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ABSTRACT: Better living conditions of people and their companion animals are possibly playing an important
role in sensitization and allergy as emerging conditions, either in human or veterinary medicine. Animal consulta-
tion because of pathologies regarding allergy is increasing much beyond the common atopic dermatitis to flea
allergens. Several sources of air-born allergens, as well as many food allergens are also frequent causes of allergic
reactions, showing different target organs from skin to eye and respiratory or digestive systems. This growing
stream in veterinary clinical pathology needs to run trough well established guide-lines, either in clinical or in com-
plementary diagnosis field. This review manuscript aims to integrate the basal knowledge on sensitization
etiopathogeny, concerning patient immune response and allergen nature and diversity, and diagnosis, starting with
a standard and accurate diagnostic clinical protocol and continuing trough several possible laboratory ways to
extend and clarify the diagnosis. Our goal is to contribute for the clinical-laboratorial diagnostic course improve-
ment, attending to different complementary diagnostic methods already available for veterinary diagnosis and to
others that may be very useful in the near future, in spite of their actual lack of standardization for veterinary use.
Only a deep knowledge about the wide range of available diagnostic methods, with their specific capabilities, will
give veterinary clinicians the necessary information about the appropriate choice for each diagnostic proposal,
which will be further and further demanding.
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When a foreign material contacts a superior living
being, an immunologic reactions cascade is triggered by
molecular substances called antigens (1). At this con-
tact several individuals develop a kind of response
generically called sensitization, characterized by the syn-
thesis of specific IgE. Those IgE-inducing biological or
merely chemical substances are designated allergens (2).
Those, which way of contact or sensitization is mainly
inhalatory are called aeroallergens, while those contact-
ing mainly by the digestive mucosa are called food aller-
gens (1).
Aeroallergens are frequent triggers of respiratory tract
reactions, while food allergens usually trigger reactions
at the digestive tract (1). One described exception in
humans is asthma after the ingestion of snails (3-12,
among others). Exposure to garlic powder or to vapors
form the boiling of crustacean an asthma after inges-
tion, or hives following the ingestion of honey from
sunflower in pollen-sensitized patients are also classical
examples (13). By analogy, inhalant allergic dermatitis is
also a current condition in veterinary medicine (14).

Skin contact allergens cause a cutaneous reaction char-
acterized by blush and angioedema in acute situations
or by eczema in chronic developments. Among the
most severe allergic responses, systemic reaction to par-
enteral administration of drugs, such as penicillin, a
classical cause of anaphylactic response, may be found.

WHAT MAKES AN ALLERGEN ALLERGENIC

Most major allergens (recognized by more than 50% of
the sensitized patients) known are proteins within a
molecular weight range from 3 to 80 kDa. Although, no
chemical, structural or functional identity has been
clearly identified that could explain the capacity to
induce IgE response (15). Eventually, some enzymatic
activity (16) or characteristics like thermo stability and
resistance to acid denaturation and digestive proteolysis
(17) may also stand as the basis of an improved capac-
ity to induce an allergic response.
Twelve years passed over, the conclusions of Liebers et
al. (1996) (15) persist valid in the concept that a struc-
tural chemical group could exist as a common denomi-
nator for the sensitization and possible triggering of the
clinical reaction. In fact, the exact IgE response-trigger
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antigenic structure is very difficult to identify, because
individuals are exposed to a variable number of aller-
genic sources, like pollens (18) or mites (19).
Aalberse (2000) (20) referred that the potential for IgE-
binding and associated clinical symptoms could be also
related to physical properties, like three dimensional sta-
bility and size, and with immunological properties, like
affinity and epitope valence. The observation of three
dimensional models of the secondary and tertiary pro-
tein structure may, in fact, help to understand the affini-
ty of the respective epitopes. From the analysis of 40
allergenic proteins, form which the three dimensional
structure could be predicted by homology, 4 structural
families were proposed. The grouped details form those
allergens pointed to highly heterogeneous structures
without any particular property that could act as incom-
patible to sensitization or allergy (20).

ALLERGENS MAY BE CROSS REACTING

An important point also coming out from those obser-
vations is that the structural similarity between proteins
from different sources stands as the molecular basis of
cross reactivity in allergy (18).
Aalberse et al. (21) referred that cross reaction between
some allergens was possibly associated with the exis-
tence of IgE directed to carbohydrate cross-determi-
nants (CCD), what per se may stand as a start for the
detection of common structural aspects related with the
induction of sensitization. Besides allergens themselves,
IgE relevance for cross reaction seems to be influenced
by several other factors, such as the immunologic
response to the allergen and the level of exposure.
Proteins with a sequential identity lower than 50% will
seldom react in a cross fashion (20). For that it is fre-
quently necessary more than 70% of sequential identity
(22). A protective property, with a possible important
role against cross-reaction between allergens and patient
self homologous proteins is their level of similarity,
since a close pattern between them could act as a protec-
tive factor against sensitization. Nevertheless, if a direct-
ed immunological reaction occurs, it may also lead to
IgE-mediated auto reactivity (23, 24).
In fact, several examples of cross reacting allergens are
available, mostly described towards human allergy, like
the homologous of Bet v1 (allergen nr 1 form Betula
verrucosa), or proteins produced in situations of plant
stress for defense against pathogens (presents in apple,
cherry, apricot, carrot, parsley, celery potato and hazel-
nut), where the primary sensitizing way in humans, is
inhalatory and a common food allergy manifestation is
the oral allergy syndrome (OAS) (17). Another example
are the lipid transfer proteins (LTP), implicated in the
production of plant cuticula and in defense. These are
the principal implicated proteins in human allergy to
rosaceae fruits, such as peach, apple, plum, apricot and
cherry, in Mediterranean countries. These LPT present
several characteristics, such as thermo stability (resisting
to culinary treatment) and resistance to denaturation and
digestive proteolysis. This runs in favor of a powerful

allergenic effect at the digestive level, allowing them to
reach the intestinal immune system with a preserved
immunogenic conformation and induce sensitization.
LPT are also present in numerous other plants, includ-
ing pollens form birch, artemisia, plane tree and in
latex. It is though that human cross sensitization to and
between LPT is favored by the conservation of a high
specie-to-specie homology (17).
Another example of allergens commonly associated
with cross reactions in humans is profilin, a plant
cytoskeleton protein, highly conserved from one specie
to another. It is known that 10 to 20% of pollinic
humans present cross sensitization between profilins
and between carbohydrates (17).

FOOD ALLERGENS

Concerning food allergens, these are commonly glyco-
proteins with 15 to 50 kDa and, besides the molecular
weight that may facilitate their absorption trough the
digestive mucosa, a good immunogenic capacity
depends on the number of epitopes of the antigenic
molecule (13). The majority of food allergens are pro-
teins with, at least, two IgE-recognized epitopes and the
pattern of recognition by different individuals may vary
with the replacement of a single aminoacid, which may
change IgE recognition (25).
In food allergy, beyond the intrinsic characteristics of
proteins, culinary treatment and digestibility are factors
to be taken in account for the level of structural preser-
vation and consequent availability of epitopes, while for
aeroallergens, dimension and solubility should repre-
sent important characteristics (26, 27). Then, some
food protein characteristics based on susceptibility to
denaturation and enzymatic degradation could deter-
mine whether an allergenic condition develops or not.
In a wider context, adverse reactions to food are cur-
rently divided in toxic or non toxic. Non toxic reactions
are divided in non immune-mediated, such as enzymat-
ic-caused and drug-caused reactions, and immune-
mediated, such as IgE-mediated, non IgE-mediated and
mixed-immune reactions (28).
In humans, food allergy is frequently caused by IgE-
mediated mechanism. Although, delayed reactions
involving the digestive tract or the skin, may occur, trig-
gered by less clear immunological mechanisms (29)
possibly developed through allergen-specific T-cell
activity, which may, per se, trigger an allergic inflamma-
tion process (30).
The real prevalence of food allergy is certainly higher
than identified in double-blind studies. In a study made
by the European Community Health Survey, in which
17280 adult human individuals, the mean of allergy or
food intolerance referred was 12%, with a minimum of
4,6% in Spain and  a maximum of 19,1% in Australia.
The most frequently involved food varied from one
country to another (17), also conditioned by cultural
influences on diet (31, 32). The way of contact also
appears as a conditioning factor to sensitization and
allergic reaction (13).
As preliminary conclusion, more or less frequently, a
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large variety of substances may act as sensitizing agents,
depending on genetic factors and on allergen availability
and concentration, in relation with environmental fac-
tors.

CLASSIFICATION OF ALLERGENS

Recognized and characterized allergens are subjected to
a nomenclature from the Allergen Nomenclature
Subcommitee of the International Union of
Immunological Societies (IUIS), containing a list of
more than 4000 allergens and about 200 isoallergens
(33).
The name of an allergen is composed by the three first
letters of it specie taxonomic affiliation Generum fol-
lowed by the first letter of the specie and the Arabic
numeral of the correspondent allergen (ex: Dac g 1, for
allergen number one of Dactylis glomerata grass; Der p
2, for allergen number two of Dermatophagoides
pteronyssinus mite).
Allergens are further reunited in groups, according to
similarities between them. Following the criteria, aller-
gens presenting close molecular weight (MW) or isoelec-
tric point (pI) and a sequential homology ?67%, define a
group in spite belonging to different taxonomic Genera.
In one single specie an allergen may be composed by
several molecules showing the same MW but different
pI. These different molecules are designated allergen iso-
forms or simply isoallergens. For the example, Amb a
1.0101 represents the subtype 1 from isoallergen 1, from
the allergen group 1 of Ambrosia artemisiifolia (34).
An allergen may also be classified according to it fre-
quency of recognition in a sensitized population. It is
then called a major or a minor allergen if it is recognized
by, respectively, more, or less than 50% of the sensitized
individuals (34). For many allergen molecules it is already
known their complete sequence of cDNA and three-
dimensional structure, which allowed grouping them in a
small number of structural protein families, independ-
ently from their biological source. From this grouping,
28 main groups of proteins from several sources, show-
ing cross-reactions, had result. In 6 of those groups
there are allergens belonging to a few families of plant
proteins related with defense against infections by fungi,
bacteria and virus, or environmental stress (18). Hence,
plant strands expressing higher levels of these proteins,
being more resistant to environmental stress or specific
diseases tend to be selected for agriculture proposals,
which may contribute to an increase in cultivated plant
allergenic capability (35). Another 11 groups showed
sequential homology with a large variety of enzymes, like
proteases, glycolitic enzymes, superoxid-dismutase, car-
bohydrases and esterases. Other allergen groups are
composed by transfer proteins, protease-inhibitors, reg-
ulatory, structural and storage proteins (18).

POSSIBLE ALLERGENIC MECHANISMS

For some allergens it has been suggested that their enzy-
matic activity could function as an allergenic promoter.
One example of this is mite inhalant protease Der p 1,

that may increase the permeability of the respiratory
mucosa, promoting a closer contact with intestine
immune structures (36, 37), or act through anti-suppres-
sive mechanisms close to the ones presented by
helmintes (26, 27). Enzymatic allergens may also act as
sensitization adjuvants for other non-enzymatic aller-
gens. According to Gough et al. (1999) (27) and Wan et
al. (1999) (37), Der p 1 allergenic protease, facilitating
bronchial epithelium permeability, would conduce to an
increase in IgE synthesis by breaking the low affinity
receptor for IgE (CD23) in B-cells and monocytes. This
phenomenon would possibly be associated to a decrease
in T helper 1 cells (Th1) proliferation following the
break of the receptor for interleukin 2 (CD25).
As hypothesis, we may say that an antigen may become
an allergen by avoiding the activation of T helper 2 cells
(Th2) deviation suppressor mechanisms, like the ones
associated to CD8 T-cells and Th1-primed (20).
Nevertheless, the extension of enzymatic activity or
other biochemical functions involved in the sensitization
and clinical reaction process remains to clarify (38).

CLINICAL DIAGNOSIS FOR ATOPIC DOG

Human and dog atopic dermatitis present several simi-
larities (39). Diagnosis is based on the presence of, at
least, part of the clinical criteria strongly associated to
the disease, in conjunction with the elimination of sev-
eral other causes of similar clinical dermatitis (40).

DIAGNOSTIC CRITERIA OF ATOPIC DERMATITIS

Willemse proposal for the clinical diagnosis of atopy
(41) has been used since 1986 (table I), based on the cri-
teria from Hanifin and Rajka (42) for the diagnosis of
human atopic dermatitis. According to that proposal, 3
major and 3 minor features should be present to consid-
er a dog as an atopic individual. Nevertheless, no assays
were developed to validate those criteria.

Table I. Clinical Diagnosis of Atopy

Major features
•Pruritus 
•Typical morphology and distribution:

(1)facial or digital involvement or
(2)liquenification of the flexor surface of the 
tarsal joint and/or extensor surface of the 
carpal  joint  

•Chronic or recidivant dermatitis 
•Individual or family history of atopy
•Breed predisposition 

Minor features
•Onset of symptoms before 3 years
•Facial erythema and cheilitis
•Bacterial conjunctivitis
•Superficial staphylococcal pyoderma
•Hyperhidrosis
•Immediate positive intradermal test to inhalants
•Increased serum allergen-specific IgE
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As was happening in human medicine with Hanifin and
Rajka criteria (42), Willemse proposal for veterinary
medicine, besides the lack of validation, presented sever-
al handicaps (43) some showed lack of specificity
(chronic dermatitis), others a very low frequency (hyper-
idrosis) and others a high frequency in non atopic dogs
(pyoderma or conjunctivitis).
A few years later, in 1994, Williams et al. (44-46) pro-
posed for human medicine a new group of criteria that
were recognized in the UK as most simple and reliable.
As well, in veterinary medicine Prélaud et al. (43) pro-
posed in 1998 a new group of criteria for the diagnosis
of canine atopic dermatitis. According to their study, the
presence of, at least, 3 major features (table II) in a pru-
ritic dog, after having discarded ectoparasitosis, showed
a diagnostic sensitivity and specificity around 80%. This
implicate that for a diagnosis of atopy a dog should pres-
ent 1) pruritus and 2) should have been discarded the
possibility of mange by skin scrapings or, in case of a
possible sarcoptic mange, after a therapeutic assay with
avermectins or other efficient antisarcoptic treatments.
Another outstanding feature is that, according to this
study, this method failed to detect 20% of atopic dogs
(with less than 3 criteria) and 20% of individuals falling
within the 3 criteria revealed to be non-atopic. The
majority of these non-atopic dogs represent probable
cases of adverse reactions to food, as we will see further
ahead.

Prélaud et al. (1998) (43) also included a group of minor
features (table III), which presence should conduct to
the suspicion of a possible atopic dermatitis.
Nevertheless, besides their high specificity, some of
these clinical conditions were frequently not diagnosed
as linked to atopy because of their low discriminative
clinical paradigm, as lesions of the elbow wrinkles, or
showed an infrequent presentation, as hives.
Unfortunately the criteria proposed by Prélaud et al.
were also not validated by other scientific studies.
Recently, Poãta and Svoboda (2007) (47) assessed
Willemse and Prélaud criteria, establishing their sensitiv-
ity in 72,3% and 68,1%, respectively, with no significant
statistical differences between them. Nevertheless the
reliability of their methodology and results could be
questioned because only 25,5% of the individuals were
subjected to elimination diets and some outpatients were
included before the publication of Prélaud’s diagnostic
criteria.
After all, because of the high variability of the present-
ed signs through the different patients, no clinical crite-

ria proposal will be unfailing as diagnostic method (39).

ATOPIC DERMATITIS INDUCING FACTORS

In humans suffering from atopic dermatitis, among
inducing factors there are aeroallergens (dust mites, pol-
lens, dander, etc) food allergens, staphylococcal super-
antigens and even autoallergens (48). Towards dog atopy,
these allergen sources seem to play also an important
role. Hence, the “Internacional Task Force on Canine
Atopic Dermatitis” sustained the concept that food
components could induce atopic dermatitis in some dog
individuals; although this concept should not be misin-
terpreted, since food allergy and atopic dermatitis does
not configure a single pathology (49).
Above all, it is very important for a correct clinical diag-
nosis in atopic dogs to evaluate the presence of other
concurrent hypersensitivities and also any infectious
complications 

ATOPIC DERMATITIS AND ADVERSE 
REACTIONS TO FOOD

Upon the definition of diagnostic criteria, another out-
standing feature is that atopic dermatitis and adverse
reactions to food are not possible to distinguish by clin-
ical methods, since lesion aspects appear to be quite sim-
ilar (50-52). For differentiation between both dermatitis
it is very important to submit the animals to a dietary
restriction test (50, 51), consisting in feeding the suspect-
ed individuals for a large period of 8 to 10 weeks (53,
54), with a strict diet containing no protein that has been
ingested before. Usually, a diet based on a single protein
source (ex: horse, rabbit or ostrich) plus a unique source
of carbohydrate (ex: rice or potato) is used (55), which is
known as homemade diet.
If clinical condition improves during the dietary test it is
needed to reintroduce the old diet as a provocation test
(50). Following this course, if condition falls again a
dietary component is proved in the dermatitis triggering.
If the owner does not accept this type of diet, commer-
cial formulations based on hydrolyzed protein sources
could be used. Nevertheless, there are patients who does
not respond to these commercial diets and do it to
homemade ones (55, 56).
An important fact to have in mind for the diagnosis of

Table II. Major Features in a Pruritic Dog

•Appearance of pruritus between the ages of 6 months
and 3 years
•Corticosteroid-sensitive pruritus
•Bilateral cranial erythematous pododermatitis  in front
limbs
•Erythema of internal pinnae
•Peribucal erythema / cheilitis

Table III. Minor Features in a Pruritic Dog

•Predisposed breed or family background
•Chronic or recidivant dermatitis for more than 2 years
•Dull coat
•Elbow wrinkle affection 
•Lick dermatitis
•Hyperhidrosis
•History of hives  or angioedema
•Seasonal worsening
•Worsening on the grass
•Changing of symptoms according to the place
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atopy is that there are dogs simultaneous atopic and with
adverse reactions to dietary components. In these cases
a clinical improvement is frequently observed during the
restriction diet course without a complete clinical heal-
ing. Several recent studies have pointed to figures reach-
ing 21 to 33% of the affected dogs (manifesting atopy or
adverse reaction to food) (56-58), while others point to
just 4% (59). In humans these figures reach 40% of chil-
dren with moderate to intense atopic dermatitis (they
have simultaneous cutaneous reactions induced by food)
(50).
After all, facing a patient with a possible diagnosis of
atopic dermatitis with perennial symptoms, it should be
considered necessary to perform a restriction dietary
assay, in order to detect if clinical manifestations, or part
of them, are due to any dietary component.

ATOPIC DERMATITIS AND ALLERGIC 
DERMATITIS TO FLEA ALLERGENS

Like what happens with food adverse reactions, numer-
ous atopic dogs from humid and temperate or warm cli-
matic regions suffer simultaneously from flea allergy der-
matitis. Up to one third of these dogs suffer from both
types of dermatitis (47, 60).
In spite of allergy to fleas being clinically distinguishable
from atopic dermatitis, in all atopic dogs a strict flea con-
trol should be performed (61), apart from cases with
very inappropriate environmental conditions to flea life
cycle development. For an effective control, an effort of
flea eradication should be done in the animal and his co-
habitants, and also in their environment. Only following
these procedures a positive clinical diagnosis towards
allergy to fleas will be made possible.

ATOPIC DERMATITIS AND 
CONCOMITANT INFECTIONS

Two of the most frequent complications of atopic der-
matitis are pyoderma due to Staphylococcus sp infection
and dermatitis due to Malassezia sp. An important com-
ponent of pruritus is the overgrowth of microbial pop-
ulation in the skin. Hence, it is fundamental to evaluate
their presence in skin lesions.
Overgrowth of microbial populations in canine dermati-
tis has been described for a few years, characterized for
an elevated bacterial population, mainly S. intermedius,
but also yeasts like M. pachydermatis, what is frequently
seen in allergic patients (62). Frequent and recurrent
staphylococcal pyodermas has been described for a long
time in atopic dogs (63) and a higher adherence from
these agents to atopic dog keratinocytes when compared
to non atopic ones was proved (64). A close condition
was also found in humans, where 90% of atopic lesions
show a great increase in the number of S. aureus (65),
and in which a relation between staphylococcal entero-
toxins and the severity of skin lesions was found. These
enterotoxins were proved to act as allergens to humans
(66) and also as superantigens (65), inducing a powerful
and non specific activation of lymphocytes which cause

cytokine production and the amplification of the cuta-
neous inflammatory response (63). For dogs, it has been
estimated that 25% of S. intermedius secrete superanti-
gen-capable exotoxins (67). Another important fact is
that 39% of atopic dogs without visible pyoderma
showed positive response to antibiotherapy (68).
With regard to M. pachydermatis, several studies point to
a probable liberation of antigens that may penetrate the
skin, especially in atopic dogs (69). These and several
other reports show the probable existence of an IgE-
mediated reaction to Malassezia sp in dogs (63).
To evaluate bacterial and yeast populations in skin
lesions it is used the cytological method, since it is sim-
ple and quick (70) and the scotch tape method is the one
that most microbial populations identifies (62, 71). For
counting it is recommended to use the immersion oil
objective (x1000) observing at least 20 microscope fields
(62). The presence of more than 5 bacteria or 2 yeasts
per field suggests a microbial overgrowth (62).
As for summary, the clinical diagnosis of an atopic
patient requires:
1.To discard ectoparasitic dermatitis, firstly.
2.The presence of, at least, one part of the clinical crite-
ria strongly associated to atopy.
3.To determine if other components (food or fleas) of
allergy are present.
4.Evaluation of possible microbial complications.

LABORATORY DIAGNOSIS – IMPORTANT
FEATURES FOR INTERPRETATION 

Actual position regarding canine allergy should be based
on the recent and of considerable interest nomenclature
proposed by the “American College of Veterinary
Dermatology Task Force on Canine Atopic Dermatitis”
that points to a difference between (72):
•Canine atopic dermatitis: A genetically predisposed
in?amatory and pruritic allergic skin disease with charac-
teristic clinical features associated with IgE antibodies
most commonly directed against environmental aller-
gens.
•Canine atopic-like dermatitis: An in?amatory and pru-
ritic skin disease with clinical features identical to those
seen in canine atopic dermatitis in which an IgE
response to environmental or other allergens cannot be
documented.
These focus stands as the basis to be pursuit for the diag-
nostic course from clinics to laboratory, as follows.
As we have already seen, for allergy diagnosis in vivo and
in vitro methods are currently applied. General accepted
semiotic course for this proposal is: 1 – Detailed and
directed anamnesis; 2 – Clinical examination; 3 –
Intradermic skin tests; 4 – Total and specific IgE deter-
minations; 5 – Restriction and provocation tests.
Although, other complementary methods are referenced
as very useful for diagnosis clarification, especially in
what concerns to food allergy, like Western Blotting,
evaluation of basophile activation (Basophile Activation
Test – BAT and Flow Cytometric Basophil Allergen
Stimulation Test – FAST), liberation of cysteinyl
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leukotrien C4 (LTC4), plasmatic histamine and
eosinophil cationic protein (ECP) determination, fecal
IgE determination, specific IgG4 and RAST inhibition
(73).
Cutaneous tests are the classical example of an in vivo
method for the search of specific IgE to different aller-
genic sources, remaining of outstanding importance
because of their high sensitivity for the detection of
IgE-mediated hypersensitivity reactions (74). In human
medicine the most used variant is the skin pick tests
(SPT), while in veterinary medicine the most accurate is
the intradermal technique (ID). SPT for food allergens
present a higher sensitivity (>90%) than in vitro search
of specific IgE, but specificity stays around 50%. The
negative predicted power is high (95%), but positive
results show a lack of clinical relevance. Concerning the
diameter of the obtained weal flare, it is considered as
predictive of the occurrence of a clinical reaction fol-
lowing ingestion, although with no value to predict the
severity of the reaction, neither to estimate the minimum
triggering doses (17).
Double-blind oral provocation tests are considered for
humans as the gold standard for food allergy diagnosis
in individuals older than 3 years old, with a probability of
false-negative occurrence of just 1-3% (17). With ani-
mals the “double-blind” is obviously unnecessary but,
like for humans, it must be very strictly designed to allow
the validation of results. Owners should be well con-
vinced of the importance of the test to strictly persist
with the restriction diets for enough time. One thing we
must have in mind is that in presence of a previous his-
tory of severe clinical reaction with a suspected food,
provocation test should be clearly avoided (17). Even
skin tests are not completely free of risk, especially in
highly sensitized patients (75). Hence, in spite of being
an easy technical procedure, it should be done in a prop-
er clinical environment.
Within in vivo diagnostic methods, epicutaneous tests,
showing a high specificity in spite of a low sensitivity,
may also be very useful to identify delayed hypersensitiv-
ity reactions (type IV). These tests should also be per-
formed with good criteria because skin is also a way of
sensitization. A natural example of that is the develop-
ment of type I hypersensitivity to fleas in dogs, in the
course of repeated stimulation where the observed reac-
tion was initially of type IV (76). In fact, for the diagno-
sis of delayed hypersensitivity reactions with origin in
haptens, such as nickel, cobalt or chromium salts, patch-
test may also be very useful for diagnosis (77, 78). This
could be very helpful for diagnosis of contact allergic
reactions to objects, such food recipients or collars,
including buckles.
In vitro methods offer the advantage of precise quantifi-
cation, safety, less possibility of drug interference and a
better technical profit, because many sera can be tested
at the same time and may be kept frozen for further
future determinations. The use of modern available in
vitro techniques is also providing a better cost/sensitivi-
ty compromise with an appreciate progress in specificity,
as monoclonal antibodies and recombinant allergens are

entering the scene.
For IgE determinations, several methods may be used,
from ELISA or ELISA-derived methods to other more
sophisticated and commercially available. First genera-
tion home-made methods require special calibration in
order to produce accurate results. Calibration should
begin at the proper allergenic extracts according to the
International Standards (IS), based on reference extracts
kept in the National Institute of Biological Science and
Control (NIBSC), in the United Kingdom (34). That is,
in fact, very important because determined IgE levels
depend on anti-IgE antibodies used for the detection
and on the allergens fixed to the plate wells by coating.
According to Hamilton & Adkinson (2004) (74) there
were three generation of standardized commercial meth-
ods for laboratory diagnosis, allowing total and specific
IgE determination. In the first generation there were
several methods such as: Multiple Antigen Simultaneous
Test (MAST CLA® – Hitachi Chemical Diagnostics,
EUA); Hycor Hy-Tech EIA and Thabest IgE, achieving
positive/negative or semi-quantitative (in classes) results.
In the second generation there were methods like CAP
System® (Pharmacia Diagnostics) and AlaSTAT®
(Diagnostic Products Corporation – DPC, EUA), which
were already semi-automatic and presented a high accu-
racy of quantization with a good analytical performance.
Third generation includes methods like UniCAP®
(Phadia) and Immulite® (DPC), highly automated and
providing high precision determinations with a very well
defined positive baseline. Although, concerning food
allergy, the agreement for specific-IgE positive results
between CAP System® and AlaSTAT® reached only
80% (79).
Other tests for specific-IgE screening are very useful for
the diagnosis of atopy, detecting the presence of specif-
ic-IgE for multiple allergenic sources, which in case of
clearly positivity will support the hypothesis of atopy.
These tests include a panel of up to 15 allergenic speci-
ficities representing the most common allergen sources
for adults or for children, with variants for aeroallergens
and food allergens, according to conditions as, for
instance, the pollinic prevalence or the ingestion habits
of different societies. The most spread screening test is
possibly Phadiatop® (Phadia) that in case of a negative
result will reveal the absence of atopy in the suspected
individuals (74). In human pediatrics it serves for an
early identification of an ability to develop an allergic
disease. Although, it should be present that the preva-
lence of specific-IgE always stands above clinical allergy.
For qualitative identification of recognized allergens
there is also available an important range of commercial
blots from different allergen sources – AlaBLOT®
(Diagnostic Products Corporation – DPC). Although,
for each source, the huge amount of different potential-
ly allergenic proteins, which presentation may substan-
tially vary with aspects such as specie and variety, effi-
ciency of allergen extraction and their standardization,
separation principles (ex: IEF, SDS PAGE, or double-
dimensional) and transference to immune-fixation mem-
branes. Hence, it is sometimes necessary to perform a
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laboratory home-made separation to obtain the blotting
membranes for research proposals. In fact it is frequent-
ly necessary to confirm if there is a cross-reaction
between two allergen sources, by RAST (radioallergosor-
bent test) inhibition assays and what allergens are impli-
cated in the cross-reaction, by Western Blotting inhibi-
tion.
The total set of recognized allergens from a given source
is denominated alergome, while spectrotype defines the
set of allergens recognized by each patient. Patient spec-
trotypes are obtained from IgE recognition of separated
allergens over fixation membranes. Separation of aller-
genic proteins may be performed through different bio-
chemical concepts like pI, by isoelectric focusing (IEF),
or molecular weight, by SDS PAGE (12, 80, 81). The
sum of all spectrotypes will, then, expose the allergome.
The adequate process for those identification and char-
acterization is the Western Blotting on immune-fixation
membranes obtained from double-dimensional separa-
tions (12, 82).
Other methods based on cellular response are also avail-
able for specific IgE detection. One of them is based on
the release of inflammatory mediators by basophile,
such as histamine and LTC4 in the presence of the sus-
pected allergens involved or anti-IgE antibodies that will
fix to surface IgE molecules. These methods may stand
as a complement to immunochemistry serum determina-
tions, presenting although a further time-consumer and
delicate execution. The variability in basophile mediators
release, following allergen stimulation through the differ-
ent patients, also limits it diagnostic value (83, 84). On
the other way, in the presence of sensitization and
according to the stimulating agent, histamine-releasing
test shows different levels of response (85, 86, 87) and
specificity levels also present a considerable variation
when compared to skin tests (86, 88). Another method
based on cellular study is CAST® (Cellular Antigen
Stimulation Test) – ELISA (Buhlmann Laboratories). It
measures the liberation of LTC4 from allergen-stimulat-
ed basophiles, with sensitivity in humans, of 18% for
acetylsalicylic acid (86) and 85% for several food aller-
gens (89). Regarding specificity, it reached 67 and 100%,
respectively. The advantage for diagnosis relies on the
identification of adverse inflammatory reactions to cer-
tain drugs and food additives by non IgE-mediated
mechanisms (pseudo-allergies), although the reduced
sensitivity for certain substances brings important limita-
tions to the method (74).
The evaluation of IgE-mediated cellular response may
also be accessed by studying CD63 expression of IL-3-
primed activated basophiles, detected in flow cytometry,
following whole-blood culture in the presence of sever-
al possible allergens. In this case, the observed percent-
age of activated basophiles has to be corrected concern-
ing the spontaneous basal CD63 expression. Another
feature that should also be accessed for a reliable inter-
pretation of this method, avoiding false-positive results,
is platelet (also CD63-expressing elements) adherence to
activated basophiles (74).
In spite of the referred tests, either strictly biochemical

or also related to basophilic response, all observations
only consists in a small part of the possible prospective
information, since there are frequent cases of specific-
IgE for several allergen sources without clinical allergy,
and those levels are not a predictive factor for allergy.
Additional contribution to understand several allergy-
triggering mechanisms may be obtained by characteriz-
ing different lymphocyte subpopulations pattern of
cytokine response under stimulation, either in vivo (fol-
lowing provocation tests) or in vitro. For cytokine detec-
tion, several methods have been tested, from ELISA and
flow cytometry with anti-cytokine specific monoclonal
antibodies, to RT-PCR (reverse transcription-polymerase
chain reaction) for cytokine mRNA, with many variants
of these methods being used to test the response to sev-
eral substances, either allergenic or not.
The huge diversity of standardized methods available for
diagnosis in humans, with advantages and handicaps
between them, require accuracy and sometimes costly
procedures to be used for other species diagnosis, and
finally limits the use for this proposal. Nevertheless,
worldwide spread methods like UniCAP® or even
AlaSTAT®, would be very useful for veterinary allergy
diagnosis after the necessary gauging procedure.

References:
1.Bousquet J, Michel FB. Entre Imunidade e Hereditariedade.
As Alergias. Biblioteca Básica de Ciência e Cultura. Instituto
Piaget, Lisboa, Portugal. 1995; pp.11-27.
2.Cromwell O. Biochemistry of Allergens. Allergic Diseases.
Kay A. B. (ed). vol 2. Blackwell Science, U.S.A. 1997; pp. 797-
810.
3.Palma Carlos AG, Migueis Cloude ME, Inácio FF, Vinhas de
Sousa A. Asthme par ingestion d'escargots. Allergie et
immunologie. 1985:17(1); 5-6.
4.Cuesta CG, Garcia BE, Córdoba H, Dieguez I, Oehling A.
Food allergy to Helix terrestre (Snail). Allergol. et
Immunopathol. 1989:17; 337-339.
5.Barberio G, Ruggeri C, Pajno GB, Morabito L, Falagiani P.
Cross-reactivity between food (snails) and inhalant allergens in
children. Allergy. 1992:47; 37.
6.Banzet ML, Adessi B, Vuitton DA, L’Amecoforcal.
Manifestations allergiques après ingestion d’escargots chez 12
malades allergiques aux acariens: une nouvelle allergie croisée?
Rev Fr Allergol. 1992:32(4); 198-202.
7.Lagier A, Banzet MC, Adessi B. Allergie croisée aux acariens
et aux escargots: caractérisation immunobiologique. Rev. Fr.
Allergol. 1993:33(4); 336-337.
8.Grembiale RD, Naty S, Pelaia G, Tranfa CME, Marsico SA.
Snail ingestion and asthma. Allergy. 1996:51; 361.
9.van Ree R, Antonicelli L, Akkerdaas JH, Garritani MS,
Aalberse RC, Bonifazi F. Possible induction of food allegy
during mite immunoterapy. Allergy. 1996:51; 108-113.
10.Vuitton DA, Rancé F, Paquin ML, Adessi B, Vigan M,
Gomot A, Dutau G. Cross-reactivity between terrestrial snails
(Helix species) and house-dust mite (Dermatophagoides
pteronyssinus). I. In vivo study. Allergy. 1998:53; 144-150.
11.Peroni DG, Piacentini GL, Bodini A, Boner AL. Snail ana-
phylaxis during house dust mite immunotherapy. Pediatr.
Allergy Immunol. 2000:11(4); 260-261.
12.Martins L, Peltre G, Pires E, Faro C, Inácio F. The Helix
aspersa (Brown Garden Snail) allergen repertoire. Int. Arch.
Allergy Immunol. 2005:136; 7-15.
13.Molkhou P. Les Allergènes alimentaires. Problèmes actuels

SR - AlergiasCao.QXP  09/02/08  21:36  Page 57



58

et futurs. Institut UCB de l’allergie. Section Française –
Division S.A. UCB. 1995; p. 26-38.
14.Olivry T, Hill PB. The ACVD task force on canine atopic
dermatitis (IX): the controversy surrounding the route of aller-
gen challenge in canine atopic dermatitis. Vet Immunol
Immunopathol, 2001:81(3-4); 219-25.
15.Liebers V, Sander I, van Kampen V, Raulf-Heimsoth M,
Rozynek P, Baur X. Overview on denominated allergens. Clin.
Exp. Allergy. 1996:26; 494-516.
16.Thomas WR. Mite allergens groups I-VII. A catalogue of
enzymes. Clin. Exp. Allergy. 1993:23; 350-353.
17.Rosa S, Alves R, Piedade S, Reis R, Geraldes L, Santos AF,
Costa C, Silva AT, Romeira A, Borrego LM. Curso sobre aler-
gia alimentar da EAACI. Rev. Port. Imunoalergologia.
2006:14(2); 157-165.
18.Ferreira F, Hawranek T, Gruber P, Wopfner N, Mari A.
Allergic cross-reactivity: from gene to clinic. Allergy. 2004:59;
243-267.
19.Reese G, Ayuso R, Leher SB. Tropomyosin: An invertebrate
pan-allergen. Int. Arch. Allergy Immunol. 1999:119; 247-258.
20.Aalberse RC. Structural biology of allergens. J. Allergy Clin.
Immunol. 2000:106(2); 228-238.
21.Aalberse RC, Akkerdaas JH, van Ree R. Cross-reactivity of
IgE antibodies to allergens. Allergy. 2001:56; 478-490.
22.Moneret-Vautrin DA. Cross reactivity of food allergens and
its clinical relevance. Bull. Acad. Natl. Med. 2005:189(7); 1491-
1501; discussion 1501-1502.
23.Valenta R, Duchene M, Petten-Burger K, Sillaber C, Valent
P, Bettelheim P et al. Identification of profilin as a novel pollen
allergen; IgE autorreactivity in sensitized individuals. Science.
1991:253; 557-560. Cited by Ferreira et al. (2004).
24.Crameri R, Faith A, Hemmann S, Jaussi R, Ismail C, Menz
G et al. Humoral and cell-mediated autoimmunity in allergy to
Aspergillus fumigatus. J. Exp. Med. 1996:184; 256-270.
25.Lehrer SB, Ayuso R, Reese G. Current understanding of
food allergens. Annals of the New York Academy of Sciences.
2002:964; 69-85.
26.Shakib F, Schulz O, Sewell H. A mite subversive: cleavage of
CD23 and CD25 by Der p 1 enhances allergenicity. Immunol.
Today. 1998:19; 313-316.
27.Gough L, Schulz O, Sewell HF, Shakib F. The cystein pro-
tease activity of the major dust mite allergen Der p 1 selective-
ly enhances the immunoglobulin E antibody response. J. Exp.
Med. 1999:190; 1897-1902.
28.Bischoff SC, Sellge G. Immune mechanisms in food-
induced disease. Metcalfe DD, Sampson HA, Simon RA (eds).
Food Allergy: Adverse Reactions to Food and Food Additives,
3rd ed. Blackwell Publishing, Massachusetts, U.S.A. 2003; 14-
27.
29.Bohle B. T lymphocytes and food allergy. Molecular
Nutrition & Food Research. 2004:48(6); 424-433.
30.Thomas WR, Hales BJ, Shen HD, Smith W. Comparison of
T-Cell responses induced by major and less major allergens of
the house dust mite. Int. Arch. Allergy Immunol. 1999:118;
214-215.
31.Aas KA. Studies on hypersensitivity to fish. A clinical study.
Int. Arch. Allergy Appl. Immunol. 1966:29; 346-363.
32.Moroz LA, Yang WH. Kunitz soybean trypsin inhibitor. A
specific allergen in food anaphylaxis. N. Engl. J. Med. 1980:302;
1126-1128.
33.Chapman MD, Pomés A, Breiteneder H, Ferreira F.
Nomenclature and structural biology of allergens. J. Allergy
Clin. Immunol. 2007:119(2); 414-420.
34.Klysner S, Lowenstein H. Allergen extracts and standardiza-
tion. In Allergic Diseases. Kay AB (ed.). vol 2. Blacwell Science,
1997:825-834.
35.Hanninen AR, Mikkola JH, Kalkkinen N, Turjanmaa K,

Ylitalo L, Reunala T et al. Increased allergen production in
turnip (Brassica rapa) by treatments activating defense mecha-
nisms. J. Asthma Clin. Immunol. 1999:104; 194-201.
36.Robinson C, Kalsheker NA, Srinivasan N, King CM,
Garrod DR, Thompson PJ et al. On the potential significance
of enzymatic activity of mite allergens to immunogenicity.
Clues to structure and function revealed by molecular charac-
terization. Clin. Exp. Allergy. 1997:27; 10-21.
37.Wan H, Winton HL, Soeller C, Tovey ER, Gruenert DC,
Thompson PJ et al. Der p 1 facilitates transepithelial allergen
delivery by disruption of tight junctions. J. Clin. Invest.
1999:104; 123-133.
38.Bredehorst R, David K. What establishes a protein as an
allergen? J. Chromatogr. B. Biomed. Sci. Appl. 2001:756; 33-40.
39.Marsella R, Olivry T. Animal models of atopic dermatitis.
Clinics in Dermatology. 2003:21; 122-133.
40.DeBoer DJ, Hillier A. The ACVD task force on canine
atopic dermatitis (XV): fundamental concepts in clinical diag-
nosis. Vet Immunol Immunopathol. 2001:81; 271-276.
41.Willemse T. Atopic skin disease: a review and a reconsider-
ation of diagnostic criteria. J Small Anim Pract. 1986:27; 771-
778.
42.Hanifin JM, Rajka G. Diagnostic features of atopic dermati-
tis. Acta Derm Venereol Suppl (Stockh). 1980:92; 44-47.
43.Prélaud P, Guaguère E, Alhaidari Z, Faivre N, Héripret D,
Gayerie A. Réévaluation des critères de diagnostic de la der-
mate atopique. Revue Méd Vét. 1998:149; 1057-1064.
44.Williams HC, Burney PG, Hay RJ, Archer CB, Shipley MJ,
Hunter JJ, Bingham EA, Finlay AY, Pembroke AC, Graham-
Brown RA, Atherton DA, Lewis-Jones MS, Holden CA,
Harper JI, Champion RH, Poyner TF, Launer J, David TJ. The
U.K. working party's diagnostic criteria for atopic dermatitis. I.
Derivation of a minimum set of discriminators for atopic der-
matitis. Br J Dermatol. 1994:131; 383-396.
45.Williams HC, Burney PG, Strachan D, Hay RJ. The U.K.
Working working party's diagnostic criteria for atopic dermati-
tis. II. Observer variation of clinical diagnosis and signs of
atopic dermatitis. Br J Dermatol. 1994:131; 397-405.
46.Williams HC, Burney PG, Pembroke AC, Hay RJ. The U.K.
working party's diagnostic criteria for atopic dermatitis. III.
Independent hospital validation. Br J Dermatol. 1994:131; 406-
416.
47.Poãta S, Svoboda M. Approach to the diagnostics of atopic
dermatitis in dogs in conditions of clinical practice. Acta Vet
Brno. 2007:76; 461-468.
48.Leung DYM, Bieber T. Atopic dermatitis. Lancet 2003:361;
151-160.
49.Olivry T, DeBoer DJ, Prélaud P, Bensignor E. Food for
thought: pondering the relationship between canine atopic der-
matitis and cutaneous adverse food reactions. Vet Dermatol.
2007:18; 390-391.
50.Sampson HA. Food allergy. Part 1: immunopathogenesis
and clinical disorders. J Allergy Clin Immunol. 1999:103; 717-
728. Cit. in Leung DYM, Bieber T. Atopic dermatitis. Lancet
2003:361; 151-160.
51.Day MJ. The canine model of dietary hypersensitivity. Proc
Nutr Soc. 2005:64; 458-464.
52.Hillier A, Griffin CE. The ACVD task force on canine
atopic dermatitis (X): is there a relationship between canine
atopic dermatitis and cutaneous adverse food reactions? Vet
Immunol Immunopathol. 2001:81; 227-231.
53.Rosser EJ Jr. Diagnosis of food allergy in dogs. J Am Vet
Med Assoc. 1993:203; 259-262.
54.Leistra MHG, Markwell PJ, Willemse T. Evaluation of
selected-protein-source diets for management of dogs with
adverse reactions to foods. J Am Vet Med Assoc. 2001:219;
1411-1414.

SR - AlergiasCao.QXP  09/02/08  21:36  Page 58



59

55.Rejas López J. Dermatitis y reacciones adversas a los alimen-
tos. Revista Electrónica de Veterinaria. 2008:9(5).
<http://www.veterinaria.org/revistas/redvet/n050508/05080
8.pdf>
56.Biourge VC, Fontaine J, Vroom MW. Diagnosis of adverse
reactions to food in dogs: efficacy of a soy-isolate hydrolyzate-
based diet. J Nutr. 2004:134; 2062S-2064S.
57.Loeffler A, Lloyd DH, Bond R, Kim JY, Pfeiffer DU.
Dietary trials with a commercial chicken hydrolysate diet in 63
pruritic dogs. Vet Rec. 2004:154; 519-522.
58.Loeffler A, Soares-Magalhaes R, Bond R, Lloyd DH. A ret-
rospective analysis of case series using home-prepared and
chicken hydrolysate diets in the diagnosis of adverse food reac-
tions in 181 pruritic dogs. Vet Dermatol. 2006:17; 273-279.
59.Picco F, Zini E, Nett C, Naegeli C, Bigler B, Rüfenacht S,
Roosje P, Ricklin Gutzwiller ME, Wilhelm S, Pfister J, Meng E,
Favrot C. A prospective study on canine atopic dermatitis and
food-induced allergic dermatitis in Switzerland. Vet Dermatol.
2008:19; 150-155.
60.Carlotti DN, Costargent F. Analyse statistique de tests
cutanés positifs chez 449 chiens atteints de dermatite
allergique. Prat Med Chir Anim Comp. 1992:27; 53-69.
61.Ihrke PJ. Establishing the diagnosis of flea allergy dermati-
tis and convincing the owner. Proc. Western Veterinary
Conference. 2008.
62.DeBoer DH. Canine cutaneous microbial overgrowth. Proc.
56th International Congress SCIVAC. 2007; pp. 58-59.
63.DeBoer DJ. Canine atopic dermatitis: new targets, new ther-
apies. J Nutr. 2004:34; 2056S-2061S.
64.Mcewan NA. Adherence by Staphylococcus intermedius to
canine keratinocytes in atopic dermatitis. Res Vet Sci. 2000:68;
279-83.
65.Leung, DYM. Atopic dermatitis and the immune system:
The role of superantigens and bacteria Atopic dermatitis and
the immune system: The role of superantigens and bacteria. J
Am Acad Dermatol. 2001:45; S13-16.
66.Breuer K, Wittmann M, Bosche B, Kapp A, Werfel T.
Severe atopic dermatitis is associated with sensitization to
staphylococcal enterotoxin B (SEB). Allergy. 2000:55; 551-555.
67.Olivry T, Marsella R, Maeda S, Pucheu-Haston CM,
Hammerberg B. Mechanism of lesion formation in canine
atopic dermatitis: 2004 hypothesis. In: Andrew Hillier, Aiden P.
Foster, Kenneth W. Kwochka. Advances in Veterinary
Dermatology. Vol 5. Edited by Blackwell Publising. 2005; pp.
10-16.
68.Mueller RS, Bettenay SV. Long-term immunotherapy of 146
dogs with atopic dermatitis - a retrospective study. Aust Vet
Practit. 1996:26; 128-132. Cit in: Carlotti DN. Traitement et
suivi au long cours du chien à dermite atopique. Prat Med Chir
Anim Comp. 1998:33; 359-370.
69.Chen TA, Hill PB. The biology and cutaneous responses to
Malassezia organisms. Vet Dermatol. 2005:16; 4-26.
70.Patterson AP, Frank LA. How to diagnose and treat
Malassezia dermatitis in dogs. Vet Med. 2002:97; 612-622.
71.Kennis RA, Rosser EJ Jr, Olivier NB, Walker RW. Quantity
and distribution of Malassezia organisms on the skin of clini-
cally normal dogs. J Am Vet Med Assoc. 1996:208; 1048-1051.
72.Halliwell R. Revised nomenclature for veterinary allergy. Vet
Immunol Immunopathol. 2006:114; 207-208.
73. Moneret-Vautrin DA, Kanny G, Fremont S.
Laboratory tests for diagnosis of food allergy: advantages, dis-
advantages and future perspectives. Allerg. Immunol. (Paris).
2003:35(4); 113-119.
74.Hamilton RG, Adkinson NF. In vitro assays for the diagno-
sis of IgE-mediated disorders. J. Allergy Clin. Immunol.
2004:114; 213-225.
75.Codreanu F, Moneret-Vautrin DA, Morisset M, Guenard L,

Rance F, Kanny G, Lemerdy P. The risk of systemic reactions
to skin prick-tests using food allergens: CICBAA data and lit-
erature review. Allerg. Immunol. (Paris). 2006:38(2); 52-54.
76.Shewen PE, Povey RC. Practical Aspects of Immunology.
Disc digital data. Merial Inc., Canada. 2001.
77.Niggemann B, Reibel S, Wahn U. The atopy patch test
(APT) – a useful tool for the diagnosis of food allergy in chil-
dren with atopic dermatitis. Allergy. 2000:55(3); 281-285.
78.Hegewald J, Uter W, Pfahlberg A, Geier J, Schnuch A;
IVDK. A multifactorial analysis of concurrent patch-test reac-
tions to nickel, cobalt, and chromate. Allergy. 2005:60(3); 372-
278.
79.Moneret-Vautrin DA, Halpern GM, Brignon JJ, Nicolas JP,
Kanny G. Food specific IgE antibodies: a comparative study of
AlaSTAT and Pharmacia RAST Phaebas CAP Systems in 49
patients with food allergies. Ann. Allergy. 1993:71; 107-114.
Cited by Hamilton & Adkinson (2004).
80.Desvaux FX, Peltre G, David B. Characterization of Grass
Pollen-Specific IgE, IgA, IgM Classes and IgG Subclasses in
Allergic Patients. Int. Arch. Allergy Appl. Immunol. 1989:89;
281-287.
81.Peltre G, Brodard V, David B. The Grass Pollen Allergen
Repertoire – To How Many Grass Pollen Allergens are We
Sensitive? ACI News. 1992:4/5; 140-142.
82.Chardin H, Peltre G. Allergome: the characterization of
allergens based on a 2D gel electrophoresis approach. Expert
Rev. Proteomics 2005:2(5); 757-765.
83.Nolte H. The clinical utility of basophil histamine release.
Allergy Proc. 1993:14; 251-254. Cited by Hamilton &
Adkinson (2004).
84.Ebo DG, Lechkar B, Schuerwegh AJ, Bridts CH, De Clerk
LS, Stevens WJ. Validation of a two-color flow cytometric
assay detecting in vitro basophil activation for the diagnosis of
IgE mediated natural rubber latex allergy. Allergy. 2002:57;
706-712.
85.Ostergaard PA, Ebbesen F, Nolte H, Skov PS. Basophil his-
tamine release in the diagnosis of house dust mite and dander
allergy of asthmatic children. Comparison between prick test,
RAST, basophil histamine release and bronchial provocation.
Allergy. 1990:45; 231-235.
86.Maly FE, Marti-Wiss S, Blumber S, Chuat-Stark I, Wuthrich
B. Mononuclear blood cell sulpholeukotriene generation in the
presence of interleukin 3 and whole blood histamine release in
honeybee and yellow jacket venom allergy. J. Invest Allergy
Clin. Immunol. 1997:7; 217-224. Cited by Hamilton &
Adkinson (2004).
87.Demoly P, Lebel B, Messaad D, Sahla H, Rongier M, Daures
JP et al. Predictive capacity of histamine release for the diagno-
sis of drug allergy. Allergy. 1999:54; 500-506.
88.Griese M, Kusenbach G, Reinhardt D. Histamine release
test in comparison to standard tests in the diagnosis of child-
hood allergic asthma. Ann Allergy. 1990:65; 46-51. Cited by
Hamilton & Adkinson (2004).
89.Moneret-Vautrin DA, Sainte-Laudy J, Kanny G, Fremont S.
Human basophil activation as measured by CD63 expression
and LTC4 release in IgE mediated food allergy. Ann. Allergy
Asthma Immunol. 1999:82; 33-40. Cited by Hamilton &
Adkinson (2004).

SR - AlergiasCao.QXP  09/02/08  21:36  Page 59



60

SR - AlergiasCao.QXP  09/02/08  21:36  Page 60


