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Summary

Objective The aim of this study was to compare the IgE response to the most commonly
farmed fur animals with that to domestic animals.
Methods IgE-immunoblotting and RAST-inhibition analyses were performed using
RAST-positive sera from fur workers sensitized to fur allergens and sera from patients
sensitized to domestic animal allergens.
Results The urine extracts of mink, blue fox, silver fox, racoon dog and fitchew contained
more protein bands than the fur extracts did. Allergens with the same molecular weight were
found in all of the fur and urine extracts. The most prominent allergenic bands had
molecular weights of 62–67 kDa, 23–25 kDa and 18–19 kDa. With crossreacting sera the
reciprocal RAST inhibition with all five animal extracts indicated common IgE-binding
epitopes, probably common allergens (especially the 62–67 kDa bands). Urine and fur
contain common allergens, since urine allergens strongly inhibited the IgE-binding to fur
allergens. The IgE binding to allergenic bands of fur animal extracts was also observed in
immmunoblotting when dog and cat RAST-positive sera were used, but not for cow RAST-
positive sera. RAST inhibition of dog-positive sera with fur animal extracts and fur-positive
sera with dog extract confirmed the crossreactivity of these IgE antibodies. No such
inhibition was seen with cow extract.
Conclusion The results of the RAST inhibition and immunoblotting suggest that fur
animals have IgE binding epitopes or allergens in common with cat and dog – possibly
albumin – but not with cow.
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Introduction

In the mid-1980s more than 20 000 Finns were involved in
fur animal farming. Because of allergic manifestations
among these workers a cross-sectional study was carried
out to assess the prevalence of allergies to fur allergens and
respiratory symptoms among exposed fur farmers and fur
garment workers (n= 363), and unexposed referents
(n= 299) [1]. The prevalence of positive skin tests to fur
animal extracts (fur or urine) did not differ between the fur

animal workers and the referents. In addition, positive skin
tests to domestic animal extracts showed a close correlation
with positive skin tests to fur animal allergens. This finding
suggested that fur animals and domestic animals have
common allergens.

Studies using immunoelectrophoresis have demonstrated
partial identity of antigens from several mammalian species
[2,3]. IgE antibodies to allergens of cat and dog are known
to crossreact, for both serum proteins and dander antigens
[2,4–9]. Allergens of fur animals have not been studied.

This investigation was undertaken to compare the IgE
response to the most commonly farmed fur animals with
that to domestic animals.
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Material and methods

Sera

Twenty serum specimens were collected from the fur farm-
ers and garment workers who had displayed the strongest
reactions to fur animal extracts in a skin-prick test. In skin
tests the greatest diameter and the diameter perpendicular to
it were measured for each weal. The mean of the diameters
was the test result. A test was considered positive if the
mean of the diameters in the test minus the mean of the
diameters of the negative controls was equally large or
larger than 3 mm [10,11]. A person was considered atopic,
if she/he had at least one positive skin-test result to common
environmental allergens. Most of these 20 workers had
positive reactions to more than one fur animal extract in a
skin-prick test (Table 1). Sixteen of the 20 workers were
atopic, 15 had positive skin-test results to at least one animal
allergen, mostly cat or dog. Seven of the 20 specimens
proved to be RAST positive to fur animal allergens; three of
them were confirmed to be borderline positive in a later
analysis. Atopic sera with positive RAST tests (classes 2–4)
to dog, cat, cow and horse were used to determine possible
allergenic crossreactivity. Atopic sera were from town
inhabitants who never had worked in the fur industry.

Sera with a negative skin-prick test to fur or domestic
animals and pooled non-atopic sera were used as controls.

Allergen extracts

The fur and urine extracts of mink (Mustela vison), silver
fox (Vulpes vulpes), blue fox (Alopex lagopus), racoon dog
(Nyctereutes procyonoides) and fitchew (Mustela putorius)
were prepared as follows: 150–500 mL of urine from each
animal was collected through a funnel leading to plastic
bottles under the cages. The iron-wired mesh bottom of the
cages allowed the urine to be collected free of faeces and
other contaminants. Urine specimens were also obtained
from mink suffering from plasmacytosis (aleuthian disease),
a widespread viral disease causing marked proteinuria
among minks. More than 50% of the mink stock was
infected. The urine samples were stored at¹208C, and the
antigen preparation was performed atþ48C. The urine
samples were first filtered through Whatman 1 filter paper
to eliminate insoluble material. Urine from animals with
plasmacytosis contained sedimented insoluble proteins.
After rough filtration the urine specimens were filtered
sequentially through Millipore filters having pore sizes
of 1.2mm, 0.8mm, 0.45mm and 0.22mm. After the last
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Table 1.Distribution of positive skin¹prick test and specific IgE to fur animal extracts in studied sera (n= 20). Result of skin-prick/specific
IgE to each fur animal extract in all sera is expressed asþ or ¹(fg = fur garment worker, ff = fur farmer)

Mink Mink Mink Silver Silver Blue Blue Fitchew Fitchew Racoon Racoon
Sera fur urineþ urine¹ fox fur fox urine fox fur fox urine fur urine fur urine

1 (fg) þ/þ þ/þ ¹/¹ þ/þ þ/þ þ/þ þ/þ ¹/¹ ¹/¹ þ/þ þ/þ
2 (ff) þ/¹ þ/þ ¹/¹ þ/þ þ/þ þ/þ þ/þ ¹/¹ þ/þ þ/þ þ/þ
3 (ff) ¹/¹ þ/þ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/þ þ/þ ¹/¹
4 (fg) ¹/¹ þ/þ ¹/¹ ¹/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/þ
5 (ff) þ/¹ þ/¹ þ/¹ þ/þ þ/þ þ/¹ þ/þ ¹/¹ ¹/¹ þ/þ þ/þ
6 (ff) ¹/¹ þ/¹ þ/¹ ¹/¹ þ/þ ¹/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹
7 (ff) ¹/¹ þ/þ þ/þ ¹/¹ þ/þ ¹/¹ þ/¹ ¹/¹ þ/¹ ¹/¹ ¹/¹
8 (ff) þ/¹ þ/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹ ¹/¹ þ/¹ ¹/¹
9 (fg) ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹

10 (fg) ¹/¹ ¹/¹ þ/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹
11 (fg) ¹/¹ ¹/¹ ¹/¹ þ/¹ þ/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹
12 (fg) ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹ ¹/¹
13 (ff) ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹
14 (ff) ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹
15 (ff) ¹/¹ ¹/¹ ¹/¹ þ/¹ ¹/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹
16 (ff) ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹ ¹/¹
17 (ff) ¹/¹ ¹/¹ ¹/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹
18 (ff) ¹/¹ ¹/¹ ¹/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹
19 (ff) ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹ ¹/¹
20 (ff) ¹/¹ ¹/¹ ¹/¹ þ/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ ¹/¹ þ/¹

4/1 8/5 6/1 9/3 7/5 7/2 8/3 1/¹ 3/2 8/5 8/4



filtration, the urine was sterile. The sterile urine was con-
centrated in an Amicon chamber with threefold volume of
sterilized water. The dialysed (cut-off 1000 Da), concen-
trated urine was freeze-dried and stored at¹208C. The
specimens for the fur extracts were collected by cutting and
brushing hairs near the skin without damaging the skin. The
specimens were immersed in Coca solution (1:20) and
centrifuged overnight. The work-up of the centrifuged
pellet was the same as with the urine extracts.

Sodium dodecyl sulphate-polyacrylamide gel
electrophoresis and immunoblotting

The urine and fur extracts and the molecular weight markers
(LMW Calibration Kit, Pharmacia Fine Chemicals,
Uppsala, Sweden) were separated with sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
in 5–17.5% gradient gels according to Laemmli [12] and
transferred to nitrocellulose sheets (Millipore 0.22mm,
Millipore Co, Bedford, MA, USA) in a Transphor apparatus
(LKB, Bromma, Sweden) according to Towbinet al. [13].

IgE antibody detection

The specific IgE binding to allergens on nitrocellulose was
detected according to Bengtssonet al. [14]. The same 20
sera from the fur farmers and fur garment workers were
used for the IgE immunoblotting. The dilution of
individual patient sera, as well as the dilution of the anti-IgE
antibodies labelled with beta-galactosidase (Phadezym-
RAST, Pharmacia Diagnostics, Uppsala, Sweden), was
1:4. The beta-galactosidase-labelled bands were detected
as previously described by Bengtssonet al. [14].

RAST inhibition

Each extract was fixed on CNBr (cyanogen-bromide) acti-
vated paper discs (Munktell-OOH filtration paper) at a
concentration of 1 mg/mL (dry weight), 50mL/disc [15].
The RAST determination was done according to the instruc-
tions of the manufacturer (Pharmacia, Sweden). The result
was read from reference curves and considered positive
when it was 0.35 kU/L or greater [16].

Two sera showing the strongest RAST positivity to silver
fox fur and mink urine were used for the RAST inhibition
tests. Serum (30mL) was incubated with inhibiting extracts
(20mL, dilution series 1:1, 1:5, 1:25, 1:625, 1:3125, stock
10 mg/mL dry weight) or with 0.9% NaCl for 3 h. An
allergen-coated disc was added, and an ordinary RAST
assay was performed. The discs were coated with solutions
with 1–3 mg protein/mL (Fig. 1). The results were
expressed as the percentage of the absorbance obtained

with a disc inhibited by NaCl at 420 nm [17]. The parallel-
lism of the inhibition curves was analysed according to
Schröder and Yman [18].

Results

The urine extracts run in SDS-PAGE-gel and Coomassie-
stained for proteins of the five animals studied are shown in
Fig. 1. The urine extracts of all the animals clearly contained
more protein bands than the fur extracts (SDS-PAGE
profiles not shown), which mainly contained traces of the
most prominent proteins of the urine extracts (62–67 kDa,
23–25 kDa and 18–19 kDa).

The IgE immunoblotting of the extracts with seven IgE-
positive sera is presented in Fig. 2. For different fur animal
extracts IgE antibodies bound simultaneously to protein
bands with similar molecular weights. The binding occurred
predominantly to bands having molecular weights of 62–
67 kDa, 23–25 kDa and 18–19 kDa. The strongest simul-
taneous binding was seen for the 62–67 kDa bands.
Occasional IgE binding to other bands also occurred. No
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94 kDa
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30kDa
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14kDa

M SF BF RD F

Fig. 1. Urine extracts after SDS-PAGE and stained for proteins
with Coomassie Brilliant Blue. The amounts of extract correspond-
ing to one nitrocellulose strip are 1 mg for mink (plasmocytosis
positive), 1.5 mg for silver fox, blue fox and racoon dog and 1.7 mg
for fitchew. The molecular weight markers (Pharmacia) are shown
on the right. M, mink; SF, silver fox; BF, blue fox; RD, racoon dog;
F, fitchew.



binding was observed with the control sera. Table 2 sum-
marizes the results from the immunoblotting experiments.

For serum 2 (Fig. 3a), the inhibition obtained with blue
fox urine and fur antigen extracts was similar whether the
urine or fur was used as the solid phase. Similar results were
observed for serum 1 when inhibited with fitchew, mink or
silver fox extracts (Figs 3b–3d). These findings indicate the
presence of common allergens in the urine and fur extracts.
The urine obtained from the minks with plasmacytosis was
more potent than normal urine at inhibiting IgE binding to

both fur and urine discs (Fig. 3c). With the same sera as in
Fig. 3, allergens of all five fur animals clearly inhibited the
binding of IgE antibodies to silver fox urine allergens and
mink urine allergens (Fig. 4). Combined with the immuno-
blotting data from Fig. 1, these results suggest crossreacting
IgE antibodies against the 62–67 kDa protein of all of these
animals. The immunoblotting experiments with dog and cat
RAST-positive sera gave IgE binding to the 62–67 kDa,
23–25 kDa and 18–19 kDa bands (Fig. 5). The immuno-
blotting with cow RAST-positive sera revealed no bands.
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Table 2. Frequency of IgE binding to fur animal protein bands

Silver Blue fox Racoon
Molecular weight band Mink fox fox dog Fitchew

150 kDa – 1(14%) – 1(13%) –
120 kDa – – – 2(25%) –
110 kDa – 1(14%) – – –
72 kDa – – 1(17%) – –
62–67 kDa 4(67%) 5(71%) 5(83%) 5(63%) 3(100%)
55 kDa 2(33%) – – – –
47–50 kDa 3(50%) 2(29%) 2(33%) – –
40 kDa – – 1(17%) – –
34–35 kDa 2(33%) 1(14%) 2(33%) – –
30 kDa 3(50%) 1(14%) 2(33%) – –
23–25 kDa – 3(43%) 3(50%) 1(13%) –
18–19 kDa 2(17%) 2(29%) 2(33%) 1(13%) –
13 kDa – – – 1(13%) –
No of IgE positive sera to each animal 6 7 6 8 3

Percentage of all IgE positives for each fur animal in parentheses.

+ – + –

u f u f u u u u u u u f u u u u u u u u u u f u u u u u

62-67 kDa

18-19 kDa

23-25kDa

M SF BFRDF MSFBF RDF MRDF SFBFRD M SF BF SFBF M BF

1 2 3 4 5 6 7

Serum

Fig. 2. Urine and fur extracts
immunoblotted after SDS-PAGE with
seven study sera that showed a positive
skin-prick test to fur animal extracts. A
selection of sera with crossreactivity is
presented. The IgE detection was
performed with anti-IgE labelled with beta-
galactosidase after incubation with patient
serum. u, urine; f, fur; M, mink; SF, silver
fox; BF, blue fox; RD, racoon dog; F,
fitchew. +, plasmacytosis-positive; –,
plasmacytosis-negative.
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Fig. 3. RAST inhibition performed with fur and urine extracts from four fur animals and using two sera, numbered as in Fig. 2.O, e,
inhibiting fur extract;X, W, inhibiting urine extract;B, A, plasmacytosis-positive mink urine extract, the closed symbols representing
urine extract discs and open symbols representing fur extract discs. (a) serum 2-Blue fox, (b) serum 1-fitchew; (c) serum 1-mink; (d) serum
1-silver fox.



The RAST inhibition tests confirmed that this observation
was due to crossreacting IgE antibodies (Fig. 6). Clear
inhibition was shown for different fur animal extracts with
dog extract but not with cow extract (Fig. 7).

Discussion

This study showed that IgE antibodies from sensitized fur
workers bind to fur animal allergens. Crossreactivity was
found between antibodies to the fur and urine allergens of
the studied fur animals. Similar crossreactivity has been
observed in the IgE response to other animal allergens [19].
Common allergens were found in the fur and urine extracts.
The likely explanation is that the fur was contaminated by
saliva, urine and other forms of excretion. Contamination is
hard to avoid, but from the point of view of our objective
(i.e. to study the prevalence of animal allergy), contamina-
tion was not considered a problem.

The fur extracts showed stronger inhibition in the RAST
tests than the urine extracts despite their lower protein
contents. One explanation may be that the allergen content
of fur extracts was proportionally greater than that of the
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(b)

Fig. 4. RAST inhibition with urine extracts from the five fur
animals. With serum 2 the discs were coated with urine extract
from silver fox, and with serum 1, discs coated with urine from
plasmacytosis-positive mink were used (inhibitor symbols:W

mink, K silver fox, A blue fox, X racoon dog,O fitchew). (a)
serum 2-disc silver fox; (b) serum 1-disc mink.

Fig. 5. Urine extracts from the fur animals and fur extract (f) from
blue fox, as immunoblotted after SDS-PAGE analysis with seven
sera positive for different household animals in the RAST: c = cat,
d = dog and h = horse. The IgE detection was performed with anti-
IgE labelled beta-galactosidase after incubation with serum from
the patient. No IgE binding was seen with cow RAST-positive sera.
M, mink; SF, silver fox; BF, blue fox; F, fitchew; u, urine; f, fur.
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Fig. 6. (a) RAST inhibition tests using dog-RAST positive serum (__) and fur-RAST positive serum (…no 1) indicating crossreactivity
between dog and fur animal extracts.A dog disc inhibited using silver fox extract,K dog disc inhibited using mink extract,S dog disc
inhibited using racoon dog extract,W dog disc inhibited using dog extract. (b) RAST inhibition tests using two fur-RAST positive sera
(…serum 1, - - serum 2) and dog-RAST positive sera (—) indicating crossreactivity between dog and fur animal extracts.l. Racoon dog
disc inhibited using racoon dog extract.K. Mink disc inhibited using dog extract.S. Racoon dog inhibited using dog extract.A. Silver fox
disc inhibited using dog extract.
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Fig. 7. (a) RAST inhibition tests using cow-RAST positive serum (—) and fur-RAST positive serum (…no 1) indicating crossreactivity
between cow and fur animal extracts.W, cow disc inhibited using cow extract;A, cow disc inhibited using silver fox extract;K, cow disc
inhibited using mink extract;S, cow disc inhibited using racoon dog extract. The low degree of inhibition of cow by racoon dog and silver
fox is technically difficult to represent correctly in the figure. (b) RAST inhibition tests using fur-RAST positive sera (…serum 1) and cow-
RAST positive sera (—) indicating crossreactivity between cow and fur animal extracts.B. Silver fox disc inhibited using silver fox
extract.A. Silver fox disc inhibited using cow extract.K. Mink disc inhibited using cow extract.



urine extracts. The urine extracts contained many other
proteins in addition to allergenic proteins. However, in
this first study characterizing fur animal allergens the
allergen extracts were not standardized. Conclusions as
regards reasons and order of potency can therefore not
been drawn. Plasmacytosis urine contains much albumin,
and this phenomenon explains its stronger inhibiting capa-
city.

Fur farmers are exposed to both fur and urine allergens in
their working environment, whereas fur garment workers
are seldom, if ever, exposed to urine allergens since they
exclusively handle dressed furs. Nevertheless, some of the
fur garment workers reacted to both fur and urine extracts in
the skin tests and nasal provocation, some even without a
positive reaction to domestic animal allergens which could
explain such a reaction [1]. This result suggests that urine
and fur may contain antigens/allergens that probably corre-
spond to serum albumin. In addition they proved to have
species-specific allergens.

The crossreactivity of the IgE antibodies to different fur
animals was clearly shown in the RAST inhibition tests. In
the immunoblotting the band representing the molecular
weight of 62–67 kDa displayed the most prominent binding
of the IgE antibodies. It is likely that the shared epitopes are
in this protein fraction. The crossreactivity between anti-
bodies to fur and domestic animals was confirmed by both
the immunoblotting and the RAST inhibition. Such cross-
reactivity between foxes and minks on one hand, and dog
and cat on the other, has been proposed by Løwenstein [3],
on the basis of the phylogenetic relations between these
animal species. Moreover, the results also indicated the
existence of crossreacting IgE antibodies against 62–
67 kDa protein in all the fur and domestic animals studied.
The molecular weight of this protein refers to albumin,
which has been earlier found to be an important allergen in
dog [2,7,20].

IgE antibodies to serum albumin (69 kDa) have been
observed more frequently among British than among
Finnish subjects sensitized to dog [21]. Specific dog aller-
gens with a molecular weight of 22–24 kDa [4,15] or
25 kDa have also been identified [22]. The antibodies to
69 kDa protein of dog and cat have been shown to crossreact
[4,5]. In IgE immunoblot inhibition studies subjects who
react to dog albumin exhibit IgE reactivity with purified
albumins from cat, mouse, chicken, and rat [20]. It is
possible that the albumin of domestic and fur animals
share common epitopes within the different species. The
RAST inhibition and immunoblotting studies with sera
containing IgE antibodies to fur animal extracts have
shown clear crossreactivity with IgE antibodies to dog and
cat extracts but not with IgE antibodies to cow extract. The
major cow allergen has a molecular weight of 20 kDa [23],
and therefore our result was to be expected.

From the occupational health point of view, the most
conspicuous result of this study was the crossreactivity of
antibodies to extracts from dog, cat and farmed fur animals.
It appears possible that fur workers who have been sensi-
tized to domestic animal allergens (i.e. cat or dog) would
more likely develop symptoms when exposed to fur
animals. This possibility should be kept in mind in voca-
tional guidance and occupational health care activities in the
fur industry.
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