, it should be considered that the use of the robot 
also lowers the duration of exposure for the farmer by 
approximately 75%, a fact that might be even more 
important in health aspects (12–13). The stable must 
be cleaned after each breeding period and is normally a 
working task which results in high exposure to organic 
dust. The dampness of the stables, which makes it diffi-
cult for the farmers to protect themselves with respirators, 
the continuous duration of exposure (up to two days), and 
the high proportion of respirable dust due to the use of 
a high-pressure water jet, indicate that piggery cleaning 
is a major work environment problem that needs to be 
improved. The possibility of using a robot during the 
cleaning process, which both reduces the duration and 
biological effects of the exposure, might, in the long run, 
improve the work environment for pig farmers.
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