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lntroduction

Occupational bronchial asthma due to cow hair and dan-
der is not well researched, although there are reports on the
influence of farming on respiratory symptoms and pulmo-
nary function [1-3]. In Germany, this occupational disease
is compensated for by the relevant insurance company if the
affected farmers cease cattle farming.

One aim of this study was to investigate the effect of dif-
ferent measures of avoidance by cow hair asthmatics on
clinical symptoms, sensitization, and serum IgE. Despite
giving up cattle farming, many patients still suffer from a

Abstract
Farmers (N:45) suffering from occupational cow hair asthma were visited at
home to evaluate the concentration of cow hair major allergen Bos d 2 in the
house dust and to correlate these results with measures of avoidance, degree of
sensitization, clinical symptoms, and lung function. Bos d 2 was determined by
rocket immunoelectrophoresis. In dust of tiles and linoleum Bos d 2 was difficult
to detect, whereas dust samples of carpets often contained high concentrations of
the allergen (50-520 pg/g fine dust). Bos d 2 levels were significantly higher
when barn and living quarters were in the same building. Concentrations of cow
hair-specific IgE were correlated with concentrations of Bos d2 in house dust
samples. A concentration of 20-29 pg Bos d 2 per gram of house dust could be
established as threshold value for relevant IgE sensitization. Avoiding the barn is
not a sufficient avoidance measure for cow hair asthmatics if the partner contin-
ues cattle farming. Cessation of cattle farming and avoiding the former barn re-
sults in a marked reduction in Bos d 2 concentration in living quarters, a de-
creased degree of sensitization, and a reduced symptom score. Farmers with cow
hair asthma should avoid cattle and thoroughly clean all carpets in the living
quarters to avoid continuous cow allergen exposure.

distinct bronchial hyperreactivity, as in marked bronchial
asthma. Therefore, the environmental influences of cow
hair allergens in the house dust of these subjects were exam-
ined with respect to the degree of sensitization. Additional-
ly, this investigation aimed to establish a threshold concen-
tration ofBos d2inhouse dust leading to relevant IgE sensi-
tizatton.

A dose-response relationship has been proposed be-
tween exposure to indoor allergens and risk of sensitization,
and development of respiratory symptoms [4-6]. It has
been demonstrated that certain doses of Fel d I in the am-
bient air of a room induce a significant drop in FEVI in pa-
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tients with cat asthma and hay fever [7]. Indoor Fel d I is
known to cause asthma and rhinitis [8], therefore measures
were established to reduce the indoor concentration of Fel d
1 [9]. A low amount of allergens in house dust and in the
ambient air is expected to decrease sensitization rates and
result in improved bronchial hypeneactivity [4].

Allergen sensitization is considered a high risk for devel-
opment of bronchial asthma [0-13]. Therefore, threshold
values were proposed for several indoor allergens that lead
to relevant IgE sensitization [5, 6, 10, 14, 15] (table l). In this
context a good correlation was shown between exposure to
high levels of indoor major allergens of the cockroach (Bla
g l, Bla g 2) and clinical IgE, sensitization [5]. The cock-
roach has been identified as an important cause ofperennial
rhinitis and asthma [16]. In the living quarters of some pa-
tients with cockroach sensitization Bla g I and Bla g 2 could
be demonstrated although there was no visible cockroach
infestation [5]. This shows the importance of indoor aller-
gen measurements as they were performed in the present
study for the major cow hair allergen Bos d 2.

Materials and Methods

Patients
The study includes 45 patients (28 male, 17 female) with a mean

age of 57 (range 23-72) years referred to our clinic because ofcow hair
asthma. The diagnosis was based on the following parameters: posi-
tive case history intracutaneous and bronchial provocation test with
cow hair extract, and RAST to demonstrate specific IgE antibodies
against cow epithelia. All patients had been farmers, 22 were atopic
subjects with a history of infantile atopic eczema, hay fever, or milk
crust, whereas 23 had no atopic diathesis.

House Dust Samples
All45 patients were visited at home. House dust samples were col-

lected using the 'Indoor Allergen System' (AlK-Scherax, Hamburg,
Germany) connected to a vacuum cleaner. For each sample a new filter
was used. Following the manufactures's instructions, a carpet area of
approximately 1m2 was vacuumed for 5 min. In rooms without car-
pets, areas covered with dust were selected and vacuumed. In four
homes no dust was traceable and no samples were taken.

In each home dust samples were collected from the corridor,living
room and bedroom (one sample from each area). In total l3l dust sam-
ples were taken from 43 corridors, 45 living rooms, and 43 bedrooms;
86 samples were collected from carpets (17 corridors, 35 living rooms,
34 bedrooms), 28 from tiles (23 corridors, 3 living rooms, 2 bed-
rooms), and 17 samples from new carpets acquired after removal of
cattle.

Determination of Cow Hair Allergen Bos d 2 by Means of Rocket
Immuno e lectrophore s i s (RI E )
The collected house dust samples were tested for Bos d 2. Dust

extracts were prepared using an extraction ratio of l:10 (w/v) by dis-
solving the sample in 0.125 m/l NH4HCO3 buffer containing 0.1%

Table 1. Proposed threshold values for indoor allergens leading to
IsE sensitization

Source Allergen Threshold Reference

Cockroach 2 U/g dust
2 U/g dust

F e l d l 8 pglg dust 5,  l0

B l a g  I
Bla92

5
l 5

Cat

Housedust mite
(Dermatophagoides

pteronyssinus)
l0 pglg dust 5
2 pglg dust 6
9 pglg dust 14

group I
allergens
Derp I

Dog C a n f l l0 pg/g dust

NaN3 overnight at *5oC under constant rotation. The suspension was
then centrifuged for l0min at 3,0009. Dust extracts were stored at
-20'C until use.

The protein content of purified Bos d 2 was determined according
to the method of Lowry et al. [7] with bovine serum albumin as a
reference protein. The amount of allergen Bos d 2 in the dust Samples
was determined by RIE U8l using rabbit anti-Bos d2 (0.29 pl/cm2;
and Bos d extract and purified Bos d 2 as a reference. The content was
measured in micrograms of Bos d2per gram of dust.

Clinical Symptoms and Measures of Avoidance
To determine serum IgE and specific IgE (CAP-RASI Pharmacia,

Sweden) against cow epithelia, samples of venous blood were taken.
Clinical symptoms (rhinitis, conjunctivitis, expectoration, coughing,
dyspnea, and urticaria) and measures of avoidance were collected. The
investigated patients were divided into three groups: group A (N: l4)
- patients having abandoned cattle farming; group B 1N: 12) - pa-
tients avoiding the barn; group C (N : l9) - patients without any meas-
ures ofavoidance.

Statistical Analysis
Comparisons were made using the Mann-Whitney U rank sum

test, Student's t, and the 12 test. A Gerhardt plot [9] was computed of
the data obtained from each sampling location to establish a Bos d 2
concentration which is capable of discriminating between high and
low sensitization in CAP-RAST class with a sufficient sensitivity and
specificity. The most suitable discriminator was fixed by calculating
the Youden value (sensitivity + specificity -100).

Results

Concentrations of Bos d2were found in house dust sam-
ples of 34 patients, 4 of whom had already removed their
cattle. Bos d 2 was not found in samples of ll patients, l0 of
whom had ceased cattle farming.

Caqpets in corridors, living rooms, and bedrooms had
significantly more Bos d 2 (up to 520 pg/g dust) than tiles,

l 0
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a
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linoleum and new carpets acquired after giving up cattle
farming (table 2).

In carpets of patients who had removed the cattle the
amount of Bos d 2 was significantly lower than in rooms of
patients avoiding the cow barn or in rooms without any
measures of avoidance (table 3). Comparison of dust sam-
ples of the latter two groups showed no significant differ-
ence in Bos d 2 concentrations.

The amount of Bos d 2 detected also depends on the ar-
chitectural setup (table 4): when the barn and living quar-
ters were separate, the amount of Bos d2tncarpets and tiles
was significantly lower than in samples from buildings
where the barn and living quarters were together.

Five patients were excluded from further investigation be-
cause they had given up cattle farming immediately prior to
the study and their homes were provided with new carpets.

Low IgE, sensitization (CAP-RAST <0.7 kU/l; CAP-
RAST class 0-l) was found in 13 patients while the other 27
showed relevant IgE sensitization (CAP-RAST > 0.7 kIJll;
CAP-RAST class > 1). The house dust of patients with low
sensitization contained significantly lower amounts of Bos
d2 than that of cow hair asthmatics with high sensitization
(f ie. 1).

The house dust Bos d 2 concentrations that separated pa-
tients with low (CAP-RAST < 0.7 kUll; CAP-RAST class
0-l) and high (CAP-RAST >0.7 kU/l; CAP-RAST:class
> 1) sensitization with the maximum Youden value were
24ytglg dust for corridors, 20V"glg dust for living rooms,
and29 pg/g dust for bedrooms. The maximum Youden val-
ue of the Bos d 2 discriminator for living rooms was 68.7
with a sensitivity of 77.8% and a specificity of 84.6%
(frg.2, table 5) .

In all subgroups of the study population (groups A, B,
and C) the mean value of serum IgE was increased. No sta-
tistically significant difference in serum IgE was found be-
tween the three subgroups. High sensitization to cow epi-
thelia in RAST was more common in patients taking no
measures of avoidance than in the others (table 6).

Allergic rhinitis, conjunctivitis, and urticaria were found
more often in group C than in the other subgroups. Expecto-
ration, difficult breathing, dyspnea on exertion and dyspnea
during exposure to cold or humid air were noted more often
in groups B and C than in group A, whereas coughing at
night and dyspnea without exertion were more common in
group B than in the other subgroups. Coughing in the day-
time and dyspnea during exposure to dust or mist occurred
approximately equally in all groups. The commonest symp-
toms were difficult breathing, dyspnea on exertion and dys-
pnea during exposure to dust or mist (table 7). The calculat-
ed symptom score (sum of symptoms) was significantly

Table 2. Concentrations of Bos d2 (V.glgdust) in carpets, on tiles/
linoleum, and in new carpets acquired after giving up cattle farming of
patients with cow hair asthma

Carpets Tiles-linoleum New carpets

N mean + SD N mean + SD N mean + SD

Conidor
Livingroom
Bedroom

79. t+95. l
8 5 . 0 + l  l 9 . l
85 .6+95.5

34.0+42.0
3 . 3 + 5 . 8

0+0.0

0+0.0
3 . 4 + 9 . 1
2.4+6.4

t 7
35
34

23
J

2

1
J

7
7

Corridor Livingroom Bedroom

Carpets vs.
New carpet vs.
New carpet vs.

p<0.05 p<0.01
p < 0 . 0 5  p < 0 . 0 1
p<0.05  p  :  NS

t i les
carpets
t i les

p<0.05
p<0.001
p :  N S

Table 3. Influence of different measures of avoidance on Bos d 2
quantity (Wglg dust) in carpets of house dust samples of patients with
cow hair asthma

GroupA(N=14 )  GroupB  (N :12 )  G roupC (N :19 )

N mean+SD N mean+SD N mean+ SD

Corridor
Livingroom
Bedroom

6 .8+  14 .5
9 . 1 + 2 4 . 1
4.3+12.4

66 . I  +89 .3

98 .0+  151 .4
70.3+74.5

68.9+73.6
89 .71107 .1

I 1 2 . 7 +  1 0 8 . 3

I J

t 4
l 3

1 9
t 9
1 8

l l

t2
t2

Corridor Livinsroom Bedroom

Group A vs.
Group A vs.
Group B vs.

group B
group C
group C

p<0.001
p<0.0001
p :  N S

p<0.001 p<0.001
p<0.0001 p<0.000 l
p : N S  p : N S

Group A : Patients having abandoned cattle farming; group B : pa-
tients avoiding the barn; group C : patients without any measures of avoid-
ance.

Table 4. Comparison of Bos d 2 quantity (Wglgdust) in house dust
of cattle raising cow hair asthmatics related to architectural setup

Bam and living quarters

separated

mean+ SD

in the same building

N  mean+SD

Corridor*
Livingroom
Bedroom*

40.6+42.5
82.4+115.7
56.3+38.7

103.6+99.7
t t2. t+139.6
150.4+122.8

t 7
t 7
l 6

l 3
13
l 3

* p <0.05.
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Table 5. Calculated house dust Bos d 2 threshold values for rele-
vant IgE sensitization (CAP-RAST >0.7 kU/l) towards cow epithelia

lgE > 0.7 kUl

lower in patients without cows than in the others. Avoiding
the cow barn with continuation of cattle farming by the part-
ner (group B) did not lead to a reduced symptom score.

Discussion

Isolation and charactenzation of allergens in extracts
from cow hair and dander have been studied 120-221. These
investigations demonstrated 23 aller gens and characterized
4 of them (Ag l, 3, 6, and 14) as major allergens [23]. Ag I
(molecular weight 24kD) and Ag 3 (20 kD) seem to be the
most important concerning sensitization to cow hair and
dander [21]. In the allergen nomenclature of 1988 [24] these
allergens are designated as Bos d(omesticus) I and Bos d II,
and later as Bos d I and Bos d 21251. High amounts of these
major allergens were found in cow hair and dander. They
could also be identified in bovine whey, saliva, urine, am-
niotic fluid, beef, and leather 1261.

lgE < 0.7 kU/l lgE > 0.7 kUl

Corrldor

lgE < 0.7 kU/f lgE > 0.7 kUf

Llvlng*oom

lgE < 0.7 kUl

Fig. 1. Bos d 2 concentrations in house dust and degree of sensitization in CAP-RAST.

Thres- Maximum Sensi- Speci-
hold Youden tivity ficify
Bosd2 value % o/o

Correct
classification

N %

Corridor
pglg dust 68.7 77 .8  90.9 3  I  81 .6

Livingroom

Pglg dust 62.4 77.8 84.6 32 80

Bedroom

pg/g dust 8 1 . 5 63.6 29 76.3

Sensitivity : Percentage of patients with high sensitizalion and high
house dust Bos d2 concentrations (>calculated threshold allergen con-
centration); specificity: percentage of patients with low sensitization and
lower house dust Bos d 2 concentrations ()calculated threshold allergen
concentration); Maximum Youden value: maximum value of the equation
(sensitivity + specificity -100).

29
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Fig. 2. Gerhardt plot for Bos d 2 concentrations in the house dust of living rooms. The discriminatory Bos d 2
concentrations are represented on the abscissa. The bars show the patients with CAP-RAST <0.7 kU/l and CAP-RAST
>0.7 kU/I. The numbers ofpatients are shown on the left ordinate. Diagnostic sensitivity, specificity, and Youden value
are indicated on the rieht ordinate.

We are not aware ofany publication on the quantification Table 6, Degree ofsensitization ofcow hair asrhmatics related to
ofcow hair allergens in house dust samples. Only levels of differcnt measures ofavoidance
airborne bovine epithelial antigen in barns have been deter-
mined by the ELISA inhibition method 127,281. In the pre-
sent study the major allergen Bos d 2 of cow hair and dander
inhouse dust samples was quantified by means ofRIE. Bos CAp-RAST <0.7kU/l;
d2 concentrations on tiles and linoleum were significantly CAP-RAST class0 l 6 5 2
lower than in carpets, indicating that tiles prevent high local cap-RaST >0.7 kU/l:
concentrations of allerqen. CAP-RASTc lass> l  3  7  l 7

nificant reduction in Bos d 2 levels in carpets, and a reduced
sensitization towards cow epithelia in RAST. Avoiding the
barn with continuation of cattle farming by the partner is not
a suitable method to reduce allergen concentrations in
house dust. The degree of sensittzatron seems to depend on
the amount of Bos d 2 in house dust. Allergen concentra-

Group A Group B Group C
( N : 9 )  ( N : 1 2 )  ( N : 1 9 )

Furthermore,aseparat ionofbarnand| iv ingquar ters
leads to a marked reduction in Bos d 2 in house àusì. Con- t'= 9 43; p<0 01'

Uroup A patients having abandoned canle farming; group Bcemlng me measures ol avoloance' lt was remarkable that patients avoiding the bam; groupc = patients withour any measures of
only the cessation ofcattle farming is accompaniedby a sig- avoidance.

Bos d 2 in House Dust Int Arch Alfergy Immunol 1997 l12:231-231 235



Table 7. Clinical symptoms of cow hair asthmatics related to dif-
ferent measures of avoidance

Croup A
(N:  l4 )

Group B Group C
(N =  12)  (N:  19)

Allergic rhinitis
Allergic conjunctivitis
Expectoration
Coughing at daytime
Coughing at night
Difficult breathing
Dyspnea without exertion
Dyspnea on exertion
Urticaria
Flu-like prodromi
Dyspnea during exposure

to cold or humid air
Dyspnea during exposure

to dust or mist 100

Mean number of symptoms
Group A 4.0
Group B 6.5
Group C 5.7

Comparison of number of symptoms
A vs.  B p<0.05
A vs.  C p<0.05
B V S . C N S

tions of 20-29 prg/g dust can be considered as a threshold
value for IgE sensitization, suggesting that long-term expo-
sure to cow hair allergens in house dust is as important to the
degree of sensitization as the shorter time of exposure in the
cow barn.

A relation between high cow hair allergen sensitization
and the occurrence of respiratory symptoms has been re-

ported, the prevalence of allergic rhinitis and asthma in sen-
sitized subjects being 27% 129-321.

In the present study, symptoms of allergic rhinitis and
conjunctivitis occurred mainly in patients taking no meas-
ures of avoidance, whereas symptoms ofnonspecific hyper-
reactivity (such as dyspnea during exposure to cold air or
dust) were common in all patients. The latter may be a con-
sequence of long-term unsheltered exposure to cow hair al-
lergens.

Patients without cows showed a significantly lower
symptom score than others, and their house dust samples
had lower Bos d 2 levels. Therefore, it can be concluded that
giving up cattle farming is the only suitable measure of
avoidance. High sensitization in CAP-RAST occurred more
often in patients still farming cattle than in those without
cows. This suggests that avoiding the barn alone is not ac-
companied by a reduced level of cow hair-specific IgE, if
cattle raising is continued by the partner.

The results of this sfudy underline the importance of
quantitative measurements of allergens at the place of work
and in house dust samples. Farmers usually enter living
quarters in their working clothes (e.g. in barns), resulting in
the transfer of allergens, besides those that are transferred
airborne.

Both atopic and nonatopic subjects suffer from cow hair
asthma, therefore cattle-raising farmers should take the fol-
lowing measures: (l) Change all clothing before entering
the living quarters. (2) Barn and living quarters should be
separated. (3) Install tiles or linoleum instead of carpet.

Farmers suffering from cow hair asthma should (if pos-
sible) cease cattle farming; thorough cleaning of the entire
house may serve to avoid a continuous cow allergen expo-
sure for months or years. The success of these measures can
be assessed bv means of RIE.

9 4 7
-  a -
I  ) l

9 4 7
8 4 2
4 2 1

16 84
2 t r

1 6  8 4
9 4 7
l 5

2 1 4
2 1 4
3 2 r
4 4 3
I 7
9 6 4
2 t 4

l 0  7 l
0 0
0 0

3 2 5
2 1 7
8 6 7
6 s 0
7 5 8

l 0  8 3
5 4 2

t 2  1 0 0
2 1 7
l 8

T J

t6

83l 0

l 2

51

References

Dosman JA, Graham BL, Hall D, van Loon B
Bhasin P, Froh F: Respiratory symptoms and
pulmonary functions in farmers. J Occup Med
1987;29:3843.
Iversen M, Dahl R, Jensen EJ, Korsgard J, Hal-
las T: Lung function and bronchial reactivity in
farmers. Thorax 1989 ;44:645-649.
Wallenstein G, Rebohle E, Bergmann I: Berufs-
bedingte allergische Atemtrakterkrankungen
durch Tierhaare. Dtsch Gesundheitsrwesen
1977;32:554-556.

4 Charpin D, Bimbaum J, Haddi E, Genard G,
Lanteaume A, Toumi M, Faraj F, van der Brempt
X, Vervloet D: Altitude and allergy to house-
dust mites: A paradigm of the influence of envi-
ronmental exposure on allergic sensitization.
Am Rev Respir Dis I 99 I ; 143:983-986.

5 Gelber LE, Seltzer LH, Bouzoukis JK, Pollart
SM, Chapman MD, Platts-Mills TAE: Sensiti-
zation and exposure to indoor allergen as risk
factors for asthma among patients presenting to
hospital. Am Rev Respir Dis 1993;147:5'73-
578.

6 Lau S, Falkenhorst G, Weber A, Werthmann I,
Lind B Buettner-Goetz P, Wahn U: High mite-
allergen exposure increases the risk of sensiti-
zation in atopic children and young adults. J Al-
lergy Clin Immunol 1989:84:7 l8-7 25.

7 Yan Metre TE, Marsh DG, Adkinson NF, Fish
JE, Kagey-SobotkaA, Norman PS, Radden EB,
Rosenberg GL: Dose of cat (Felis domesticus)
allergen I (Fel d l) that induces asthma. J Al-
lergy Clin Immunol 1986;7862-75.

236 Int Arch Al lergy Immunol 19971.112231 237 Hinze I B er gmann/L swenste in/H an sen



Luczynska CM, Li I Chapman MD, Platts-
Mills TAE: Airborne concentrations and parti-
cle size distribution of allergen derived from
domestic cats (Felis clomesticus): Measure-
ments using cascade impactor, liquid impinger,
and a two-site monoclonal antibody assay for
Fel d l. Am Rev Respir Dis 1990;14l:361-367.
De Blay F, Chapman MD, Plans-Mills TAE:
Airborne cat allergen (Fel d l): Environmental
control with the cat in situ. Am Rev Respir Dis
1 9 9 1 : 1 4 3 : 1 3 3 4 - 1 3 3 9 .
Chapman MD, Heyman PW, Sporik RB, Platts-
Mills TAE: Monitoring allergen exposure in
asthma: New treatment strategies. Allergy
1 995 ;50(suppl 25 ):29-33.
Rose G, Sporik R, Squillace S, Ingram J, Suss-
man J, Honsinger R, Platts-Mills TAE: Meas-
urements of IgE ab to cat and dust mite in sera
from middle school children: Assessment of the
association with asthma (abstract). J Allergy
Clin Immun ol 1994:93 :229.
Sporik R, Holgate ST, Platts-Mills TAE, Gogs-
well J: Exposure to house dust mite allergen
(Der P I) and the development of asthma rn
childhood: A prospective study. N Engl J Med
I 990;323:502-507.
Sporik R, Rose G, Honsinger R, Platts-Mills
TAE, Ingram JM: Sensitization to dog allergen
(Can f I) as a risk factor for asthma in New Mex-
ico: Relationship to allergen exposure in houses
(abstract). J Allergy Clin Imrnunol 1994;93:
229.

Kùhr J, Frischer I Meinert R, Urbanek R, For-
ster J, Kannaus W: Mite allergen exposure is a
risk for a new sensitization at schoolage (ab-
stract). J Allergy Clin Immunol 1994.93:254.
Pollart SM. Smith TF, Monis EC, Gelber LE.
Platts-Mills TAE. Chapman MD: Environmen-
tal exposure to cockroach allergens: Analysrs
with monoclonal antibody-based enzyme im-
munoassays.  J Al lergy Cl in Immunol  l99l ;87:
505-5 I 0.
Lan JL, Lee Dl Wu CH, Chang CP, Yeh CL:
Cockroach hypersensitivity: Preliminary study
of allergic cockroach asthma in Tàiwan. J Al-
lergy Clin Immunol I 988;82: 73ó-740.
Lowry OH, Rosebrough NJ, Farr AL, Randal
RJ: Protein measurement with the Folin phenol
reagent. J Biol Chem 195 I ; 193:26 5-27 5.
Axelsen NH, Bock E: Electroimmunoassay
(rocket immunoelectrophoresis). Scand J Im-
muno l  1983 ;  l 7 (supp l  l 0 ) :  103-106 .
Gerhardt W, Keller H: Evaluation of test data
from clinical studies. Scand J Clin Lab Invest
1986;46(suppl  I  8 I  ) :  l -74.
Lowenstein H: Allergene von Katze, Hund,
Rind und Pferd. Allergologie l98l;5:265-269.
Prahl B Bucher D, Plesner T, Weeke B, Lowen-
stein H: Isolation and partial characterisation of
three major allergens in an extract from cow
hair and dander. Int Arch Allergy Appl Immu-
no l  1982 t67 :293-301 .
Prahl P, Weeke B. Lswenstein H: Quantitative
immunoelectrophoresis analysis of extract
from cow hair and dander. Allergy 1978;33:
24t-253.
Lowenstein H: Quantitative immunoelectro-
phoretic methods as a tool for analysis and iso-
lation of allergens. Prog Allergy 1978;25:l-26.

Marsh DG, Goodfried L, Piao King I Lswen-
srein H, Platts-Mills TAE: Allergen nomencla-
ture. Ann Allergy 1988;60:499-504.
World Health Organisation/IUIS Allergen No-
menclature Subcommittee, King TB Hoffman
D, Lowenstein H. Marsh DG, Platts-Mills TAE,
Thomas W: Allergen nomenclature. J Allergy
Cl in Immunol  I  995;96:5*14.
Prahl P: Allergens in cow hair and dander. Al-
l e rgy  198  I  ; 36 :561-57  l .
Virtanen T, Louhelainen K, Màntyjàrvi M: En-
zyme-linked immunosorbent assay (ELISA ) in-
hibition method to estimate the level of airborne
bovine epidermal antigen in cowsheds. lnt Arch
Allergy Appl Immunol 1 986;8 l :253-257.
Virtanen T, Vilhunen B Husman K, Màntyjàrvr
M: Level of airborne bovine epithelial antigen
in Finnish cowsheds. Int Arch Occup Environ
Heal th I  988:87:355-360.
Frank A: Allergie in der Landwirtschaft. Atem-
weg-Lungenkrankheiten l 99l ( 1. Beiheft):
B t 3 - 8 1 6 .
Terho EO, Vohlonen I, Husman K, Rautalahti
M. Tukiainen H, Viander M: Sensitization to
storage mites and other work-related and com-
mon allergens among Finnish dairy farmers.
Eur J Respir  Dis 1987(suppl  152);  165-174.
Terho EO, Husman K, Vohlonen I, Rautalahti
M, Tukiainen: Allergy to storage mites or cow
dander as a cause of rhinitis among Finnish
dairy farmers. Allergy 1985 :40 :23 -26.

Virtanen T, Vilhunen B Husman K, Màntyjàrvr
R: Sensitization of dairy fàrmers to bovine anti-
gens and effects of exposure on specific IgG
and IgE titers. Int Arch Allergy Appl Immunol
I  9 8 8 ; 8 7 :  1 7  l - 1 7 7 .

l 5

. , 4

25

I A
l l

26

27l 6
t 0

1 l
l t 28

29

30

1 ' 7
t l

t 8

l 9

20

2 l

t2

t a
I J

3 l

32
22

z )

Bos d 2 in House Dust Int Arch Al lergy Immunol 1997:l12:231-237 237


