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KEY POINTS

� Asthma and extrinsic allergic alveolitis (EAA) remain prevalent respiratory diseases, and remain
the cause of a significant disease burden.

� Both conditions have strong causative links to the environment.

� This article reviews the recent occupational and environmental causes described for these 2
conditions.
INTRODUCTION This review summarizes the recent biomedical
Asthma remains a highly prevalent childhood and
adult disease. Although research activity over
recent years has contributed greatly to the under-
standing of this condition, and in particular asthma
of childhood origin and its natural history, impor-
tant causes of later-onset asthma caused by
factors encountered at work, or in the wider envi-
ronment, and the outcomes of this subset of
disease, are less well researched. Missing the links
between exposure to antigenic or irritant
substances and the development of asthma is
potentially disastrous for affected workers and
their similarly exposed colleagues who may be
at risk of further incident disease. There are parallel
implications for other potentially work-related
causes of immune-mediated respiratory condi-
tions, in particular extrinsic allergic alveolitis
(EAA, also known as hypersensitivity pneumonitis).
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literature relating to specific, as well as more
general, aspects of selected agents that have
been shown to be associated with asthma or
EAA, including exposures that have been found
capable of eliciting both responses. The general
subject of occupational asthma has been exten-
sively reviewed elsewhere,1,2 including a major
textbook on this topic.3 The emphasis here is on
newly appreciated causes of disease or emerging
insights into mechanisms of initiation and
progression.

By its nature, the literature on emerging hazards
is largely made up of a potpourri of case reports or
small case series that document interesting
presentations of disease or workplace investiga-
tions, consequent upon an initial suspicion that
a new exposure scenario or a novel agent may
be responsible for causing respiratory illness.
Consistent with the focus on new and emerging
nd/or conclusions expressed, are those of the author
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data, this review is limited primarily to citations ap-
pearing from 2007 onward. To be as broad as
possible, however, and recognizing that relevant
exposure conditions are frequently encountered
internationally, information from abstracts in
English summarizing non–English language publi-
cations has been included.
It is evident, appraising the breadth of the recent

literature, that asthma and EAA remain enigmatic
diseases. Articles identified for this review deal
not only with new at-risk exposed populations,
but also novel causes of asthma and alveolitis.
Recent data also suggest that a number of aller-
gens are being characterized and newly incorpo-
rated in clinical testing. Indeed, for associations
that may appear to be well understood, the recent
literature demonstrates the relative naivety of our
understanding of the mechanistic role played by
occupational and environmental exposures.
Hamlet summarized the situation well: “There are
more things in heaven and earth, Horatio, than
are dreamt of in your philosophy!”
ASTHMA OVERVIEW

In an attempt to stratify the asthma literature into
clearly definable subcategories of disease, the
recent literature is categorized into 3 sections, first
dealing primarily high molecular weight asthma-
causing sensitizers; second, low molecular weight
allergens; and third, occupational and environ-
mentalmixed low andhighmolecular weight poten-
tial exposures. The low molecular weight literature
generally relates to chemical exposures (which
can be synthetic or naturally occurring), whereas
reports of highmolecular weight substances gener-
ally focus on agents of biologic origin, as these are
a priorimore likely to be of high molecular weight.
ASTHMA: HIGH MOLECULAR WEIGHT
AGENTS

A fascinating miscellany of evidence has emerged
in relation to sensitization to high molecular weight
agents, including exposures as diverse as Ascaris
lumbricoides tropomyosin to laxative allergy and
on through to risks posed by exposure in an
insect-breeding facility.
Thepotential todevelopTH2-type responses toA

lumbricoides tropomyosin was recently identified,4

given its central role in the development of immunity
toparasites.This allergenwas found tobindspecific
immunoglobulin (Ig)E, and induce mediator release
from effector cells. This effect was found to be
cross-reactive to mite tropomyosins. Whether this
mechanism and allergen are indeed important in
the pathogenesis of environmental asthma in
tropical regions remains to be seen. Similarly in
terms of environmental factors, the role of an array
of olive pollens has been reexamined as a major
contributor to allergic diseases in Mediterranean
areas.5 Specifically, at least 20 proteinswith allergic
activity have been demonstrated in olive pollen, and
10of thesehavebeencharacterized (Olee 1 toOle e
10). Response to Ole e 1, considered the most
important of these allergens, is now identified to
have a significant genetic influence. The authors
postulate that exposure to high dosesof olive pollen
allergen in a specific genetic context can trigger
different allergic conditions, including asthma.
Such “environmental” allergens can also be

relevant to occupational settings. For example,
allergy to Sinapis alba pollen (white mustard), an
entomophilic species included in the Brassicaceae
family, associated with allergic symptoms and in
certain cases positive nasal challenge, has been
recently described in a small group of olive
farmers.6 Twelve orchard workers with a combina-
tion of rhinitis and (or) asthma were investigated
with skin prick tests, alongside air monitoring to
assess levels of exposure. The clinical relevance
of the allergy, identified in all workers by the pres-
ence of specific IgE, was confirmed with a positive
nasal challenge test, and levels of exposure to S
alba pollen were identified to be high in work envi-
ronments, with peaks of 1801 grains/m3 detected.
These levels were shown to be higher than back-
ground environmental levels.
Table grape workers also appear to be at risk of

the potential for the 2-spotted spider mite to cause
sensitization and allergy end points. A South
African group6 has reported specific sensitization
to the mite Tetranychus urticae, and present data
to support the clinical relevance of this sensitiza-
tion. A further novel, predominantly indoor-
encountered allergen has recently been described.
Nakazawa and colleagues7 report sensitivity to
Asian ladybugs (Harmonia axyridis), introduced
between 1916 and1990 to theUnitedStates.Given
that these beetles do not tolerate cold, theymigrate
indoorsduringwintermonthsandareconsequently
a potential source of indoor allergen (of course,
which can additionally include indoor occupational
settings). Testing of 20 individuals with allergic
symptoms living in Asian ladybug-infested accom-
modation confirmed positive specific IgE in a high
proportion, and a lesser proportion of those with
asthma. Interestingly, cross reactivity to Blatella
germanica was found only among those with addi-
tional exposure to cockroaches.
Soybean exposure continues to interest the

research community. Cummings and colleagues8

have recently described results of a further study
of workers exposed to the products of soy bean
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processing. Of interest, both soy-specific IgE and
IgG were raised in exposed workers in comparison
with controls, and it was specifically the IgE
response that was associated with a threefold
greater risk of current asthma, or asthmalike
symptoms. Work from South African soybean
processors9 produced consistent findings, and
identified that the strongest predictor of work-
related nasal symptoms was sensitization, as
judged by specific IgE, to soybean. Recent further
work in soy flake–processing workers10 has bet-
tered the understanding of the specific immune
response to soybean. Data from 135 such workers
demonstrated that the prominent proteins that
bound soy IgE were the high molecular weight
storage proteins, b-conglycinin (Gly m 5) and Gly-
cinin (Gly m 6). In contrast, no specific IgE reac-
tivity could be identified to lower molecular
weight allergens.

Coffee exposure, and in particular exposure to
the contaminant Neurospora sitophila, has been
described as a recent cause of occupational
asthma in 2 separate case reports.11,12 The latter
identified exposure to Chrysonilia sitophila, the
asexual state of N sitophila, as the likely cause of
asthma in a 43-year-old man exposed to coffee
beans contaminated with a powder containing
this agent. Serial peak expiratory flow (PEF)
recordings identified an immediate response
following a workplace challenge (a 20% fall) and
specific IgE was identified to an isolate of C sito-
phila, biotinylated with a prewashed streptavidin
ImmunoCAP. The exact nature of the wider range
of coffee antigens capable of causing asthma has
been long debated13 and is not yet resolved

Various other likely high molecular weight aller-
gens recently described as causing asthma specif-
ically include Plantago ovata seed, as part of
a laxative preparation, in health care workers,14

Artemia fish fry feed in aquaculture,15 konjac gluco-
mannan in a food worker,16 and gum arabic.17 The
latter as a cause of allergic disease, reported by
a Finnish group, is supported by the identification
of 4 cases (from 11 workers studied) who had
developed occupational asthma as a result of
exposure in the food industry. Gum arabic,
a complex mix of glycoproteins and polysaccha-
rides, is used as a food stabilizer and should be
considered as a potential cause of asthma and
rhinitis in exposedworkers with allergic symptoms.
ASTHMA: LOW MOLECULAR WEIGHT
AGENTS AND CHEMICAL IRRITANTS

Cleaning agents continue to attract the limelight
and underscore that allergic sensitization with an
amnestic response, irritant-induced new-onset
disease, and aggravation of preexisting asthma
can all occur in association with this broad group
of materials. Evidence of sensitization to chlora-
mine T, used as a disinfectant, was recently
described in a nurse working with this agent, in
addition to glutaraldehyde.18 The individual re-
ported asthma symptoms following exposure to
both these agents in the endoscopy suite, but
subsequent specific inhalation challenge (SIC)
testing confirmed a negative challenge to glutaral-
dehyde but a positive dual reaction following inha-
lation of 0.5% solution of chloramine T. The wider
issue of the role of cleaning agents as causes of
asthma was also recently reviewed by Zock and
colleagues,19 who concluded that recent publica-
tions have strengthened the evidence linking
cleaning agent exposures and specifically the
development of asthma. This link appears to hold
for both asthma caused by, and aggravated by,
cleaning agent exposures. The authors postulate
that cleaning sprays, chlorine bleach, and other
disinfectants may be the most likely candidates.19

There are no recent data to assist differentia-
tion in relation to causative mechanisms of clean-
ing product–associated asthma. It is equally
plausible that low molecular weight chemicals in
cleaning agents may exert a primary irritant
effect, rather than that mediated either via hapte-
nation, and thus IgE, mechanism, or indeed other
as yet uncharacterized mechanisms (for example,
adjuvant effects facilitating sensitization to other
exposures).

Health care workers exposed to the antibiotic
group of cephalosporins have also recently been
identified20 to display evidence of sensitization, as
judged by specific IgE, to various cephalosporin-
human serum albumin (HSA) conjugates. Using
both exposed workers and a nonexposed control
group, relatively high (but variable agent to agent)
levels of sensitization were identified; 17.4% for
any cephalosporin, 10.4% for cefotiam, 6.8% for
ceftriaxone, and 3.7% for ceftizoxime. Overall,
these levels were higher than those identified using
skin prick testing. Of interest, a previous history of
atopic dermatitis appeared to be a risk factor for
the presence of IgE to the cefotiam-HSA con-
jugate, at least suggesting that a dermal route of
sensitization may be important. This assertion is
important to unravel in more detail, given the
importance of developing effective simple pre-
ventive strategies for exposed workers.

A Spanish observational study21 has further
added to the evidence base relating to the propen-
sity for acrylates to cause both allergic skin prob-
lems and asthma. Acrylates in this context were
used to sculpt artificial nails, and the investigators
reported a case series of 15 female patients who
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had presented over a prolonged period to their
institution. Most patients were beauticians,
although one client was included in the series,
and exhibited a very wide range (1–15 years) of
latent period of exposure during which the investi-
gators postulated that sensitization had occurred.
All had certain features of dermatitis, and 3
(including the client, interestingly) had a diagnosis
of asthma. Patch testing identified that the most
frequent allergens were ethylene glycol dimetha-
crylate (13/15, 86.7%), hydroxyethyl methacrylate
(13/15, 86.7%), triethylene glycol dimethacrylate
(7/15, 46.7%), 2-hydroxypropyl methacrylate (5/
15, 33.3%), and methyl methacrylate (5/15,
33.3%). The investigators concluded that acrylate
monomers are important, primarily skin sensi-
tizers, although no challenge data were presented
in the cases where asthma was thought to be
causally related to exposures.
Metabisulphite, a low molecular weight agent

previously intermittently associated with the devel-
opment of allergic disease, was implicated again
as the likely cause of asthma in a Dublin Bay
prawns fisherman.22 The investigators describe
long-term exposure to these creatures and the
development of work-related respiratory symp-
toms. An added complication appeared to be the
breakdown of ventilation systems used aboard
a trawler designed to reduce these exposures.
No tests of immunologic response or SIC were
performed, although negative skin tests to stan-
dard allergens were reported.
Asthma related to a further lowmolecular weight

agent was described following exposure to an
electrostatic powder paint containing 2.5% to
10.0% triglycidyl isocyanurate (TGIC) in a 28-
year-old worker coating aluminum frames.23 Serial
peak-flow measurements noted increased diurnal
variation on work days (up to 46%) and nonspe-
cific bronchial reactivity varied between periods
of work and rest, and an isolated late reaction
(20% fall in forced expiratory volume in 1 second)
was observed following SIC, this response not
being seen following work days. Attempts were
also made to assess for evidence of immunologic
response to TGIC, but no evidence of specific IgE
was detected by enzyme-linked immunosorbent
assay, and no IgE-binding bands were found by
immunoblot analysis of patient and control serum.
ASTHMA ASSOCIATED WITH COMPLEX,
MIXED EXPOSURES

Various recent studies have addressed work-
places with the potential for complex and mixed
exposures, a summary of which is included here
to provide the reader with a flavor of these reports.
In addition, studies relating to potential environ-
mental causes, by definition inherently complex
and mixed, will also be dealt with where
appropriate.
Job tasks with wood exposure continue to

attract attention. Burton and colleagues24

describe a case series of occupational asthma
related to medium-density fiberboard exposures
(a mix of soft and hard woods bound using a resin
and formaldehyde), supported variably by work-
related changes in PEF and SIC testing. Schlüns-
sen and colleagues25 remind us of the limitations
of immunologic testing in this group of workers,
with specific reference to limitations of pine and
beech sensitization testing.
Harris-Roberts and colleagues26 also identified

a rather unusual workplace as being associated
with occupational asthma. This group identified
occupational asthma as a consequence of
working with multiple, presumably, high and low
molecular weight allergens in an insect-breeding
facility, including locust and mealworms. Work
with fish has also been described recently as
a cause of asthma in South African saltwater
fish–processing workers27 and fish-farm workers
exposed to turbot.28

Patiwael and colleagues29 have returned to
follow up their cohort of workers exposed to Bell
pepper pollens. Originally fully investigated in
1999 when a high level of sensitization was found,
this group of workers was reevaluated using
a questionnaire and further skin prick testing.
Over the follow-up period, cumulative incidences
for sensitization respectively to bell pepper pollen,
work-related rhinitis, and asthma symptoms were
found to be 9%, 19%, and 8%. The presence of
atopy and, interestingly, smoking were identified
as risk factors for developing work-related
symptoms.
Occupational groups commonly reported to

surveillance schemes with occupational lung
diseases and particularly asthma, and indeed
identified in large epidemiologic studies as having
levels of self-reported asthma include bakers,
cleaners, and health care workers. The debate
relating to the exact causative agent or agents
responsible for baker’s asthma continues to
simmer. Rye allergens have long been assumed
to play a role in the development of this disease
in addition to the established role of wheat flour.
Letrán and colleagues30 reported 2 isolated cases
of asthma where rye was thought to be central to
causation. Both had evidence of asthma and rhi-
noconjunctivitis, and both had positive SIC to
rye, but not to wheat flour alone. Immunoblotting
suggested that rye flour enzymatic inhibitors might
be responsible. Wheat lipid transfer protein was
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also recently described as a further putative
allergen responsible for baker’s asthma.31

Two recent articles deal with allergy to lupin,
a diverse and beautiful species, mostly comprising
herbaceous perennial plants and shrubs with
a characteristic leaf shape. The yellow legume
seeds of lupins, commonly called lupin beans, are
edible and popular. The first of the 2 articles
explores allergic sensitization at work.32 A cross-
sectional study of a food-processing company,
withworkers exposed to lupin, identified high levels
of specific sensitization (21%), the latter clearly
linked to allergic symptoms of rhinitis and asthma.
Although only small numbers were challenged, one
worker had a dual response following SIC.

The second article33 provocatively, yet perhaps
aptly, titled “Lupin allergy: a hidden killer at home,
a menace at work,” reminds us that allergy to such
plants is only relatively recently appreciated, the
consequences poorly understood, and that expo-
sure at work and at home can cause the typical
allergic combinations of asthma and rhinoconjunc-
tivitis. Possible cross-reactivity to peanut allergy is
also discussed, and the investigators believe that
heightening awareness of this novel allergen is
key to preventing future cases of allergic disease.
On balance, these probably represent primarily
proteinaceous high molecular weight interactions.

Environmental, as opposed to occupational,
exposures are also of interest in this context. In
reality, these “real life” environmental exposures
are a complex, poorly characterized mix of varying
antigens and irritants. As these are difficult to char-
acterize accurately, they are dealt with in this
section. The urban environment has again been
placed into focus in relation to causation of asthma
and allergy, with 2 recent publications relating to
the contribution made by horse allergens, perhaps
more typically associated with rural environments.
Long understood to be allergenic to humans, the
role of horse allergen has been assessed by 2
publications from the same Italian group. By as-
sessing a large number of consecutive patients
from an outpatient clinic environment, Liccardi
and colleagues34 identified approximately 3.5%
of all those with positive skin prick tests to
common allergens to be sensitized to horse
dander sensitization. Interestingly, no patients
were sensitized solely to horse dander, although
only a minority of those sensitized reported regular
horse contact. The clinical significance of these
findings is less clear, given the lack of contact to
horses for most of those sensitized, although
most did complain of a combination of respiratory
and rhinitic symptoms.

Similarly, work from the same group, published
in 2011, looked further afield in Italy,35 collecting
data from more than 3000 patients recruited from
similar centers. Slightly higher levels of sensitiza-
tion to horse dander were seen, with approxi-
mately 5.4% of those with a positive skin prick
test to any tested allergen having evidence of
horse sensitization. A similar mix of self-reported
horse exposure was seen. It remains to be deter-
mined whether the development of such sensitiza-
tion is of clinical relevance for those patients living
in a predominant urban environment without
regular horse contact.

Various other indoor allergens have attracted new
interest in the recently published evidencebase, and
include further evidence relating to cockroachsensi-
tization in children, silverfish allergen, and the role of
mouse allergen. A recent Italian study,36 designed
primary to assess point prevalence of sensitization
to German cockroaches, identified that high levels
of sensitization were seen in older children to
Blattella germanica (BG). The number of other posi-
tive skin prick tests also increased the likelihood of
BG sensitization. The investigators also estimated
a high population attributable risk of approximately
20% for the effects of BG sensitization on the devel-
opment of rhinoconjunctivitis.

Less familiar perhaps as a potential important
indoor allergen, Barletta and colleagues37

described the potential for sensitization to silverfish
(Lepisma saccharina), one of the most primitive
living insects commonly identified in the indoor
environment. The investigators are currently devel-
oping an extract, so that future studies can incor-
porate allergen testing to this insect. Lep s 1 has
been cloned and characterized as a silverfish
tropomyosin and is likely to be the basis of future
allergen assessments.

The role of mouse allergen is highlighted by 2
publications. The first, published in 2006,38 studied
US-based schoolchildren with a combination of
questionnaire andassessments of indoor exposure
to mouse allergen, Mus m 1. Twenty-six percent of
the studied children were found to be sensitized to
mouse, and interestingly there appeared to be
a relationship within the sensitized group between
levels of Mus m 1 exposure and reported asthma
symptoms and reliever use. These effects with-
stood the typical corrections applied for confound-
ing and bias. The investigators’ conclusions at that
time were consistent with the conclusions of
a subsequent overview article published in
2009,39 that exposure to mouse allergen is associ-
ated with substantial asthma morbidity, including
hospitalizations, and that pest management is rec-
ommended for sensitized patients with asthma.

Recent Finnish work40 identified certain HLA
associations with the development of sensitization
to cow allergens, part of a group of allergens in the
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family of lipocalin proteins. The HLA-DR/DQ geno-
types of 40 Bos d 2-sensitized individuals were
analyzed, and compared with a larger group of
unrelated Finnish participants. Various HLA class
II alleles were found to be overrepresented in
those sensitized.
EAA OVERVIEW

Despite its recognition for many decades, new and
novel causes of EAA continue to surface in the
peer-reviewed literature. Broadly speaking,
causes identified in this review fall into 2 cate-
gories: first, a traditional, or, in a sense, anticipat-
able group of causes, largely microbiological in
nature, and second, a rather more unusual or
less intuitive group of possible causes. Paralleling
the recent literature relating to asthma, most of the
recent articles identified deal with small numbers
of cases or isolated case reports. Consequently,
criticism can always be leveled at the diagnostic
rigor with which a diagnosis is made or how effec-
tively differential or alternate diagnoses have been
excluded. Nevertheless, the inherently fascinating
nature of these observations is now detailed,
dealing first with the classical, or anticipatable,
causes of this condition.
EAA ATTRIBUTABLE TO CLASSICAL OR
ANTICIPATABLE CAUSES

Duvetexposurehaspreviouslybeenassociatedwith
the development of EAA, and a Japanese case
report again highlights this risk. Nishikawa and
colleagues41 describe a case of shortness of breath,
cough, and fever in a 44-year-old duvet manufac-
turer, typified by ground glass opacities on HRCT,
coupled with a positive lymphocyte proliferation
test topigeonserum.Clinical improvementoccurred
on removal from occupational exposures.
Other various fungal or related microbiological

exposures thought to be causative of EAA include
Thermoactinomyces vulgaris exposure from
a dehumidifier (Otsuka and colleagues,42 with
supportive biopsy and precipitating antibodies),
Aspergillus niger in a greenhouse worker working
cultivating roses (Hamaguchi and colleagues,43

with supportive biopsy and precipitating anti-
bodies), and air conditioner exposures (Ishikawa
and colleagues,44 with supportive biopsy and
challenge, but negative precipitating antibodies).
Thermoactinomyces were also implicated in

a further cases of EAA related to sugar cane
exposure in Nicaraguan workers.45 This Italian
contribution describes the consequences of
bagasse exposure in a group of exposed workers,
with precipitin response to Thermoactinomyces
sacchari and T vulgaris being related to the pres-
ence of reported respiratory symptoms. No further
clinical characterization was undertaken, given the
epidemiologic and workplace-based nature of the
study.
Work in food preparation continues to carry

a significant risk of EAA. Further case reports
support exposure to Shiitake mushroom and dry
sausage mold as causative. Kai and colleagues,46

a Japanese group, describe a case of Shiitake
mushroom chronic EAA in an elderly man with
long-standing cough and breathlessness, although
no biopsy evidence was given to support the
assumption. An associated literature review identi-
fied a further 5 previous Japanese cases caused
by the same agent. Guillot and colleagues47 add to
the gastronomic causes of EAA by describing 3
cases of EAA associated with occupational dry
sausage mold exposure. Each case exhibited
typical HRCT features and, although no biopsy
data were included, each case was supported by
positive precipitating antibodies to an extract of
the sausage (containing, among presumably
a complex mix of potential antigens, penicillium),
and improved clinical state following cessation of
exposure. Similarly, a recent Spanish48 article
described 5 cases of “Chacinero’s lung,” 3 with an
acute form, and 2 with a subacute form. Bronchoal-
veolar lavage (BAL) in 3 patients showed significant
lymphocytosis (17%, 40%, and 40%), with
a CD4/CD8 ratio of less than 0.6. Specific IgG to
Penicillium frequentans and Aspergillus fumigatus
were positive in 3. No biopsy data were recorded.
The use of musical instruments play their part in

the cause of EAA. Two case reports identify play-
ing trombone (trombone player’s lung49) and saxo-
phone50 as being significantly bad for your health.
The unfortunate saxophonist was a 48-year-old
patient being investigated for interstitial lung
disease, during which an open biopsy was per-
formed, revealing a nonspecific interstitial pneu-
monitis appearance. A lymphocytic BAL led to
further assessment of the saxophone itself, played
for a hobby. Two fungi were isolated from this,Ulo-
cladium botrytis and Phoma sp, against which the
patient’s serum had developed antibody
responses. The investigators raise the wider and
unknown issue of how commonplace colonization
is in these, and related, instruments. The 35-year-
old saxophonist was a professional musician who
complained of a very long-standing, unabating
nonproductive cough. HRCT showed evidence of
a mosaic pattern on the expiratory views, and
the diagnosis was suspected after improve-
ment following a period of not playing the offend-
ing instrument, the interior of which revealed a
biofilm with fungal elements, and isolation of
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Mycobacterium chelonae/abscessus group, Fusa-
rium sp, as well as scanty Stenotrophomonas mal-
tophilia and Escherichia coli. The cough improved
following regular cleaning.

Selected indoor water-related pursuits also
appear to have adverse health consequences. En-
gelhart and colleagues51 describe a case of EAA in
a child, highly likely to be related to exposure to
fungal contaminants of indoor hydroponic cultiva-
tion. Supported by precipitins to Aureobasidum
pullulans, a lymphocytic BAL and consistent
biopsy, this case occurred in a 14-year-old girl.
She improved markedly when the offending plants
were removed from the home. Exposure to micro-
biological contaminants of poorly maintained hot
tubs continues to be identified as a cause of
EAA. First described more than a decade ago
(for example, see Kahana and colleagues52),
a Canadian group53 recently described a further
2 cases of this condition, one of which presented
acutely, whereas the other presented as a more
chronic process. Even though the exact cause
probably varies among cases, nontuberculous
mycobacterium have been frequently implicated.

It appears that poorly maintained hot tubs not
only carry a risk of EAA, as described byHuhulescu
and colleagues.54 This Austrian group describes
a fatal Pseudomonas pneumonia in a previously
fit 49-year-old woman. This event occurred shortly
after returning from a spa weekend; water samples
from the hot tub revealing 37,000 colony-forming
units of Pseudomonas aeruginosa per 100 mL.
The investigators postulated that a massive biofilm
had been produced in the bath circulation system
as a consequence of substandard maintenance.

Other perhaps classical exposures recently asso-
ciated with EAA also include steam iron exposure,
previously described and accepted as a cause55;
cork exposure56 causing the EAA called suberosis,
this recent case based on BAL results and
a supportive biopsy; exposure to Trichoderma
viride from a contaminated ultrasonic humidifier,57

confirmed by immunologic responses and improve-
ment following removal of exposure; and work in
citrus farming.58 The latter report was of a cluster
of 3 farmers with EAA confirmed by a combination
of clinical features, including symptom improve-
ment on removal from exposure and challenge
testing. Aspergillus and Penicillium species were
postulated by the investigators to have relevance,
although testing in the patients revealed mixed
results.
EAA FROM LESS ANTICIPATABLE CAUSES

Perhaps of rather more interest are a group of arti-
cles dealing with likely diagnoses of EAA caused
by agents that are less intuitively likely to be asso-
ciated with this condition. Agents and exposure
types in this group included zinc fume, paints,
the hydrofluorocarbon 1,1,1,2-tetrafluoroethane,
and the enzyme phytase. Further evidence is
also included in this group relating to the previ-
ously described respiratory problems in yacht
manufacturers.

Miyazaki and colleagues59 described a respira-
tory problem in a 55-year-old welder after having
inhaled the products of a galvanizing process on
mild steel, with an array of HRCT findings that
the investigators concluded were consistent with
EAA, including diffuse centrilobular nodules, pan-
lobular ground-glass opacity, and interlobular
septal thickening. The patient underwent BAL,
which was lymphocytic in nature, again interpreted
as supportive of an EAA, as opposed to an alter-
nate diagnosis, although lack of a definitive biopsy
does leave unclear the nature of the actual
pathology. Additionally, the potential for mixed
exposures in welding is always present.

Other rather unusual exposures reported to
cause EAA include 1,1,1,2-tetrafluoroethane60 in
the context of using this agent as a coolant for
a hair-removal diode laser. The young woman
exposed became unwell, complaining of short-
ness of breath, with an associated fever. HRCT
showed diffuse centrilobular opacities, and biopsy
noted eosinophil infiltration, which recurred
following SIC to this agent. Although the investiga-
tors report this as EAA, the presence of an eosin-
ophilic response suggest that a wider set of
differential diagnoses should perhaps be
considered.

Phytase enzyme used as an additive to cattle
feed has also been highlighted in a recent publica-
tion as a potential contributor to EAA. The former
case diagnosis61 was supported by restrictive
lung physiology, typical radiology, lymphocytosis
in bronchoalveolar lavage fluid, and a positive
exposure test at work. Occupational contact
dermatitis and allergic rhinoconjunctivitis has also
recently been attributed to lactase exposure.62

The yacht and luxury boat-manufacturing story
continues with this American group reporting
a further case of possible EAA associated with
this type of work. Volkman and colleagues63 report
a 46-year-old woman with a short history of dysp-
nea, chest tightness, and cough with marked work
effect. Her radiograph revealed pulmonary infil-
trates, not responding to standard treatment for
infection. Symptoms and signs improved on
removal from the workplace, and the authors
postulated that dimethyl phthalate and styrene
were among the most likely candidate causes for
this response.
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ASTHMA AND EAA “CROSS-OVERS”

Various publications describe exposures that are
described as causing asthma and EAA. Before re-
viewing these articles, it is reasonable to assume
that very little is understood about the potential for
single agents (or indeed single workplace expo-
suresorwork tasks) to cause the 2 separate disease
manifestations in the forms of asthma and EAA. It is
at least plausible that, in addition to the develop-
ment of asthma or EAA attributable to exposures
to different causative agents within a complex mix,
that a single exposure may cause a single disease,
the extremes of the clinical spectrum of which may
have either asthma or EAA features. The latter will
be better understood onlywith improvedphenotyp-
ing of affected workers, better understanding of
basic mechanisms, and, ultimately, developing
better clinical case definitions.
Isocyanate exposure is perhaps the best

example of this potential dual role. Already well-
described to cause asthma, a Swiss group, Bieler
and colleagues,64 identified paint exposure as
a possible cause of EAA in a worker exposed to
1,6-Hexamethylene diisocyanate (HDI) in the form
of hardeners. The lung disease was characterized
by rapidly progressive breathlessness, leading to
respiratory failure. No biopsy was undertaken,
presumably given the severity of the illness, but
air sampling and urine biomarker estimates implied
HDI exposure, and subsequent patch testing
confirmed a delayed hypersensitivity to HDI. The
investigators were keen to stress the speculative
nature of these findings, but these are at least
consistent with other case reports supporting the
ability of isocyanates to cause EAA, including
a further recent report implicating low-level expo-
sure to diisocyanates in a secretary.65 This latter
case, fromGermany, was of EAA in a secretary em-
ployedat a car-bodypaint facility. Althoughnot bio-
psied, lung function, HRCT appearances, and the
presence of IgG to diisocyanate human serum
albumin conjugates were concluded as supportive
evidence. The patient improved following cessa-
tion of exposure, measured to be generally below
current exposure limits.
A group of other nonisocyanate exposures

described as causing both conditions is now
considered. A research letter by a Canadian
group,66 expert in the assessment of occupational
lung disease, displayed the results for 2 challenges,
1 performed on a malt-exposed worker where the
likely diagnosis was asthma owing to sensitization
by an IgE mechanism, and 1 on a malt worker sus-
pectedofhavingdevelopedEAA.Variousoutcomes
differ between the challenges, the former showing
a biphasic response, the latter a fall in FVC and
diffusing capacity. Body temperature did not
elevate in the former, but did on the final exposure
day for the latter case. Interestingly, although the
latter worker, suspected of EAA, developed
a peripheral blood neutrophilia, the former patient,
suspected of asthma, did not show any increase in
the proportion of sputum eosinophils. This latter
finding aside, the investigators postulate that
asthma and EAA are perhaps 2 discrete and sepa-
rate outcomes that were caused by an identical
exposure.
Similarly, chicory exposure is the focus of recent

publications that proposed its involvement in the
development of typical type I allergic-mediated
sensitization causing asthma and rhinoconjunctivi-
tis and also its involvement in causing EAA. Pirson
and colleagues67 described rhinoconjunctivitis and
asthma in a worker from an insulin-producing
facility, using chicory roots as a substrate. An
immediate response was seen to SIC, and the
worker also had evidenceof type I–mediated sensi-
tization with positive skin prick tests and specific
IgE to chicory. Chicory leaf handling was also
recently described68 as a cause of presumed
EAA, supported by a typical clinical features and
positive specific IgG, although the actual causative
agent appears not to be the chicory itself, but
a fungal contaminant, Fusarium sp.

Similarly again, exposure to onion as part of
a more general inhaled spice exposure was inves-
tigated by a South African group.69 Detailed inves-
tigations were undertaken on 3 workers heavily
exposed to spice dusts, all of whom had devel-
oped asthma. Specific IgE was measured to
a range of common inhalant, food, and spice aller-
gens. In addition, basophil stimulation was used to
potentially assess non-IgE–mediated responses.
Specific allergens were also identified using an
immunoblotting technique. Of interest, dry
powdered garlic and onion demonstrated greater
IgE binding than seen from the raw plant. Onion
exposure (as part of a task of onion and potato
sorting) has also been recently described as
a risk for developing EAA. This German paper70

described a case report of an onion and potato
sorter who developed EAA characterized by
pulmonary infiltrates, a lymphocytic BAL, and
specific IgG presence to Penicillium sp and Fusa-
rium solani. Again, it was the fungal contaminant
rather than any onion-derived epitope that
appears to have been responsible.
Exposure to esparto grass is also worthy of

discussion here. Ruiz-Hornillos and colleagues71

describe a case of occupational asthma attributed
to esparto exposure. Esparto is a gramineous
plant with an interesting array of potential uses,
including use as a fabric and fence-building
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material. This Spanish group described a 58-year-
old man who developed work-related asthma
symptoms and a correlated effect in serial PEF
measures. Changes in PEF values appeared to
relate to esparto use and there was evidence of
sensitization as judged by a positive skin prick
test to esparto. Potential cross-reactivity to
proteins from Aspergillus fumigatus was also iden-
tified. Enrı́quez and colleagues72 also recently re-
ported a further case of occupational asthma
related to esparto grass usage, on this occasion
in a 30-year-old man. Following 12 years of work
with esparto fibers, he presented with a 3-year
history of work-related cough, shortness of breath,
and wheeze. There were no systemic features or
fever to suggest an alternate diagnosis of EAA.
Peripheral eosinophilia and a positive skin prick
test to esparto were noted, and serial PEF noted
a work effect. A sample of esparto cultured a Mu-
cor sp. The result of subsequent skin prick testing
with Mucor extract was positive and specific IgE
against Mucor racemosus was detected. A SIC
challenge was positive (early reaction only) when
tipping esparto between trays. In contradistinction
to these recent asthma data, historically, esparto
exposure has also been described as causing
EAA (for example, by Flandes and colleagues73),
although no other recent papers were identified
relating to this for the purposes of this review.
Flandes and colleagues73 described a 25-year-
old plasterer, exposed to esparto fibers as they
were added to plaster to alter its consistency
and strength. Supported by consistent symptoms,
restrictive physiology, reduced diffusing capacity,
computed tomography ground-glass changes,
a lymphocytic BAL, and supportive biopsy, they
concluded this case related to EAA from esparto
exposure, but actually caused by exposure to
Aspergillus fumigatus.

Excluding isocyanates, to date in this review,
therefore, exposures linked to asthma and EAA
appear actually to be caused by separate agents
within a complex mix of exposures, rather than
a body of evidence supporting a single exposure
causing 2 diseases. The dual responses to malt
is the exception, at least in principle, suggesting
that a single exposure may lead to differing
outcomes, although the exact nature of the chal-
lenge material used, and its potential contami-
nants, is not provided.

Finally, pertaining to the example of metal-
working fluid lung diseases, the largest outbreak
of this to occur in the United Kingdom was pub-
lished by Robertson and colleagues74 in 2007,
and carefully reviewed recently also from the
perspective of clinical features75 and demog-
raphy.76 The article by Robertson and colleagues74
described the clinical approach to investigating
a large outbreak of respiratory illness in a group of
motor vehicle manufacturing workers exposed to
potentially contaminated metal-working fluids.
Workers were investigated in a phased manner,
to limit more detailed investigations on those least
likely to have developed either EAA or asthma as
a result of their exposures. Of the entire work force,
87 persons (10.4%) were diagnosed as having
either asthma (n 5 74) or EAA (n 5 19). Seven
workers were diagnosed as suffering from humidi-
fier fever. The approach taken by the study team
was to identify case definitions for each condition
a priori. No discussion was entertained relating to
potential overlap of these conditions, and case
definitions used were based on previous work.
Nevertheless, a definite cause, or group of causes,
has not yet been consistently identified from
outbreaks of respiratory disease related to such
exposures, and it remains to be proven as to
whether a single contaminant can be responsible
for both asthma and EAA, whether separate indi-
vidual exposures account for each separate
outcome, or whether in fact a single disease entity
is responsible, behaving in someworkers like occu-
pational asthma, and in others like EAA.
CONCLUDING REMARKS

The recent evidence base offers insights into
a vast array of complex and difficult occupational
and environmental causes of lung disease.
Despite their complexity, the lungs remain vulner-
able to such insults from a wide variety of sources.
Hamlet may well still reign true here when he lays
out such mysteries for us all to solve, but the
continuing research in this field from a diverse
group of interested authors is beginning to unravel
some. Perhaps these Shakespearean words are
more appropriate: “Their understanding begins to
swell, and the approaching tide will shortly fill the
reasonable shores that now lie foul and muddy?”77
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