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Objectives The purpose of this study was to develop a quantification assay to measure airborne concentrations
of obeche wood allergen at workplaces.

Methods Specific polyclonal antibodies to obeche wood were produced in rabbit and used to develop an inhi-
bition enzyme immunoassay (EIA). Inhalable dust samples from three wood-processing companies were taken
with a stationary sampling device (Gravicon VC25). The loaded dust filters were extracted under standardized
conditions and measured with the assay. In addition, the antigen and allergen contents of obeche wood from
different sources (Cameroon, N=5; Ghana, N=4) were analyzed from immunoblots, detected with rabbit im-
munoglobulin (Ig) G and human Ig E.

Results Polyclonal antibodies specific for obeche wood allergens, without cross-reactivity to other woods,
were used to establish the inhibition enzyme immunoassay. The assay is able to quantify allergen concentrations
from 30 to 300 ng/ml. With inhibition enzyme immunoassay, exposure to airborne obeche wood allergen can be
monitored in wood-processing companies. Inhalable dust samples from workplaces contained an average allergen
concentration of 15 ug/g dust. Significantly lower protein and allergen contents were measured for obeche wood
from Cameroon (ayous) in one company. IgE immunoblots indicated that the lower antigen and allergen contents
of the ayous wood may be the result of its lacking the major obeche wood allergen, Trip s 1.

Conclusions The data showed that the total dust concentration in workplaces containing obeche wood dust did
not correspond to the assessed allergen concentration. To estimate exposure limits regarding sensitization risk,
it is necessary to measure the allergen content directly.
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Occupational exposure to wood dust has been shown to
be associated with health problems, including nasal can-
cer and respiratory or pulmonary symptoms caused by
allergenic or irritative agents (1-4). In Germany about
700 000 workers are occupationally exposed to inhalable
wood dust. According to estimates, 25% of workers are
exposed to 2-5 mg of wood dust/m? air, and 15% are
exposed to even higher concentrations than 5 mg/m?(2).
To protect exposed workers from the harmful effects of
wood dust, the member states of the European Union set
an occupational exposure limit (OEL) of 2 mg/m? for
inhalable dust per cubic meter of ambient air. In 2002,
the Scientific Committee for Occupational Exposure

Limits proposed a lower wood dust concentration of
0.5 mg/m? as the limit for avoiding pulmonary effects
during work. Subsequently, a controversial discussion on
a health-based exposure limit for wood dust began (5).
However, the lower limit, which was intended to prevent
health risks, cannot be recommended with respect to
the prevention of allergic diseases and the risk of sen-
sitization to wood dust. In regard to the occupational
exposure limit for allergens, the situation is more dif-
ficult because individual susceptibility varies, unlike the
situation for toxic substances, which affects all exposed
persons equally. In estimating the relationship between
wood dust exposure, allergen concentration, and health
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effects, it is important to assess the allergen concentra-
tions, not merely the total wood dust concentrations.
Allergic symptoms elicited by airborne occupational
allergens often start with rhinitis in the upper airways,
which can proceed to the lower respiratiory tract and
cause asthma (6-8). Especially in the wood-processing
industry, for which several of respiratory symptoms
have been described, an assessment of sensitizing wood
dust components is very important in helping to prevent
the development of severe respiratory problems among
sensitized workers and in carrying out allergen reduction
strategies at such workplaces.

Wood workers are normally exposed to a variety of
different soft and hard woods. Wood dust of the tropical
obeche tree (Triplochiton scleroxylon) was reported as a
strong sensitizer for allergy mediated by immunoglobu-
lin (Ig) E (9, 10). In contrast to other wood species that
act predominantly as type-IV sensitizers, obeche wood
has a high protein content but no, or only low, concentra-
tions of quinone and lapachol (11), and this difference
may explain its dominant role as an allergy type I sensi-
tizer. In addition, Trip s 1, identified from obeche wood
(12), was the first characterized and denominated wood
allergen (www.allergome.org). The main applications of
obeche wood are in sauna-building, as chamfer strips in
concrete formwork, picture frames and, due to its light
weight, slats for caravans and model building. Even
though obeche wood is not processed to a great extent,
due to its high allergenic potency, it is a good model
system for establishing an allergen quantification assay
for use at workplaces with exposure to wood dust. The
application of this allergen quantification assay allows
the identification of risk sites and offers the possibility
to monitor the success of allergen reduction and avoid-
ance strategies.

Material and methods

Allergen extraction for obeche wood dust

Obeche wood extract, prepared from freshly ground ma-
terial of certified origin and without preservatives from
Ghana, Africa (Theodor Schumacher, S6hne Holzhands
GmbH, Cologne, Germany), served as a standard. Fur-
thermore, obeche wood samples were taken from three
companies processing obeche wood from Ghana and
Cameroon. The declaration of origin was given by the
company and could not be further certified. Wood dust
was mixed 1:10 (weight/volume) with phosphate-buff-
ered saline (PBS, pH 7.4) containing 0.5 mM Pefablock
(Serva, Heidelberg, Germany) and 2% polyvinylpoly-
pyrrolidone (Sigma, Deisenhofen, Germany) and gently
stirred for 16 hours at 4°C. After extraction, the suspen-
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sion was centrifuged (15 000 g, 4°C) for 45 minutes, and
the supernatant containing soluble wood-dust proteins
was dialyzed against distilled water (Spektra / Por,
3.5kD MWCO, Serva) and lyophilized. The protein
concentration was quantified with BIO-RAD protein
assay (BIO-RAD, Miinchen, Germany) using albumin
bovine fraction V (Serva) as a standard.

Polyclonal antiserum specific for obeche wood

Antibodies specific for obeche wood were produced in a
New Zealand white rabbit, which was immunized with
obeche wood protein extract (0.5 mg/ml) suspended in
Titermax Gold adjuvant (Sigma). To improve immune
response, the rabbit was boosted with the same antigen
in PBS 5 weeks after the initial injection. Antigen-spe-
cific polyclonal antibodies were obtained in the whole
blood fraction, which was taken 12 weeks after the im-
munization by centrifugation for 20 minutes at 2000 g
at room temperature. The polyclonal rabbit serum was
stored in aliquots at —=70°C until use.

Human sera specific for obeche wood

Serum samples from six men with a physician-diagnosed
allergy to obeche wood were used for the IgE detection.
All of the men had been exposed to obeche wood in
the wood-processing industry, and they reported work-
related asthma and had positive skin prick tests with
obeche. They also had obeche-specific IgE in the range
of 9.52 kU/1 to 25.40 kU/1 (median value: 20.25 kU/1)
according to obeche-wood-specific InmunoCAPs (k212,
Phadia, Uppsala, Sweden). Equal amounts of sera were
mixed to generate the obeche-wood-specific serum pool
(obeche-specific IgE: 19.6 kU/I).

Electrophoresis and immunoblotting

Wood extract proteins were separated by SDS-PAGE
(sodium dodecyl sulfate—polyacrylamide gel electropho-
resis) using precasted NuPAGE gels (Novex, San Diego,
CA, USA) in a Novex Xcell II mini-cell unit according
to the manufacturer’s instructions. For the immunostain-
ing, resolved proteins were first electrotransferred onto
a polyvinyllidene difluoride (PVDF) membrane (Mil-
lipore, Eschborn, Germany) by semidry blotting using
a 50 mM Tris [tris(thydroxymethyl)-aminomethane]
buffer containing 50 mM boric acid and 10% methanol
at 0.8 mA/cm? for 90 minutes at room temperature. Free-
protein binding sites of PVDF blots were blocked in
Tris-buffered saline (TBS) containing 1% bovine serum
albumin (BSA) and 1% polyvinylpyrrolidone 40 for at
least 6 hours at room temperature. Western blots were
either incubated for 2 hours with obeche-specific poly-
clonal antibodies diluted 1:1000 in TBS containing 2%
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BSA and 0.1% Tween 20 [polyoxyethylene (20) sorbitan
monolaurate] to identify IgG-binding antigens, or they
were incubated with human serum pool (diluted 1:4) to
detect IgE-binding obeche-wood proteins. Nonspecific
binding was eliminated using four 5-minute washings
with 0.1% Tween 20 in TBS (TTBS). Specific IgG was
detected by anti-rabbit IgG antibodies conjugated to
alkaline phosphatase (Sigma, A3687) diluted 1:30 000
in 2% BSA/TTBS. Specific human IgE was detected
by anti-human IgE antibodies conjugated to alkaline
phosphatase (Sigma, A3525, diluted 1:1000). Enzyme
reactions were visualized by NBT/BCIP (nitroblue tetra-
zolium/5-bromo-4-chloro-3-indolyl phosphate) substrate
tablets (Sigma).

Dust sampling

Airborne dust samples were taken from workplaces
with a Gravicon VC 25 sampler (Strohlein, Kaarst,
Germany). The flow rate of the stationary sampler was
22.5 m*/hour, and a sampling head was used for the in-
halable dust fraction. Wood dust samples were collected
from three companies during different work processes
with obeche wood (multiple circular sawing, crosscut
sawing, four-sided planing, and molding machine work).
All of the machinery was encapsuled and fitted with
an exhaust system. The Gravicon VC 25 sampler was
installed in the operating area of the wood-processing
machines, and the sampling time varied from 1 to 2.6
hours. The sampling heads were equipped with glass
fiber filters (average retention capacity = 0.5 pm, MN
85/90 BF, diameter 150 mm, Macherey-Nagel, Diiren,
Germany), which were weighed before and after the
dust sampling on a high-precision scale, according to
BGI 505-41 (13) at Holz-BG. For transport and stor-
age, the filters were enclosed in dry plastic cassettes at
room temperature. The total airborne dust concentration
(milligrams per cubic meter) was calculated for the
workplaces as the difference in the filter mass before
and after the sampling (milligrams) divided by the total
air volume (cubic meters).

Filter extraction

The optimal filter extraction methods were evaluated
using a parallel sampler with glass fiber filters (type
85/90 BF, Macherey-Nagel, diameter 25 mm) and vary-
ing elution buffers according to a protocol established
during the European Union project “Measurement of
Occupational Allergen Exposure” (MOCALEX) (14). In
short, the parallel sampler (14) was placed in a provoca-
tion chamber, and different wood dusts (obeche, oak,
ash, mahagony, teak, maple) were blown into the room
and collected with a flow rate of 2 m3hour by 10 PAS-6
sampling heads (Agricultural University, Wageningen,
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Netherlands) in parallel. Filter samples were loaded,
on the average, with 2-3 mg of wood dust. The filters
were extracted in 2.5 ml of the extraction buffer by
horizontal shaking for 3 hours, and the antigen content
was measured in inhibition enzyme immunoassay. For
the obeche wood proteins, an extraction buffer without
additional detergent was the most effective.

Workplace samples, taken with a Gravicon VC 25
on glass fiber filters (MN 85/90 BF, diameter 150 mm)
with inhalable dust particles, were cut into pieces and
transferred to a 50-ml polypropylene tube (Nunc, Wi-
esbaden, Germany). A total of 20 ml of PBS (200 mM
sodium phosphate, 500 mM sodium chloride, pH 7.4),
and 10 ml of Millipore-purified water was added, and
the mix was incubated for 3 hours at room temperature
on a horizontal mixer at full speed. Afterwards, insoluble
components were separated by centrifugation (3500 g
for 25 minutes), and the clear supernatant (about 17 ml)
was collected and lyophilized. The freeze-dried filter
extracts were dissolved in a final concentration of 1 ml
of Millipore-purified water and were used to determine
the protein content (Bradford assay) and to quantify the
allergen content in an inhibition enzyme immunoassay.

Quantification assay for obeche wood allergen

For the quantification of the content of obeche wood
allergen in the airborne particle fractions, an inhibition
enzyme immunoassay was carried out. Wells of mi-
crotiter plates (Nunc) were coated with 2 ug of obeche-
wood-protein standard in 200 pl of buffer (0.1 M sodium
carbonate, pH 8.4), and incubated overnight at 4°C.
Free binding sites were blocked with 250 y/well PBS
containing 2% BSA and 0.05% Tween 20 for 1.5 hours
at room temperature. The microtiter plates were washed
four times with PBS/0.05% Tween 20. The inhibi-
tion standard curve was established with 100 pl of the
standard obeche wood extract plus 100 ul of obeche-
wood-specific polyclonal antibodies. Filter extracts were
processed in the same way by adding 100 pl of the ex-
tract to 100 pl of obeche-wood-specific antibodies. The
mixture was transferred into an antigen-coated well, and
the antibody—antigen interaction proceeded for 1.5 hours
at room temperature during continuous shaking. The
excessive antibody-inhibitor solution was removed by
washing up to four times. Obeche-wood-specific anti-
gen-antibody binding was detected by secondary anti-
rabbit antibody conjugated to alkaline phosphatase
(A-3678, lot no 123K6037, Sigma, dilution 1:10 000).
After four final washes, the antibody binding was de-
tected by the activity of alkaline phosphatase using
p-nitrophenyl phosphate (Sigma Fast tablet, Sigma) as
the substrate. The substrate development was measured
after 60 minutes, at an optical density of 405 nm with
an enzyme immunoassay reader (Spectramax Plus 384,
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Figure 1. Antigen profile for polyclonal antibodies specific for obeche:
an immunoglobulin G blot of purified obeche wood allergen Trip s 1
and different wood (obeche, spruce, teak, oak, and mahagony) extracts
incubated with the polyclonal antibodies specific for obeche wood.
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Figure 2. Polyclonal antibodies (pab) titration specific for obeche.
Enzymeimmunoassay (EIA) of polyclonal antibodies specific for obeche
wood on standardized obeche wood extract from dilution 1:500 in
double steps up to 1:258 000. Arrows indicate dilutions 1:2000 and
1:4000 of polyclonal antibodies, which were chosen for inhibition EIA
assembling. (OD = optical density)
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Figure 3. Inhibition enzyme immunoassay with two different dilutions
of polyclonal antibodies (pab) (1:2000 and 1:4000) and increasing
inhibitor concentrations. (OD = optical density)

390  Scand J Work Environ Health 2008, vol 34, no 5

Molecular Devices, Ismaning, Germany), and the results
were processed with SoftmaxPro software (version 4.7,
Molecular Devices Corporation, Sunnyvale, CA, USA)
using a four-parameter fit.

The coefficient of variation was calculated as the
standard deviation multiplied by 100 divided by the
mean value for three concentrations of obeche wood an-
tigen (calculated as 25, 50, and 100 ng/ml). The intraas-
say coefficient of variation was calculated as the mean
value from the double values taken from four assays
for three concentrations (the intraassay coefficient of
variation was calculated as the mean value of 12 double
values). The interassay coefficient of variation was
calculated from four tests with three different antigen
concentrations.

Statistical analysis

Analyses of the data (analysis of variance) were per-
formed with a one-way Tukey’s multiple comparison
test with GraphPad Prism (GraphPad Software Inc, San
Diego, CA, USA). The significance has been given for
values with P<0.05.

Results

Development of the antigen quantification assay

The quantification test for obeche wood allergen was
developed as an inhibition enzyme immunoassay based
on a polyclonal rabbit serum. The IgG-binding profile
of the rabbit serum was tested in immunoblots with
different wood extracts (figure 1). The purified major
obeche wood allergen Trip s 1 was detected at 38 kD.
Altogether, four antigens were recognized in the crude
obeche wood extract, Trip s 1, and additional antigens of
14, 28, and 30 kD. There was no cross-reactivity to other
wood species like spruce, teak, oak, or mahagony.

The optimal antibody dilution was determined by
titration of the serum starting from a dilution factor of
1:500, using double steps to 1:128 000 (figure 2). The
linear range of the dilution curve was between a dilution
factor of 1:1000 and a factor of 1:16 000; two dilutions,
1:2000 and 1:4000 in the upper linear range, were cho-
sen for developing the inhibition test. For the inhibition
enzyme immunoassay, increasing concentrations of
standardized obeche wood extract (0.9 ng/ml in fivefold
steps up to 2800 ng/ml) were mixed with antibodies in
both dilutions (figure 3). The dilution of polyclonal an-
tibodies of 1:2000 showed a steeper inhibition curve and
was used for the experiments. The measuring range of
the assay quantifying obeche wood was established to be
between 20% and 80% inhibition. Accordingly, samples
with antigen concentrations between 30 ng/ml and
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20% inhibition

Figure 4. Inhibition curve of polyclonal anti-
bodies specific for obeche wood (1:2000) with
differentobeche wood antigen concentrations.
The measured absorption for each obeche
wood antigen concentration was connected
to generate a standard curve in an inhibition
enzyme immunoassay. Cross-reactions to
other wood species (maple, chestnut, ma-

80% inhibition
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hagony, ash, oak, and teak) were tested with
high loaded (100-1000 mg) filter extracts of
wood dust. (0D = optical density)

Table 1. Assessment of obeche wood allergen at the exposed workplaces.

Processed wood Dust sample Airborne dust? Protein Allergen
Weight Mean SD Concen Mean SD Concen- Mean SD Concen- Mean  SD Air con- Mean  SD
(mg) tration tration tration centra
(mg/m?) (ng/mg) (ng/mg) tion
(ng/m3)
Company | 20.7 136 0.39 0.23 6.3 3.2 . 231 58 . 88 43
Filter 1~ Wawa  38.9 0.70 2.6 20.0 14.0
Filter2 ~ Wawa  37.2 0.67 2.7 20.0 13.4
Filter3  Wawa 10.7 0.22 7.9 15.3 34
Filter 4 Wawa 9.9 0.20 10.8 25.8 5.2
Filter 5  Wawa 14.5 0.31 6.9 314 9.7
Filter 6  Wawa 12.8 - . 0.27 . . 7.0 26.1 7.0
Company Il . 59.8 31.2 . 2.27 1.61 11 03 40 04 . 94 73
Filter 7 Ayous  92.6 3.92 0.9 46 18.1
Filter8  Ayous  79.7 3.37 0.8 3.8 12.8
Filter9  Ayous  38.9 1.04 1.1 3.8 3.9
Filter 10 Ayous  27.8 . . 0.74 . . 1.5 3.9 2.9
Company Il . 529 127 . 1.09 0.20 47 09 . 204 28 . 223 50
Filter 11 Ayous  50.9 1.29 54 22.2 28.7
Filter 12 Ayous  41.2 1.05 55 22.4 235
Filter 13  Ayous  70.9 1.21 3.6 16.5 19.9
Filter 14 Ayous  48.5 0.83 44 20.7 17.2

2 The airborne dust concentration was calculated as the weight of the dust sample (mg) divided by the sampled air volume (m?).

300 ng/ml could be quantified (figure 4). Test specificity
was proved with a variety of wood dust samples (maple,
chestnut, mahagony, ash, oak, and teak), which were
applied in high concentrations [up to 1000 pg of wood
dust per milliliter (figure 4)]. There was no inhibition of
the polyclonal antibodies specific for obeche by other
wood dusts. The mean intraassay coefficient of varia-
tion of the double estimations was 4.7% for 24 samples.
The interassay coefficient of variation was calculated
from four tests at three different antigen concentrations.
The coefficient of variation for the low concentration
(25 ng/ml) was 23.91, that of the medium concentration

(50 ng/ml) was 23.27, and that of the high concentration
(100 ng/ml) was 17.23. As such, the mean interassay
coefficient of variation was calculated as 21.5%.

Allergen measurement at exposed workplaces

Allergens were measured with a stationary sampler in
three wood-processing companies (table 1) in which the
predominantly processed wood was obeche. In company
I, 95% of the supplied obeche wood was imported from
Ghana, where it is called wawa. Companies II and III
worked exclusively with obeche wood from Cameroon,
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called ayous. Wawa and ayous are not used as trade
names, but are used to denote the geographic origin of
the obeche wood. Airborne inhalable dust was collected
at different workplaces during the planning and sawing
processes. The protein content of the samples from
company I had an average concentration of 6.3 pg/mg,
which was significantly (P<0.05) higher than in com-
pany II (1.1 pg/mg), but was not statistically higher
than in company III (4.7 pg/mg). The allergen content
per milligram of dust from company II was 4.0 ng/mg,
which was significantly (P<0.05) lower than in company
I (23.1 ng/mg) and company III (20.4 ng/mg). With

123456789

im o“

Wawa Ayous

1-5 6-9
Figure 5. SDS-PAGE (sodium dodecyl sulfate—polyacrylamide gel
electrophoresis) silver stain of the protein pattern of wawa (lanes 1-5)
and ayous (lanes 6-9) obeche wood. Wood dust samples were partially
taken in parallel to the following filter samples: 1+2: wawa samples
from company I; 3: wawa sample from an external wood shop; 4+5:
certified wawa wood (standard); 6+7: ayous samples from company
I1; 8+9: ayous samples from company Ill.
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respect to the allergen concentrations in the air, company
IIT had the highest ambient allergen concentration, with
an average of 22.3 ng/m3. This value was statistically
significant (P<0.05) when compared with that of com-
pany I (8.8 ng/m3) and company II (9.4 ng/m3).

While the highest dust exposure was measured in
company II, the highest allergen exposure values were
obtained from company III.

Analysis of allergens in different obeche wood samples

To evaluate the variability of the allergen amount in
obeche wood, the protein profile of different wawa and
ayous wood samples were analyzed by SDS-PAGE
(figure 5). All of the wood samples were applied with
the same amount of 1 ug of protein per lane. The typi-
cal obeche wood protein triplet of 28, 30, and 38 kD
appeared in more or less all of the five wawa wood
samples (lanes 1-5) and in two of the ayous wood
samples (lanes 8 and 9). The ayous wood samples from
company II (lanes 6 and 7) showed protein bands at
only 28 and 12 kD; the major allergen of 38 kD (Trip s
1) and the 30 kD protein were missing. In contrast, the
ayous samples from company III exhibited a typical
obeche wood protein triplet of 28, 30, and 38 kD. Both
woods, wawa and ayous, showed a prominent protein
band at 12 kD.

Corresponding immunoblots were incubated with
polyclonal antibodies (IgG) specific for obeche wood
and with pooled human sera (IgE) (figure 6).

Polyclonal rabbit serum recognized (figure 6 A) the
major allergen Trip s 1 and an additional 12 kD protein
in all of the wawa wood samples (lanes 1-5) and in
two ayous wood samples (lanes 8 and 9). Obeche wood

B
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kD
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29 * :
214
125400 o
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Figure 6. Rabbit immunoglobulin (Ig) G antigen profile (A) and human IgE antigen profile (B) on immunoblots of wawa and ayous wood samples.
Both blots were prepared with ayous and wawa wood extracts corresponding to the silver-stained protein profiles in figure 5. Each lane was loaded
with 2.5 pg of protein. Arrows label the molecular weight of Trip s 1 at 38 kD.
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proteins of 28 and 30 kD were labeled intensively in
three of the five wawa samples (lanes 3-5) and less
intensively in the wawa samples from company I (lanes
1 and 2) and ayous wood samples from company II
(lanes 8 and 9).

The IgE-binding patterns of the wawa and ayous
samples showed a profile similar to that of polyclonal
antibodies (figure 6 B). Trip s 1 was recovered from all
of the wawa samples (lanes 1-5), but less intensively
from the ayous wood samples from company III (lanes
8 and 9). The ayous wood samples from company II
did not exhibit Trip s 1. IgE binding was also found for
the 12 kD protein, as well as for 28 and 30 kD antigens
in both the wawa and ayous wood samples. Both blot
studies supported the finding that the Trip s 1 content
was reduced in ayous wood when compared with the
content in wawa wood, and this finding may be one rea-
son for the lower allergen content in the wood material
processed in company II.

Discussion

We developed a quantification test to assess the allergen
concentration of obeche wood at exposed workplaces.
The assay, based on polyclonal antibodies, was highly
specific for obeche wood allergens. Cross-reactivity to
other wood species was not observed. The detection
range of the assay covered allergen concentrations from
30 to 300 ng/ml in wood dust extract and was sufficient
for measuring the airborne content of obeche wood
allergen at exposed workplaces. Via back-calculation,
1 milligram of wood dust is sufficient to quantify the
allergen content in a sample. The inhibition enzyme im-
munoassay for obeche wood allergen had an intraassay
coefficient of variation of 4.7% and an interassay coef-
ficient of variation of 21.5%, values in the range of other
described allergen quantification tests (15-21).
Immunologic quantification systems are based main-
ly on the following three different types of antibodies:
human IgE antibodies/IgG4 antibodies (15, 16), mouse
monoclonal antibodies (17, 18), or polyclonal antibod-
ies (19-21) assembled in a direct enzyme immuno-
assay, competitive inhibition enzyme immunoassay,
or sandwich enzyme immunoassay, depending on the
desired test sensitivity and the kind of target (single
antigen or complex antigen mixture). Test systems with
human IgE antibodies have a great advantage for more
or less known allergen sources like wood dust, since
they detect only IgE-binding antigens, which form the
class of allergenic proteins. However, the recognized
allergen pattern must be representative and the human
test serum must be available in high amounts to ensure
reproducibility. Furthermore, cross-reactions from other
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allergenic sources should be excluded to warrant test
specificity. Monoclonal mouse antibodies are highly
specific for one single antigen, but, for the quantifica-
tion of several antigens, a mixture of different specific
monoclonal antibodies would be necessary. In addition,
monoclonal antibody production is both time- and cost-
consuming. With the intention of measuring a maximal
range of obeche wood antigens, including the major
allergen Trip s 1, we decided to use a polyclonal rabbit
serum directed against obeche wood extract. Polyclonal
antibodies recognize several epitopes on different anti-
gens and enable numerous obeche wood antigens to be
detected. Therefore, it is possible to detect obeche wood
antigens in very low amounts and with high sensitivity.
Of course, it has to be kept in mind that not all antigens
detected by polyclonal antibodies are allergens. How-
ever, for the obeche-specific polyclonal antibodies, the
binding pattern was similar to the IgE binding of patient
serum pools. The major obeche wood allergen Trip s
1, as well as three other antigens (12, 28 and 30 kD),
were specifically recognized by this polyclonal serum.
The 28 kD protein has been described as an IgE-bind-
ing obeche allergen by two Spanish research groups (9,
10). The 12 and 30 kD IgE-binding proteins have not
been described previously, but, in a former study (12), a
14 kD chitin-binding protein was mentioned; it had been
recognized as an allergen in 3 of the 14 tested persons
for obeche wood allergy.

In addition to test sensitivity, standardized extrac-
tion conditions for wood dust filters are important.
Optimal filter preparation was performed according to
the MOCALEX project (14). In contrast to the reported
results for wheat allergen extraction from airborne dust
samples, the addition of detergent did not improve the
recovery of obeche wood allergens (data not shown).
This finding supports the former finding that obeche
wood proteins needed only aqueous extraction condi-
tions in contrast to other woods (22).

Regarding the discussion of health-based exposure
limits for wood dust, it should be noted that the total
dust concentration does not seem to be the most valid
tool for assessing the risk for wood workers with respect
to sensitization. Our results demonstrate the signifi-
cant differences in airborne allergen concentrations in
comparison with dust concentrations, depending on the
processed obeche wood (table 1). Similar observations
have already been described by Teschke et al (23),
who found that the diversity of inhalable wood dust
particles depend on the age of the wood material (green
wood versus stored wood), tree species, and processing
jobs. Moreover, the discussion of methodical aspects
of wood dust sampling, like particle size and personal
versus stationary sampling, was controversial in regard
to the maximal exposure limits (24-29). In terms of
the personal inhalable dust exposure associated with
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occupational exposure limits, the approved method for
measuring wood dust concentrations is personal sam-
pling. In our study, stationary samples were taken from
three workplaces (about 2 meters from the wood-pro-
cessing machine) to measure the airborne concentration
of wood allergens. Nevertheless, it would be more infor-
mative to have obtained personal samples for individual
occupational exposure, but the primary aim of this study
was to validate the assay for obeche wood allergen under
field conditions and not to determine personal exposure.
For this purpose, stationary samples were more practi-
cal. The measured wood dust concentration varied in
the three investigated companies, and, in company II,
wood dust concentrations of >3 mg/m? also exceeded the
German occupational exposure limit of 2 mg/m3 (29).
After an occupational exposure limit of 0.5 mg/m3, as
proposed by the Scientific Committee for Occupational
Exposure Limits, is taken into consideration, companies
II and III had concentrations above the limit, and the
levels in company I also exceeded the limit. In the three
companies monitored at special work processes, there
was obviously not a possibility to maintain airborne
concentrations of wood dust below 0.5 mg/m3, even
though all of the machines had an exhaust system. Using
an allergen quantification assay, we had the opportunity
to prove the importance of the recommended limit with
regard to IgE-mediated sensitization. The inhibition en-
zyme immunoassay allowed the concentration of obeche
wood allergen to be determined at the workplace inde-
pendently of the wood dust concentration. Therefore,
occupational workplace conditions could be optimized
by monitoring the efficiency of measures for wood al-
lergen reduction.

The quantification assay for obeche wood and com-
parable immunoblots showed different allergen contents
in workplace samples, in some cases associated with the
geographic origin of the wood [Ghana (wawa) versus
Cameroon (ayous)]. According to the detection method
for IgE-binding proteins with a human serum pool (N=6)
diluted 1:4 with buffer, it may be possible that allergens
recognized by only one serum are not visualized on the
blot membrane. The diluted serum pool thus detected
only major allergen bands. This finding suggests that
the different allergen contents may be attributed to the
missing or reduced Trip s 1 in some samples of ayous
wood. Additional evidence for a possible variability in
the allergenic potency of obeche wood was provided by
the experiences of the wood workers, who pointed out
that processing wawa wood resulted in more adverse
respiratory effects than working with ayous wood. Of
course, these findings are only indications of different
allergen contents in geographically diverse obeche wood
species, but it should be taken into consideration that
obeche wood materials can be highly variable in regard
to allergen content.
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In conclusion, with the inhibition enzyme immu-
noassay, the airborne obeche wood allergen exposure
in wood-processing companies can be monitored. The
total dust concentration at workplaces with exposure to
obeche wood dust did not correspond with the assessed
allergen concentrations and is therefore not a suitable
tool for determining exposure limits regarding sensitiza-
tion risk. The allergen pattern of different obeche wood
samples varied, and the major allergen Trip s 1 was
predominantly detected in wood samples from Ghana.
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