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Purpose of review

Review article on recent developments on inhalant food allergens associated with occupational respiratory
allergy and asthma.

Recent findings

This review has found that occupational inhalant allergy in food handling occupations is a common and
recognisable clinical entity (class 3 food allergy) in high-risk food occupations such as bakeries and
seafood processing. Aerosolised food proteins from plant or animal food sources, additives and biological
food contaminants cause occupational sensitization, rhinitis and asthma. The risk of allergy may be
enhanced across the food value chain as a result of food processing techniques including the introduction
of new food allergens in the food matrix. Occupational food allergy and asthma can be prevented by
improved health-based exposure standards, workplace control measures, education and training activities,
and early diagnosis accompanied with exposure reduction.

Summary

Future studies need to focus on exposure-response studies to establish improved exposure limits especially for
flour dust, the relevance of cooked vs raw foods in influencing risk, identifying and characterising major
inhalant food allergens accompanied with component resolved diagnostic approaches, and evaluating the
effectiveness of interventions for common high-risk food sensitizers causing occupational rhinitis and asthma.
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INTRODUCTION

Occupational sensitisation due to inhalant food aller-
gens during food handling, classified by the European
Academy of Allergy and Clinical Immunology
(EAACI) Consensus Statement as a class 3 food allergy
(Table 1), is estimated to account for up to 25% of
occupational asthma (OA) and occupational rhinitis
(OR) [1

&

]. The main allergen sources include high
molecular weight (HMW) food proteins in plant or
animal food sources, additives (enzymes, flavourants,
colourants, thickening agents, sulphites) and biologi-
cal food contaminants (insects, mites, parasites and
fungi) in food storage, preparation and processing
facilities [1

&

,2]. The predominant mechanism of sen-
sitisation is through aerosolisation of allergens during
workplace handling and their subsequent inhalation.
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METHODS

Published studies were identified from PubMed and
MEDLINE for the period 2018–2021, as an update to
the comprehensive review published in 2019 by the
 2022 Wolters Kluwer H
EAACI FORA Taskforce [1
&

]. The following keywords
were used in the search strategy: (occupational
allergy) or (inhalant food allergy) or (work-related
allergy) AND (occupational allergic respiratory dis-
ease) or (respiratory allergy or asthma or rhinitis)
AND (food processing) or (food handling) or (food
industry). Specific searches also included (wheat
allergen) or (flour dust or wheat allergens) or (baker’s
asthma or rhinitis) AND occupational exposure),
ealth, Inc. All rights reserved.
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KEY POINTS

� Occupational inhalant food allergy is caused by high
molecular weight food proteins in plant or animal food
sources, additives and biological food contaminants in
food storage, preparation and processing facilities.

� The predominant mechanism of sensitization is through
aerosolization of allergens during workplace handling
resulting in occupational rhinitis and asthma.

� Occupational food allergy and asthma can be
prevented by improved health-based exposure
standards, workplace control measures, education and
training activities and early diagnosis accompanied
with exposure reduction.

Occupational inhalant food allergy Jeebhay and Baatjies
(seafood processing or manufacturing or handling or
industry) or (seafood allergy or asthma or occupa-
tional seafood allergy) or (seafoodallergens) or (work-
related exposure or occupational seafood exposure or
bioaerosol exposure or enzyme exposure), given
these two entities are the most commonly studied.
References published within the timeframe not oth-
erwise identified in the initial search were added to
provide appropriate continuity and context.
OCCUPATIONS AND POPULATIONS AT
RISK

Causative agents

There are few prospective studies that follow the
development of adult respiratory disease with expo-
sure to occupational asthmagenic agents. In a popula-
tion-based study, Tagiyeva et al. reported an increased
risk of adult onset wheezing illness, lung function
impairment and excess Forced expiratory volume in
 Copyright © 2022 Wolters Kluwe

Table 1. Classification of food allergy

Primary route of sensitization Popu

Class 1 Gastrointestinal tract, transcutaneous (with
disrupted skin barrier)

Com
als

Class 2 Cross-reactive allergens present in inhaled
sourcesa

Com
als
ad

Class 3 Respiratory tract, transcutaneous (with disrupted
skin barrier)

Com
wo
oc
set
pre

aExample: pollen food syndromes.
EAACI consensus statement on food processing and occupational respiratory allergy

1528-4050 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
onesecond (FEV1) declinewith occupational exposure
to food-related agents in adults without childhood
wheeze [3].

A comprehensive list of agents causing occupa-
tional allergy, OR or OA is listed in the EAACI
Consensus Statement [1

&

]. Additional agents that
have been reported in this review period are listed
in Table 2 [4–19]. Notable newly reported plant
agents include an additional allergen Prunus persica
9 in peach tree pollen, causing allergic sensitization
in peach orchard farm workers [5]. Another is qui-
noa flour causing wheeze in a mill worker as seeds
become popular in wheat allergic or gluten-intoler-
ant individuals [6]. Occupational allergy to donkey
milk was reported in a food laboratory analyst that
handled both liquid and powdered lyophilized
forms [12]. It is rare since it is not widely consumed
and is considered to be hypoallergenic.

An unusual allergen in a butcher involved in
sausage production, when adding binding agents,
containing enzyme transglutaminase from Streptomy-
ces mobaraensis to catalyze cross-linking of meat pro-
teins to produce a more stable texture [14]. Psyllium
has reemerged in bakers due to the increasing popu-
larity of gluten-free and vegan food as a substitute for
gluten or eggs [17]. An exotic rare cause of OA due to
saponins from soapnuts and quillaja bark (Quillaja
saponaria), added to beer was also reported [18].

Finally, two new seafood allergens were reported
in workers handling dry shrimp Gammarus powder
(Pen m 4) and fish (creatine kinase) [7,8].
Epidemiology and risk factors

It is estimated that OA occurs in 3–10% of green
coffee bean workers, 4–13% of bakers, 2–8% of bony
fish processors and 4–36% of shellfish processors
[1

&

,20,21]. Occupational risk factors for OA include
r Health, Inc. All rights reserved.

lation affected
Symptoms with
food ingestion

Symptoms with
food inhalation

monly children but can
o occur in adults

Always Occasional

monly adults but can
o occur in children/
olescents

Always Seldom

monly adults in the
rkplace, but can also
cur in the domestic
ting with food
paration

Seldom Always

[1
&

].
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the allergenicity of food proteins, nature of work
processes and allergen exposure levels, whereas
atopy, OR and ingestion-related allergy are impor-
tant host risk factors.

Recent epidemiological studies have focussed
mainly on workers in flour mills baking industries
and the seafood industry (Tables 3 and 4). OA in
these two food sectors have been reviewed in greater
detail elsewhere [20,21].

Olivieri et al. reported a higher prevalence of
work-related nasal (25.7%) than asthma-like symp-
toms (9.5%) in bakers using only wheat flour in
traditional Italian bakeries (Table 3) [22]. The risk
of work-related asthma-like symptoms was higher in
bakers compared to shop assistants, with higher
odds when multigrain flour was used (OR¼3.4,
95% CI 1.1–10.8). In a sub-study, fractional exhaled
nitric oxide (FeNO) levels were higher in sensitized
bakers with work-related lower airway symptoms
compared to nonsensitized bakers as has been
reported previously by Baatjies et al. [23

&

,24]. In
another Italian study of bakers, a significant corre-
lation was observed between increasing duration or
flour dust exposures >2 mg/m3 and declining FEV1/
Forced vital capacity (FVC) ratio [25].

In Ethiopian flour mill workers, significant risk
factors for work-related respiratory symptoms
included employment duration >5 years, flour mix-
ing operations, inadequate workplace ventilation,
lack of respiratory protective equipment and bakers
having no safety training [26–28]. Two studies of
bakeries in the DR Congo and Benin reported the
prevalence of OA as 3.6% and 10% respectively
[29,30].

Epidemiological studies were reported from Nor-
wegian crab processing workers and Swedish fishers
and processors (Table 4). In the former group, atopy
was significantly associated with positive Skin prick
test (SPT) or raised IgE to king- and edible crab.
Workers exhibited differential IgE binding patterns
to various forms of crab extracts (raw and cooked
meat, intestines, shell) frequently to tropomyosin
and arginine kinase as well as to two novel proteins,
hemocyanin and enolase [31

&

]. More studies are
needed to determine their relevance for occupa-
tional sensitization through inhalation. In the latter
study, the risk of asthma among fish filleting work-
ers increased with employment duration in fish
processing and the use of pressured sprayers. Fillet-
ers were also more likely to change their work tasks
due to respiratory symptoms than other fish proc-
essing workers [32]. Mason et al. used data from the
Surveillance of Work-related and Occupational
Respiratory Disease reporting system for 1992–
2017 showing an excess incidence of annual OA
for UK land-based seafood processors of 70 per
 Copyright © 2022 Wolters Kluwe

1528-4050 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
100 000 workers compared to 2.9 in ‘all other indus-
tries’, implicating prawns and salmon/trout process-
ing [33]. These findings are consistent with others,
highlighting the need to reduce bioaerosol expo-
sures [34].

In an isolated study of poultry farm workers,
Ngajilo et al. reported a 3% prevalence of OA [35].
Workers sensitized to chicken-specific allergens
(8%) were more likely to be atopic or employed as
casual-workers, whereas those with work-related
chest symptoms were more likely to work in the
rearing-department (OR¼3.2, 95% CI: 1.2–8.4).
EXPOSURE ASSESSMENT

Exposure assessment is important in identifying
high-risk exposures and evaluating the effectiveness
of interventions. El-Zaemey et al. used data from the
Australian Work Exposure Study-Asthma, found
that among the 4,878 respondents, 12.4% reported
occupational exposure to asthmagens derived from
animals, fish and/or shellfish, whilst 12.8% reported
occupational exposure to asthmagens derived from
plants [36,37]. Furthermore, farmers/food handling
workers were the most common occupational group
exposed to animals/seafood (33%) and plants,
mainly to flour (66%).

Exposure studies have been reported mainly for
flour dust, since it continues to be associated with a
higher incidence of OA and OR. Recent studies have
been reviewed in a separate communication [38

&

].
Notable is the systematic review of 21 studies, which
demonstrated that weighing/mixing and dough
forming tasks were associated with the highest inhal-
able dust (3.078–4.930 mg/m3) and wheat allergen
levels (37–40 mg/m3) [39]. Furthermore, small bakery
size was also associated with higher exposures.

Noncompliance with exposure limits continues
to be highlighted. Zamani et al. reported high mean
dust levels of 11.06 mg/m3 in Iranian flour mill
workers, with 45% of samples exceeding the Ameri-
can Conference of Governmental Industrial Hygien-
ists (ACGIH) standard of 0.5 mg/m3 [40]. Irish
bakeries had 70% of measurements exceeding
1 mg/m3 whereas Norwegian bakeries had 29% of
samples exceeding 3 mg/m3 [41,42]. Similarly, dust
levels in Canadian bakeries were on average, double
the exposure standard [39].

Furthermore, mycotoxin exposures have also
been reported in Portuguese fresh bread dough com-
panies [43], documenting exposures to deoxyniva-
lenol (DON) as high as 58.2 ng/g, whilst a study in
the Norwegian grain industry reported 1,3-b-glucan
concentrations of 32 mg/m3 [44]. A study of Irish
bakeries and pizzerias reported fungi including Pen-
icillium and mycotoxin exposures dominated by
r Health, Inc. All rights reserved.
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s rese
DON [41]. A study of swine production workers, also
reported high levels (272 ng/g) of exposure to DON
[45].

Exposure to bioaerosols in fish processing areas
on board Norwegian fishing trawlers were reported to
have high levels of proteins, trypsin, parvalbumin
and endotoxin [46]. Exposures varied depending on
theageand type of fishprocessedand high endotoxin
levels were associated with high-pressure water clean-
ing of machines and floors. Sauvé et al. also reported
higher endotoxin levels during bedding work, hog
handling and working in barn/confinement build-
ings, grain bins and grain elevators among farmers in
Iowa [47]. Increased exposures to 1,3-b-glucan were
also observed for bedding work, cleaning and feed/
grain storage work.
DIAGNOSIS AND MANAGEMENT

The diagnostic approach for suspected occupational
allergy in food handling workers is no different to
other occupational exposure contexts [1

&

]. Raulf
reviewed allergen component analysis and con-
cluded that despite various efforts to characterize
occupationally relevant wheat allergens, no major
allergen in wheat is identifiable [48]. A whole-wheat
extract remains the best option to determine IgE
sensitization due to its higher diagnostic sensitivity
for baker’s asthma. However, single wheat allergens
may assist in differentiating between different clas-
ses of food allergy viz. wheat-induced food allergy
(class 1), grass pollen allergy (class 2) and baker’s
asthma (class 3).

Taghiakbari et al.usingclinical scoresdeveloped a
model to predict OA due to HMW agents (53%
exposed to flour and associated agents). Significant
variables included those�40 years of age, rhino-con-
junctivitis, inhaled corticosteroid use, agent type,
nonspecific BHR and occupational-specific sensitiza-
tion. This is a useful approach for clinics without
access to specific inhalation challenge tests [49].

A systematic review of 26 nonrandomized con-
trolled studies of workplace interventions for the
management of OA by Henneberger et al. concluded
that both removal and reduction of exposure had
better clinical outcomes than continued exposure
[50]. However, only removal from exposure was
associated with improved lung function. The poten-
tial benefits of this approach need to be considered
within the context of potential job loss.
PREVENTION

Various strategies are aimed at either reducing expo-
sures, the risk of sensitization or the development of
OR and OA to food agents.
r Health, Inc. All rights reserved.
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Policy, regulatory frameworks and exposure
standards

There are a few occupational exposure limits for
food allergens, and these vary between countries
as is evident for flour dust with the 8-h-TWA varying
between 0.5 and 10 mg/m3 [1

&

,38
&

]. Other food
agents with exposure standards include grain dust,
tea dust, poultry dust, Penicillium and proteolytic
enzymes. Evidence-based exposure benchmarks to
prevent allergic respiratory disease have been used
to revise the Dutch exposure standards for flour dust
(0.2 mg/m3) and fungal a-amylase (0.9 ng/m3) in
workers irrespective of atopic status. This represents
a major advance for prevention in food handling
occupations [51].
Workplace control measures to reduce
exposures

Strategies for reducing exposure are generally spe-
cific to the occupation in the food industry and may
include modification of food processing, mechani-
zation or automation, use of modified materials,
better organization of work, improvement of work-
place conditions, improving ventilation and use of
respiratory protective devices [52].

In this review period, three studies reported on
the effectiveness of control measures to reduce
flour dust exposures in bakeries. Martinelli et al.
evaluated control measures viz. installation of a
sleeve to the end of a pipeline, lid on a mixer tub
and local exhaust ventilation system, resulting in
16–70% lower dust levels [53

&

]. Karjalainen et al.
focused on changing the working methods used in
Finnish bakeries. This included lowering the
height when adding ingredients to mixers; careful
handling of empty bags to avoid dustiness; empty-
ing bags near the bottom of the mixer; and sprin-
kling flour from as low a height as possible onto the
baking table. Using these methods, mean reduc-
tions between 39 and 45% were demonstrated
within one year [54].

The effectiveness of a multifaceted intervention
(dough mixer lid, training) in South African super-
market bakeries in reducing the incidence of allergic
sensitization, OR and OA was also reported given the
50% or more reduction in dust and allergen levels
previously reported [55,56]. A greater decline in the
incidence of wheat sensitization (21% vs 6%) and
mean FeNO (16.9 ppb vs 7.7 ppb) among bakers with
baseline FeNO � 25 ppb was observed in the inter-
vention group, one year after the intervention. The
intervention group also showed a decline (� 10%)
in FeNO at follow-up, particularly in bakers with
work-related ocular-nasal symptoms at baseline
(OR¼3.73, CI: 1.22–11.42).
ealth, Inc. All rights reserved.
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Finally, an educational intervention designed to
improve the knowledge of preventive measures for
allergy and asthma was evaluated in Bavarian farm
apprentices [57]. The effect of a short educational
video was evaluated 6 months later and reported to
improve the knowledge about preventive measures
in 20% of apprentices.
Immunotherapy

In certain settings, workers with OA may choose to
continue working in jobs with reduced allergen
exposures where it cannot be totally eliminated.
A review that included three studies involving foods
(all used wheat flour) concluded that there was
increasing but modest evidence of beneficial short-
and long-term effects of immunotherapy and safety
in worker populations [58]. Dubini et al. also
reported on the success of sublingual specific
immunotherapy (SLIT) for baker’s asthma and rhi-
nitis [59]. Despite baker’s asthma being a common
entity, the use of immunotherapy has been limited
due to the lack of identifiable major allergenic
wheat flour proteins. Given these findings further
confirmation is required in larger randomised
controlled trials.
CONCLUSION

In conclusion, this review has highlighted that
occupational inhalant allergy in food handling
occupations is a common and recognisable clini-
cal entity (class 3 food allergy) in high-risk food
occupations such as bakeries and seafood process-
ing. This risk may be enhanced across the food
value chain as a result of food being subjected to
various food processing techniques. Increasing
advances in food technology have also resulted
in the introduction of new and unusual allergens
as food additives in the food matrix. Future studies
need to focus on exposure-response studies to
establish improved exposure limits especially for
flour dust, the relevance of cooked vs raw food in
influencing risk, identifying and characterising
major food allergens and evaluating the effective-
ness of interventions including immunotherapy
for common high-risk food sensitizers causing OR
and OA.
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11. Larco-Rojas X, González-Gutiérrez ML, Vázquez-Cortés S, et al. Occupational
asthma and urticaria in a fishmonger due to creatine kinase, a cross-reactive
fish allergen. Investig Allergol Clin Immunol 2017; 27:386–388.

12. Giorgis V, Rolla G, Raie A, et al. A case of work-related donkey milk allergy.
Investig Allegro Clin Immunol 2018; 28:197–199.
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