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Endotoxin and occupational airway disease

Ragnar Rylander

Purpose of review

This review provides an update on the role of bacterial
endotoxin in occupational airway disease, a problem of
importance from diagnostic and preventive points of view.
Recent findings

Data from human inhalation studies have increased our
understanding of the cell mechanisms underlying diseases
related to endotoxin exposure. In addition, knowledge from
molecular genetics may help us to identify individuals at risk.
Several investigations have demonstrated that, apart from
endotoxin, other microbial cell wall agents are also related
to the risk for symptoms of occupational lung diseases, with
pathogenic mechanisms different to those caused by
endotoxin. Diagnostic methods have progressed from
traditional lung function measurements to sampling of
indicators of inflammation in the blood, nasal lavage and
induced sputum. Investigations of a longitudinal design
have provided important findings on the relationship
between acute and chronic effects as well as exposures of
risk and risk factors among individuals.

Summary

Endotoxin, as well as other agents derived from microbes,
are important causative agents for occupational respiratory
and other diseases, and exposure may occur in a large
variety of occupational environments. Recent data from
longitudinal studies provide important information on
diagnostic and preventive measures.
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Introduction

Respiratory discomfort and fully developed pulmonary
disease are well known effects of occupational exposure
to gases, vapours and particles. This review deals with
another kind of causative agents — the microbial con-
tamination of dusts — and describes recently published
data on how specific microbial agents, particularly bac-
terial endotoxin, may cause inflammation in the airways
and the body as a whole. The patho-physiology behind
the inflammatory diseases will be described, as well as the
tools for prevention in terms of exposure measurements
and medical surveillance.

Historical perspective

The concept that bacterial endotoxin (lipopolysacchar-
ide) is associated with symptoms and disease in occupa-
tional settings was first suggested in 1942 [1]. In the
1960s, Italian researchers published clinical as well as
experimental studies suggesting that endotoxin is respon-
sible for the peculiar disease called ‘byssinosis’ among
workers exposed to cotton dust [2,3]. The development
of a method to measure endotoxin in airborne dust
samples and thus determine the exposure levels was a
breakthrough for the subsequent experimental and field
work. In two classic studies in experimental cotton card
rooms, studying cotton workers and naive individuals
responsive to cotton dust, subjective reactions, lung
function changes and clinical parameters after exposure
were related to the amount of endotoxin in the dust but
not to dust levels as such [4,5]. Subsequent investigations
found that byssinosis and endotoxin were also present in
other occupational settings such as wool-processing
plants [6]. Endotoxin is now known to comprise an
important part of all organic dusts, that is, particles of
vegetable, animal or microbial origin.

Organic dust exposures

Organic dusts are present in a wide variety of occupa-
tional settings. From the original cotton dust environ-
ment, the exposure panorama has now expanded and
covers a large variety of occupational settings. An
increased prevalence of respiratory symptoms and lung
function changes has been reported among operatives
from paper factories [7], recycling plants [8], and workers
involved in domestic waste collection [9], and mushroom
farming [10]. Also the indoor environment has been
found to be a source for organic dusts, mainly from
microbes growing because of humidity problems or

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


mailto:envhealth@biofact.se

due to storage of organic waste [11]. Even if the initial
source of the organic dusts can be defined as vegetable or
animal particles, there is generally a concomitant pre-
sence of microbes. The type of microbial growth that
takes place during humid conditions is determined by the
particular microenvironment.

Effects of endotoxin

The effects of endotoxin after inhalation are well known
and reviews of the physiological responses and the cell
toxicity have been presented [12,13°°,14°]. Considering
its inflammagenic effects, exposure to endotoxin can be
associated with several different clinical aspects of occu-
pational lung disease. Toxic pneumonitis is character-
ized by an acute increase in body temperature, shivering
and influenza-like symptoms. It often develops in the
afternoon or evening after a heavy exposure, such as
cleaning a barn or repairing dusty equipment. The symp-
toms have usually gone by the nextday. This clinical entity,
previously referred to as the organic dust toxic syndrome,
can be reproduced after inhaling pure endotoxin.

Irritation in the nose and airways and chronic airways
inflammation with increased airway responsiveness can
also be related to the inflammagenic properties of endo-
toxin [12]. Less recognized but well documented in
experimental and epidemiological studies are the sys-
temic effects in terms of fatigue, joint pains and gastro-
intestinal symptoms. The inflammatory reactions are less
pronounced after repeated exposures, as illustrated in a
study among swine confinement workers [15°]. This
reflects the well known adaptation to endotoxin.

An important finding in our understanding of endotoxin
toxicity has been the discovery of the toll-like receptor
(TLR) family [16,17°°]. The presence of these receptors
demonstrates that the body has a recognition and defence
system against a variety of microbial molecular structures,
often referred to as pathogen-associated molecular pat-
terns. The TLR receptors trigger the secretion of inflam-
matory cytokines in the cell and inflammation develops at
the site of action as well as in other parts of the body.

Following the recognition that the TLR-4 receptor plays
an important role in endotoxin-induced inflammation,
an increasing number of studies have been carried out
dealing with polymorphisms in the gene controlling for
TLR-4. In acute inhalation experiments using pure
endotoxin, heterozygotes for either TLR-4/4+896 or
TLR-4/41196 were found to have significantly lower
numbers of white blood cells and reduced amounts of
C-reactive protein compared with homozygotes with the
common allele [18°]. Data from animal studies suggest
that other genes apart from those regulating TL.R-4, such
as CD14 and MyDS88, are important in the inflammatory
response to endotoxin [19,20].
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An interesting question for future studies is whether this
blunted response to endotoxin indicates a lower or higher
risk for respiratory disease. Conceptually, a lower degree
of inflammation would seem beneficial, but on the other
hand it implies that the body’s capacity to respond to an
inflammagenic agent is reduced, which may imply a
higher risk. Support for this concept is found from studies
on individuals with atopic sensitization. In acute inhala-
tion experiments with pure endotoxin, atopics had a
lower increase in temperature and blood neutrophilia
as well as forced expiratory volume in 1s (FEV;) [21].
When atopics were exposed to organic dusts, however,
the prevalence of lung function changes was higher,
indicating an increased risk for occupational lung disease
[22,23°]. Further longitudinal studies are thus required
examining atopic sensitization and TLR-4 gene charac-
teristics in newly hired employees exposed to endotoxin
in occupational environments. As symptoms as well as
acute changes in pulmonary function can develop within
a year from starting work and as they are related to risk for
chronic effects [23°,24], such studies would be relatively
easy to perform.

Several longitudinal studies have now demonstrated that
the long-term pulmonary effects, for example a faster
decrease in FEV; over the years, are related to the
content of endotoxin in the dust, for example, from grain
[25] and cotton [26°°]. There is also evidence that, apart
from the acute effects on pulmonary function, respiratory
symptoms are a good predictor for lung function changes
that follow [27,28]. This implies that measurements of
workplace exposure and medical surveillance of newly
hired workers are suitable methods for identifying indi-
viduals at risk for chronic changes.

Apart from the direct inflammatory response to endo-
toxin, attention has been brought to the influence of this
exposure on atopic sensitization. The origin of this con-
cept was derived from studies on children growing up on
farms, where it was found that they had a lower pre-
valence of atopic sensitization [29°°]. The underlying
mechanism could be that, although inflammagenic prop-
erties of endotoxin cause symptoms of inflammation such
as cough and bronchoconstriction, the inflammation
causes a decrease in the reactivity to allergens by
promoting a Thl lymphocyte reaction pattern. As a
consequence, the risk for sensitization, measured either
as the skin prick test or as specific IgE antibodies in
serum, would be less prevalent among persons exposed to
endotoxin. Some data suggest that the same mechanisms
may operate in occupational environments. In a study on
142 workers exposed to different organic dusts containing
endotoxin and 53 controls, the proportion of individuals
with atopic sensitization among the organic dust exposed
group was 22% compared with 34% among the controls.
In a study on Norwegian farmers, exposure to endotoxin
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and fungal spores was negatively associated with atopic
asthma [30°]. These and similar data in previous studies
have commonly been explained as due to the ‘healthy
worker effect’. However, one study on Chinese cotton
workers reported that, among those leaving work, the
proportion of atopics was no higher [24]. Further research
is required to evaluate whether long-term occupational
exposure to dusts containing endotoxin reduces the
prevalence of atopic sensitization.

Other exposures

Although endotoxin is a common microbial constituent
found in most organic dust environments, data accumu-
lated over recent years have demonstrated that it is
not the only microbial cell wall agent (MCWA) that has
biological activities — there is a whole series of such agents
in organic dusts. Muramic acid from bacteria, lipoteichoic
acid and peptidoglycans from Gram-positive bacteria,
mannan from yeasts, chitin (N-acetylglucosamine) from
fungi and (1—3)-B-D-glucan from cell walls of fungi and
certain bacteria are examples of such agents.

Of these agents, considerable interest has been directed
towards the role of (1—3)-8-D-glucan in the development
of occupationally related symptoms and disease. Inhala-
tion toxicity studies with doses relevant for occupational
exposures demonstrate that this agent does not cause a
neutrophil invasion in the airways and persons inhaling
pure (1—3)-B-D-glucan do not develop symptoms typical
of endotoxin inhalation [31°]. Although the information is
as yet meagre, it is likely that (1—3)-8-D-glucan is a
suppressor of the immune system, rendering the organ-
ism more vulnerable to exposure to inflammagenic agents
or sensitization after exposure to antigens. High fungal
concentrations (and thus (1—3)-8-D-glucan) were found
in a fur factory where workers had an increased preva-
lence of symptoms of the airways and also radiograph
abnormalities which would be consistent with exposure
to mould and (1—3)-8-D-glucan but not to endotoxin
exposure [32]. Workers exposed to (1—3)-B-D-glucan
when collecting household waste had increased numbers
of lymphocytes in the blood and subjective symptoms of
airway irritation [33]. Among waste handlers, swelling of
the nasal mucosa was associated with exposure to (1—3)-
B-D-glucan [34].

The specific MCWA exposure at a particular workplace is
determined by the ecological characteristics. In cotton
mills, endotoxin dominates because of the high number
of Gram-negative bacteria growing on the cotton plant in
the field and the rejection of mould-stained cotton bales
from a quality control point of view. In sewage treatment
plants there is a dominance of Gram-negative bacteria
due to the normal microbial flora found on surfaces
and in the soil, which mainly consist of Ewnzerobacter
and Pseudomonas species. In wood processing, the

microenvironment favours the growth of fungi, which
suppresses the growth of Gram-negative bacteria. In
organic waste, storage conditions determine the micro-
flora — storage in paper sacks favours the growth of fungi
whereas storage in plastic bins favours the growth of
Gram-negative bacteria. Work site characteristics are also
important. In sewage treatment plants high levels of
endotoxin have been reported from sites where the water
or the sludge is being agitated [35]. At other sites such as
basins, the levels were found to be very low. For some
occupational environments, there is also a seasonal varia-
tion in exposure. Household waste collectors in Sweden
have a higher exposure to (1—3)-8-D-glucan during the
summer months and a relation was found between daily
temperature and exposure levels [36]. A relation between
temperature and sunlight hours and farmer’s lung disease
was reported in a study from Japan [37]. These observa-
tions illustrate that the risk for symptoms and other
exposure-related effects are higher at specific work sites
or at certain times of the year, which is important when
planning exposure measurements or medical surveil-
lance.

The presence of different MCWAs means that it is
difficult to compare relationships between various med-
ical effects and endotoxin as measured in field studies.
Endotoxin is only one of a multitude of biologically active
agents that are present in organic dusts. Conclusions on
causality can only be drawn if the observed reaction is
unique for endotoxin or if other agents are controlled for.
None of these conditions is usually present in field
studies. Deductions on causality may be supported by
performing repeated studies in different environments
with precise determinations of the exposure dose or
thorough dose—response relationships. These considera-
tions do not, however, invalidate the possibility of using
endotoxin as a marker for risk, whether as a surrogate or
the true causative agent.

Diagnostic procedures

Early studies on organic dust-induced disease comprised
mainly measurements of lung function. Symptoms also
played an important role and Schilling’s classification of
byssinosis initially relied exclusively on symptoms typical
among workers in cotton mills — Monday morning chest
tightness [38]. With the increased understanding that the
response to organic dusts and endotoxin is inflammation,
indicators of this have been found in blood, nasal lavage,
induced sputum, and broncho-alveolar lavage. Among
waste handlers in Norway, the proportion of neutrophil
leukocytes in nasal lavage during the working week
correlated with increases in eosinophilic cationic protein,
which was present among atopics as well as nonatopics,
and myeloperoxidase and nasal swelling, measured
by acoustic thinometry [34]. On the final working day,
levels of myeloperoxidase and 11.-8 were associated with
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exposure to endotoxin and fungal spores, measured the
previous day. Similar findings were reported in a study on
domestic waste collectors in the Netherlands in which the
concentration of I.-8 in nasal lavage after a shift was
related to the endotoxin exposure and the number of
cells, and IL-8 levels were associated with respiratory
symptoms [9]. Specific measurements of endotoxin bind-
ing protein CD14 have also been used as a marker of
exposure and increased levels were found among cotton
mill workers after a 6 h shift [39]. An evaluation of the
different clinical measures to assess the presence of
inflammation was carried out at a recent international
workgroup meeting. It was concluded that many of these
tests could, at present, only be used on a group basis or
diagnostically for an evaluation during follow up of
patients who received treatment or were removed from
workplace exposure [40°°]. It was recommended that
further work should focus on dose-response relation-
ships, both for short-term and long-term effects.

Measurements and guidelines

The standard method for measuring endotoxin in the
environment is the Limulus assay. This is a biological test
with very high sensitivity. Although the reproducibility
within the laboratory is quite good, the variation between
laboratories can be rather high [41]. In view of this, there
are at present no official guidelines, although values for
no effect levels have been suggested (toxic pneumoni-
tis = 200 ng/m’, airways inflammation = 10 ng/m®, both
for 8 h exposures) [42]. Attempts have been made to use
chemical methods to determine the levels of 3-hydroxy
fatty acids, substances characteristic for endotoxin.
Recent data have demonstrated that there is a good
correlation between the Limulus-determined endotoxin
levels and the amount of short-chain 3-hydroxy fatty
acids; for longer chains, however, there was no relation
or even an inverse relationship [43]. The major drawback
for the chemical method is low sensitivity, which makes it
difficult to use when analysing airborne samples, unless
large sampling volumes are collected.

Conclusion

Endotoxin has been firmly established as a major
causative agent for the inflammatory disease seen in
occupational environments with organic dusts. The
pathogenesis is relatively well known and the association
to different clinical entities is supported by toxicity data.
There is, however, increasing information that other
MCWAs may also cause occupational lung disease.
Although the clinical endpoints in terms of symptoms
of inflammation may be the same, the underlying patho-
genesis may be different, such as for (1—3)-8-D-glucan.
For prevention, early diagnosis through medical surveil-
lance using standardized symptom questionnaires and
exposure determinations are essential tools.
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