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Purpose of review

The objective of this study was to review all new causes of well documented immunologic occupational
asthma (IOA) published in the English and French medical literature between January 2012 and mid-2014.

Recent findings

Ten case reports of new causes of IOA were reported during that period. The diagnosis was either
confirmed by specific inhalation challenges (n¼5) or a combination of peak expiratory flow monitoring at
and off work, confirmation of specific sensitisation, and asthma (n¼3). These involved both high (mites
contaminating cured ham, various enzymes used as detergents and food additives, aquarium fish food,
and orange allergens) and low-molecular-weight agents (spruce wood dust, a biocide, and an halogenated
platinum compound used in cytotoxic drugs). Furthermore, eight studies reported cases of IOA with agents
already known as airway sensitizers but in working environments that were unusual and reported for the
first time.

Summary

There are more than 400 known causes of IOA and the list grows continuously with the development of
new technologies and better recognition of the diagnosis by physicians. IgE-mediated sensitization was
confirmed in all new cases involving high-molecular-weight agents and in two of the three new cases
involving low-molecular-weight agents. Symptoms of rhinitis were often associated with both types of
agents. Physicians should stay alert and suspect occupational asthma in any adult with new-onset asthma
or with newly uncontrolled asthma.
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INTRODUCTION

Asthma is among the leading causes of occupational
lung diseases in industrialized countries and about
10–15% of adult-onset asthma is thought to be
because of the work [1,2]. Work-related asthma
can be defined as work-exacerbated asthma and
occupational asthma [1,3]. While work-exacerbated
asthma, also called work-aggravated asthma, is pre-
existing or concurrent asthma that is exacerbated by
workplace exposure, occupational asthma is defined
as asthma (a disease characterized by airway inflam-
mation, variable airflow limitation, and airway
hyperresponsiveness) caused by conditions attribu-
table to a particular occupational environment and
not to stimuli encountered outside the workplace
[4]. Occupational asthma can be further distin-
guished between immunologic or nonimmunologic
types, according to whether there is a latency period
necessary to acquire an immunologic sensitization –
this is called immunologic occupational asthma
(IOA) – or not, as asthma develops within hours
ht © 2015 Wolters Kluwe

rs Kluwer Health, Inc. All rights rese
of a single exposure to high levels of inhaled irri-
tants – variants of this type of asthma have been
described following multiple exposures to irritants
and it is now called irritant-induced asthma.

There are more than 400 agents known to be
associated with IOA and/or non-IOA and the list
steadily grows each year with the development of
new industrialized processes and better recognition
by physicians. Recently, Baur [5

&

,6
&

] reviewed the
various causes responsible for immunologic and
nonimmunologic asthma published by August
2011. The objective of this study is to review the
list of all new agents recognized as a cause of IOA
and described in the literature between January
r Health, Inc. All rights reserved.
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KEY POINTS

� Workers exposed to HMW agents who develop
occupational asthma have frequently other allergic
manifestations such as rhinoconjunctivitis or contact
urticaria.

� Physicians should be aware that new causes of
occupational asthma are still reported each year,
stressing the importance of inquiring about work-related
symptoms in any worker with newly uncontrolled or
new-onset asthma.

� HMW but particularly LMW agents may be found in
many different occupational settings, often unsuspected.

� New causes of occupational asthma should ideally be
confirmed by SICs.

Occupational disease
2012 and June 2014. Epidemiological studies report-
ing an increased prevalence of chest symptoms in
various work forces and for whom the diagnosis
of IOA was not confirmed objectively will not be
discussed.
METHODS

Medline was searched for publications in English or
French using the key words ‘occupational asthma’,
‘occupational allergies’, and ‘asthma and work’ in
2012, 2013, and in the first 6 months of 2014. This
review refers to studies that reported new causes of
well documented IOA or to studies reporting known
causes of IOA encountered in new occupational
environmental conditions. However, the level of
evidence for causation varied between the studies
[7–9], specific inhalation challenges (SICs) being
considered the reference standard.
REVIEW

The following sections describe new agents associ-
ated with IOA, new occupational settings associated
with IOA and an overview of the various investi-
gations which led to the diagnosis.

New agents
Between 2012 and mid-2014, 10 new agents were
identified as airway sensitizers causing IOA. The
diagnosis of IOA first relies on a good history with
the demonstration that asthma is caused by work
exposure, ideally with identification of the respon-
sible agent [1,7,8]. However, the latter may not
always be possible and workers might be exposed
to several sensitizers at work. A combination of
confirmed asthma, temporal relationship of symp-
toms with workplace exposures and objective tests
 Copyright © 2015 Wolters Kluwer 
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such as confirmation of immunological sensitiz-
ation by skin prick tests (SPTs) or specific IgE (sIgE),
monitoring of peak expiratory flows (PEFs) at and off
work, nonallergic bronchial hyperresponsiveness
(BHR), and sputum counts cells have various prob-
ability levels of accuracy [1,7,8,10]. SICs are con-
sidered the reference standard for the diagnosis of
occupational asthma, and, when done in the labora-
tory, they allow identification of the responsible
agent [1,7,8].

Table 1 [11
&&

,12–14,15
&&

,16,17
&

,18–20] lists all
new causes of IOA according to their molecular
weight, that is, high (>5–10 kD, usually a protein
or glycopeptide) or low, as well as the type of job
involved (workplace setting), the number of subjects
and their clinical characteristics (age, sex, atopic
status, and smoking history when known), associ-
ated work-related symptoms (rhinoconjunctivitis
and contact urticaria or dermatitis), immunological
findings specific to the relevant agent (SPT and sIgE)
when done, functional tests used to confirm the
diagnosis of asthma (defined by variable airflow
obstruction or increased BHR) and work relatedness
including monitoring of PEFs at and off work, and
finally results of SICs.

The majority of new causes of IOA were seen
with high molecular agents: new enzymes used as
detergents [11

&&

,12] or food additives [13], arthro-
pods contaminating food (cured ham) [14], earth-
worms used as aquarium fish food [15

&&

], and orange
fruit [tree aeroallergen [16] and flavedo (zest) [17

&

]],
and only three agents having a low molecular
weight (LMW) (spruce wood dust [18], the biocide
4,4-methylene-bismorpholine [19], and the halo-
genated platinum compound K2PtCL4 [20]).
Although savinase is not a truly new agent as it
belongs to the subtilisin family, like other enzymes
such as maxatase or alcalase, the cases presented
here [11

&&

,12] were the first cases described with this
specific protease enzyme derived from Bacillus amy-
loliqefaciens. The diagnosis was well documented in
eight subjects by either SIC (n¼5) and/or combin-
ing PEF monitoring at and off work, objective evi-
dence of asthma, and specific sensitization (positive
SPT or sIgE) (n¼3). For two agents (bacterial
a-amylase Termanyl and microbial transglutami-
nase), the diagnosis relied only on history, evidence
of asthma, and specific sensitization, which make
the diagnosis highly probable.

Not surprisingly, most cases of occupational
asthma to high-molecular-weight (HMW) agents
were associated with other allergic manifestations,
such as rhinoconjunctivitis or contact urticaria, the
latter being less common [1]. Rhinitis was also often
associated to LMW agents-induced IOA (2/3).
Previous studies [21,22] had shown that both
Health, Inc. All rights reserved.
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HMW and LMW agents can induce IOA but that
rhinitis is usually more severe with HMW agents.
Contact dermatitis is less often seen although it may
be associated with IOA [23].

New workplace settings
In the same period, IOA was reported in new work-
place settings for eight known airway sensitizers.
Table 2 [24–33] list studies reporting IOA to known
sensitizers found in unusual and new working
environments, either with HMW agents (squid
[24] and Aspergillus fumigatus [25]) or LMW agents
(carmine red [26], Western red cedar [27], chlorhex-
idine [28], polyvinyl chloride [29], acrylic resins
[30], and cyanoacrylate [31]). The diagnosis of
IOA was confirmed by SIC in seven of eight cases
or a combination of evidence of asthma and PEF
monitoring at and off work.

Overview
All HMW agents have the potential to cause IgE
sensitization and typical allergic responses. This
mechanism of sensitization was confirmed in all
new causes of HWM agents-induced IOA. As com-
mercial or standardized extracts are rarely available,
most allergens used for SPT or sIgE were made
locally, and prick-to-prick skin tests were often
performed. Interestingly, specific IgE sensitization
was also confirmed in four cases of IOA caused by
LMW agents (chlorhexedine, carmine red, the bio-
cide additive 4,4-methyl-bismorpholine, and spruce
wood dust). LMW agents are incomplete antigens
(i.e. haptens) that must bind to autologous or heter-
ologous proteins to become immunogenic [34] and
the mechanism of sensitization often cannot be
demonstrated to be IgE mediated.

For HMW agents, the patterns of bronchial
response to SIC were usually typical, that is, immedi-
ate or dual, although the enzyme savinase induced
an isolated late response that is unusual with HMW
agents [35], although we had previously shown a
similar pattern in a worker exposed to another sub-
tilisin [36]. The bronchial response to LMW agents
was either late, dual, or atypical as previously shown
[35], only one worker having an immediate response
(with carmine red).

Except for one study [26] in an aquarium fish
food production plant, where 80% (8/10) of the
workers developed occupational asthma and rhini-
tis to various HMW agents due to high exposure in
small and poorly ventilated premises without any
respiratory protection, the prevalence of occu-
pational asthma in workplaces where these cases
were reported is not known. The potential for sen-
sitization of an agent is surely related to the level of
exposure and how the workers are exposed (dust,
Health, Inc. All rights reserved.
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Occupational disease
fumes, aerosols). Furthermore, individual risk fac-
tors such as atopy and smoking may play a role [37].
For LMW agents, exposure is also critical but some
agents are clearly more sensitizing than others,
highly reactive side chains increasing the potential
of sensitization. Agius et al. [38] have developed and
validated a quantitative structure–activity relation-
ship model to predict the potential of LMW organic
agents to cause asthma due to sensitization, as
determined by the hazard index [39,40]. This model
was applied in the case of IOA to a biocide as
described by Walters et al. [19], the occupational
hazard index of 4,4-methylene-bismorpholine
reaching 0.95; comparatively, diisocyanates, the
most frequent cause of occupational asthma in
industrialized countries, have an hazard index of
1 [41]. However, even with a hazard index of 1,
chlorhexidine is an uncommon cause of IOA prob-
ably because of the nature of its exposure as it is less
aerosolized in vapor form than diisocyanates.

CONCLUSION
The list of agents causing IOA is continuously grow-
ing in our industrialized countries and clinicians
should always suspect the diagnosis in new-onset
adult asthma or in subjects with newly uncontrolled
asthma. In 2012–2014, 10 new agents (seven HMW
and three LMW agents) were reported as airway
sensitizers whereas new occupational environmen-
tal exposures were reported for eight known airway
sensitizers. A good medical history is critical for the
diagnosis but it should always be combined with
objective evidence of work-related asthma. The
documentation of any new case of occupational
asthma should be considered as a sentinel health
event [1] leading to proper assessment of the
workers’ environment and reduction of exposure
in other workers.
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