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Purpose of review

To assess the recent studies that focus on specific immunoglobulin E (sIgE) testing and basophil activation
test (BAT) for diagnosing IgE-mediated food allergies.

Recent findings

The sIgE to allergen extract or component can predict reactivity to food. The cutoff value based on the
positive predictive value (PPV) of sIgE can be considered whenever deciding whether oral food challenge
(OFC) is required to diagnose hen’s egg, cow’s milk, wheat, peanut, and cashew nut allergy. However,
PPV varies depending on the patients’ background, OFC methodology, challenge foods, and assay
methodology. Component-resolved diagnostics (CRD) has been used for food allergy diagnosis.
Ovomucoid and omega-5 gliadin are good diagnostic markers for heated egg and wheat allergy. More
recently, CRD of peanut, tree nuts, and seed have been investigated. Ara h 2 showed the best diagnostic
accuracy for peanut allergy; other storage proteins, such as Jug r 1 for walnut, Ana o 3 for cashew nut,
Ses i 1 for sesame, and Fag e 3 for buckwheat, are also better markers than allergen extracts. Some
studies suggested that BAT has superior specificity than skin prick test and sIgE testing.

Summary

The sIgE testing and BAT can improve diagnostic accuracy. CRD provides additional information that can
help determine whether OFCs should be performed to diagnose food allergy.
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INTRODUCTION

Food allergy is defined as an adverse health effect
arising from a specific immune response that occurs
reproducibly upon exposure to a given food [1].
Food allergies are classified based on antigen-spe-
cific immunological mechanisms after exposure to a
given food. The most common mechanism of food
allergy is immunoglobulin (Ig) E-mediated reac-
tions, such as urticaria, anaphylaxis, oral allergy
syndrome, and food-dependent exercise-induced
anaphylaxis [1].

The diagnostic approach for IgE-mediated food
allergy is based on the combination of clinical his-
tory and the presence of specific IgE (sIgE) anti-
bodies (Fig. 1) [2]. Key points in history taking are
suspected foods and their intakes, reproducibility of
symptom, details of symptoms, other causative con-
ditions (exercise, medication, etc.), and present food
ingested [3]. Sensitization to a food allergen can be
confirmed with sIgE testing, in-vitro test [serum
antigen-sIgE test or basophil activation test
(BAT)], or an in-vivo test [skin prick test (SPT)]
[1,2]. The presence of sIgE antibodies indicates sen-
sitization to the suspected foods, but such foods are
not always the proven food allergen that causes
rs Kluwer Health, Inc. All rights rese
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allergic reaction because of a few reasons. One of
the reasons can be explained by the cross reactivity
of allergen, and the other would be acquisition of
tolerance to food allergies during infancy. An oral
food challenge (OFC) is the most accurate test to
diagnose food allergy. However, it requires resources
and trained medical staff and has the risk of devel-
oping allergic reactions including anaphylaxis.
Therefore, conducting an OFC is safe or therefore,
safety is a concern while conducting an OFC.

The sIgE testing available for general practice
varies between countries. Previous studies showed
that the accuracy of diagnosing food allergy using
these tests varies between studies [4]. Measurements
rved. www.co-allergy.com
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KEY POINTS

� In hen’s egg, cow’s milk, wheat, peanut, and cashew
nut allergies, the cutoff value of sIgE can be used for
predicting food allergies but these values vary
between studies.

� CRD can improve diagnostic accuracy. Allergen
components to storage protein, such as Ara h 2 for
peanut, Jug r 1 for walnut, Ana o 3 for cashew nut,
Cor a 14 for hazelnut, Ses i 1 for sesame, and Fag e 3
for buckwheat, are associated with the development of
food allergies.

� Although BAT has better specificity than other IgE
testing, it is not currently performed by standardized
procedures. Thus, further studies are needed to assess
its importance in clinical practice.

Food allergy

Cop
of sIgE to allergen extracts have been used for many
years, and many studies have been published.
Recently, some studies showed that the decision
point based on positive predictive value (PPV) can
help assess the reactivity to foods [5–9], and com-
ponent-resolved diagnosis (CRD) can improve the
Clinical history/physical examination  

sIgE test for suspected foods  
(SPT and/or serum sIgE test and/or BAT) 

Oral food challenge test (if needed) 

Diagnosis of IgE-mediated food allergy 

Molecular test  
(sIgE test to allergen component) 

History taking 

FIGURE 1. Flow chart showing the process of diagnosing
food allergies. The diagnostic approach for IgE-mediated
food allergy is based on the combination of clinical history
and/or physical examination, and the presence of sIgE
antibodies. If food allergy is not diagnosed using these
information, OFC is required. BAT, basophil activation test;
SPT, skin prick test.
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accuracy of diagnosing food allergy [10]. Moreover,
BAT is increasingly used in clinical practices. There-
fore, the results of these tests must be considered to
determine whether an OFC is required to diagnose
food allergy or not.

This review covers an overview diagnosis of IgE-
mediated food allergy with a focus on the recent
advances of serum sIgE testing and BAT.
POSITIVE PREDICTIVE VALUE OF
SPECIFIC IMMUNOGLOBULIN E FOR THE
DIAGNOSIS OF FOOD ALLERGY

Previous reports indicated that the cutoff value of a
95% PPV can be useful in diagnosing food allergies,
especially in patients with a recent history of an
immediate-type allergic reaction [11–13]. Table 1
presents a summary of the PPVs from recent studies
based on the sIgE value for the diagnosis of food
allergy [5–9,14,15]. The PPV varied widely in differ-
ent studies. These differences are related to several
factors such as patients’ history of immediate reac-
tion, challenge food, target doses, and rate of food
allergy [6,14,16].

Additionally, several assays for measuring serum
sIgE antibodies are used in clinical practice. Some
studies showed discrepancies in the results obtained
by different methodologies [17]. A study of egg
allergy in early childhood demonstrated that a cor-
relation was observed between the values of egg-sIgE
and ovomucoid-sIgE antibodies detected in Siemens
IMMULITE 3gAllergy (3gAllergy) and ImmunoCAP
systems [6]. However, the two assay methods
showed different cutoff values. Recently, Sato
et al. [5] reported similar results, and they showed
that the predictive decision points for hen’s egg,
cow’s milk, and wheat allergy were different
between the two assay methods (Table 1 and
Fig. 2). These results indicate that clinicians should
be careful during assessment when extrapolating
cutoff values from published studies into clinical
practice.

Several studies investigated the PPVs of sIgE to
allergen extracts and allergen components
[7,8

&&

,15]. Results showed that sIgE to allergen
components is a better predictor of wheat and
peanut allergy than those of allergen extracts
[7,15]. Recently, Lange et al. [8

&&

] reported the
probability for a positive cashew challenge by
cashew sIgE and Ana o 3-sIgE. The 95% PPV for
positive cashew challenge was estimated for Ana o
3 sIgE at 2.0 kU/l, whereas that of cashew sIgE was
not estimated. Several allergen component sIgE
tests, which are available for clinical practice,
can be used to improve the accuracy of diagnosing
food allergy.
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Table 1. Summary of positive predictive values by specific immunoglobulin E value: recent studies

Age
(year)

Subjects
(n)

Challenge
food Target dose Allergen

Assay
method 90% PPV

Reference
number

Hen’s egg 3.6 257 Scrambled egg One whole egg Egg white ImmunoCAP NE [5]

3gAllergy 466.1 IUA/l

1.9 433 Heated egg
white powder

1 year: half of egg
2–5 years:

1 whole egg

Egg white ImmunoCAP NE [6]

3gAllergy 1 year: NE
2–5 y: 355 IUA/l

Ovomucoid ImmunoCAP 1 year: NE
2–5 y: 50.0 kU/l

3gAllergy 1 year: NE
2–5 y: 211 IUA/l

Cow’s milk 1.8 499 Heated milk
or yogurt

25 ml of heated milk
or 48 g of yogurt

Milk ImmunoCAP 27.7 kU/l [5]

3gAllergy 53.1 IUA/l

6.0 217 Heated milk 3 ml of heated milk Milk ImmunoCAP NE [14]

Wheat 1.1 626 Boiled udon
noodle

15–100 g of
udon noodle

Wheat ImmunoCAP NE [5]

3gAllergy 50.6 IUA/l

2.3 331 - - Omega 5
gliadin

ImmunoCAP Less than 1 year:
2.2 kU/l

Greater than
2 year: 3.5 kU/l

[15]

Peanut 6 165 Peanut - Peanut ImmunoCAP NE [7]

Ara h 2 ImmunoCAP 12 kU/l

Tolerant: 4.3
Allergic: 4.8

210 Peanut 4.443g Ara h 2 ImmunoCAP 14.4 kU/l [9]

Cashew
nut

Tolerant: 6.7
Allergic: 3.8

61 Cashew 25.55g Cashew nut ImmunoCAP 10.9 kU/l [8&&]

Ana o 3 ImmunoCAP 1.3 kU/l

NE, not estimated; PPV, positive predictive value.

How to diagnose food allergy Sato et al.

C

MOLECULAR ALLERGY DIAGNOSTICS

Common IgE assay method uses allergen extracts.
Allergen extracts contain a complex mixture of
allergen components. sIgE testing to allergen com-
ponents can be performed using singleplex IgE
FIGURE 2. Comparison of probability curves between 3gAllerg
curves of (a) egg white (n¼436), (b) milk (n¼497), and (c) whe
model was used to evaluate the sIgE values necessary to predict t
ImmunoCAP assay, whereas black dot line indicates 3gAllergy as

1528-4050 Copyright � 2018 Wolters Kluwer Health, Inc. All rights rese
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antibody assay and multiplex IgE antibody assay
in microarrays. CRD or molecular-based allergy
can help explain the cross-reactivity between aller-
gens and improve the accuracy of diagnosing food
allergy (Tables 2 and 3) [6,8

&&

,9,18–31].
y and ImmunoCAP assays. A comparison of the probability
at-specific IgE (n¼626) are shown. A logistic regression
he probability of inducing symptoms. Black line indicates
say. Reproduced with permission from [5].

rved. www.co-allergy.com 3

uthorized reproduction of this article is prohibited.



CE: Tripti; ACI/180311; Total nos of Pages: 8;

ACI 180311

Table 2. Diagnostic accuracy of specific immunoglobulin E to allergen components: recent studies

Antigen Component to food allergens Results Reference number

Hen’s egg Gal d 1 (ovomucoid) Ovomucoid was a good predictor of cooked egg
allergy than egg white allergy, but not a good
predictor of raw egg allergy.

[6]

Ovomucoid was the best marker to distinguish
between allergy to raw eggs only and allergy to
raw and cooked egg.

[18]

Gal d 2 (ovalbumin) Ovalbumin was the best marker of raw and cooked
egg allergies.

[18]

Cow’s milk Bos d 8 (casein) Casein was associated with baked milk allergy. [19]

Wheat Tri a 19 (omega-5 gliadin) These wheat components were associated with
positive and severity of wheat OFC.

[20]

Gliadin

HMW-glutenin

LMW-glutenin

Food allergy

Cop
Hen’s egg
Major hen’s egg allergens include ovomucoid (Gal d
1), ovalbumin (Gal d 2), conalbumin (Gal d 3),
lysozyme (Gal d 4), and livetin (Gad d 5) (Table 2)
[2]. Ovomucoid is the most immunodominant aller-
gen based on the OFC result [32]. It is stable against
heat and digestion by proteinases. Recent systematic
review indicated that ovomucoid showed the high-
est diagnostic accuracy for hen’s egg allergy [33].
Furthermore, previous studies showed that ovomu-
coid-sIgE is a better predictor of cooked egg allergy
than egg white-sIgE [32,34]. A similar result with
different patient characteristics was reported by Ben-
hamou Senouf et al. [18], indicating that ovalbumin
was the best test to diagnose raw and cooked egg
allergy. Another egg study showed that ovomucoid
was not a better predictor of raw egg allergy than egg
white [6]. For hen’s egg allergy, the best predictive
Table 3. Diagnostic accuracy of specific immunoglobulin E (sIgE)

Antigen
Component to
food allergens Results

Peanut Ara h 2 Ara h 2 was a predictive mark

Ara h 2 showed the best diagn

Ara h 2 and 6 Ara h 2 and Ara h 6 were the

Soy Gly m 8 Gly m 8 was a predictive mark

Cashew nut Ana o 3 sIgE to Ana o 3 was a valuabl

Walnut Jug r 1 sIgE to Jug r 1 has additional v

sIgE to Jug r 1 did not improve

Hazelnut Cor a 9 and 14 Cor a 9 and Cor a 14 were as

Cor a 9 and Cor a 14 were di

Cor a 14 Cor a 14 was a predictive mar

Sesame Ses i 1 Sensitization to Ses i 1 is stron

Buckwheat Fag e 3 Sensitization to Fag e 3 improv

4 www.co-allergy.com
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marker is different between raw and cooked
egg allergy.
Cow’s milk

Major cow’s milk allergens are casein (Bos d 8), beta-
lactoglobulin (Bos d 5), and alphalactoglobulin (Bos
d 4; Table 2) [5]. The proteins present in cow’s milk
are found in human breast milk, except beta-lacto-
globulin. Casein is very resistant to heat, whereas
beta-lactoglobulin and alphalactoglobulin are more
sensitive to heat than casein. More than 50% of
cow’s milk allergic patients are sensitized to these
allergens, and multiple allergens are immunodomi-
nant. Previous studies showed that casein was
related to cow’s milk allergy [35,36], and it is a good
marker for clinical reactivity to extensively heated
baked milk [19]. A recent systematic review of CRD
to allergen components: recent studies

Ref. No

er of peanut allergy. [9]

ostic accuracy. [21]

best diagnostic markers of severe reaction to peanut. [22]

er of soybean allergy. [23]

e tool for the diagnosis of cashew allergy. [8&&]

alue to crude extract testing in children. [24&]

the diagnostic accuracy in adults. [25&]

sociated with clinical hazelnut allergy. [26]

agnostic markers of a more severe hazelnut allergy. [27]

ker of hazelnut allergy. [9,28]

gly associated with clinical sesame allergy. [29]

ed the diagnostic accuracy of buckwheat allergy. [30]
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Table 4. Allergen components

LTP 2S albumin 7S globulin 11S globulin PR-10 Profilin Oleosins

Peanut Ara h 9
Ara h 16
Ara h 17

Ara h 2
Ara h 6
Ara h 7

Ara h 1 Ara h 3 Ara h 8 Ara h 5 Ara h 10
Ara h 11
Ara h 14
Ara h 15

Soy Gly m 1 Gly m 8 Gly m 5 Gly m 6 Gly m 4 Gly m 3

Cashew nut Ana o 3 Ana o 1 Ana o 2 Ana o
Profilin

Walnut Jug r 3 Jug r 1
Jug n 1

Jug r 2
Jug n 2

Jug r 4 Jug r 5 Jug r 7

Hazelnut Cor a 8 Cor a 14 Cor a 11 Cor a 9 Cor a 1 Cor a 2 Cor a 12
Cor a 13

Almond Pur du 3 Pur du 6 Pur du 4

Sesame Ses i 1
Ses i 2

Ses i 3 Ses i 6
Ses i 7

Ses i 4
Ses i 5

Buckwheat Fag e 2 Fag e 3 Fag e 1

How to diagnose food allergy Sato et al.
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showed that casein has the highest diagnostic accu-
racy for cow’s milk allergy [33].
Wheat

Major wheat allergens are glutens, which can be sub-
divided into gliadins and glutenins (Table 2). Omega-
5-gliadin (Tri a 19) is one of the gliadins; it is useful for
the diagnosis of wheat-dependent exercise-induced
anaphylaxis [37,38]. Nilsson et al. [20] showed that
omega-5-gliadin was associated with positive and
severity of wheat OFC. This result is similar to a study
conducted in the Japanese population [15]. However,
studies conducted in the American and German pop-
ulations indicated that mega-5-gliadin levels did not
correlate with the outcomes of patients with wheat
allergy [39].Moreover, a recent studyonIgEbinding to
wheat protein showed that challenge-proven wheat
allergy and tolerant ones had a similar pattern of IgE
binding to wheat protein [40]. Therefore, the results of
omega-5 gliadin in the prediction of wheat allergy
may be influenced by geographic region.
Peanut

Currently, 17 peanut allergens have been identified
(Tables 3 and 4). Ara h 2 is one of the storage proteins
and immunodominant peanut allergens [41]. Sensi-
tization to nonspecific lipid-transfer proteins (nsLTP;
Ara h 9, 16, and 17), Bet v 1 homologs (Ara h 8), and
profilins (Ara h 5) are caused by cross-reactions [2].
Two systematic reviews indicated that Ara h 2 (2S
albumin)-sIgE showed the best diagnostic accuracy of
peanut allergy [21,33], whereas Ara h 8 and Ara h 9
showed a poor diagnostic accuracy [21]. A study
published by Beyer et al. [9] showed similar results,
1528-4050 Copyright � 2018 Wolters Kluwer Health, Inc. All rights rese
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and Ara h 2 sIgE obtained a 95% PPV for positive
peanut OFC. However, the PPV range is most likely
because of the variations in patients’ background and
geographic location. Recently, Kukkonen et al. [22]
showed that co-sensitization to Ara h 2 and Ara h 6
was the best marker of severe reactions at low dose
during peanut OFC. Therefore, CRD is very helpful in
assessing peanut allergy.
Soybean

The most important soybean allergens are Gly m 5
(7S Globulin), Gly m 6 (11S Globulin), and Gly m 8
(2S albumin; Tables 3 and 4). Gly m 5 and 6 pre-
dicted systemic allergic reactions to soy more than
Gly m 4 (Bet v 1 homolog) [42], and Gly m 8 was a
good marker of soybean allergy in children [43] and
adults [44]. More recently, Gly m 8 is equally sensi-
tive to SPT, soy extract, and other soy components,
but more specific for predicting clinical reactivity
[23]. Hence, Gly m 4 can cause anaphylaxis after
consumption of soy milk [45].
Tree nut and seed

The most important hazelnut allergens are the seed
storage proteins, Cor a 9 (11S globulin) and Cor a 14
(2S albumin), and the cross-reactive proteins, Cor a 8
(LTP) and Cor a 1 (PR-10; Tables 3 and 4). Although
hazelnut extract has a poor predictive value for
clinical reactivity because of cross-reactivity with
birch pollen, Cor a 9 and 14 can be useful for
predicting clinical reactivity to hazelnut [26,27].
Previous studies indicated that Cor a 14 was superior
to Cor a 9 in predicting challenge-proven hazelnut
allergy [28,39]. These differences were because of the
rved. www.co-allergy.com 5
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patients’ background. A recent systematic review
showed that Cor a 14 showed the best diagnostic
accuracy for hazelnut allergy [33].

Regarding walnut and cashew nut, 2S albumin
as one of storage protein is the most important
allergen to predict reactivity to each nut. For walnut,
the most important walnut allergens are Jug r 1 (2S
albumin), Jug r 2 (7S globurin), and Jug r 3 (LTP) [2].
Jug r 1 sIgE was recently identified as an important
complement in the diagnosis of walnut allergy in
children and youth because of its improved clinical
specificity to walnut extract compared with IgE
[24

&

]. However, there was no improvement in the
diagnostic accuracy of Jug r 1 in adults [25

&

]. This
discrepancy seems to indicate an age-related associ-
ation. Cashew nut 2S albumin, Ana o 3, was highly
predictive of cashew and pistachio allergy [31]. More
recently, Lange et al. [8

&&

] published that Ana o 3 was
distinguished better among cashew nut allergic and
tolerant children than cashew-sIgE, and a 95% prob-
ability was estimated at 2.0 kU/l for Ana o 3.

In other seed protein, Maruyama et al. investi-
gated that sesame and buckwheat allergen compo-
nents were associated with reactivity to each food.
The sIgE to Ses i 1 (2S albumin) was strongly associ-
ated with sesame allergy [29], and Fag e 3 (7S globu-
lin)-sIgE could improve the diagnostic accuracy for
buckwheat allergy compared with sIgE [30].
Shrimp

Tropomyosin is the one of the major allergens in
shellfish allergy [2]. A recent study demonstrated
Table 5. Diagnostic accuracy of basophil activation test

Antigen Food allergens Results

Peanut Peanut extract BAT sensitivity was associated with
the severity of allergic response

Mean %CD63 showed the best dia

Peanut extract Patients with a positive OFC had s
and Ara h 2 than those with a n

Ara h 2

Hazelnut Hazelnut extract Cutoff value of CD-sens value show

Hen’s egg Egg white extract Cutoff value of SI CD203c showed

Ovomucoid Cutoff value of SI CD203c showed

Ovalbumin Cutoff value of %CD63 showed 77

Cow’s milk Milk extract Cutoff value of %CD63 showed 91

Milk extract SI CD203c to milk extract showed

Casein

Wheat Wheat extract %CD203c to omega 5 gliadin sho

Omega-5 gliadin

CD-sens is defined as the inverted value for LC50, as the lowest allergen concentrat
multiplied by 100. BAT, basophil activation test; SI, stimulation index.

6 www.co-allergy.com
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that Pen m 1 (tropomyosin) and Pen m 4 (sarcoplas-
mic calcium-binding protein) sensitization were
associated with shrimp allergy [46]. In a systematic
review of CRD, Pen a 1, Lit v 1 (tropomyosin), and
Lit v 4 (sarcoplasmic calcium-binding protein) were
investigated. Lit v 1 showed the best diagnostic
accuracy for shrimp allergy [33].
BASOPHIL ACTIVATION TEST

The BAT is a functional assay that measures the
response of basophils in whole blood to detect the
ability of sIgE. It can assess not only the sIgE value
but also the IgE epitope specificity, affinity, and
clonality [47]. BAT measures the expression of acti-
vation markers, such as CD63 or CD203c, after a
flow-cytometric allergen stimulation test [48]. Vari-
ous methods of reporting results, such as stimula-
tion index (SI), percentage positive basophil, and
CD-sens, have been used in different studies [49].

Previous studies showed that BAT with allergen
extracts or allergen components can potentially
improve its diagnostic accuracy (Table 5) [50–57].
BAT has superior specificity and comparable sensi-
tivity to diagnose food allergy than SPT or sIgE
testing. In a peanut allergy study reported by Santos
et al., BAT can improve diagnostic accuracy over the
use of SPT and sIgE and can reduce the number of
OFC required for accurate diagnosis [51]. More
recent peanut study indicated that BAT sensitivity
was associated with the threshold of allergic reac-
tion to peanut, and BAT reactivity is associated with
the severity of allergic reaction to peanut [50].
Reference number

threshold, and BAT reactivity reflected
to peanuts.

[50]

gnostic accuracy. [51]

ignificantly higher CD-sens values to peanut
egative OFC.

[52]

ed 100% sensitivity and 97% specificity. [53]

74% sensitivity and 62% specificity. [54]

80% sensitivity and 73% specificity.

% sensitivity and 100% specificity. [55]

% sensitivity and 90% specificity. [56]

the best diagnostic accuracy. [54]

wed the best diagnostic accuracy. [57]

ion giving 50% of maximum %CD63 upregulation of the dose–response curve,
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Several studies have shown that BAT with single
allergen components can improve the diagnostic
accuracy for food allergy, but further research stud-
ies are needed. Additionally, patients who were
considered as nonresponders required other IgE
testing or OFC to diagnose food allergy.
CONCLUSION

The cutoff value of sIgE can predict reactivity to
causative foods and reduced the OFC required to
diagnose food allergy. Recent studies indicated
that CRD can improve diagnostic accuracy and
predict severity of symptoms. BAT provides addi-
tional information that can be used in diagnosing
food allergies, but further studies using standard-
ized procedures are needed in order to establish
this as an acceptable method in clinical practice.
A combination of these tests would show high
diagnostic accuracy and reduce the number
of OFCs.
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