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Objective: Occupational asthma caused by flour is common in
bakers. We applied novel intranasal air samplers (INAS) to assess wheat
allergen exposure and evaluate respiratory protection in bakeries.
Methods: Two models of INAS (INAS-M1 and INAS-M2) were compared
with simultaneous personal air sampling of inhalable dust, both with and
without facemasks. Wheat allergen levels were measured using a sensitive
sandwich enzyme immunoassay. Allergenic particles were immuno-
stained for microscopic visualization. Results: Personal air sampling
correlated well with INAS-M1 (r = 0.89) and INAS-M2 (r = 0.75).
INAS-M2 collected particles more effectively than INAS-M1. Facemasks
reduced inhalation of wheat allergen by 96 % and 93 % measured
using INAS-M1 and INAS-M2, respectively. Conclusions: Nasal air
sampling can complement personal air sampling to measure short-term
exposure and evaluate respiratory protection. To prevent baker’s
asthma, facemasks may be an effective solution in addition to improv-
ing workplaces. (J] Occup Environ Med. 2006,48:948—-954)
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espiratory disorders caused by expo-
sure to agents at work are a serious
occupational health problem. Inhala-
tion of cereal flours such as wheat may
cause baker’s asthma due to allergen-
specific IgE-mediated sensitization
and subsequent allergic reactions in
the airways of bakery workers.'?
Numerous studies show a high prev-
alence of occupational asthma and
rhinitis at these workplaces and a high
risk of sensitization. The prevalence of
baker’s asthma is usually approxi-
mately 5% to 10%, and 20% to 30%
of bakers may be sensitized to occu-
pational allergens.'

In the last decade, considerable
progress has been made in finding the
determinants of the disease. Although
no exclusively dominating major aller-
gens have been identified, it appears
that many of the proteins from wheat
eluted in aqueous buffers are poten-
tially allergenic or have IgE-binding
activity.

Epidemiologic dose-response stud-
ies have clearly demonstrated that the
levels of wheat allergen exposure are a
highly significant determinant of the
risk of developing wheat sensitization
and occupational allergy."* Therefore,
any measures that effectively reduce
wheat flour dust exposure, including
technical improvements of equipment
or products, other work practices, or
the use of respiratory protection,
should significantly contribute to a
lower risk of occupational allergy in
the bakery trade. Even a partial reduc-
tion of the risk, eg, to 40% to 60%,
may be highly important from an oc-
cupational health point of view given
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the large numbers of individuals work-
ing in bakeries and flour mills. In
Sweden, around 15,400 persons work-
ing in 1600 companies are occupation-
ally exposed to flour dust.

Although technical or logistic mea-
sures that prevent or reduce emission
are the first choice as an occupa-
tional health practice, the use of per-
sonal respiratory protection such as
facemasks may provide a useful sec-
ondary method to effectively reduce
personal exposure.’ In one report, in
which exposure was not measured,
two flour-allergic patients with occu-
pational asthma returned to work and
used disposable dust respirators for
years without having asthma at-
tacks.® Studies evaluating respiratory
protection are often performed using
test manikins or simulated exposures
or respiratory fit test systems for
fumes or particles.””® This may not
reflect real work exposure. Further-
more, allergens may be present in
varying proportions in work dust.’
There are no studies of actual allergen
exposure during work in bakeries us-
ing respiratory protection.

Collection of aeroallergens on fil-
ters, mounted in the breathing zone of
subjects carrying portable air pumps, is
commonly used to measure personal
exposure to several occupational large-
molecular-weight allergens such as
those from laboratory animals,'*"" la-
tex,' and flour.” Although this may
be considered the gold standard, such
methods are not suitable for evalua-
tion of respiratory protective equip-
ment during work, because this would
require sampling behind the facemask.
Intranasal air samplers (Woolcock In-
stitute of Medical Research [WIMR],
Camperdown, NSW, Australia) have
previously been used to detect inhaled
cat,'® mite,'*'> and cockroach!'® al-
lergens in houses, and latex’ and
rodent'” allergens in work situations.
Because nasal air sampling could
provide a method to measure per-
sonal exposure behind a facemask
during work, we developed and
adapted the technique'® to assess ex-
posure to inhaled wheat allergen in
bakeries. Two nasal sampler mod-

els were evaluated and compared
with simultaneous personal air
sampling using pumps. The nasal
air samplers were then used to
evaluate the protection offered by
respiratory facemasks in this occu-
pational environment.

Materials and Methods

Permission for this study was ob-
tained from the ethics committee at
Karolinska Institutet. All sampling
was performed with the informed
consent of the participants.

Development of Nasal Air
Sampling Method to Assess
Wheat Allergen Exposure

Nasal Air Sampling. Two models
of intranasal air samplers (INAS-M1
and INAS-M2) were tested. INAS-M1
collects inhaled particles by impac-
tion onto an adhesive strip (Fig.
1A)," and allergens can be detected
either by elution and enzyme immu-
noassay (EIA) or by immunostaining
using the halogen assay (WIMR).?°
The inner surfaces of the INAS-M2
are coated with a liquid adhesive
(WIMR), and captured allergens are
eluted and analyzed using EIA
(Fig. 1B).

Personal Air Sampling. In parallel
with nasal air sampling, inhalable air-
borne dust was collected on 25-mm
polytetrafluoroethylene (PTFE) filters
(pore size 1.0 pm; Millipore, Sundby-
berg, Sweden) in Institute of Occupa-
tional Medicine (IOM) sampling
heads®' (SKC Inc., Valley View, PA)
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fastened in the breathing zone and
connected to portable air pumps
(SKC) run at 2 L/minute airflow.

Optimization of the Elution Proce-
dure. To asses the optimal elution
plrocedure,l7 INAS (n = 172 nostril
samples) and personal air samples
(n = 81) were collected in a medium-
sized bakery during sampling periods
of 20 minutes. To obtain parallel
samples, yet not disturb production,
samples were collected by persons in
close proximity to, but not performing,
bakery activities. INAS pairs were de-
fined as the two nostril parts from the
same sampler, whereas personal air
sample pairs were collected simulta-
neously by two persons standing next
to each other.

The standard elution method was
to place each air sample filter in 1
mL and nostril sample (adhesive tape
for INAS-MI1 or silicone holder +
inner cup for INAS-M2) in 0.5 mL
phosphate-buffered saline (PBS),
0.5% Tween 20, 0.15% Kathon CG
(Rohmand Haas, Hydrosupra Ke-
miservice, Helsingborg, Sweden), re-
spectively, and rotated for 2 hours.
The eluate was retrieved and bovine
serum albumin (BSA) added to 1%
final concentration. Extracts were
stored at —20°C. The modifications
tested were 1) 1 hour instead of 2
hours of incubation, 2) 0.1% Tween
instead of 0.5%, 3) H,O instead of
PBS, 4) addition of sucrose to the
eluate to 0.2%, and 5) elution of only
the inner cup of INAS-M2.

Fig. 1. (A) Intranasal air sampler model INAS-M1. Inhaled dust particles are impacted on the
adhesive strip within the sampler. A soft silicone cover holds the adhesive strip in place and
increases comfort. (B) INAS-M2 has a hard cup inside a soft silicone holder. The inner surfaces
are coated with a liquid adhesive for retention of inhaled particles.
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Analysis of Wheat Allergen With
Enzyme Immunoassay. Wheat pro-
teins were measured with a poly-
clonal sandwich EIA using wheat
standard extract and rabbit antiwheat
antibodies from IRAS. Ammonium
sulfate-precipitated antibody at 5
pg/mL in carbonate buffer (pH 9.6)
was coated to Maxisorp 96-well
plates (Nunc InterMed, Roskilde,
Denmark). After blocking 1 hour
with PBS, 0.15% Kathon CG, 1%
BSA, and washing four times with
PBS, 0.05% Tween (PBST), stan-
dard dilutions (0.2-20 ng/mL) of
wheat allergen and sample extracts
in dilution buffer (PBS, 0.05%
Tween, 0.15% Kathon CG, 1% BSA)
were added in duplicate and incu-
bated for 1.5 hour. Bound wheat
protein was detected with subsequent
I-hour incubations with biotinylated
antiwheat antibody and streptavidin—
alkaline phosphatase (1:500, 3310-
10; Mabtech AB, Nacka, Sweden)
and finally 30 to 50 minutes with
p-nitrophenyl phosphate in 1M di-
ethanolamine, pH 9.8. Absorbance
was read at 405-605 nm and ana-
lyzed by Softmax 2.6 (Molecular
Devices, Sunnyvale, CA) using four-
parameter curve fit. Samples with a
coefficient of variation >10% be-
tween duplicates were reassayed.

Unexposed samples (10 INAS-
M1, 3 INAS-M2, 12 air sample fil-
ters) eluted together with exposed
samples and four control samples from
nonbakery environments (house and
stable) were included as controls.

Evaluation of Nasal Air
Sampling Method to Assess
Wheat Allergen Exposure

Evaluation of Intranasal Air Sam-
pler Performance. To assess the re-
producibility of the INAS sampling
within pairs, nine INAS-M1 nostril
pairs eluted using the standard
method and analyzed using EIA
were compared. To compare nasal
air sampling and personal air sam-
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pling, wheat allergen exposure
measured with EIA as assessed with
INAS-M1 (n = 54) or INAS-M2
(n = 29) sampling was compared
with the exposure assessed simulta-
neously with personal air sampling
in the same subject. The relative
collection efficacy of the two mod-
els of INAS was compared by cal-
culating the ratio between total
wheat allergen (in nanograms) col-

lected wusing INAS-M1 or
INAS-M2 and the parallel personal
air sample.

Analysis of Wheat Allergen-Carry-
ing Particles by Immunostaining of
INAS-M1 Samples. Particles contain-
ing wheat allergen were visualized in
nine INAS-M1 bakery samples using
the halogen assay mainly as described
previously.'” Briefly, adhesive tapes
were laminated with 1.0-wm pore
size PVDF membrane and eluted
overnight in 0.2 M borate buffer.
Tapes were immunostained by incu-
bation for 2 hours with rabbit anti-
wheat antibody (IRAS) in 2% skim
milk/PBST at 1 pg/mL followed by
polyclonal alkaline phosphatase-
labeled goat antirabbit IgG (111-
055-003; Jackson Immuno Research
Laboratories) at 0.15 pg/mL and fi-
nally BCIP/NBT (BioRad Laborato-
ries AB, Sundbyberg, Sweden). The
number of stained allergenic parti-
cles (with a halo) was counted under
100X magnification. Positive (bak-
ery dust) and negative (blank) lami-
nated adhesive controls and four
samples from nonbakery environ-
ments were included. Nonrelated an-
tibodies (against mouse allergen)
were also included to confirm speci-
ficity of the staining method.

Using Intranasal Air Sampling to
Measure Task Exposure in Bakeries.
Bakers in four bakeries (one small
and three medium size) carried
INAS-M1 (n = 13) in parallel with
IOM air samplers (n = 12) during
different tasks for sampling periods
of 23 to 35 minutes to assess and
validate task-related exposure mea-
surement using INAS.

Evaluation of Respiratory
Protection Provided by
Facemasks in the Bakery
Environment Using Intranasal
Air Sampling

The efficacy of respiratory protec-
tion (P2 particle filter facemask, 3M,
model 9322 with air vent) was deter-
mined using INAS-M1 or INAS-M2
in 22 subject pairs standing side by
side during 20-minute sampling peri-
ods, one person wearing a facemask
and the other without. To verify that
exposure was similar within pairs, al-
lergen quantities collected simulta-
neously using personal air samplers
were compared.

Statistics

Calculations were performed us-
ing Microsoft Excel, Statview (SAS)
and SigmaStat 3.0 (SPSS). When
values were not normally distributed,
values were log transformed. Ratios
between values from parallel nostril
or air sample pairs eluted using
the standard method were compared
with elution variants were tested
with one sample analysis and calcu-
lated with 95% confidence intervals.
Correlation between sample values
was tested using linear regression on
log-transformed values. A P value
<0.05 was considered significant.

Results

Development of Nasal Air
Sampling Methods to Assess
Wheat Allergen Exposure

There were no significant differ-
ences between the different elution
buffers or times for any of the INAS
(Table 1) or for the personal air filter
sample pairs (data not shown). How-
ever, elution of the whole INAS-M2
sampler gave on average a 2.6-fold
higher wheat allergen recovery (P =
0.0016) compared with elution of
only the inner cup. In the further
comparisons, therefore, all samples
but these were included regardless of
elution method.
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TABLE 1

Summary of Optimization of Elution Methods for INAS-M1 and INAS-M2*

Mean Ratio (95% CI) P

Standard vs 0.1% Tween

INAS-MA1 n = 10 pairs 1.26 (0.93-1.59) 0.11

INAS-M2 n = 10 pairs 1.14 (0.68-1.61) 0.50
Standard vs Aq

INAS-MA1 n = 10 pairs 1.10 (0.85-1.36) 0.39

INAS-M2 n = 10 pairs 1.04 (0.80-1.28) 0.71
Standard vs 1 Hr

INAS-MA1 n = 10 pairs 0.92 (0.84-1.01) 0.06

INAS-M2 n = 10 pairs 1.07 (0.71-1.43) 0.66
Standard vs Sucrose

INAS-MA1 n = 10 pairs 1.07 (0.90-1.24) 0.36

INAS-M2 ND
Standard vs Cup

INAS-MA1 ND

INAS-M2 n = 16 pairs 2.64 (1.73-3.56) 0.0016

*The ratio (95% confidence interval) between the values obtained with the standard elution
method (phosphate-buffered saline, 0.5% Tween, 0.15% Kathon, 1% bovine serum albumin,
2 hrs of incubation) compared with elution in which the changed factor is indicated.

INAS indicates intranasal air sampler; Cl, confidence interval; ND, not done.

Evaluation of Nasal Air
Sampling Method to Assess
Wheat Allergen Exposure

Evaluation of Sampling Perfor-
mance. The levels of allergen col-
lected by the two parts of nostril
pairs did not differ (P = 0.91); mean
ratio (=standard deviation [SD]) was
1.1 (%=0.3), which allowed compari-
sons between nostril pairs eluted in
different ways.

In the comparisons between paral-
lel personal IOM air sampling and
nasal air sampling, the correlation
between INAS-MI1 and IOM air
sampling was r = 0.89; r* = 0.79,
standard error of estimate = (.30
(Fig. 2A), and the correlation be-
tween INAS-M2 and IOM air sam-
pling r = 0.75; 2 = 0.56, standard
error of estimate = 0.31 (Fig. 2B).
For sample pairs eluted only using
standard elution, r = 0.89, P < 0.0001
for INAS-M1 and IOM (n = 34), and
r=0.72, P = 0.002 for INAS-M2 and
IOM (n = 15), respectively.

The INAS-M2 appeared to collect
more wheat allergen than the INAS-
MI1. The mean (=SD) ratio (nasal air
sampler/IOM air sampler) between to-
tal amounts of wheat allergen collected
with INAS-M1 compared with the
IOM air sampler was 1.5 (*1.0),

whereas the ratio for INAS-M2 was
4.8 (*4.0), indicating that the
INAS-M2 collected approximately
3.2-fold more inhaled allergen than
the INAS-M1.

All nasal sample negative controls
were below the detection limit, as
were all but two air sample controls
(27 and 34 ng/mL, to be compared
with a mean 4078 ng of measured
wheat allergen/mL in bakery sam-
ples). The halogen assay controls
showed no halos except for one col-
lected during housecleaning, which
also had 4 ng/hour in the EIA.

Analysis of Wheat Allergen-Bear-
ing Particles by Halogen Immuno-
staining of INAS-M1 Samples. Of
the halogen immunostained samples
(n = 9), analysis was possible for
three samples collected during low
exposure (Fig. 3), because the rest
were overloaded and individual ha-
los could not be distinguished. Dur-
ing cake baking without a mask (Fig.
3B), in total, 150 allergen-bearing
particles were collected and counted
in the sample compared with only six
particles with halos in the sample
collected while wearing a P2 filter
facemask.

Using Nasal Air Samplers to Mea-
sure Task Exposure in Bakeries.
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Bakers carried INAS-M1 samplers
during work for both EIA and halo-
gen analysis. The distribution of in-
haled wheat allergen captured by
nasal air sampler (and personal air
samplers) differed between work
tasks in the bakeries (Fig. 4).

Nasal Air Samplers to Evaluate
Personal Respiratory Protection
in the Bakery Environment

The disposable P2 facemasks re-
duced the amount of inhaled wheat
allergen by a mean of 96% as deter-
mined by INAS-MI1 and by a mean
of 93% as determined by INAS-M2
(Fig. 5A, B).

The pairs of samples collected on
filters with the person-carried pumps,
while subjects wore nasal air samplers
either with or without facemask, were
highly correlated (r = 0.95) with very
similar exposure levels within pairs,
the difference (SD) between log value
within pairs = —0.067 (£0.176).

Discussion

Measuring personal exposure to air-
borne allergens is instrumental in un-
derstanding the association between
allergen exposure and allergic dis-
ease and in occupational settings
when trying to implement safer work
practices. One important question to
answer is how effectively various
strategies (ventilation, personal pro-
tective equipment, and so on) reduce
exposure in bakers, who have a high
risk of developing work-related air-
way symptoms. We have applied
INAS to measure inhaled wheat al-
lergens in bakeries, which has not
previously been done. Of the two
tested models, the newly developed
INAS-M2 had not been used before
in the occupational setting.

The very good correlation between
left and right nostril sample values
allowed comparisons between nos-
trils from the same sampler. In com-
parisons between different elution
buffers or times, no significant dif-
ferences were found, suggesting that
several methods can be used that
effectively release wheat allergen
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Fig. 3. Halogen immunostaining, microscope images at 100X magnification. (A) Nasally
inhaled wheat allergen-bearing particle collected on adhesive tape using INAS-M1, laminated
with PVDF membrane, and immunostained using halogen assay with polyclonal antibodies
against wheat proteins (IRAS). (B) Part of laminated and halogen-stained INAS-M1 sample
collected during 30 minutes of cake baking without a mask.
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Fig. 4. Inhaled wheat allergen (nanograms per hour) collected using nasal air samplers (A)
and inhalable wheat allergen (ng/m?>) collected using person-carried pumps (B) by personnel with
different work tasks. One nasal air sample collected while wearing a facemask and decorating a

cake (5 pg/hour) is not shown in A.

from the adhesive. We also tested
whether eluting only the inner cup of
bakery samples was possible, as in-
dicated by preliminary data from
other environments, or would result
in loss of material. However, elution
of the whole INAS-M2 sampler

unit resulted in on average 2.6-fold
higher recovery of wheat allergen, ie,
inhaled allergen was dispersed
within the whole sampler. Thus, for
bakeries and other dusty workplaces,
elution of the whole unit should be
recommended.

We found that for wheat allergen,
the correlations between results of
personal IOM air sampling and both
INAS-M1 (r = 0.89) and INAS-M2
(r = 0.75) were high. The r values
can, however, not be directly com-
pared, because the samples were
collected over slightly different ex-
posure distributions. A previous
study in animal facilities showed a
similar correlation between personal
air sampling and INAS-MI1, r =
0.8."7 The IOM sampling heads are
designed to follow the inhalable con-
vention for health-relevant particle
size fractions®' at a specified flow
rate. The INAS collect particles as-
pired by human inhalation, fluctuat-
ing in rate, collecting larger particles
(>10 pm) with high efficiency, but
especially the INAS-M1 collects par-
ticles <5 pm with less efficiency,
depending on flow rate. The good
correlation between methods may re-
flect the size distribution of aller-
genic particles: wheat allergens in
bakeries are mainly found on larger
particles.”>** The clinical relevance
of the sampled particles was shown
when the INAS-M2 was recently
tested as a nasal filter to capture
inhaled pollen and was found to re-
duce symptom expression in pollen
allergic subjects with rhinitis.**

For maximum comparability and
power, the sampling design required
parallel sampling of two persons ex-
posed to as similar levels as possible.
It was not realistic to request that
bakers should repeatedly leave their
workstations to work in pairs next to
a colleague for short sampling times.
Therefore, to enable, for instance, the
evaluation of using particle face-
masks, while not disturbing produc-
tion in the bakeries, most of the
samples were collected by persons
standing side by side, in close prox-
imity to the bakers, but not actively
baking. A wide range of exposure
levels was sampled in this manner
that was not significantly different
from that of samples collected during
bakery tasks (data not shown) and
thus representative for the real work-
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P2 facemasks (model 9322, 3M). The masks reduced the amount of inhaled wheat allergen by a
mean 96% (P = 0.001) for INAS-M1 (A) and by a mean 93% (P = 0.016) for INAS-M2 (B).

related exposure and allowing gener-
alization of the results.

We found that the INAS-M2 col-
lected 3.2-fold more wheat allergen
than INAS-M1. INAS-M2 samplers
have a much larger sample collection
area than INAS-M1 and are therefore
less likely to be overloaded during high
exposure activity, losing less allergen.
Indeed, overloading of INAS-M1 was
shown in the halogen-stained sam-
ples during high exposure activities
so that individual halos could not be
counted. The INAS-MI1 have previ-
ously mainly been used in domestic
situations in which loading is proba-
bly less than in occupational envi-
ronments. The sensitivity of allergen
measurement assays may limit the
possibility of measuring in low ex-
posure or short-term sampling situa-
tions. In the bakery environment,
overloading of nasal sampling sur-
faces 1is instead a risk, and short
sampling times are necessary, espe-
cially for visualization of allergenic
particles with immunostaining using
INAS-M1.

However, using halogen staining
of bakery allergens, microscopy pho-
tos can illustrate that even simple
disposable facemasks significantly
reduce inhalation of allergens and
particles, and that in high exposure
work situations, thousands of aller-
gen-bearing particles might other-
wise be inhaled per hour. It is
noteworthy that some of the few
particles collected behind the mask

were probably too large to have
passed through the matrix of the
mask’s filtering material and rather
may have leaked around the edges.
Personal sampling of airborne aller-
gens on filters carried in the subject’s
breathing zone using person-carried
pumps is well-established in occupa-
tional exposure assessment. However,
the constant flow rate (2 L/minute) is
adjusted to collect the inhalable dust
fraction and does not reflect exposure
when breathing is altered due to
change of workload, effects of drafts
and thermals, and so on. By using
nasal air samplers, personal exposure
assessment is possible without expen-
sive, heavy equipment and difficulty.
The samplers have been used
previously in several studies both in
the workplace and in homes, and
have generally been well tolerated.
Although our bakers were more re-
luctant to wear INAS than carry
personal air samplers, those who vol-
unteered tolerated the INAS well and
had no difficulties following the in-
structions. The INAS-M2 model is
especially comfortable to wear, and
neither causes more than little or
unnoticeable limitation of nasal air-
flow.' Because sampling is through
nasal breathing, limitations are that
chronic mouth breathers or persons
with nasal blockage (possibly caused
by the work environment!) are not
suitable for sampling, and related to
this, sampling during very heavy
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work is unsuitable if subjects switch
to oral breathing.

Because the nasal air samplers can
be worn behind respiratory protec-
tion equipment such as facemasks,
unlike IOM or other personal sam-
pling heads, they can be used to
estimate the efficacy of personal pro-
tective equipment in real work situ-
ations. The nasal air samplers
showed reduced exposure to wheat
allergens by approximately 95%
when P2 facemasks were used. This
may be an overestimate if the sam-
pling efficiency is reduced at high
loads. Another approach to measur-
ing the protective factor of P2-type
masks, using optical particle
counters, was recently published.”
Here, air was simultaneously sam-
pled in real time both inside and
outside masks while these were worn
during corn harvesting; the protec-
tive factor was similar to that de-
scribed here.

In conclusion, we found that it was
possible to assess short-term expo-
sure to inhaled wheat allergens in
bakeries using two types of nasal air
samplers (INAS-M1 and INAS-M2),
of which INAS-M2 collected aller-
gen more effectively. Although espe-
cially INAS-M1 may underestimate
the amount of inhaled allergen car-
ried on particles smaller than 5 pm,
because the correlation with personal
air sampling is good and calibration
to air sampling possible, and wheat
allergen is found on mainly large
particles, this system may be an alter-
native method for measuring occupa-
tional exposure to flour allergens.
Polyclonal antibodies could also be
used in the halogen assay to visualize
wheat allergen-carrying particles.
Nasal air samplers, which have been
applied successfully to measure both
indoor home allergens (notably cat)
and latex and rodent allergens, can
thus also be applied to measure ex-
posure to wheat allergen in bakeries
(especially during short task-related
exposure periods of, eg, <30 min-
utes). When applied to evaluation of
facemasks, P2 particle filter dispos-
able facemasks significantly reduced
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amounts of inhaled wheat allergen
by approximately 95%.

Acknowledgments

The authors thank the participating bakers

and bakeries for all their help with the sam-
pling. This study is part of the MOCALEX
project (Measurement of Occupational Aller-
gen Exposure) financed by the European
Community 5th framework “Quality of Life”
program project QLK-CT-2001-00432.

References

L.

Houba R. Occupational Respiratory Al-
lergy in Bakery Workers [Thesis]. Land-
bouwuniversiteit: Wageningen; 1996.

. Baur X, Degens PO, Sander I. Baker’s

asthma: still among the most frequent
occupational respiratory disorders. J Al-
lergy Clin Immunol. 1998;102:984-997.

. Sander I, Flagge A, Merget R, Halder

TM, Meyer HE, Baur X. Identification of
wheat flour allergens by means of 2-di-
mensional immunoblotting. J Allergy
Clin Immunol. 2001;107:907-913.

. Brisman J, Jarvholm B, Lillienberg L.

Exposure-response relations for self re-
ported asthma and rhinitis in bakers. Oc-
cup Environ Med. 2000;57:335-340.

. Mitakakis TZ, Tovey ER, Yates DH, et

al. Particulate masks and non-powdered
gloves reduce latex allergen inhaled by
healthcare workers. Clin Exp Allergy.
2002;32:1166-1169.

. Obase Y, Shimoda T, Mitsuta K, Matsuse

H, Kohno S. Two patients with occupa-
tional asthma who returned to work with
dust respirators. Occup Environ Med.
2000;57:62—-64.

. Checchi L, Montevecchi M, Moreschi A,

Grazziosi F, Taddei P, Violante FS. Ef-
ficacy of three face masks preventing
inhalation of airborne contaminants in

10.

11.

12.

13.

14.

16.

Nasal Air Sampling of Inhaled Wheat Allergens - Renstrém et al

dental practices. J Am Dent Assoc. 2005;
136:877-882.

. Coffey CC, Lawrence RB, Zhuang Z,

Campbell DL, Jensen PA, Myers WR.
Comparison of five methods for fit-
testing NO5 filtering-facepiece respira-
tors. Appl Occup Environ Hyg. 2002;17:
723-730.

. Houba R, Heederik D, Kromhout H.

Grouping strategies for exposure to inhal-
able dust, wheat allergens and alpha-
amylase allergens in bakeries. Ann Occup
Hyg. 1997;41:287-296.

Renstrom A, Karlsson AS, Malmberg P,
Larsson PH, van Hage-Hamsten M.
Working with male rodents may increase
risk of allergy to laboratory animals.
Allergy. 2001;56:964-970.

Hollander A, Van Run P, Spithoven J,
Heederik D, Doekes G. Exposure of lab-
oratory animal workers to airborne rat
and mouse urinary allergens. Clin Exp
Allergy. 1997;27:617-626.

Tarlo SM, Sussman G, Contala A, Swan-
son MC. Control of airborne latex by use
of powder-free latex gloves. J Allergy
Clin Immunol. 1994;93:985-989.
Karlsson AS, Renstrom A, Hedrén M,
Larsson K. Comparison of four allergen-
sampling methods in conventional and
allergy prevention classrooms. Clin Exp
Allergy. 2002;32:1776-1781.

De Lucca SD, O’Meara TJ, Tovey ER.
Exposure to mite and cat allergens on a
range of clothing items at home and the
transfer of cat allergen in the workplace.
J Allergy Clin Immunol. 2000;106:874 —
879.

. Poulos L, O’Meara TJ, Sporik R, Tovey

ER. Detection of inhaled Der p 1. Clin
Exp Allergy. 1999;29:1232-1238.

De Lucca S, Sporik R, O’Meara TJ,
Tovey ER. Mite allergen (Der p 1) is not

17.

18.

19.

20.

21.

22.

23.

24.

25.

only carried on mite feces. J Allergy Clin
Immunol. 1999;103:174-175.

Renstrom A, Karlsson AS, Tovey E.
Nasal air sampling used for the assess-
ment of occupational allergen exposure
and the efficacy of respiratory protection.
Clin Exp Allergy. 2002;32:1769-1775.
O’Meara TJ, De Lucca S, Sporik R,
Graham A, Tovey E. Detection of inhaled
cat allergen. Lancet. 1998;351:1488—1489.
Graham JA, Pavlicek PK, Sercombe JK,
Xavier ML, Tovey ER. The nasal air
sampler: a device for sampling inhaled
aeroallergens. Ann Allergy Asthma Im-
munol. 2000;84:599—-604.

O’Meara T, Tovey E. Monitoring per-
sonal allergen exposure. Clin Rev Allergy
Immunol. 2000;18:341-395.

Mark D, Vincent JH. A new personal
sampler for airborne total dust in work-
places. Ann Occup Hyg. 1986;30:89—
102.

Sandiford CP, Nieuwenhuijsen MJ, Tee
RD, Taylor AJ. Determination of the size
of airborne flour particles. Allergy. 1994;
49:891-893.

Bogdanovic J, de Pater AJ, Doekes G,
Wouters IM, Heederik DJ. Application of
porous foams for size-selective measure-
ments of airborne wheat allergen. Ann
Occup Hyg. 2006;50:131-136.

O’Meara TJ, Sercombe JK, Morgan G,
Reddel HK, Xuan W, Tovey ER. The
reduction of rhinitis symptoms by nasal
filters during natural exposure to ragweed
and grass pollen. Allergy. 2005;60:529—
532.

Lee SA, Grinshpun SA, Adhikari A, Li
W, McKay R, Maynard A, Reponen T.
Laboratory and field evaluation of a new
personal sampling system for assessing
the protection provided by the NO95 filter-
ing facepiece respirators against parti-
cles. Ann Occup Hyg. 2005;49:245-257.



