Journal No. 1. 2014

Journal

ImmunoDiagnostics

Scientiﬁc news,
opinions and reports

Improving the diagnostic work-up of pollen allergic patients
For successful specific immunotherapy (SIT) treatment of pollen allergies the patient should be
treated with an appropriate extract containing the actual symptom-triggering proteins in sufficient
quantities. Molecular allergology (MA) helps to pin-point the actual allergenic molecule(s) responsible
for the symptoms which is crucial for optimal treatment of patients. In this review, MA and its benefits
in the work-up of patients indicated for SIT are described and recent publications on the subject are
reviewed.
CAPture presents recently published articles on different risk markers in allergic diseases;
w-5-gliadin in wheat allergy, baseline serum tryptase in food allergy-induced anaphylaxis and
inhalant allergen-specific IgE in asthma.
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The benefit of MA in diagnosing
pollen allergies
This year’s first issue
of ImmunoDiagnostics
Journal reveiws how
molecular allergology can
support the indication of
specific immunotherapy
treatment (SIT) of pollen
allergic patients.
Approximately one third
of people in the western world suffer from rhinitis
which in many patients is triggered by pollen allergies.
For these patients SIT represents the only way to
modify the course of the disease. Unfortunately SIT
is not always effective, sometimes due to inadequate
diagnosis and sub-optimal choice of treatment.
For a correct decision on treatment and choice
of extract it is vital to identify the actual diseasetrigger(s). As trees, grass and weeds have overlapping
pollen seasons in many geographical areas, and also
since sensitization tests based on allergen extracts
can give misleading results, conventional extract
based testing is not sufficient. The more in-depth
analysis obtained when using a molecular allergology
based approach reveals the sensitization profile of
the patient on the protein level, which together with
the knowledge of the characteristics of these proteins
improve the identification of patients likely to be
helped by SIT treatment. An even stronger correlation
between diagnostic findings and the therapeutic
intervention could be achieved in future, if combined
with a better description and standardization of the
extracts that are used for the treatment.
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CAPture – A selection of recent allergy papers
SYNOPSIS

IgE levels to indoor allergens are risk markers of
asthma emergency department visits and wheeze

• Children (n=351) and adults (n=390) with current asthma were
recruited.
• Specific IgE to house dusts mites, cockroach, cat, dog, molds
(Alternaria, Aspergillus) and murine urine and total IgE were
quantified using (ImmunoCAP®, Phadia Laboratory System,
Thermo Fisher Scientific, Uppsala, Sweden) applying a cut off of
0.35 kUA/l.
• Total and allergen specific IgE were log transformed for quantitative
analyses.
• Dichotomous analysis: rat and cockroach sensitization in children
correlated with an increased risk of ED visits, while in adults the
same was shown for cat and mite sensitization.
• Analysis of sensitization as a continuous variable showed that rat,
cockroach and Aspergillus in children, and mites and the sum
of all sIgE measured in adults, was significantly associated with
increased risk of asthma-evoked ED visits.

This study investigates whether IgE-levels to nine indoor allergens are predictive of
current asthma and emergency department (ED) visits in asthmatic subjects. Patients
were recruited from the American NHANES study, and their IgE levels to indoor
allergens were analyzed as continuous variables and related to the occurrence of
wheeze and ED visits due to asthma.

Citation: Arroyave WD et al. The relationship between a specific IgE level and
asthma outcomes: Results from the 2005-2006 National Health and Nutrition
Examination Survey.
J Allergy Clin Immunol In Practice. 2013; 1:501-8.

The authors conclude that the asthma outcomes measure correlate with increasing
levels of specific IgE to indoor allergens. The rather high confidence intervals shown
might be due to differences in allergen exposure since the sensitization was related
to current clinical readouts.

SYNOPSIS
• Children with a doctor’s diagnosis of wheat allergy and sensitized
to wheat extract were recruited for oral wheat challenge. (n=24,
median age 5 years).
• Serum IgE to wheat extract, w-5 gliadin and gluten-derived
hydrolyzed wheat proteins (Meripro) were measured by
ImmunoCAP® with a detection limit of >0.1 kUA/l.
• Twelve of the 24 patients (50%) passed the wheat challenge test.
• CD sens test with wheat extract was positive in 87.5% (n=21) of
the cases.
• Children with positive challenge test had significantly higher sIgE
levels to wheat extract (p<0.01), w-5 gliadin (p<0.005) and HWP
(p<0.005) than those negative in challenge.
• No patients with negative challenge test had w-5 gliadin-sIgE
above 0.21 kUA/l.
Citation: Nilsson N et al. Combining analyses of basophil allergen threshold
sensitivity, CD-sens, and IgE antibodies to hydrolyzed wheat, w-5 gliadin and
timothy grass enhances the prediction of wheat challenge outcome.
Int Arch Allergy Immunol. 2013;162:50-7.

SYNOPSIS
• Food allergic children with proven sensitization, clear-cut clinical
history and positive open challenge test were recruited (n=167,
median age 2.5-3 years), as well as 113 age and gender matched
healthy controls.
• Serum IgE to food allergens and baseline serum tryptase were
measured by ImmunoCAP®.
• BST levels were significantly higher in food allergic children with a
clinical history of anaphylaxis compared to healthy children.
• The BST levels were significantly higher in allergic children with
moderate/severe reactions compared to children with no/mild
reaction.
• Children with tree nut/peanut allergy had significantly higher
baseline tryptase than milk/egg allergic children.
Citation: Sahiner UM et al. Serum basal tryptase may be a good marker for
predicting the risk of anaphylaxis in children with food allergy.
Allergy 2014;69:265-8.

Probability curves demonstrated that asthma ED visits were significantly associated
with increasing levels of IgE to rat, cockroach and Aspergillus in children. In adults,
house dust mite-specific IgE levels, as well as the sum of individual sIgE levels were
strongly associated with increased asthma and ED visits. A significant albeit lower
association of total IgE with ED visits was seen in adults.
Based on the predicted probabilities calculated a 10 kUA/l increase in allergenspecific IgE gives odds ratios (OR) of 2.7 and 4.1 for ED visits in cockroach and rat
sensitized children respectively. In adults, a similar increase in mite-specific IgE gives
an OR of 3.1.

IgE to w-5 gliadin and HWP are markers for wheat
allergy in children and adolescents as shown by
oral wheat challenge test
Allergy to wheat grains is among the most common food allergies in early
childhood. Allergic reactions to ingested wheat are caused by wheat-specific
proteins; however, co-sensitization to grass pollen gives rise to positive wheat
extract tests since wheat is a grass. The aim of the present study was to,
in children with suspected wheat allergy, relate the outcome of oral wheat
challenges, specific IgE-levels to w-5 gliadin and hydrolyzed wheat proteins
(HWP) and CD-sens results (a basophil activation test) to each other.
Using a decision point at >0.21 kUA/l sIgE to w-5 gliadin and/or >6 kUA/l sIgE
to HWP resulted in 100 % sensitivity and 91.7% specificity when comparing to
the outcome of the oral wheat challenge test (calculated from presented data).
No patients with negative challenge test had w-5 gliadin-sIgE levels above
0.21 kUA/l. CD-sens values showed a significant correlation with the level of
wheat extract sIgE (r = 0.64) as well as sIgE to HWP (r = 0:59). However,
a response in the CD-sens assay did not discriminate between positive and
negative wheat challenge test since all assessable tests were positive. In
conclusion, this study shows the importance of w-5 gliadin-sIgE as a marker for
wheat allergy in children and adolescents, and that sIgE to HWP also indicates
wheat food allergy in this age group.

Elevated baseline serum tryptase levels are
associated with higher risk of anaphylaxis in
children with food allergy
Elevated levels of baseline serum tryptase (BST) in patients with Hymenoptera venom
allergy is associated with high risk of anaphylaxis, and a reference level associated with
systemic reaction has been suggested (11.4 ng/ml). As for food allergy, the relation
between elevated BST levels and increased risk for anaphylaxis has not been studied.
The aim of the present study was to compare the BST levels in food allergic children
with and without earlier anaphylactic reactions. BST was significantly (p=0.009) higher
in food allergic children with a clinical history of anaphylaxis compared to healthy
children. Furthermore, the BST levels were significantly higher in allergic children with
moderate/severe reactions compared to children with no/mild reaction (p=0.004).
Cut offs of 5.7 ng/ml and 14.5 ng/ml were associated with 50% and 90% predicted
probabilities for a clinical history of moderate to severe anaphylaxis, respectively. The
BST level was significantly associated with a risk (OR 1.3) of moderate to severe
anaphylaxis in food allergic children.
The authors suggest that an elevated baseline serum tryptase level may predict
moderate/severe anaphylaxis in childhood food allergy.
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Molecular allergology in diagnosis and
management of pollen allergy
The only currently available, curative treatment for allergic
rhinitis and asthma is specific immunotherapy (SIT). SIT
treatment is, however, not always successful, and a reason
for treatment failure is often an inadequate diagnosis of
the allergy. To improve the accuracy of diagnosis in pollen
allergic individuals, molecular allergology (MA) can be
applied in the work-up. This approach provides a more
comprehensive sensitization profile of the patient, which
helps identify patients who are likely to benefit from SIT
and to select the most appropriate treatment for each
patient(1-4).
Pollen allergy, or pollinosis, is one of the most common
chronic allergic conditions, with an estimated prevalence
of up to 20% in European countries(5). Several studies
indicate that the incidence is increasing(6-9); figures from
the United States government for 2011 indicate that 16.9
million adults (7.3% of the population) were diagnosed with
pollen allergy in the preceding 12 months(10, 11).
In many pollen allergic individuals with severe symptoms
of allergic rhinitis, treatment with antihistamines or
corticosteroids is insufficient to prevent a decline in healthrelated quality-of-life that is associated with poor work
and educational performance(12-15). It has been widely
reported that individuals with seasonal allergic rhinitis
have an increased probability of developing asthma(16-18);
rhinitis and asthma are now considered manifestations
of the same disease according to the ‘United Airways’
hypothesis(19-21).
Specific immunotherapy (SIT; see box) is effective
in treating pollen allergy(22-27) and is indicated when
symptoms are severe and poorly controlled by optimal
pharmacological treatment, and when accompanied by
mild or moderate asthma(28, 29). SIT has also been shown
to prevent the progression of seasonal allergic rhinitis to
asthma(30-34).
For SIT to be effective, individuals must be treated with
sufficient amounts of the sensitizing allergen(35-37).
However, SIT is not effective in all patients, which often
results from allergy misdiagnosis(38). Traditionally, the
sensitizing allergen is identified from the patient’s allergenic
case history, and skin prick tests (SPT) and in vitro specific
IgE measurements using crude allergen extracts(1, 39).
However, extract-based tests provide no information on
the nature of the molecules involved in the immunological
recognition(40), and are insufficient to identify the primary
sensitizing molecule(s)(1, 3). Diagnostic tests with allergen
extracts often indicate that a patient is sensitized to multiple
allergen sources, which can reflect true co-sensitization to
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two or more allergen sources, or cross-reactive binding
of IgE to very similar allergenic molecules present in the
extracts(1, 3).
Specific immunotherapy (SIT)
SIT is a therapy for allergic diseases that
consists in administering increasing doses of
the sensitizing allergen with the aim of inducing
immune tolerance. The most common route
of allergen administration is by subcutaneous
injection (SCIT); however, tablets containing
allergen extracts for sublingual administration
(SLIT) are approved in the European Union and
North America and some other countries(18, 85).
SIT induces changes in humoral immunity,
reducing the production of allergen-specific IgE
and increasing production of specific IgG (mainly
IgG4) from B cells. IgG4 is believed to act as
a blocking antibody inhibiting IgE-facilitated
allergen presentation and histamine
release(73, 86, 87). These effects are thought to
depend on inhibition of allergen-specific Th2
responses, a switch from Th2- towards Th1type responses, and induction of regulatory
T-lymphocytes that produce IL–10 and TGF–b
and down-regulate the pro-inflammatory effects
of many immune cells(87). SIT also reduces
the allergen-specific inflammatory response,
decreasing the number of infiltrating immune
cells and production of inflammatory mediators
at the site of allergen exposure(73). These
changes contribute to long-lasting immune
tolerance that persists after SIT is
discontinued (24, 26, 34, 88).

Allergen components in
pollen
An extract of an allergen source, such as birch or timothy
grass pollen, typically contains several allergenic molecules
that are known as allergen components. These are often
referred to as ‘major’ and ‘minor’ allergens, based on the
proportion of atopic individuals who show sensitization to
them (above or below 50% in a defined population)(41). In
most atopic individuals, the major allergen is the original
sensitizing molecule and is responsible for producing the
clinical symptoms(1, 37). In pollinosis, the major allergens
are ‘specific’ or marker allergens for the allergen source.
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Minor allergens can also be specific markers for their
allergen source. However, many belong to protein families
that are widely present in the plant kingdom and are highly
conserved across plant families. Therefore, they give rise
to IgE antibodies that cross-react with similar proteins in
related and also unrelated species. These allergens are
often referred to as ‘panallergens’(42-44) and in pollen
the most important groups are profilins, polcalcins and
carbohydrate cross-reactive determinants (CCDs) (see
box).

Figure 1. Profilins and polcalcins are panallergens
commonly responsible for cross-reactivity between pollen
that may confound extract-based test results.
Highly cross-reactive allergens in pollen
Profilins: a family of small, highly conserved
molecules with more than 75% sequence
homology, even between members of distantly
related organisms(89). Profilins, such as Bet v 2
and Phl p 12 have a high degree of homology
and are present in tree, grass and weed pollen
and in plant-derived foods(42, 90). Primary
sensitization to profilin usually results from
grass pollen exposure, and IgE cross-reactivity
is associated with multiple pollen sensitizations
in extract-based diagnostic tests.
Polcalcins: pollen-specific allergens from
the calcium-binding protein family. Polcalcins
are not believed to be involved in pollinosisassociated food allergies(91). Timothy grass
Phl p 7 is the most cross-reactive of the
polcalcins(91).
Carbohydrate cross-reactive determinants
(CCDs): carbohydrate moieties of plant and
insect glycoproteins that are the most frequent
epitope structures for IgE(92). CCDs are
widespread in pollens, foods and insect venoms
and have highly conserved structures, which
leads to a high degree of IgE cross-reactivity(92).
Cross-reactive IgE to CCDs can cause positive
results to plant allergens of no apparent clinical
significance in extract-based tests in pollensensitized patients(93-95).

Although specific components are marker molecules for
a certain pollen species, some are also valid surrogate
markers for other closely related pollens of the same plant
family. For example, the major birch allergen component
Bet v 1 can also be used to diagnose sensitization to
alder. Over 90% of patients with sensitization to grass
pollen have IgE against the specific components Phl p 1
and/or Phl p 5 from Phleum pratense(45, 46), but as these
components have a high similarity between different grass
species they can be used to diagnose sensitization to any
other temperate grasses(46).
Diagnostic considerations
Diagnostic tests with allergen extracts containing both
specific and cross-reactive allergens often indicate polysensitization to several different pollens(47-50). Although
cross-reactive components are rarely responsible
for clinical symptoms, they can cause strong positive
reactions in extract-based SPTs and in vitro specific
IgE measurements(37), making it difficult to identify
the allergen responsible for clinical symptoms and to
distinguish between patients who are truly poly-sensitized
to multiple allergen sources and positive reactions caused
by cross-reactions(1, 3). In some geographical areas, such
as southern Europe, where pollen seasons occur in close
succession and often overlap, sensitization to crossreactive components makes identification of the primary
sensitizing allergen particularly challenging(38, 51).

A molecular approach to
allergy diagnosis
New diagnostic allergy tests that use purified or
recombinant allergen components enable a detailed,
quantitative evaluation of the patient’s IgE antibody profile.
This component-resolved diagnostic (CRD), or MA,
approach measures the amount of specific IgE binding to
purified natural or recombinant specific and cross-reactive
allergen components in a solid-phase binding assay and
can identify the individual molecules to which a patient
is sensitized. Commercial assays can measure specific
IgE binding to a single allergen component in one test,
or simultaneously to multiple allergen components on
a micro-array; results are interpreted using knowledge
of allergen components’ role as primary sensitizers or
cross-reacting components of no, or limited, clinical
significance(44, 52). MA can therefore reveal if positive
reactions in extract-based tests are due to true polysensitization or to cross-reactive components (Figure 2).
Today, a large number of recombinant and purified specific
and cross-reactive components of common tree, grass
and weed pollens are available and can be used to obtain
a detailed sensitization profile of pollen allergic patients(53)
(see Table 1).
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Table 1. Characteristics of specific and cross-reactive pollen allergen components available for CRD.
Characteristics

Tree pollen

Grass pollen

Olive

Birch

Cypress

Plane

(Olea
europaea)

(Betula
errucosa)

(Cupressus
arizonica)

(Platanus
acerifolia)

Major specific
components

rOle e 1

Minor specific
components

rOle e 7

rBet v 1

nCup a 1*

rPla a 1

Timothy
grass
(Phleum
pratens)

rPhl p 1
rPhl p 5b

rBet v 6

rOle e 9

Bermuda
(Cynodon
dactylon)

nCyn d 1*

Weed pollen

Mugwort Parietaria
(Artemisia
vulgaris)

nArt v 1

(Parietaria
judaica)

rPar j 2

Markers
of crossreactivity

Plantain

Ragweed

Saltwort

(Plantago
lanceolata)

(Ambrosia
elatior)

(Salsola kali)

rPla l 1

nAmb a 1

All pollen
species

nSal k 1*

nArt v 3

nPhl p 2
nPhl p 4*
rPhl p 6
rPhl p 11

Minor, crossreactive
components

rBet v 2
(profilin)

rPhl p 12
(profilin)

profilin

rBet v 4
(polcalcin)

rPhl p 7
(polcalcin)

polcalcin
MUXF3
(CCD)

Purified components carrying CCDs that may bind CCD-reactive IgE antibodies not associated with allergic symptoms.
Bet v 1 is also a marker for sensitization to other trees of the Fagales family (hazel, alder, oak, beech and hornbeam).
Ole e 1 is also a marker allergen for the diagnosis of ash (Fraxinus) pollen allergy.
Phl p 1/Phl p 5 and Cyn d 1 may be used as a specific allergen component tests also for other temperate and tropical grasses, respectively.
Par j 2 displays only limited cross-reactivity with other pollen and food non-specific lipid transfer proteins.

MA can improve the selection of patients for SIT
SIT is an expensive treatment that typically lasts 3 to 5
years(35). Correct identification of the primary sensitizing
allergen(s) to enable selection of truly eligible patients is
important for a successful treatment outcome and for
cost-effective patient management. A post hoc simulation
study calculated substantial cost-savings from the use of
MA in the diagnostic work up of pollen allergic patients
indicated for SIT(54). In addition, patients who underwent
SIT following diagnosis with SPT and MA were reported
to have a better quality-of-life than those diagnosed using
SPT alone, which resulted from more accurate and better
targeted SIT prescription(55).
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In a study of 746 patients who received SIT with birch
or grass pollen, a third of patients experienced no
improvement, or only moderate improvement in their
condition(37). When investigators retrospectively examined
the patients’ IgE sensitization profiles using CRD, they
found that 73% of those who were sensitized to major
allergens reported good or very good improvement,
compared with only 16% of those sensitized exclusively
to minor allergens(37). Other studies have also described
heterogeneity in patients’ IgE sensitization profiles
to a given pollen in local populations, indicating that
some patients are sensitized to both major and minor
components and some to only minor components(45, 56).
Currently, SIT is performed using natural allergen
extracts(1, 42, 57). Although most commercial extracts are
standardized for major allergen content, amounts of minor
allergenic components can be very low or variable(58, 59).
Therefore, it is possible that patients sensitized only to
minor components may not receive sufficient amounts of
allergen for a successful treatment outcome(1, 37).

Several studies set out to assess whether data from CRD is
a useful compliment to standard techniques for diagnosis
and management of pollen allergy. These studies were
carried out in Italy and Spain, where the abundance of
grass, tree and weed pollens and frequently overlapping
pollen seasons can make identification of the sensitizing
allergen difficult(38, 60).
Letran and co-workers compared treatment decisions for
SIT based on SPTs with Olea europaea, Phleum pratense,
palm profilin, and peach peel extract with those based
on CRD using nOle e 1, rPhl p 1-5b, rPhl p 12, rPhl p 7,
and rPru p 3 in children and adults with seasonal pollen
allergy. SPT-based SIT prescriptions were changed in 55%
of patients when component level data from CRD became
available. The most common change was from SIT with
grass + olive pollen to grass pollen only; thus CRD was
able to show that the double sensitization indicated by
the SPT was not clinically relevant. In more than a third
of patients who had their SIT prescription changed from
grass + olive pollen to grass pollen, CRD revealed IgE
binding to cross-reactive Phl p 12 and/or Phl p 7. The
authors concluded that MA improved the selection of
suitable patients for SIT in an area with overlapping pollen
seasons(61).
Sastre and colleagues compared the SIT prescription
based on results of SPT and MA diagnosis in Spanish
adults with pollinosis and reported disagreement in 54%
of patients. Disagreement levels ranged from 40% for
a positive SPT to Platanus extract and positivity to the
specific Pla a 1 and/or Pla a 2 allergens, to 16% for a
positive SPT to grass extract and positivity to the specific
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Figure 2. MA reveals variations in patient sensitization profiles to birch (Betula verrucosa) and timothy (Phleum pratense)
pollen. Levels of specific IgE antibodies to birch and timothy pollen extracts and components are shown in six pollen-allergic
patients. Patient 1 is sensitized to the major birch allergen Bet v 1; cross-reactive binding of IgE to the profilins Bet v 2 and
PhI p 12 is responsible for the low level of positivity to timothy extract. Patients 3, 4 and 6 are sensitized to the major timothy
allergens PhI p 1 and PhI p 5; positivity to birch extract results from cross-reactive IgE binding to Bet v 2. Patients 2 and 5 are
co-sensitized to the major allergens for both birch and timothy.

Phl p 1 and/or Phl p 5 allergens, with SPT indicating false
positive sensitizations. The investigators cited sensitization
to cross-reactive components, such as profilin or polcalcin,
as one possible reason for the poor agreement between
methodologies and concluded that CRD was useful in
facilitating accurate prescription of pollen immunotherapy,
at least in areas of complex pollen sensitization(55).
Passalaqua assessed the utility of component-level
data from an allergen microarray in patients who were
prescribed SIT using standard methodology (clinical history,
SPT, IgE assay) and found that MA provided additional
relevant information on IgE cross-reactions in about 70%
of patients. CRD revealed an absence of sensitization to
profilins in a relevant proportion of patients with grass
sensitization, indicating genuine poly-sensitization. The
investigators assessed the relevance of the additional
information as ‘remarkable’ in enabling a more confident
diagnostic approach and management of disease in at
least 90% of cases(39).
In an observational study that used MA to investigate
the IgE sensitization profiles to Phleum pratense in Italian
children with grass pollen allergy diagnosed by SPT, only
4% of patients had a sensitization profile that matched
a molecularly designed SIT preparation containing
Phl p 1, Phl p 2, Phl p 5a, Phl p 5b and Phl p 6. The
investigators concluded that immunization was likely to be
underpowered, due to sensitization to all components in

the SIT preparation and to additional ones; overpowered,
due to sensitization to only some of the molecules
contained in the SIT preparation; or both underpowered
and overpowered in around two thirds of the population. In
around 5% of patients, immunization would be unrelated
to their sensitization, with a potential risk of developing
new sensitizations to unrelated allergens in the SIT
preparation(45).
Implications of MA for allergy diagnosis and
treatment
The studies summarized above illustrate that by identifying
the sensitizing allergens, CRD can complement results of
SPT and extract-based specific IgE tests and can help
the physician decide which sensitization to treat and to
select a SIT extract from the most appropriate source(s)
for the patient. In several studies, MA data revealed that
poly-sensitization indicated by the SPT was, in fact, due to
sensitization to cross-reactive components, which resulted
in a change of the SIT prescription from multi- to monoallergen immunotherapy. This has important implications for
treatment, as recent reviews indicate that more supporting
data is required to validate the efficacy of multi-allergen
immunotherapy in poly-sensitized patients in routine clinical
practice(62-64). It is also possible that inclusion of additional
allergen sources in the SIT preparation, which may not
be responsible for the patient’s symptoms, may dilute the
concentration of relevant allergens to below that required
for clinical effectiveness(65).
7
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By eliminating false positive results caused by sensitization
to cross-reactive components, CRD reduced the
prescription of multi-allergen SIT in individuals with primary
sensitization to only one allergen source, minimizing
patients’ exposure to high concentrations of unrelated
allergens. Component-resolved immunotherapy (CRIT) with
only clinically relevant purified or recombinant allergens has
been proposed as a means of avoiding new sensitizations
to components in crude SIT extracts(57). CRIT with a
mixture of recombinant Phl p 1, Phl p 2, Phl p 5a,
Phl p 5b, and Phl p 6 was shown to be safe and effective
in grass pollen allergy in randomized, double-blind,
placebo-controlled studies(66, 67); however, recombinant
allergens are currently not approved for immunotherapy in
clinical practice(68).
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MA can be used to monitor the efficacy of SIT
Current practice guidelines recommend that the patient’s
response to SIT be evaluated on a regular basis, with a
decision about continuation of effective treatment made
after 3 to 5 years of treatment(69). However, less that
20% of patients who start SIT continue treatment for
the minimum required duration of 3 years(70), with lack
of effectiveness cited as one main reason for patients’
discontinuation of sublingual immunotherapy (SLIT)(71, 72).

Figure 3. Typical immunological changes during the
course of effective SIT treatment. A decrease in skin-prick
test reactivity and improvement of clinical symptoms during
SIT are accompanied by an increase in circulating levels
of specific IgG4 and a late decrease in specific IgE. Using
MA, changes in IgG4 and IgE can be used to monitor the
efficacy of SIT treatment. Adapted from Akdis, 2011(73).

The efficacy of SIT treatment can be followed by
monitoring the levels of allergen specific IgG4 and IgE
antibodies (Figure 3). One of the mechanisms of action in
SIT appears to be a block of IgE-mediated reactions by
IgG4 antibodies(73-76). Effective treatment with appropriate
immunotherapy is accompanied by a significant increase in
allergen-specific IgG4, which can be used as an objective
marker of an immune response to therapy(77).

Pollen-food syndrome or primary allergy?
Pollen allergic individuals commonly react to various
plant-derived foods, such as fruits, nuts and vegetables.
MA helps to resolve whether these reactions are caused
by IgE cross-reactions (pollen-food syndrome)(82-84), or by
primary sensitization to plant food allergens, enabling the
risk associated with the reactions to be assessed.

Significantly reduced symptom scores and, in most cases,
a decrease in specific IgE antibody levels are seen in the
later stages of treatment(73, 78, 79). MA enables a detailed,
quantitative follow-up of IgE and IgG4 responses to specific
marker allergen components(56, 73, 74, 78, 80, 81) that
facilitates evaluation of the immune response to treatment
and adjustment of therapy, and may help improve
compliance. The efficacy of SIT and the level and
persistence of the increase in IgG4 antibodies is dependant
on the sensitizing allergen dose; if the dose is too low, the
therapy is less likely to be successful(74, 81). It is therefore
important that allergen extracts used for SIT contain
sufficient amounts of all the allergen components that the
patient is sensitized to. MA can also be used to evaluate
the allergen content of an extract. In one study, MA was
used to indirectly evaluate the components present in
an extract of Phleum pratense by measuring increases
in specific IgG4 in patients undergoing SIT. IgG4 levels
to all allergen components except rPhl p 12 increased;
suggesting that Phl p 12 was underrepresented in the
extract(81).

Conclusions
MA enhances the precision of allergy diagnostic testing.
Routine use of CRD to compliment traditional diagnostic
techniques could increase the success rate of SIT
by guiding the physician in selecting candidates who
are sensitized to the specific allergen components in
commercial SIT preparations and who are most likely to
benefit from treatment. In patients with an inconsistent
allergenic case history who display poly-sensitization in
allergen extract-based tests, CRD can distinguish true
poly-sensitization from IgE cross-reactivity to cross-reactive
allergen components, enabling the physician to select
the most appropriate SIT vaccine or vaccines for the
patient. CRD can also be used to monitor the efficacy of,
and compliance with, SIT treatment. Improved diagnosis,
treatment and patient monitoring could increase the overall
success rate of SIT, which brings important benefits given
the high cost and long duration of the treatment.

ImmunoDiagnostics Journal No. 1. 2014

List of abbreviations
CCD
CRD
CRIT
IgE
IgG4
IL–10
MA
SCIT
SIT
SLIT
SPT
TGF–ß
Th1
Th2

Carbohydrate cross-reactive determinant
Component-resolved diagnosis
Component-resolved immunotherapy
Immunoglobulin E
Immunoglobulin G4
Interleukin 10
Molecular allergology
Subcutaneous immunotherapy
Specific immunotherapy
Sublingual immunotherapy
Skin prick test
Transforming growth factor-ß
T-helper type 1
T-helper type 2

References
1. Canonica GW, Ansotegui IJ, Pawankar R, Schmid-Grendelmeier P, van Hage M,
Baena-Cagnani CE, et al.
A WAO - ARIA - GA(2)LEN consensus document on molecular-based allergy
diagnostics.
World Allergy Organ J. 2013;6(1):17.
2. Cox L.
Overview of serological-specific IgE antibody testing in children.
Curr Allergy Asthma Rep. 2011 Dec;11(6):447-53.
3. Incorvaia C, Fuiano N, Canonica GW.
Seeking allergy when it hides: which are the best fitting tests?
World Allergy Organ J. 2013;6(1):11.
4. Sastre J.
Molecular diagnosis and immunotherapy.
Curr Opin Allergy Clin Immunol. 2013 Dec;13(6):646-50.
5. D’Amato G, Spieksma FT, Liccardi G, Jager S, Russo M, Kontou-Fili K, et al.
Pollen-related allergy in Europe.
Allergy. 1998 Jun;53(6):567-78.
6. Fleming DM, Crombie DL.
Prevalence of asthma and hay fever in England and Wales.
Br Med J (Clin Res Ed). 1987 Jan 31;294(6567):279-83.
7. von Mutius E, Weiland SK, Fritzsch C, Duhme H, Keil U.
Increasing prevalence of hay fever and atopy among children in Leipzig, East
Germany.
Lancet. 1998 Mar 21;351(9106):862-6.
8. Anderson HR, Ruggles R, Strachan DP, Austin JB, Burr M, Jeffs D, et al.
Trends in prevalence of symptoms of asthma, hay fever, and eczema in 1214 year olds in the British Isles, 1995-2002: questionnaire survey.
BMJ. 2004 May 1;328(7447):1052-3.
9. Andersson K, Lidholm J.
Characteristics and immunobiology of grass pollen allergens.
Int Arch Allergy Immunol. 2003 Feb;130(2):87-107.
10. Schiller J, Lucas J, Peregoy J.
Summary health statistics for U.S. adults: National Health Interview Survey,
2011.
National Center for Health Statistics Vital Health Stat. 2012;10(256).
11. Zuidmeer L, van Ree R.
Lipid transfer protein allergy: primary food allergy or pollen/food syndrome
in some cases.
Curr Opin Allergy Clin Immunol. 2007 Jun;7(3):269-73.
12. Ruggeri M, Oradei M, Frati F, Puccinelli P, Romao C, Dell’albani I, et al.
Economic evaluation of 5-grass pollen tablets versus placebo in the
treatment of allergic rhinitis in adults.
Clin Drug Investig. 2013 May;33(5):343-9.
13. Small M, Piercy J, Demoly P, Marsden H.
Burden of illness and quality of life in patients being treated for seasonal
allergic rhinitis: a cohort survey.
Clin Transl Allergy. 2013;3(1):33.
14. Walker S, Khan-Wasti S, Fletcher M, Cullinan P, Harris J, Sheikh A.
Seasonal allergic rhinitis is associated with a detrimental effect on
examination performance in United Kingdom teenagers: case-control study.
J Allergy Clin Immunol. 2007 Aug;120(2):381-7.
15. Canonica GW, Bousquet J, Mullol J, Scadding GK, Virchow JC.
A survey of the burden of allergic rhinitis in Europe.
Allergy. 2007;62 Suppl 85:17-25.

16. Greisner WA, 3rd, Settipane RJ, Settipane GA.
Co-existence of asthma and allergic rhinitis: a 23-year follow-up study of
college students.
Allergy Asthma Proc. 1998 Jul-Aug;19(4):185-8.
17. Danielsson J, Jessen M.
The natural course of allergic rhinitis during 12 years of follow-up.
Allergy. 1997 Mar;52(3):331-4.
18. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias A, et al.
Allergic Rhinitis and its Impact on Asthma (ARIA) 2008 update (in
collaboration with the World Health Organization, GA(2)LEN and AllerGen).
Allergy. 2008 Apr;63(Suppl 86):8-160.
19. Rimmer J, Ruhno JW.
Rhinitis and asthma: united airway disease.
Med J Aust. 2006 Nov 20;185(10):565-71.
20. Compalati E, Ridolo E, Passalacqua G, Braido F, Villa E, Canonica GW.
The link between allergic rhinitis and asthma: the united airways disease.
Expert Rev Clin Immunol. 2010 May;6(3):413-23.
21. Passalacqua G, Ciprandi G, Pasquali M, Guerra L, Canonica GW.
An update on the asthma-rhinitis link.
Curr Opin Allergy Clin Immunol. 2004 Jun;4(3):177-83.
22. Di Bona D, Plaia A, Leto-Barone MS, La Piana S, Di Lorenzo G.
Efficacy of subcutaneous and sublingual immunotherapy with grass allergens
for seasonal allergic rhinitis: a meta-analysis-based comparison.
J Allergy Clin Immunol. 2012 Nov;130(5):1097-107.
23. Dretzke J, Meadows A, Novielli N, Huissoon A, Fry-Smith A, Meads C.
Subcutaneous and sublingual immunotherapy for seasonal allergic rhinitis: a
systematic review and indirect comparison.
J Allergy Clin Immunol. 2013 May;131(5):1361-6.
24. Durham SR, Emminger W, Kapp A, Colombo G, de Monchy JG, Rak S, et al.
Long-term clinical efficacy in grass pollen-induced rhinoconjunctivitis after
treatment with SQ-standardized grass allergy immunotherapy tablet.
J Allergy Clin Immunol. 2010 Jan;125(1):131-8.
25. Durham SR, Riis B.
Grass allergen tablet immunotherapy relieves individual seasonal eye and
nasal symptoms, including nasal blockage.
Allergy. 2007 Aug;62(8):954-7.
26. Durham SR, Walker SM, Varga EM, Jacobson MR, O’Brien F, Noble W, et al.
Long-term clinical efficacy of grass-pollen immunotherapy.
N Engl J Med. 1999 Aug 12;341(7):468-75.
27. Calderon MA, Alves B, Jacobson M, Hurwitz B, Sheikh A, Durham S.
Allergen injection immunotherapy for seasonal allergic rhinitis.
Cochrane Database Syst Rev. 2007 (1):CD001936.
28. Calderon MA, Casale TB, Togias A, Bousquet J, Durham SR, Demoly P.
Allergen-specific immunotherapy for respiratory allergies: from meta-analysis
to registration and beyond.
J Allergy Clin Immunol. 2011 Jan;127(1):30-8.
29. Walker SM, Durham SR, Till SJ, Roberts G, Corrigan CJ, Leech SC, et al.
Immunotherapy for allergic rhinitis.
Clin Exp Allergy. 2011 Sep;41(9):1177-200.
30. Moller C, Dreborg S, Ferdousi HA, Halken S, Host A, Jacobsen L, et al.
Pollen immunotherapy reduces the development of asthma in children with
seasonal rhinoconjunctivitis (the PAT-study).
J Allergy Clin Immunol. 2002 Feb;109(2):251-6.
31. Novembre E, Galli E, Landi F, Caffarelli C, Pifferi M, De Marco E, et al.
Coseasonal sublingual immunotherapy reduces the development of asthma
in children with allergic rhinoconjunctivitis.
J Allergy Clin Immunol. 2004 Oct;114(4):851-7.
32. Polosa R, Li Gotti F, Mangano G, Paolino G, Mastruzzo C, Vancheri C, et al.
Effect of immunotherapy on asthma progression, BHR and sputum
eosinophils in allergic rhinitis.
Allergy. 2004 Nov;59(11):1224-8.
33. Marogna M, Falagiani P, Bruno M, Massolo A, Riva G.
The allergic march in pollinosis: natural history and therapeutic implications.
Int Arch Allergy Immunol. 2004 Dec;135(4):336-42.
34. Jacobsen L, Niggemann B, Dreborg S, Ferdousi HA, Halken S, Host A, et al.
Specific immunotherapy has long-term preventive effect of seasonal and
perennial asthma: 10-year follow-up on the PAT study.
Allergy. 2007 Aug;62(8):943-8.
35. Bousquet J, Lockey R, Malling HJ.
Allergen immunotherapy: therapeutic vaccines for allergic diseases. A WHO
position paper.
J Allergy Clin Immunol. 1998 Oct;102(4 Pt 1):558-62.
36. Canonica GW, Bousquet J, Casale T, Lockey RF, Baena-Cagnani CE, Pawankar R,
et al.
Sub-lingual immunotherapy: world allergy organization position paper 2009.
World Allergy Organ J. 2009 Nov;2(11):233-81.
37. Schmid-Grendelmeier P.
[Recombinant allergens. For routine use or still only science?].
Hautarzt. 2010 Nov;61(11):946-53.
38. Barber D, de la Torre F, Feo F, Florido F, Guardia P, Moreno C, et al.
Understanding patient sensitization profiles in complex pollen areas: a
molecular epidemiological study.
Allergy. 2008 Nov;63(11):1550-8.

9

ImmunoDiagnostics Journal No. 1. 2014

39. Passalacqua G, Melioli G, Bonifazi F, Bonini S, Maggi E, Senna G, et al.
The additional values of microarray allergen assay in the management of
polysensitized patients with respiratory allergy.
Allergy. 2013 Aug;68(8):1029-33.
40. Goikoetxea M, Sanz M, García B, Mayorga C, Longo N, Martinez JG, et al.
Recommendations for the use of in vitro methods to detect specific
immunoglobulin E: are they comparable?
J Investig Allergol Clin Immunol. 2013;23(7):448-54.
41. Chapman MD.
Allergen nomenclature.
Clin Allergy Immunol. 2008;21:47-58.
42. Hauser M, Roulias A, Ferreira F, Egger M.
Panallergens and their impact on the allergic patient.
Allergy Asthma Clin Immunol. 2010 Jan;6(1):1.
43. Asero R.
Component-resolved diagnosis-assisted prescription of allergen-specific
immunotherapy: a practical guide.
Eur Ann Allergy Clin Immunol. 2012 Oct;44(5):183-7.
44. Melioli G, Compalati E, Bonini S, Canonica GW.
The added value of allergen microarray technique to the management of
poly-sensitized allergic patients.
Curr Opin Allergy Clin Immunol. 2012 Aug;12(4):434-9.
45. Tripodi S, Frediani T, Lucarelli S, Macri F, Pingitore G, Di Rienzo Businco A, et al.
Molecular profiles of IgE to Phleum pratense in children with grass pollen
allergy: implications for specific immunotherapy.
J Allergy Clin Immunol. 2012 Mar;129(3):834-9.
46. Sekerkova A, Polackova M, Striz I.
Detection of Phl p 1, Phl p 5, Phl p 7 and Phl p 12 specific IgE antibodies in
the sera of children and adult patients allergic to Phleum pollen.
Allergol Int. 2012 Jun;61(2):339-46.
47. Villalta D, Asero R.
Analysis of the allergenic profile of patients hypersensitive to pollen panallergens living in two distinct areas of northern Italy.
Eur Ann Allergy Clin Immunol. 2011 Mar;43(2):54-7.
48. Scala E, Alessandri C, Bernardi ML, Ferrara R, Palazzo P, Pomponi D, et al.
Cross-sectional survey on immunoglobulin E reactivity in 23,077 subjects
using an allergenic molecule-based microarray detection system.
Clin Exp Allergy. 2010 Jun;40(6):911-21.
49. Silvestri M, Rossi GA, Cozzani S, Pulvirenti G, Fasce L.
Age-dependent tendency to become sensitized to other classes of
aeroallergens in atopic asthmatic children.
Ann Allergy Asthma Immunol. 1999 Oct;83(4):335-40.
50. Ciprandi G, Alesina R, Ariano R, Aurnia P, Borrelli P, Cadario G, et al.
Characteristics of patients with allergic polysensitization: the POLISMAIL
study.
Eur Ann Allergy Clin Immunol. 2008 Nov;40(3):77-83.
51. Gadermaier G, Wopfner N, Wallner M, Egger M, Didierlaurent A, Regl G, et al.
Array-based profiling of ragweed and mugwort pollen allergens.
Allergy. 2008 Nov;63(11):1543-9.
52. Shreffler WG.
Microarrayed recombinant allergens for diagnostic testing.
J Allergy Clin Immunol. 2011 Apr;127(4):843-9.
53. Scala E.
Molecule-based diagnosis and allergen immunotherapy.
Eur Ann Allergy Clin Immunol. 2013;45(S2):25-32.
54. Mascialino B, Hermansson L-L, Sastre J.
The role of molecular allergology in allergen-specific immunotherapy
adherence and patient quality of life in a complex pollen area: a simulation
model.
J Allergy Clin Immunol. 2013;131(2):AB201.
55. Sastre J, Landivar ME, Ruiz-Garcia M, Andregnette-Rosigno MV, Mahillo I.
How molecular diagnosis can change allergen-specific immunotherapy
prescription in a complex pollen area.
Allergy. 2012 May;67(5):709-11.
56. Rossi RE, Monasterolo G, Monasterolo S.
Measurement of IgE antibodies against purified grass-pollen allergens (Phl p
1, 2, 3, 4, 5, 6, 7, 11, and 12) in sera of patients allergic to grass pollen.
Allergy. 2001 Dec;56(12):1180-5.
57. Valenta R, Lidholm J, Niederberger V, Hayek B, Kraft D, Gronlund H.
The recombinant allergen-based concept of component-resolved diagnostics
and immunotherapy (CRD and CRIT).
Clin Exp Allergy. 1999 Jul;29(7):896-904.
58. Focke M, Marth K, Flicker S, Valenta R.
Heterogeneity of commercial timothy grass pollen extracts.
Clin Exp Allergy. 2008 Aug;38(8):1400-8.
59. Focke M, Marth K, Valenta R.
Molecular composition and biological activity of commercial birch pollen
allergen extracts.
Eur J Clin Invest. 2009 May;39(5):429-36.
60. D’Amato G, Cecchi L, Bonini S, Nunes C, Annesi-Maesano I, Behrendt H, et al.
Allergenic pollen and pollen allergy in Europe.
Allergy. 2007 Sep;62(9):976-90.

10

61. Letran A, Espinazo M, Moreno F.
Measurement of IgE to pollen allergen components is helpful in selecting
patients for immunotherapy.
Ann Allergy Asthma Immunol. 2013 Oct;111(4):295-7.
62. Calderon MA, Cox L, Casale TB, Moingeon P, Demoly P.
Multiple-allergen and single-allergen immunotherapy strategies in
polysensitized patients: looking at the published evidence.
J Allergy Clin Immunol. 2012 Apr;129(4):929-34.
63. Bahceciler NN, Galip N, Cobanoglu N.
Multiallergen-specific immunotherapy in polysensitized patients: where are
we?
Immunotherapy. 2013 Feb;5(2):183-90.
64. Nelson HS.
Multiallergen immunotherapy for allergic rhinitis and asthma.
J Allergy Clin Immunol. 2009 Apr;123(4):763-9.
65. Nelson HS.
Allergen immunotherapy: where is it now?
J Allergy Clin Immunol. 2007 Apr;119(4):769-79.
66. Jutel M, Jaeger L, Suck R, Meyer H, Fiebig H, Cromwell O.
Allergen-specific immunotherapy with recombinant grass pollen allergens.
J Allergy Clin Immunol. 2005 Sep;116(3):608-13.
67. Klimek L, Schendzielorz P, Pinol R, Pfaar O.
Specific subcutaneous immunotherapy with recombinant grass pollen
allergens: first randomized dose-ranging safety study.
Clin Exp Allergy. 2012 Jun;42(6):936-45.
68. Valenta R, Linhart B, Swoboda I, Niederberger V.
Recombinant allergens for allergen-specific immunotherapy: 10 years
anniversary of immunotherapy with recombinant allergens.
Allergy. 2011 Jun;66(6):775-83.
69. Cox L, Nelson H, Lockey R, Calabria C, Chacko T, Finegold I, et al.
Allergen immunotherapy: a practice parameter third update.
J Allergy Clin Immunol. 2011 Jan;127(1 Suppl):S1-55.
70. Kiel MA, Roder E, Gerth van Wijk R, Al MJ, Hop WC,
Rutten-van Molken MP. Real-life compliance and persistence among users of
subcutaneous and sublingual allergen immunotherapy.
J Allergy Clin Immunol. 2013 Aug;132(2):353-60.
71. Passalacqua G, Frati F, Puccinelli P, Scurati S, Incorvaia C, Canonica GW, et al.
Adherence to sublingual immunotherapy: the allergists’ viewpoint.
Allergy. 2009 Dec;64(12):1796-7.
72. Pajno GB, Vita D, Caminiti L, Arrigo T, Lombardo F, Incorvaia C, et al.
Children’s compliance with allergen immunotherapy according to
administration routes.
J Allergy Clin Immunol. 2005 Dec;116(6):1380-1.
73. Akdis CA, Akdis M.
Mechanisms of allergen-specific immunotherapy.
J Allergy Clin Immunol. 2011 Jan;127(1):18-27.
74. Mothes N, Heinzkill M, Drachenberg KJ, Sperr WR, Krauth MT, Majlesi Y, et al.
Allergen-specific immunotherapy with a monophosphoryl lipid A-adjuvanted
vaccine: reduced seasonally boosted immunoglobulin E production and
inhibition of basophil histamine release by therapy-induced blocking
antibodies.
Clin Exp Allergy. 2003 Sep;33(9):1198-208.
75. Wachholz PA, Durham SR.
Mechanisms of immunotherapy: IgG revisited.
Curr Opin Allergy Clin Immunol. 2004 Aug;4(4):313-8.
76. Wachholz PA, Soni NK, Till SJ, Durham SR.
Inhibition of allergen-IgE binding to B cells by IgG antibodies after grass
pollen immunotherapy.
J Allergy Clin Immunol. 2003 Nov;112(5):915-22.
77. Ohashi Y, Nakai Y, Okamoto H, Ohno Y, Sakamoto H, Tanaka A, et al.
Significant correlation between symptom score and IgG4 antibody titer
following long-term immunotherapy for perennial allergic rhinitis.
Ann Otol Rhinol Laryngol. 1997 Jun;106(6):483-9.
78. Gadermaier E, Staikuniene J, Scheiblhofer S, Thalhamer J, Kundi M, Westritschnig
K, et al.
Recombinant allergen-based monitoring of antibody responses during
injection grass pollen immunotherapy and after 5 years of discontinuation.
Allergy. 2011 Sep;66(9):1174-82.
79. Burks AW, Calderon MA, Casale T, Cox L, Demoly P, Jutel M, et al.
Update on allergy immunotherapy: American Academy of Allergy, Asthma
& Immunology/European Academy of Allergy and Clinical Immunology/
PRACTALL consensus report.
J Allergy Clin Immunol. 2013 May;131(5):1288-96 e3.
80. Valenta R, Twaroch T, Swoboda I.
Component-resolved diagnosis to optimize allergen-specific immunotherapy
in the Mediterranean area.
J Investig Allergol Clin Immunol. 2007;17 Suppl 1:36-40.
81. Rossi RE, Monasterolo G.
Evaluation of recombinant and native timothy pollen (rPhl p 1, 2, 5, 6, 7,
11, 12 and nPhl p 4)- specific IgG4 antibodies induced by subcutaneous
immunotherapy with timothy pollen extract in allergic patients.
Int Arch Allergy Immunol. 2004 Sep;135(1):44-53.

ImmunoDiagnostics Journal No. 1. 2014

82. Muraro A, Alonzi C.
Pollen-food syndrome. In: Food Allergy. Eds. Burks W, James JM, and
Eigenmann P.
Elsevier Health Sciences, 2011.
83. Vieira T, Lopes C, Pereira AM, Araujo L, Moreira A, Delgado L.
Microarray based IgE detection in poly-sensitized allergic patients with
suspected food allergy - an approach in four clinical cases.
Allergol Immunopathol (Madr). 2012 May-Jun;40(3):172-80.
84. Wolthers OD.
Component-resolved diagnosis in pediatrics.
ISRN Pediatr. 2012;2012:806920.
85. Creticos P.
Sublingual and oral immunotherapy for allergic rhinitis. Dec 2013 Available
from:
http://wwwuptodatecom/contents/sublingual-and-oral-immunotherapy-for-allergicrhinitis.
86. Alvaro M, Sancha J, Larramona H, Lucas JM, Mesa M, Tabar AI, et al.
Allergen-specific immunotherapy: update on immunological mechanisms.
Allergol Immunopathol (Madr). 2013 Jul-Aug;41(4):265-72.
87. James LK, Durham SR.
Update on mechanisms of allergen injection immunotherapy.
Clin Exp Allergy. 2008 Jul;38(7):1074-88.
88. Cruz AA, Popov T, Pawankar R, Annesi-Maesano I, Fokkens W, Kemp J, et al.
Common characteristics of upper and lower airways in rhinitis and asthma:
ARIA update, in collaboration with GA(2)LEN.
Allergy. 2007;62 Suppl 84:1-41.
89. Hauser M, Egger M, Wallner M, Wopfner N, Schmidt G, Ferreira F.
Molecular properties of plant food allergens: a current classification into
protein families.
The Open Immunology Journal. 2008;1:1-12.
90. Sano A, Yagami A, Inaba Y, Yamakita T, Suzuki K, Matsunaga K.
Sensitization profiles of a case of pollen-food allergy syndrome.
Allergol Int. 2011 Mar;60(1):97-101.
91. Wopfner N, Dissertori O, Ferreira F, Lackner P.
Calcium-binding proteins and their role in allergic diseases.
Immunol Allergy Clin North Am. 2007 Feb;27(1):29-44.
92. Altmann F.
The role of protein glycosylation in allergy.
Int Arch Allergy Immunol. 2007;142(2):99-115.
93. Mari A, Iacovacci P, Afferni C, Barletta B, Tinghino R, Di Felice G, et al.
Specific IgE to cross-reactive carbohydrate determinants strongly affect the
in vitro diagnosis of allergic diseases.
J Allergy Clin Immunol. 1999 Jun;103(6):1005-11.
94. van der Veen MJ, van Ree R, Aalberse RC, Akkerdaas J, Koppelman SJ, Jansen
HM, et al.
Poor biologic activity of cross-reactive IgE directed to carbohydrate
determinants of glycoproteins.
J Allergy Clin Immunol. 1997 Sep;100(3):327-34.
95. Petersen A, Vieths S, Aulepp H, Schlaak M, Becker WM.
Ubiquitous structures responsible for IgE cross-reactivity between tomato
fruit and grass pollen allergens.
J Allergy Clin Immunol. 1996 Oct;98(4):805-15.

11

Printed on recycled paper.

thermoscientific.com/phadia
© 2014 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific Inc. and its subsidiaries.
Manufacturer; Phadia AB, Uppsala Sweden.

Head office Sweden +46 18 16 50 00
Austria +43 1 270 20 20
Belgium +32 2 749 55 15
Brazil +55 11 3345 5050
China +86 800 810 5118
Czech Republic +420 220 518 743
Denmark +45 70 23 33 06
Finland +358 9 3291 0110
France +33 1 61 37 34 30

Germany +49 761 47 805 0
Hong Kong +852 2885 4613
India +91 11 4610 7555/56
Italy +39 02 64 163 411
Japan +81 3 5826 1660
Korea +82 2 2027 5400
Norway +47 21 67 32 80
Portugal +351 21 423 5350
South Africa +27 11 792 6790

Spain +34 935 765 800
Sweden +46 18 16 60 60
Switzerland +41 43 343 4050
Taiwan +886 2 8751 6655
The Netherlands +31 30 602 37 00
United Kingdom/Ireland +44 1 908 769 110
USA +1 800 346 4364
Other countries +46 18 16 50 00

A Thermo Fisher Scientific Brand

