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bjective: To provide information about the complexity of skin-derived mammalian allergen extracts and
ecent advances made in their characterization and production.
ata Sources: Original and review articles (involving nonfood allergy to mammals) published in indexed
urnals were searched in the PubMed database.

Study Selections: Studies were selected with the following criteria: novelty, species of the study, and date of
publication.
Results: The information provided will help in the understanding and the selection of the appropriate
allergen source materials for the preparation of extracts for the diagnosis and treatment of allergic respi-
ratory diseases induced by the inhalation of skin-derived mammalian allergens. The data presented herein
suggest the presence of cross-reactive and species-specific allergens in extracts prepared from different
mammalian dander. Dander should be strongly considered in the preparation of allergenic extracts not only
of cats and dogs but also of other mammalian species.
Conclusion: New methods should be developed to estimate the relative quantities of specific allergens in
the extracts. The current knowledge illustrates the complexity of these extracts, and more efforts should be
undertaken to fully understand the wide spectrum of mammalian allergens.
� 2016 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction

The scope of this article is to provide information about the
complexity of skin-derived mammalian allergen extracts and
recent advances made in their characterization and production. The
information provided will help in the understanding and selection
of the appropriate allergen source materials for the preparation of
extracts for the diagnosis and treatment of allergic respiratory
diseases induced by the inhalation of skin-derived mammalian
allergens. The data presented herein suggest the presence of cross-
reactive and species-specific allergens in extracts prepared from
different mammalian dander. Dander should be strongly consid-
ered in the preparation of allergenic extracts not only of cats and
dogs but also of other mammalian species. Newmethods should be
developed to estimate the relative quantities of specific allergens in
the extracts. The current knowledge illustrates the complexity of
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these extracts, and more efforts should be undertaken to fully un-
derstand the wide spectrum of mammalian allergens.

The inhalation of skin-derived mammalian allergens is a com-
mon cause of allergic sensitization and acute and chronic allergic
respiratory symptoms worldwide. Sensitization and symptoms
may occur at home and the workplace. The most common
mammalian allergens are derived from cats, dogs, horses, cows, and
rodents.1 Occupational allergy to rodents is frequent among labo-
ratory workers. The most common rodents that induce allergic
sensitization and symptoms are guinea pigs, rabbits, mice, and rats.
Airborne allergen from different mammalian species can also be
detected in the ambient air in farms, animal facilities,2e4 and
homes.5 Sensitization to mouse pelt and urine is also common in
inner-city children with asthma in the United States.6,7 Humans
may get exposed to rodent allergens (rats, mice, guinea pigs,
hamsters, and gerbils) in homes and occupational settings.8,9 It has
been reported that mouse allergens are detectable in settle dust10,11

and bedrooms of children with or without asthma.12 The major,
currently identified mouse and rat allergens are Mus m 1 and Rat n
1, respectively. These allergens belong to the lipocalin family,
secreted in mouse urine, but can also be present in mouse hair
lsevier Inc. All rights reserved.
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follicles13 and on the stratum corneum.14 Mus m 1 is widely
distributed and commonly found in homes that are not infested
with mice. It is nowwell established that mammalian allergens can
also be transported on clothes, as has been described for cats, dogs,
rabbits, mice, and horses.6

Overall, the prevalence of IgE sensitization to furry animals has
increased in the past decades. Estimates of the prevalence of
sensitization are based on clinical histories, skin tests, or in vitro
assays with allergen extracts; therefore, the quality of the extracts
used is of paramount importance. In the United States, 62% of the
homes have some kind of pets, especially dogs and cats. It has been
estimated that 17% and 5% of the residents who have dogs or cats
are sensitized to their allergens, respectively. The frequencies of
sensitization to cats and dogs in those 6 years and older are 12.1%
and 11.8%, respectively.6 A European study reported that 26% and
27% of adults are sensitized to cats and dogs, respectively. A study
conducted in 1992 reported that the frequency of sensitization to
cat was 8.8%. Therefore, a significant increase could be confirmed in
later studies. From these studies, it seems that the prevalence of
sensitization fluctuates according to the age of the study partici-
pants, with increasing prevalence throughout childhood and
peaking during adolescence.6

Several allergens involved in allergic sensitization to furry ani-
mals have been identified. The genetic constitution of the exposed
person, the environmental setting, and other environmental ex-
posures, including exposure to other allergens and microorgan-
isms, may be important. In addition, the biological activity of the
allergen and the timing, variability in allergen production and
allergen shedding,15,16 and intensity of the allergen exposure must
also be considered.

Exposure to mammalian allergens may pose a significant risk
factor for sensitization in children. However, different studies have
found that early exposure could have a protective effect when it
takes place early in life, as a result of tolerance induction by
increasing levels of exposure. This finding could be caused by a
modification of the TH2 response or induced by concomitant
exposures.6

The introduction of exotic pets in the home environment has
also increased the number of mammalian species to which allergic
sensitizationmay occur. New pets include reptiles, amphibians, and
insects, among others, but the sharpest increase has been estab-
lished for mammals. New furry pets include prairie dogs, chin-
chillas, guinea pigs, gerbils, hamsters, ferret, hedgehogs, rabbits,
hares, and monkeys.17 Sensitization to sheep and goats18 and cross-
reactivity among different ungulate species (deer, cow, horse, goat,
and roe deer allergen extracts) have also been described and could
be attributable to the presence of lipocalins.19
Main Mammalian Allergens and Cross-Reactivity

Several important mammalian allergens have been purified,
characterized, and sequenced. A list of some of these allergens is
presented in Table 1. Cross-reactive allergens from mammals
mainly belong to protein families, such as albumins and lipocalins.
These proteins are found in animal dander and fluids, such as milk,
serum, urine, and saliva. Lipocalins are one of the most represen-
tative groups of allergens in mammalian species. The lipocalin su-
perfamily constitutes a phylogenetically conserved group of more
than 40 proteins that bind and transport physiologically important
ligands. Members of this family act as carriers of retinoids, odor-
ants, chromophores, pheromones, and sterols.20

Dog dander is an important source of cross-reactive allergens,
involving several proteins that cross-react with allergens from cows,
horses, cats, and humans. Can f 4, a member of the odorant-binding
proteins family, cross-reacts with cow allergens.21 A urine-derived
IgE-binding prostatic kallikrein from dogs has cross-reactivity with
human prostate-specific antigen, a molecule involved in IgE-
mediated vaginal reactions to semen.22 If the cross-reactive IgE is
against allergens with low to moderate degrees of sequence ho-
mology, which is the case for many of the lipocalins, the patient may
not experience symptoms to these allergen sources. However, if the
cross-reactive lipocalin allergens have high sequence homology,
patients may experience symptoms to all these related allergens.
Four different allergenic lipocalins have been described in dog ex-
tracts (Can f 1, Can f 2, Can f 4, and Can f 6). The lipocalin Can f 1 and
Can f 5 are major allergens. Can f 5 is recognized by 70% of dog
allergic patients, is found in dog urine, and corresponds to a pros-
tatic kallikreine. Dog neutering reduces the presence of Can f 5 on
the epithelium, and it is not detected on the epithelium of females.
Can f 4 has cross-reactivity with lipocalin from cow and pig. Can f 6
is a lipocalin allergen that cross-reacts with their homologues in cats
and horses.23

Can f 6 is present only in dog saliva, and some patients need to
be tested by saliva dog extract and not only with dander dog extract
to confirm sensitivity. Can f 6, Fel d 4, and Equ c 1 are important
allergens and play an important role, together with other allergens,
in the cross-reactivity detected among dogs, cats, and horse.24 The
lipocalin Fel d 7 also seems to cross-react with Can f 1.25 Up to now,
no specific dog or cat breed allergens have been described.

Serum albumins are large globular proteins synthesized in the
liver. They contribute to the regulation of the colloid osmotic
pressure and to the transport of metabolites, nutrients, drugs, and
other molecules. They are present in dander, saliva, milk, and meat.
Seven allergens are officially recognized by the International Union
of Immunological Societies Allergen Nomenclature Subcommittee:
Bos d 6 (bovine), Can f 3 (dog), Cav p 4 (guinea pig), Equ c 3 (horse),
Fel d 2 (cat), Sus s 1 (pig), and Gal d 5 (chicken). However, albumins
from different animals, such as sheep, goat, rabbit, and hamster,
bind IgE and are cross-reactive. Serum albumins can act as respi-
ratory allergens but are considered minor allergens, with an IgE
sensitization rate that varies from 14 to 50% in cat and dog allergic
patients.26

It is frequently assumed that albumins are allergens of low
relevance because cosensitization to other allergen is always pre-
sent in these patients. In contrast, albumin in foods elicits minor,
moderate, and severe clinical symptoms and is highly cross-
reactive. In a series of 60 children with immediate reactions to
milk, 61.3% had allergen specific IgE antibodies to Bos d 6.27

The major allergen Fel d 1 (uteroglobin) is recognized by 95% of
all patients. This 39-kDa protein is formed by two 17-kDa subunits,
each consisting of 2 disulphide-linked peptides. Fel d 1 is mainly
expressed on the sebaceous gland, although expression is also
detected in salivary glands and the anal glands.28 This allergen has
been found in other felines, such as lions and tigers. Fel d 1 pro-
duction is under hormonal control, and there are cat sex differences
in major allergen production.29 It seems that castration signifi-
cantly reduces the production of Fel d 1 in male cats.30
Allergen Standardization

Allergen products are legally considered medicines that require
registration by government institutions, such as the US Food and
Drug Administration (FDA) and the Paul Ehrlich Institute in Ger-
many. The heterogeneity of allergen extracts makes it necessary to
develop methods to assess their potency and ensure their consis-
tency, stability, and safety. Two different systems of biological
standardization have been developed in the United States31 and in
Scandinavia.32 Both systems are based on the quantitative evalua-
tion of skin tests. The US method uses intradermal testing in 15
highly sensitized individuals and a 3-fold dilution series of the
allergen extract. The longest erythema and the midpoint orthog-
onal diameters are measured and added resulting in the sum of



Table 1
Proteins From Different Mammalian Species Described as Nonfood Allergensa

Allergen Biochemical name MW, kDa (SDS-PAGE) Tissue

Bos domesticus (domestic cattle)
Bos d 1 Lipocalins Dander
Bos d 2 Lipocalins 20 Dander
Bos d 3 Calcium-Binding proteins 11 Dander
Bos d 6 Albumins Dander, milk, muscle, serum
Bos d 8 Casein (kappa) Milk (ingestion, inhalation)
Bos d Chymosyn Chymosyn (peptidase) Stomach (inhalation)
Bos d Gelatin Gelatin Bone, Skin
Bos d OBP Odor-binding protein Dander
Bos d OSCP Oligomycin sensitivity-conferring

proteins (ATP synthase)
Skin

Bos d thrombin Thrombin Blood (contact, inhalation)
Canis familiaris (dog)
Can f 1 Lipocalin 23-25 Dander, saliva
Can f 2 Lipocalin 19 (27) Dander, saliva
Can f 3 Serum albumin 69 Dander, saliva, serum
Can f 4 Lipocalin 16 (nonred), 18 (red) Dander, saliva
Can f 5 Arginine esterase, prostatic kallikrein 28 Dander, Urine
Can f 6 Lipocalin 27 and 29 Dander, Saliva
Can f 7 Epididymal secretory protein E1 or

Niemann-Pick type C2 protein
16

Can f 8 Latherin Dander
Can f Fel d 1-like Uteroglobulin Dander, saliva
Can f Phosvitin Phosvitin Dander
Can f TCTP Translationally controlled tumor proteins Dander

Cavia porcellus (Guinea pig)
Cav p 1 Lipocalin 20 Dander, urine
Cav p 2 Lipocalin 17 Dander, urine
Cav p 3 Lipocalin 18 Dander, urine
Cav p 4 Serum albumin 66 Dander, serum, urine
Cav p 6 Lipocalin 18 Dander, Serum, Urine
Cav p gelatin Gelatin Skin

Equus caballus (domestic horse)
Equ c 1 Lipocalin 25 Skin
Equ c 2 Lipocalin 17 Skin
Equ c 3 Serum albumin 67 Milk, muscle, serum, skin
Equ c 4 Latherin 17, 20.5 Saliva, skin, sweat
Equ c 5 Deleted (identical to Equ c 4)

Felis domesticus (cat)
Fel d 1 Uteroglobin (chain 1) 14 and 4 Saliva
Fel d 2 Serum albumin 69 Dander, serum, urine
Fel d 3 Cystatin 11 Inhalation
Fel d 4 Lipocalin 22 Inhalation
Fel d 5w IgA 400 Serum (inhalation)
Fel d 6w IgM 800-1,000 Serum (inhalation)
Fel d 7 von Ebner gland protein 17.5 Saliva
Fel d 8 Latherin-like protein 24 Saliva
Fel d IgG IgG Serum (inhalation)
Fel d Hp Haptoglobins Blood (inhalation)

Mesocricetus auratus (golden hamster, Syrian hamster)
Mes c 4 Albumins dander
Mes a 1 lipocalin Approximately 20.5, approximately 24,

approximately 30 (native form), and
approximately 22 (recombinant form)

Dander

Mus musculus (mouse)
Mus m 1 Lipocalin/urinary prealbumin 17 Urine
Mus m 2 Unknown Dander, hair
Mus m 4 Albumins Serum, urine
Mus m 7 IgG Serum
Mus m Gelatin Gelatin Skin

Mus m Phosvitin Phosvitin Urine
Oryctolagus cuniculus
(rabbit)
Ory c 1 Lipocalin 17-18 Dander, saliva, skin, urine
Ory c 3 Lipophilin 19-21 (glycosylated heterodimer),

12-14 deglycosylated heterodimer)
Dander, hair, urine

Ory c 4 Lipocalin 24 Dander, saliva, serum, urine
Ory c 6 Albumins Serum, urine
Ory c phosvitin Casein kinases (phosvitin) Dander, saliva, skin, urine

Rattus norvegicus (fat)
Rat n 1 a-2u-globulin/lipocalin 17 Urine
Rat n 4 Albumins Serum, urine
Rat n 7 IgG Serum (inhalation)
Rat n gelatin Gelatin Skin
Rat n phosvitin Phosvitin Wood (contact, skin)

(continued on next page)
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Table 1 (continued )

Allergen Biochemical name MW, kDa (SDS-PAGE) Tissue

Rat n transferrins Transferrins Serum (inhalation)
Sus scrofa domestica (pig)
Sus s 1 Serum albumin Milk, serum, urine

(inhalation, ingestion)
Sus s Amylase a-Amylase (14.5 kDa) Pancreas (inhalation)
Sus s gelatin Gelatin Skin (ingestion, injection)
Sus s lipase Lipase Pancreas (inhalation)
Sus s pepsin Pepsin, proteases Inhalation
Sus s P ¼ phosvitin Phosvitin, casein kinases Whole body (contact skin)

Ovis aries (sheep)
Ovi a 5 b-lactoglobulin, BLG Milk (ingestion, inhalation)
Ovi a 6 Albumins Milk, muscle, serum, urine
Ovi a 8 Caseins Milk (ingestion, inhalation)
Ovi a Phosvitin Phosvitin Whole gody (contact skin)

Capra aegagrus hircus (goat)
Cap h 6 Albumins Milk, serum (ingestion, inhalation)

Abbreviations: MW, molecular weight; SDS-PAGE, sodium dodecyl sulfateepolyacrylamide gel electrophoresis.
aAdapted from the article by Fernández-Caldas et al.53 Routes of exposure are indicated when the source could lead to confusion with a food allergen.
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erythema (in millimeters). The dilution that would induce a sum of
erythema of 50 mm is considered the D50. A D50 of 14 is arbitrarily
assigned 100,000 BAU/mL. The Nordic method uses skin prick tests
in 20 high and moderate sensitized individuals. The wheal size is
measured using histamine at a concentration of 10 mg/mL as the
reference. An allergen extract that results in the same wheal size as
histamine is assigned 10,000 BU.

Different systems for defining the biological activity of allergen
extracts have been developed on the basis of these 2 methods.33 In
Europe, most manufacturers use the Nordic system for biological
standardization. In general, manufacturers have implemented
company-specific protocols to standardize the production and
quality control of the allergen extracts and to compare production
batches to ensure batch-to-batch consistency. Currently, allergen
standardization requirements concentrate on the consistency of
production and the safety and potency of the allergen products.
These protocols use in vivo and in vitro standardization techniques,
a representative allergic patient population, and a dose-response
study to assign biological activity. Dose-response studies are
mandatory and are based on skin testing and enzyme-linked
immunosorbent assay inhibition of allergen specific IgEs
compared with reference extracts known as in-house reference
preparations. Furthermore, guidelines have been issued for the
clinical development of products for specific immunotherapy for the
treatment of allergic diseases. Although the potency of the extracts
may be similar, they are expressed in company-specific units.34

Extracts in the United States are more homogenous with respect
to total allergenic potency than the extracts produced in Europe,
mainly because the FDA provides the same standardized reagent
for internal use by all manufacturing companies.35 The character-
ization of major allergen components and the development of
techniques to quantify them have led to the provision of informa-
tion on the major allergen content of the extracts. However, iden-
tification of major allergen content is not currently mandatory,
except for a limited number of extracts, such as cat and ragweed.
Clinical Aspects and Therapeutic Management of the Allergic
Sensitization Against Mammalian Epidermal Allergens

Type 1 allergic sensitization to mammalian epidermal allergens
may lead to allergic respiratory and cutaneous allergic symptoms
(rhinoconjunctivitis, atopic dermatitis, and asthma) and even
anaphylaxis. Besides these commonly observed allergic manifes-
tations caused by pets, other clinical syndromes may occur. The
pork-cat syndrome is a food allergy caused by cross-reactivity be-
tween serum albumin of cats and pork.36 It can produce symptoms
immediately after the consumption of pork. Usually, the sensiti-
zation to cat is the primary event in the development of this
disease.

The therapeutic approaches of allergy to mammalian allergens
are divided in 3 main categories, as for all other allergic respiratory
diseases. The first step is allergen avoidance or reduction of the
exposure. The removal of the animal from the home environment is
not a simple task because the allergens can persist in the house
environment during weeks, and even months, after removing the
animal. These allergens may attach through electrostatic charges to
the carpet fibers and upholstered furniture and be resistant to
removal trough vacuuming. However, the elimination of these
environmental allergens is essential because a significant reduction
of the allergen levels may lead to an improvement in allergic
symptoms.37 The second and most widely used therapeutic inter-
vention is the pharmaceutical, symptomatic management of the
allergic symptoms. However, these 2 approaches do not alter the
natural evolution of the disease. The third therapeutic step is
allergen-specific immunotherapy, which is the only etiologic
treatment that can alter the natural course of the disease.38

Allergen-specific immunotherapy in animal allergy is recom-
mended in allergic individuals who cannot avoid the exposure to
the offending animals, such as veterinarians, peoplewhoworkwith
animals, and even allergic patients who are emotionally attached to
pets. Several clinical studies have demonstrated the efficacy of
subcutaneous immunotherapy in the treatment of cat respiratory
allergy using cat-pelt, dander and/or hair extracts,39e41 or partially
purified fractions.42e44 Application of these extracts resulted in an
improvement of the bronchial sensitivity, skin and conjunctival
reactivity, and reduction of allergic symptoms. A reduction in
medication scores was also observed. Adverse effects were negli-
gible, and systemic reactions were mild and infrequent. These ef-
fects are accompanied by an increase in specific IgG and no changes
in IgE levels. No new sensitizations were observed. In a random-
ized, doublé-blind, controlled with placebo trial, Senti et al45 found
that intralymphatic immunotherapy with modified Fel d 1 induced
74-fold increase in nasal tolerance after only 3 injections. Immu-
notherapy with peptides derived from Fel d 1 has also been
reported.46

Besides subcutaneous immunotherapy, sublingual immuno-
therapy might also be useful to treat cat-induced allergic symp-
toms. In a randomized, doublé-blind, placebo-controlled clinical
trial of cat sublingual immunotherapy during 1 year, Alvarez-
Cuesta et al47 found a significant reduction in allergic symptoms,
a reduction in peak expiratory flow, and an improvement in skin
test reactivity to a standardized cat extract.
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Dog extracts seem to be less effective than cat extracts in
reducing symptoms, probably because of a potential lack of rele-
vant allergen in the extract.48 Recently, a chimeric molecule of Can f
1, Can f 2, Can f 4, and Can f 6, with potential use in diagnostics and
allergy vaccination of dog allergic patients, has been constructed.49

The usefulness of extracts prepared from rodents in the diag-
nosis and allergen-specific immunotherapy is still not well evalu-
ated. However, an 18-month immunotherapy treatment in a rat
allergic laboratory worker induced a significant decrease in rat
specific IgE and a reduction in symptoms after exposure to rats.50

Allergen immunotherapy with a variety of laboratory animals in
23 patients induced a significant increase in blocking antibody ti-
ters. However, the clinical effect was not conclusively determined.51

Safety Considerations in the Preparation of Mammalian
Extracts

Precautions must be takenwhen preparing mammalian extracts
to avoid the presence of infectious agents and other contaminants,
such as external parasites. Hair and dander materials are collected
in animal storage facilities supervised by a veterinarian. The ani-
mals are carefully analyzed before the hair is shaved. A certificate of
analysis must be issued in which it is stated that it was collected
fromhealthy animals free of infectious diseases, ectoparasites (ticks
and mites), and infectious agents. The presence of mites in dog hair
extracts may induce false-positive results in mite allergic in-
dividuals.52 When the hair is collected from cows, sheeps, goats, or
other ungulates, it should be done from herds in which no bovine
spongiphorm encephalopathy had been declared previously.

There has been concern about the spread of the bovine spon-
giphorm encephalopathy across Europe and the United States and
the potential contamination of skin-derived allergen extracts.53

Governments have implemented certain rules to ensure the
safety of these preparations. The fifth edition of European Phar-
macopoeia contains a section entitled, “Minimising the Risk of
Transmitting Animal Spongiform Encephalopathy Agents via Hu-
man and Veterinary Medicinal Products.” In this section, it is stated
that “derivatives of wool and hair of rumiants, such as lanolin, and
wool alcohols derived from hair shall be considered in compliance
with this chapter, provided the wool and hair are sourced from live
animals.54

Selection of RawMaterials for the Preparation of Skin-Derived
Mammalian Extracts

Mammalian allergens can occur in a variety of sources,
including, hair, skin, glands (sebaceous, salivary, anal),55 saliva,
urine, feces, serum, milk, and meat. The selection of the optimal
rawmaterial is a key step when high-quality and well standardized
Figure 1. Preparation of hair extracts. A, Appearance of the collected cat hair after incubat
dander ready for protein extraction.
extracts are prepared.56 The standardization of any allergen extract
(mammalian dander, mites, molds, pollens, foods) begins with the
standardization of the raw material. The terms used in the litera-
ture to describe skin-derived allergen sources include hair, epi-
thelium(a), dander, dandruff, skin scrapings, epithelial scrapings, pelt,
cat washes, wool, fur, and hides. Epithelium is a tissue composed of a
layer of cells. The outermost layer of our skin is composed of dead
squamous epithelial cells. Dander is a scaly or shredded dry skin
from the coat or feathers of various animals. Inmost cases, it is of an
allergenic nature. Dander is similar to dandruff, which is a condi-
tion inwhich white scales of dead skin are shed by the scalp. Hair is
the filamentous outgrowth of the epidermis found in mammals.
Pelt is the skin of an animal with the fur or hair still on it, whereas
fur is the thick coat of soft hair covering the skin of a mammal, such
as a fox or a beaver.

The use of different raw materials to produce allergenic extracts
is confusing. However, from the 1920s, the dander, or particles from
the pelt attached to the hair, has been widely assumed to be the
vector of the allergens.57,58 In the United States the suppliers of raw
material mostly provide pelt, epithelia, hair, or dander of a variety
of mammalian species, whereas the suppliers in Europe include in
their lists a larger number of products, including hair, whole skin,
skin scrapes, and dander. Hair of different dog breeds is also
offered.53

Important issues that have not been considered when selecting
raw materials for allergen extracts are the sex and age of the ani-
mals. Fel d 1 production is greater inmale than in female cats,59 and
this allergen is under hormonal control and, therefore, is present in
greater quantities in adult than in younger animals. The age of the
animals is also important in the case of rabbits because younger
individuals (<1 year of age) have a different antigen profile than
older animals.

Evaluation of Skin-Derived Allergen Extracts From Different
Animals and Sources

Currently, there is no standard method or agreement to prepare
mammalian skin-derived allergen extracts. Although the FDA has
developed standards and human test sera that have to be used by
all manufacturers to demonstrate batch-to-batch consistency and
adherence with the standard, the European system is mainly based
on in-house reference preparations.

Differences in the allergenic profiles of extracts prepared using
rawmaterials from hair or epithelia of cats, hamster, goat, or guinea
pigs appear as a result of different treatment of the samples pre-
vious to the extraction. Rawmaterial called epithelia are supplied as
a mixture of hair and epithelia previously treatedwith acetone, and
hair corresponded to a nontreated material.53 More albumin and
ionwith acetone. B, Separation of the dander by filtration. C, Appearance of the dried



Figure 2. Sodium dodecyl sulfateepolyacrylamide gel electrophoresis of different mammalian hair extracts: 1, cow (Bos domesticus); 2, dog (Canis familiaris); 3, guinea pig
(Cavia porcellus); 4, horse (Equus caballus); 5, cat (Felis domesticus); 6, hamster (Mesocricetus auratus); 7, mouse (Mus musculus); 8, rabbit (Oryctolagus cuniculus); 9, rat (Rattus
norvegicus); and 10, sheep (Ovis aries).
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high-molecular-weight components seem to be present in
epithelia-derived extracts. Cat allergen extracts derived from
dander isolated from hair after separation by acetone suspension
and sieving (Fig 1) contain more Fel d 1 and less albumin than
epithelia-derived extracts, as previously confirmed.58 Epithelia
source materials contain higher and variable levels of albumin
because they are obtained by scraping the surface of the skin.
Dander-derived allergen extracts are more relevant to sensitization
because Fel d 1 is released from the sebaceous glands and deposited
on the surface of the hairs and dander; therefore, it is collected once
the dander is separated from the hair. Similar results were obtained
with the other animals, where it was observed that higher major
allergen (especially lipocalins) and lower albumin is present in
dander-derived extracts.
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Extracts from young rabbits contain lower levels of major
allergen and more albumin than extracts of older rabbits, which is
similar to the profile obtained with epithelial extracts. This finding
may represent the immature sexual stage of the animals; there-
fore, patients who are in contact with young animals may develop
a different allergenic profile than patients who are exposed to
adult animals. This different protein pattern may also have an
influence on the environmental exposure of the patients and
condition a different sensitization pattern in the patient popula-
tion, depending on the age of the animal. This should be consid-
ered when preparing allergenic extracts for both diagnosis and
treatment.

Recommended Protocol for the Preparation of the Extracts

Hair should be collected from live animals using an electric ra-
zor. The collected hair is stored in sealed plastic bags until further
analysis. Afterward, the hair is defatted with acetone (1:40 wt/vol)
for 16 hours and the dander separated after sequential sieving,
using vacuum, through a stainless steel, 1-mm mesh size sieve and
a Whatman No. 1 filter. This procedure is repeated several times.
The dander collected on the filters is air dried. Figure 1 shows an
example of the appearance of cat dander and cat epithelia treated
as it was mentioned before. Afterward, the collected sample is
extracted (1:40 wt/vol) in phosphate-buffered saline (0.01 M, pH
7.4) for 16 hours at 4�C, centrifuged at 16,000g for 30 minutes,
dialyzed overnight against bidistilled water, sterile filtered, frozen,
and freeze-dried.

Allergenic and Antigenic Profiles of These Extracts

Following the proposed protocol, several epithelium extracts of
cow (Bos domesticus), dog (Canis familiaris), guinea pig (Cavia por-
cellus), horse (Equus caballus), cat (Felis domesticus), hamster
(Mesocricetus auratus), mouse (Mus musculus), rabbit (Oryctolagus
cuniculus), rat (Rattus norvegicus), and sheep (Ovis aries) were
prepared (Fig 2). This protocol does not prevent the contamination
of the extracts (dander extracts) with allergens from other sources,
such as urine or saliva. For example, the results presented with
dander and epithelial rabbit extracts are similar to those obtained
with the other species. Because Ory c 1 seems to be present in large
quantities in urine, its presence on the hair may suggest cross-
contamination.60 A band corresponding to cat albumin was detec-
ted in the cat epithelial extract.

These results highlight the importance of carefully selecting raw
materials for the preparation of safer and more effective allergenic
extracts. Changes in the approaches for obtaining these samples
should focus on the collection and other conditions, such as
housing of the animals, to avoid cross-contaminationwith different
allergen sources.

Conclusion

Further efforts should also be made to identify and firmly
establish the ideal sources of skin-derived mammalian allergen
extracts. Other allergen sources, such as saliva and other secretions,
may be needed and have to be considered. Allergen extracts used
for the diagnosis and treatment of allergic diseases should contain
the most relevant allergens, especially those that become airborne
and sensitize individuals. There is also a need for a consensus on the
terms applied to animal-derived raw materials and extracts. The
use of the term dander extracts seems to be more appropriate
because these extracts seem to contain a greater amount of relevant
allergens. Greater efforts should be undertaken to produce
mammalian allergen extracts that are comparable and contain
similar quantities of major allergens and a homogenous composi-
tion. The clinical significance of mammalian cross-reactivity should
be further evaluated because it represents major diagnostic and
treatment challenges. Skin pricks tests and immunotherapy re-
agents to diagnose and treat skin-derived mammalian sensitivities
should be safe and effective.
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