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STELLINGEN

Eerdere studies naar de etiologie van chronische respiratoire aandoeningen bij
varkenshouders waren gebaseerd op een veel te eenvoudige voorstelling van de
daarbij betrokken immunologische mechanismen.

Dit proefschrift

Om de arbeidsomstandigheden van varkenshouders te verbeteren, daar waar het
gaat om de blootstelling aan organisch stof, is het weinig zinvol dit te richten op het
terugdringen van de stofblootstelling in het algemeen; op basis van de huidige kennis
dienen deze maatregelen gericht te zijn op verlaging van de endotoxine-blootstelling.
Dit proefschrift

De ruime wetenschappelijke aandacht voor etiologisch onderzoek in arbeidssituaties
staat in schril contrast met de beperkte wetenschappelijke interesse om effectieve
beheersmaatregelen te ontwerpen.

De bewering in de Volkskrant 'Een groot aantal varkens hoest dagelijks, geeft slijm
op en heeft last van astma of benauwdheid’ naar aanleiding van het onderzoek dat
de basis vormde van dit proefschrift doet vermoeden dat de uitdrukking ‘varkens zijn
net mensen’ in toxicologisch opzicht letterlijk genomen kan worden.

De Volkskrant, 19 maart 1993

In de huidige arbeidsepidemiologie is het effect van blootstellingsvariabiliteit op de
schatiing van de blootstellings-effect relatie te vaak geen punt van discussie.

Ter wille van de veiligheid van fietsers zou langdurige en recente fietservaring een
vereiste moeten zijn voor het verkrijgen van het auto-rijbewijs.

Het idee dat bijgeloof in Nederland weinig voorkomt is een mythe.

Zolang er belastingmaatregelen zijn die het kosiwinnerschap begunstigen en er
tegelijkertijd gekort wordt op subsidie voor kinderopvang, kunnen de inspanningen van
de overheid voor een grotere en gelijkwaardige arbeidsparticipatie van vrouwen niet
serieus genomen worden.

De strijd tussen zelf-1 en zelf-2 zorgt op de tennisbaan voor meer frustraties dan de
strijd met de tegenstander.
Naar: W. Timothy Gallwey. Innerijk Tennis, 1982



10. Of de uitspraak van Weiss 'Imperfect studies, properly interpreted, are far better than
none at all opgaat in een specifieke situatie kan alleen bewezen worden na het
uitvoeren van de perfecte studie voor die situatie.

N.S. Weiss. Environ Health Perspect 1993; 101 (Suppl 4): 179-181.

11.  Bij de afweging, of het opleggen van kostbare emissiereducerende maatregelen
gerechtvaardigd is, dienen beleidmakers in ogenschouw te nemen of deze
maatregelen een relevante reductie van de totale blootstelling kunnen
bewerkstelligen.

Stellingen behorende bijj het proefschrift 'Respiratory health effects in pig farmers:
assessment of exposure and epidemiological studies of risk factors’.
Liesbeth Preller, Wageningen, 13 oktober 1995
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Abstract

Respiratory health effects in pig farmers
Assessment of exposure and epidemiological studies of risk factors

PhD Thesis. Department of Epidemiology and Public Health, Wageningen
Agricultural University, Wageningen, the Netherlands, Ocfober 1995

Liesbeth Preller

This thesis describes a cross-sectional study of risk factors of chronic respiratory health
effects in pig farmers working in the South of the Netherlands. The study population
comprised 100 pig farmers with and 100 pig farmers without chronic respiratory
symptoms. Base-line lung function, non-specific bronchial responsiveness, and specific
antibodies to common and work-related antigens were determined as well. Exposure to
dust, endotoxins and ammonia was measured by personal sampling during two days.
Exposure to disinfectants was characterized by the type of disinfectant and procedure
features.

As part of the study, long-term average exposure to endotoxins was modelled using
information on task activity patterns during two weeks and on farm characteristics;
exposure-response relationships would be seriously underestimated if measured
exposure would be used due to the large day-to-day variability relative to variation
between individuals.

Results of this epidemiological study suggest that the etiology of respiratory health
effects in pig farmers is complex, involving different exposures and several mechanisms.
The strongest evidence for a potential causal role of exposure was found for
disinfectants and endotoxins, which may act either independently of atopy, or interact
with atopic (IgE) sensitization to common allergens. It seems likely that IgE sensitization
to common allergens can be induced by the use of disinfectants, specifically by those
containing quaternary ammonium compounds. 1gG, antibodies against work-related
antigens were inversely related to respiratory impairment, potentially refiecting a
protective effect of this type of antibodies.

Change of disinfection procedures, application of specific farm characteristics, and the
use of personal protective equipment can be considered as control measures to reduce
health hazards, but additional studies are required to estimate the actual effect.

Future epidemiological studies could provide evidence on the etiology of respiratory
health effects when sufficient subjects are being studied in prospective studies and
different etiological pathways are being considered. The exposure should be assessed
on multiple occasions.
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1. Introduction

Background

During the past decades, animal husbandry in several North American and
European countries has become more and more an intensive agricultural activity
with a high degree of specialization. In swine production, the number of piglets
born per sow per year and the daily gain in weight of finishing pigs has increased
strongly. This has brought about changes in working conditions and the
occupational exposure of farmers. Current working methods require the use of
large buildings with a high stocking density of animals, with the concomitant risk
of increased exposure concentrations of several air pollutants. The cleaning and
disinfection of the buildings and the frequent use of drugs are necessary for
disease control among the animals. Early indications that the modern practice of
swine confinement has led to an increase in human health hazards can be found
in a small study carried out by Donham et al.'. They compared the respiratory
symptoms of 24 swine confinement workers and 24 non-confinement swine
workers who were comparable in age, smoking habits and the number of years
they had worked in farming. Two to four times as many confinement workers
reported symptoms of chronic cough, chronic phlegm and chronic wheezing,
aside from during a cold. Later studies confirmed these high prevalence rates of
predominantly chronic respiratory symptoms in swine confinement workers.
However, the etiology has not yet been explained®. Also in the Netherlands,
earlier studies indicated high prevalence rates of respiratory symptoms in pig
farmers. A postal survey of 7 types of farming showed that chronic cough,
chronic phlegm, chest tightness and clogged noses had the highest or second
highest prevalence rates among pig farmers®. The first Dutch study on
relationships between work place characteristics and respiratory health effects
indicated that some farm characteristics, which were suggested to be surrogates
for the exposure level of particular agents, were related to respiratory symptoms
and base-line lung function®.



Chapter 1

Pig farming in the Netherlands

Intensive pig farming in the Netherlands is carried out at specialized farms, where
usually the owner is the only full-time worker. Family members may be involved
or employees may be hired to assist the farmer, so that task allocation can be
applied. Of the total number of 17,938 workers at pig farms in 1993, 8,508 (47%)
worked full-time in pig farming (38 hours or more a week)®. An additional 4,529
(256%) worked 20 to 38 hours a week, bringing the total work force working for at
least 20 hours a week to 13,037. Of this workforce, 86% either own the farm or
are a family member of the owner. The figure of 13,037 does not include workers
at farms which combine pig farming with other types of animal or arable farming.
55 percent of the registered pig farm workers worked in the two southeastern
provinces of the Netherlands, Noord-Brabant and Limburg®.

Dutch pig farms are divided into three major types: breeding farms, finishing
farms, and farrowing to finishing farms. In the first, breeding is the main activity.
The piglets stay at the farm until they reach a weight of approximately 23 kg
(about 10 weeks after farrowing), and are then taken to another type of farm,
where the major activity is raising them to a slaughter weight of on average
106 kg, which takes 3-4 months. The farrowing to finishing farm is a combination
of the above two types of farm.

Depending on the type of farm, there will be between one and four sections,
each of which is divided into compartments. In the sow section, both pregnant
and empty (non-pregnant) sows are housed; they comprise most of the sows
present at the farm. In general, the number of sow compartments per farm
ranges between 1 and 3. The week before farrowing, pregnant sows are moved
to a compartment in the farrowing section, where they stay until their piglets have
been weaned, about 4 weeks after farrowing. On most farms, farrowing
compartments are small, with room for 6 to 8 sows. After weaning, piglets either
stay in the same compartment or are transferred to another one, until they reach
23 kg. Compartments of weaned piglets house between 80 and 120 animals of
the same age. The animals are then transferred to a finishing pig house at either
the same or another farm, where they are put into compartments holding
approximately 80 animals. For the latter three types of compartments, usually the
‘all-in-all-out’ systern is maintained. This means that at the end of the cycle,
before new pigs are placed in them, the compartments are completely empty.
The empty compartments are cleaned, a process which is often followed by
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disinfection. The frequency of disinfection per compartment varies between
farmers from never to each cycle.

At a farm, usually several pig houses of variable ages are used. The
characteristics of compartments with respect to ventilation, type of flooring,
feeding and other aspects depend partly on the type of section and on the age of
the building. In modern farms, most compartments are ventilated mechanically
with ventilation rates depending strongly on outdoor temperature and animal
occupation. The manure is stored beneath the completely or partly slatted floor
until its removal after several months.

Some activities performed on pig farms are carried out daily (such as feeding
and inspecting the animals), whereas others are performed less frequently. Most
farmers maintain some sort of weekly schedule of activities. The majority of these
activities require farmers to be inside the pig houses.

Even on intensive pig farms, 2 out of 3 farmers perform other agricultural
activities, such as cattle breeding, arable-, dairy- or poultry farming (Preller and
Vogelzang, unpublished results). 27 percent spend 10 or more hours per week
and 12% more than 20 hours per week on other agricultural activities. For the
population selected for this study (n=200), these percentages were 25% and 7%,
respectively.

Study setting and population

The population was selected for a study initiated by the NCB Pig Farmers
Association. One of the major goals was to identify risk factors of chronic
respiratory symptoms in pig farmers. To achieve this, a study population involved
nearly full-time in pig farming was chosen, in order to minimize the confounding
role of other occupational exposures. A farm size of more than 70 sows, more
than 500 finishing pigs, or more than 50 sows in combination with more than
300 finishing pigs was considered to be the lower limit. Only the oldest owner of
the farm was registered. In 1990 the owners of these farms in the provinces of
Noord-Brabant and Limburg who were aged over 40 received a letter asking
them to participate in the study. Positive responders at the farms where at least
one of them worked more than 5 hours per day in pig farming, received a
questionnaire. This group of 1,092 persons comprised owners and other farm
workers. 1,341 farm owners in Noord-Brabant whose farm met the size
requirement and who were younger than 40 received a questionnaire directly. Of
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these questionnaires, 1,504 were completed and returned. The questionnaire
included questions on health, farm characteristics, working hours in and outside
pig farming, and personal characteristics. For further study, farmers were
selected from a group of 1,133 male pig-farm owners who worked at least five
hours per day in pig farming and who were willing to participate in the further
study. Further selection was based on chronic respiratory symptoms reported in
the Dutch version of a shortened questionnaire on respiratory symptoms
developed by the British Medical Research Council®’. This questionnaire included
questions on chronic cough, chronic phlegm, ever wheezing, persistent
wheezing, shortness of breath, and attacks of chest tightness (asthma)®

(Appendix 1.1). 200 randomly chosen asymptomatic farmers and 200 with one or

more respiratory symptoms (171 with two or more, and 29 with one symptom)

were invited to take part in a medical survey. These groups were further reduced
to 100 each depending on the absence or presence, respectively, of symptoms of
chronic non-specific lung disease’ (Appendix 1.2) based on the medical survey.

Farmers were classified as symptomatic if they answered positively to:

- 2 or more of the questions on: chronic cough, chronic phlegm, increase in
chronic cough or chronic phlegm, ever wheezing, or shortness of breath
(questions 1 to 5);

or to:

- 1 or more of the questions on: more than once episodes of (an increase in)
chronic cough or chronic phlegm, shortness of breath while walking on level
ground at a normal pace with people of a similar age, frequent wheezing, or
asthma attacks during periods of rest (questions 6 to 9).

According to this classification, 115 farmers were symptomatic. The selected
group of 100 symptomatic farmers comprised all 96 who had reported 2 or more
symptoms in the first questionnaire, and 4 randomly chosen farmers with one
symptom. Farmers were classified as asymptomatic if they answered questions
1-9 negatively (Appendix 1.2). Out of the 145 asymptomatic farmers, 100 were
randomly selected.

Aims of the study and outline of the thesis

The main objectives of the study were (1) to characterize the exposure of pig
farmers which potentially affects chronic respiratory functions and (2) to assess

4
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associations between occupational risk factors and chronic respiratory health
effects. A secondary objective was to set priorities for the development of control
measures to mitigate respiratory health risks to pig farmers. To realize these
goals, the following exposures, health effects and working conditions were
assessed:

- personal exposure to dust, endotoxins and ammonia was assessed during
two days: one in winter and one in summer;

- exposure to disinfectants was evaluated by means of a questionnaire by
phone and a walk-through survey;

- farm characteristics of all compartments on the farms were evaluated by
inspection;

- time activity patterns were recorded by participants during two weeks: one in
summer and one in winter;

- base-line lung function and non-specific bronchial responsiveness were
assessed in the medical part of the study. Lung function tests were carried
out by co-workers of the Occupational Health Service 'BGD Land van Cuyck
en Noord Limburg’ in Boxmeer, and non-specific bronchial responsiveness
by co-workers of the Department of Occupational Medicine of the University
of Nijmegen;

- specific IgE and IgG, antibodies were determined in the sera of the pig
farmers.

Chapter 2 gives an overview of the current knowledge on exposure, respiratory
health effects and exposure-response relationships in workers on pig farms.
Chapter 3 describes the methodological problems encountered in assessing the
long-term average exposure of pig farmers, as well as an estimation method for
exposure to endotoxins. In Chapter 4, appropriate control measures to limit the
inhalation of hazardous agents are presented, based on associations between
exposure levels to dust and endotoxins, and working conditions. Chapter 5 gives
an overview of the associations between chronic respiratory health effects and a
variety of occupational exposures as found in our study population. The
evaluated health effects include chronic respiratory symptoms and base-line lung
function. The role of (1) the combination of atopic sensitization to common
allergens and occupational exposure in respiratory health effects, and (2) the
relationship between occupational exposure and atopic sensitization are
described in Chapter 6. Associations between specific IgG, antibodies and
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respiratory health effects are presented in Chapter 7. Chapter 8 contains a
summary of the main findings, which are discussed in view of the current

knowledge.
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2. Occupational exposure and respiratory health effects
in pig farming - a review of the literature

Introduction

Pig farmers are exposed to a large variety of air poliutants. Agents which have
been mentioned to have a potential role in respiratory disease etiology include:
dust, bacteria, bacterial endotoxins, moulds, yeasts, (1-3)-B-D-glucans, hair,
dander and excreta from the animals, feed particles, and ammonia and other
gases'. The animals themselves and their feed are considered the major sources
of these pollutants. Dust can be inhaled directly after being emitted from the
original source, but also indirectly after re-suspensidn. Excreta of the animals
flow partly to the pit beneath the slatted floor but some remains on the floor and
can be re-suspended after drying. Bacteria, belonging to the natural gut
microflora, are emitted from the excreta and from other sources. The gram-
negative bacteria contain endotoxins in their cell wail. Moulds and yeasts may be
present in the feed, and the large quantity of dust containing organic matter in
the buildings promotes growth of moulds. Cell walls of moulds contain
(1-3)-B-D-glucans. Warm and humid conditions contribute to the growth of
microorganisms present. Storage of the manure beneath the slatted floor as well
as presence of varying quantities on the floor leads to relative high
concentrations of decomposing gases in the buildings, of which ammonia is a
main component. Dander particles and urine from the animals, feed and moulds
contain proteins that may be antigenic or allergenic. Floor bedding, insect parts
ad storage mites can contribute to the total load of organic dust and antigens in
the buildings. In addition, pig farmers may be exposed to chemical substances
like disinfectants and cleaning agents, pesticides, and to adverse climate
conditions.

Exposure to dust and ammonia can be found in many occupational settings,
and their potential health hazard has been recognized since long. Only in the
past decades, more attention has been given to potential health effects of
inhalation exposure to specific organic dust components and the use of
disinfectants. This has not resulted yet in clearly defined health risks. Specifically
endotoxins have been studied widely for its potential respiratory health effects,
but evidence in epidemiological studies on associations with chronic respiratory
symptoms remains limited. Recognition of disinfectants as potential health hazard
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has to a large extent been based on case studies described in the literature, but
also for them epidemiological evidence on exposure-response relationships is
limited. This chapter is therefore continued by background information on
potential respiratory health effects of exposure to endotoxins and disinfectants.
Subsequently, studies in pig farming reporting on exposure, on health effects,
and on exposure-response relationships will be reviewed.

Background information

Endotoxins

The hypothesis that endotoxins are likely to cause respiratory health effects in pig
farmers is merely based on strong indications found in other occupational
settings and in human and animal experimental inhalation studies. These studies
have recently been reviewed by Douwes and Heederik?’. In summary,
experimental studies showed an inflammatory reaction to endotoxin inhalation.
The mechanisms underlying the response to inhalation of endotoxins involve in
the first place activation of the alveolar macrophage in the distal portions of the
lung. Endotoxins activate the macrophage, causing the cell to produce a host of
mediators. In turn, the inflammatory mediators serve as chemo-attractants and
activators of other cells, among others to release mediators in a secondary
response. It is generally considered that endotoxins do not affect airways
epithelium directly, but that they may alter both the para-cellular and trans-cellular
permeability of the epithelium indirectly by mediators released by macrophages.
Furthermore, the epithelium itself may respond to this secondary stimulation by
producing its own specific mediators®.

In endotoxin inhalation studies in human subjects, a variety of acute
respiratory effects were observed, including dry cough, shortness of breath,
decrease in Forced Expiratory Volume in one second (FEV,) and decrease in
lung diffusion capacity*”. Castellan et al.” calculated a no-effect level for change
in FEV, in healthy subjects of 9 ng/m®. Rylander et al.® selected cotton workers
who smoked for their experiment with endotoxin-containing cotton dust, because
of the stronger expected reaction in smokers. They estimated a no-effect level of
33 ng/m® for a decrease in FEV, over the exposure period. Most often, human
experimental studies were directed on acute or subacute effects in subjects that
were previously not exposed to high endotoxin concentrations. In this way,
differences in effects after single or infrequent exposure and chronic exposure
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due to a potential tolerance effect, could not be considered. An exception was
the mentioned study among cotton workers®. Indications for development of
tolerance originate from different fields. An experimental study in which mice
were injected with lipopolysaccharides (LPS, chemically purified endotoxins) for
four days, demonstrated a significantly reduced concentration of total cells,
neutrophils, and tumour necrosis factor-alpha (TNF-alpha) after inhalation of LPS
in bronchoalveolar lavage (BAL) fluid compared to control mice®. Each of the
measures of inflammation was reduced by more than or equal to 50%. A second,
indirect indication of tolerance may be derived from the difference in cell counts
in BAL fluid after exposure to endotoxin-containing pig farm dust observed
between pig farmers and previously unexposed subjects®'®. The mechanism
which prevents further damage at chronic exposure may involve down regulation
of the initial inflammatory mediators'".

Observational studies in cotton and animal feed workers suggest that
endotoxin exposure may induce chronic respiratory health effects. In a study
performed among Dutch animal feed workers, the average exposure
concentration was 67 ng/m® in the highest exposure group (arithmetic mean)*?.
This is lower than reported in pig farming by e.g. Heederik et al.'* and Donham et
al.”. In the animal feed workers, an increase in endotoxin exposure of 24.8 ng/m®
was associated with a decrease in base-line Forced Vital Capacity (FVC) and
FEV, of 112 ml and 122 ml, respectively. In an earlier study among cotton
workers, a smaller effect on FEV, of 24-78 ml per 100 ng endotoxin/m® was
reported'®,

Occupational threshold exposure levels have been proposed of 100 ng/m® by
an international working group'®, and 30 ng/m® a few years later'’ for 8-hour time-
weighted average exposure. |t is clear that exposure concentrations exceed
these suggested limit values frequently,

Disinfectants

Most disinfectants used by pig farmers in the southern part of the Netherlands
contain chloramine-T, or quaternary ammonium compounds which are used
alone or in combination with aldehydes (glutaraldehyde, glyoxal, formaldehyde).
There are no studies reporting exposure concentrations to disinfectants in
buildings housing animals. Some studies reported exposure levels to
disinfectants in hospitals '®'°, but the different methods of application in hospitals
and animal buildings makes it impossible to use these studies to estimate
exposure levels in pig farming.
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Glutaraldehyde has been recognized as a cause of occupational asthma in
hospital workers®?'. In letters to the editor, Calder et al.?* and Waldron®
addressed the high prevalence rates of upper respiratory tract irritations and
lower respiratory symptoms in groups of 165 and 150 hospital workers,
respectively, who were exposed to glutaraldehyde. However, base-line lung
function was not affected®. As far as known, Norbéck et al.?* conducted the only
epidemiological study on disinfectants using actual exposure measurements. The
study was cross-sectional and compared 39 workers in medical services who
were exposed to glutaraldehyde levels ranging from less than 0.01 mg/m® to
0.57 mg/m® (15 minutes average) to 68 unexposed controls. The exposure levels
were below the Swedish occupational exposure limit of 0.8 mg/m® (15 min
average). The authors reported differences in symptom prevalence of the upper
respiratory tract, but not of the lower respiratory tract.

In various occupational settings, several effects following exposure to
chloramine-T have been reported. The effects include respiratory symptoms such
as cough, wheezing and dyspnoea, and immediate and late asthmatic reactions.
Effects on eyes and the upper respiratory system are reported either together
with or without symptoms of the lower respiratory system®2.

Recently, two cases of occupational asthma after exposure to quaternary
ammonium compounds have been described; one case of a worker in a factory
in which household cleaning products were produced and one case of a
pharmacist who's working area was cleaned with quaternary ammonium
compounds®°,

Formaldehyde as etiological factor in respiratory disease has been studied
frequently in occupational and non-occupational settings, but has not been
mentioned as cause of respiratory health effects when used as a disinfectant.
The respiratory effects of exposure to formaldehyde include occupational asthma,
effects on base-line lung function and associations with respiratory symptoms in
some occupational groups, although other studies fail to show such
associations®*. Carcinogenic properties of formaldehyde are beyond the scope
of this review and will not be discussed.

Only in a limited number of affected persons, occupational asthma or other
respiratory symptoms caused by exposure to disinfectant components could be
attributed to specific IgE sensitization. Specific IgE antibodies against chloramine-
T have been shown in symptomatic persons®*. It is unclear whether aldehydes
cause IgE-mediated asthmatic symptoms, although formaldehyde-specific IgE
antibodies have been demonstrated to be associated with skin problems and with
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discomfort in the upper airways®**%. In the production worker with occupational
asthma due to quaternary ammonium compounds, no specific IgE could be
found®. However, QAC can be type | allergens, as has been shown in muscle
relaxant allergy®. The IgE binding epitope in the group of muscle relaxants
containing quaternary ammonium compounds has been shown to be the QA
functional group.

Exposures in pig farming

In this section, the main emphasis will be put on studies with a sufficient number
of quantitative exposure measurements of dust, bacteria, endotoxins and
ammonia to be useful for epidemiological purposes and in which information on
sampling techniques was relatively complete. In addition, studies are mentioned
which give information on other potential health hazards or which give insight into
associations between exposure levels and working circumstances.

The number of epidemiological studies among pig farmers with quantitative
exposure assessment is limited. The studies are summarized in Table 2.1. In
most studies exposure was assessed by means of static sampling in the
buildings. Donham et al.' and Heederik et al."® assigned outcomes of static
measurements directly to all workers on the same farm. In this case differences
in working circumstances between workers, leading to differences in personal
exposure, is neglected. In two studies, staticly measured exposure
concentrations of dust, endotoxins and ammonia and of ammonia only,
respectively, were weighted for the time spent in different locations***. Holness
et al.*' and Heederik et al.** measured exposure to dust and to dust and
endotoxins, respectively, by personal sampling over the work-shift. Donham et
al.** presented also data on personal dust and endotoxin exposure, but the data
were incomplete with respect to the number of measurements and sampling time.
The number of farmers involved in the studies ranged from 27 to 177 farmers®.

In the studies average total dust exposure ranged from 1.6 mg/m® to
4.0 mg/m®, with individual measurements ranging from less than 1 to 23.5 mg/m®.
Averaging time was presumably several hours in all studies, although sampling
time was given only by Heederik et al.” for static sampling (6-8 hours) and by
Holness et al.*' and Heederik et al.*® for personal sampling (8-9 hours). Only few
reported concentrations exceeded the Dutch occupational Threshold Limit Value
of 10 mg/m® for exposure to total dust, which is based on a nuisance effect. The
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average ammonia concentration differed less than a factor two between the
different studies: from 4.4 mg/m® to 7.6 mg/m?®, with single measurements varying
between 0.2 mg/m® and 24.7 mg/m®. Sampling time was several hours in the
Canadian study®, 6-8 hours in the Dutch study on 136 farms and not known in
other cases. For the ammonia exposure reported by Donham et al.’, it can not
be inferred whether this was measured by grab sampling or by sampling with a
larger averaging time. Depending on time dependent variation in ammonia
exposure, this can cause large differences in average concentration and
geometric standard deviations***®. The presented results indicate that the Dutch
occupational 8-hour time-weighted average threshold limit value of 18 mg/m® was
exceeded only in few situations. For exposure to dust as well as ammonia, the
largest ranges were reported for 136 Dutch pig farms'. This study included the
largest number of measurements and by that, probably the largest sampling
period of about 3 months, covering part of autumn and winter with potentially
climatic effects.

Table 2.1  Exposure concentrations of dust, endotoxins and ammonia: Geometric Mean
(Geometric Standard Deviation).

dust {(mg/m®) endotoxins ammonia

reference  country* population
V" PoP total respirable (ng/m®) (mg/m®)

Holness*' C s4workers 217@5 0177 @7 - - - -

Donham * S 57workers 3.9 (1.8) - - 180 (2.1) 56 (1.7)
28 farms

Heederik NL 27 workers 167(28) - - 247 (40) 56%(1.9)
2 farms

Heederik™ NL  168-177 40 (1.7) - - 130 (1.5) 4.4 (2.5)
workers
136 farms

Zejda™ C S54workers® 28 (14) 012 (1.4) 740 (2.5 76 (1.4)
50 buildings

*

C = Canada, NL = Netherlands, S = Sweden

personal sampling, time-weighted average

personal exposure estimated using time spent in buildings

personal exposure estimated using average of concentrations in different barns and 2
seasons; endotoxin exposure known for 46 workers

w H —+
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Between studies, large differences existed in endotoxins exposure
concentrations. The average concentration was in the same range in the studies
of Donham et alL™ with unknown sampling time and Heederik et al.’ who
measured during 6-8 hours, with 180 ng/m® and 130 ng/m?® respectively. The
range in both studies was also comparable, from approximately 30 ng/m*® and
350 ng/m®. Zejda et al*® (unknown sampling time) reported an average
concentration which was a factor 5 higher than in these two other studies. The
upper limit in their study was more than 4,000 ng/m®. Since dust concentrations
were somewhat lower than in both other studies, the presented endotoxin
exposure seems very high. It is not likely that this was caused by the way in
which exposure concentrations were assigned to individual farmers. Heederik et
al* measured exposure of 27 workers at two large scale Dutch farms by
personal sampling during the work-shift of about 8 hours. Working conditions at
these farms vary from those at the family farms which are usually encountered in
the Netherlands. The low average concentration may be caused by specific
working conditions at these farms. Also the average dust exposure was lower
than in other studies. In all of the reviewed studies a Limulus Amoebocyte Lysate
(LAL) test has been used, but variation in fillers and in extraction and storage
procedures may have caused differences between studies®, apart from true
differences in exposure and differences caused by variation in sampling time.
Douwes et al.* showed for example that recovery of endotoxins can range a
factor 7 between extraction procedures, with an otherwise similar procedure. In
smaller studies among pig farmers***®, average and individual endotoxin
concentrations ranged from 2 to 1,900 ng/m?. It is clear that regardless the assay
used, exposure concentrations exceed the earlier suggested occupational
exposure limit values of 100 ng/m® and 30 ng/m® for endotoxin exposure'®'’
frequently.

The geometric standard deviations were larger for dust and endotoxin
exposure measured by personal sampling compared to measured by static
sampling (Table 2.1), suggesting that variation in personal exposure may be
underestimated by static measurements.

Only Heederik et al." quantified concentrations of airborne microorganisms
systematically for epidemiological use. For sampling, they used the N6-
modification of the Andersen sampler*® with Plate Count Agar (PCA) media for
total viable bacteria, and PCA with christalviolet media for viable gram-negative
bacteria. In 62 farms they measured a geometric mean concentration of total
viable bacteria of 1.07 * 10°/m® (GSD 3.4, range 0.01-36 * 10°/m?), and of 0.08 *
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10°’m® of gram-negative bacteria (GSD 4.5, range 0.01-0.9 * 10°m®. These
concentrations are in the same range as found in other studies, with a
concentration of approximately 10%/m® to 10%/m® total viable bacteria. Usually 10%
of the total viable bacteria was gram-negative'*> 4“5 Concentrations of viable
mould particles averaged over several sampling sites varied between 300 to
30,000 per cubic meter, but in specific cases levels up to 100,000/m?® have been
foun d45,47,48,51 .

To our knowledge, the study of Virtanen et al.”? was the only one reporting
antigen exposure levels of pig farmers. In samples taken by personal and static
sampling, it seemed that pig epithelium antigens were much more abundant than
feed and pig urinary antigens. However, according to the authors, quantitative
comparisons between levels measured by immuno-chemical methods should be
made cautiously.

Relation between exposure and working characteristics

Exposure levels may vary considerably between activities. In a study among
20 Swedish pig farmers, exposure to endotoxins was found to be more than eight
times higher during feeding than during tending: 315 and 37 ng/m®, respectively®.
The difference in dust exposure was only a factor two, with exposure levels of
13.8 and 7.4 mg/m®, respectively. Vinzents and Nielsen® suggested that distance
to animals alone does not determine personal exposure levels during activities. In
a small-scale study among 4 workers they did not find systematic differences in
either dust or endotoxin exposure between activities performed close to and far
from animals, but the distinction between the two groups of activities might have
been to crude to yield large differences.

Statistically significant associations between type of feeding and personally or
statically measured dust exposure have been reported*"*. Attwood et al.** found
also statistically significant differences in dust concentrations between different
sections, but not in concentrations of ammonia and endotoxins.

Validity of exposure measures

The validity of the exposure data in epidemiological studies among pig farmers,
with chronic respiratory health effect as outcome variable, has hardly been
evaluated. The validity may be affected in the first place by exposure variability,
which has for instance been quantified by Zejda et al.*. They estimated a large
intraindividual variation in exposure to endotoxins, which was assessed for two
days, one day in summer and one day in winter. Given the exposure variability,
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the regression coefficient of base-line lung function on endotoxin exposure would
be underestimated by 65%, using equations presented in the literature®. Since
no overall difference in exposure between seasons was found, variation in total
time spent in different sections may have contributed to a large extent to
intraindividual variation. Exposure in other studies was based on only one
measurement. This would, with similar exposure variability, cause even larger
underestimation of exposure-response relationships.

Secondly, estimation of personal exposure by static measurements can lead
to additional large bias in exposure-response relationships. In cotton and animal
feed industries it has been shown that exposure assessed by static
measurements and personal sampling correlates poorly®®, and personal
exposure would be underestimated when based on static measurements. In the
specific case of pig farming, factors such as re-suspension of settled dust by
activity of animals after entrance of the farmer in a compartment®, spatial
variability within a compartment®, and the effect of specific activities on personal
exposure concentrations® may cause errors in personal exposure when based on
static measurements.

For these reasons, it is likely that the exposure measurements used so far
have limited value in the assessment of unbiased relationships between chronic
health effects and exposure.

Health effects in pig farmers

Questionnaires and lung function testing are the most frequently used techniques
to assess respiratory health effects in epidemiological studies among pig farmers.
In some studies prevalence rates and average lung function parameters have
been presented for a population which was selected on respiratory health effects.
These studies will not be regarded in this overview. Since the early eighties, the
possibility of an immunological mechanism as an explanation of observed health
effects has been explored. In the nineties the emphasis in the literature shifted
towards the use of advanced research techniques on the mechanisms underlying
symptomatology. This involved assessment of Non-Specific Bronchial
Responsiveness (NSBR) and qualification and guantification of inflammatory cells
present in the respiratory tract by means of bronchoalveolar lavage (BAL). These
research techniques have also been applied in some human experimental
studies.
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Chronic respiratory symptoms

Prevalence rates of chronic respiratory symptoms among pig farmers have been
reported in many studies. In the larger studies, questionnaires based on the
ATS® and the BMRC®' questionnaire on chronic respiratory symptoms have been
used most frequently. For this overview only studies have been regarded with a
population exceeding 50 subjects and with questions on symptomatology that
were more or less comparable to other studies.

Comparison of studies in different countries showed that Dutch and French pig
farmers reported less chronic respiratory symptoms than Danish and Canadian
pig farmers (Table 2.2). The relatively low prevalence rate in Dutch pig farmers
still implies that 23% to 40% reported at least one chronic respiratory symptom.
Similar prevalence rates have been reported in other occupational settings with
exposure to organic dust and coal dust, in which symptoms were evaluated using
the same questionnaire®. On average 20% of control office workers reported
these symptoms in the studies. Because the influence of a potential healthy
worker effect can not be excluded, no inferences can be made on the attributable
risk of pig farming to respiratory symptoms.

In nearly all of the larger reviewed studies and other smaller studies using
reference groups, a two to three fold higher prevalence rate (crude or adjusted)
of cough, phlegm or chronic bronchitis in pig farmers compared to controls has
been reported'4'%%  QOccasionally, comparable prevalence rates have been
observed in pig farmers and controls®*®"". The reference groups consisted of
farming and non-farming populations, including industrial workers. Ambiguous
results have been reported on relative prevalence rates of other symptoms. For
example, prevalence rates of shortness of breath were equal in French dairy and
pig farmers™, but were reported two times more often by Danish pig farmers than
by Danish dairy farmers and farmers without animals®. Similar inter-study
discrepancies existed for symptoms of chest tightness and wheezing' 884897172,

In both large Dutch studies performed by the same research group, the same
questionnaire was used and there were only few years between the studies.
Comparable socio-economical criteria were used to select the farmers, but the
response rate differed between the studies, with 81% and 51%, respectively, and
farmers in the first study were on average 10 years older. The prevalence rate of
chronic symptoms was nearly a factor two lower in the first study, suggesting that
selection effects may cause large differences in study results. As a consequence,
the use of questionnaires in cross-sectional epidemiological studies is limited for
evaluating the attributable risk of occupational exposure to the incidence or
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prevalence of these symptoms. Since the two Dutch studies already showed
large differences, it is not surprising that ambiguous results have been presented
on relative prevalence rates in other studies as well.

Table 2.2  Prevalence rate of chronic respiratory symptoms in pig farmers.

symptoms (%) T
reference country* n sm(c:/l:)ers age Cc P S w T B
Bongers™ NL 132 - 47 10 5 10 13 6 -
Heederik™ NL 183 38 37 16 12 9 22 10 -
Iversen® DK 369 36 - 37 - 23 26 11 32
Iversen®™ DK 124 20 43 32 - 30 21 - -
Choudat™ F 102 28 40 13 - 12 7 3 -
Dosman® Cc 504 - 42 - 17 32 29 - 13
Zejda®® c 249 15 38 21 29 - 25 - 25
Donham® us 207 20 36 20 25 - - - -

* C = Canada; DK = Denmark; F = France; NL = Netherlands; US = USA

t+ C = cough; P = phlegm; § = shortness of breath or dyspnea; W = wheezing;
T = chest tightness/asthma; B = chronic bronchitis

Work-related respiratory symptoms and other symptoms

Work-related symptoms which have been reported, include lower and upper
respiratory symptoms, eye irritation and symptoms that are characteristic for the
Organic Dust Toxic Syndrome (ODTS). Symptoms are defined as work-related if
they occur during work or up to several hours after work. ODTS comprises a
variety of symptoms which are seen after exposure to high concentrations of
organic dust. It may appear as an influenza like syndrome, which generally starts
only 4 hours after exposure, with joint pains, myalgias, shivering, fever and flu-
like symptoms. This syndrome can be distinguished from Hypersensitivity
Pneumonitis by, among others, the absence of specific serum antibodies, no
indication of progressive lung disease at repeated exposures, predominance of
neutrophils rather than lymphocytes in material obtained in the acute phase by
alveolar lavage, and negative findings in X-rays’>™.
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In the studies with a population exceeding 50 subjects, work-related cough has
been reported by 17 to more than 80% of the pig farmers' 34785577576 8 to more
than 60% of the pig farmers indicated that they experienced nose, throat or eye
irritation, clogged nose, sneezing or rhinitis 444767717578 \Work-related symptoms
were generally more common in pig farmers than in control populations 856",
Prevalence rates of symptoms which can be indicative of ODTS ranged from 0 in
132 Dutch pig farmers (fever and shivering) to up to 17 and 21% in Swedish and
Canadian pig farmers (joint pains and flu-like symptoms)*4”®7576 Donham et
al.’ reported an unrealistic high prevalence rate of 34% for ODTS symptoms in
US pig farmers, but their definition was not very specific since also farmers who
experienced lower respiratory symptoms alone were regarded as having ODTS.
As with the chronic respiratory symptoms, also the prevalence rate of ODTS-like
symptoms were much higher in the later study among Dutch pig farmers;
shivering was reported by 11%".

Base-line lung function

In pig farmers, Forced Vital Capacity (FVC) and Forced Expiratory Volume in one
second (FEV,) and to a lesser extent FEV,/FVC, seem not to deviate largely from
reference values (Table 2.3). The FEV,/FVC ratio reported in the study of
Donham et al." seems very unlikely considering the values of FEV, and FVC.
The population averages of the parameters varied several percent above or
below reference values in six studies comprising more than 50 subjects (Table
2.3). In studies using control groups, similar patterns were observed as for
comparison with reference values*!64886277,

A reduction of 4% to 5% compared to predicted FVC or FEV, values as
reported by Holness et al.*' and Dosman et al.**, suggests an average decrease
of 200 to 250 mi in farmers who were working on average 20 years in pig
farming. It has been shown that a small decrease in FEV, is associated with a
higher risk of incidence of chronic respiratory symptoms and mortality from these
symptoms’®,

Data in Table 2.3 suggest that particularly the flow-volume variables Maximum
Mid Expiratory Flow (MMEF), and the Maximum Expiratory Flow when still x%
remains to be exhaled (MEF,) are decreased in pig farmers, with deviation from
normal values up to 40%. These variables are less reproducible than FVC and
FEV,”™. No consensus exists on the meaning of abnormalities in these variables
in obstructive lung disease, although decrease in these parameters has been
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mentioned to show the earliest change associated with flow limitation, even if
other parameters are not affected®,

Table 2.3  Base-line lung function in pig farmers (percentage of predicted).

reference n sm(g/‘:)efs FVC FEV, WMMEF MEF, MEF, FEV,/FVC
Bongers™ *T 132 - 4016 009 071 051  -0.40 -
Honess® ¥ 53 15 08 95 - 93 64 97
Dosman® ¥ 504 - 97 9% 87 - . 08
Donham™ § 57 - >05  >05 - 84 60 75
Zejda® *§ 249 15 106 103 98 108 88 97
Zejda® ¥ 54 - 106 101 94 . . 96

*

residual values in L or L/s are given, in all cases statistically different from reference values
ECCS reference values

ATS reference values

other reference values or not reported

w H —+

Lung function change over the working day

The across-shift changes in FVC, FEV,, FEV,/FVC and Peak Expiratory Flow
(PEF) ranged from no or minor changes in Swedish pig farmers, to 5% in a study
among workers in former Yugoslavia®*4"%*® The studied populations were
small, comprising 20 to 59 farmers. In the study in former Yugoslavia also a high
prevalence rate of chronic and work-related respiratory symptoms was present,
which may be related to the relatively large decrease in lung function. In a study
among farmers with work-related symptoms, also larger across-shift decrements
were found®. In none of these studies, results were adjusted for the circadian
variation in lung function, which can vary largely between individuals from several
percent decrease to several percent increase®™. In one small study only, a
comparison was made with an external control population®. The percentage of
change in FEV, in 36 swine workers was not larger than in the 16 controls.
Comparisons within the same population at days off work would have given
better insight into the relative lung function changes over the working day.
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Non-specific bronchial responsiveness (NSBR)

Studies reporting on prevalence of NSBR are not comparable, either because of
difference in challenge procedure itself or by the definiton of
hyperresponsiveness. This resulted for example in a difference in average PC,,
of a factor of 50 between two methacholine challenge studies with 20 subjects
each®”. The value of these studies remain therefore limited to intrastudy
comparison. In studies among 36 to 167 pig farmers, they were found to be
less™', about equally®*®' or more hyperresponsive ® than the control (dairy and
cattle) farmers. Larsson et al.® reported no difference in NSBR between 20 pig
farmers and healthy controls, whereas in other studies pig farmers were found to
be more hyperresponsive in tests with histamine, methacholine or acetylcholine
than greenhouse workers®, urban controls”, and arable farmers®, respectively.
In 36 Swedish pig farmers, NSBR did not alter across work shift®". The
ambiguous results of the studies do not allow to draw conclusions on NSBR in
pig farmers. NSBR after exposure to pig farm dust has also been studied in an
experimental sefting, which will be discussed later on.

In several studies, the association between NSBR and symptomatology was
evaluated. Briefly, NSBR was found to be related to the combination of chronic
bronchitis with abnormal spirometry studied in a population of a total of 57 pig
farmers (defined as FEV,/FVC < 95%)%, to self-reported asthma (n=144)%, to
cough, asthma and rhinitis and conjunctivitis (n=167)*, to inflammation of the
bronchial mucosa (n=26)%", and strongly or weakly to work-related symptoms
(n=124 and n=65, respectively)®® In contrast, NSBR was not found to be
related to: chronic bronchitis with normal spirometry, abnormal spirometry without
chronic bronchitis (n=57)%, and to work-related shortness of breath, wheezing or
dry cough (n=144)%. Since NSBR is considered to be a hallmark of asthma, most
of the positive associations with respiratory health were not surprising. The added
value for studying the etiology of respiratory heaith effects in pig farmers seems
so far limited.

Bronchoalveolar lavage (BAL)

BAL has been performed to study the presence of inflammatory cells in the
respiratory tract in relation to the respiratory symptoms seen in pig farmers.
Larsson et al.® found a statistically significantly elevated number of total cells
(256% difference in median) and of neutrophils (factor 6 difference in median) in
20 pig farmers compared to controls. The number of eosinophils, alveolar
macrophages and lymphocytes were not higher in the pig farmers. The small
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number of subjects in the study is plausible because of the unpleasant side
effects, but it limits insight into the effects at population level.

Schwartz et al.®® studied BAL in groups of swine confinement workers with
and those without work-related respiratory symptoms, neighbourhood farmer
controls and blue collar workers. Each group consisted of approximately 30
persons. They did not find differences between these groups. In another study
inflammation of the bronchial mucosa in pig farmers, which was assessed by
bronchoscopy, was related to increase in number of neutrophils but not to
increase in total cell number®. Similar to the use in the latter two studies, future
use of BAL in etiological studies can be useful when applied in subjects that are
selected on specific clusters of respiratory symptoms. It does, however, require
more insight into the existence of distinct clusters of symptoms.

Experimental studies on BAL in relation to exposure to pig farm dust will be
discussed later on.

Immunology

An early case-study reported asthma in a student in agricultural sciences due to
an IgE-response to pig urinary proteins®. Several years later a similar case of
anti-pig urine allergy was described in a pig butcher®. These studies and the
high prevalence rate of allergy to, for example, rat urinary proteins in animal
laboratory workers, indicate that anti-pig urine IgE-mediated occupational asthma
may be expected in farmers who are chronicly exposed to high levels of pig
urinary proteins. In order to assess the role of IgE-mediated allergies in pig
farmers, large studies are required since atopic reactivity can be expected in a
minority of the population only.

The presence of an immunological component in the etiology of respiratory
heaith effects has been studied by skin prick tests (SPT), and serological
determination of specific IgE, IgG, and precipitating antibodies. The main
emphasis in this review will be put on the first two parameters, since these are
indicative of type | allergy. The prevalence rate of a positive SPT against work-
related antigens varied from O to 78% (Table 2.4). Extracts of feed components,
dander, epithelium or hair, pig urine, crude swine house dust or storage mites
were used as allergen preparations. In two studies with a high prevalence rate of
positive SPTs, also a relatively high percentage of controls showed a positive
test, which makes the specificity of the tests questionable®™ ™. The large
interstudy variation in these and other immunological parameters may be due to
differences in allergen preparations and assay techniques. In most studies, the
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prevalence rate of positive IgE antibodies against work-related antigens was low.
Only Brouwer et al.*’ and Crook et al.*® found relatively high percentages of
positive reactions to storage mites and feed antigens: 13% in 123 and 25% in 24
farmers, respectively. In the study of Brouwer et al.”!, 70% of all farmers with IgE
against storage mites, also showed IgE to house dust mite allergens. The high
prevalence rate of a positive test to storage mites could have been the result of
cross reactivity between both types of mites®. In the small study of Crook et al.*®
48 controls were included, but the percentage of positive reactions in them was
not given. Overall, by their population size and selection criteria, only four studies
give some insight into the potential role of IgE-mediated allergies in pig
farmer352'75’91'93’94.

Table 2.4 Prevalence of positive skin prick test (SPT) and specific IgE
against work-related allergens: percentage (percentage in

controls).
reference n allergen SPT IgE
Katila®™® 20 epithelium - 0
Matson® 41 hog/feed/dust 0 2
Brouwer™ 57 feed - 1.8
urine/hair - 0
Brouwer®* 123 storage mites - 13
Cormier® 488 hog (large panel) 18 (10 -
Zuskin™ 32 settled dust/hair 44 (39) -
feed 78 (51) -
bacteria 9 4 -
moulds 9 (3) -
Crook® 24 microorganisms - 0
skin/urine - 12
feed (meal) - 33*
Larsson® 20 dander/feed (2)/ 0 -
dust/urine/plasma
Iversen™ 247 airborne dust - 2.5
epithelium/urine - <1

* 48 confrols, prevalence rate unknown
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Specific total IgG and IgG, antibodies against work-related allergens have been
found™®'**%_ The exact role of IgG or IgG, antibodies in respiratory disease is,
however, not clear. Suggested effects of specific IgG, antibodies on respiratory
health range from harmful to protective ®.

No associations were observed between IgE antibodies against work-related
antigens and various respiratory health effects in populations of 20 and 41
farmers, respectively®*, whereas a positve SPT to hog allergens was not
related to lung function or chronic bronchitis in a large study in 488 pig farmers®.
Brouwer et al.”® did not observe an association between base-line lung function
and specific 19G, levels. A few other studies give weak indications for a positive
association between an immunological response to work-related antigens and
health effects. Farm workers with a positive skin prick test against work-related
allergens had lower base-line lung function values but not more chronic
respiratory symptoms, although the specificity of the test was questionable™.
Elevated IgE levels against feed components were observed in symptomatic
farmers, but not in asymptomatic farmers®. Of 6 farmers with weakly positive IgE
reactions against airborne farm dust, 5 were asthmatic, but they also showed
strong IgE reactions against mite species and grains®.

In summary, the studies suggest that at the population level work-related type
| allergy is not a predominant factor, but work-related allergies may, however, be
present in individual farmers.

Experimental studies in the setting of pig farming

One research group reported experimental studies with six and 14 human
subjects, respectively. The subjects were nonsmoking, non-farming, were
previously not or hardly exposed to pig farm dust and did not experience
respiratory symptoms. They were exposed for several hours to occupational air
pollutants during weighing of pigs. Exposure concentrations during this activity
were high. In the study with 14 subjects, average exposure to dust and
endotoxins was 13.5 mg/m® (range 5.6 to 24 mg/m®) and 600 ng/m® (80 to
1,300 ng/m®), respectively. This is several factors higher than average exposure
concentrations found for pig farmers in most studies (Table 2.1). Exposure
induced strong reactions in these experimental subjects. Several experienced
strong systemic reactions such as rise in body temperature up to 39°C,
headache, malaise and nausea. A large increase in a variety of inflammatory
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cells was observed one day after exposure'®®”. There was a 75-fold increase in
neutrophilic granulocytes, a two- to threefold increase in alveolar macrophages, a
fourfold increase in lymphocytes and total cells, an increase in eosinophilic
granulocytes (all expressed in concentration in BAL fluid). The increase in
neutrophils was significantly correlated with dust and endotoxin exposure
concentration.

In six urban subjects experimentally exposed in the same way, working in pig
farming induced within 6 hours a considerable increase of more than three
doubling steps in bronchial responsiveness. Bronchial responsiveness appeared
still not to be normal after one week®.

These experimental studies showed that exposure to pig farm dust results in a
clear inflammatory response in subjects that were previously not exposed to pig
farm dust. The experimental exposure level to dust was higher than average
reported for exposure levels in pig farmers, but still in the range of single
exposure measurements. The average endotoxin level was higher than reported
for individual exposure measurements by Donham et al." and Heederik et al.".
The differences in BAL findings between farmers® and experimental subjects, in
combination with exposure concentration to endotoxins that exceeded exposure
of pig farmers in most cases, limits extrapolation of these results to pig farmers.

Association between exposure and health parameters in pig farming

Exposure levels

In this paragraph, basically only associations which were adjusted for smoking
habits, age and standing height (lung function only) will be presented. Since in
only few studies exposure measurements for epidemiological purposes were
performed, the number of studies reporting on exposure-response relationships is
low as well.

Measured dust exposure in four studies was not related to chronic respiratory
symptoms, base-line lung function, and lung function change over the working
day'™™*#4 |n contrast, two studies suggested an inverse association between
endotoxin exposure levels and base-line lung function of several hundreds of
millilitres over the range of exposure levels (FVC and FEV,). Heederik et al.™
found statistical significant associations between base-line lung function and
endotoxin exposure only in a group of 62 farmers who worked at a farrowing to
finishing farm, but not in the total population of 160 farmers. Zejda et al.*®
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observed an association when concentrations were multiplied by number of hours
worked, but not with concentration alone. It is not clear whether this finding could
be attributed to number of hours alone, which might be related to any type of
exposure.

Donham et al' reported a statistically significant association between
endotoxin exposure and decrease in FEV, over the working day. The decrease
was about 5% over the range of exposure levels, which equals on average
200 ml. In this study exposure levels were assessed by personal as well as static
sampling. In their analysis, they used exposure based on static sampling which is
expected to correlate poorly to personal exposure. They failed to give an
explanation for the choice of the exposure measure. Statically measured
exposure was assigned to all workers on the same farm. On the farm with the
highest exposure concentrations, 7 farmers were working with on average a large
decrease in across shift lung function, potentially contributing largely to the
strength and magnitude of the exposure-response relationship. Such an analysis
inhibits the danger of neglecting the potential effect of another health hazard
present at one single farm. An effect of endotoxin exposure on across-shift
change in lung function could not be confirmed in a study among 27 Dutch pig
farm workers which were exposed to low concentrations of on average 24 ng/m?,
as measured by personal sampling“.

Presence of several work-related symptoms was positively associated with
statically measured endotoxin concentrations in the restricted population of 62
Dutch farmers™. The work-related symptoms included upper and lower
respiratory tract symptoms and some flu-like symptoms. Similar associations
existed with levels of gram-negative bacteria'. In the same study no statistically
significant associations between chronic respiratory symptoms and exposure
levels were observed. Zejda et al.®*®* mentioned a statistically significant
association between endotoxin exposure and chronic cough and chronic
bronchitis. This association was not quantified, and not adjusted for age. In
addition, their results are difficult to interpret since they used an unconventional
statistical technique to assess these associations.

In the experimental study with 14 previously non-exposed subjects', the
increase in neutrophils in BAL was significantly correlated with dust and
endotoxin exposure during weighing of pigs. Since correlation between dust and
endotoxin exposure in that study was very high, it can not be concluded which
component was responsible for the increase in inflammatory cells.
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An effect of ammonia exposure on across-shift change in several lung function
parameters, but not in FVC, has been reported in a small study among 27 farm
workers®®. Ammonia exposure in that study was estimated, based on static
measurements and time activity patterns. The associations were present on
Tuesday but not on Monday and Friday. Since an effect of ammonia can be,
unlike e.g. endotoxins, expected to be about similar on different days of the
week, the associations may be spurious.

Associations between immunological parameters and exposure levels have
rarely been reported. In a study among 44 pig farm workers, anti-swine urine 1gG
and anti-swine epithelium IgG correlated with exposure to pig urinary antigens,
which was measured only once®. In this Finish study, a greater proportion of 37
pig farm workers showed high anti-pig urine 1gG levels than 44 medical students.
However, the distribution of IgG levels against epithelium and feed antigens
between these two groups did not differ clearly. Brouwer et al.®' observed an
association between total dust exposure and specific IgG, against pig urinary
proteins and pig hair among nonsmokers but not in smokers. Although Virtanen
et al.’® suggested that exposure to airborne epithelium antigen is higher than to
feed and urinary antigens, findings in other studies do not suggest that this leads
more frequently to atopic sensitization to epithelium derived allergens™ %%,

Surrogate exposure variables

Measures such as years in pig farming and farm characteristics have been used
as a surrogate for measured exposure, to obtain information on potential
exposure-response relationships. The associations with number of years in pig
farming and age are difficult to separate, since high correlation between the two
variables is likely. Several large scale studies reported a higher, but not always
statistically significant, prevalence of symptoms of chronic cough, phlegm, and
bronchitis in older farmers or those with a longer working history in pig
farming®*®%°, Such associations could not be confirmed in another large study®.
Wheeze was not positively associated with age or length of working history®®,
whereas for asthma and shortness of breath positive associations have been
reported®®. It is likely that reported positive associations reflect associations
between cumulative dose and at least symptoms of chronic bronchitis, since
higher symptom prevalence rates were observed in pig farmers than in non-pig
farming control groups of similar age.
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Number of hours working per day or per year in pig farming were associated with
chronic respiratory symptoms in Canadian and Swedish pig farmers®™,
suggesting some sort of effect of currently received dose.

For base-line FEV,, conflicting results were reported. Iversen et al.®® estimated
a decrease of 12 ml per year of pig farming in a group of 124 pig farmers,
additional to the age effect. These two potentially highly correlated variables were
included in the same model which can invalidate findings due to collinearity. In
contrast, no clear differences in percentage of predicted FEV, and FVC existed
between age categories of Canadian farmers®. In that study, there seemed to be
an age trend for FEV,/FVC and MMEF as percentage of predicted. However, this
did not differ much from the trend observed in non-farming, rural controls, making
a specific effect of pig farming less likely. Cormier et al.% failed to observe an
association between base-line lung function and number of years in pig farming.
In another study, an inverse association was present only in a subgroup with
work-related symptoms®, which is potentially a sensitive group. In two large
Canadian studies statistically significant inverse associations between hours per
day and base-line lung function were reported, but these were discordant with
respect to the specific lung function parameters FVC and FEV,*%. Farm
characteristics which are potentially related to exposure levels, such as flooring,
feeding, and type of ventilation, were found to be related with FEV, and some
flow-volume parameters’.

Studies on NSBR report positive associations as well as absence of
associations with length of working history®®®"##  Associations with number of
hours per day in pig farming and number of raised pigs were absent®. These
ambiguous results, next to those on the relative prevalence rate of NSBR as
discussed before, makes it impossible to conclude whether pig farming induces
NSBR.

Work-related symptoms were mostly not associated with age or number of
years in pig farming, but some were with farm characteristics ®*"%%. Inflammatory
cells obtained by BAL or antibodies against swine antigens were not associated
with number of years in pig farming®.

Conclusion

It is striking that a large imbalance exists between the number of studies
describing health effects and studies with quantification of occupational exposure
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for epidemiological purposes. The usefulness of the exposure data in all of these
studies with chronic respiratory health effect as outcome variable was expected
to be very limited due to unfavourable exposure variability and expected poor
correlation between personal exposure and static measurements. As long as no
validation study is carried out to support the underlying assumption that used
exposure measures can be relevant for chronic respiratory health, it is doubtful
whether reported exposure-response relationships reflect the true relationships.
In most situations, however, nondifferential exposure misclassification will lead to
underestimation of, or absence of, exposure-response relationships. If statistically
significant relationships are found, the chance that in reality the true associations
are stronger, is expected to be larger than that spurious relationships have been
detected.

Combining literature on reported respiratory health effects, on associations with
measures of exposure, and on human experimentai studies the following pattern
can be extracted. Chronic respiratory symptoms of cough, phlegm, and bronchitis
are the most frequently reported chronic respiratory health effects in pig farmers.
Most studies were primarily focused on finding and reporting these symptoms.
Other chronic respiratory symptoms got less attention, thereby potentially
underestimating the development of these symptoms in pig farmers. Despite
relatively normal base-line values of FEV,, FVC and FEV,/FVC, effects of
occupational exposure on these parameters are plausible because of reported
associations with exposure surrogates. Effects of occupational exposure on lung
function seem to be more clearly present in parameters such as MMEF and
MEF,, although the number of studies which incorporated these parameters in
their lung function tests is limited. However, the significance of these
abnormalities in chronic disease mechanisms is not clear. Despite the suggested
health effects of working in pig farming, the etiological agent(s) has or have not
been identified. Current knowledge obtained in observational as well as
experimental studies suggests that endotoxin exposure, at concentrations found
in pig farming, may be an important etiological factor in respiratory disease. Such
a role for dust exposure in itself seems unlikely, and its use as marker for
endotoxin exposure is not possible because of large variability in endotoxin
content. Larsson et al.’® showed that the difference in personal endotoxin
exposure measured during different activiies was a factor 4 larger than for
personal dust exposure, and Atiwood et al.* reported a variation in relative
endotoxin content in dust (in ng/mg) sampled in farrowing and nursery buildings
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of a factor 90. Only very weak indications exist that ammonia can play a role in
respiratory disease etiology. So far, disinfectants have not been suggested as
etiological factors, but the literature on specific components indicates that they
can not be excluded as causes of respiratory symptoms, most often of asthma-
like symptoms.

Studies on a potential role of work-related allergy in chronic respiratory
symptoms suggest that this can not explain the high prevalence rate of chronic
symptoms. However, there are studies indicating that in individual farmers work-
related allergy may be present. Reported prevalence rates of ODTS-like
symptoms varied largely, but the presence of these symptoms due to pig farming
is strengthened by exposure-response relationships. There is no consistency in
the studies on NSBR in relation to pig farming. NSBR is considered to be a
hallmark of asthma. Large effects on number of inflammatory cells in the
respiratory tract were shown in human experimental studies. Contrarily, the cell
counts of inflammatory cells in pig farmers were much closer to normal values.
The differences between farmers and experimental subjects limits extrapolation
of these results to pig farmers. Similarly, a strong effect on NSBR seems to be
present in experimental subjects, but not in pig farmers. Therefore, pig farm dust
does potentially have a large inflammatory effect, but at the population level the
respiratory tract of pig farmers is most likely protected against large inflammatory
reactions.

In summary, this overview suggests that poor characterization of exposure as
discussed, limits insight into etiological factors. Better assessment of exposure is
therefore required in the first place. Secondly, conclusions about health effects
were generally based on cross sectional studies, in which selection processes
could have biased the findings. In addition, the relative prevalence was often
estimated by comparison with other occupational groups. Several of these groups
were exposed to specific occupational agents as well. A better understanding of
incidence of effects is needed, which can be obtained from prospective studies.
Until now only one prospective study has been reported'®. This study focused
only on changes in lung function, but not on incidence of symptoms. This study
has not been discussed, since poor description of applied statistical models,
which could not be clarified by the authors (personal communication), hampered
interpretation of the results. Thirdly, also characteristics of the study population
and occupational setting may cause the diffuse view on health effects. Until now,
the focus has been primarily on the potential role of endotoxins in relation to
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chronic airways obstruction and symptoms suggestive of chronic bronchitis.
However, exposure is diverse and includes exposure to organic dusts with
various potential harmful components, gases, and chemicals used such as
cleaning agents. Different exposures may cause the existence of more than one
disease entity which can potentially only to a limited extent be characterized by
partly overlapping effects on e.g. base-line lung function. With a variety of
different outcomes and different types of exposures, existing responses to one
type of exposure are blurred. Combination of different research techniques to
study health parameters may be used to define more clearly distinct disease
entities.

Further, higher susceptibility of individuals by factors such as atopy and
smoking have almost completely been ignored. For example, it has been
suggested that much stronger effects of endotoxin exposure on acute lung
function changes exist in asthmatics than in non-asthmatics''. The study designs
and analyses used for description of exposure-response relationships which have
been applied so far, may therefore have been to simple to detect them.
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3. Modelling long-term average exposure - an application
in occupational exposure-response analysis

Liesbeth Preller, Hans Kromhout, Dick Heederik, Martin J. M. Tielen

Abstract

Estimates of long-term average exposure to occupational hazards are often
imprecise because intraindividual variability in exposure can be large, and
exposure is usually based on one or few measurements. This potentially resuits
in bias of exposure-response relationships. We evaluated whether a more valid
measure of exposure could be obtained by modelling exposure and consequently
increasing the number of days with exposure estimates, using simple measurable
exposure surrogates. In a group of 198 Duich pig farmers, exposure to
endotoxins was measured during one working day in summer and one day in
winter. Farmers recorded activity patterns during one week in both seasons, and
farm characteristics were evaluated. Relationships between farm characteristics
and activities, and log-transformed measured exposure levels, were quantified in
a multiple regression analysis. Exposure was estimated for 14 days with known
activity patterns. The ratio of intraindividual and interindividual variance in log-
transformed measured exposure was 4.7. Given this ratio, the true regression
coefficient of lung function on exposure would potentially be attenuated by 70%.
The variance ratio for predicted exposures was only 1.2, and potential attenuation
by variation in exposure estimates was decreased to 8%. A relationship between
lung function and measured exposure was absent. Modelled long-term average
exposure was inversely related to base-line lung function and reached statistical
significance for asymptomatic farmers. Results suggest that the presented
strategy offers a possibility to minimize measurement effort in occupational
epidemiological studies, without apparent loss of statistical power.
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Chapter 3

Introduction

Validity and precision of the measures of exposure used in statistical analyses
are key issues in studying exposure-response relationships. On a conceptual
level, validity refers to the biological relevance of the measure of exposure. More
practically, validity is dependent on biases occurring in the measurement
process. Precision refers to the random error in the exposure estimate. A
regression coefficient of a continuous outcome variable as base-line lung function
on exposure will generally be underestimated when exposure is measured with
nondifferential, random error'®, This hampers detection of weak associations that
are more often studied in occupational epidemiology. Because of practical
reasons, it is common practice in studies on chronic effects to estimate long-term
average occupational exposure by a limited number of measurements. The
resulting measure of exposure is therefore generally subject to considerable
measurement error as a result of intraindividual exposure variability. An example
in which this lead to underestimation of exposure-response relationships, or so
called aftenuation, was demonstrated empirically in a population of 1,105 coal
miners®. On average 34 dust exposure measurements were available per worker.
With three randomly chosen measurements per individual, the regression
coefficient of base-line lung function on exposure was only 40% of the regression
coefficient when using all available measurements. However, three
measurements per individual still involved more than 3,000 exposure
measurements. This illustrates that reduction in attenuation by increasing the
number of measurements per individual might require substantial investments in
field work.

The magnitude of potential bias in the regression coefficient depends on the
ratio of the intraindividual and interindividual components of variance and the
number of repeated measurements, according to the formula®:

b=8(1+A/n)" (1)
where:
b = observed value of the empirical regression coefficient of Y on In(X), while
X measured with error
R = true value of the regression coefficient of Y on In(X)
A = wSy2 / bSy2
wSy2 = estimate of intraindividual variance in /n(exposure)
,,Syz = estimate of interindividual variance in In(exposure)

number of repeated measurements per individual
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Application of formula (1) assumes absence of autocorrelation between repeated
measurements. Although autocorrelation of repeated 8-hr TWA exposure
measurements in occupational settings is usually low and decreases with time
between measurements®, repeated measurements should preferably not be taken
on consecutive days in order to estimate the day-to-day variability correctly.
Formula (1) refers to stationary processes. If this is violated, e.g. due to changes
over time in tasks involved etcetera, bias can not be predicted. With a single or
few exposure measurements per individual in stationary processes, a large ratio
A will result in considerable underestimation of the exposure-response
relationship. Underestimation of a relationship can be reduced by either
increasing the interindividual variability in exposure, or decreasing the influence
of intraindividual variability by increasing the number of measurements per
individual®®, The interindividual variance, or contrast in exposure between
individuals, can be optimized in the design stage of the study by choosing a
population with large differences in exposure between subjects. The
interindividual variance can also be increased by introducing an external group
with extremely low or high exposure. Reducing attenuation by only increasing the
number of measurements per individual is a method which will often not be
feasible, since costs and logistics of large field work campaigns are restrictive
factors. Correction for attenuation of the regression coefficient can be applied in
specific cases if A is known. It does, however, not increase the power of the
study and therefore can only be useful in situations where exposure-response
relationships are expected to be strong.

Empirical modelling of exposure can be used to predict exposure in situations
where limited numbers of exposure measurements are available, using simple
measurable exposure surrogates in the models’®. So far, some researchers. have
reported the use of statistical models to predict occupational exposures. Several
studies were undertaken for industrial hygiene purposes®'?. In some studies
historic exposure was modelled by job, department and production process
etcetera for application in epidemiological exposure-response analyses®'>"®.
Application of this technique to obtain an estimate of individual, current long-term
average exposure, has to our knowledge not been reported.

Working conditions of Dutch pig farmers are characterized by large day-to-day
variability in activities and in time spent in different locations with distinctive
exposures. lLong-term average exposure could not be assessed by a large
number of actual exposure measurements for each individual, since field work
was logistically complex and costly. In this study, statistical models were used to
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estimate long-term average exposure to endotoxins of pig farmers. Endotoxins
are regarded as a major respiratory health hazard of pig farmers™. First, farm
characteristics and daily activities were related to measured exposure to
endotoxins. Factors affecting exposure were identified and their association with
exposure was quantified. Subsequently, information on activity patterns collected
during one week in summer and one week in winter and information on farm
characteristics was used to estimate exposure for each day of these two weeks.
The average of the estimated 14 daily exposures was used as a measure of
long-term average exposure. The number of repeated observations for each
individual increased from two for measured exposure to 14 for estimated
exposure, covering most of the variability in time activity patterns. The different
measures of exposure were applied in exposure-response relationship analyses.

Materials and methods

Population and health data

The study population comprised 198 male pig-farm owners in the southern part of
the Netherlands, who worked at least five hours per day in pig farming. 98
farmers had one or more respiratory symptoms (chronic cough, chronic phlegm,
shortness of breath, ever wheezing, frequent wheezing, chest tightness), and 100
farmers did not have these symptoms. The respiratory symptoms were
investigated with a shortened version of a questionnaire on respiratory symptoms
developed by the Britsh Medical Research Council®?'. Lung function was
determined during a medical examination. Spirometry was performed according
to methods and procedures of the ECCS as described elsewhere®®. Lung
function tests were taken between 8.30 a.m. and 15.15 p.m..

Measurement strategy

Exposure to inhalable dust containing endotoxins was determined by means of
personal sampling. The procedure for measuring dust levels is described in detail
elsewhere®. Endotoxins were analyzed in the dust sample with a kinetic Limulus
Amoebocyte Lysate test®.

Exposure was assessed for each participant during one work shift in summer
(June 4 until July 3 1991), and during one work shift in winter (January 27 until
February 27 1992). Average measurement time was 8.3 hours (standard
deviation 0.6, range 5.2-10.4 hours). Measurements were performed from
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Monday through Thursday with the day of the week randomly chosen.
Meteorological data were obtained from a monitoring station in the South of the
Netherlands.

In summer and winter farmers were requested to complete a diary on time
spent on different activities during the day of exposure measurement, and the
following six days. Time (in quarters of an hour) spent on 21 pre-selected
activities in pig farming had to be recorded. Thus for each participant a two week
record of daily activity patterns was obtained.

In a subgroup of six farmers, exposure measurements were performed nearly
monthly during a one year period. Procedures were similar as described for
measurements taken in summer and winter.

Pig farms in the study are characterized by presence of a large number of
compartments in several buildings. Farm characteristics are generally very
heterogeneous within one farm, and depend on type of compartment and period
of construction of the buildings. The 198 farms were visited to record farm
characteristics of all compartments present by means of a walk-through survey.
Data were recorded on: number of animals, feeding methods, heating and
ventilation, type of floor and bedding material, and degree of contamination. The
data set contained 95 distinct variables.

Computational and statistical methods

Data on exposure levels on two days, activity patterns on 14 days, farm
characteristics, and outdoor temperature were used to estimate long-term
average exposure to endotoxins. First, associations between factors affecting
exposure were quantified. First, variation in log-transformed personal time-
weighted average exposure (In(TWA)) was explained by time spent on activities
during sampling, farm characteristics (either as an average percentage of time
dealing with the characteristic, or as a dummy variable (0/1)), and outdoor
temperature in classical stepwise regression analysis. All of the 95 characteristics
and 21 activities which showed some association with endotoxin exposure in
univariate regression analysis, were included in the stepwise regression analysis.
Potential confounding factors were evaluated. Analyses were based on log-
transformed exposure levels to standardize variance and to obtain normally
distributed residuals. All measurements were used as independent observations
in the analysis, since the correlation between repeated measurements taken in
summer and winter was low (0.19). Each independent variable had to meet a
significance level of at least 0.50 for entry in the model and was kept in the
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model at a significance level below 0.10. Model adequacy was tested with
standard regression techniques such as residual plots and outlier detection.

Regression equations derived were subsequently used to estimate the
In(exposure) during sampling (two days) and In(exposure) for all 12 to 14 days
for which activity patterns were known. Estimates were based on models using
activities as recorded by the individual farmers in the diaries and farm
characteristics, derived from walk-through surveys. For modelling exposure, an
outdoor temperature of 17°C in summer and 5°C in winter was used, which were
the average outdoor temperatures in the field work periods. The average of the
In(fexposure)’s was taken as measure of long-term average exposure.
Intraindividual and interindividual variance components were estimated by
applying a one-way random effect ANOVA model in a similar way as described
by Kromhout et al.?®. Variance components were estimated for measured
exposure (two measurements), predicted exposure during sampling (two
estimates), and predicted long-term average exposure (= 12 estimates), all on
the log scale. An exposure-response relationship was estimated for predicted
exposure during sampling for demonstration of the effect of an increased number
of exposure estimates per individual, when using information on surrogate
variables. Intra- and interindividual variability are expressed as wﬁoss and bﬁo,gs,
the ratios between the 97.5™ and 2.5" percentiles of the log-normal within and
between worker exposure distributions and are computed as exp[3.92 * variance
component®®]*’.  Aftenuation of exposure-response relationships due to
intraindividual variability relative to interindividual variability was estimated and
represented as attenuation ratio. The attenuation ratio is the ratio between the
empirically estimated regression coefficient (b) and the true regression coefficient
(B), computed as (1+A/n)', in which A is the ratio of the intra- and
interindividual variance components, and n is the number of repeated
measurements per individual®.

The relationship between base-line lung function (Forced Expiratory Volume in
one second (FEV,)) and measured and modelled endotoxin exposure was
evaluated by means of multiple linear regression analysis, adjusting for smoking
habits (pack years), standing height and age. The following measures of
exposure were used in the analyses: average measured exposure, average
predicted exposure during sampling, and predicted long-term average exposure.
All exposure measures were based on log-transformed values since also
exposure variability was assessed for log-transformed exposure measure.
Statistical tests were one-sided.

42



Modelling long-term average exposure

Statistical analyses were performed with SAS/PC version 6.04 using PROC REG
and PROC NESTED.

Results

Exposure levels
350 endotoxin measurements were available, after excluding 46 samples (12%)
in which failure of equipment during sampling or failure in endotoxin analysis
occurred.

Table 3.1 gives a summary of the exposure levels found. The mean exposure
in winter was significantly higher than in summer (paired t-test, p < 0.05).

Table 3.1 Personal time-weighted average exposure concentration to endotoxins (ng/m“) of
198 Dutch pig farmers.

No. of arithmetic geometric f{;:&?:dc range
measurements mean mean deviation
summer 1991 182 111 78 2.4 56 - 825
winter 1992 168 150 109 23 106 - 1503
ali* 350 129 92 2.4 56 - 1503

*

154 farmers with 2 measurements

Modelling exposure

Outdoor temperature, 12 farm characteristics and eight activities in pig farming
explained 37% (adjusted R® = 33%) of the variation in In(TWA) exposure to
endotoxins (Table 3.2). Activities and farm characteristics explained an equal
amount of the variation. Activities in the model were in general (almost) daily
activities (feeding, controlling, re-penning), and activities with close contact to
very active animals which are usually done once every few days only (iron
injection, castrating, teeth cutting, ear tagging). Flooring (convex floor, fully
slatted floor, fully slatted floor with piglet mat, synthetic grid, combined concrete
and metal grid, floor heating, floor heating in combination with delta heating
tubes), and to a lesser extent feeding methods (manual dosage dry feeding, pig
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starter, automated dry feeding in trough) were the major groups of farm
characteristics in the model.

Table 3.2 Multiple linear regression analysis of farm characteristics, activities and
outdoor temperature significantly related to log-transformed personal
endotoxin concentrations of 198 pig farmers (348 observations).

regression standard
coefficient error P
intercept + 4.44 0.18
outdoor temperature* - 0.35 0.05 < 0.01
FARM CHARACTERISTICS
feeding
manual dosage dry feeding T - 037 0.12 < 0.01
pig starter T +0.35 0.16 0.03
automated dry feeding in trough * - 0.06 0.03 0.02
flooring
convex floor * - 022 0.09 0.01
fully slatted fioor ¥ +0.08 0.02 < 0.01
fully slatted floor with piglet mat* - 0.08 0.03 < 0.01
synthetic grid ¥ - 0.13 0.06 0.03
concrete and metal grid ¥ - 0.15 0.05 <0.01
floor heating * +0.07 0.02 < 0.01
floor heating in combination with
delta heating tubes ¥ +0.10 0.05 0.03
other
overall very dusty ¥ +0.12 0.05 0.01
air exhaust via pit ' - 0.33 0.10 <0.01
ACTIVITIES §
feeding +0.08 0.02 < 0.01
controlling + 0.07 0.03 0.02
re-penning +0.07 0.04 0.05
floor sweeping +0.17 0.06 < 0.01
iron injection +0.17 0.08 0.03
castrating + 0.14 0.06 0.03
teeth cutting + 0.51 0.18 < 0.01
ear tagging + 0.43 0.08 < 0.01
* per 10°C
+ dummy variable: characteristic present vs. not present
¢+ per 10% time spending with characteristic
§ per half hour
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164 farmers had recorded time activity patterns during at least two periods of six
days. For them, long-term average exposure could be estimated, using predictive
models and data on activity patterns during 12 to 14 days. Further analyses were
undertaken for the group of 125 farmers with complete data on measured as well
as modelled endotoxin exposure. In this group, Pearson correlation between
individual average, predicted long-term average exposure on the one hand and
average measured exposure and predicted exposure during sampling on the
other hand was 0.53 and 0.81, respectively.

Table 3.3 gives an overview of the different exposure indices, and results of
the analyses of variance. The interindividual variance in endotoxin exposure was
small for measured exposure, with a ratio of 4.1 between the 97.5" and 2.5"
percentiles of the exposure distribution (,ﬁm). The intraindividual variance was
considerably larger than the interindividual variance: 82% of the total variability in
exposure appeared to be day-to-day variability. The large ratio of intraindividual
and interindividual variance would result in largely underestimated exposure-
response relationships. With two measurements per individual available, the
empirical regression coefficient of base-line lung function on exposure is
expected to be only 30% of its true value.

Table 3.3 Measured and modelled exposure to endotoxins (ng/m®) of 125 pig farmers, with variance
components and estimated attenuation of regression coefficients in exposure-response

relationships.
N:. of e Geometric + YAt toA %o attenuation
\?atis :r:; mean var,’ var, R ge” van R g ratio
measured 250 142 98 0.729 0.601 209 0128 41 47 0.30
predicted
during sampling 250 109 97 0.232 0.154 47 0078 30 20 0.50
predicted
long-term average 1739 122 108 0.288 0.159 48 0129 41 12 0.92

* maximum likelihood arithmetic mean

t+ estimated variance components of the total (var), intraindividual (var,) and interindividual (var,) exposure
distribution R N

+ ratio of the 97.5™ and 2.5™ percentiles of the intraindividual (4R ogs) and interindividual (,R o¢5) exposure
distribution
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As a consequence of modelling with constant variables for farm characteristics,
the intraindividual variance for modelled exposure during sampling was much
smaller than for measured exposure. The interindividual variance was slightly
smaller than for measured exposure. Predicted long-term average exposure
yielded a similar intraindividual variance as for predicted exposure during
sampling, but the interindividual variance was increased. This resulted in a
substantial reduction in the variance ratio 4 from 2.0 for modelled exposure
during sampling, to 1.2 for modelled exposure during 14 days. Potential
attenuation of the regression coefficient of lung function on modelled endotoxin
exposure, was reduced by this decrease in A, and was further reduced by using
all data on activity patterns during 12 to 14 days from 50% to less than 10%.

Lung function and exposure

Four people with incomplete data on smoking habits were excluded from the
analysis, leaving 121 respondents with complete data. Associations between
exposure to endotoxins and base-line FEV, are presented in Table 3.4. Results
are given for the entire population with complete data, for ever smokers, and for
farmers without chronic respiratory symptoms.

Table 34 Relationship between base-line FEV, (L) and log-transformed average measured and
modelied exposure to endotoxins for all pig farmers (n=121), ever smokers (n=71),
and asymptomatic farmers (n=62). Adjusted for standing height, age, and smoking
habits (pack years).

all ever smokers asymptomatic farmers*

b se(b) pvalue t b se (b) p-value T b se(b) p-value i

measured -0.03 009 040 -0.04 0.15 0.39 0.05 0.12 0.34
predicted
during sampling -0.12 0.16 0.22 -0.27 0.22 0.1 -0.18 0.21 0.20
predicted
long-term 021 016 010 -0.28 0.22 0.10 -0.41 0.21 0.03
average

*

no chronic respiratory symptoms (chronic cough, chronic phlegm, shortness of breath, ever
wheezing, frequent wheezing, chest tightness)

+ tested one-sided
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There appeared to be a considerable decrease in base-line lung function with
increase in predicted long-term average exposure. P-values clearly reduced
when regression models with predicted (long-term) average exposure are being
compared to regression models with measured exposure. Within the total
population, reduction in FEV, was 210 ml when exposure to endotoxins
increased with a factor 2.72. Larger reductions were seen among ever smokers
and asymptomatic farmers. The estimated reduction of 410 ml in FEV, in
asymptomatic farmers was statistically significant (p < 0.05, tested one sided).
Other presented associations between modelled long-term average exposure
were borderline statistically significant (0.05 < p < 0.10). Among never smokers
and symptomatic farmers (not shown), and in all other cases using predicted
exposure during sampling or measured exposure, no exposure-response
relationship was observed.

Discussion

Exposure to endotoxins is generally regarded as one of the major respiratory
health hazards for pig farmers. Our study clearly shows that, despite the
considerable measurement effort compared to other studies, it is difficult to detect
associations between endotoxin exposure and chronic health effects. For
example, in the only previous study among pig farmers, applying personal
exposure monitoring to evaluate associations between chronic respiratory health
effects and exposure to dust, exposure was based on a single exposure
measurement”®. In other studies endotoxin exposure was assessed by static
sampling during one day among 168 farmers® or during two days among 46
farmers®. The large ratio between intraindividual and interindividual variance in
exposure in our study (4.7) implied that the true regression coefficient of lung
function on average measured endotoxin exposure was expected to be
attenuated by 70%. With the observed value of A, 42 endotoxin exposure
measurements would be required to obtain a 10% attenuated regression
coefficient"?, which need not to be uncommon®.

The large value of A was not caused by an exceptionally large intraindividual
variability in exposure. The intraindividual variability compares relatively well with
that reported for 81 groups of industrial workers exposed to total particulate
matter®®. The large value of A can mainly be attributed to a small interindividual
variability in exposure. The ratio between the 97.5" and 2.5™ percentiles of the
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exposure distribution (,R, ;) was 4.1. Kromhout et al.®® reported that in 80 out of
165 industry groups which were based on job titte and factory, this ratio
exceeded 4. For comparison, in a population of 120 workers in eight different job
categories in the Dutch animal feed industry, this ratio was 82 for dust and 234
for endotoxin exposure®. In that study A was about 0.9 for dust and endotoxin
exposure, and 30% attenuation would be expected with only two exposure
measurements per individual.

Modelled exposure during sampling and modelled long-term average exposure
showed clearly less intraindividual variance than measured exposure. The ratio of
the 97.5" and 2.5" percentiles of the distribution of individual mean exposure
(wﬁo‘gs), was about a factor 4.5 smaller for modelled long-term average endotoxin
exposure and modelled exposure during sampling than for measured exposure.
Intraindividual variability in modelled exposure reflects primarily variation due to
performance of activities present in the models. Day-to-day variability due to time
spent on locations with different characteristics was not taken into account. This
explains, together with unmodelled variables, the reduction in intraindividual
variance. Interindividual variance of modelled exposure was only slightly affected
compared to measured exposure. Clearly, the intraindividual variance in modelled
exposure underestimates the true intraindividual variance in exposure, and A for
modelled exposure is no precise estimate of A for actual exposure.

By modelling, the effect of time spent in locations with different exposures was
reduced to zero. However, the variability in modelled exposure due to activities
(and season) would still result in considerable attenuation, about a factor two, of
exposure-response relationships when applying modelled exposure during the
two days of sampling. Long-term average exposure was therefore estimated
using predicted exposure levels for 14 days, covering most activities performed
by the pig farmers. For this approach, attenuation of exposure-response
relationships due to intraindividual relative to interindividual variance was
estimated to be 8%. The reduction in attenuation, compared to modelled
exposure during sampling, is partially caused by a smaller variance ratio for
estimated long-term average exposure which was most likely caused by taking
into account working in pig farming during the weekend and before and after the
exposure measurements. The largest decrease, however, is most likely a
consequence of an increase in the number of repeated exposure estimates per
individual, which increased the chance that rarely occurring activities are
included. This clearly shows the beneficial use of estimating exposure in
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situations in which no actual exposure measurements can be performed, and
which differ in working conditions that presumably affect exposure levels.

In theory it is possible that by modelling, other types of exposure have been
modelled which may be causally related to lung function, but this seems unlikely
to be the case. Particularly farm characteristics of flooring were found to be
related to exposure levels, which are most likely causally related to endotoxin
concentrations. Manure is an important source of gram-negative bacteria, which
in turn contain endotoxins. The amount of manure staying on the floor as well as
the possibility of exchange of air between the pit beneath the floor and the space
above, depends on the type of flooring. In addition, activities which explained
variation in dust exposure, were similar to those explaining variation in endotoxin
exposure. Modelled dust exposure was, however, not related to any health
outcome (not shown).

A large reduction in FEV, of several hundred millilitres was expected over the
range of endotoxin exposure levels when modelled long-term average exposure
was applied. The stronger associations between modelled long-term average
exposure and response sharply contrast with the observed associations when
using average measured exposure or predicted exposure during sampling.
Among ever smokers larger associations between lung function and long-term
average exposure were observed, suggesting an interaction effect between
exposure and smoking as found in some other studies®*®'. In addition,
relationships between lung function and long-term average exposure estimated
on current working conditions seems to correlate better within the group of
asymptomatic farmers than the group of symptomatic farmers. The estimated
effect of endotoxin exposure on lung function was larger for all reported
associations and p-values were all equal to or below 0.10. Standard errors of
regression coefficients were larger with modelled exposure than with measured
exposure, most likely due to error in modelled exposure (R*> was 37%). These
results demonstrate that an exposure-response relationship can be detected by
applying exposure modelling techniques in combination with a limited number of
exposure measurements per individual, even when the population is
homogeneously exposed and day-to-day variability in exposure is relatively large.

In general, several epidemiological concepts determine the deviation of the
estimated exposure-response relationship from its true value, which may be
either attenuation, inflation or change of direction. These concepts include
misclassification of disease, measurement error being differential, selection bias,
residual confounding, and the extent to which the applied exposure measure
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deviates from the etiological relevant type of exposure. Focusing on the latter,
precision as well as validity aspects determine the strength of the correlation
between applied and relevant exposure measure. The main objective of our study
was to obtain a more valid measure of long-term average exposure for
epidemiological purposes by modelling. This could not be achieved by increasing
the number of actual exposure measurements for each individual to a sufficient
number, since field work was logistically complex and costly. The actual effect of
modelling, with the effect of time spent in locations with different exposure
reduced to zero, can not be assessed, but the effect by increasing the number of
days with different working conditions to estimate long-term average exposure
seems evident. No positive evidence can directly be derived from the data, which
measure of exposure correlates best with the biologically relevant exposure,
implying type of agent and exposure measure, e.g. peak exposure, long-term
average exposure, or cumulative exposure, since the biologically relevant
exposure is not known. In our study long-term average exposure was regarded to
be the biologically relevant measure of exposure. A study performed among
Dutch animal feed workers, support this idea®. In that study similar procedures
and techniques were applied for [ung function testing and exposure
measurements. The average exposure level among animal feed workers was
67 ng/m® (AM) in the highest exposure group, which was a factor two lower than
the average exposure level of 129 ng/m® among pig farmers. A statistically
significant association of 122 ml for FEV, with an increase in endotoxin exposure
of 24.8 ng/m* was observed in this population, which comprised 80% ever
smokers. These associations compare very well with those between estimated
long-term average exposure and lung function observed in our study. The
difference of 97 ng/m® between 10 and 90 percentile of the exposure distribution
is almost a factor 2.72, and corresponds with a reduction in lung function of 200
to 400 ml. In an earlier study among cotton workers, a much smaller effect of
endotoxin exposure of 24 to 78 ml per 100 ng/m® on FEV, was reported®. The
exposure-response relationships in our study indicate that modelled long-term
average exposure probably correlates better with the biologically relevant
exposure, than the average of the measured exposure, despite the large
proportion of about 65% of unexplained variance in the models. An indication
supporting this observation can be found in the repeated monthly measurements
in the subpopulation of six farmers. The number of valid exposure measurements
per individual ranged from six to nine, and its average was considered to be the
best estimate of long-term average exposure. The correlation (R) of the average
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of two exposure measurements in summer and winter with this best estimate was
0.61, whereas the correlation of the modelied long-term average exposure with
the best estimate was 0.80.

The presented modelling strategy gives an instrument to minimize effort in
exposure sampling in occupational epidemiology, without apparent loss of
statistical power. Without increasing exposure monitoring effort, it allows an
increase in the number of exposure estimates. The central idea is that empirical
models which are based on a limited number of measurements, can be applied
to estimate exposure in other cases, using simple measurable exposure
surrogates in the models. Information on these surrogates can easily be obtained
by interview or questionnaire. A possible application can be an increase of the
study population in large cohort studies, if exposure is measured in a
representative sample of the cohort and estimated for other cohort members.
This application will particularly be effective when dealing with small working
units, which are often encountered in agriculture or small industries. In these
situations complex field work logistics lead to high costs per measurement. A
second application of the strategy is increasing the number of exposure
estimates per individual, which can be applied in retrospective and prospective
studies, as well as in cross-sectional studies as was done in the presented study.
This can result into a more accurate estimate of long-term average exposure
than when performing few actual exposure measurements. This application can
be very effective in working situations where large day-to-day variability in
exposure levels results into a large value of A. Recently, it was shown that large
day-to-day variability can be expected among specific groups of workers such as
those working outdoors, those in places without local exhaust ventilation, those
with an intermittent production process or with a local source of exposure, and
among mobile workers®.

Based on this study it seems that the gain in information on exposure by
applying empirical models can by far outweigh the loss of information due to
unmeasured factors affecting exposure.
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4. Determinants of dust and endotoxin exposure of pig
farmers: development of a control strategy using
empirical modelling

Liesbeth Preller, Dick Heederik, Hans Kromhout, Jan S.M. Boleij,
Martin J.M. Tielen

Abstract

Personal exposure to dust and endotoxins was measured among 198 Dutch pig
farmers. For each participant, 8-hour measurements were made during two days,
one in summer 1991 and one in winter 1992. Mean Time-Weighted Average
(TWA) exposure to dust was 3.0 mg/m® (arithmetic mean, range 0.3-27 mg/m®)
and mean TWA exposure to endotoxins was 129 ng/m® (arithmetic mean, range
6-1503 ng/m®). Empirical statistical modelling was applied to identify activities and
farm characteristics associated with exposure. In a multiple least squares
regression analysis, aspects of hygiene and feeding were major characteristics
associated with dust exposure. Flooring and feeding were predominant
characteristics explaining variation in endotoxin exposure. Activities performed
frequently like feeding and controlling, cleaning activities, and activities in which
very active animals were involved, such as teeth cutting and ear tagging, were
associated with exposure to dust and endotoxins. The models were used to set
priorities for the development of control measures to eliminate the dust and
endotoxin hazard of pig farmers.
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Introduction

Among pig farmers in several countries in Europe and North America, high
prevalence rates of chronic as well as acute respiratory symptoms have been
reported™®. In general, exposure to high concentrations of organic dust, and
particularly to endotoxins present in dust, are thought to cause respiratory health
effects’. Endotoxins are constituents of the cell wall of gram-negative bacteria,
and can be biologically active when still present in bacteria, as well as in free
form after lysis of bacteria. Animal feed and excreta from animals are potential
sources of endotoxins in pig farms.

Despite high prevalence rates of respiratory health effects among pig farmers,
and exposure to high concentrations of dust and endotoxin, no systematic studies
have been undertaken to identify the determinant factors of exposure of farmers.
Insight into associations between personal exposure and determinant factors
associated with working conditions would be useful in developing practical
strategies for reducing exposure. So far, some associations between dust
exposure concentrations and farm characteristics, most often type of feeding or
aspects of ventilation, have been reported. Studies have usually been based on
ambient air measurements, which do not allow extrapolation towards personal
exposure of pig farmers. Hoiness et al.?, who applied personal sampling, found
an average dust exposure of 2.0 mg/m® among Canadian farmers using
automated feeding, whereas among farmers applying other feeding methods the
exposure was 3.5 mg/m®. This difference was statistically not significant. In Dutch
farms, Attwood et al.’® measured the lowest total dust concentrations in
compartments with wet feeding (2.9 mg/m®, and higher concentrations when
feed pellets or meal was supplied (4.5 and 5.4 mg/m?, respectively). Chiba et al."
reported a reduction of dust exposure of 50% when fat was added to the feed.
Studies conducted in countries with variation in outdoor climatic conditions
showed higher dust concentrations with fower outdoor temperature, clearly due to
restricted ventilation'®'3,

Task-specific sampling’ and exposure modelling®™ can be used to develop
control measures, but the first of these is not feasible in pig farming. Time per
activity is too short for gravimetric sampling, which is required for assessment of
endotoxin exposure. Moreover, task-specific exposure depends on many
preconditions, which hampers extrapolation to general practical situations. In this
study, we therefore applied empirical modelling techniques to identify and
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quantify factors affecting personal exposure levels. This paper describes how this
strategy was used in setting priorities in developing control measures.

Materials and methods

Pig farming and population

Three different types of Dutch pig farms can be distinguished. A breeding farm
comprises several small farrowing compartments, each with about eight sows,
several piglet compartments with about 80 weaned piglets per compartment, and
one or a few large sow compartments with empty (non-pregnant) and pregnant
sows. A finishing farm consists of several finishing compartments with some 80
finishing pigs or gilts per compartment. The third type is a combination of
breeding and finishing farm, and is the most common type. Activities done in, and
time spent in separate compartments differ considerably. Often more than one
pig house is present at one farm, dating from different time periods. As a
consequence, large differences in farm characteristics can be found at one farm,
even within the same type of compartment.

The study took place in two southeastern provinces of the Netherlands, where
6.6 million sows and finishing pigs are housed'®. This is 55% of the total pig
population in the Netherlands. The study population comprised 198 male owners
of pig farms, which were nearly all family farms. On such a farm the owner is
sometimes assisted by family members, or by an employee. Most pig farmers
also perform other agricultural activities. The participants were selected out of a
group of 1,504 pig farmers who had completed a questionnaire on respiratory
health and farm characteristics. Only farmers who worked at least five hours a
day in pig farming were selected for participation, to minimize confounding effects
due to other working activities.

Measurement strategy

Exposure to inhalable dust and endotoxins was determined by means of personal
sampling. The inhalable fraction is the fraction of total airborne particles which is
inhaled through nose and mouth. Dust was collected using a dust sampler with a
6 mm diameter inlet opening (PAS6) and an airflow of 2 ¥min"’. Teflon filters with
a pore size of 1 um (Millipore) were used. The procedure for measuring dust
concentrations has been described in detail elsewhere'. Endotoxins in the dust
samples were analyzed with a modified kinetic Limulus Amoebocyte Lysate test™.
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Exposure was assessed for each participant during one day in summer (between
June 4 and July 3, 1991), and during one day in winter (between January 27 and
February 27, 1992). Measurement equipment was handed out to each farmer in
the morning, and collected on average 8.3 hours later (standard deviation 0.6,
range 5.2-10.4 hours). The day of measurement was randomly chosen between
Monday and Thursday.

Meteorological data were obtained from a monitoring station in the South of
the Netherlands.

In both seasons the farmers were requested to complete a diary on time spent
on activities during the day of exposure measurement, and during the following
six days. Time (in quarters of an hour) spent on 21 pre-selected activities in pig
farming had to be recorded.

Farm characteristics

From January untl March 1992, all farms were visited to record farm
characteristics by means of a walk-through survey. Data were collected
separately for each compartment. Data were recorded on:

- number of animals;

- feeding method;

heating and ventilation system;

type of floor and bedding material;

- degree of contamination, by visual inspection.

A data set of 95 farm characteristics in 16 groups was abtained.

Computational and statistical methods

The average time a farmer spent in compartments with a specific characteristic
was estimated, based on the average number of pigs present in these
compartments. Average time was calculated as a percentage of total time the
farmer spends in pig farming. Differences in time spent per animal in the
farrowing, sow, piglet and finishing compartments were allowed for by weighting
factors, 18:5:1:1, respectively. These weights were based on information from all
farmers on the number of animals and the time spent in different types of
compartments.

Data on exposure concenfrations in summer and winter, on farm
characteristics, on activities performed during sampling, and on outdoor
temperature were used to identify and quantify factors affecting exposure.
Analyses were based on log-transformed exposure data in order to stabilize
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variance and to obtain normally distributed residuals. Using classical stepwise
regression analysis, the variation in log-transformed Time-Weighted Average
exposure (TWA) was explained by activities performed during sampling
(discretely in quarters of an hour), by farm characteristics (either as percentage
of time dealing with the characteristic or as a dummy variable: present or not
present), and by outdoor temperature. All measurements were considered as
independent observations in the analysis, since the correlation between repeated
measurements taken in summer and winter was low (0.25 for dust and 0.19 for
endotoxin exposure). Each independent variable had to meet a statistical
significance level of at least 0.50 for entry in the model and was kept in the
model at a statistical significance level below 0.10. Model adequacy was tested
with standard least squares regression techniques such as residual plots and
outlier detection.

Statistical analyses were performed with SAS/PC version 6.04 using PROC
REG.

Results

Exposure levels and farm characteristics

A total of 360 dust measurements and 350 endotoxin measurements were
available, after excluding samples in which equipment failed during sampling or in
endotoxin analysis (10% and 12%, respectively).

Average maximum outdoor temperature was 5.1°C in winter (range -0.9-
12.8°C) and 17.1°C in summer (range 12.1-28.7°C). Table 4.1 gives a summary
of the exposure levels found. Mean exposure to dust and endotoxins was higher
in winter than in summer (16% and 39%, respectively). These differences were
statistically significant (paired t-test on log-transformed values, p < 0.05).

The average number of compartments per farm was 19 (range 5-55). On five
farms there was only one building and on 165 farms there were two, three or four
buildings. 15 farms had five buildings, and 13 farms had six or more different
buildings. The presence of farm characteristics, which were found to be related fo
exposure to dust or endotoxin, is given in Table 4.2. The number of farms with
given characteristics ranged from 5 (air exhaust via other compartmenis) to 166
{manual dosage dry feeding). Median percentage of time spent in compartments
with these characteristics, if present, ranged from 2 to 68%.
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Table 4.1 Personal time-weighted average exposure to inhalable dust and endotoxins
of 198 pig farmers in the Netherlands, summer 1991 and winter 1992.

. . . geometric
meagl?rér(::ents anrt:::aiﬂc ge;rgaer’gnc standard range
deviation
dust (mg/m®)
summer 187 2.7 22 1.9 0.5 -11.2
winter 173 3.3 2.6 2.0 0.3 -266
alt* 360 3.0 2.4 1.9 0.3 -266
endotoxin (ng/m®)
summer 182 111 78 2.4 56 - 825
winter 168 150 109 2.3 10.6 -1503
allt 350 129 92 2.4 5.6 -1503

* 162 farmers with 2 measurements
t 154 farmers with 2 measurements

For 184 farmers activity patterns were known for 12 to 14 days. Table 4.2 gives
the number of farmers who spent time on activities related to exposure
concentrations. For these farmers also the median of average daily time is given.
During the days on which the farmers recorded their activities, 51 cleaned the
food storage and all 164 fed their animals: the numbers doing the other listed
activities fell between these two figures. If performed, the average time spent on
an activity ranged from two minutes to two hours per day (averaged over 12-14
days). Since most activities were not performed daily, more time was spent on an
activity on occasional days. The usual time spent on feeding and controlling was
about two hours and about one hour, respectively. Most other activities took in
general about half an hour each day they were performed. However, the
maximum time spent on one day exceeded these values by a factor two to four.

Modelling exposure

Outdoor temperature, 10 farm characteristics and 10 specified activities were
significantly related to log-transformed TWA dust exposure. They accounted for
34% (adjusted R? = 30%) of the variation in dust exposure. In Table 4.3 the
results of the multiple regression analysis are given. Regression coefficients ()
give the estimated change in In(exposure) per change in standardized units of
the independent variable.
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Table 4.2 Farm characteristics* on 198 Dutch farms, and time spent on activities by
164 farmers: number of observations with positive value, and median

values for positive observations.

numbe( of median
observations
CHARACTERISTICS (%)
hygiene
dusty feeding path 156 30
little dry manure 127 6
overall very dusty 67 6
overall slightly dusty 151 13
feeding
automated mobile feeding trolley 14 23
pig starter 14 14
wet feeding 24 42
manual dosage dry feeding 166 68
automated dry feeding in trough 36 32
flooring
convex floor 75 17
fully slatted floor 125 19
fully slatted floor with piglet mat 44 34
synthetic grid 32 14
concrete and metal grid 14 24
floor heating 1656 49
floor heating in combination with 29 17
delta heating tubes
complete concrete floor 11 5
other
air exhaust via pit 53 39
air exhaust via other compartments 5 2
gas heaters 37 27
ACTIVITIES T (minutes)
frequently performed
feeding 164 114
controlling 163 57
re-penning 156 18
cleaning
floor sweeping 135 9
cleaning food storage 51 2
removing dry manure 78 6
other, involving active animals
castrating 114 6
teeth cutting 71 6
ear tagging 102 4
iron injection 138 8
pig marking 59 4

#*

expressed as percentage of total time spent in pig farming
1 based on daily averages during 12-14 days
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Table 4.3 Farm characteristics and activities related to personal dust exposure (mg/m®)
(log-transformed) in multiple regression analysis, and estimated factor* for
change in exposure for common population levels (10°C, median values, or
present vs. not present).

i factor
Z{%i?g; se p-value for common
population levels
intercept 0.77 0.13 < 0.01
outdoor temperature (per 10°C) -0.20 0.04 < 0.01 0.82
FARM CHARACTERISTICS
hygiene
dusty feeding path (per 10%) 0.03 0.01 0.02 1.10
little dry manure (1/0) -0.16 0.07 0.02 0.85
overall very dusty (1/0) 0.17 0.07 0.01 1.18
overall slightly dusty (1/0) 0.16 0.07 0.04 0.85
feeding
automated mobile
feeding trolley (1/0) -0.27 0.13 0.04 0.76
pig starter (1/0) -0.21 0.12 0.08 0.81
wet feeding (1/0) -0.23 0.10 0.02 0.79
other
air exhaust via
other compartments (1/0) -0.55 0.23 0.02 0.58
gas heaters (1/0) -0.17 0.08 0.04 0.85
complete concrete floor (1/0) -0.24 0.14 0.09 0.79
ACTIVITIES (per 10 minutes)
frequently performed
feeding 0.02 0.01 <0.01 1.27
controlling 0.02 0.01 0.01 1.1
re-penning 0.03 0.01 < 0.01 1.06
cleaning
floor sweeping 0.07 0.02 < 0.01 1.07
cleaning food storage 0.06 0.04 0.10 1.02
removing dry manure 0.04 0.02 0.07 1.03
other, involving active animals
castrating 0.06 0.02 < 0.01 1.04
teeth cutting 0.11 0.05 0.02 1.07
ear tagging 0.08 0.02 < 0.0 1.04
pig marking 0.04 0.02 0.10 1.02

RSD =0.56
(1/0) dummy variable: present vs. not present

* median values for observations > 0, as given in Table 4.2. Change in exposure
level is estimated by multiplying exposure by given factor.
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Since models were based on log-transformed values, exp® represents the factor
by which the estimated exposure is changed per unit change in characteristic or
activity. These factors are given in Table 4.3 for realistic values of independent
variables in the population. For dummy farm characteristics, the results represent
the difference in estimated exposure when the characteristic is present versus
that for when it is not. For continuous variable characteristics and for activities,
median values (see Table 4.2) were taken to estimate the factor by which
exposure changes, and thus the results give the difference in estimated exposure
when the value of the independent variable is increased by this median value. By
choosing the median values as unit, insight is given in the way a variable
potentially affects long-term average exposure. The use of results in Table 4.3 is
illustrated in the following examples. If a farmer spent no time on ear tagging on
the first day, and 12 minutes on the second day (3 times median value), the other
variables remaining constant, his TWA dust exposure is estimated to be a factor
(1.04)® = 1.12 higher than on the first day. If on the first day his exposure was
3 mg/m®, then the estimated increase is about 0.35 mg/m®. In another example,
farmer A did not use wet feeding and spent the median time on feeding, and his
exposure was 3 mg/m®. Farmer B used wet feeding and spent half of the median
time on feeding, and all other variables were the same for both farmers. The
exposure of farmer B is estimated to be (0.79 * 1.27%%) * 3 = 2.1 mg/m®.

Specific activities in pig farming explained twice as much variance in exposure
as farm characteristics, 21% and 9%, respectively. In the population under study,
feeding was associated with the largest estimated effect on long-term average
exposure. Spending median time (114 minutes) on feeding yields an estimated
exposure which is higher by a factor 1.3 than when no time is spent on feeding.
With an average exposure of 3 mg/m® this implies an increase in TWA exposure
of nearly 1 mg/m®. Control was associated with an increase of more than 10%,
whereas all other activities were associated with an increase in long-term
average exposure of less than 10%. However, on specific days when half an
hour is spent on activities such as ear tagging or teeth cutting, the estimated
increase in exposure is considerable. The estimated increase is about 25% to
40% (increase in exposure with factor exp®®%=1.27 and exp®°''=1.39). Such an
increase is similar to the increase associated with feeding during approximately
two hours.

General hygiene (dusty feeding path in compartments, little dry manure in
pens, overall very dusty or slightly dusty compartments), was related to a positive
or negative change in exposure of 10% to 20%. The presence of several ways of
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feeding (automated mobile feeding trolley, pig starter, wet feeding) was
associated with a decrease in exposure of about 20% to 25%. For farms with gas
heaters, air exhaust via other compariments, or complete concrete floors, the
estimated exposure level was lower.

Outdoor temperature, 12 farm characteristics and eight activities in pig farming
explained 37% (adjusted R? = 33%) of the variation in log-transformed TWA
exposure to endotoxin. In Table 4.4 the results are presented in the same way as
they are for dust in Table 4.3. Activities and farm characteristics explained equal
amounts of the variance (13% and 15%, respectively). Of activities, the estimated
effect of feeding was largest with an increase of about 40%. This implies an
average increase in TWA exposure of some 40 ng/m®. Next, only controlling and
teeth cufting were associated with an increase that exceeded 10%. However, on
occasional days, when spending half an hour on floor sweeping or on activities
with active animals, each of these activities is associated with an increase in
exposure ranging from 15% to more than 60%.

Seven characteristics describing different aspects of flooring were associated
with exposure. Convex floor, fully slatted floor with piglet mat, synthetic grid, and
combined concrete and metal grid, were associated with a reduction in exposure
ranging from about 15% to 30%. Fully slatted floor, floor heating, and floor
heating in combination with delta heating tubes, were associated with an increase
of about 15% to 40%. The use of manual dry feeding and automated dry feeding
in a trough were associated with reduced concentrations (30% and 20%), and the
use of pig starter with an increase (40%). Air exhaust via a pit was associated
with lower, and overall poor hygiene with higher concentrations.

Discussion

In our study among 198 pig farmers we found exposures to high mean
concentrations of dust and of endotoxins (3.0 mg/m® and 129 ng/m®, respectively
(AM)). Personal exposure was of the same order of magnitude as found in other
studies®52%,

Castellan et al.** reported a no-effect-level of 9 ng/m® airborne endotoxins in
people with chronic respiratory symptoms, whereas among healthy subjects a no-
effect-level of 33 ng/m® was assessed in experiments with cotton dust containing
endotoxins®. In both studies change in lung function was used as a measure of
effect.
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Table 44  Farm characteristics and activities related to personal endotoxin exposure (ng/m?) (log-
transformed) in multiple regression analysis, and estimated factor* for change in
exposure for common population levels (10°C, median values, or present vs. not

present).
regression factor
- se p-value for common
coefficient population levels
intercept 4.44 0.18
outdoor temperature (per 10°C) -0.35 0.05 < 0.01 0.71
FARM CHARACTERISTICS
feeding
manual dosage dry feeding (1/0) -0.37 0.12 < 0.01 0.69
pig starter (1/0) 0.35 0.16 0.03 1.41
automated dry feeding in trough (per 10%) -0.06 0.03 0.02 0.82
flooring
convex floor (1/0) -0.22 0.08 0.01 0.80
fully slatted floor (per 10%) 0.08 0.02 < 0.01 1.16
fully slatted floor + piglet mat (per 10%) -0.08 0.03 <0.01 0.75
synthetic grid (per 10%) -0.13 0.06 0.03 0.84
concrete and metal grid (per 10%) -0.15 0.05 < 0.01 0.70
floor heating (per 10%) 0.07 0.02 < 0.01 1.38
floor heating combined with
delta heating tubes (per 10%) 0.10 0.05 0.03 1.18
other
overall very dusty (per 10%) 0.12 0.05 0.01 1.07
air exhaust via pit (1/0) -0.33 0.10 <0.01 0.72
ACTIVITIES (per 10 minutes)
frequently performed
feeding 0.03 0.01 < 0.01 1.37
controlling 0.02 0.01 0.02 1.14
re-penning 0.02 0.01 0.05 1.04
cleaning
floor sweeping 0.06 0.02 < 0.01 1.05
other, involving active animals
iron injection 0.09 0.04 0.03 1.04
castrating 0.05 0.02 0.03 1.03
teeth cutting 0.17 0.08 <0.01 111
ear tagging 0.14 0.03 < 0.01 1.07

RSD =0.71
(1/0) dummy variable: present vs. not present

* median values for observations > 0, as given in Table 4.2. Change in exposure level is
estimated by multiplying exposure by given factor.
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Threshold exposure concentrations of 100 ng/m® have been proposed by an
international working group®, and a few years later of 30 ng/m® by Palchak et
al?. In our study 50%, 90% and 99% of the valid endotoxin observations
exceeded 100, 30 and 9 ng/m® respectively, indicating that, whatever the
threshold, acute respiratory effects seem likely.

Respiratory health hazards of exposure to organic dust depend largely on its
composition. For total dust, a maximum 8-hour TWA occupational exposure level
of 10 mg/m® based on nuisance effect is accepted in the Netherlands. For
exposure to grain dust, with partly comparable composition, a Threshold Limit
Value of 4 mg/m® was set for the 8-hour TWA in the U.S.. Two and 20% of our
observations exceeded 10 and 4 mg/m® respectively. Since the sampled dust
fraction was somewhat smaller than total dust, on which threshold values are
based, the limit values will be exceeded in more cases than estimated.

Given these high exposure levels, a major objective of the study was to
develop control measures. 8-hour TWA exposure levels were used in empirical
modelling analyses, with farm characteristics, activities, and outdoor temperature
as explanatory variables. In several other studies dealing with occupational
exposure, empirical modelling techniques have been used either for similar
goals®®, or to estimate historic exposure for use in epidemiological analyses®'-*,
Performance of our models, with Residual Standard Deviation (RSD) of 0.56
(R>=34%) and 0.71 (R?=37%) in dust and endotoxin exposure models,
respectively, was comparable to the model used by Eisen et al.*® with an RSD of
0.58 (R*=46%). They explained variation in log-transformed dust exposure by job,
shed, season, survey year and several interaction terms. In other studies using
similar modelling techniques, no information was given on RSD.

In our study, dust exposure levels of pig farmers were found to be primarily
related to aspects of hygiene and feeding. Major characteristics found to be
associated with endotoxin levels were aspects of flooring, and to a lesser extent
of feeding. In one other study an association of farm characteristics (type of feed)
with personal dust exposure levels was reported®. In our study, 11 distinct
activities were associated either with dust and/or with endotoxin levels. We found
large differences between activities in estimated increase in exposure per unit of
time. These findings conflict with those of a Danish study®. In that study among
four workers, no differences in personal dust and endotoxin exposure levels were
observed between tasks performed close to animals and far from them. The
negative results in that study are most likely caused by its small-scale, and by
applying inappropriate grouping. For example, in the Danish study repenning and
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insemination were regarded as activities close to animals, with presumably high
exposure levels. In our study these activities were associated respectively with a
small, and with no increase in dust or endotoxin exposure, per unit of time. On
the other hand, in our study, the usual time of half an hour spent on cleaning
activities, performed at a distance from animals, was associated with a
considerable increase in exposure.

Different mechanisms can be considered as potential explanations for
associations found in our study. Microscopic analysis of dust in pig farms showed
that feed and faeces were the major constituents®. Both feed and faeces are a
source of endotoxins. These observations can explain associations with feeding,
flooring, and air exhaust via the pit. Warm and humid conditions related to some
aspects of flooring and feeding may play a role in increasing the growth of
endotoxin-containing gram-negative bacteria. Re-suspension of settled dust can
potentially explain associations between exposure concenfrations, and activities
and aspects of hygiene. It has been shown by real-time measurements that much
higher concentrations of inhalable dust existed in compartments when animals
were disturbed by the presence of the farmer than at times of rest. Close to the
animals, peak exposure concentrations, with averaging times of seconds, were
higher by a factor up to 100 when they were disturbed than at times of little
activity®’. A positive correlation between exposure concentrations and activities
could also be a result of the release of dust particles from animals.

Results of the analyses can be used to develop control measures. However,
with respect to this goal, empirical modelling has several limitations. Evaluation is
restricted to explanatory variables with sufficient variation in the population. In
observational studies, variation in variables potentially affecting exposure may be
absent, and for example in our study there was little variation in the use of some
bedding materials. Secondly, if there are two correlated variables in the model,
their effects can not be separated, as for example in our study the correlation
between application of wet feeding and the way of feeding may affect the
estimated effects of both variables. Interpretation of results is therefore always
conditional. On the other hand, if a modelled variable is correlated with an
unmodelled variable with an effect on exposure, the effect can erroneously be
ascribed to the modelled variable. In our study this is potentially true for, for
example, air exhaust via other compartments, and complete concrete flooring. If
present, there were only very few compartments with these characteristics, and
no possible mechanisms can be suggested as to why these characteristics
themselves would reduce dust exposure levels. Limited explained variance of
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models can further limit the value of interpolations made based on outcomes.
Additionally, to obtain normally distributed residuals, models were based on log-
transformed exposure concentrations. Using log-transformed values has an
added advantage that there are no negative estimates of exposure
concentrations, when used in prediction®®. Models based on log-transformed
values estimate a larger effect on exposure concentrations at higher values of
independent variables. An effect which is far from proportional does not seem
plausible, although there are probably factors in the working environment that
induce non-proportional effects. In our study, within the range of independent
variables, the estimated effect does not deviate to any great extent from
proportionality since regression coefficients are small. However, in other
situations the use of models based on log-transformed exposure concentrations
may be restricted.

Despite these limitations, it is expected that at this stage for many pig farmers
working circumstances with exposure levels considerably lower than those
currently encountered can be created. This study suggests that such a goal can
be achieved by applying flooring and feeding characteristics which are
interpretively associated with a low exposure, and by paying attention to
maintaining good hygiene. Restricting time spent on specific activities can not be
regarded as a control measure. Alternatively, the use of personal protective
equipment may be considered to minimize inhaled amount of dust and
endotoxins. Results suggest that, on average, the use of personal protection
equipment during feeding will have the largest effect on long-term average
exposure. However, on days on which infrequent activities with high estimated
effect on exposure are performed, inhaled dose can be considerably reduced by
wearing protective equipment. A respirator may yield a reduction in effective
exposure of 756% (CEN, EN 140/EN 143). Taken a situation in which median time
is spent on feeding, and four times median time on castrating and teeth cutting,
the use of a respirator during feeding yields an estimated reduction of effective
exposure of 17%, whereas use during both other activities yields a corresponding
reduction of 27%.

The value of empirical modelling strategies for the development of control
measures can in general be validated in several ways. Cross-validation of models
on a data set which is not used for building models can be applied, and the
opinions of occupational hygienists or other experts on models can be asked
for®. In our study the opinion of specialists in pig farming was used to evaluate
the findings. Experimental studies, and evaluation of exposure before and after
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small-scale interventions with respect to selected factors, can also verify findings.
In general, real-time monitoring is an effective method of evaluating exposure
under different circumstances®. Real time monitoring is not applicable for all
hazardous exposures because for some, such as endotoxins, correlation with
dust exposure is low. Further, analysis of dust from personal samples can help to
explain mechanisms responsible for empirically found associations. When dealing
with organic dust, techniques designed to characterize proteins, such as
immunoassays, are appropriate’*. As shown, microscopic analysis can
sometimes be used to determine dust sources®.

The strategy followed, based on empirical modelling, made it possible to
obtain information on the role of activities and of farm characteristics.
simultaneously. For occupational hygiene purposes, task- or site-specific ambient
air sampling strategies would have been possible alternatives, but activities
generally took too little time for gravimetric sampling. The large number of types
of compartment with more or less similar characteristics, the large variation in
concentration with time, the mobility of farmers, and the generally poor correlation
between ambient air measurements and personal sampling’®*'*? made ambient
air sampling inappropriate.

The modelling strategy appeared useful for getting a first impression of
associations between the exposure of pig farmers, and the large number of
factors encountered in the complex working circumstances of the farmers and
potentially affecting exposure. Priorities could be set for development of control
measures. Most factors showing up in the models are thought to be causally
related to exposure concentrations and will be used to develop appropriate
control measures to reduce the dust and endotoxin hazard of pig farmers.
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5. Lung function and chronic respiratory symptoms of pig
farmers: focus on exposure to endotoxins and
ammonia and use of disinfectants

Liesbeth Preller, Dick Heederik, Jan S.M. Boleij, Peter F.J. Vogelzang,
Martin J.M. Tielen

Abstract

The prevalence rate of chronic respiratory symptoms among pig farmers is
known to be high, but the etiology of these symptoms is not yet uncovered. We
evaluated whether long-term average exposure to dust, endotoxins and ammonia
and the use of disinfectants were associated with chronic respiratory symptoms
and base-line lung function. A cross-sectional study was performed among 198
Dutch pig farmers, of whom 100 without and 98 with chronic respiratory
symptoms. Exposure-response relationships were evaluated using multiple
logistic and linear regression analysis. Estimates of long-term average exposure
were based on two personal exposure measurements, taken during one day in
summer and one day in winter. Information on the use of disinfectants and
disinfection procedures was assessed by a walk-through survey and interview by
telephone. Exposure to dust, endotoxins and ammonia were not related to
chronic respiratory symptoms. Duration of the disinfection procedure and
pressure used at disinfection were strongly and positively related to chronic
respiratory symptoms. A statistically significantly inverse association between
base-line lung function and endotoxin exposure was observed only among
asymptomatic farmers. Ammonia exposure and duration of the disinfection
procedure were statistically significantly associated with base-line lung function in
the entire population. Resuits suggest that the use of disinfectants is an important
etiological factor in chronic respiratory health effects on pig farmers. This factor
has not been studied before. Results also suggest an etiological role for
exposure to endotoxins and ammonia in development of chronic respiratory
health effects, but longitudinal studies with detailed exposure assessment
strategies are required to assess their role.

Accepted in revised form for publication in Occupational and Environmental Medicine
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Introduction

Studies performed since 1977 in countries in Northern America and Europe show
high prevalence rates of acute and chronic respiratory symptoms among pig
farmers. The same studies suggest that major base-line lung function parameters
(FVC and FEV,) seem not to differ largely from expected values'®. The etiology
of these respiratory health effects remains until now indistinct. Pig farmers are
exposed to a variety of health hazards such as organic dust and its constituents,
gases, chemicals used for disinfection of buildings, and climatic conditions.
Recent epidemiological studies were focused on the potential health hazard of
exposure to high levels of endotoxins, and to a lesser extent to other organic
dust components. Reported relationships between quantified exposure levels and
chronic respiratory health effects are sparse. Heederik et al.’° and Zejda et al.”
reported associations between base-line lung function and exposure to
endotoxins. In their studies exposure was based on static measurements in
swine confinement buildings during one or two days.

In our study we assessed personal exposure to inhalable dust, endotoxins and
ammonia and evaluated their association with base-line lung function and chronic
respiratory symptoms. In this study we also investigated disinfectants as potential
etiological factor. Several case studies have been described in which
disinfectants induced respiratory symptoms, including asthma®'. These agents
have, however, been overlooked as possible cause of respiratory health effects in
pig farmers. The questionnaire based evaluation preceding this study showed
that farmers reported more asthma-lke symptoms with larger frequency of
disinfection (unpublished data).

This study describes associations between chronic respiratory symptoms and
base-line lung function and mentioned determinants of exposure.

Material and methods

Population and health data

The population existed of 198 pig farmers living in the two southeastern
provinces of the Netherlands. In the selected population 100 farmers were
included without chronic respiratory symptoms (chronic cough, chronic phlegm,
ever wheezing, frequent wheezing, shortness of breath, and chest tightness
(asthmay)), and 98 with one or more of the mentioned symptoms. The population
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was derived from a group of 1,133 male pig-farm owners who had completed a
self administered questionnaire and who worked at least five hours per day in pig
farming. Presence of chronic respiratory symptoms was investigated with the
Dutch shortened questionnaire on respiratory symptoms of the British Medical
Research Council®, as part of the self administered questionnaire. In a medical
survey held in winter 1990/1991, presence of symptoms was checked and forced
expiratory lung function measurements were conducted using a Vicatest-V
spirometer (Mijnhardt, Bunnik, the Netherlands). The procedure of testing and
selecting of variables was according to standards of the ECCS™. Lung function
tests were taken between 8.30 a.m. and 15.15 p.m.. Parameters included in the
study were: Forced Vital Capacity (FVC), Forced Expiratory Volume in one
second (FEV,), Maximum Mid Expiratory Flow (MMEF): Forced Expiratory Flow
between 25% and 75% of FVC, Maximum Expiratory Flow when 75%, 50% and
25% of FVC remains to be exhaled (MEF,;, MEF,,, MEF,;), and Peak Expiratory
Flow (PEF).

Exposure data and disinfection

Personal inhalable dust and personal ammonia samples were taken during one
work shift in summer and one in winter. Measurements took on average 8.3
hours (standard deviation 0.6, range 5.2-10.4 hours). Ammonia exposure was
assessed in duplicate using a passive monitoring method"’. Basically, GF-A glass
fiore filters (diameter 2.4 cm) were coated with a saturated solution of tartaric
acid in diethylether and placed in a badge. For entrance membrane a Teflon filter
was used. After sampling, 20 ml demineralized water was added to the glass
fibre filters which were placed in an ultrasonic bath for 15 minutes. Samples were
further analyzed according to a modified indophenol detection method'®, and
concentration was assessed by spectrophotometry. The exposure concentration
was expressed as time-weighted average exposure. For 163 farmers exposure
could be assessed during two days. For them, the log of the geometric mean of
both exposure concentrations was used as measure of exposure in
epidemiological analyses.

The procedures for dust exposure measurements and analysis of dust
samples on endotoxins have been described elsewhere®®. A mathematical
modelling technique using regression equations reported elsewhere?', and data
on farm characteristics and time spent on activities in pig farming during two full
weeks, was used to estimate long-term average exposure to dust and
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endotoxins. For 164 farmers data were available on long-term average dust and
endotoxin exposure.

Pig farms in the study comprised on average 19 compartments.
Compartments in the farrowing and finishing section, and in the section with
weaned piglets are small. After emptying a compartment, when animals are
brought to another section, compartments are cleaned. Most farmers regularly
disinfect after cleaning. Information on use, type and quantity of disinfectant was
obtained during a visit to the farm. All visits were done by the same trained
interviewer. Type of disinfectant was classified as chloramine-T, quaternary
ammonium compounds, quaternary ammonium compounds combined with
aldehydes (glutaraldehyde, glyoxal, formaldehyde), a combination of these
compounds, and other compounds. 154 out of the 168 farmers using
disinfectants gave additional information in an interview by telephone on working
practices concerning disinfecting. Information was obtained on: frequency of
disinfection on the farm, frequency of disinfection by the farmer, means of
application, used pressure, duration of procedure, time until re-entrance of
compartments after disinfection, and the use of personal protection equipment
during mixing and application of disinfectants.

Data analysis
Associations between respiratory health and determinants of exposure were
evaluated in multiple linear regression analysis (PROC REG) for lung function
and multiple logistic regression analysis (PROC LOGISTIC) for chronic
respiratory symptoms. Associations with lung function were adjusted for age,
standing height and smoking habits (pack years). Associations with respiratory
symptoms were adjusted for age and smoking habits (current smoking).

In all models, log-transformed values were used for exposure to endotoxins,
dust and ammonia. Statistical analyses were performed with SAS/PC version
6.04.

Results

Characteristics of the entire population and of the groups with one or more and
without chronic respiratory symptoms (chronic cough, chronic phlegm, ever
wheezing, frequent wheezing, shortness of breath, and/or chest tightness
(asthma)) are given in Table 5.1. In the entire population, average FVC and PEF
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exceeded predicted values as given by Quanjer'®, FEV, was about equal to the
reference value, and other lung function parameters were below reference
values. The largest differences with reference values were observed for MEF
and MMEF, with 71% and 82% of predicted, respectively. All lung function
parameters expressed as percentage of predicted were lower in symptomatic
than in asymptomatic farmers (t-test, p < 0.01). The largest differences were
approximately 20% and were observed for MMEF, MEF,,, MEF,, and MEF,.
Average age, years in pig farming and prevalence of current smoking was higher
among cases. Differences in lung function between symptomatic and
asymptomatic farmers remained statistically significant after adjusting for smoking
habits in multiple linear regression analysis.

Table 5.1  Characteristics of entire population of pig farmers, and of farmers without
and with chronic respiratory symptoms*.

all asymptomatic ~ symptomatic
(n=198) (n=100) (n=98)
age (years (SD)) 38 (10) 36( 9 40 (10)
years in pig farming (SD) 15 ( 8) 13( 8) 16 ( 8)
standing height (cm (SD)) 177 ( 6) 178 ( 6) 177 ( 6)
smoking habits (%)
current smoker 32 18 45
ex-smoker 32 33 30
never-smoker 36 49 23
base-line lungr function
(% predicted ' (SD))
FVC (L) 108 (13) 111 (13) 105 (13)*
FEV, (L) 101 (17) 106 (15) 95 (17)#
PEF (L/s) 107 (24) 113 (23) 101 (24)*
MMEF (L/s) 82 (31) 91 (29) 72 (29)"t
MEF,; (L/s) 96 (28) 105 (26) 86 @n?t
MEF,, (L/s) 89 (33) 99 (31) 79 (31)*
MEF,; (L/s) 71 (33) 79 (31) 62 (32)%

chronic cough, chronic phlegm, ever wheezing, frequent wheezing, shortness of
breath, and chest tightness (asthma): no vs. one or more

t according to Quanjer’™

t lower than in asymptomatic farmers (t-test, p < 0.01)
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Table 5.2  Disinfection procedures in entire population of pig farmers, and in farmers without
and with chronic respiratory symptoms*.

all asymptomatic symptomatic
(n=154) (n=74) (n=80)
n (%) n (%) n (%)

frequency on farm T

2 times/week 45 (29.2) 21 (28.4) 24 (30.0)

1 time/week 61 (39.6) 29 (39.2) 32 (40.0)

1 time/2 weeks 25 (16.2) 9 (12.2) 16 (20.0)

less often 22 (14.3) 14 (18.9) 8 (10.0)
pressure

no pressure 21 (13.6) 13 (17.6) 8 (10.0)

low (< 20 bar) 102 (66.2) 52 (70.3) 50 (62.5)

medium (20-50 bar) 21 (13.6) 8 (10.8) 13 (16.3)

high (> 50 bar) 10 ( 6.5) 1( 1.4) 9 (11.3)
type of application T

pressure washer 120 (77.9) 53 (71.6) 67 (83.7)

foam washer 16 (10.4) 10 (13.5) 6 ( 7.5)

watering can 10 ( 6.5) 6 ( 8.1) 4 ( 5.0)

spray washer 7 ( 4.5) 4( 54) 3 (379
time to reentry after disinfection T

< half a day 38 (24.7) 22 (29.7) 16 (20.0)

half a day 26 (16.9) 11 (14.9) 15 (18.8)

one day 88 (57.1) 41 (55.4) 47 (58.7)
protection during disinfection T

no 84 (54.5) 41 (55.4) 43 (53.7)

yes 69 (44.8) 33 (44.6) 36 (45.0)
protection during mixing of disinfectants T

no 106 (68.8) 51 (68.9) 55 (68.7)

yes 46 (29.9) 22 (29.7) 24 (30.0)
duration of disinfection procedure

< 5 min 70 (45.5) 38 (51.4) 32 (40.0)

5-10 min 60 (39.0) 30 (40.5) 30 (37.5)

> 10 min 24 (15.8) 6 ( 8.1) 18 (22.5)

chronic cough, chronic phlegm, ever wheezing, frequent wheezing, shortness of breath,
and chest tightness (asthma); no vs. one or more

+ total not equal to 100%, some observations not classifiable
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Of the 154 farmers interviewed on disinfection procedures, only one
asymptomatic farmer (1.4%) versus 9 symptomatic farmers (11.3%) used high
pressure during disinfection (Table 5.2). Six (8.1%) asymptomatic farmers spent
each time more than 10 minutes on disinfection, compared to 18 (22.5%)
symptomatic farmers. For other aspects of disinfection the distribution was similar
in both groups. Average exposure to dust was 2.7 mg/m® to endotoxins
111 ng/m®, and to ammonia 1.7 mg/m® (Table 5.3). Exposure levels did not differ
between symptomatic and asymptomatic farmers.

Table 5.3 Exposure to endotoxins and ammonia in entire population of pig farmers,
and in farmers without and with chronic respiratory symptoms*.

arithmetic ~ geometric geometric
mean mean stapdgrd range
deviation
dust (mg/m®)
all 164 2.7 2.6 1.3 09- 59
asymptomatic 83 2.7 2.7 1.3 16- 45
symptomatic 81 26 2.5 1.3 09- 59
endotoxins (ng/m®)
all 164 111 104 1.5 36.3 - 316
asymptomatic 83 111 104 1.4 41.4 - 216
symptomatic 81 112 103 1.5 36.3 - 316
ammonia (mg/m®)
all 163 1.7 1.5 1.6 03- 42
asymptomatic 79 1.8 1.6 17 04- 42
symptomatic 84 1.6 1.5 1.6 03- 37

chronic cough, chronic phlegm, ever wheezing, frequent wheezing, shortness of
breath, and chest tightness (asthma): no vs. one or more

In multiple logistic regression analysis, medium or high pressure, and a
disinfection procedure lasting more than 10 minutes were statistically significantly
and positively associated with respiratory symptoms (Table 5.4). Medium and
high pressure were combined because only one asymptomatic farmer used high
pressure. In the analysis, no difference was observed between disinfection for
less than 5 minutes and 5-10 minutes. These two categories were taken together
in the analysis. Exposure level to dust, endotoxins and ammonia, quantity of
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disinfectants used in one year, and type of disinfectant were not associated with
respiratory symptoms. These variables did not affect effect estimates of other
variables, and were therefore not inciuded in the model.

Table 5.4 Multiple logistic regression analysis on chronic respiratory symptoms*
and disinfection procedure among 154 pig farmers.

95 % confidence

odds ratio interval p-value

age (per 10 years) 1.6 (1.1 - 23) 0.02

current smoking (yes/no) 34 (16 - 7.3) < 0.01
pressure in procedure

low vs. no 22 0.7 - 86.3) 0.16

medium/high vs. no 7.0 (1.9 - 26.2) < 0.01
duration of procedure

> 10 min vs. < 10 min 3.9 (1.3 - 11.6) 0.02

w*

chronic cough, chronic phlegm, ever wheezing, frequent wheezing, shortness
of breath, and chest tightness (asthma): no vs. one or more

For 109 farmers a complete data set was available to test associations between
base-line lung function, and exposure to endotoxins and ammonia and
disinfection procedures. Log-transformed endotoxin and ammonia exposure was
used in the analysis, which means that one unit change stands for an increase in
exposure with a factor of 2.72. Such an increase in endotoxin exposure level was
weakly associated with a decrease in FVC and FEV, of approximately 250 ml in
the entire group (Table 5.5, p < 0.10). Over the range of exposure levels in our
population (5-95 percentile: 54 to 196 ng/m®), the estimated decrease is about
320 ml. The exposure-response relationships were much stronger in
asymptomatic farmers, with estimated decreases of more than 900 ml and
800 mi, respectively, over the range of exposure levels in our population.
Exposure levels to ammonia were strongly and inversely related to all lung
function parameters, except FVC. For example, an increase in ammonia
exposure level with a factor of 2.72 was related to a decrease of 270 ml in FEV,.
The decrease in FEV, over the exposure levels in our population (5-95 percentile:
0.6 to 3.2 mg/m® was 450 ml.
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Table 5.5 Multiple linear regression analysis of lung function on endotoxin exposure, ammonia
exposure and disinfection procedure among 109 pig farmers. Adjusted for age, standing
height, and smoking habits (pack years).

regression standard

coefficient error p-value®
FVC no vs. low/medium pressure 0.04 0.18 0.413
(8] high vs. low/medium pressure -0.26 0.26 0.165
> 10 vs. < 10 minutes - 0.48 0.18 0.004
endotoxin exposure T -0.28 0.17 0.053
ammonia exposure - 0.04 0.13 0.371
FEV, no vs. low/medium pressure - 0.09 0.18 0.3156
(8] high vs. low/medium pressure - 0.31 0.26 0.125
> 10 vs. < 10 minutes - 044 0.18 0.007
endotoxin exposure | -0.23 017 0.086
ammonia exposure -027 0.13 0.020
PEF no vs. low/medium pressure 0.36 0.61 0.275
(Us) high vs. low/medium pressure -0.81 0.89 0.181
> 10 vs. < 10 minutes -1.09 0.59 0.034
endotoxin exposure T -0.17 0.57 0.380
ammonia exposure -0.74 0.43 0.044
MMEF no vs. low/medium pressure -0.40 0.32 0.102
(L/s) high vs. low/medium pressure -0.53 0.48 0.125
> 10 vs. < 10 minutes -0.52 0.31 0.047
endotoxin exposure i -0.25 0.30 0.197
ammonia exposure - 0.69 0.22 0.001
MEF ;5 no vs. low/medium pressure -0.23 0.57 0.343
(L/s) high vs. low/medium pressure - 1.44 0.83 0.042
> 10 vs. < 10 minutes -1.31 0.55 0.009
endotoxin exposure f - 0.16 0.53 0.384
ammoriia exposure -1.12 0.40 0.003
MEF, no vs. low/medium pressure - 0.55 0.40 0.085
(Lfs) high vs. low/medium pressure - 0.94 0.58 0.053
> 10 vs. < 10 minutes - 0.87 0.38 0.041
endotoxin exposure T -0.36 0.37 0.165
ammonia exposure -0.82 0.28 0.002
MEF,;5 no vs. low/medium pressure -0.25 0.18 0.082
(L/s) high vs. low/medium pressure - 0.06 0.26 0.405
> 10 vs. < 10 minutes - 0.22 0.17 0.108
endotoxin exposure T -0.19 0.17 0.132
ammonia exposure -0.32 0.13 0.007

*  tested one sided
t log-ransformed exposure concentration
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Relationships between lung function and ammonia were for different parameters
25% to 40% steeper in the group symptomatic farmers than in the entire group.
In the group asymptomatic farmers negative but statistically not significant
associations were observed.

A disinfection procedure lasting more than 10 minutes was statistically
significantly associated with lower values for most lung function variables (Table
5.5).

For example, FVC and FEV, were estimated to be 480 and 440 ml less,
respectively, in farmers disinfecting more than 10 minutes. Associations with
disinfection procedure were not statistically significant in symptomatic farmers.

Overall, the best lung function parameters were observed if low or medium
pressure was applied and the worst when using high pressure. Low and medium
pressure were taken together in the analysis since their association with lung
function was similar. In the entire population, the association with MEF,, and
MEF,, reached (borderline) statistical significance (p <0.05 and p < 0.10,
respectively). A statistically significant decrease, of about 20%, was only
observed for MMEF, MEF;, and MEF,, among asymptomatic workers. Dust
exposure and type of disinfectant were not related to lung function, and did not
influence other exposure-response estimates and were not included in the model.
In similar models as presented in Table 5.5, with quantity of specific disinfectant
used in one year added as explanatory variable, quantity was inversely but not
statistically significantly associated with lung function in the entire group. In
contrast, the associations with MMEF, MEF,, MEF,, and PEF were highly
statistically significant among asymptomatic farmers. This effect was independent
of duration and frequency of procedure. For each type of disinfectant, the use of
median quantity was associated with a similar decrease in lung function, which
ranged on average from about 30% for PEF, to 40% for MMEF.

The associations between respiratory symptoms and lung function and
determinants of exposure were adjusted for all other variables in the models
presented in Table 5.4 and Table 5.5. The different determinants of exposure
were independently from each other associated with respiratory health. The
association between lung function or chronic respiratory symptoms and other
aspects of disinfection, given in Table 5.2, were also evaluated. Of those, only
type of application was more or less consistently related to lung function, but this
effect is probably the same as observed with pressure since both variables are
correlated.
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Discussion

In our population of 1,432 male pig farmers, including 299 working daily less than
five hours in pig farming, 32.9% reported at least one chronic respiratory
symptom. The prevalence rate of these symptoms has been shown to be
invariably high in other studies among pig farmers in countries in Europe and
Northern America as well"®?, In our study a duration of disinfection procedure of
10 minutes or more was much more prevalent among farmers with chronic
respiratory symptoms than among asymptomatic farmers. The use of higher
pressure levels (20 bar or more) during disinfection was positively related to
chronic respiratory symptoms as well. Associations with duration and pressure
were independent from each other. We are not aware of any other study that
reported the use of disinfectants as potential respiratory health hazard for pig
farmers.

Exposure levels to ammonia, inhalable dust and endotoxin exposure were not
associated with chronic respiratory symptoms.

Characteristics of the disinfection procedure (longer duration, no or high
pressure, larger quantity of disinfectants) and exposure level to endotoxins and
ammonia were associated with lower base-line lung function in pig farmers.
Associations were most clearly present in asymptomatic farmers for disinfection
procedure and endotoxin exposure. In this group the estimated effect of increase
in endotoxin exposure level with a factor of 2.72 and a disinfection procedure of
more than 10 minutes were each associated with a decrease of about 15% in
FVC and parameters in the first part of the spirogramme. The magnitude of the
statistically significant relationships with ammonia exposure differed, and ranged
from approximately 5% for FEV, to 18% for MMEF in the entire population, but
associations were 25% to 40% steeper in symptomatic farmers.

Symptomatic farmers were oversampled in our study. Data on lung function as
presented for the entire population are therefore not representative for the base
population. Exposure-response relationships for a representative sample of the
base population are expected to be closer to those reported for asymptomatic
than for symptomatic farmers. When the results for our asymptomatic farmers are
being compared with other studies we can make the following observations.
Similar patters for level of lung function parameters were found, with FVC and
parameters in the primary part of the spirogramme (FEV,, PEF) in the same
range as reference values, and flow-volume parameters MMEF and MEF, lower
than reference values'®’®. A decrease in parameters of the final part of the
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spirogramme is regarded as the earliest change associated with flow limitation,
even if the initial part of the spirogramme is unaffected®.

Duration of the disinfection procedure was consistently associated with lung
function and respiratory symptoms. Multiple regression analyses showed that this
could not be attributed to the use of larger quantities of disinfectant in one year,
type of disinfectant, other evaluated aspects of the disinfection procedure, or
differences in exposure levels to dust, endotoxins or ammonia. Potentially, this
relationship found for duration of disinfection reflects an association with the level
to ambient exposure concentration and/or critical time of exposure.

Most commonly used disinfectants contain quaternary ammonium compounds
with or without aldehydes (glutaraldehyde, glyoxal, formaldehyde), or chloramine-
T. In the literature, several effects following exposure to chloramine-T have been
reported. These include respiratory symptoms such as cough, wheezing and
dyspnoea, and immediate and late asthmatic reactions. Effects on eyes and the
upper respiratory system are reported either together with or without symptoms of
the lower respiratory system®®''?%, Recently, two cases have been reported with
occupational asthma due to exposure to disinfectants containing quaternary
ammonium compounds'™. Glutaraldehyde has been shown to be able to induce
occupational asthma by means of serial PEF measurements '®'?. Norback et al.®
performed a cross-sectional study among 39 workers in medical services
exposed to glutaraldehyde levels below the Swedish occupational exposure limits
and 68 unexposed controls. They reported differences in symptom prevalence of
the upper respiratory tract, but not of symptom prevalence of the lower
respiratory tract. To our knowledge this is the only study reporting prevalence of
respiratory health effects in an occupational group exposed to quaternary
ammonium compounds, glutaraldehyde, or chloramine-T.

Respiratory effects of exposure to formaldehyde, mostly from sources other
than disinfectants, have frequently been reported. These include occupational
asthma, effects on base-line lung function and associations with respiratory
symptoms in some occupational groups, although other studies fail to show such
associations® %,

In the entire group, the estimated decrease in FVC and FEV, of about 250 ml
with an increase in endotoxin exposure level with a factor of 2.72 was borderline
statistically significant. In asymptomatic farmers the associations were statistically
significant, and estimated decreases in lung function were 2.5 - 3 times larger
(approximately 14% of median of the lung function). The decrease in the entire
population was similar to that reported by Heederik et al® in a group of 62
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farmers. Concentrations of endotoxins in swine confinement buildings and
interindividual variation in exposure in that study were in the same range as that
of personal exposure in our study. They reported a decrease in FVC of 263 ml (p
< 0.10) and in FEV, of 208 ml (p < 0.05) per 100 ng/m® increase in endotoxin
concentration. Such an increase is similar to the difference between the 10 and
90 percentile of the exposure distribution in our study, which corresponds with an
increase of nearly a factor of 2.72. However, taking oversampling of symptomatic
farmers into account, the exposure-response relationship is expected to be about
a factor two steeper in our study. Zejda et al.” reported in a group of 46 pig
farmers a borderline statistically significant decrease in FVC of 145 ml at an
increase in endotoxin concentration level in swine buildings with a factor of 2.72,
about 40% smaller than in our study. In their study FEV, was not related to
endotoxin concentration. They reported an endotoxin exposure level that was five
times higher than in our study, despite similar dust exposure levels. Endotoxin
concentration multiplied by number of hours working in swine buildings was
strongly related to FVC (p=0.02), and weakly related to FEV, (p=0.06) in their
study. However, it is not clear whether this finding can be attributed to number of
hours alone, which might be related to any type of exposure.

No detailed comparison can be made between our study and that of Heederik
et al.’ and Zejda et al.”, since exposure was not based on personal exposure
measurements in their studies. Generally there is poor correlation between
exposure assessed by ambient air sampling and personal sampling®®'. It is
unlikely that static measurements induced only systematic bias, since exposure
levels largely depend on the activity of pigs caused by disturbance by the farmer,
and by the own activity of the farmer®"2.

The inverse association between lung function and exposure to ammonia was
not expected, since ammonia is hygroscopic and therefore dose is generally
expected to be low. In free form it will be captured in the upper part of the
respiratory tract. However, it has been suggested that dust particles can act as
carriers that bring ammonia into smaller airways®®, which may explain our
results. In the epidemiological studies by Heederik et al.’® and Zejda et al.?,
reported exposure levels were three to seven times higher than in our study.
Associations adjusted for confounding factors between ammonia exposure levels
and either base-line lung function or chronic respiratory symptoms were not
observed or reported in these and other studies. Reports on effects of chronic
exposure to ammonia at any exposure level are sparse. Holness et al.*® studied
58 workers exposed to on average 9.2 mg/m® ammonia in the soda ash industry,
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but did not find differences in symptoms and lung function between exposure
categories and neither with control workers.

Exposure-response relationships differed for respiratory symptoms and lung
function. Also other studies in pig farming and the animal feed industry, using the
same questionnaire and lung function tests, showed this phenomenon®®. In
addition, associations with lung function differed between symptomatic and
asymptomatic farmers in our study. These inconsistencies may have different
reasons. First, different biological mechanisms may be underlying these
discrepancies. Secondly, symptomatic farmers may adjust their working practice
in order to limit inhaled dose of pollutants which they associate with symptoms.
This may be done by avoiding activities with high (dust related) exposure, using
dust masks, and more subtle behavioral changes. In addition, symptomatic
farmers may be more sensitive to normal ammonia exposure levels encountered
in pig farming, whereas at these exposure levels ammonia does not have to
cause respiratory symptoms in symptom free farmers.

Lung function tests were taken between 8.30 am. and 15.15 p.m., but no
indications were found that discrepancies in relationships between exposure and
lung function could be attributed to acute effects of exposure prior to lung
function testing in either asymptomatic or symptomatic farmers.

in conclusion, our results suggest that the etiology of chronic respiratory
health effects in pig farmers is multifactorial. Disinfectants were until this study
not regarded as potential health hazards. In our study, exposure to disinfectants
was only based on qualitative information and used quantity. The relationships
need to be substantiated by actual exposure measurements.

Associations with endotoxin exposure levels support the hypothesis of
endotoxins to be causally related to chronic respiratory health effects. However,
inconsistency between relationships in reported symptoms and tested lung
function, and in lung function between symptomatic and asymptomatic farmers
requires more attention. It is expected that cross-sectional studies can add little
more to the insight into the etiology of respiratory symptoms of pig farmers, than
already obtained from our study. Our study involved very labour intensive and
costly fieldwork campaigns. However, small interindividual variation in exposure
in the presence of relatively large intraindividual variation, changing levels of
exposure over a longer period of time, the multifactorial etiology of symptoms and
combined exposures, require preferably prospective study designs, with an even
more detailed quantification of exposure and investigation of health effects.
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6. Exposure to disinfectants and endotoxins in relation
to atopic sensitization and symptoms consistent
with asthma

Liesbeth Preller, Gert Doekes, Dick Heederik, Roel Vermeulen,
Peter F.J. Vogelzang, Jan S.M. Boleij

Abstract

In a population of 198 Dutch pig farmers we evaluated associations between
chronic respiratory symptoms, specific and total serum IgE levels, use of
disinfectants, and endotoxin exposure levels. In the total population and a
population restricted according to mild bronchial responsiveness to histamine
(n=126: symptomatic and PC,, =< 16 mg/ml, asymptomatic and PC,,
> 16 mg/ml), the combination of IgE to common allergens (house dust mite,
grass pollen, birch pollen) and use of any disinfectant containing quaternary
ammonium compounds was more prevalent among symptomatics than
asymptomatics (OR 4.3, 95%-Cl 1.3-14.1, and OR 8.7, 95%-Cl 1.7-44.3,
respectively). A combination of atopic sensitization and high endotoxin exposure
level (> 101 ng/m® was associated with respiratory symptoms in the restricted
population only (OR 6.3, 95%-Cl| 1.0-37.9). Atopy, use of quaternary ammonium
compounds, and endotoxin exposure level were independently not associated
with respiratory symptoms. IgE to common allergens was associated with use of
disinfectants containing only quaternary ammonium compounds (OR 7.3, 95%-CI
1.3-42.5). ORs for other disinfectants ranged from 2.2 to 4.2 (p > 0.05). Atopic
sensitization was not associated with the endotoxin exposure level. Our resuits
suggest that occupational exposure to non-allergenic agents may induce IgE
sensitization to common aeroallergens (disinfectants only), and that the
combination of atopy and exposure to these agents (disinfectants and endotoxin)
is an important risk factor for development of symptoms consistent with asthma.

Submitted in revised form to American Journal of Respiratory and Critical Care Medicine
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Introduction

Many people suffer from allergic respiratory disorders, among which asthma.
These allergic disorders are characterized by an increased production of
allergen-specific IgE antibodies. Sensitization, and subsequent development of
allergic respiratory symptoms, depend on several intrinsic and extrinsic factors.
The inherited propensity to produce specific IgE antibodies in response to
environmental allergens is of primary importance, and allergen exposure has
been shown to be a relevant risk factor for both atopic sensitization as well as
the induction of respiratory symptoms in sensitized individuals'?, However, not all
genetically predisposed and allergen exposed subjects become sensitized, and
not all sensitized and exposed individuals develop allergic asthma. Thus there
must be other co-factors that determine the risk of atopic sensitization and
development of asthma®®. Results of human experimental and epidemiological
studies indicate that exposure to non-allergenic air poliutants might be such a co-
factor in the onset of allergic disease or in exacerbation of symptoms*®. It has
also been suggested that air pollutants may act as a co-factor in atopic
sensitization. This latter hypothesis is mainly based on results of experimental
animal studies. In these studies, exposure to ozone, diesel-exhaust particles, and
80,, combined with exposure to airborne allergens, resulted in increased risk of
atopic sensitization™®. Combined exposures to allergens and non-allergenic air
pollutants are very common in indoor, outdoor and occupational environments.
However, despite increased interest in the role of air pollutants as co-factors that
modify the response to allergens, so far no studies have been reported that
exposure to such pollutants in these environments was associated with an
increase in atopic sensitization.

In this report we describe epidemiological findings in a group of pig farmers.
This occupational group is exposed to a variety of airway irritants as manure
gases like NH, and H,S, chemicals used for disinfection, bacterial endotoxins
from manure and animal feed, and to potential allergens originating from animals
and feed. The prevalence of work-related respiratory symptoms is known to be
high among pig farmers, but the etiology is uncovered to a limited extent’®. This
study was undertaken to investigate whether non-allergenic occupational
exposures and atopic sensitization were risk factors for chronic respiratory
symptoms in general and for symptoms consistent with asthma in particular. In
addition, the association between IgE sensitization and non-allergenic
occupational exposures was studied.
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Methods

Population and health data

The population existed of 198 pig farmers, living in the two southeastern
provinces of the Netherlands. The population was recruited from a group of 1,133
male pig-farm owners who worked at least five hours per day in pig farming.
Selection was based on chronic respiratory symptoms reported in the Dutch
version of a shortened questionnaire on respiratory symptoms of the British
Medical Research Council'. This was part of a self administered questionnaire,
in which farmers reported also allergies to pets, birds and house dust mite, food
allergy, hay fever, and allergies to other agents which they had to specify. 100
farmers were selected without chronic respiratory symptoms, and 98 were
selected with one or more symptoms of: chronic cough, chronic phlegm, ever
wheezing, frequent wheezing, shortness of breath, and chest tightness (asthma).
Presence or absence of the symptoms was checked in a medical survey held in
winter 1990/1991. During this survey venous blood samples were taken for
analysis on IgE antibodies. Non-Specific Bronchial Responsiveness (NSBR) was
tested by histamine provocation among 195 of the 198 farmers according to a
modified procedure of the method described by Cockcroft et al.’?. Histamine
concentration ranged from 0.03 mg/mi to 16 mg/ml.

IgE measurements
Sera were stored at -20°C until IgE analysis. Total serum IgE was determined
with a sandwich enzyme immunoassay, in which diluted serum samples
(routinely 1/10, 1/20 and 1/40) were incubated in microwells coated with
monaoclonal mouse anti-human IgE (Central Laboratory of the Netherlands Red
Cross Blood Transfusion Service (CLB), Amsterdam), and bound IgE was
quantified with a peroxidase conjugate prepared from the same monoclonal anti-
IgE (CLB), and ortho-phenylenediamine (OPD) as the peroxidase substrate. The
assay was calibrated by including in each assay serial dilutions of IgE reference
preparations containing 1,000 IU/ml (Kabi Pharmacia). The assay has a
sensitivity of approximately 1 1U/ml, and intra- and interassay CV-values of less
than 15% (Doekes et al., unpublished observations).

Specific IgE to house dust mite (Dermatophagoides pteronyssinus), grass
pollen (1 : 1 mixture of Lolium perenne and Phleum pratense), birch pollen
(Betula verrucosa) and cat allergen was assessed with a modification of a
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previously described EIA™. Microwells were coated at 0.025 mg/ml with
commercially available lyophilized extracts (ALK Benelux, Houten, the
Netherlands) of the allergens. Sera were incubated at a 1/10 dilution, and bound
IgE was measured by subsequent incubations with monoclonal mouse anti-
human IgE (1/16,000; CLB), biotinylated rabbit lgG anti-mouse Ig (1/5000;
Dakopatts, Copenhagen, Denmark), avidin-peroxidase (1/2000; DAKO) and OPD.
This assay correlates very well with commercially available test kits for specific
serum IgE and has a similar sensitivity and specificity with regard to skin prick
tests (Doekes et al., unpublished observations). In each plate positive sera
containing IgE to the tested allergens were included as positive controls.

All serum-allergen combinations giving an OD value exceeding the OD+3 SD
of the reagent blank (no serum control) were retested, all on the same day,
together with an equal number of randomly selected negative sera. In the second
assay, the OD+3 SD was also used as the cut-off value. In this way a small
number of sera with a weakly positive reaction in the first test were eventually
classified as negative, while all of the retested negative serum-allergen
combinations remained negative in the second test.

IgE reacting with chloramine-T was assessed in microwells coated with human
serum albumin and treated with chloramine-T and Na,S,0,". The binding of
specific IgE was quantified as described above. IgE with a specificity for
quaternary ammonium compounds (QAC) was assessed using the Phadezym
RAST method (Kabi Pharmacia; Uppsala, Sweden) with discs containing
suxamethonium. The test was done in a selected group of 40 pig farmers
including all 19 using disinfectants containing QAC only, and 21 using QAC in
combination with other active compounds.

Exposure data
Most farmers use disinfectants when cleaning animal housing, and they generally
use disinfectants about once a week during less than 15 minutes. Information on
use and type of disinfectant was obtained by a visit to the farm. All visits were
done by the same frained interviewer. Disinfectants were categorized according
to active ingredients. Most commonly used disinfectants contain QAC with or
without aldehydes (giutaraldehyde, glyoxal, formaldehyde), or chioramine-T.
Personal dust samples were taken twice and analyzed on endotoxin according
to procedures described by Hollander et al.’®. A mathematical modelling
technique similar to that used by Eisen et al."® and data on farm characteristics
and time spent on activities in pig farming during two full weeks, was used to

94



Allergy, asthma and non-allergenic exposure

estimate long-term average exposure to endotoxins. In this way, for 164 farmers
data on endotoxin exposure was available.

Data analysis
Associations between chronic respiratory symptoms, IgE sensitization or self-
reported allergies as outcome variables, and risk factors were evaluated by
means of a multiple logistic regression analysis. Associations between respiratory
symptoms and risk factors were studied in the entire population and in a
population restricted according to mild bronchial responsiveness to histamine.
Mild bronchial responsiveness was defined as a decrease in FEV, of at least
10% at a histamine concentraton < 16 mg/ml (PC,, < 16 mg/ml)"’. This
selection procedure can be described as followed:
included: asymptomatic, no bronchial responsiveness (n=83);

symptomatic, mild bronchial responsiveness (n=43);
excluded:  asymptomatic, bronchial responsiveness (n=17);

symptomatic, no bronchial responsiveness (n=55).

IgE sensitization to common allergens was defined as a positive reaction to one
or more common allergens. Total IgE levels were dichotomized, with 100 1U/ml
taken as cut-off level. Exposure to endotoxins was dichotomized by taking the
median exposure level of 101 ng/m® observed in this population as cut-off point.

Statistical analyses were performed with SAS/PC version 6.04' using PROC
LOGISTIC.

Results

Population

Table 6.1 gives an overview of the study population, for the entire population of
198 farmers and the restricted population of 126 farmers comprising the 43 with
chronic respiratory symptoms and mild bronchial responsiveness (PC,,
< 16 mg/ml), and the 83 farmers without chronic respiratory symptoms and
negative bronchial responsiveness. The cases in the restricted population had
predominantly reported symptoms indicative of variable airflow obstruction (ever
wheezing, frequent wheezing, shortness of breath, and/or chest tightness
(asthma)). Relatively few farmers reporting only bronchitis-like symptoms (chronic
cough and/or chronic phlegm) were present in the restricted case group.

95



Chapter 6

Table 6.1  Characteristics of population of 198 Dutch pig farmers and population restricted according to
mild bronchial responsiveness to histamine.

entire population restricted population
. . no symptoms, symptoms,
no symptoms* symptoms no NSBR t NSBR t
(n=100) (n=88) (n=83) (n=43)
age (years, mean [SD]) 36 [9) 40 [10] 35 [8 43 [10]
smoking habits (n (%))
current smoker 18 (18) 45 (46) 14 (17 23 (53)
ex-smoker 32 (32) 30 (31) 27 (33) 11 (26)
never-smoker 50 (50) 23 (23) 42 (51) 9 (21)
PC,, < 16 mg histamine/ml (n (%)) 17 (17) 43/956 (45) 0 (0 43 (100)
IgE to common allergens (n (%))
1 or more 13 (13) 20 (20) 12 (15) 8 (19)
house dust mite 7 (7 14 (14) 6 (7) 7 (16)
grass pollen 6 (6) 6 (6) 5 (6) 2 (5
birch pollen 3 (3 2 (2 3 (4 0 (0
cat allergens 0 (0 0 (0 0 (0) 0 (0
total IgE > 100 IU/ml (n (%)) 22 (22) 31 (32) 19 (23) 16 (37)
total IgE (IU/ml, median) 28 49 28 61
self-reported allergies (n (%)) 2/96 (2) 22/86 (26) 180 (1) 12/37 (32)
disinfectant (n (%))
none 18 (19) 1 (1) 19 (23) 5 (12)
chloramine-T 25 (25) 29 (30) 21 (25) 13 (30)
aac? 11 (11) 8 (8 8 (10 6 (14)
QAC + aldehydes 25 (25) 27 (28) 19 (23) 10 (23)
QAC + aldehydes +
chloramine-T 7(7 10 (10) 6 (7) 5 (12)
other 13 (13) 13 (13) 10 (12) 4 (9
endotoxin exposure (hg/m°, median) 102 101 100 109

s

chronic cough, chronic phlegm, ever wheezing, frequent wheezing, shortness of breath, and/or chest
tightness (asthma)

1+ NSBR: non-specific bronchial responsiveness. No: PC,; > 16 mg histamine/ml, yes: PC,, = 16 mg/mi
+ quaternary ammonium compounds

In the entire population, 33 farmers had detectable IgE levels to one or more of
the common allergens, but none showed sensitization to cat allergens. 53
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farmers had a total IgE level exceeding 100 IU/ml. 182 farmers had valid
observations on self-reported allergies. A vast majority reporting allergies, fell into
the category of farmers with chronic respiratory symptoms. None of the 198
farmers had detectable specific IgE to chloramine-T, and two out of 40 farmers
using QAC reacted positively to QAC, RAST class 1 and 2, respectively (not
shown in table).

Respiratory symptoms and risk factors
The crude data in Table 6.1 show that IgE sensitization to house dust mite and a
high total serum IgE level was more prevalent among cases than among
controls. More cases than controls used disinfectants. Additionally, cases were
older and more were smoking. In subsequent multiple logistic regression
analyses, associations between respiratory symptoms, IgE sensitization and
exposure were adjusted for smoking habits (current smoking yes/no) and age.
The results for the entire and restricted population are shown in Table 6.2. IgE
sensitization to one or more common allergens was strongly and positively
related to respiratory symptoms, and seemed to be a strong predictor within the
population restricted according to mild bronchial responsiveness (asymptomatic
and PC,, > 16 mg/ml, or symptomatic and PC,;, < 16 mg/ml). The associations
between chronic respiratory symptoms and high total serum IgE level were
positive but statistically not significant. The use of disinfectants tended to be
positively related to respiratory symptoms, but none of the associations were
statistically significant. The highest Odds Ratio (OR), being 3.3 (95%-Cl 0.6 -
18.2), was estimated for the use of QAC in the restricted population. No
differences existed in endotoxin exposure between cases and controls.
Interaction between specific IgE sensitization and the use of disinfectants was
tested by grouping individuals according to sensitization and the use of any
disinfectant containing QAC. The combination of the use of disinfectants
containing QAC, together with specific IgE to common allergens was significantly
more prevalent among symptomatics than asymptomatics, whereas atopic
sensitization and the use of QAC were independently not associated with
respiratory symptoms, with ORs close to 1 (Table 6.3, model 1). The association
between symptoms, and the combination of specific IgE sensitization with the use
of QAC was strongest within the population restricted according to mild bronchial
responsiveness, the OR being 8.7 (95%-C| 1.7 - 44.3).
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Table 6.2 Multiple logistic regression analysis on associations between chronic
respiratory symptoms and risk factors.

entire population restricted population*
OR  (95%-Cl) OR (95%-Cl)
MODEL 1; specific IgE
against common allergens T 23 (1.0-5.3) 41 (1.1-14.6)
age (per 10 years) 1.7 (1.2-23) 32 (1.9- 5.5)
current smoking (yes/no) 39 (20-75) 56 (2.2-14.5)
MODEL 2; total IgE ¥
> 100 vs. < 100 1U/mi 18 (0.9-3.6) 25 (0.9- 6.7)
MODEL 3; disinfectants ¥
none 1.0 1.0
chlioramine-T 17 (06-44) 19 (0.5- 7.6)
QAact 13 (0.4 -4.5) 3.3 (0.6 - 18.2)
QAC + aldehydes 1.7 (0.7 - 4.6) 1.5 (0.3- 6.2)
QAC + aldehydes +
chloramine-T 1.8 (0.5-6.6) 1.5 (0.2- 9.3)
other 16 (0.5-5.0) 12 (0.2- 8.7)
MODEL 4; endotoxin exposure ¥
> 101 vs. < 101 ng/m® 08 (0.4-15) 1.7 (0.7 - 4.4)

chronic respiratory symptoms and PC,, < 16 mg histamine/ml, no chronic
respiratory symptoms and PC,; > 16 mg/ml

t [gE to 1 or more common aeroallergens: house dust mite, grass pollen, birch pollen,
cat allergens

+ adjusted for age and smoking habits
§ quaternary ammonium compounds

Interaction between specific IgE to common allergens and endotoxin exposure
was tested in a similar way. In the restricted population, a high exposure level
and specific IgE sensitization were independently only moderately associated
with respiratory symptoms, but the combination of both risk factors was strongly
associated with respiratory symptoms, the estimated OR being 6.3 (95%-Cl 1.0 -
37.9, Table 6.3, model 2). The combination of risk factors was not significantly
associated with respiratory symptoms in the entire population.

Similar analyses with dichotomized total IgE level showed comparable but
weaker trends than presented in Table 6.3. The use of QAC, a high endotoxin
exposure level, and a high total IgE level (> 100 |U/ml) were independently not
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more prevalent among symptomatics than asymptomatics. In the restricted
population, the combinations of high total IgE level with either the use of QAC or
high endotoxin exposure level, were significantly associated with respiratory
symptoms. The estimated OR was 4.9 (95%-Cl 1.0 - 23.7) for the combination
with the use of QAC, and 4.4 (95%-Cl 1.0 - 19.1) for the combination with high
endotoxin exposure. In the entire population respiratory symptoms were
statistically significantly associated with the combination of a high total IgE level
and the use of QAC only (OR=4.0, 95%-Cl 1.2 - 12.9). The results of the
analyses based on total IgE level agree with results found for specific IgE
sensitization.

Table 6.3 Multiple logistic regression analysis on associations between respiratory
symptoms, atopy* and exposure to QAC or endotoxins. Adjusted for
age and smoking habits.

entire population restricted population 1
n OR (95%-Cl) n OR (95%-Cl)
MODEL 1; QAC*
no QAC, no atopy 96 1.0 63 1.0
QAC, no atopy 69 08 (04- 1.6) 43 08 (0.3- 23)
no QAC, atopy 14 1.0 (0.3- 3.3) 9 14 (02- 93)
QAC, atopy 19 43 (1.3-14.1) 11 87 (1.7 - 44.3)
MODEL 2; endotoxin exposure §
low, no atopy 67 1.0 42 1.0
high, no atopy 69 0.7 (0.4- 1.5) 4 15 (05- 4.4)
low, atopy 165 15 (04- 4.9) 9 21 (0.3-15.6)
high, atopy 13 19 (05- 6.8) 9 6.3 (1.0-37.9)

* IgE to = 1 common allergens

+ chronic respiratory symptoms and PC,; < 16 mg histamine/ml, no chronic
respiratory symptoms and PC,, > 16 mg/ml

t+ QAC= quaternary ammonium compounds only and QAC in combination with
aldehydes or with aldehydes and chloramine-T

§ low: = 101 ng endotoxin/m?®, high: > 101 ng/m®

IgE and exposure
To study if the interaction between IgE sensitization and QAC or endotoxin
exposure was caused by NSBR of atopics or an adjuvant effect, associations
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between I[gE sensitization and these exposures were evaluated in the entire
population of 198 farmers (Table 6.4). Associations were adjusted for age and
current smoking. The estimated ORs for associations between specific or total
IgE and current smoking ranged between 1.1 and 1.4 in the separate models, but
did not reach statistical significance. IgE sensitization to common allergens was
significantly and positively associated with the use of disinfectants containing
QAC only, with an estimated OR of 7.3 (95%-Cl 1.3 - 42.5). The association with
disinfectants containing QAC in combination with aldehydes was borderline
statistically significant (OR 4.2, 95%-Cl 0.8 - 20.7). The ORs for the use of other
disinfectants were all larger than two but these associations did not reach
statistical significance. Regrouping farmers according to the use of any
disinfectant containing QAC showed a positive association with specific IgE
sensitization that was borderline statistically significant (OR=2.0, 95%-Cl 0.9-4.3).
In contrast, no clear positive association was observed between specific IgE
sensitization and level of endotoxin exposure (higher or lower than median value
of 101 ng/m?).

There were no indications that total IgE level was associated with either the
use of (specific) disinfectants or the level of endotoxin exposure.

Table 6.4 Multiple logistic regression analysis on association between atopy*
and use of disinfectants (n=198) and endotoxin exposure (n=164).

n OR (95%-Cl)

MODEL 1, disinfectants

no disinfectants 30 1.0

chloramine-T 54 2.8 (0.5 - 14.3)

eact 19 73 (13 - 42.5)

QAC + aldehydes 52 4.2 (0.8 - 20.7)

QAC + aldehydes + chloramine-T 17 2.2 (0.3 - 18.0)

other 26 2.6 (0.4 - 15.7)

age (per 10 years) 0.6 0.4 - 0.9

current smoking 1.1 (0.5 - 2.5)
MODEL 2; endotoxin exposure ¥

> 101 vs. < 101 ng/m® 0.9 04 - 21)

* IgE to = 1 common allergens
t+ quaternary ammonium compounds
t adjusted for age and smoking habits
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Self-reported allergies

The use of specific disinfectants was not statistically significantly related to self-
reported allergies (Table 6.5). There was a strong and positive association
between self-reported allergies and endotoxin concentration. The odds ratio was
5.5 (95%-Cl 1.7-17.6). Adjustment for atopic sensitization to common allergens
slightly increased the odds ratio to 6.9 (85%-Cl 2.0-23.4). In the group of
symptomatic farmers, the estimated odds ratios were larger (not shown).

Table 6.5 Multiple logistic regression analysis on association between self-
reported allergies and use of disinfectants (n=182) and endotoxin
exposure (n=153) (adjusted for age and smoking habits).

n OR (95%-~Cl)

MODEL 1; disinfectants

no disinfectants 27 1.0

chloramine-T 52 1.9 (05 - 7.7)

QAct 19 16 (03 - 89)

QAC + aldehydes 44 0.8 02 - 41)

QAC + aldehydes + chioramine-T 15 33 (06 - 18.7)

other 25 - -
MODEL 2; endotoxin exposure

> 101 vs. < 101 ng/m® 55 (1.7 - 17.6)

* no farmers with self-reported allergies
t quaternary ammonium compounds

Discussion

The combination of atopic sensitization to common allergens and the use of
disinfectants containing "QAC was significantly and positively associated with
respiratory symptoms of pig farmers. The association was strongest within the
population restricted according to mild bronchial responsiveness to histamine
(symptomatic and PC,; < 16 mg/ml, or asymptomatic and PC,, > 16 mg/ml). The
ORs for the association between either of both risk factors and respiratory
symptoms did not statistically significantly differ from 1. This suggests a strong
interaction between atopy and QAC exposure in our population that substantially

101



Chapter 6

enlarges the risk of development of symptoms consistent with asthma. In
addition, we found that IgE sensitization to common allergens was significantly
associated with the use of disinfectants containing only QAC, which suggests an
adjuvant effect of these disinfectants. Specific IgE antibodies studied were
directed against allergens of house dust mite, grass and birch pollen, and cat
allergens, although no farmer had detectable IgE antibodies against the latter.
This panel of four allergens was expected to identify the majority of the
individuals with atopic sensitization to common allergens'. It might be speculated
that specific IgE against house dust mite may reflect sensitization to storage
mites, and thus in fact be sensitization to occupational allergens. In our
population, 20 farmers had positive IgE against storage mites. However,
excluding those with both IgE against storage mites and house dust mite yielded
similar associations between specific sensitization and the use of disinfectants.
Hence, it seems possible that occupational exposure to QAC can enhance atopic
sensitization to non-occupational allergens.

Positive associations between specific IgE sensitization and the use of any of
the other disinfectants seemed also to exist, but these associations did not reach
statistical significance at the 5% level because of small numbers in some cells.
However, it is possible that the observed trends, with estimated ORs exceeding
two, are also the result of an adjuvant effect of those disinfectants.

In the population restricted according to mild bronchial responsiveness, a
strong association was observed between respiratory symptoms and the
combination of specific IgE sensitizaton and high endotoxin exposure
(> 101 ng/m®), but not with both factors independently. This also suggest an
interaction between these two risk factors. The large confidence intervals for both
the interaction between atopy and the use of QAC, and atopy and endotoxin
exposure separately, limits drawing conclusions on the strength of the interaction
effects. The observed interactions could not be attributed to stronger atopic
sensitization of the sensitized group with exposure to QAC or high endotoxin
levels, compared to the sensitized group without exposure to QAC or with low
endotoxin exposure levels. The results may reflect biological interactions.
Increase in bronchial responsiveness to histamine of asthmatics after exposure to
endotoxins® or QAC?' may in part explain these interactions. Also, it is possible
that atopics develop respiratory symptoms at lower exposure intensities of
several non-allergenic agents than non-atopics. A larger airway sensitivity in
atopics has recently been suggested by Jacobs et al.?2. They showed that
previously unexposed individuals with mild atopy and without a history of asthma,
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had a larger decrease in FEV, than non-atopics after experimental exposure to
1 mg/m® of cotton dust.

Respiratory health effects have been reported for disinfectant compounds
QAC, chloramine-T, glutaraldehyde and formaldehyde**?°. QAC specific
antibodies could not be demonstrated in an individual with occupational asthma
following exposure to QAC®, but have been found in individuals with muscle
relaxants allergy®. Chloramine-T specific IgE antibodies have been demonstrated
in individuals with chloramine-T induced asthma'™. It is unclear whether
aldehydes cause IgE-mediated asthmatic symptoms, although formaldehyde
specific IgE antibodies have been demonstrated to be associated with skin
problems, and discomfort in the upper airways®+*. No farmers in our study had
specific IgE to chloramine-T and only two out of 40 using QAC had specific IgE
to QAC. This finding does not support a role of disinfectant specific I|gE-mediated
mechanisms in observed associations.

The associations reported come from a case-control design within a particular
group, using prevalent cases. Since the time sequence of events - exposure to
disinfectants, leading to atopic sensitization, leading to symptoms and bronchial
responsiveness - can only be studied by following a group of farmers over time,
our findings need further confirmation in a prospective cohort study. However,
after evaluation of several forms of bias, an adjuvant effect of QAC remains the
most plausible explanation for its observed association with specific IgE
sensitization. Known potential predictors of positive IgE titres as childhood or
family history of allergic diseases did not differ between farmers with and those
without QAC exposure. Although we did not have data on exposure to common
allergens, it is unlikely that large differences existed between the two groups in
exposure to these allergens.

Selection bias seems unlikely to explain the results. In our study, farmers were
not selected on exposure to disinfectants. Selection of the population of 198
farmers was based on respiratory symptoms, with a larger chance on selection
for symptomatic farmers. This potentially oversampled farmers with the
combination of atopic sensitization and the use of QAC (Table 6.3). However, this
did not influence our results since similar associations between atopic
sensitization and the use of QAC existed among symptomatic and asymptomatic
farmers.

Misclassification of disinfectants is unlikely to have introduced major bias,
despite the cross-sectional study design in which type of disinfectants was not
assessed prior to collection of serum for determination of IgE levels. All
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information on disinfectants was obtained by the same trained interviewer who
visited all farms and personally checked disinfectants present at that time. He
was unaware of respiratory symptoms of the farmers. Information on disinfectant
use among a subgroup of 86 pig farmers, acquired by means of an interview by
phone 1.5 year after initial data collection, showed that change of type of
disinfectant was rare, and independent of atopy, type of disinfectant and
respiratory symptoms.

We also evaluated a potential adjuvant role of endotoxin exposure. The level
of endotoxin exposure is high among pig farmers, and is thought to be an
important etiological factor in the development of respiratory effects’. In the
present study no enhancing effect of endotoxin exposure on specific or total IgE
sensitization was found. In fact, in an analysis with log-transformed endotoxin
exposure level, a statistically negative association with specific IgE sensitization
was present. The OR was 0.3 at an increase in exposure level of a factor 2.7
(95%-Cl 0.1 - 1.0). A potential adjuvant effect of endotoxin seems therefore
unlikely to exist among pig farmers. However, self-reported allergies were
strongly and positively related to endotoxin exposure concentration. The inverse
association between IgE sensitization and endotoxin exposure concentration
suggests that the positive association with self-reported allergies is not a result of
increased IgE sensitization. Norn et al.*® reported that endotoxins can enhance
histamine release from human leucocytes by IgE and non-IgE-mediated
mechanisms. In an in vifro study, they reported a markedly increased release
from cells from patients allergic to various common allergens when specific
antigens were presented to the cells after pretreatment with lipopolysaccharides.
Such a mechanism can play a role in the increased risk of chronic respiratory
symptoms for the combination of IgE sensitization to common allergens and high
endotoxin exposure, and for the higher prevalence of self-reported allergies in the
presence of higher endotoxin exposure concentrations.

Several authors suggested that increased atopic sensitization due to exposure
to non-allergenic air pollutants may be one of the mechanisms underlying the
observed increase in prevalence of IgE-mediated asthma®"*'. This suggestion is
mainly based on experimental animal studies, in which exposure to air pollutants
preceding or concurrent with allergen exposure resulted in an increase in atopic
sensitization’®. So far, only active smoking has been found to enhance atopic
sensitization in humans. These observations were made in occupational
epidemiological studies, of which the prospective study of Venables et al.*
showed this effect most convincingly. In that study, smokers had a four to five
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fold increased risk to develop a positive skin prick test against platinum salts. In
population based studies, usually higher total IgE levels were found among
smokers, but the association between specific IgE sensitization and smoking
habits is less obvious®. In our study we found that specific and total IgE was only
moderately and positively related to current smoking. The potential enhancing
effect of non-allergenic agents was in our study restricted to the use of QAC on
IgE sensitization to common allergens. No clear relationship was observed
between the use of disinfectants and total IgE sensitization. Such a discrepancy
in associations between specific and total IgE with exogenous factors was also
shown for smoking in the recently conducted population based study by
Omenaas et al.®®,

Exposure to disinfectants takes place about once a week, when disinfectants
are dispersed, usually with a pressure washer. This activity takes generally less
then 15 minutes. This implies that even occasional short-term exposure may
affect IgE sensitization. Several mechanisms have been suggested for the
adjuvant effect of non-allergenic air pollutants. Adsorption of allergens to the
adjuvant particles® is unlikely because of the non-concurrent exposure to
disinfectants and the allergens against which specific IgE antibodies were tested.
Increased permeability of the bronchial epithelium as suggested by Hulbert et
al.* can not be ruled out. Holt*®® mentioned interaction with, and toxic effects on
pulmonary alveolar macrophages, which would disturb the immunoregulatory role
of these cells in the IgE response, as potential mechanism. In our study the use
of disinfectants containing only QAC was strongest associated with specific IgE
sensitization. The QAC dimethyl dioctadecyl ammonium bromide has been shown
to affect the humoral response and the activity of macrophages in mice and in
vitro®. This favours some role of the latter mechanism.

Associations between respiratory symptoms and risk factors have been
presented for the entire population as well as the population in which the group
of symptomatics was restricted to those with mild bronchial responsiveness to
histamine (PC,, < 16 mg/ml), and the asymptomatics to those without bronchial
responsiveness (PC,, > 16 mg/ml). Associations between respiratory symptoms
and risk factors were strongest within the restricted population. Restriction was
applied to realize a maximum contrast between those with and without symptoms
consistent with asthma. Since bronchial hyperresponsiveness is regarded as a
hallmark of asthma, but in itself is not a specific method to define asthma, we
used the outcome of the histamine provocation test additionally to reported
chronic respiratory symptoms. Thoelle et al.*” proposed a similar procedure to
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define asthma in epidemiology, although their criteria differed from ours. The
criterium of bronchial responsiveness of PC,, < 16 mg/ml used in our study
could be subject of discussion, but a more severe criterium would have limited
the possibility to perform epidemiological analyses.

In conclusion, this study showed an increased risk of IgE sensitization to
common aeroallergens among farmers- using disinfectants containing QAC, which
is potentially the result of an adjuvant effect. In addition, atopic sensitization in
combination with the use of QAC or with exposure to high endotoxin levels,
seems to increase the risk of developing symptoms consistent with asthma. We
thus have probably identified a co-factor for the risk of atopic sensitization and for
the development of symptoms consistent with asthma. It is possible that similar
effects exist for exposure to other non-allergenic agents in the occupational or
general indoor or outdoor environment. To our knowledge, no studies have been
reported that were designed to test this hypothesis. Although endotoxins were not
related to an increase in IgE sensitization, our data suggest that they enhance
allergic reactions in a way that has not been studied yet in detail. Since allergies
occurred predominantly among farmers with chronic respiratory symptoms,
endotoxins may be a risk factor for these symptoms through these mechanisms.
The role of exposure to non-allergenic compounds in asthma and other chronic
respiratory symptoms may therefore be largely underestimated. Occupational
groups are particularly useful to study these concepts, since high exposure levels
to non-allergenic agents as well as allergens occur in numerous occupational
settings.
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7. 1gG, response to occupational aeroallergens in
relation to respiratory symptoms and bronchial
hyperresponsiveness in pig farmers

Liesbeth Preller, Gert Doekes, Dick Heederik

Abstract

Associations between chronic respiratory symptoms and Non-Specific Bronchial
Responsiveness (NSBR) on the one hand and IgG, against pig urinary proteins
on the other hand were evaluated in 191 Dutch pig farmers. In multiple logistic
regression analysis, 1gG, titres were inversely related to bronchial
responsiveness to histamine as outcome variable (PC,, < 16 mg/ml and PC,,
< 8 mg/ml). In addition, the combination of chronic respiratory symptoms and
PC,, < 16 mg/ml (both absent versus both present) was strongly and inversely
related to specific 1gG, titres. The odds ratio for titres from 6-50 compared to < 5
was 0.33 (95%-Cl 0.11-0.98) and for titres > 50 compared to < 5 was 0.16
(95%-Cl 0.04-0.66). Associations between chronic respiratory, irrespectively of
presence or absence of NSBR, and lgG, titres were weak. Although type | allergy
to pig-derived proteins is generally not regarded as the predominant mechanism
explaining the high prevalence of respiratory symptoms in pig farmers, our study
suggests that specific IgG, response to these occupational allergens may have a
pronounced protective effect against respiratory allergy.

Submitted to Allergy
109



Chapter 7

introduction

It has been suggested that high levels of specific IgG, antibodies can have a
protective role in atopic respiratory disease'. The hypothesis of a protective effect
was originally based on the frequently observed association of successful
immunotherapy with an allergen-specific 1gG, response. In pig farmers, the
prevalence rate of chronic respiratory symptoms is high, but no clear risk factors
have been identified®. IgE sensitization to work-related allergens was found to be
rare and could therefore not explain the high prevalence rate of respiratory
symptoms®. Presence of IgG and lgG, antibodies against pig urinary protein have
been shown in pig farmers*®. The present study was undertaken to evaluate the
relation between IgG, sensitization to pig urinary proteins and respiratory health
effects in pig farmers.

Material and methods

A cross-sectional study was performed among 191 Dutch pig farmers. The
population was selected based on results of a self administered questionnaire on
respiratory symptoms of the British Medical Research Council®. 96 farmers were
asymptomatic, and 95 had reported one or more of the following symptoms:
chronic cough, chronic phlegm, ever wheezing, frequent wheezing, shortness of
breath, or chest tightness.

Serology was performed, including analysis of IgG, and IgE antibodies against
pig urinary proteins and IgE against common allergens (house dust mite, grass
pollen, birch pollen and cat allergens). Anti-urine IgG, levels were assessed by
titration in ELISA plates coated with pig urinary proteins, essentially as described
by Hollander et al.”. For each serum, the titre was defined as the serum dilution
giving an OD,,, of 0.25. Titres below 1 were set to 1. Specific IgG, levels were
also assessed in 45 controls working in bakeries, laboratory animal centres, in
the potato starch industry, or in the animal feed industry. Assessment of specific
IgE will be described elsewhere (Vermeulen et al., in preparation). Positive IgE
against common allergens was defined as a positive reaction to one or more of
the tested allergens.

Bronchial responsiveness was tested in 186 farmers by histamine provocation
according to a modified procedure of the method described by Cockcroft et al..
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Histamine concentration ranged from 0.03 mg/ml to 16 mg/ml. Positive Non-

Specific Bronchial Responsiveness (NSBR) was defined in two ways:

- NSBR,y: PC, < 8 mg/ml (= 20% decrease in FEV, at a concentration of
< 8 mg/ml). Of 2 farmers, NSBR,,, could not be assessed;

- NSBR,y, PC,, = 16 mg/ml.

Associations between chronic respiratory symptoms and both definitions of NSBR
as outcome variable and lgG, titre as explanatory variable were evaluated. In
addition, the association for the combination of chronic respiratory symptoms and
NSBR,,4; Was assessed (symptomatic farmers with positive NSBR,,,, (n=40)
versus asymptomatic farmers with negative NSBR . (n=79)).

Associations between exposure group (pig farmers versus controls) or anti-pig
urine IgE sensitization, and (non-transformed) IgG, levels were tested with a
nonparametric test (PROC NPARTWAY SAVAGE). Associations between health
outcome as dependent variable and categorized levels of anti-urine IgG, were
tested using multiple logistic regression analysis and expressed as odds ratios
(OR) (PROC LOGISTIC). These associations were adjusted for smoking habits,
age and IgE sensitization to one or more common allergens. Statistical analyses
were performed with SAS/PC version 6.04.

Results and discussion

Pig farmers had higher anti-pig urine IgG, levels than controls (Figure 7.1)
(Savage test, p < 0.05). The 50 and 75 percentiles of the IgG, titre in pig farmers
were 8 and 130, respectively, and in controls 4 and 6, respectively. The
difference in titres as shown in Figure 7.1 most probably indicates a difference in
antigenic exposure. It might be speculated that the titres within the group of pig
farmers are also related to exposure levels. The only study reporting on antigenic
exposure in relation to IgG sensitization in pig farmers showed a relationship
between exposure to urinary proteins and the anti-urine 1gG titre*. However, no
distinction was made between IgG subclasses.

Associations between health outcomes and specific IgG, levels within the
group of pig farmers are presented in Table 7.1. An inverse trend was found for
the relation between chronic respiratory symptoms and IgG, levels, but the
associations were not statistically significant. However, a statistically significant
strong inverse association was observed between IgG, levels and NSBR .
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anti-pig urine [gG4 titre
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Figure 7.1 Anti-pig urine 1gG, titres in pig farmers and controls. » pig farmers with negative IgE
against pig urinary proteins; ¢ pig farmers with positive IgE against pig urinary
proteins; + controls.

NSBR,; is the parameter with which bronchial hyperresponsiveness is often
defined in clinical studies. In this analysis the two highest categories of IgG, titres
were taken together because of limited number of farmers with NSBR and high
anti-urine IgG, ftitres. Because of the low number of pig farmers with positive
NSBR,,s We also evaluated the association between NSBR,,,; and IgG, levels.
Using this definition, the association between NSBR by 3 categories of IgG,
levels showed that higher anti-urine IgG, levels appeared to be associated with
negativ; NSBR,,,., although only the comparison .of the highest titres (> 50) with
the lowest titres (< 5) resulted in a statistically significant association.

In our study, evaluated chronic respiratory symptoms comprised chronic
bronchitis-like symptoms as well as asthma-lke symptoms. Bronchial
hyperresponsiveness is a hallmark of asthma, and since a strong association
existed between NSBR and IgG, titre, we also evaluated the associations
between respiratory symptoms combined with NSBR and IgG, titres. Thus, the
difference in I1gG, levels between asymptomatic farmers with negative NSBR g,
and symptomatic farmers with positive NSBR,,,, was assessed. This enlarged
the contrast in asthma-like symptoms compared to the first definition of chronic
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respiratory symptoms: 67% of the farmers reporting chest tightness also had
positive NSBR,,,;, compared to only 32% of the farmers reporting chronic
phlegm. The combination of symptoms and NSBR,,,, was strongly and inversely
related to anti-pig urine IgG, levels, with a small OR of 0.16 for the highest 1gG,
levels compared to the lowest IgG, levels. The differences in associations
between chronic respiratory symptoms without and with combination with
NSBR,,,, indicates a stronger association with asthma-like symptoms than with
bronchitis-like symptoms.

Table 7.1  Distribution of anti-pig urine 1gG, titres (number of subjects) and associations
between respiratory health effects and 1gG, titres in multiple logistic regression
analysis (adjusted for age, current smoking and IgE against common allergens®).

1gG, titres
<5 6-50 > 50

chronic respiratory symptoms

no symptoms 28 33 35

symptoms 46 27 22

OR (95%-Cl) 1 0.53  (0.25-1.14) 0.56 (0.26 - 1.23)
NSBR 5

negative 61 55 52

positive 12 | 2 2 |

T

OR (85%-Cl) 1 0.24  (0.06-0.90) T
NSBR 416

negative 42 42 45

positive 32 16 9

OR (95%-Cl) 1 0.56  (0.25-1.22) 0.36 (0.14-0.91)
chronic respiratory symptoms
& NSBRgys

both absent 22 27 30

both present 26 10 4

OR (95%-Cl) 1 0.33  (0.11-0.98) 0.16 (0.04-0.66)

*

1 or more positive to house dust mite, grass pollen, birch pollen, or cat allergens
t categories of 6-50 and > 50 taken together
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In the population of 191 farmers, 9 farmers showed IgE against pig urinary
proteins. Anti-pig urine IgE and IgG, sensitization were positively correlated
(Savage test, p < 0.0001). In Figure 7.1, IgE positive and IgE negative farmers
have been indicated separately. Results of multiple logistic regression analyses
of chronic respiratory symptoms, NSBR or the combination of both, on IgG, titre
were essentially identical if the farmers with positive IgE against pig urinary
proteins were excluded.

We conclude that the observed associations potentially reflect a protective
effect of IgG, against respiratory health effects with a component of NSBR. Since
bronchial hyperresponsiveness is a hallmark of asthma, high anti-pig urine IgG,
levels may be particularly protective against asthma-like symptoms in pig
farmers. To our knowledge, this is the first study suggesting such a beneficial
effect of a specific 19G, response towards inhaled allergens outside therapeutical
settings. Specific I9G, responses against inhalation allergens have been studied
previously in e.g. bakers®, but no association was reported with rhinitis. The
general conclusion in comparable studies is that levels of specific IgG or 1gG,
reflect exposure, but that the role of these antibodies in inhalation allergy is
uncertain. An association between exposure and IgG, level is also likely in our
study. However, unlike other studies IgG, antibodies were strongly and inversely
related to respiratory health effects. We are not aware of selection processes or
factors not accounted for in the analyses that could have biased the associations
between respiratory health and IgG, levels to an extent that could explain our
findings.

In hyposensitization therapy, the induction of an allergen-specific IgG,
response is thought to be responsible for the therapeutic effect, through the
competition of these ’'blocking’ 19G, antibodies with specific IgE for the same
allergen molecules. This effect can, however, not explain the beneficial effects of
all hyposensitization therapies. A well established example of 'naturally’ occurring
IgG, with a protective effect against atopy is reported in beekeepers, in whom
bee venom specific IgG,, produced after prolonged exposure, competes with
specific IgE™.

An apparent controversy in our findings is that untit now, IgE against pig
urinary proteins has been regarded as relatively insignificant for the presence of
respiratory symptoms in pig farmers®®, although two cases of asthma induced by
pig urinary proteins have been described; one in a student in agricultural
sciences and one in a pig butcher'"'2. This would mean that the here reported
effect of specific 1gG, indicates that anti-pig urine IgE is in fact important, but that
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the effects of specific IgE in vivo are usually prevented by competing 1gG,, and
that the excess of IgG, antibodies also precludes the detection of specific IgE in
vitro. An alternative explanation might be, that the difference in IgG, titres reflects
a more general type of protective response against the respiratory health effects
of this specific occupational exposure, through an as yet unknown mechanism.

In conclusion, 1gG, against pig urinary proteins seems to protect against
chronic respiratory symptoms in pig farmers. A strong protective effect was
present only for the combination of these sympioms with NSBR, which can
potentially be attributed to a large extent to the strong association between NSBR
and 19G, levels. To our knowledge, there are no studies in specific occupational
settings or in the general population that studied the relationship between
bronchial hyperresponsiveness and specific 19G,. A protective role of specific
IgG, sensitization may therefore be largely underestimated in respiratory allergy.
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8. General discussion

General Findings

Exposure variability

The evidence from the literature on potential causes of respiratory health effects
among pig farmers is weak, and presents a quite confusing picture. High
endotoxin exposure levels have been proposed as the major etiological factor in
these effects. In our study, endotoxins were assessed in all dust samples that
were taken during one day in summer and winter for each individual pig farmer. It
was estimated that, given the exposure variability present, 42 endotoxin exposure
measurements would be required to estimate a relationship between baseline
lung function and endotoxin exposure which is underestimated to a limited extent
only. With the two measurements per individual, it was unlikely that a statistically
significant relationship would be detected. In one other study among pig farmers,
exposure variability has been addressed’. In this study, personal exposure to
endotoxins was estimated based on static measurements in differing types of
compartments in two seasons. Exposure concentrations were weighted according
to the time spent in these compartments. In this study, 33 exposure
measurements would theoretically be required to obtain a regression coefficient
which is underestimated by only 10%. This estimate of required sampling effort
does not take into account the generally poor correlation between exposures
assessed by personal and static sampling. One way to reduce the sampling effort
in order to estimate exposure-response relationships more accurately would be
the use of a control group with a much lower exposure level. This control group
should resemble the target group on all risk factors aside from exposure. This
seems a particularly difficult condition to enforce among pig farmers, given the
reported variation in prevalence of symptoms relative to control populations as
presented in Chapter 2. The number of exposure measurements required to
estimate associations between chronic respiratory health effects and exposure to
endotoxins was not met in any epidemiological study among pig farmers. In
studies where individual exposure estimates were related to baseline lung
function, the maximum number of repeated exposure estimates was two', as in
our study. The resulting poor quantification of long-term average exposure can be
a first reason why, even in the presence of high endotoxin exposure
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concentrations, relationships with chronic respiratory health effects could not be
established. A much more favourable variability in endotoxin exposure may be
the reason that these associations could be established in some other
occupational settings.

As in previous studies, in our study the number of exposure measurements
per individual was insufficient for use in epidemiological analyses. Simple
correction for attenuation to obtain unbiased estimates of exposure-response
relationships was not feasible, since correction for purely random error in
exposure assessment is complex in multiple regression analysis® and is of no
value if associations are weak.

An alternative approach in epidemiological studies to arrive at more valid
exposure assessment with the same sampling effort is application of grouping
strategies. In our study, however, smali interindividual variation in exposure and
the a priori absence of information that would allow grouping made a grouping
strategy unfeasible. Therefore, we modelled long-term average exposure for each
individual farmer, using data on outdoor temperature, farm characteristics and
activities performed over a period of 14 days. Modeling was carried out
independently of performance in exposure-response relationships. Stronger
exposure-response relationships, and the higher correlation between modelled
exposure and multiple exposure measurements in a small validation study among
six farmers suggest that modelled exposure is a more valid measure of long-term
average exposure than the average of measured exposure.

Epidemiological findings

Associations with health parameters were evaluated for exposure to dust,
endotoxins, ammonia and disinfectants. Dust exposure was modelled similarly to
endotoxin exposure. For ammonia, the average of two measurements during a
period of approximately 8 hours were taken. Exposure to disinfectants was
characterized by registration of type and amount of disinfectant and by
application procedures. The following associations were observed in our study.

Endotoxins

- An inverse association existed between endotoxin exposure and baseline lung
function in farmers without chronic respiratory symptoms and, less strongly, in
farmers who smoke;
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- The combination of chronic respiratory symptoms and bronchial
responsiveness was positively associated with endotoxin exposure, only in
farmers with serum-IgE against common allergens;

- A positive association was observed between endotoxin exposure and self-
reported allergies.

There was no difference in exposure to endotoxins between farmers with and
those without chronic respiratory symptoms, and there were no indications of a
positive association between endotoxin exposure and specific or total serum IgE.

Disinfectants

- Baseline lung function and chronic respiratory symptoms were associated with
characteristics of the application procedure such as pressure used in
disinfection and duration of the procedure. This was independent of type of
disinfectant;

- IgE sensitization to common allergens was positively related to the use of
disinfectants containing Quaternary Ammonium Compounds (QAC);

- Chronic respiratory symptoms with and without the combination with bronchial
responsiveness were positively associated with use of disinfectants containing
QAC, only in farmers with serum-IgE against common allergens;

- Serum-IgE antibodies against chloramine-T were not detected in our
population;

- In 2 out of 40 sera from farmers using QAC, IgE antibodies against QAC were
detected.

Ammonia

- Baseline lung function parameters indicative of airways obstruction were
inversely related to ammonia exposure, with stronger and steeper
relationships in symptomatic farmers.

There was no relationship between ammonia exposure and chronic respiratory
sympfoms.

Dust

in our population, no associations were observed between dust exposure and
chronic respiratory symptoms or baseline lung function.
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Additional immunological findings

- In 12 sera (6%), IgE antibodies against pig urinary proteins were detected;

- In 10 sera (6%), IgE antibodies against pig stable dust were detected. All
10 sera contained IgE against pig urinary proteins as well. Pig urinary
protein appeared to be the predominant IgE binding allergen in stable dust;

- If both sensitization to storage mites (16% positive) and pig urinary proteins is
considered to be work-related, then IgE against work-related allergens was
strongly and positively related to chronic respiratory symptoms;

- lgG, against pig urinary proteins was inversely related to respiratory health
effects with a component of non-specific bronchial responsiveness.

Other epidemiological studies among pig farmers were primarily focused on
associations between respiratory health effects and exposure to dust, endotoxins
or, to a lesser extent, ammonia. In our study, however, the effect of exposure to
disinfectants seemed to be very strong. If a strong risk factor is not considered
when studying the etiology of a health endpoint, then there is a considerable risk
that many health effects remain unexplained. In addition, insufficient correction
for variables as covariates in multiple regression analysis yields larger confidence
intervals for the other studied risk factors, limiting the chance that a primary risk
factor is recognized as potential causal factor. This may be another important
reason for the unexplained etiology in earlier studies.

Our study was an extension of the study initiated by the NCB Pig Farmers
Association®, in which farmers were selected based on symptoms of chronic
nonspecific lung disease (CNSLD). That design was based on the hypothesis
that the symptoms are all the expression of the same underlying disease entity.
This concept is known as the Dutch hypothesis*®. Evidence is still lacking to
either refute or support this hypothesis®. According to this hypothesis, symptoms
can become prevalent in genetically predisposed persons, and expression of
various symptoms of CNSLD, at a certain point of time, depends on
environmental factors. In pig farming, several types of exposure occur in
relatively high concentrations. It could be argued that the various types of
exposure are related to different expressions of CNSLD. The difference in
exposure-response relationships between the entire population and the
population that was restricted according to Non Specific Bronchial
Responsiveness (NSBR) suggests that distinct respiratory effects do occur in the
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presence of various environmental and host factors. Analysis of the data without
a discriminative definition of health effects may therefore obscure existing
exposure-response relationships.

In other studies, etiological factors of chronic respiratory health effects have
been studied by means of simple concepts which were generally focused on the
variation in base-line lung function. Lung function is an objective, but aspecific
measure of lung injury. Findings in our study suggest that explanatory models
used so far may have been too simple to explain the high prevalence rate of
chronic respiratory symptoms, being another reason of limited evidence on
etiological factors.

Further, in our population several other noteworthy observations were made
which have not been reported in other studies before. The first, a positive
association between IgE sensitization to common aeroallergens and disinfectants
containing QAC, suggests an adjuvant effect of QAC on this IgE response.
Secondly, atopic sensitization to common allergens may interact with
occupational exposure to endotoxins or quaternary ammonium compounds in the
development of chronic respiratory symptoms. The strong positive association
between endotoxin exposure and self-reported allergies was the third
observation, and may reflect a causal relationship. Lastly, results suggested that
specific 1gG, antibodies protect against respiratory health effects. The
immunological system seems thus to be involved in a complex fashion which is
not yet completely understood. Until now, the role of specific IgG, or IgE
sensitization in relation to respiratory health effects has been studied at the
population level to a limited extent, and only in simple models. In addition,
immunomodulating effects of non-allergenic exposures, and interactions between
non-allergenic exposures and atopic sensitization have not been considered in
studies in pig farmers. The absence of studies on immunological factors other
than direct sensitization to work-related allergens could be a fourth reason why
epidemiological studies showed little progress on finding etiological factors.

Bias
The selection procedure, with over-representation of farmers with (more severe)

chronic respiratory symptoms, hampered assessing unbiased associations
between exposure and baseline lung function in the base population, since
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associations differed between symptomatic and asymptomatic farmers. The base
population comprised farmers working daily more than five hours in pig farming.
On the other hand, over-representation of symptomatic farmers offered a better
possibility to study interactions between atopic sensitization and exposure in
relation to chronic respiratory symptoms, and to study factors that enhance the
progress of respiratory health effects in aiready symptomatic farmers.

Selection bias

Only farmers responding after a request to participate in the study were known to
us. No data of the base population was made available because of privacy
regulations. It could therefore not be evaluated whether self selection introduced
bias in exposure-response relationships by differences between the base
population and the study population. In the next selection step, farmers working
at least five hours a day in pig farming were selected. This led to a bias towards
farmers with larger farms. Subsequent selection was done on the basis of
symptomatology in two stages. Indications of selection bias in these stages can
be obtained by comparing the distribution of risk factors as reported in the first
stage questionnaire in included and excluded farmers, in both the symptomatic
and asymptomatic group. These risk factors comprise exposure as well as
personal characteristics such as smoking habits and atopic disease in childhood.
We found no indications that selection had occurred which could have falsified
our findings. Selection of cases was related only to the relative frequency of
disinfection: more selected cases disinfected after each cycle than non-selected
symptomatic farmers. This difference did not exist in asymptomatic farmers.
Indications that disinfection was related to respiratory health, were already found
in the first stage questionnaire data (Vogelzang et al., unpublished resuits), and
were also observed for base-line lung function in asymptomatic farmers. This
makes it plausible that the observed associations between health effects and
disinfection reflect true exposure-response relationships, and that they are no
artifacts as a result of the selection process. There were otherwise no differences
in farm characteristics that might have been surrogates for occupational
exposure, and neither in atopic disease in childhood and smoking habits between
included and excluded farmers. In this study, however, several endpoints have
been studied independently of the original selection procedure on respiratory
symptoms, whereas these endpoints were present in both the symptomatic and
the asymptomatic group. In these cases analyses stratified by symptomatic status
have been performed. For base-line lung function, different exposure-response
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relationships were found in cases and controls, and no unbiased estimate could
be made for the base population. For self-reported allergies, IgE sensitization to
common allergens, and bronchial responsiveness to histamine as endpoints, the
associations seemed to be independent of chronic respiratory symptoms.
Therefore, the selection procedure is expected to bias the exposure-response
relationships that could be anticipated in the base population to a limited extent
only.

Because of economical reasons, it is unlikely that a healthy worker effect, in the
sense that farmers quit their job after development of symptoms, plays a major
role. Thelin et al.” studied this effect in a large group of 1,113 Swedish farmers,
of whom specializations were not mentioned. They found that farmers changed
occupation in a period of 18 years 2 times less often than 1,441 non-farming
controls, and 3 times less than 174 farm workers who were no owners. For
farmers, allergy was a relatively important reason to change occupation
compared to control workers: 10 farmers versus 2 control workers per 1,000.
Considering that not specifically the first years of employment were evaluated,
change of job due to allergies could have been larger in starting farmers®. In our
study, self-reported allergies were strongly related to chronic respiratory
symptoms, particularly in combination with NSBR. In turn, in our population self-
reported allergies were strongly and positively related to endotoxin exposure
(Chapter 6). Selection as a result of allergy could therefore have biased the
association between endotoxin exposure and chronic respiratory symptoms. Also,
the role of allergies in chronic respiratory symptoms could have been
underestimated in our population.

Information bias

Errors in exposure assessment may be nondifferential (independent of health
outcome) and differential. Nondifferential misclassification generally leads to
underestimation of the effect, although after categorization of exposure also
overestimation or conversion of the true relationship can occur®. Differential
misclassification can cause bias in any direction.

In our study, errors in exposure assessment may occur first by errors in
current average exposure, which already have been discussed. In modelled
exposure, the influence of intraindividual variation was reduced and errors by
incomplete assessment of all sources of exposure was accounted for. However,
this measure of exposure was also subject to error which was introduced by
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errors in variables used to estimate exposure and limitations of the models. It is
unlikely that the errors in modelled exposure were differential, since no
differences existed in residuals between measured exposure and modelled
exposure during sampling between symptomatic and asymptomatic farmers (i~
test, p > 0.1).

Secondly, inherent in a cross-sectional study design, exposures responsible
for health effects may have altered after the onset of these effects. In the
presence of still considerable exposures, this need not lead to reversion of the
health effects. Misclassification of exposure by the time frame is possible by, for
example, changes in farm characteristics or by task allocation. Given the small
interindividual variation in exposure to endotoxins, dust and ammonia, a little
exposure misclassification can result into largely biased, most likely
underestimated, exposure-response relationships. Although associations between
the same exposures and chronic respiratory symptoms have neither been
reported in other occupational settings, it can not be ruled out that they exist but
that exposure misclassification obscured the relationships. This can only be
overcome adequately in prospective studies.

Confounding

By definition, a confounder is an independent risk factor of the studied health
outcome, which is also related to the risk factor under study. A confounder is not
an intermediate factor in the chain of events leading to disease. The relationship
between the studied risk factor and disease may be biased in any direction,
including conversion of the effect. Confounding of associations between risk
factors and end points (Chapters 5, 6 and 7) by other types of exposure, age,
smoking habits and atopic sensitization and atopic disease in childhood has been
evaluated and can be ruled out as confounder with reasonable certainty. No
adjustment was made for bronchial responsiveness, since this is likely not an
independent risk factor but an intermediate factor or even an independent
endpoint.

Association or causation
In this thesis the associations between respiratory health effects and exposure to

dust, endotoxins, ammonia and disinfectants were evaluated. For discussing the
possibility that these agents are causally related to respiratory health effects,
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several of the relevant criteria given by Hill"® will be used. These criteria include
the strength of associations, consistency with results in other circumstances, the
biological gradient, plausibility, coherence with known facts, and analogy with
other agents.

Before discussing causality for either of the agents, it should be stated that
none of the exposures that were associated with health effects, were strongly
related to one of the other evaluated exposures. In addition, in 60 samples taken -
on 10 farms, only a moderate correlation (R=0.53) existed between endotoxin
level and level of (1-+3)-8-D-glucans (Douwes et al., unpublished results).
Further, associations between health effects and endotoxin exposure were given
for modelled exposure. Modelled exposure depended partly on time spent on
activities, which had a large effect on modelled dust exposure levels as well. In
none of the presented associations between endotoxin exposure and health
outcome, dust exposure was (close to being) statistically significantly related to
these outcomes. Therefore, the chance that modelled endotoxin exposure was
only a surrogate for a true causal exposure which was also related to time spent
in pig farming, or that one of the exposures was only a surrogate for any of the
others, is not likely.

Endotoxins

The associations between endotoxin exposure concentration and base-line FVC
and FEV, which were observed in asymptomatic farmers is consistent with
results of cross-sectional studies in pig farming, cotton industry and grain
workers"'"®. The absence of an association between endotoxin exposure and
chronic respiratory symptoms is also consistent with results of the study among
workers in the Dutch animal feed industry®. It is not known what weight shouid
be given to the consistency with results of other studies among pig farmers. As
discussed, it is likely that exposure measured in those studies poorly reflect long-
term average exposure, while this is not compensated by a larger interindividual
variation in exposure.

To our knowledge, neither the interaction between endotoxin exposure and
atopic sensitization as determinant of chronic respiratory symptoms, nor specific
associations between self-reported allergies and endotoxin exposure have been
observed in previous observational studies. One longitudinal study, however,
suggests a positive association between exposure to endotoxin-containing grain
dust and the risk of atopic sensitization to common allergens as measured by a
skin prick test'. Although this is not in agreement with the absence of a positive
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association between endotoxin exposure and IgE sensitization in our study, the
underlying mechanisms of both positive associations may be similar. An
experimental study reported an enhancing effect of lipopolysaccharides (LPS) on
the reaction to house dust mite (HDM) allergens in a skin prick test in 20 patients
with HDM-allergy'. Earlier, Norn et al.” had reported that in the in vifro basophil
histamine release test, pretreatment of the cells with LPS markedly enhanced the
response to specific allergens. A similar effect may be responsible for both types
of association found in our study.

The observation that endotoxin exposure seemed to be more strongly related
to base-line lung function in asymptomatic workers than in symptomatic workers
is not supported by other studies. In various experimental studies with human
subjects, stronger acute obstructive reactions to exposure were found in
asthmatics, patients with symptoms of CNSLD in combination with bronchial
hyperresponsiveness, and rhinitis patients''®. This apparent contradiction could
be caused by potential misclassification of exposure in our study, limited
comparability between acute and chronic effects, and the difference in response
between individuals who are and who are not chronicly exposed to high levels of
endotoxins.

A stronger effect of endotoxin exposure on base-line lung function was
observed in ever smokers than in nonsmokers, although the association in ever
smokers was only borderline statistically significant. A stronger effect in smokers
is consistent with other studies reporting on associations between base-line lung
function and exposure to endotoxins or to organic dust containing endotoxins®2,

Results of in vivo human and animal experimental studies and of in vitro
studies strengthen the potential causal role of endotoxins/LPS in airways
pathology (Chapter 2).

Ammonia

The association between lung function and ammonia exposure was strongest in
symptomatic farmers. In analogy with, for example, the effect of inhaled sulphuric
acid on pulmonary function in asthmatics®, a stronger association in symptomatic
farmers is plausible.

Similar associations between exposure concentrations at levels encountered in
pig farming and respiratory health effects have not been reported in other
occupational settings®?. Evidence from other studies in pig farmers is very
weak. However, it can not be excluded that ammonia is only a marker of a
variety of gases in the animal buildings affecting the respiratory system.
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Since ammonia is hygroscopic, it is unlikely that ammonia in itself will have an
effect on the lower respiratory system, but its suggested indirect effect by binding
to small particles that can be inhaled deeper into the respiratory system??* may
be an explanation for the found association with lung function. This hypothesis
requires additional study.

Disinfectants

In other studies, chemical components present in disinfectants (Quaternary
Ammonium Compounds (QAC), aldehydes, and chloramine-T) have been
suggested to cause respiratory health effects (Chapter 2). The potential
interaction of QAC with atopic sensitization in respiratory disease etiology is
supported by previous reports of bronchoconstriction and increased bronchial
responsiveness to histamine in asthmatics due to QAC used as preservatives in
asthma drugs®.

The trends in the associations between either lung function or chronic
respiratory symptoms with pressure in and duration of the disinfection procedure,
as found in our study, strengthens the possibility of a causal relationship.

IgE sensitization to chloramine-T was not observed in our population, whereas
in other studies cases suffering from occupational asthma due to chloramine-T
have been reported to show positive skin prick tests or IgE against chloramine-
T*22 QAC-specific IgE was detected in only 2 out of 40 farmers using QAC. IgE-
mediated allergy has been shown in patients allergic to QAC used as muscle
relaxants®, but not in a case suffering from asthma induced by inhalation of
QAC-containing disinfectants*. An interaction of exposure to QAC or similar
chemicals and atopic sensitization, with chronic respiratory symptoms as
endpoint, has not been reported in other studies. Also, adjuvant activity of QAC
has not been reported before. The trend in the OR and strength of the
association when comparing disinfectants containing QAC only and QAC in
combination with aldehydes may reflect a dose-response effect, supporting the
hypothesis of an adjuvant effect. QAC have been shown to be potent adjuvants
in laboratory animals®. This further strengthens the possibility of an adjuvant
effect of QAC in pig farmers, although effects on the IgE response have not been
reported. An adjuvant effect is not known for other comparable inhaled chemical
agents, but has been suggested for cigarette smoke, diesel exhaust particles and
ozone*?*, Results also suggested positive associations between IgE sensitization
to common allergens and the use of any other disinfectant, with ORs exceeding
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2, but these associations did not reach statistical significance at the 5% level
possibly because of small numbers in some cells.

Dust

Dust as such is not likely to be causally related to respiratory health effects.
Consistent with our results, in experimental and observational studies on organic
dust exposure, associations indicating an exposure-response relationship were
not observed, or associations were weaker than with endotoxins present in the
dust'®®,

Work-related allergens

The prevalence rate of IgE sensitization to allergens in pig urine and pig stable
dust was low with 6% and 5%, respectively, whereas 10% was sensitized to
storage mites. Lower prevalence rates or prevalence rates in the same range
were found in other studies*®*2. In our study, the allergenic activity of pig farm
dust couid be attributed to pig urinary proteins. In another study, allergenic
activity of feed particles was suggested®. The relatively strong allergenic activity
of urinary proteins is in analogy with observations in workers with work-related
allergy in laboratory animal centres*.

At a population level, no other study among pig farmers has reported strong
associations between sensitization to work-related allergens, including both
storage mites and pig urinary proteins, and chronic respiratory symptoms, as
found in our study. This positive association could not be attributed to potential
cross reactivity between house dust mite and storage mite allergens®, since
associations remained strong after excluding farmers who showed sensitization
to both types of mites at the same time.

Other organic dust components

Several studies indicated that endotoxins are not the only components in organic
dust which are responsible for an inflammatory process in the respiratory system.
Larsson et al.*® compared the results of an experimental study on exposure to pig
farm dust and BAL findings in previously unexposed subjects, with another study
using LPS*. Swine dust had a larger influence than LPS on the increase in
alveolar macrophages, fibronectin and albumin, whereas the change in
lymphocytes and neutrophils was comparable. In an in vitro experiment by the
same group, human lung carcinoma cells were exposed to LPS, grain dust,
glucans and swine dust”®. Swine dust was more potent than pure LPS to
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increase interleukin-8 production. Von Essen et al.*® studied in vitro responses of
human cells to grain dusts. They found that endotoxins alone were not
responsible for inflammatory processes of grain dust, which is also present in pig
farms. Direct neutrophil chemotactic activity and activation of complement was
not reduced after grain sorghum was depleted from endotoxins, but the capacity
to release chemotactic activity by alveolar macrophages was decreased. The
nature of other organic dust components related to studied effects is not known.
Recently, (1-3)-8-D-glucans (present in fungi and plants) and peptidoglycans
(components of gram-positive bacteria) have been mentioned as a potential
respiratory health hazard®®'. These constituents have not been measured in our
population for epidemiological purposes. The rather constant ratio between the
concentration of total bacteria and endotoxin-containing gram-negative bacteria in
pig farms (Chapter 2), could lead to a significant correlation between exposure to
endotoxins and peptidoglycans. Although evidence in the literature on a causal
role of endotoxins in respiratory disease is much stronger than for
peptidoglycans, on the basis of our study it can not be excluded that
peptidoglycans are to some extent responsible for the observed relationships
between respiratory health and endotoxin exposure.

Control measures

Evidence exists that exposure to disinfectants and endotoxins are causally
related to chronic respiratory health effects, the strongest effects being estimated
for exposure to disinfectants. Based on this knowledge, control measures should
be directed on reducing the exposure levels to or inhaled dose of disinfectants in
the first place and endotoxins in the second place. Depending on the agent,
these measures can include in the following order: substitution, reduction of
source emission, isolation of the source, and use of personal protective
equipment.

Under current housing systems, disinfection remains necessary to control
animal disease. Studies in the veterinary discipline could be initiated to study in
the first place whether housing systems which require less disinfection, are
possible alternatives and secondly, whether the current use of disinfectants could
be reduced without an increase in animal disease. At the occupational hygiene
level, development of systems which do not require presence of the farmer
during disinfection can be considered. In addition, substitution of the specific
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disinfectant or adjustment of the procedure are options to reduce health hazards,
depending on the individual situation. When atopic sensitization to the applied
disinfectant is shown, substitution by other disinfectants may reduce the health
hazard. In our study the strongest associations with health risks were observed
for QAC-use. Although our results, in combination with observations on QAC in
other studies, make a causal relationship plausible, more evidence is needed
prior to considering total substitution of QAC. Our results further suggest that,
independent of the type of disinfectant, a shorter disinfection procedure and
avoidance of high pressure may reduce heaith hazards. Hygiene studies on
exposure levels and size distribution of particles to support these findings have
not been performed. Such studies are needed to investigate the background of
the reported associations and to recommend detailed control measures.

In Chapter 4, associations between farm characteristics and activities on the
one hand and endotoxin exposure concentrations on the other hand were
evaluated. The empirical models in which these were quantified, in combination
with common working conditions, suggested that adjustments in several flooring
characteristics and some feeding characteristics could yield considerable
reductions in exposure concentrations. The use of dry feeding was associated
with lower endotoxin exposure levels and may therefore be preferred above wet
feeding. Not all types of flooring can be applied in each compartment. However,
the data suggest for example that a convex floor can limit the exposure of
farmers to endotoxins, and that the use of floor heating should be kept to the
minimum required for the animal health. The use of personal protective
equipment during specific activities can be considered to limit effective exposure.
At the population level, the largest effect on long-term average exposure is
expected when used during feeding, but for individual farmers this may be
different. The models can, however, not predict actual reductions because of
limited explained variance of the model and false inferences on causal
associations by correlation between independent variables. Before taking control
measures which require large investments, studies are needed to corroborate the
findings in practical situations. In general, evaluation of the actual effect of control
measures by measurements is an essential step in the total process of designing
and implementation of these measures®. These studies need a good theoretical
basis with a sufficient number of samples for proper evaluation®.
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Concluding remarks and future studies

The picture on the etiology of respiratory health effects in pig farmers emerging
from this study is more complex than has been suggested so far. This study
strongly suggests that different agents as well as a variety of immunological
factors, with potentially a strong hereditary component, are important in the
etiology of chronic respiratory health effects. It seems that respiratory health
effects in pig farmers are not confined to one single disease entity. Models used
hitherto to identify causal factors seem to have oversimplified the actual
exposure-disease pathways. In addition, characterization of organic dust related
exposure seemed insufficient to establish exposure-response relationships. Poor
characterization was caused by an unfavourable exposure variability and most
likely also by the complex logistics of field work and large investments for
exposure assessment per individual compared to many other occupational
settings.

Work-related allergies appear to account for only part of the chronic
respiratory symptoms present in pig farmers. On the other hand, atopic
sensitization to common allergens seems to be an important condition for
development of chronic respiratory symptoms particularly those in combination
with NSBR. Atopic sensitization to common allergens may be enhanced by non-
allergenic occupational exposures.

In earlier studies, emphasis has been put on symptoms consistent with
chronic bronchitis. No potential etiological factors have been found that were
specifically related to this type of symptoms. However, exposure to disinfectants
and IgE sensitization to work-related allergens may have contributed to the
development of bronchitis-like symptoms, since reported positive associations
with chronic respiratory symptoms were not confined to symptoms that were
consistent with asthma. Also, measured as well as unmeasured agents may be
responsible for these symptoms. A potential association between measured
agents and bronchitis-like symptoms could have been obscured by strong
exposure misclassification.

The number of observations used in our epidemiological analyses varied. Next
to intentional restriction and data lacking on health outcomes because farmers
refused participation, this was most often caused by incomplete exposure
assessment and related aspects. Without substantial increase in study means,
this is difficult to avoid in this occupational setting.
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Future studies on etiological factors

Animal models could be used to support findings on the potential role of
disinfectants in respiratory disease etiology. Hypotheses on adjuvant activity of
components such as diesel or ozone, are also primarily based on animal models.

Studies using invasive techniques such as bronchoalveolar lavage may help to
understand mechanisms leading to impaired respiratory health. This should be
studied in pig farmers, since large differences were observed between Dpig
farmers and previously unexposed subjects.

Future epidemiological studies should be designed to investigate the role of a
variety of exposures and immunological processes in relation to incidence of
respiratory health effects and sensitization. The design and the factors to be
studied are determined by the potential complex etiology with a so far unknown
sequence of events, the unfavourable variability of several exposures, and by
potential differential exposure misclassification in cross-sectional studies. A
prospective study is needed with a population of considerable size. It should
exceed the largest studies carried out so far, which incorporated exposure
assessment, by a magnitude. To optimize study efficiency a population should be
selected which varies with respect to atopy, smoking habits and exposure. For
the latter, knowledge on associations between working conditions and exposure
levels as described in this study could be used. An international multicentre study
might have the additional advantage of a larger interindividual exposure variability
than a national cohort, although earlier studies suggested that this may not be
true for exposure to dust, endotoxins and ammonia. Exposure characterization
should be performed repeatedly. Models such as presented in Chapter 3 could
be helpful to limit costs of exposure assessment. These models used information
that can be obtained with relative low costs. They enable in the first place an
increase in the study population and thus an increase in power without a
proportional increase in sampling effort. In the second place they allow
registration of changes in exposure over time by changes in working conditions of
farmers.
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Summary

In the Netherlands, some 13,000 people work 20 or more hours per week on pig
farms (Chapter 1). Most are involved in typical family farms, each having one or
only a few workers. Studies carried out during the past two decades have shown
that working in pig farming, even for just a few hours per day, is associated with
a high prevalence rate of respiratory symptoms. However, evidence from the
literature on the potential causes of respiratory health effects is weak, and gives
a confusing picture. This study specifically focused on chronic respiratory health
effects.

In Chapter 2, a review of the literature is presented. A large number of
studies, usually focused on the assessment of the presence of respiratory
symptoms and on changes in respiratory ventilation, have been published. Only a
few included exposure assessment for the study of exposure-response
relationships or to identify determinants of exposure. In most studies, a large
percentage of pig farmers reported chronic respiratory symptomns, mainly cough,
phlegm, and chronic bronchitis. There were indications that exposure-related
reductions in base-line FEV,, FVC and FEV,/FVC were present in pig farmers,
while flow-volume parameters (MMEF and MEF,) seemed to be more strongly
reduced. Work-related allergies could not explain the high prevalence rate of
respiratory symptoms. Studies performed on non-specific bronchial
responsiveness in pig farmers show inconsistent results. Endotoxins are
frequently suggested to be a potential cause of respiratory health effects. In
some studies associations between the level of endotoxin exposure and base-line
lung function were observed, but in none of these studies was this association
based on personal exposure assessment. In these studies, endotoxin exposure
levels were not related to chronic respiratory symptoms. Exposure-response
relationships between dust/ammonia and chronic respiratory symptoms/base-line
lung function were generally not observed. The studies failed to uncover the
etiology of the health effects, for which several explanations were suggested.

By intensive exposure assessment and by assessing a large number of health
parameters, we studied potential etiological factors more extensively than
previous studies. 200 pig-farm owners working more than five hours per day in
pig farming were selected to participate in a cross-sectional case-control study.
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100 farmers with and 100 farmers without chronic respiratory symptoms were
selected, based on validated guestionnaires and a medical survey.

Poor characterization of exposure was one of the reasons suggested for the
limited evidence found concerning potential causes of chronic respiratory health
effects. Compared to other studies, we substantially improved exposure
assessment by measuring the exposure of the 200 pig farmers for two days, and
by means of personal sampling. In Chapter 3, we evaluated the extent to which
our sampling strategy for endotoxin exposure was useful for application in
exposure-response relationships. It was shown that, even with improved
exposure assessment, relationships between the average of both endotoxin
exposure measurements and base-line lung function were still expected to be
biased. Because of the large ratio between intraindividual and interindividual
variation in exposure alone, theoretically 42 measurements per individual would
be required to obtain an underestimation of those relationships by 10% or less.
Other factors, such as rarely occurring exposures (during activities which are
performed only once every few days) and large differences in exposure outside
the periods of exposure measurement, further biased exposure-response
relationships. Therefore, data on time activity patterns over a period of 14 days
and on farm characteristics were used to estimate long-term average exposure to
endotoxins by means of empirical modelling. Associations between base-line lung
function and exposure were found to be sironger when modelled exposure was
used, compared to individual average measured exposure. By modelling and
using information concerning more days than those during which exposure was
measured, first the influence of intraindividual variation in exposure was reduced
and second, presumably a more valid measure of long-term average exposure
was obtained. This was also substantiated by the results of a small-scale
validation study.

In Chapter 4, we describe the identification of determinants of exposure. The
results were used to reduce exposure to dust and endotoxins in order to
minimize health hazards. The mean Time-Weighted Average (TWA) exposure to
endotoxins was 129 ng/m® (arithmetic mean, range 6-1503 ng/m®), and to dust
3.0 mg/m® (arithmetic mean, range 0.3-27 mg/m®), averaged over all separate
actual measurements. The suggested and accepted threshold values for
occupational exposure were often exceeded for endotoxin exposure, and
sometimes for dust exposure. A number of flooring and some feeding
characteristics were found to be potential contributors to high endotoxin exposure
levels, and aspects of hygiene and feeding to high dust exposure levels. In
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addition, activities performed frequently and those involving the handling of active
animals were positively associated with exposure to dust and endotoxins. The
results suggest that in specific cases, large reductions in effective exposure can
be obtained by modifying farm characteristics and introducing appropriate
personal protection equipment during selected activities. However, additional
studies are needed to assess the actual effect in practical situations.

Associations between chronic respiratory symptoms and base-line lung
function on the one hand and various exposures on the other hand are evaluated
in Chapter 5. The results show strong associations between the duration of and
the pressure used during the disinfection procedure. For example, a procedure
lasting more than 10 minutes was associated with chronic respiratory symptoms
(odds ratio (OR)=3.9, 95% confidence interval (Cl) = 1.3-11.6), and with a
decrease in base-line lung function, e.g. 440 ml (se 180 ml) in FEV, in the entire
population. Exposure to endotoxins (average individual exposure: 111 ng/m®) was
inversely related to base-line lung function. In the total population, the estimated
decrease was approximately 315 ml for both FVC and FEV, (p < 0.10, tested
one-sided) over the 5-95 percentile range of exposure levels. In asymptomatic
farmers these associations were stronger in terms of statistical significance and
magnitude. The average individual exposure to ammonia was 1.7 mg/m® (range
0.3-4.2 mg/m®). The decrease in FEV, over the 5-95 percentile range of ammonia
exposure levels was 470 ml (p < 0.05) in the total population, but stronger
(statistical significance and magnitude) in sympfomatic farmers. Exposure to dust
(average over individuals 2.7 mg/m? was not related to base-line lung function.
Exposure to dust, endotoxins and ammonia was not associated with chronic
respiratory symptoms. The results suggest that the use of disinfectants may be
an important etiological factor in chronic respiratory health effects on pig farmers.
Evidence indicating exposure to endotoxins or ammonia playing a role in this was
weaker. Because of the population selection procedure, the presented
associations do not give unbiased estimates of these associations in the base
population.

Atopic (IgE) sensitization to aeroallergens can be a cause of respiratory health
impairment. We studied the association between chronic respiratory symptoms
and IgE sensitization to common as well as work-related allergens in various
ways. [n Chapter 6, associations between chronic symptoms and atopic
sensitization to common allergens in combination with exposure to specific
disinfectants or endotoxins are evaluated. Laboratory analyses of serum-IgE
antibodies against potfential work-related allergens and associations with
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symptoms are described in Appendix 2. In addition, it was evaluated whether
non-allergenic exposures (disinfectants and endotoxins) could have an effect on
atopic sensitization to common allergens and self-reported allergies (Chapter 6).
The results of the analyses suggested previously-unreported etiological pathways
of respiratory impairment in pig farmers.

First, a clearly positive association between chronic respiratory symptoms and
sensitization to potential work-related allergens (pig urinary proteins, pig-pen
dust, storage mites) was present (OR=2.7, 95%-CI| 1.1-6.4). This relationship was
independent of sensitization to house dust mite. The observed association
indicates that in some pig farmers chronic respiratory symptoms may develop as
a result of IgE sensitization to work-related allergens.

Secondly, the combination of IgE to common allergens and the use of
disinfectants containing quaternary ammonium compounds was strongly and
positively related to respiratory symptoms. Compared to farmers without IgE
sensitization to common allergens and who used no disinfectants or disinfectants
without quaternary ammonium compounds, the odds ratio was 4.3 (95%-Cl 1.3-
14.1) for chronic respiratory symptoms and 8.7 (95%-Cl 1.7-44.3) for asthma-like
symptoms. Asthma-like symptoms were defined as a combination of chronic
respiratory symptoms and non-specific bronchial responsiveness (PC,, < 16 mg
of histamine/mi). A combination of sensitization to common allergens and high
endotoxin exposure levels (> 101 ng/m®) was strongly associated with asthma-
like symptoms only (OR=6.3, 95%-Cl 1.0-37.9). Atopic sensitization to common
allergens and exposure to specific disinfectants or high endotoxin exposure levels
were independently not related to respiratory symptoms. This suggests that an
interaction may exist between non-allergenic exposures and atopic sensitization,
resuiting in an increased risk of respiratory symptoms.

Thirdly, [gE sensitization to common allergens appeared to be positively
associated with the use of disinfectants containing only quaternary ammonium
compounds (OR=7.3, 95%-Cl 1.3-42.5). Odds ratios for other disinfectants or
combinations of disinfectants ranged from 2.2 to 4.2, but were statistically not
significant (p > 0.05). Atopic sensitization was not positively related to endotoxin
exposure, but there was a strong positive association between self-reported
allergies and high endotoxin exposure levels (> 101 ng/m® OR=5.5, 95%-Cl 1.7-
17.6). This indicates that non-allergenic occupational exposure could in itself
enhance IgE sensitization to common allergens or affect the immuno-response in
another way, with increased risk of respiratory symptoms. Associations which are
to some extent comparable have been described before only in laboratory animal
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studies and in a few human epidemiological studies in incomparable settings.
Since evidence from the literature is sparse and the sequence of events cannot
be studied in a cross-sectional design, future research is needed to obtain more
evidence on the studied effects. This should preferably be prospective in design.

A protective effect against IgE-mediated allergies has been suggested for
some antigen-specific 1gG, antibodies by their potential blocking properties. We
studied such an effect for IgG, against pig urinary proteins (Chapter 7), aithough
type | allergy to pig-derived proteins is generally not regarded to be common
among pig farmers. In our population only 6% showed IgE sensitization to pig
urinary proteins (Appendix 2). 1gG, titres were inversely related to non-specific
bronchial responsiveness to histamine (PC,, < 16 mg/ml and PC,, < 8 mg/ml)
and to the combination of chronic respiratory symptoms and PC,, < 16 mg/mi
(both absent versus both present). For the latter, the odds ratio for titres from 6
to 50 compared to lower than 6 was 0.33 (95%-Cl 0.11-0.98) and the odds ratio
for titres exceeding 50 compared to lower than 6 was 0.16 (95%-CI 0.04-0.66).
Associations between chronic respiratory symptoms, irrespectively of non-specific
bronchial responsiveness, and IgG, titres were weak. The observed inverse
associations with respiratory health effects might be the result of the suggested
protective effect of antigen-specific 1gG,.

The results of our study have been discussed in view of other studies, taking
potential effects of bias into account (Chapter 8). The cross-sectional study
design might have led to misclassification of exposure that was relevant to the
studied health effects. Misclassification is possible in pig farming by, for example,
changes in farm characteristics or by task allocation. Given the small
interindividual variation in exposure to endotoxins, dust and ammonia, a little
exposure misclassification can result in seriously biased (usually underestimated)
exposure-response relationships.

The results of this study suggest that chronic respiratory health effects may be
caused by different agents, including non-allergenic as well as potential allergenic
agents. Some of the observed associations between non-allergenic exposures
and health effects seem to be independent of specific immunological
sensitization. The strength of the effects varied between groups classified
according to symptomatology or smoking habits. Some respiratory symptoms
could be caused by non-allergenic exposures that may act through mechanisms
which involve specific immunological sensitization to non-work-related allergens.
It is likely that such mechanisms are present at the level of an increase in IgE
response as well as an enhanced reaction in type | allergy. Specific IgE and 1gG,
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sensitization to allergens or antigens that are potentially work-related may
increase the risk of or protect against respiratory impairment, respectively.

A priori no such complex etiology was expected. As a result, small groups
were often used to study associations, with large confidence intervals for
estimated exposure-response relationships. Despite this limitation and the
drawback of the cross-sectional study design, the observed associations most
likely reflect actual mechanisms. At the population level, especially prospective
studies which are designed to study the postulated complex etiology are
necessary. The potential multifactorial causes and the role of specific
immunological sensitization with large interindividual variation require these
studies to include a large number of farmers or to apply appropriate restriction.
Given the unfavourable exposure-variability of several agents, exposure should
be assessed on multiple occasions.
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In Nederland werken ongeveer 13.000 mensen minimaal 20 uur per week in de
varkenshouderij. De meerderheid hiervan werkt op typische familiebedrijven,
waar één of enkele mensen min of meer full-time werkzaam zijn. Eerder
onderzoek wees uit dat werken in de varkenshouderij, ook al is dit slechts enkele
uren per dag, samengaat met een hoge prevalentie van luchtwegklachten. In de
literatuur kunnen echter geen duidelijke aanwijzingen gevonden worden wat de
mogelijke oorzaken zijn van de effecten op longen en luchtwegen. In ons
onderzoek hebben wij ons met name gericht op de chronische effecten.
Hoofdstuk 2 geeft een overzicht van de literatuur. In het verleden zijn er al
veel studies gedaan in verschillende landen die betrekking hadden op
luchtwegklachten van varkenshouders. Deze studies beschreven meestal het
véorkomen van klachten en van afwijkingen in de longfunctie. Er bestaan slechts
enkele studies waarin blootstelling werd gemeten om de relatie met respiratoire
effecten te kunnen onderzoeken, of waarin de relatie tussen blootstelling en
werkomstandigheden werd onderzocht. In de meeste onderzoeken bleken veel
varkenshouders chronische klachten te rapporteren, vooral van hoesten, slijm
ophoesten, of chronische bronchitis. Er waren aanwijzingen dat het werken in de
varkenshouderij een verlaging teweegbrengt van de belangrijkste parameters van
de basis-longfunctie (FVC en FEV,), maar negatieve effecten op de flow-volume
parameters (MMEF and MEF,) leken sterker te zijn. De hoge prevalentie van
kiachten kon niet verklaard worden door allergie tegen werk-gerelateerde
allergenen. De studies waarin effecten op niet-specifieke bronchiale reactiviteit
werden geévalueerd, lieten uiteenlopende resultaten zien. Er werd vaak
gesuggereerd dat blootstelling aan endotoxine een belangriike oorzaak zou
kunnen zijn van respiratoire effecten. In enkele studies kon een verband worden
aangetoond tussen het niveau van de endotoxine-blootstelling en de basis-
longfunctie, maar de blootstelling was in geen van deze studies persooniijk
gemeten. In dezelfde studies werd echter geen verband gevonden tussen het
véorkomen van chronische kiachten en het blootstellingsniveau. In het algemeen
konden evenmin associaties worden aangetoond tussen de blootstelling aan stof
of ammoniak, en de longfunctie of chronische klachten. Uit eerdere onderzoeken
is moeilijk af te leiden wat de oorzaken zijn van de effecten op longen en
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luchtwegen, en via welke mechanismen deze verlopen. Hiervoor werden
verschillende redenen gegeven.

Wij onderzochten mogelijke oorzakelijke factoren gedetailleerder dan in
andere studies door een groter aantal gezondheidsparameters te bepalen en
uitgebreidere karakterisering van de blootstelling. Er werden 200 eigenaren van
varkensbedrijven geselecteerd voor deelname aan een dwarsdoorsnede
onderzoek met een case-controle opzet. Uit een groep varkenshouders die
dagelijks 5 uur of meer in de varkenshouderij werkzaam is, werden er 100 met
en 100 zonder CARA-klachten geselecteerd op basis van gevalideerde
vragenlijsten en een gezondheidskundig onderzoek.

In hoofdstuk 2 werd de slechte karakterisering van de blootstelling genoemd
als één van de mogelijke redenen waarom er nog weinig bekend is over oorzaken
van chronische respiratoire effecten. In ons onderzoek was de karakterisering
van de blootstelling sterk verbeterd ten opzichte van andere onderzoeken door
de blootstelling aan stof, endotoxines en ammoniak gedurende twee dagen te
meten voor de 200 varkenshouders en door dit fe meten met persoonlijke
monstername. In hoofdstuk 3 werd voor endotoxine-blootstelling beoordeeld in
welke mate deze uitgebreidere karakterisering geschikt was om blootstellings-
effect relaties te kunnen kwantificeren. Zelfs met deze uitgebreidere
meetstrategie bleek het niet mogeliik een redelijke schatting te kunnen maken
van de werkelijke relaties tussen de basis-longfunctie en de gemiddelde
endotoxine-blootstelling. Door de relatief grote variatie in blootstelling binnen
personen ten opzichte van die tussen personen zouden er theoretisch 42
metingen per individu nodig zijn om een onderschatting van ten hoogste 10
procent te bereiken. Andere factoren zorgden voor verdere vertekening van de
blootstellings-effect relaties, zoals het incidenteel uitvoeren van bepaalde
activiteiten met specificke blootstelling en de grote verschillen in de blootstelling
buiten de periodes waarin de blootstelling werd gemeten. We gebruikten daarom
gegevens over werkzaamheden gedurende twee volledige weken en over
bedrijffskenmerken om, met behulp van empirische modellen, de lange-termijn
blootstelling aan endotoxine te kunnen schatten. De relaties tussen longfunctie
en blootstelling waren sterker (in termen van grootte en statistische significantie)
voor de gemodelleerde blootsteling dan voor de gemiddelde gemeten
blootstelling. Door de nadelige invioed van de variatie in de blootstelling met
modelleren te verkleinen en door gebruik te maken van informatie over
werkzaamheden gedurende 14 dagen, is het aannemelijk\"dat er een betere maat
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werd verkregen voor de lange-termijn blootstelling. Dit idee werd ondersteund
door de resultaten van een kleine validatie-studie.

In hoofdstuk 4 beschreven we hoe we determinanten van blootstelling hebben
onderscheiden. De resultaten werden gebruikt om methoden aan te kunnen
geven waardoor de effectieve blootstelling aan stof en endotoxinen verminderd
kan worden, om daarmee het risico op respiratoire effecten te verkleinen. De
gemeten Tijd Gewogen Gemiddelde blootstelling aan endotoxinen was 129 ng/m®
(rekenkundig gemiddelde, range 6-1503 ng/m®), en aan stof 3,0 mg/m®
(rekenkundig gemiddelde, range 0,3-27 mg/m®). Deze waarden zijn gemiddelden
over alle metingen. De voorgestelde grenswaarde voor blootstelling aan
endotoxine in de arbeidssituatie werd vaak overschreden, terwijl de vastgestelde:
waarde voor stof in een beperkt aantal gevallen werd overschreden. Vooral veel
vioertypen en enkele voedermethoden waren gerelateerd aan de endotoxine-
blootstelling, terwijl met name een aantal voedermethoden en aspecten van
hygiéne gerelateerd bleken te zijn aan de stofblootstelling. Verder was er een
positief verband tussen een aantal activiteiten die dagelijks werden uitgevoerd of
waarbij erg actieve dieren betrokken waren, en het niveau van stof- en
endotoxine-blootstelling. Deze resultaten suggereren dat er door aanpassingen in
bedriffskenmerken en het gebruik van goede persoonlike adembescherming in
specifieke gevallen een sterk verlaagde effectieve blootstelling gerealiseerd kan
worden. Er zijn echter nog aanvullende studies nodig om het werkelijke effect te
kunnen bepalen.

In hoofdstuk 5 werden de verbanden geé&valueerd tussen CARA-klachten en
basis-longfunctie enerzijds en verscheidene typen blootstelling anderzijds. Er
werden sterke associaties gevonden met de duur van de desinfectie-procedure
en de druk die daarbij gebruikt werd. Een procedure van meer dan 10 minuten
bleek gerelateerd te =zijn aan voorkomen van CARA-klachten (odds ratio
(OR)=3,9, 95%-betrouwbaarheidsinterval 1,3-11,6) en een slechtere
basislongfunctie, bijvoorbeeld gemiddeld een 440 ml (se 180 ml) lagere FEV, in
de gehele populatie (volume bij geforceerde uitademing in 1° seconde).
Blootstelling aan endotoxinen (gemiddelde individuele biootsteling: 111 ng/m?®)
was negatief geassocieerd met de longfunctie. In de hele populatie was de
geschatte daling in de FEV, en FVC (totaal volume bij geforceerde uitademing)
ongeveer 315 ml over de 5-95 percentiel range (p < 0,10, eenzijdig getest), maar
de associaties waren sterker in termen van grootte en statistische significantie in
de groep varkenshouders zonder CARA-klachten. De gemiddelde individuele
blootstelling aan ammoniak was 1,7 mg/m® (range 0,3-4,2 mg/m®). De daling in
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FEV, over de 5-95 percentiel range van de ammoniak blootstelling was 470 mi (p
< 0,05) en sterker bij varkenshouders met CARA-klachten. Blootstelling aan stof
(gemiddeld over individuen 2,7 mg/m®) was niet gerelateerd aan de longfunctie.
Er was geen verband tussen stof-, endotoxine of ammoniakblootstelling en
CARA-klachten. De resultaten suggereren dat desinfectantia mogelik belangrijk
zijn bij het ontstaan van chronische respiratoire effecten bij varkenshouders. De
resultaten van ons onderzoek die wijzen op een mogelijk causaal verband met
blootstelling aan endotoxinen en ammoniak zijn zwakker. Vanwege de
gehanteerde selectieprocedure zijn de gepresenteerde verbanden niet
representatief voor de verbanden die in de basis-populatie verwacht mogen
worden.

Atopische (IgE-) sensitisatie tegen aeroallergenen kan een oorzaak zijn van
verslechterde respiratoire gezondheid. Wij bestudeerden op verschillende
manieren het verband tussen CARA-klachten en IgE-sensitisatie tegen algemeen
voorkomende (huisstofmijt, graspollen, berkepollen en kat) en werkgerelateerde
allergenen. In hoofdstuk 6 zijn de relaties geévalueerd met atopische sensitisatie
tegen algemene allergenen in combinatie met blootsteling aan specificke
desinfectantia of aan endotoxine-blootstelling. In Appendix 2 zijn laboratorium
analyses van IgE-antilichamen tegen mogelijk werkgerelateerde allergenen
beschreven, en de relatie met klachten. Daarnaast werd gekeken of niet-
allergene blootstelling gerelateerd was aan atopische sensitisatie en zelf
gerapporteerde allergieén (hoofdstuk 6). De resultaten van deze analyses
suggereren mogelijk oorzakelijke verbanden die nog niet eerder genoemd zijn.

In eerste instantie bleek er een positief verband te bestaan tussen CARA-
klachten en sensitisatie tegen werkgerelateerde allergenen: varkensurine-
eiwitten, stalstof en voorraadmijt, hoewel het niet zeker is dat sensitisatie tegen
voorraadmijt veroorzaakt wordt door werken in de varkenshouderij. Voor dit
verband was de odds ratio 2,7 (95%-bthi 1,1-6,4). Het verband was onafhankelijk
van sensitisatie tegen huisstofmijt. Het lijkt dus aannemelijk dat een deel van de
varkenshouders CARA-klachten kan hebben door specifieke sensitisatie tegen
deze werkgerelateerde allergenen.

Ten tweede bleek er een sterk verband te bestaan tussen CARA-klachten en
de combinatie van IgE tegen algemene allergenen en het gebruik van
desinfectantia met quaternaire ammonium verbindingen. Ten opzichte van de
varkenshouders zonder IgE-sensitisatie en die geen of andere desinfectantia
gebruikten, was de odds ratio 4,3 (95%-bthi 1,3-14,1) voor alle CARA-klachten
en 8,7 (95%-bthi 1,7-44,3) voor astma-achtige klachten. Astma-achtige klachten
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waren gedefinieerd als de combinatie van CARA-klachten met licht verhoogde
niet-specifieke bronchiale reactiviteit (PC,, < 16 mg histamine per ml). De
combinatie van IgE-sensitisatie tegen algemene allergenen en een hoge
endotoxine-blootstelling (> 101 ng/m®) was op een vergelijkbare manier sterk
geassocieerd met astma-achtige klachten (OR=6,3, 95%-bthi 1,0-37,9). IgE-
sensitisatie, het gebruik van desinfectantia met quaternaire ammonium
verbindingen, en een hoge endotoxine-blootstelling bleken onafhankelijk van
elkaar niet samen te hangen met de aanwezigheid van CARA-klachten in het
algemeen of met astma-achtige klachten. Het gevonden verband wijst op een
mogelijke interactie tussen IgE-sensitisatie en blootstelling aan niet-allergene
stoffen, die leidt tot een verhoogd risico op het krijgen van verschillende CARA-
klachten.

Ten derde bleek er een sterk positief verband te bestaan tussen IgE-
sensitisatie tegen algemene allergenen en het gebruik van desinfectantia die
alleen quaternaire ammonium verbindingen als actieve componenten bevatten
(OR=7,3, 95%-bthi 1,3-42,5). Odds ratio’s voor andere desinfectantia of
combinaties van actieve stoffen lagen tussen 2,2 en 4,2, maar waren niet
statistisch  significant (p > 0,05). Atopische sensitisate was niet positief
gerelateerd aan de endotoxine-blootstelling, maar daarentegen bleek er een sterk
positief verband te bestaan tussen zelf gerapporteerde allergieén en endotoxine-
blootstelling (> 101 versus < 101 ng/m®) met een odds ratio van 5,5 (95%-bthi
1,7-17,6). Deze verbanden suggereren dat niet-allergene blootstellingen
specifieke IgE-sensitisatie kunnen bevorderen of dat ze het immuunsysteem op
een andere manier beinvioeden met een verhoogd risico op respiratoire
symptomen. Deze typen associaties met niet-allergene inhalatie expositie zijn
eerder alleen gevonden in proefdier-onderzoek en in enkele humaan
epidemiologische studies, maar alleen in situaties die niet vergelijkbaar zijn met
de varkenshouderij. Omdat er tot nu toe weinig vergelijkbare verbanden zijn
gerapporteerd en omdat de volgorde van de effecten die uiteindelijk leiden tot
een verhoogd risico op luchtwegklachten niet bestudeerd kan worden in een
dwarsdoorsnede onderzoek, is op dit terrein aanvullend onderzoek nodig dat bij
voorkeur prospectief van opzet is.

In de literatuur is gesuggereerd dat sommige antigeen-specificke IgG,-
antilichamen mogelilk een beschermend effect hebben tegen IgE-gemedieerde
allergieén, met name door competitic met IgE-antilichamen tegen dezelfde
allergenen. Wijj hebben een dergelijk effect bestudeerd voor IgG, tegen
varkensurine-eiwitten  (hoofdstuk 7), hoewel er in het algemeen wordt

147



Samenvatting

aangenomen dat een type-l allergie tegen varkens-allergenen geen belangrijke
rol speelt bij het voorkomen van CARA-klachten bij varkenshouders. 6 procent
van onze populatie varkenshouders bleek IgE-antilichamen te hebben tegen
varkensurine-eiwitten (Appendix 2). Bij varkenshouders zonder bronchiale
reactiviteit tegen histamine (zowel PC,, > 16 mg/m! als PC,, > 8 mg/mi) en die
geen astma-achtige klachten hadden (geen CARA-klachten en PC,, > 16 mg/ml),
werden er duidelijk vaker hoge IgG,-titers gevonden dan bij varkenshouders met
bronchiale reactiviteit of astma-achtige klachten. Voor het verband met astma-
achtige klachten werd een odds ratio gevonden van 0,33 (95%-bthi 0,11-0,98)
voor titers van 6 tot 50 vergeleken met 5 of lager, terwijl de odds ratio voor titers
van 50 of hoger vergeleken met 5 of lager 0,16 was (95%-bthi 0,04-0,66). De
verbanden met CARA-klachten in het algemeen waren wel negatief, maar deze
waren niet sterk. De gevonden inverse verbanden met astma-achtige klachten en
bronchiale reactiviteit zijn mogelijk het gevoly van de verondersielde
beschermende werking van antigeen-specifiek [gG,.

De resultaten van ons onderzoek worden in hoofdstuk 8 bediscussieerd in het
licht van resultaten van andere onderzoeken. Daarbij werd ook rekening
gehouden met mogelijke vertekening van de uitkomsten, wat in dit type
epidemiologisch onderzoek veroorzaakt kan worden door verschillende
onderzoeks-gerelateerde factoren. Het is mogelijk dat er in ons onderzoek
misclassificatie van de blootstelling optrad die de relaties tussen blootstelling en
effecten wezenlijk vertekende. Deze misclassificatie is in de varkenshouderij
bijvoorbeeld mogelijk door taakverdeling tussen mensen binnen hetzelfde bedriff.
Bij het geringe verschil in blootstelling aan stof, endotoxinen en ammoniak tussen
de onderzochte varkenshouders, was het mogelijk dat geringe misclassificatie al
tot gevolg kan hebben dat werkelijke effecten sterk onderschat of in het geheel
niet gedetecteerd worden.

De resultaten van ons onderzoek suggereren dat chronische respiratoire
effecten het gevolg kunnen zin van blootstelling aan verschillende typen
blootstelling, zowel allergene als niet-allergene stoffen. Sommige associaties met
niet-allergene stoffen lijken onafhankelijk te zijn van specifieke immunologische
sensitisatie. De sterkte van deze effecten varieerde tussen verschillende
groepen, afhankeljk van aanwezigheid van klachten en rookgewoonten.
Sommige respiratoire effecten door blootstelling aan niet-allergene stoffen
zouden echter het gevolg kunnen zijn van mechanismen die verlopen via
interactie met specifiecke immunologische sensitisatie tegen niet-werkgerelateerde
allergenen. Het is waarschijnlijk dat deze interacties aanwezig zijn op het niveau
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van versterkte IgE-sensitisatic en een versterkte reactie bij een type-l allergie.
Daarnaast lijkt het mogelijk dat specifieke IgE- en IgG,-sensitisatie tegen
werkgerelateerde allergenen en antigenen het risico op effecten respectievelijk
verhogen en verlagen.

Bij aanvang van het onderzoek was er geen rekening gehouden met zo’n
grote verscheidenheid aan etiologische factoren en mechanismen. Hierdoor
konden veel verbanden slechts beschreven worden voor kleine groepen,
waardoor de betrouwbaarheidsintervallen groot waren. Ondanks deze beperking
en het nadeel van de dwarsdoorsnede-opzet van het onderzoek, is het
waarschijnlijk dat de beschreven effecten in werkelijkheid voorkomen. Om meer
zekerheid te krijgen over de mechanismen en typen blootstelling die leiden tot
chronische respiratoire effecten, zal vervolg-onderzoek vooral prospectief dienen
te zijn. Door de vele factoren en mechanismen die onafhankelik van elkaar
mogelijk deze effecten veroorzaken, is het nodig dat dergelijk onderzoek wordt
uitgevoerd in een grote groep varkenshouders, of dat door juiste restrictie de
verstorende effecten van andere typen blootsteling en mechanismen worden
vermeden. Omdat er binnen de groep varkenshouders relatief weinig variatie
bestaat in gemiddelde blootstelling aan verschillende stoffen en juist relatief veel
variatie in de tijd binnen één en dezelfde persoon, zal de blootstelling aan deze
stoffen herhaald uitgevoerd moeten worden om werkelijke blootstellings-effect
relaties beter te kunnen kwantificeren.
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Appendix 1. Questionnaires on Chronic Respiratory Symptoms

Appendix 1.1

1.

Heeft u gedurende de laatste 2 jaar wel 3 maanden vrijwel dagelijks
gehoest?

Heeft u gedurende de laatste 2 jaar wel 3 maanden vrijwel dagelijks slijm
opgehoest?

Heeft u wel eens last van kortademigheid als u met leeftijdsgenoten in
normaal tempo op viak terrein wandelt?

Hebt u ooit last van piepen op de borst gehad?

Zo ja, heeft u dit de laatste 2 jaar wel eens meer dan één week achtereen
gehad?

Heeft u weleens aanvallen van benauwdheid (astma) gehad?

Appendix 1.2

1.
2.
3.

Hoest u vrijwel dagelijks, wel 3 maanden per jaar?
Geeft u zo vrijwel dageliks fluimen op, wel 3 maanden per jaar?

Heeft u in de afgelopen 3 jaren weleens een periode gehad van (een
toename van) hoesten en opgeven van fluimen, die minstens 3 weken
duurde?

Heeft u last van kortademigheid, wanneer u met andere mensen van uw
leeftijd in normaal tempo op viak terrein loopt?

Heeft u ooit last van 'piepen’ op de borst' gehad?

Heeft u in de afgelopen 3 jaren vaker dan 1 keer een periode gehad van
(een toename van) hoesten en opgeven van fluimen, die minstens 3 weken
duurde?

Heeft u last van kortademigheid, wanneer u met andere mensen van uw
leeftijd in normaal tempo op vlak terrein loopt?

Heeft u de meeste dagen of nachten last van 'piepen’ op de borst'?

Heeft u weleens in rust aanvallen van benauwdheid met 'piepen’ op de borst’
gehad? (astma aanvallen)
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IgE antibodies against pig urinary proteins in pig farmers

Roel Vermeulen, Liesbeth Preller, Gert Doekes, Jack Spithoven, Dick Heederik

Abstract

Respiratory symptoms are common among pig farmers. Type | reactivity to pig
stable allergens has been described in some pig farmers as a cause of
occupational asthma. This study was performed (1) to estimate more accurately
the prevalence of type | reactivity towards pig stable allergens; (2) to identify the
IgE-binding allergens; and (3) to assess its contribution to the occurrence of
respiratory health problems in this occupational group. Sera of 200 pig farmers
were selected: 100 from subjects with chronic respiratory symptoms and 100
without any of the chronic respiratory symptoms. Enzyme immunoassays (EIA)
were used to assess IgE reacting with pig stable dust extracts, or with pig urinary
proteins (PUP) and inhibition EIA to determine cross-reactivity of PUP with pig
stable dust extracts, pig serum proteins, and serum albumin. Immunaoblotting was
performed with pig stable dust extract and PUP to determine major IgE binding
components. IgE to pig stable dust and PUP was found in 5% and 6%,
respectively, of the total population. A strong correlation between the IgE
reactions with PUP, pig stable dust and pig serum was observed, and these
preparations showed almost complete mutual inhibition in the IgE EIA.
Immunoblotting showed an almost identical IgE pattern for PUP and pig stable
dust extracts, identifying the 58 kDa and 33 kDa band as major allergens. Almost
no differences in reaction pattern between the individual sera were observed.

Respiratory symptoms had a non-significant tendency to occur more frequently
among seropositive individuals. Serum IgE to PUP can be found in a small but
substantial proportion of all pig farmers, and accounts for practically all of the IgE
reactivity towards crude pig stable dust extracts, at least in our population. The
major IgE binding components in PUP are serum-derived proteins of 58 kDa and
33 kDa. Although atopic sensitization to PUP seems to be no major risk factor, it
might significantly contribute to the occurrence and severity of respiratory health
problems in pig farmers.
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Introduction

Respiratory symptoms are common among pig farmers™. Epidemiological
studies have demonstrated high prevalence rates of respiratory symptoms such
as chronic cough, chronic phlegm, shortness of breath, wheezing and chest
tightness. In a health survey among 172 Dutch pig farmers, more than 40%
reported at least one chronic respiratory symptom®. Exposure to pig stable dust is
presumed to be the major cause of these respiratory symptoms®®. However,
crude pig stable dust is a heterogenous mixture of moulds, bacteria, insect parts,
pollen, pig feed, pig urinary proteins (PUP), dried pig faeces and microbial
compounds like endotoxins®®. Because of the complex composition of pig stable
dust, respiratory symptoms might be caused by several inflammatory reaction
mechanisms: non-specific reactions to irritants, toxic reactions and immediate or
late phase allergic mechanisms.

Several studies in the general farming population have investigated the
occurrence of type | allergy to work-related allergens, such as storage mites,
animal feed components and mammalian derived allergens. In general,
sensitization to storage mites had the highest prevalence, whereas the
prevalence of sensitization to pig allergens appeared to be low”*. In the majority
of these studies the study population consisted of dairy farmers or a combination
of farmers from the general farming population. Few studies have been
performed exclusively among pig farmers, and in the available studies the
populations were generally small. Moreover, conflicting results were reported with
respect to the presence of IgE to pig allergens. Katila et al.", Brouwer et al."?,
Zhou et al."® and Larsson et al.’ found no IgE sensitization to pig allergens.
Matson et al.'” found 1 out of 41 pig farmers to be sensitized to pig allergens,
whereas Crook et al."®, Cormier et al." and Zuskin et al.® found much higher
prevalences of sensitization to pig allergens, varying from 12.5% to 44.0%.
However, only two cases have been described in which asthma was caused by
the presence of IgE antibodies to pig-derived allergens®?. The pig-derived
antigens tested in these studies were epithelium, hair, urine and plasma. In
studies among laboratory animal workers it has been shown that urine from rats,
mice, rabbits, dogs, and guinea pigs are important allergens?*%.

This study was performed (1) to estimate more accurately the prevalence of
IgE antibodies reacting with pig stable dust components and/or PUP; (2) to
identify the IgE-binding components in pig stable dust and PUP; and (3) to
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investigate the relation between the IgE response to pig stable dust and PUP,
and the presence of self-reported respiratory symptoms in pig farmers.

Methods

Subjects

Sera were collected from 200 male owners of pig farms, who worked at least 5
hours a day in pig farming. These subjects were selected from a group of 1,504
pig farmers living in the southeast of the Netherlands, in which a large-scale
health survey was performed using self-administered questionnaires*?. Of all
pig farmers, 33% reported one or more of the following respiratory symptoms:
chronic cough, chronic phlegm, shortness of breath, ever wheezing, frequent
wheezing or chest tightness. One hundred farmers with at least one, and 100
farmers without chronic respiratory symptoms were selected for further medical
investigation and exposure measurements. Venous blood samples were taken,
and collected serum was stored at -20°C. For the present study all sera were
defrosted and divided into 6 tubes and stored at -20°C before use. For each test
a new tube was used. Personal inhalable dust and personal ammonia samples
were taken during one work shift in summer and in winter. The procedures for
assessment of dust, ammonia and endotoxin exposure have been described

elsewhere®®,

Allergens

Pig urine was collected from several sows and finishing pigs and centrifuged at
25,000 g at 4°C for 30 minutes. The supernatant was dialysed for 48 hours
against 0.06 M NH,HCO,, 48 hours against distilled water, and lyophilized.
Settled pig stable dust was collected from pipes in swine confinement buildings
on eye-level and suspended in carbonate-buffered saline pH 7.2 containing
42 mM phenol to prevent the growth of fungi or bacteria. The slurry was shaken
for 48 hours and centrifuged at 25,000 g. The supernatant was filtered through a
0.45 ym Millipore filter (Millex-HA), dialysed against distilled water for 48 hours,
and lyophilized.

Preparations of common environmental allergens and storage mites were
obtained as lyophilized extracts from ALK Benelux (Houten, The Netherlands):
birch pollen (Betula verrucosa, product no. 02.04), cat hair (Felis Catus, 15.02),
house dust mite (Dermatophagoides ptemoyssinus, 10.01), rye grass pollen
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(Lolium perenne, 01.03), timothy grass pollen (Phleum pratense, 01.07), and
storage mites (mixture of Lepidoglyphus destrucfor, Tyrophagus putrescentiae
and Acarus siro, 35.00).

Stock solutions of these allergens, prepared by dissolving lyophilized extracts
at 1 mg/ml in fresh phosphate-buffered saline (PBS), were made weekly and
stored in aliquots at -20°C. For the determination of anti-grass pollen IgE, a 1/1
mixture of rye grass and timothy pollen allergen solution was used.

Measurement of specific IgE

Specific IgE was measured by enzyme immunosorbent assay (EIA) as described
previously®’. All incubations were performed with 0.1 ml aliquots and each
incubation was followed by extensive washing, 3 cycles on an automatic plate
washer (LKB-Pharmacia) with PBS pH 7.4 containing 0.05% (v/v) Tween-20
(PBT) (Polysorbatum, Merck, Miinchen, Germany). Flat-bottom 96-wells
polystyrene microtiter plates with high binding capacity (product no. 655061;
Greiner, Nuertingen, Germany) were coated overnight at 4°C with allergen
dilutions - pig stable dust and PUP at 50 ug/ml, and the common environmental
allergens at 25 ug/ml in PBS. Sera diluted 1/10 in PBT containing 0.5% (w/v)
gelatin (Merck, Darmstadt, Germany) (PBTG) were added to the wells, and
incubated for 2 hrs at 37°C. Bound IgE was measured with a four-step
procedure, consisting of three 1 hr incubations at 37°C with monoclonal mouse
anti-human-IgE (1/16,000; product no. M 1294; Central Laboratory of the Red
Cross Bloodtransfusion Service (CLB), Amsterdam, The Netherlands),
biotinylated rabbit anti-mouse immunoglobulins (1/5,000; no. E 354; Dakopatts
(DPAKO), Copenhagen, Denmark), avidin-peroxidase (1/2,000; no. P 364; DAKO),
and finally an incubation for 30 minutes with o-phenylenediamine (OPD), 2 mg/ml
in 0.05 M citrate phosphate buffer pH 4.5 (no. P 1526; Sigma Chemicals, St.
Louis, MO, USA) containing 0.015% (v/iv) H,0,. The reaction was stopped after
30 minutes by the addition of 50 ul 2N HCI and the absorption was read at
492 nm. In the assays for IgE anti-PUP and pig stable allergens, 10% (v/v)
normal pig serum was added to the biotinylated rabbit anti-mouse
immunoglobulins to prevent binding of apparently cross-reacting antibodies in this
conjugate to the pig urine and pig stable dust coating. The addition of normal pig
serum decreased the OD,y, of reagent blanks from 0.624 to 0.052 and from
0.594 to 0.165 for PUP and pig stable dust extract, respectively. All sera were
tested in duplicate wells on the same microtiter plate. Each plate included a
positive control serum tested in duplicate, and two reagent blanks (no-serum
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controls) for each allergen. For each allergen, the mean OD,, of the reagent
blank during the whole testing period plus three times the standard deviation was
calculated. Sera were considered positive if the mean OD,,, was higher than this
value. After completion of the first series of serologic screening, all sera with a
positive serum-allergen combination and a subset of negative sera were re-tested
at one microtiter plate on the same day.

Measurement of total IgE

Total IgE was measured with a sandwich EIA in which IgE was captured on a
coating of mouse anti-human IgE (CLB) diluted 1/4,000 in PBS and bound IgE
was detected with a two step detection method, consisting of a 1 hr incubation:
with peroxidase-labelled monoclonal mouse anti-human IgE (1/1,000) (product
no. m1334;CLB) and an incubation of 30 minutes with OPD containing 0.015%
(viv) H,0O,. The sera were incubated at dilutions 1/10, 1/20 and 1/40 in PBTG for
2 hrs at 37°C. Each microtiter plate included one positive control and two reagent
blanks and a serial dilution of an IgE standard (Pharmacia) ranging from
0.78 IU/ml to 50 IU/ml, in duplicate. To calculate IgE concentrations, OD,q, values
were logit-transformed, and a log-logit calibration line was constructed.
Correlation coefficients for this regression line always exceeded 0.99. Only the
results obtained with serum dilutions giving an OD,,, exceeding the mean + 3 8D
of the reagents blank were used. If the results obtained, at different serum
dilutions, differed more than 15%, the test was repeated at higher serum
dilutions.

Inhibition

Serial dilutions of PUP, pig stable dust extract, normal pig serum or pig albumin
(A1173; Sigma Chemicals, St. Louis, MO, USA) (50 ul) were added to wells
coated with one of these allergens. Diluted sera were added (50 uf), mixed and
the plates were incubated for 2 hrs at 37°C. Bound IgE was measured with the
four-step procedure as described above. The percentage of inhibition was
calculated as:

. by s oD, _ . . —0D
%inhibition= (no-inh) (test) 41900 (1)
D (no-1nm) ~OD (p1ank)
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in which OD ;= OD,g, of sera without inhibitor, OD= OD,q, of sera with
dilution of inhibitor and OD ,,,,= OD,q, of reagent blank

SDS-polyacrylamide gel electrophoresis & immunoblotting

Lyophilized pig urine and pig stable dust proteins were dissolved in sample buffer
(1 mg protein per ml) according to Laemmli®, incubated for 10 minutes at 100°C,
and applied in a 10*7.5*0.05 cm 13.5% polyacrylamidegel (30ul extract per cm),
in a Mini-Protean 1l slab cell unit (Biorad, Richmond, CA USA). Electrophoresis
was performed at 100 Volt for 10 minutes and 200 Volt at 50 minutes,
successively. Low molecular weight markers (Biorad) were included in duplicate
in separate lanes.

After SDS-PAGE, proteins were blotted onto a nitrocellulose sheet (Sleicher &
Schuell;0.22 ym pore size), using a Mini-Trans blot transfer unit (Biorad). The
transfer was performed at 3.33 mA/cm? for 1 hour at room temperature.

After blotting, the nitrocellulose sheet was cut into strips of 0.5 cm, washed
three times (10 min each in PBS, containing 0.1% (v/v) Tween 20), incubated
1 hr with PBT containing 0.2% (w/v) gelatin (PBTG), and washed again. Strips
were incubated overnight at room temperature with 140 yl undiluted individual
sera from IgE sensitized farmers.

Bound IgE was detected by subsequent 1 hour incubations with 1/500 diluted
monoclonal mouse anti-human-IigE, 1/500 diluted biotinylated rabbit anti-mouse
immunoglobulins (Dakopatts) with the addition of 10% (v/v) normal pig serum,
and 1/200 diluted avidin-peroxidase (Dakopatts). Bound peroxidase was detected
by incubation for 30 minutes with stabilized TMB (Promega Corporation,
Madison, WI USA)

Statistical analysis

Associations between self-reported respiratory symptoms and IgE sensitization
were studied with multiple logistic regression analyses, using SAS software (SAS
PC version 6.04; PROC LOGISTIC). All analyses were done comparing pig
farmers with a specific respiratory symptom, or a cluster of one or more
respiratory symptoms present with a control group of pig farmers without
respiratory symptoms (n=100). Odds ratios were adjusted for smoking habits
(yes/no) and age.
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Figure A2.1 IgE to pig urine and pig stabie dust in the sera of 200 pig farmers. Values on the
X and Y-axis represent OD,,, values, corrected for reagent blank, obtained with
1/10 diluted sera in wells coated with pig stable dust extract or pig urinary
proteins, respectively. Drawn horizontal and vertical lines indicate the detection
limits (3SD of the reagent blank for the whole series).

Results

Measurement of specific IgE to pig-derived allergens

The EIA appeared to be a reliable and highly sensitive method to detect and
quantify IgE directed against pig stable dust or pig urine allergens. Strongly
positive sera gave positive test results even at high dilutions (1/100-1/1000).
Titration curves for these sera and for moderately positive sera revealed a linear
relation between antibody concentration and resulting OD,g, up to OD,, values of
>1.5. in the first screening, sera were found positive on either pig stable dust or
pig urine allergens: 11 sera on stable dust extract, 20 sera on PUP and 10 sera
on both. Upon re-testing, these figures changed to 10, 12, and 10, respectively.
Sera considered positive in the first series but negative in the second test, had
shown very low OD,,, values in the first test series. All re-tested negative sera
from the first series were also considered negative in the second test.
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The EIA results for all pig farmers are presented in Figure A2.1. IgE to pig stable
dust and pig urine was found in 5% and 6% of the pig farmers, respectively. The
IgE reactions to pig urine and pig stable dust showed a great similarity in the way
that all farmers with IgE antibodies to pig stable dust had also IgE antibodies to
pig urine and that, the resulting OD,,, values were highly correlated. Only two pig
farmers had detectable IgE antibodies to pig urine while no anti-pig stable dust
IgE could be detected, presumably as a result of the difference in sensitivity for
the two assays.

Inhiblion % Inhibition %

8
mhlbm:(uglml) tnhibitor (g/m) lﬂh“?WmD

Figure A2.2  Cross-inhibition of the IgE reactions with coated pig stable dust extract and pig
urinary proteins for three representative sera (A-C). Dotted lines: coating: PUP,
fluid-phase inhibitor: pig stable dust. Solid lines: coating: pig stable dust extract,
fluid-phase inhibitor: PUP.

Identification of IgE-binding components

The very strong correlation of the IgE reactions with PUP and pig stable dust
allergens suggested a marked similarity of both preparations. This was confirmed
by IgE inhibition EIA with all positive sera: in all cases complete mutual inhibition
was observed, and inhibition curves for the two preparations were practically
identical (Figure A2.2). To identify the nature of the PUP allergens all sera from
farmers, with detectable IgE against pig urine or pig stable dust (n=12), were
further investigated in EIA with coated pig serum and pig albumin.
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Table A2.1 Atopic status and characteristics of farmers with and those without serum IgE to pig urine or pig stable dust allergens.

pig farmers without serum-igE to

pig farmers with serum IgE to PUP or pig stable dust PUP or pig stable dust

without respira-  with respiratory

1 2 3 4 5 6 7 8 9 10 11 12 tory symptoms symptoms
(n=95) (n=93)

age (years) 28 46 27 30 44 27 50 32 27 28 28 31 36* 40*
pig farming (years}) 8 18 10 8 20 7 22 20 5 8 6 12 13* 16*
chronic cough + + - - - - + - - + . + _ 64
chronic phlegm + + - - + - + - - - - + - 52
shortness of breath - - - - + - - - - - - - - 27
ever wheezing - + - + - - - - - + - - - 73
frequent wheezing - - - + - - - - - + - - - 38
chest tightness - - - - - - - - - - - - - 29
= 1 respiratory + + - + + - + - - + - + - 93

symptoms
specific IgE

common allergens T - - - - - + - - - - - - 12 20

pig urine * 007 007 020 028 034 042 045 052 177 271 404 436 - -

pig stable dust ¥ - - 020 025 043 038 044 044 218 212 428 462 - -

pig serum * 003 002 015 022 104 021 013 035 366 277 451 465 nd® nd$

pig albumin ¥ - . - 002 - 008 010 006 - - 004 004 nd® nd$
total serum IgE (IU/ml) 16 12 18 8 78 392 8 25 101 64 292 484 31T 517

*

arithmetic mean (AM)

one or more IgE reactions to grass pollen, birch pollen, house dust mite and cat hair
optical density (OD,g,) in 1/10 serum dilution, corrected for OD,g, reagent blank

not determined

geometric mean

= W H —+
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All sera with detectable IgE anti-pig stable dust showed serum IgE reactions to
pig serum and 6 sera also had low levels of IgE reacting with pig albumin. The
two farmers that had IgE to pig urine but not to pig stable dust showed low levels
of IgE against pig serum but no reaction to pig albumin (Table A2.1). 20 Farmers
were sensitized to storage mites. None of the farmers showed sensitization to
both pig urinary proteins and storage mite allergens.

In the 12 sera the IgE reactivity to the several antigens was highly correlated
(correlation coefficient ranging form 0.87 to 0.98), except for the IgE reactivity to
pig albumin with a correlation coefficient ranging from 0.08 to 0.39. This
suggested that the proteins in pig urine were serum derived, but not albumin.
This was confirmed by IgE inhibition EIA with all positive sera. In IgE inhibition
ElA with a coating of PUP, pig serum appeared to be a very potent inhibitor of
the IgE reaction whereas for pig albumin proteins only at high concentrations
inhibition was observed (Figure A2.3).

inhibition %
100

80

60

40
20 Figure A2.3
Cross inhibition of the IgE reactions with
T + & coated pig yrinary prote!ns _for thrge
ol gttt representative sera. Solid lines fluid-
gg;;lll-s;t.'-'-*“'* phase inhibitor: pig serum. Dotted lines
T T T fluid-phase inhibitor: pig albumin.
0,01 0,1 1 10 100

inhibitor (ug/mil)

All positive sera gave an IgE reaction in the immunoblotting with PUP and pig
stable dust extract. The similarity between the EIA test and immunoblotting was
not only qualitative as well quantitative with subjects with a higher OD,,, in the
EIA test showing a more pronounced IgE-binding pattern in the immunoblotting
(Figure A2.4 an A2.5).
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Pig urinary proteins

Figure A2.4

SDS-PAGE immunobilotting of PUP
for 12 subjects with serum IgE to
PUP. Number of subjects
correspond with the subject numbers
in Table A2.1. a;: mol mass markers
PUP immunoblotting, B,: no serum
control PUP immunoblotting and c,:
reagent blank.

31.0-

21.5-
144 -

A, B C,1 23 4 5 67 8 9 1011 12

Pig stable dust extract
KDa
o o o ) o B el ond o Figure A2.5
: L1 T i SDS-PAGE immunobilotting of pig
-974 stable dust extracts for 10 subjects
-662  with serum IgE to pig stable dust
K edilis i il _4sp  and 2 subjects with IgE to PUP.
‘ ) Number of subjects correspond with
31.0 the subject numbers in Table A2.1.
T a,: mol mass markers pig stable
215 dust immunoblotting, B,: no serum

control pig stable dust
-14.4 immunoblotting and ¢,: reagent
blank.

C,1 234 5 6 78 910 1 12 B, A

Almost no interindividual variation was observed between the sensitized subjects.
The immunoblotting experiments with PUP and pig stable dust extract showed a
remarkable similarity in IgE binding pattern. Two major bands were observed at
about 58 kDa and 33 kDa in both preparations. Some sera showed a weak
reaction with a 65 kDa component, presumably pig albumin. In the pig stable
dust extract an other major band at 46 kDa could be seen. Only for the two
subjects who had detectable IgE to pig urine but not to pig stable dust, a different
band pattern was observed in the immunoblotting experiments with only a
reaction to the 58 kDa band. One subject also showed a reaction to the 25 kDa
band in the PUP immunoblotting.
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Atopy and respiratory symptoms

The atopic status, health status, and some other characteristics of the farmers
with and those without serum IgE to pig urine or pig stable dust are given in
Table A2.1. Pig farmers with serum IgE to pig urine or pig stable dust were on
average five years younger than farmers without work-related IgE (t-test, p =
0.08). All distinct respiratory symptoms tended to occur more frequently among
farmers with serum IgE to pig urine or pig stable dust (Table A2.2), with odds
ratios ranging from 2.1 to 4.2. The association between chronic phlegm and IgE
to pig urine was borderline statistically significant (OR=3.2, p=0.09). The odds
ratio for one or more of the respiratory symptoms was estimated to be 2.7 (95%-
Cl 0.8-9.5). The odds ratios are higher then could be expected on the basis of
the observed prevalences, but smoking and age acted as strong confounders.

If both IgE sensitization to storage mites and pig urine/pig stable dust are
considered to be work related, then a total of 32 farmers were sensitized to work-
related allergens. Sensitization to storage mites was independently not
statistically significantly related to chronic respiratory symptoms.

Table A2.2 Relation between self-reported respiratory symptoms as response variable
and specific IgE sensitization. Adjusted for smoking habits (yes/no) and

age”.
IgE sensitization T
PUP/SD PUP/SD/SM
OR (95%-Cl) OR (95%-Cl)
Chronic cough 32 (08 - 124) 27 (10 - 69)°
Chronic phlegm 3.2 0.8 - 12.2):t 2.2 (0.8 - 59
Shortness of breath 26 (0.2 - 29.2) 2.4 (0.6 - 8.9)
Ever wheezing 2.1 05 - 99) 2.4 09 - 65*
Frequent wheezing 42 (0.7 - 26.4) 36 (1.2 - 10.9)§
Chest tightness - 2.0 (06 - 8.7)
= 1 respiratory 27 (08 - 95) 27 (11 - 648

symptoms

All analysis were done comparing pig farmers with a specific respiratory symptom
present or a cluster of one or more respiratory symptoms present with the control
group of pig farmers without respiratory symptoms (n=100).

t+ PUP= pig urinary protein, SD= stable dust, SM= storage mites

p <0.10

§ p<0.05

+
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However, associations between sensitization to any type of potential work-related
allergen, was positively and statistically significantly associated with chronic
respiratory symptoms (Table A2.2). IgE-sensitization to house dust mite is
generally considered to be a risk factor for chronic respiratory symptoms. Ten
farmers had positive IgE against house dust mite as well as storage mites, which
may be the result of cross sensitization. When these farmers were excluded from
the analyses, the odds ratios increased and remained statistically significant at
the 5% level for chronic respiratory symptoms.

With respect to measured exposure, positive farmers were exposed to higher
concentrations of NH, The exposure, averaged over winter and summer
measurements, was statistically significant higher, approximately 50%, for 9
seropositive farmers with two valid measurements, compared to 154 negative
farmers with two valid measurements. The distribution of exposure to dust or
endotoxin was similar in both groups.

There appeared to be a clear difference in time spent in pig farming: the
positive farmers spent on average 6.9 hours a day on activities in pig farming,
whereas negative farmers spent only 5.4 hours a day on these activities (t-test,
p < 0.01).

No association was found between IgE to common allergens or elevated total-
IgE levels and serum IgE to pig urine or pig stable dust, although the prevalence
of IgE to common allergens was remarkably low.

Discussion

In this study among 200 Dutch pig farmers, serum IgE to pig stable dust and pig
urine was found in 5% and 6% of the farmers, respectively. Because of the case-
control selection criteria, these figures may not be regarded directly as
prevalence rate in the population of all Dutch pig farmers. However, since the
observed prevalence rate did not differ largely between the pig farmers with and
those without respiratory symptoms, the prevalence rate in Dutch pig farmers in
general will probably be very similar.

The prevalence rate found is on average higher than the prevalence rates
found in other studies, in which similar immunochemical techniques were
used™®™'""®  Crook et al.’®, Matson et al."” and Katila et al."* studied small
populations of 24, 41 and 20 pig farmers, respectively, and the reported
prevalence rates varied largely, from 12.5% (RAST with pig skin and urine
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allergens), to 2.4% (RAST with pelt, urine and serum extract) and 0% (RIA with
swine epithelium extract), respectively. Iversen et al.' found specific IgE
antibodies to swine proteins in only one out of 247 farmers, but the study
population was probably not a homogeneous group of pig farmers. The higher
prevalence rate found in our study might thus be due to differences in the study
population, the allergen extracts and immunochemical techniques used.

In two studies, high prevalence rates of positive skin-prick tests to pig-derived
antigens were reported. Cormier et al.'® reported 18.4% of 488 pig farmers
having a positive skin-prick test to pig hair and dander, and Zuskin et al.* found
34% of 32 swine farmers to be sensitized to swine hair. However, in both studies
a relatively high prevalence of positive reactions (9.9% and 17%, respectively)
was found in non-exposed controls as well, which suggests that at least part of
the observed in vivo reactivity was non-specific and/or due to non-IgE-mediated
mechanisms. Nevertheless, even after correction for these apparently non-
specific reactivity the prevalence rate of a positive SPT is remarkably higher than
that of in vitro IgE tests. Thus, in this particular case, in vivo tests might be more
sensitive than serologic measurement of specific IgE against pig urinary proteins
(PUP). This would agree with our recent studies in laboratory animal workers, in
which both SPT and an EIA for IgE against rat urinary proteins were performed
(Doekes et al., submitted). With regard to the SPT, the IgE EIA appeared to have
a sensitivity and specificity of 0.75 and 0.96, respectively. Since the IgE EIA was
essentially the same as the assay used in the here presented study, the
prevalence rate of IgE reactivity to pig allergens found with our IgE EIA is
probably an underestimation of the prevalence of type | sensitization to pig
allergens.

All pig farmers in our study wha had IgE to pig stable dust also had an IgE
reaction to pig urine, and the IgE inhibition experiments showed that the reaction
to pig stable dust could be explained largely as a reaction to PUP. The dose-
response curves even suggested that the proteins in pig stable dust extract
mainly consisted of PUP. Immunoblotting experiments confirmed these results
and preliminary identification of major allergens in pig stable dust extract and
PUP showed two major binding components of 58 kDa and 33 kDa, while the
immunoblotting with pig stable dust showed an additional band of 46 kDa (Figure
A2.4 and A2.5). Thus most but not all of the allergenic activity of pig stable dust
can be ascribed to PUP. This remarkable high proportion of PUP in pig stable
dust extract raised questions whether our pig stable dust extracts were
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representative. However, we have found essentially identical results in several
other dust extracts from other swine confinement buildings (not shown).

Animal feed components could also be a source of allergenic proteins in pig
stable dust. However, due to the varying composition of the animal feed this will
not be a consistent source of proteins compared to pig urine with a relatively
constant composition. However, the additional 46 kDa band in pig stable dust
could well be an animal feed derived allergen. Storage mites have been reported
to be another important source of allergens in farming’. However, modern swine
confinement buildings are not a suitable biotope for the growth of storage mites
as a result of the environment consisting of concrete and iron and the regular
cleaning and even disinfecting (Dr. Spieksma, personal communication).

Further inhibition experiments showed that these urinary allergens were
serum-derived and should be present in substantiai amounts, since pig serum
showed 50% inhibition already at a concentration of approximately 0.15 ug/ml.
Albumin, however, appeared to be no important IgE-binding allergen, as shown
both by the immunoblotting and the inhibition EIA results. The exact nature of the
58 kDa and 33 kDa remains to be identified.

A positive IgE-titre against PUP allergens was associated with several factors
possibly related to exposure. Farmers spending more time in pig farming, and
farmers exposed to higher levels of NH, seemed to be more often sensitized to
these pig related allergens. Associations with NH, exposure levels, and hours
spent in pig farming per day may reflect exposure-response relationships, but the
small number of IgE positive pig farmers and the cross-sectional study design
precludes a more definite conclusion at this point.

Presence of IgE to pig-derived allergens was weakly associated with
respiratory symptoms (OR 2.7, CI 0.8-9.5). In other studies no association
between IgE antibodies against pig antigens and various respiratory heaith
effects were observed''"'®. In general, frequent contact with animals is an
important risk factor for developing allergic diseases. However, large differences
are observed between pig farmers in our study and for instance laboratory animal
workers with respect to the occurrence of sensitization to urinary proteins and the
relation with respiratory symptoms. In several surveys among laboratory animal
workers prevalence rates of 15 to 30% of laboratory anima! allergy has been
described, and positive skin tests to animal urine was associated with respiratory
symptoms®. The observed difference is not likely to be caused by a difference in
exposure to urinary proteins but obviously there is a difference in potency
between the several urinary proteins of different animals.
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if both sensitization to pig-derived allergens and storage mite allergens are
considered to be work related, then a strong association did exist with chronic
respiratory symptoms. Since a statistically significant association of similar size
remained after excluding pig farmers with sensitization to HDM, this association
could not be attributed to potential cross-reactivity between house dust mite and
storage mites®. This result suggest that sensitization to any work-related allergen
may be a risk factor for chronic respiratory symptoms in pig farmers. It is,
however, not clear whether sensitization to storage mites was exclusively related
to working in pig farming. Analysis after incubation during 14 days of samples of
settled dust, which were taken in 30 representative compartments in 10 farms,
revealed that the number of storage mites in pig farms was very low (Spieksma,
personal communication). Working conditions on specific farms, and other types
of agricultural activities performed at pig farms may, however, be a source of
exposure to storage mite allergens.

It can be concluded that serum IgE to PUP does occur more frequently than
previously suggested, although it certainly does not account for the high
prevalence of respiratory symptoms among pig farmers. However, type | allergy
to PUP and storage mite allergens might significantly contribute to the occurrence
and severity of respiratory symptoms.
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Dankwoord

Het onderzoek dat in dit proefschrift is beschreven had zijn oorsprong bij de
Gezondheidsdienst voor Dieren in Boxtel - als opdracht voor de Vereniging van
Varkenshouders - en zijn afronding bij de vakgroep Humane Epidemiologie en
Gezondheidsleer en de vakgroep Luchtkwaliteit van de LU Wageningen. Zonder
de bijdrage van veel mensen op de verschillende werkplekken had dit boekje er
niet gelegen.

Als eerste gaat mijn dank uit naar Dick Heederik. Dick, jij hebt een onmisbare
inbreng gehad. Door je vele ideeén en je overoptimistische tijdsplanningen heb je
mij altiild weten blijven motiveren om dit proefschrift te schrijven. Daarnaast heb
iii, daar waar het onderzoeksbudget niet toereikend was, kunnen regelen dat een
aantal essentiéle gegevens alsnog verzameld kon worden. Aan mijn promotoren
Jan Boleij en Martin Tielen heb ik in de eerste plaats te danken dat ik dit
onderzoek kon gaan doen, terwijl zij ook in het verdere verloop de voorwaarden
wisten te creéren om tot deze afronding te komen. Jan en Martin, bedankt voor
jullie steun en vertrouwen.

De bijdragen van Hans Kromhout en Gert Doekes zijn in verschillende stadia
essentieel geweest. Hans, door jouw rotsvaste geloof in modellering van de
blootstelling heb ik ook in epidemiologisch opzicht veel meer met dit onderzoek
kunnen doen dan zich in eerste instantie liet aanzien. Gert, gelukkig had jij aan
kleine aanwijzingen voldoende om het onderzoek een heel interessante wending
te geven, waarbij het accent veel meer op de immunologie kwam te liggen.

Stijn Gielen en Peter Vogelzang wil ik bedanken voor de samenwerking en
voor het gebruik kunnen maken van de longfunctiedata en de gegevens over
bronchiale reactiviteit, die in het kader van het medisch deel van het onderzoek
verzameld zijn. Verder hebben Marcel Willemsen, Hans van Gisteren, Jossie
Garthoff, Sander Monte en Roel Vermeulen tijldens hun studenten-projecten er
voor gezorgd dat er een schat aan data werd verzameld op basis waarvan ik heb
kunnen werken.

Veel mensen van de Gezondheidsdienst voor Dieren, onder andere van de
afdeling VGZ en het microbiologisch lab, hebben zich ingezet voor het
onderzoek. Vooral de manier waarop zij zijn bijgesprongen bij de feitelijke
blootstellingsmetingen, zonder een wankiank naar mij ondanks de lange
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werkdagen, vond ik geweldig. Speciale dank gaat uit naar Rudolf Gerrits. Rudolf,
bedankt voor je inzet op een groot aantal terreinen.

Jan Burema, Jeroen Douwes, Jacques Spithoven, Pieter Versloot, Joop
Willems, Siegfried de Wind en alle andere collega’'s die op één of andere manier
hebben bijgedragen aan het resuitaat of die er voor hebben gezorgd dat ik mijn
werk naar behoren heb kunnen doen wil ik daarvoor bedanken.

Een woord van dank is ook op zijn plaats aan de varkenshouders die aan het
onderzoek hebben meegedaan. Dit geldt met name de varkenshouders en hun
familieleden die wij vaak hebben lastig gevallen voor onze metingen en waar ik
altijd gastvrij ben ontvangen.

De leuke sfeer waarin ik heb kunnen werken is voor mij één van de redenen
geweest waarom ik de laatste vijf jaar met plezier naar mijn werk ben gegaan.
Daar hebben veel collega’s op John Snow en de Dreijenborch, maar ook de
kamergenoten in Boxtel voor gezorgd. Voor allemaal geldt: ik heb jullie
gezelschap en vriendschap enorm op prijs gesteld.

Als laatste wil ik Jacco bedanken. Jacco, jouw mentale ondersteuning en
relativeringsvermogen waren goud waard. Gelukkig heb ik dat tot de laatste letter
van dit proefschrift kunnen ondervinden, want hoe anders had het kunnen zijn!
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