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Objectives Wood dust exposure may cause Immunoglobulin E (IgE)-mediated allergic diseases. Our objectives
were to estimate pine and beech dust sensitization rates among woodworkers and a reference group, explore the
association between exposure and sensitization and between sensitization and respiratory symptoms, and finally
investigate the impact of proteinogenic specific IgE (sIgE) epitopes on respiratory symptoms.

Methods In a Danish study among 52 furniture factories and 2 reference factories, we evaluated the workers’
asthma and rhinitis status using questionnaires and blood samples collected from 1506 woodworkers and 195
references. Workers with asthma symptoms (N=298), a random study sample (N=399) and a random rhinitis
sample (N=100) were evaluated for IgE-mediated sensitization to pine and beech dust.

Results The prevalence of pine and beech sensitization among current woodworkers was 1.7 and 3.1%, respec-
tively. No differences in sensitization rates were found between woodworkers and references, but the prevalence
of wood dust sensitization was dose-dependently associated with the current level of wood dust exposure. No
relation was observed between wood dust sensitization per se and respiratory symptoms. Only symptomatic
subjects had proteinogenic IgE epitopes to pine. Increased odds ratios for sIgE based on proteinogenic epitopes
to beech and respiratory symptoms were found, although they were not statistically significant.

Conclusions Sensitization rates to pine and beech were the same for woodworkers and references but depen-
dent on the current wood dust exposure level. The importance of beech and pine wood sensitization is limited,
but may be of clinical significance for a few workers if the IgE epitopes are proteinogenic.

Key terms beech wood; IgE; IgE-mediated allergy; occupational asthma; pine wood; wood dust sensitization;
wood industry

Approximately 3.6 million workers in the European
Union are exposed to wood dust on a regular basis (1).
Worldwide, 12 000 tree species exist and more than
1000 are used for commercial purposes (2). Wood dust
is recognized as a human carcinogen (2, 3). Beside the
carcinogenic effect, a number of epidemiological studies
have identified wood dust as a risk factor for asthma or
asthma symptoms (4—6), nasal impairment (7, 8), and
acute or chronic impairment of lung function (8-10) —
all diseases consistent with both an allergic and a non-
allergic origin.

For some wood types, the presence of Immuno-
globulin E (IgE) sensitization has been demonstrated
for individuals or minor groups of patients, mainly for
tropical trees like mukali (11) and pao marfin (12), but
also for trees growing in the temperate zones such as
beech and pine (13).

The extent of [gE-mediated wood dust sensitization
is unclear although it seems from the few existing
epidemiological studies that only a minor part of wood-
workers are sensitized (14-16). On the other hand,
evaluations of subjects investigated for allergic asthma

1 Department of Environmental and Occupational Medicine, School of Public Health, Aarhus University, Denmark.
2 Institute of Prevention and Occupational Medicine, German Social Accident Insurance, Institute of the Ruhr University Bochum (IPA), Department

of Allergology/Immunology, Germany.
3 Neuro Centre, Aarhus University Hospital, Denmark.

Correspondence to: Vivi Schliinssen, Department of Environmental and Occupational Medicine, School of Public Health, Aarhus University,

Bartholins All¢ 2, 8000 Aarhus C, Denmark. [E-mail: vs@mil.au.dk]

Scand J Work Environ Health 2011, vol 37, n0 2 199



Wood dust sensitization in the furniture industry

or rhinitis suggest that IgE sensitization plays a role
with the wood species used in the Nordic countries (17).

Western red cedar is a well-documented cause of
occupational asthma. The actiological agent is the low
molecular weight (LMW) agent plicatic acid (18). In a
single study, specific IgE (sIgE) was documented among
44% (8 out of 18) with a positive specific provocation
test for plicatic acid (19), but further studies have shown
IgE-mediated sensitization to be of minor importance
for the actiology of western red cedar asthma ( 20, 21).

Dust from obeche, which has higher protein content
(22), may on the other hand be a strong IgE-mediated
sensitizer. In a smaller study, 7 out of 10 symptomatic
wood-workers were sensitized, and a 38 kDa class 1
chitinase obeche wood allergen was identified (22).

A cohort study in the Danish furniture industry
investigated the relation between wood dust exposure
and respiratory diseases. The exposure was mostly to
softwood (pine, spruce) and wooden boards. We have
reported dose—response relationships between inhal-
able wood dust concentration and respiratory symptoms
(23-25), acute nasal mucosal swelling (23), increased
bronchial hyper-responsiveness (25) and acute decline
in lung function (26). Furthermore, we have shown an
increased incidence of respiratory symptoms among
female woodworkers (27).

Earlier in a non-random subsample, we have demon-
strated that only a small amount of woodworkers were
sensitized to pine dust, despite the regular use of pine
in the Danish furniture industry (28).

The objectives of the present study were to estimate
pine and beech dust sensitization rates among current
and prior woodworkers and references, explore the asso-
ciation between exposure and sensitization and between
sensitization and respiratory symptoms, and finally
investigate the impact of proteinogenic sIgE epitopes
on respiratory symptoms.

Methods

Study population

The study population is described in detail elsewhere
(24, 29), but in brief the 1997 study included 54 furni-
ture factories or more than 90% of all furniture workers
employed in Viborg County. The study population was
workers employed in the woodworking, assembly, or
stock departments. Additionally three factories (two
producing refrigerators and one producing hearing aids)
in the same area were selected as references. The 2003
study was a follow up to the 1997 study, supplemented
with all new factories emerging in Viborg County in
1997-2003, and included 52 furniture factories or more
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than 95% of all furniture workers in Viborg County, of
which 38 factories also participated in the 1997 study.
Additionally 2 of the 3 reference were included. In total,
1377 (68%) woodworkers (829 current and 548 prior)
and 297 (63%) references participated in both 1997 and
2003, together with 1104 current woodworkers only
participating in 2003 (78% participation rate).

Thus, the source population is woodworkers (prior
or current) in Viborg county. Of this population of
2481 woodworkers (1933 current and 548 prior) and
297 references, we collected a blood sample from 1506
woodworkers (1203 current and 497 prior) and 195 ref-
erences, in total 1701 subjects. Reasons for not having
a blood sample drawn were (i) closing of the factory
(N=155), (i) absence on the day of the blood sampling
mainly due to shift work (N=646), or (iii) refusal to have
a blood sample drawn (N=276).

From the pool of 1701 subjects with blood samples,
all 298 with asthma symptoms and 100 suffering from
rhinitis (randomly chosen) were collected, together with
a random sample of 399 (289 current and 72 prior wood-
workers and 38 references). The random sample included
96 of the 298 subjects with asthma symptoms, resulting in
701 subjects (hereafter called “total sample”) for further
analysis of sIgE sensitization to pine and beech dust. A
flow chart of the study is shown in figure 1.

All participants gave informed consent; the Ethic
Committee for Viborg County, Denmark, approved the
protocol.

Health outcomes

A modified British Medical Research Council (BMRC)
questionnaire (30) including key European Community
Respiratory Health Survey (ECRHS) questions on asthma
(31) with additional questions on allergy, coughing,
asthma, rhinitis, smoking and occupational history was
distributed at follow-up. “Ever asthma” was defined as

2032 WW, 474R

Baseline study 1997-98

1415 WW |  New identified 2003-04

| 1104 WW ‘ New included 2003-04

Included
follow-up 2003-04 | 1377 Ww, 297R ‘

Total included 2003-04 | 2481 WW (1933 current, 548 prior), 297 R |

Blood sample drawn 2003-04 | 1506 WW (1203 current, 497 prior), 195R |

399 random sample (289 current WW, 72 prior WW, 38 R)
100 random sample rhinitis
All 298 with asthma symptoms

il

176 asthma 127 rhinitis 276 no symptoms
(155 WW, 21R) | | (111 WW, 16R) | | (248 WW, 28R)

122 asthma + rhinitis
(105 WW, 17R)

Figure 1. Flowchart of study. [WW=woodworkers; R=references.]



ever having self-reported asthma. “Asthma symptoms”
were defined if the subject answered yes to =1 group A
question (physician-diagnosed asthma, current asthma,
ever asthma, ever wheezed) and >2 group B questions
(use of asthma drugs, ever chest tightness, ever wake up
with chest tightness, wake up wheezing, morning cough,
wake up coughing, wheeze when exposed to cold air or
pollen or animals, wheeze when exercise) or 22 group A
questions (24). “Current asthma” was defined, according
to the ECRHS definition, as having an attack of asthma
in the last 12 months or use of medication for asthma
(31). “Rhinitis” was defined as answering yes to having
>2 nasal symptoms (rhinorrhoea, nasal itching, nasal
congestion, or sneezing) >2 days a week during the last
year or daily in periods. “Work-related asthma or rhinitis
symptoms” were defined as self-assessed worsening of
symptoms in relation to work or relief of symptoms on
weekends or holidays. “Smokers” were defined as current
smokers or ex-smokers for <2 years, as recent ex-smokers
are expected to have remaining acute or sub-acute effect
(eg chronic bronchitis, bronchial hyper-responsiveness).

Lab technicians drew blood samples at the factories
or hospital departments. The serum samples were stored
at -20°C for 1-5 months and then sent to the Institute of
the Ruhr University Bochum for further analysis, where
they were stored at -80°C.

Atopic status was defined as a positive reaction to
Phadiatop® (former Pharmacia AB, Uppsala, Sweden)
[sIgE to =1 of 10 common respiratory allergens: birch,
mugwort, horse, dog, cat, house-dust mites (Derma-
tophagoides farinae and Dermatophagoides pteronyssi-
nus), mould (Cladosporium herbarum), grass (Artemisia
vulgaris) and lichwort (Parietaria officinalis)].

Exposure Assessment

Personal dust samplings were carried out in both the
1997 and 2003 study with passive dust monitors as
described previously (32). In brief, the method is based
on measuring light extinction before and after sam-
pling on transparent sticky foils. The change in light
extinction was reported as dust-covered foil area and
converted to equivalent inhalable dust by linear regres-
sion models based on previous and present calibration
measurements (29, 33).

Job-exposure matrices (JEM), based on factory
size and task, were constructed in the 1997 (12 groups,
2217 measurements, 1581 individuals) and 2003 study
(7 groups, 1355 measurements, 1044 individuals) (27).
Personal JEM estimates for baseline and current inhal-
able exposures were for subjects present at each sam-
pling occasion categorized into three groups, with two
quartiles in the intermediate group; due to few groups
and unequal distribution between groups, the cut-off
points were not precisely 25 and 75%.

Schlissen et al

Preparation of pine and beech wood-specific ImmunoCAP

Pine and beech wood were collected from workplaces,
sawed into dust and used for aqueous and ethanolic
extraction as described by Kespohl et al (34). Wood
dust extracts were biotinylated with D-biotinoyl-pl-
aminocaproic acid N-hydroxysuccinimide ester (NHS-
Biotin) and 50 pl biotinylated wood extracts were
loaded on Streptavidin-ImmunoCAP® 0221 (Phadia
AB, Uppsala, Sweden) as described previously (35).
Quality control was performed with sera of pine and
beech wood-sensitized workers as positive controls and
sera of non-sensitized woodworkers and ImmunoCAP
diluent as negative controls.

Determination of specific Immunoglobin E

All 701 sera were tested for sIgE to pine and beech wood
dust with ImmunoCAP® 250 (Phadia AB, Uppsala,
Sweden) using the specific tailored ImmunoCAPs. SIgE
antibody values >0.35 kU,/l were considered positive.
To characterize sIgE binding to cross-reactive carbohy-
drate determinants (CCD), samples with allergen-sIgE
antibody >0.35 kU,/I to any wood allergen were tested
for sIgE to the three commercially available CCD:
horseradish peroxidase (HRP; Ro400), bromelain (k202)
and MUXEF? (Ro214). Total allergen-sIgE antibody val-
ues 20.35 kU,/l were considered positive.

For differentiation between proteinogenic and glyco-
genic IgE-binding epitopes, sIgE binding to beech and
pine wood was furthermore analyzed in a competitive
inhibition assay with the glycogenic substance HRP as
inhibitor (34). The reduction of IgE binding to wood
allergen by HRP was calculated as percentage difference
between phosphate buffered saline control (100%) and
HRP inhibition.

Statistical analysis

Data were analyzed using SPSS statistical software for
Windows, version 15.0 (SPSS Inc, Chicago, IL, USA).
Univariate analyses were undertaken for categorical
variables using x? tests. Logistic regression analysis
was used to evaluate associations between sensitization
and symptoms. We included as confounders: smoking
(defined as present smokers or ex-smokers for <2 years),
age (5 categories), gender, and atopy. Unless otherwise
stated, the level of significance was P<0.05, two-sided.

Results

The characteristics of the total and random samples by
exposure status are listed in table 1.
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Table 1. Characteristics of the total sample and the random sample by current and prior woodworkers and reference workers. [M=median;

R=range]
Characteristics Total sample, N = 701 Random sample, N = 399
Current Prior Reference Current Prior Reference
woodworker woodworker worker woodworker woodworker worker
(N=479) (N=140) (N=82) (N=289) (N=72) (N=38)
N % M R N % M R N %M R N %M R N % M R N % M R
Personal
Male 369 77 109 78 352 43 221 77 62 86 192 50
Age in years 42 13-68 46 24-69 43 27-67 42 18-68 47 25-69 41 27-65
Smokers b 210 46 67 51 45 57 119 42 23 43 18 49
Smokers, 103 47 37 49 21 44 57 46 17 50 6 32
>20/day
Exposure
Work mostly 270 57 94 70 164 57 46 69
with pine ¢
Work mostly 69 14 18 13 37 13 8 12
with beech?
Years in wood 13 0-43 12 0-46 13 0-43 9 1-40
industry
Health
Atopy ¢ 140 29 34 24 34 24 69 24 15 21 8 21
Current 78 16 381 27 18 23 189 6 0 14 4 11
asthma
Asthma 190 40 70 50 38 46 459 16 169 22 79 18
symptoms
Work-related 43 9 17 13 5 6 149 5 4 6 1 3
asthma
symptoms
Rhinitis 163 34 53 38 33 40 649 22 149 19 89 21
symptoms
Work-related 88 19 17 13 10 12 349 12 3 5 3 8
rhinitis
symptoms

2 P<0.01 between reference and woodworker

b Defined as current smokers or ex-smokers for more than two years prior to the 2003 study.

¢ Woodworker using mainly pine (Pinus Sylvestris).

4 Woodworker using mainly beech (Fagus spec).

e Defined as a positive Phadiatop®.

" P<0.05 between prior and current woodworker.

9 P<0.05 between random sample and total sample by exposure status.

There were less reference male workers compared to
male woodworkers in both the total (43 versus 77-78%)
and random sample (50 versus 77-86%). No significant
differences with regard to age (median 42—47 years),
smoking status (42—-57%, of which nearly 50% heavy
smokers) or atopic status (21-29%) were seen between
the groups. No significant difference in exposure char-
acteristics for woodworkers was seen between groups.
Between 57-70% of the woodworkers processed mostly
pine wood and 12—14% processed mostly beech wood.

As expected, the prevalence of respiratory symptoms
was higher in the total compared to the random sample.
In the total sample, more prior woodworkers had asthma
(27%) compared to current woodworkers (16%), and
the same tendency was seen in the random sample (14
versus 6%). Otherwise no significant differences in
symptom status were observed between current and
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prior woodworkers. In the random sample of current
woodworkers, the prevalence of respiratory symptoms
ranged from 5% (work-related asthma symptoms) to
22% (rhinitis symptoms).

The median (minimum-maximum) inhalable dust
level was decreased from 0.93 (0.37-1.61) mg/m? in
1997-1998 to 0.55 (0.28-0.91) mg/m? in 2003-2005.

We measured sIgE concentrations >0.35 kU,/I to
wood dust in 26 (3.7%) subjects. Of these positive sam-
ples, 23 showed sIgE to beech wood and 18 had sIgE to
pine wood; 15 samples had sIgE for both beech and pine
wood. Mean (standard deviation) sIgE to pine dust was
1.5 (3.4) kU /1, where as for beech it was 2.2 (2.7) kU /1.
SIgE to pine and beech was strongly correlated to atopy.
All subjects with sIgE to beech wood were atopic. Only
one subject with sIgE to pine wood was non-atopic.

Table 2 shows prevalence of sensitization to pine,



beech, and common inhalant allergens in the random
sample of current woodworkers and among subjects
from the total sample with current asthma, asthma symp-
toms, work-related asthma symptoms, rhinitis symptoms
and work-related rhinitis symptoms.

Sensitization to common allergens was significantly
increased among subjects with respiratory symptoms,
most pronounced for asthma and rhinitis symptoms
(44%), work-related asthma symptoms (45%) and cur-
rent asthma (41%) compared to the group without
symptoms (17%).

The prevalence of pine and beech sensitization among
a random sample of current woodworkers was 1.7 and
3.1%, respectively. There was no significant difference
in the prevalence of wood dust sensitization between the
symptomatic groups and group with no symptoms [eg, 3.3
versus 1.4% (P=0.15) for pine sensitization and 3.1 versus
3.6% (P=0.67) for beech sensitization].

Table 3 presents the results on associations between
wood dust exposure and sensitization to pine, beech
and common allergens. No significant association was
seen between sensitization and exposure status (never,
prior, currently exposed) or duration of employment in
the wood industry among woodworkers. Prevalence of
sensitization to both pine and beech wood was associ-
ated in a dose-dependent way with current wood dust
exposure, being one order of magnitude higher in the
highest exposed group. There was a tendency towards a
dose-dependent relation between exposure level at base-
line (1997-1998) and sensitization to pine and beech
dust. No relation between sIgE to pine and processing
of pine wood on a regular basis (almost daily or daily)
was seen. The same was true for sIgE to beech wood and
regular processing of beech wood (results not shown).

Additional sIgE testing for CCD showed that 19 of
all 26 wood dust-sensitized workers (73%) recognized
glycogenic epitopes (34). Proteinogenic epitopes to
wood allergens were noted if sIgE binding to pine or
beech wood was not reduced by HRP in inhibition tests.
The numbers were 9 for beech dust and 8 for pine dust.

Schlissen et al

In table 4, adjusted odds ratios (OR) for respira-
tory symptoms and both total wood dust sensitization
and proteinogenic sensitizations are given. Asthma
symptoms were negatively associated with total beech
sIgE, with OR 0.2 [95% confidence interval (95%
CI) 0.1-0.7]. Besides this, no significant association
between respiratory symptoms and total sIgE for pine
or beech was found. Atopy was strongly related to
respiratory symptoms for both pine and beech models,
with OR between 4.8 (95% CI 2.5-9.1) (work-related
asthma symptoms to beech) and 2.1 (95% CI 1.2-3.6)
(work- related rhinitis symptoms to pine). Current smok-
ing was associated with asthma and rhinitis symptoms
and work-related asthma symptoms, with OR between
2.1 (95% CI 1.5-3.0) (asthma symptoms) and 1.4 (95%
CI 1.0-2.0) (rhinitis symptoms).

Only symptomatic subjects had proteinogenic sIgE
epitopes to pine and OR were infinity for all models (not
included in table 4). No significant associations between
respiratory symptoms and proteinogenic epitopes to
beech were found, but OR calculated on proteinogenic
sensitization were increased for all symptom groups
compared to the association between total beech sIgE
and respiratory symptoms.

Discussion

This study shows a low sIgE sensitization rate to beech
(3.1%) and pine (1.7%) dust among a random sample of
current Danish woodworkers, with wood dust sensitiza-
tion almost only among atopic subjects.

A low sensitization rate for pine sIgE (2.9%) was
shown in the 1997 study among a non-randomized
subpopulation of 483 subjects (28). Our result supports
data from other epidemiological studies on pine dust
sensitization. Cormier et al (15) found 4.7% of 1200
Canadian sawmill workers to be sensitized to pine dust.
In a Swedish study of 139 woodwork teachers, only 2

Table 2. Prevalence of sensitization to pine, beech, and common inhalant allergens (Phadiatop®) in the random sample of current
woodworkers (WW) and among subjects from the total sample with current asthma, asthma symptoms, work-related asthma symptoms,
rhinitis symptoms and work-related rhinitis symptoms

Positive Specific IaE Random No Current Only asthma- ~ Only rhinitis ~ Asthmaand  Work-related ~ Work-related
0SItIVE opecitic 1g sample, symptoms asthma symptoms  symptoms rhinitis asthma rhinitis
current WW (N=276) (N=134) (N=176) (N=127) symptoms symptoms (N=115)
(N=289) (N=122) (N=65)

N % N % N % N % N % N % N % N %

Common allergens 69 239 47 170 553 41 572 324 35 276 54% 443 29 446 35 304
Pine dust 5 1.7 4 14 7 52 5 2.8 5 39 4 33 3 46 3 26
Beech dust 9 31 10 36 7 52 4 23 4 341 5 441 4 6.2 3 26

2P<0.05 (2 test) between group and references (subjects with no symptoms)
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Table 3. Prevalence of sensitization to pine, beech and common allergens in relation to wood dust exposure among 479 current wood-
workers, 140 prior woodworkers and 82 never-exposed references

Specific IgE Specific IgE Specific IgE
Wood dust exposure pine beech common inhalant
allergens
N N % N % N %
Exposure status:
82 3 3.7 4 49 19 23.2
Never exposed
140 2 14 2 14 34 24.3
Prior exposed
479 13 2.7 17 3.5 140 29.2
Currently exposed
Duration of employment in wood industry ©
1382 3 2.2 5 35 42 304
<5 years
158 3 1.9 3 1.9 48 304
5-10 years
172 2 1.2 5 2.9 48 27.9
>10-18 years
145 7 4.8 6 41 35 24.1
>18 years
Exposure level 1997-1998, inhalable dust, mg/m?
1222 2 1.6 3 2.5 32 26.2
0-0.72 mg/m?
208 6 2.9 5 2.4 55 26.4
>0.72-1.15 mg/m?
54 7 7.4 4 7.4 14 25.9
>1.15 mg/m?
Exposure 2003-05, inhalable dust, mg/m?
1132 1 0.9 0 25 22.1
0-0.47 mg/m3
235 4 1.7 6 2.6 79 33.6
>0.47-0.64 mg/m?
102 8¢ 7.8 10¢ 9.8 32 314
>0.64 mg/m?3

2 Reference.
b Only woodworkers.
¢ Significant trend: Pearson y? test between groups: P<0.01.

Table 4. Associations between wood dust sensitization (pine, beech, proteinogenic beech) and respiratory symptoms in logistic regres-
sion. All final models included gender, age, smoking and atopy. [OR=0dds ratio; 95% CI=95% confidence interval.]

Current Asthma Work-related Rhinitis Work-related
asthma @ symptoms @ asthma symptoms @ symptoms @ rhinitis
(N=386) (N=551) (N=328) (N=504) symptoms 2
(N=376)
OR  95% ClI OR  95% Cl OR  95% Cl OR 95% Cl OR  95% Cl
Proteinogenic and glycogenic pine epitopes
Specific IgE pine 2.3 0.5-10.0 09 0335 1.3 0.2-6.3 1.0 0337 09 0244
Smoking ® 1.3 0.8-2.0 20 14-29 1.8 1.0-3.2 14 1.0-2.0 1.1 07-1.8
Atopy ¢ 35 2158 32 2149 42 2.2-7.9 27 1.7-42 21 1.2-36
Proteinogenic and glycogenic beech epitopes
Specific IgE beech 05 02-1.6 02 0.1-07 0.6 0.1-2.0 04 0.1-21 03 0113
Smoking ® 1.3  0.8-21 2.1 1.5-3.0 1.8 1.0-3.3 15 1.0-21 11 07-1.8
Atopy ¢ 41 21-71 38 24-6.0 4.8 2.5-9.1 32 2.0-51 24 1.4-42
Proteinogenic beech epitopes
Specific IgE beech 1.8 0.3-10.3 1.1 0.2-6.2 32 05-215 13 0.2-7.1 1.1 0--89
Smoking © 1.3  0.8-20 20 14-29 1.8 1.0-3.3 15 1.0-2.0 11 07-18
Atopy © 36 22-6.0 32 2149 4.0 21-7.5 27 1.7-441 21 12-35

2 Reference: no respiratory symptoms.
b Smokers or ex-smokers for >2 years prior to the 2003 study.
¢ Defined as a positive Phadiatop®.
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subjects had a positive sIgE test for pine (14). We are
not aware of any epidemiological studies that previously
have estimated the prevalence of sIgE to beech wood,
and only a few case reports on beech sensitization have
been published. Beech wood is a commonly used type
of wood processed in the wood industry.

The epidemiological findings are not directly in line
with clinical case series on wood-dust-related asthma
or rhinitis that reported around 30% of the cases to be
sensitized to wood dust. For example, Kanerva et al
(17) found 13 out of 30 subjects with rhinitis caused
by wood dust were confirmed to be positive to at least
one skin prick test to wood dust in nasal provocation
tests. The clinical cases represent a highly selected
group of workers, which may explain the difference in
prevalence in the epidemiological studies and the case
series. Another explanation might be the type of wood
dust. In the Kanerva et al study (17), 9 out of 13 patients
were sensitized to obeche wood, which has been proven
to have a strong allergenic potential (22). Altogether,
our results support previous studies indicating that the
allergic potential of pine and beech wood dust is limited.

No difference in sensitization rates were observed
according to exposure status (current, prior, or never
woodworker) or duration of wood dust exposure. This
may be explained by cross-reactivity among plant aller-
gens. In our study population, Kespohl et al (34) showed
a high correlation between sIgE to pine and beech, CCD,
and pine pollen (1 between 0.59-0.98, P<0.000), indicat-
ing that the primary reason for cross-reactivity among
wood dust and pollen may be due to CCD. However,
she found no correlation between sIgE concentrations
to beech and pine dust, on one hand, and beech or birch
pollen on the other (1> between 0.01-0.11, P>0.05), which
does not support a cross-reactivity based on homolog pro-
teins such as Bet v 1 or Bet v 2. As exposure to wood dust,
for example pine and beech, is not uncommon among the
general population, it is plausible that some references are
sensitized from sources other than work, and on average
the occupational exposure does not seem to increase the
sensitization rate. On the other hand, we revealed a clear
dose-dependent relation between current wood dust level
and prevalence of sensitization, with 25 and 31% of atop-
ics sensitized to pine and beech-dust, respectively, in the
highest wood-dust exposed group. Our results indicate
that the level of exposure among woodworkers has an
impact on the sensitization rate, which has also been
observed in other industrial cohorts [eg bakers (36) and
lab animal workers (37)].

After adjusting for atopy, no clear relation was seen
between wood dust sensitization and respiratory symp-
toms like asthma and rhinitis. In the 1997 study, sIgE and
positive histamine release tests were indeed associated
with an increased prevalence of asthma and work-related
asthma symptoms (28, 38), where Cormier et al (15)

Schlissen et al

found no relation between symptoms, lung function,
and sIgE-mediated sensitization to pine wood. There
may be several reasons for the variations in associations
between sIgE for wood dust and respiratory symptoms
in different studies. It is known from the Kespohl (34)
and other studies (28) that the protein in beech and pine
wood extracts is generally low, but with large variations.
At least for pine wood, it is well known that storage time
of wood is closely associated with ongoing protein deg-
radation (28, 39). Another reason might be the method of
measurement for the [gE-mediated sensitization. Cormier
et al (15) used the skin prick test and Skovsted et al
(28) used ADVIA® (Siemens AG, Munich, Germany)
based on a solid phase with monoclonal anti-human-IgE
coupled to paramagnetic particles where our study used
ImmunoCAP® 250 (Phadia AB, Uppsala, Sweden) and
the specific tailored ImmunoCAP.

Restricting the total sIgE to proteinogenic sIgE
revealed that only symptomatic subjects in fact had pro-
teinogenic sIgE epitopes to pine dust. For beech dust, the
OR of proteinogenic sIgE epitopes increased compared
to total sIgE, but did not reach the level of statistical
significance. Our interpretation is that the proteinogenic
sIgE epitopes have the potential to cause symptoms.
Although uncommon (1%), our results indicate that
clinically relevant sIgE for pine and perhaps beech
exist. As far as we know, we are the first to explore the
importance of CCD among woodworkers sensitized to
wood dust. Our study indicates that only proteinogenic
wood dust sIgE is relevant if the clinical importance
is evaluated, but total wood dust sIgE, including both
proteinogenic and glycogenic epitopes, are associated
with current exposure levels indicating total wood dust
sIgE to be a marker for exposure rather than disease.

Our results suggest that sIgE-mediated mechanisms
explain, at the most, a minor part of the increased occur-
rence of respiratory symptoms found in woodworkers,
which is in line with results from, for example, western
red cedar (20, 21), where a non-IgE-mediated specific
effect of plicatic acid is very likely. We have earlier inves-
tigated IgE-mediated sensitization by skin prick test for
both high molecular weight (HMW) (>10 kDa) and LMW
extract (<10 kDa) of pine and beech dust (40), and we
found few positive skin prick test for the low compared
to the HMW extracts, which do not support IgE-mediated
sensitization to LMW agents to be of major importance,
at least for pine and beech. One may speculate if abietic
acid, the major constituent in pine resin, could be of
importance via a specific non-IgE-mediated pathway,
which would be highly relevant to study in the future.
Apart from sIgE-mediated sensitization, several other
mechanisms are possible. Animal studies have shown
that wood components, for example abietic acid, cause
direct toxicity via lytic damage to alveolar, tracheal, and
bronchial epithelial cells (41). Wood dust extracts from
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both hard and soft wood are able to express and induce
the release of inflammatory mediators in human epithelial
cell lines (42) and modulate the expression of cytokines
and chemokines (43).

Terpenes, a naturally occurring substance in pine
and other coniferous trees have also been documented
to cause irritation of mucous membranes and increase
bronchial responsiveness (44). However, values of total
terpenes found in this study were low (GM 7.0 mg/m?)
and well below the Danish occupational exposure limit
of 140 mg/m>.

There is a range of limitations in the current study. The
overall participation rate in both the 1997 and 2003 studies
was 67%, which may potentially cause selection bias. We
found no difference in baseline respiratory symptoms and
mean dust level between participants and non-participants,
and also no significant difference in the participation
rate between woodworkers and references. Additionally,
nearly 80% of new employees participated in the study.
Prior woodworkers seem to have more respiratory symp-
toms, especially current asthma, compared to current
woodworkers, suggesting a healthy worker selection.
Of the total included workers, 1701 or 61% had a blood
sample taken. Only 10% or 276 refused to give blood
samples, the rest of the dropout was due to factory closure
or absence on the actual day of measurement, primarily
due to evening or night shift work, where we did not
collect blood samples. Taken together, we do not believe
selection bias to be of major importance for the results.

The analyses are in part performed on a study popu-
lation oversampled with subjects suffering from asthma
and rhinitis symptoms. We found no differences with
regards to general characteristics (smoking, gender, age)
and exposure characteristics for the random sample and
the total sample. We therefore judge our results to be
representative for the source population, namely current
and prior Danish woodworkers.

In conclusion, the quantitative importance of sIgE-
mediated sensitization to pine and beech wood is lim-
ited, but may be of clinical significance for a few work-
ers, especially if the sIgE epitopes are proteinogenic.
The sensitization rate for pine and beech dust does not
differ between woodworkers and references, but among
woodworkers is dependent on the current wood dust
exposure level.
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