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Occupational asthma (OA) is characterized by variable
airflow limitation and/or airway hyperresponsiveness (AHR)
associated with inflammation due to causes and conditions
attributable to a particular occupational environment and not to
stimuli encountered outside the workplace [1]. Diisocyanates
are the most common cause of OA in the automotive industry.
Powder painting is an alternative to solvent-based spray
painting. Triglycidyl isocyanurate [2] and organic acid
anhydrides are the main causal agents of OA [3].
We investigated the case of a 41-year-old woman (exsmoker with a 20 pack-year history) who experienced asthma
on exposure to powder paint containing aluminum hydroxide.
A specific inhalation challenge (SIC) and environmental
assessment provided evidence that aluminum hydroxide was
the most likely causal agent.
This previously healthy patient (no personal or family
history of allergy) had been working for more than 20
years as a control agent in a company specializing in the
manufacture of wipers (9 years in the packaging section,
11 years in the control department in the proximity of the
painting and drying area of the wiper arms). Five-years ago
she began to complain of respiratory symptoms (dry cough,
dyspnea, and wheezing), which were clearly associated with
work-related exposure. Detailed questioning revealed that
in her professional environment, she had been indirectly
exposed to the powder paint applied to wiper arms, which
contained aluminum hydroxide (20%-25%). Skin prick tests to
aeroallergens and to the powder paint (humidified with water)
on a normal reactive skin (negative control, 0 mm; positive
control, 7 mm) were negative. Her chest computed tomography
scan was normal. Functional respiratory tests showed minimal
airway obstruction with a forced expiratory volume in the first
second (FEV1) of 2.59 L (88% of predicted value), a forced
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vital capacity (FVC) of 3.95 L (116% of predicted value),
FEV1/FVC of 0.66, total lung capacity (TLC) of 5.10 L (99%),
and a transfer factor for carbon monoxide (DLCO) of 75%.
The fraction of bronchial exhaled nitric oxide (FeNO), which
was measured during a work period, was normal (4.15 ppb).
Her controller asthma treatment comprised a fixed combination
of formoterol/fluticasone 20/500 µg/d. The results of a
methacholine challenge test during a work period confirmed
the presence of AHR, which took the form of a 27% decrease
in FEV1 (2.4 L at baseline to 1.7 L for a cumulative dose [PD20]
of 80 µg of methacholine 1%) and was associated with asthma
symptoms (chest pain, cough, and wheezing) (Figure). Serial
monitoring of peak expiratory flow at and away from work
over a 3-week period revealed an OASYS score of 3.9 (normal,
<2.5), with a positive predictive value for OA of 83%. SIC
was performed with the powder paint 72 hours after controller
asthma treatment was stopped. Briefly, the patient was
gradually exposed (10 sec, 1 min, 5 min) to the powder, and
FEV1 was measured after each exposure period. SIC showed
an immediate positive reaction at the third step of exposure
(ie, 5 min) leading to asthma symptoms and a 16% decrease
in FEV1. Values returned to baseline after inhalation of 400 µg
of salbutamol. No associated ocular or nasal symptoms were
present. Monitoring of several parameters before and after
SIC revealed induced eosinophilic inflammation in the sputum
samples (1% vs 8%) without modification of FeNO (5.93 ppb
vs 5.70 ppb). The patient was hospitalized for 24 hours for
clinical and functional respiratory monitoring (measurement of
FEV1 at 30 min and 60 min after SIC, and of peak expiratory
flow once per h in the first 6 h, followed by twice daily). She
did not experience a late asthmatic reaction. These results
confirmed the diagnosis of OA induced by exposure to powder
paint containing aluminum hydroxide. The patient changed her
position in the company and was no longer exposed to powder
paint. Her symptoms resolved.
OA has previously been described in smelters and welders
in the aluminum industry, as well as in factories producing
aluminum salts [4-6]. Exposure to fluorides or aminoethyl
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ethanolamine have been reported to be possible causes of
reactions in aluminum smelters [4,6], and several data show
that aluminum can cause asthmatic reactions even in the
absence of these products [4,7]. To our knowledge, OA induced
by exposure to aluminum hydroxide has not previously been
reported.
Aluminum hydroxide can take the form of gibbsite,
which is amphoteric and has a low molecular weight (LMW,
0.078 kDa). The mechanism responsible for the induction
of asthma in the present case is still unknown. Some studies
have suggested that LMW agents can act as haptens and
induce an IgE sensitization response, and other data point to
T lymphocyte–mediated hypersensitivity reactions [8]. The
patient in the present study did not experience immediate skin
reactivity to powder paint containing aluminum hydroxide.
The case we describe shares several typical characteristics
of the LMW-OA phenotype with recent reports [9], namely,
absence of atopy and other work-related diseases (eg, rhinitis,
conjunctivitis, and urticaria), high AHR, paucigranulocytic
inflammatory sputum profile, and normal FeNO level. The
LMW-OA phenotype is currently associated with a higher
prevalence of late asthmatic reaction on SIC, although the
reaction was early in the present case. SIC did not significantly
increase FeNO level, which is also described more frequently
in this phenotype [9,10]. The postchallenge increase in the
sputum eosinophil count was significant and similar to the
value reported by previous studies [9], thus confirming the
switch from the paucigranulocytic pattern to the eosinophilic
inflammatory pattern induced by exposure to the causal agent.
These data suggest that the sputum eosinophil count could be
a better predictive biomarker of OA than FeNO level.
We report a case of OA induced by a powder paint that is
rarely used in the automotive industry. In the absence of other
causal agents such as triglycidyl isocyanurate or organic acid
anhydrides in powder paint, aluminum hydroxide seems to be
the most likely allergen.
The patient was not directly exposed to the causal agent
because she did not work in the production sector. A detailed
history focusing on occupational exposures and the temporal
relationship between exposure and symptom onset led us to
suspect and subsequently confirm OA.
The diagnosis of OA remains challenging for clinicians.
It should be based on a rigorous stepwise approach and better
standardization and generalization of diagnostic criteria for
OA, including SIC and biomarkers.
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Figure. Changes in FEV1 during challenge tests. FEV1 indicates forced
expiratory volume in 1 second; SIC, specific inhalation challenge; BDT:
bronchodilator therapy.
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A clear relationship has been demonstrated between
hymenoptera venom anaphylaxis (HVA) and systemic
mastocytosis (SM). In fact, up to 26% of the patients with a lifethreatening reaction after sting by bees and/or wasps present
clonal mast cells (MCs) [1]. Venom immunotherapy (VIT) has
proved to be effective in SM patients who have an IgE-mediated
reaction, although there is a higher risk of adverse reactions
than in the general population, especially in the build-up doses.
Consequently, omalizumab may be of use while attempting
to achieve maintenance [2]. VIT is effective in most patients
treated and in around 75% of patients with SM [2], although
no in vitro techniques are able to predict the effectiveness of
treatment in a specific patient [3]. Sting challenge testing (SCT)
has proven to be the most reliable method and the gold standard
for monitoring the effectiveness of treatment [4]. Nevertheless,
its use in patients at higher risk of reactions such as patients
with clonal MC disease remains controversial.
A 32-year-old man, who was a beekeeper as a hobby,
was stung by 8 honeybees in the summer of 2015 and
immediately experienced general malaise, dizziness without
loss of consciousness, and chest tightness. The result of the
intradermal skin test was positive with Apis mellifera extract
at 0.1 µg/mL and negative with Vespula species and Polistes
dominula up to a concentration of 1 µg/mL (ALK Allergologisk
Laboratorium A/S). Specific IgE (sIgE) determinations
(ImmunoCAP, Thermo Fisher and Immulite 2000, Siemens
Diagnostics) were carried out and showed positive results
(Figure). VIT was initiated without premedication (Pharmalgen
Apis mellifera, ALK Allergologisk Laboratorium A/S) and a
maintenance dose of 100 µg was reached in 3 weeks without
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