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Background: The European Farmers’ Study has indicated that sheep farmers might be at risk for the
development of respiratory symptoms.

Aims: To assess the prevalence of respiratory symptoms in sheep breeders and potential work related risk
factors.

Methods: All sheep breeders listed in two regions of South Germany were asked to answer a mailed
questionnaire on respiratory symptoms, work related respiratory symptoms (WRS), and details of farming.
Overall, 325 sheep breeders keeping at least 10 sheep could be included in the survey (response rate
81.9%). The prevalences were compared to the results of the European Farmers’ Study.

Results: Sheep breeders showed a significantly higher prevalence OF asthma related symptoms (prevalence
odds ratio (POR) 2.1, 95% CI 1.5 to 3.0), chronic phlegm (POR 4.0, 95% Cl 2.8 to 5.9), and WRS (POR
1.7, 95% Cl 1.3 to 2.2) dfter adjusting for age, gender, smoking habits, full time farming, and study
centre. In the multiple logistic regression model the risk for asthma related symptoms was doubled in full
time farmers (POR 2.3, 95% ClI 1.2 to 4.3). The major predictor of WRS was full time farming (POR 1.6,
95% Cl 0.93 to 2.7) and the use of chemical footbaths (POR 2.1, 95% Cl 1.2 to 3.7).

Conclusions: Sheep breeders might be at high risk for the development of respiratory symptoms. These
symptoms may be associated with work intensity and chemical exposure during work. Studies including

respiratory symptoms and diseases.”* Most studies

focus on pig”>" dairy,””" or poultry farmers.” '
However, some surveys indicated an increased risk of
respiratory symptoms in sheep farmers.' "

There are several exposures that might prove to be risk
factors for the respiratory health of sheep farmers. If sheep
are kept outside precipitation may cause proliferation of
bacteria in the skin-fleece microenvironment. This may
discolour the fleece and cause a dermatitic condition called
“fleece-rot”.** *' Therefore, many sheep farmers dip the sheep
in insecticide showers.”” ** Additionally, the hoof horn of
sheep may also be affected by bacteria causing foot-rot.** To
treat infestation of bacteria in the hooves, footbaths contain-
ing chemicals such as formaldehyde are used. During the
lambing season sheep farmers often stay inside the sheep
barn most part of the day and might thus be exposed to high
levels of organic dust. Since Gram negative bacteria
(Pseudomonas spp.) are found in the fleece,”® exposure to
endotoxins might be increased.

Therefore, the aim of the study was to determine the
prevalence of chronic and work related respiratory symptoms
in sheep farmers compared to animal farmers participating in
the European Farmers’ Study.' Additionally, potential farm-
ing related risk factors for respiratory symptoms were
explored.

ﬁ nimal farmers are known to be at high risk for

MATERIAL AND METHODS

Study population

In order to focus on subjects predominantly keeping
exclusively sheep, our target population were sheep breeders
rearing at least 10 sheep in Bavaria and Baden-Wuerttemberg
(South Germany). All sheep breeders (n = 450) in these
areas were contacted by mail between September 2000 and
July 2001 and asked to fill in a paper questionnaire.
Following the first letter up to two reminders were sent.
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objective measurements should be performed.

Questionnaire

The first part of the questionnaire was taken from the
questionnaire of the European Farmers’ Study.' For partici-
pants whose main job was not farming, one item on the
current main job was included.” The second part of the
questionnaire contained 12 items on details of sheep rearing
that might prove to be risk factors for respiratory symptoms.
Some of these items were taken from our previous study on
farmers in Schleswig-Holstein' and supplemented in colla-
boration with specialists on sheep rearing of the local sheep
farmers’ association (Landesverband Bayerischer
Schathalter). The items included:

® Detailed assessment of the mode of operation
® Number of sheep in three categories: 10-50, 50-500, >500
sheep

® Sheep shearing performed by the sheep breeder as a binary
variable

® Use of insecticide showers and type of insecticide showers
used

® Use of chemical footbaths and type of chemical footbaths
used (formaldehyde, copper sulphate, others)

® Time daily spent inside a barn: (a) during lambing season;
(b) outside the lambing season.

Analysis

For those participants whose principal job was not farming,
the main job reported by the participants was coded
according to the European Community socioeconomic status
group classification.” Asthma related symptoms (ARS) were
defined as wheezing, awakening by shortness of breath, and/

Abbreviations: AIC, Akaike Information Criteria; ARS, asthma related
symptoms; ODTS, organic dust toxic syndrome; POR, prevalence odds
ratio; WRS, work related respiratory symptoms
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® An increased risk of general and work related
respiratory symptoms has been observed in sheep
breeders.

o Full time farmers were most likely to report respiratory
symptoms.

® The use of chemical footbaths might represent a risk
factor for work related respiratory symptoms in sheep
breeders.

or an attack of asthma during the past 12 months. Phlegm on
most days for at least three months during the preceding year
was referred to as chronic phlegm. Wheezing, shortness of
breath, cough, and/or cough with phlegm during work were
categorised as work related respiratory symptoms (WRS).
Since the daily duration of work inside the sheep barn in
general as well as during the lambing season was skewed to
the right the logarithm of the daily duration of work inside
the animal barn + 1 was used for analyses.

The prevalence of respiratory symptoms was compared to
the prevalence in the population of the European Farmers’
Study not keeping sheep using multiple logistic regression
analysis. The design of this study on European farmers' was
comparable to the present study and identical survey
instruments have been used. Therefore, we were able to
compare the results of the study to our present survey. All
models were adjusted for age, gender, smoking habits, full
time farming, and study centre.

Potential risk factors for respiratory symptoms were
evaluated using multiple logistic regression adjusting for
age, gender, and smoking. For each symptom a final logistic
regression model was developed, additionally adjusting
for nasal allergies as potential confounder. The Akaike
Information Criteria (AIC) were used to select the best final
model for each group of symptoms.” All analyses were
performed with the SAS software package (SAS Institute, Inc.,
Cary, NC, USA).

RESULTS
Subjects
Overall, 345 sheep breeders answered the questionnaire.
After removing those who had moved out of the area

Table 1 Descriptive data
n (%)
Age (years), mean (SD) [range] 49.7 (11.4) [18-78]
Number 325
Male gender 275 (85.1)
Current smokers 45 (13.9)
Ex-smokers 84 (26.0)
Part time farming 202 (62.3)
Main job (n=179):
Clerical work 73 (40.8)
Metal workers 18 (10.1)
Construction, mining 18 (10.1)
Family managers, retired 38 (21.2)
Others 32(17.9)
Work inside confinement house 309 (95.1)
12 months prevalence of respiratory symptoms
Asthma related symptoms (ARS) 68 (20.9)
Chronic phlegm 57(17.7)
Nasal allergy 54 (16.7)
Work related respiratory symptoms (WRS) 124 (38.4)
Lifetime prevalence of flu-like illness (ODTS) 74 (23.1)

® The increased risk of respiratory symptoms needs to be
confirmed in full time sheep farmers, including
objective measurements of exposure and outcome.

® Sheep breeders might be encouraged to reduce the use
of formaldehyde.

(n = 14), those who were no longer keeping sheep
(n = 10), and those who had died (n = 5) from the
sampling frame (n = 421), the overall response rate was
81.9%. Restricting the analyses to respondents keeping at
least 10 sheep, 325 active sheep breeders could be included.

Table 1 gives the descriptive data of the study population.
The majority of participants were male (86%), with a mean
age of 49.9 (SD 11.5) years. For only 38% of the sheep
breeders was farming considered the main job. Part time
sheep breeders reported primarily clerical work (41%), family
managing or being retired (21%), metal work (10%), and
construction (10%) as their main job.

Prevalence of respiratory symptoms
Table 1 shows the 12 months prevalence of chronic
respiratory symptoms. In addition to the high prevalence of
ARS (20.9%), 16.7% of the participants reported nasal
allergies. Regarding the prevalence of WRS, almost 40% of
the farmers reported wheezing, shortness of breath, and/or
cough during work. The lifetime prevalence of flu-like illness
suggesting organic dust toxic syndrome (ODTS) was 23%.
Comparing these prevalences to the participants of the
European Farmers’ Study not keeping sheep (fig 1), sheep
breeders reported general respiratory symptoms significantly
more often as well as respiratory symptoms during work.
These differences were most pronounced for chronic phlegm
(prevalence odds ratio (POR) 4.0, 95% confidence interval
(CI) 2.8 to 5.9) and flu-like illness (POR 4.7, 95% CI 3.3 to
6.6).

Farming characteristics and respiratory symptoms

Table 2 shows the associations between farming character-
istics and respiratory symptoms after adjusting for age,
gender, and smoking. Because the variable “shepherd” was
redundant with gender, no model for shepherds could be
carried out. Working full time as a farmer, keeping more than
500 sheep, and grain production turned out as the major

7

[
S 5
2
& 4
2
T 3
v
3
o2 % E E

1

| | | | | |
ARS  Chronic  Nasal WRS Nasal ~ ODTS
phlegm allergy irritation

Figure 1 Odds ratios (95% Cl) of respiratory symptoms for sheep

breeders (n = 325) compared to farmers of the European Farmers’
Study (n = 6950). Odds ratios adjusted by age, gender, smoking
habits, full time farming, and study centre.
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Table 2 Distribution of farm characteristics and univariate associations between farming characteristics and the prevalence of
respiratory symptoms (n = 325)

POR (95% CI)*
n (%) ARS Chronic phlegm WRSt ODTS

Main job

No 202 (62.4) 1 1 1 1

Yes 122 (37.7) 2.5 (1.4 to 4.4) 2.7 (1.4 t0 5.0) 1.9 (1.2 10 3.1) 1.9 (1.1 t0 3.2)
Sheep and other animals

No 203(62.5) 1 1 1 1

Yes 122 (37.5) 0.96 (0.541t0 1.7) 1.4 (0.7 to 2.5) 0.92 (0.57 to 1.5)  0.88 (0.51 to 1.5)
Grain production

No 235(72.3) 1 1 1 1

Yes 90 (27.7) 1.8 (0.95 10 3.3) 2.6 (1.3t05.1) 1.0 (0.61 to 1.8) 1.5 (0.8 to 2.6)
Number of sheep

10 to 50 166 (51.9) 1 1 1 1

50 to 500 127 (39.7) 1.5(0.78 to 2.7) 1.8 (0.89 to 3.6) 1.0 (0.61 to0 1.7) 1.6 (0.87 to 2.8)

>500 27 (8.4) 2.7 (1.0 t0 6.9) 3.7 (1.3t010.3) 2.2 (0.94 to 5.4) 2.3(0.92 t0 5.9)
Sheep shearing

No 240 (75.7) 1 1 1 1

Yes 77 (24.3) 1.7 (0.90 to 3.1) 1.1 (0.56 to 2.4) 1.3(0.77 to 2.3) 1.2 (0.62 to 2.2)
Use of sheep dip

No 233 (72.8) 1 1 1 1

Yes 87 (27.2) 1.3(0.72 to 2.4) 1.3 (0.63 to 2.5) 1.4 (0.85 to 2.4) 1.3(0.75 to 2.4)
Use of chemical footbaths

No 111 (34.2) 1 1 1 1

Yes 214(659)  15(079t027) 13(065t026) 23(141039)  35(1.7107.0)

Mean (SD) POR per log (hour+1)*

Work in sheep barns during lambing season 3.5(3.1) 1.7 (0.49 to 5.6) 3.3(0.831012.9) 1.8(0.6510 5.1) 1.7 (0.53 t0 5.3)
(hours/day)
Work in sheep barns (hours/day) 1.7 (1.8) 3.2(0.9t0 11.0) 1.9(0.44t0 7.9) 2.3 (0.78 to 6.8) 2.3(0.67 to 7.7)
*Adjusted for age, gender, smoking habits.
TWRS, work related respiratory symptoms (shortness of breath, cough, cough with phlegm, and/or wheezing during work).

predictors for ARS. Similar associations were found for
chronic phlegm. The main predictor for WRS in these
analyses was use of chemical footbaths (POR 2.3, 95% CI
1.4 to 3.9). Full time farming (POR 1.9, 95% CI 1.1 to 3.2) and
use of chemical footbaths (POR 3.5, 95% CI 1.7 to 7.0) were
significantly associated with symptoms of organic dust toxic
syndrome.

These associations were also confirmed in the final
multiple logistic regression model (table 3). In these models
the odds of ARS of full time farmers was 2.3-fold (95% CI 1.2
to 4.3) increased compared to part time farmers. A similar
association was seen for chronic phlegm (1.9, 95% CI 0.9 to
3.9). Grain crop was an even stronger predictor for chronic
phlegm (2.1, 95% CI 1.0 to 4.3). The use of chemical
footbaths (2.1, 95% CI 1.2 to 3.7) was a significant predictor
of WRS.

DISCUSSION

In this first questionnaire survey including 325 sheep
breeders the prevalence of respiratory symptoms and
potential farming related risk factors for these symptoms
have been assessed. A significantly increased odds ratio for

general and work related respiratory symptoms was shown.
After adjusting for potential confounding variables, work
intensity and use of chemical footbaths emerged as the most
important risk factor for respiratory symptoms.

In our study we were able to obtain a high response rate
and we could include a comparably large number of sheep
breeders. In view of the fact that our list of sheep breeders is
expected to be complete, selection bias could be reduced as
far as possible. However, since we were only able to include
sheep breeders our results cannot be generalised to sheep
farmers. Our detailed questionnaire instrument included
validated questions on respiratory symptoms and took several
potential confounding variables into account. No objective
measurements of disease status could be performed. The
European Community Respiratory Health Survey has shown
that the item used to assess respiratory symptoms is a valid
measure of disease status.” Likewise, measurement of
exposure (endotoxin, dust, exposure to chemicals) could
not be performed in this survey. However, farm character-
istics are considered to remain stable for some time, and
therefore the use of questionnaire data to assess farming
methods is thought to be a good proxy for exposure during

Table 3 Multiple logistic regression analysis of respiratory symptoms as dependent
variables and characteristics of farm work as predictor variables

POR (95% CI)*

Use of chemical footbaths =

All sheep breeders (n=309) ARS Chronic phlegm ~ WRSt oDTS

Main job 2.3(1.2t0 4.3) 1.9(0.94103.9) 1.6(0.93t02.7) 1.5(0.801t0 2.7)
Grain crop - 2.1 (1.0 to 4.3) - -

>500 sheep 1.2(0.44t03.3) 1.4(0.48104.0) 1.3(0.52t03.4) 1.2(0.4510 3.3)

21(121037) 3.0(1.5106.2)

during work).

*Adjusted for age, gender, smoking habits, nasal allergies.
TWRS, work related respiratory symptoms (shortness of breath, cough, cough with phlegm, and/or wheezing
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the preceding months." ** Nevertheless, in the follow up of
this survey objective measurements of disease status and
exposure should be included to confirm our results.

Overall, the prevalence of asthma related symptoms as well
as respiratory symptoms during work found in this popula-
tion was significantly higher than in the European Farmers’
Study. Our results were confirmed by a recent study in New
Zealand farmers'” showing a significantly increased preva-
lence of breathing problems at work in sheep farmers.
Additionally, the well known association between exposure
to grain dust and the development of symptoms of chronic
bronchitis'” ** was shown in the present survey, confirming
the validity of our results. A comparison of the results for
sheep farmers in the age range 20—44 years with data from
the general population® revealed a significantly higher
prevalence of chronic phlegm for sheep farmers. However,
the prevalence of asthma and allergies was comparable to the
general population (data not shown).

Only one third of the participants in our study were full
time farmers. For these farmers the highest risk of chronic
symptoms was found. As the majority of part time sheep
breeders were not employed in occupations considered to put
workers at high risk for asthma and chronic bronchitis,’
sheep breeding probably was the most relevant exposure.

A large number of animals was a major predictor of WRS.
Unfortunately, due to concerns of the sheep breeders that
the number of sheep reported in the survey might be given to
the authorities, we were only able to include three categories
for the number of sheep in our questionnaire. These
categories might not be sufficient to differentiate the work
intensity.

Additionally, the use of chemical footbaths emerged as a
predictor for WRS and flu-like illness suggesting ODTS.
Therefore, we have performed some preliminary measure-
ments of endotoxin in sheep wool, indicating endotoxin
content of 58.2—193.9 EU/mg wool. Thus, endotoxin expo-
sure in sheep farmers during treatment of foot rot might be
very high, and the use of chemical footbaths might be a proxy
for exposure to endotoxins. Personal measurements of
endotoxin exposure during the application of footbaths
should be performed in sheep farmers. The chemicals used
for footbaths were mainly formaldehyde (20%) and copper
sulphate (18%). An association between the use of formal-
dehyde dip and breathing problems at work has recently been
described by Kimbell-Dunn and colleagues."”

In conclusion, sheep breeders seem to be at high risk for
the development of respiratory symptoms. This increased risk
might be associated with work intensity as well as the use of
chemicals. These results should be confirmed in a group of
full time sheep farmers, including objective exposure
measurements as well as clinical examinations.
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