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A B S T R A C T

Background: Studies have estimated that 10% to 23% of workers exposed to laboratory animals report
symptoms of laboratory animal allergy.
Objectives: To determine the level of occupational sensitization in workers exposed to laboratory animals
and to develop a diagnosis system based on a multiallergen IgE immunoblot.
Methods: A total of 75 workers exposed to laboratory animals were initially studied with skin prick tests
performedwith animal epithelia extracts. Theworkerswith suspected occupational disease and positive skin
prick test results were further studied with the ImmunoCAP system to determine specific IgE levels to urine
and epithelia allergens and with multiallergen IgE immunoblotting to detect specific IgE levels to epithelia
allergens and bovine serum albumin.
Results: Twenty of the 75 workers were studied with ImmunoCAP and multiallergen IgE immunoblotting.
Nine were polysensitized and 3were sensitized to only one animal. The results obtained by ImmunoCAP and
multiallergen IgE immunoblotting were concordant except for in 3 workers, who had low or negative values
of specific IgE determined by ImmunoCAP but positive allergen detections by immunoblotting. On the basis
of the results of the study and the clinical symptoms related by workers, 16% were diagnosed as having
occupational allergy.
Conclusions: Multiallergen immunoblotting by means of a unique test offers a graphic representation of
sensitization to the different animals to whichworkers are exposed, providing additional information on the
clinical symptoms caused by the involved allergens. The results presented suggest that this system can
improve the diagnosis of laboratory animal allergy by obtaining a sensitization profile for each exposed
worker.
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Laboratory animal allergy (LAA) is a frequent occupational con-
dition inworkers exposed to laboratory animals. Large studies have
estimated that 10% to 23% of exposed workers report symptoms of
allergy to these animals, and these estimates do not include the
workers who may have left the workplace after developing symp-
toms.1 The LAA syndrome has been defined as an allergic disorder
characterized by conjunctivitis, rhinitis, urticaria, and asthma. The
reaction is known to occur through either inhalation of or skin
contact with animal allergens.2 Most important animal-derived
respiratory allergens belong to the lipocalin protein family. Aller-
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ensMusm1, Rat n 1, Cav p 1, andOry c 1,main allergens ofmouse,
at, guinea pig, and rabbit, respectively, are all lipocalin proteins
ainly found in urine and epithelium of animals.3–5 Lipocalins are
roduced in the liver or secretory glands and are present in body
uids and secretions. They act as carriers of retinol, odorants, ste-
oids, lipids, and pheromones.6

Regarding the implication of specific animals, mice and rats
re the most common causes of LAA. Moreover, sensitization to
oth animals can develop in laboratory animal workers exposed
o only one species. This dual sensitization may reflect IgE cross-
eactivity between mouse and rat major allergens because Mus
1 and Rat n 1 share 66% homology, and these dual sensitized

ndividuals are more likely to be sensitized to other animal
llergens.7 In our study, we aimed to determine the level of
ccupational sensitization in workers exposed to laboratory an-
mals and to develop a diagnosis system based on amultiallergen

gE immunoblot.

munology. Published by Elsevier Inc. All rights reserved.
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ethods

erum samples

Serum samples from 75 workers exposed to laboratory animals
ere included in this study. The Scientific Committee of the Na-
ional Institute for Occupational Safety and Health at Work ap-
roved the study, andwritten informed consentwas obtained from
he study participants. Experiments were performed in adherence
o the appropriate laws and institutional guidelines.

Workers were initially studied by skin prick tests (SPTs) per-
ormedwith commercial extracts (ALK-AbellÔ, Madrid, Spain). His-
aminedihydrochloride (1mg/mL) and saline solutionwere used as
ositive and negative controls, respectively. A SPT response was
onsidered positive if the largest wheal diameterwas at least 3mm

able 1 (Continued)
esults of the 20 workers with suspected occupational disease studied by the
mmunoCAP system and multiallergen IgE immunoblotting

Worker No. Allergen IgE ImmunoCAP,
kU/La

Multiallergen IgE
immunoblottingb

Urine Epithelium Epithelium BSA

3 Mouse �0.35 �0.35 3
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

4 Mouse �0.35 �0.35 3
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

5 Mouse �0.35 1.87 3
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

6 Mouse 0.32 0.13 3
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

7 Mouse �0.35 �0.35 3
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

8 Mouse �0.35 �0.35 3
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

9 Mouse 3.39 2.41 3
Rat 1.03 �0.35 1
Guinea pig 0.83 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

0 Mouse �0.35 �0.35 1
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

bbreviation: BSA, bovine serum albumin.
IgE ImmunoCAP results are reported as specific IgE levels (cutoff, 0.35 kU/L).
Multiallergen IgE immunoblotting results are reported as specific IgE detection signal
cores: 1, negative; 2, doubtful; 3, weak detection; 4, positive; and 5, strongly positive.
Table 1
Results of the 20 workers with suspected occupational disease studied by the
ImmunoCAP system and multiallergen IgE immunoblotting

Worker No. Allergen IgE ImmunoCAP,
kU/La

Multiallergen IgE
immunoblottingb

Urine Epithelium Epithelium BSA

1 Mouse 21.1 7.66 3
Rat 6.58 �0.35 1
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster 0.4 4
BSA 1

2 Mouse �100 �100 5
Rat �100 36.6 3
Guinea pig 20.3 3
Rabbit 1.79 16.3 1
Hamster 76.5 5
BSA 3

3 Mouse 0.7 �0.35 1
Rat 5.97 �0.35 1
Guinea pig 0.42 1
Rabbit �0.35 0.43 4
Hamster �0.35 1
BSA 1

4 Mouse 0.68 1.12 3
Rat 8.6 0.71 3
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster 0.39 3
BSA 1

5 Mouse �0.35 �0.35 1
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit 0.81 7.71 5
Hamster �0.35 1
BSA 1

6 Mouse 1.96 1.38 1
Rat 1.44 �0.35 3
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 4
BSA 1

7 Mouse 16 6.16 3
Rat 24.5 4.78 2
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

8 Mouse �0.35 �0.35 1
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit 4.32 13 5
Hamster �0.35 1
BSA 1

9 Mouse 1.99 0.92 3
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

10 Mouse �0.35 �0.35 1
Rat �0.35 �0.35 1
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

11 Mouse 3.98 1.31 2
Rat 3.67 �0.35 2
Guinea pig �0.35 1
Rabbit �0.35 �0.35 1
Hamster �0.35 1
BSA 1

12 Mouse 13.9 10.4 4
Rat 38.5 4.33 3
Guinea pig 1.21 2
Rabbit 0.67 0.88 1
Hamster �0.35 1
reater than the produced by the negative control.
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Theworkerswith suspected occupational disease (symptoms of
asthma, rhinitis, rhinoconjunctivitis, urticaria, or angioedema) and
positive SPT results to animal epithelia were further studied by the
ImmunoCAP system (Phadia, Uppsala, Sweden) to determine spe-
cific IgE levels to urine and epithelia allergens (cutoff, 0.35 kU/L)
and by multiallergen IgE immunoblotting to detect epithelia aller-
gens and bovine serum albumin (BSA).

Preparation of the extracts used for multiallergen IgE
immunoblotting

Commercial extracts from mouse, rat, guinea pig, rabbit, and
hamster epithelia (ALK-AbellÔ) were concentrated (�16) before
use by centrifugation (14,000g for 30 minutes) in Microcon filters
(YM10; Millipore Corporation, Billerica, Massachusetts).

SDS-PAGE Analysis and Multiallergen IgE Immunoblotting

Aliquots of 15 �g of total protein from each epithelium extract
or 2�g of BSA (Sigma-Aldrich, St Louis,Missouri)were separated by
sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-
PAGE) on 16% acrylamideminigel, under standard conditions. After
electrophoresis, proteins were stained with Coomassie Blue or
were transferred onto nitrocellulose membranes (NitroPure sup-
ported, 0.45�m;Bio-Rad, Hercules, California) and incubated over-
night with the workers’ serum samples (diluted 1:20). Specific IgE
determination was performed with a monoclonal anti-IgE antise-
rum (Ingenasa, Madrid, Spain) and an alkaline phosphatase–la-
beled goat anti-mouse antiserum (Biosource International, Ca-
marillo, California). Finally, the signal was visualized with the
alkaline phosphatase 5-bromo-4-chloro-3-indolyl phosphate/4-
nitroblue tetrazolium system (Amresco, Solon, Ohio) for 30 min-
utes.8

Results

A total of 75 workers (33.3% male and 66.7% female; age range,
20–60 years) were studied. The mean time of exposure to labora-
tory animals was 9 years for males and 6 years for females. The
main species handled by the workers were mouse (93.1%), rat
(62.5%), rabbit (29.2%), guinea pig (15.3%), and hamster (12.5%).

The results of SPTs performed with animal epithelia extracts
were positive to mouse in 13.6% of the workers, rat in 7.6%, rabbit
and guinea pig in 6.1%, and hamster in 3%.

Twenty of the 75workers (26%) were suspected of having occu-
pational disease and were further studied by ImmunoCAP (urine

Figure 1. Sodium dodecyl sulfate–polyacrylamide gel electrophoresis analysis of co
with serum samples from a polysensitized and a monosensitized worker. Lanes: 1
allergens most frequently detected by the workers are indicated in the figure and co
epithelium allergen, which is not included on the list of allergens of the Internation
and epithelium) and multiallergen IgE immunoblotting (epithe- s
ium) (Table 1). The study revealed the existence of 2 profiles of
ensitization among workers: polysensitized and monosensitized
orkers. Nine of the 20 studiedworkerswere polysensitized, and 3
f the 20 workers were sensitized to only one animal (workers 5
nd 8 were monosensitized to rabbit and worker 9 was monosen-
itized to mouse).

DS-PAGE analysis and multiallergen IgE immunoblotting

The analyses by SDS-PAGE of the commercial epithelia extracts
ndicated an unequal content of proteins among the different ani-
al extracts (Fig 1A, lanes 1–5). It is noteworthy, as shown in lanes
and 2, that the mouse and rat main allergens, Mus m 1 and Rat n
, both with molecular weights of 17 kDa (www.allergen.org), are
oorly represented in the total protein extracts in contrast to
uinea pig, rabbit, and hamster extracts (lane 3–5).
Multiallergen IgE immunoblotting performedon the 20workers

ith suspected occupational disease revealed the 2 mentioned
rofiles of sensitization (Fig 1B). Polysensitization to several ani-
als’ epithelia, as shown in worker 2, detected mouse (Mus m 1),

at (weakly Rat n 1), and hamster allergens (strongly 32 kDa) and
SA, and monosensitization, as shown in worker 8, detected only
he rabbit allergen Ory c 1 (17–18 kDa). With reference to the
2-kDa hamster allergen, 3 of the 20 studied workers had positive
etection results. BSA was detected only in worker 2.
The results obtained by both ImmunoCAP andmultiallergen IgE

mmunoblotting in relation to the epithelia were concordant ex-
ept in 3 of the 20 studied workers (workers 1, 3, and 6), who had
ow or negative values of specific IgE determined by ImmunoCAP
ut positive allergen detection results by immunoblotting (Fig 2).
inally, on the basis of the results of this study and the clinical
ymptoms related byworkers, 16%were diagnosed as having occu-
ational allergy.

iscussion

We studied 75 workers whose mean time of exposure to labo-
atory animals was 7.5 years, and after the study, 16% were diag-
osed as having occupational allergy. This figure agrees with the
stimations of LAA.1

Polysensitization to several species of laboratory animals was
ound, but it cannot be attributed to cross-reacting proteins (as in
SA) because the frequency of detection of specific IgE to albumin
n our study was 5%. However, polysensitization could reflect the
ross-reactivity among lipocalin proteins as previously de-

rcial extracts of epithelia (A) and multiallergen IgE immunoblotting (B) performed
se; 2, rat; 3, guinea pig; 4, rabbit; 5, hamster; and 6, bovine serum albumin. The
nd to Mus m 1, Rat n 1, Bos d 6, and Ory c 1. The arrow indicates a 32-kDa hamster
on of Immunological Societies (www.allergen.org).
mme
, mou
cribed.7,9 On the other hand, 2 of the 20 workers were sensitized

http://www.allergen.org
http://www.allergen.org


s
t

R

[

[

[

[

[

epithe
ter; an

M.L Caballero et al. / Ann Allergy Asthma Immunol 108 (2012) 178–181 181
only to rabbit, and 1 worker was monosensitized to mouse. We do
not know whether these workers handled only one species of
animal.

The analysis by SDS-PAGE of commercial extracts of animal
epithelia used for allergy diagnosis by SPTs revealed an unequal
amount of proteins among the different animal extracts, with the
presence of irrelevant proteins and, in most cases, low amounts of
major allergens. These observations agree with those described by
Fernandez-Caldas et al.10

Comparing our results obtained by ImmunoCAP with those ob-
tained by amultiallergen IgE immunoblot based on the SPT epithe-
lia extracts revealed that in 3 patients specific IgE to hamster or
rabbit would not have been detected (Fig 2). In such cases, the
confirmation of the results by a second method was decisive for
diagnosis.

In this sense, both SPTs and serologic tests are highly sensitive
for detecting specific IgE and occupational asthma caused by most
high-molecular-weight agents, but they are not specific for diag-
nosing occupational asthma.11–13

These observations suggest that a correct diagnosis would re-
quire the purification and standardization of animal epithelia ex-
tracts or the use of recombinant allergens. In this sense, compo-
nent-resolved diagnosis strategies used for the diagnosis of other
allergies could help solve this problem.

Regarding the hamster allergens, the multiallergen IgE immu-
noblot allowed us to identify a 32-kDa allergen, strongly detected
by 3 of the workers with suspected occupational disease. Even
though an allergenwith the samemolecularweightwas previously
described,14 there are no hamster allergens registered by the Inter-
national Union of Immunological Societies Allergen Nomenclature
Subcommittee.

In conclusion, multiallergen immunoblotting offers, by means
of a unique test, a graphic representation of sensitization to the
different animals to which workers are exposed, providing addi-
tional information on the allergens involved in their clinical symp-

Figure 2. Multiallergen IgE immunoblotting performedwith commercial extracts of
by the ImmunoCAP system. Lanes: 1, mouse; 2, rat; 3, guinea pig; 4, rabbit; 5, hams
toms. The results presented in this pilot study suggest that this
ystem can improve the diagnosis of LAA by obtaining a sensitiza-
ion profile for each exposed worker.
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