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Food allergy: management, diagnosis and 
treatment strategies

Food allergy (FA), the prevalence of which is 
increasing in industrialized countries, results 
from Th2-polarized immune responses to 
innocuous environmental proteins – so-called 
allergens [1]. Allergenicity (i.e., the capacity to 
induce the production of specific IgE [sIgE] 
antibodies) is restricted to a minute fraction of 
all proteins to which humans are exposed. More 
than 170 food proteins have been described as 
allergens and categorized into different fami-
lies, although just a few of them, such as nuts, 
legumes, fruits, eggs, milk and seafood, are 
responsible for 90% of FA cases [2,3]. Although 
different immunological mechanisms, such as 
IgE-mediated, cellular-mediated or mixed IgE 
cellular-mediated, are associated with FA, in 
this review we will focus on the most frequent 
and best-studied, IgE-mediated reactions. The 
diagnosis is complex and in many cases the blind 
administration of the suspected food is the only 
available method, even though this procedure is 
not free of risk.

The current management of FA consists of 
strict avoidance of culprit foods, a proper coun-
seling of the patients to recognize the early 
symptoms of allergic reactions and training 
to self-administer epinephrine [4]. Neverthe-
less, patients are not exempt from risk because 
accidental ingestion can occur and the presence 
of common allergenic components in different 
products may give rise to an anaphylactic reac-
tion. Accordingly, new treatments are necessary 
in order to reduce or prevent the risk of suffer-
ing unwanted reactions, which would, in turn, 
improve the quality of life for these patients [5]. 

For many years, in allergic diseases such as 
allergic rhinitis, asthma, venom hypersensitiv-
ity and more recently in FA, allergen-specific 
immunotherapy (SIT) has been applied, with 
the main goal of inducing long-term desensitiza-
tion or tolerance. SIT has been shown to reduce 
the symptoms and the symptomatic medication 
required. Moreover, SIT is able to induce long-
term clinical effects and it is also able to prevent 
the onset of further allergies [6,7]. SIT is the only 
treatment able to modulate the immunological 
response and therefore the course of an allergic 
disease. Although promising results have been 
obtained, we are still far from understanding the 
complex mechanisms leading to the successful 
results in SIT. Some of these mechanisms will 
be analyzed in detail in this review.

Prevalence
Although the real prevalence of FA is still not 
well known, some data suggest it is increasing, 
at least in western countries [8–10]. Obtaining 
comparable prevalence data is difficult due to 
several factors, including the nonstandardized 
food allergens employed, the diagnostic criteria 
used and the characteristics of the study popu-
lation (age, sensitization pattern). In 2007, the 
EuroPrevall consortium (EU-funded project on 
FA) undertook a meta-analysis of FA publica-
tions, including only those studies with clear FA 
to milk, egg, peanut, fish and seafood in children 
and adults. This study showed the prevalence 
of FA to be 1–5% of the total population in the 
European community [11,12]. Similar results were 
found in other studies based on a US population 
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where 4.2% of children and 1.3% of adults were 
diagnosed as allergic [13]. Simultaneously, other 
studies have shown frequencies of FA of approxi-
mately 6% in children and 4% in adults [14,15]. 
Recently, a study including more than 2800 Aus-
tralian children diagnosed by skin prick test 
(SPT) to one or more food allergens showed an 
increased prevalence, with more than 10% of 
patients with proven IgE-mediated FA to one of 
the common allergenic foods [16]. However, the 
real percentage could be underestimated since 
food allergens in vegetables and fruits were not 
included. This is important because while ani-
mal proteins are allergens frequently associated 
with FA in children, vegetables and fruits are 
the allergens more frequently involved in adults, 
especially in certain geographical areas, such 
as Mediterranean countries [17]. In addition, 
although reactions to vegetables and fruits fre-
quently involve oral allergy syndrome (OAS), 
systemic symptoms nevertheless occur. Table 1 
shows the most frequent allergens involved in 
children and adults with FA.

Immunological mechanisms involved
Although any food protein may theoretically 
become an allergen, only proteins belonging to 
a few families have so far been characterized as 
food allergens [3]. Research has focused on defin-
ing the properties that lead proteins to become 
an allergen, demonstrating that just a few fea-
tures such as stability to heat and enzymatic pro-
cesses, a size of 10–70 kDa and water-solubility, 
are the most important [10]. 

Over the last few years, numerous food aller-
gens from different sources including animals [18], 
pollens [19] and plants [20] have been described. 
The biochemical analysis of these molecules has 
shown that some of them are widely distributed 
among different food families. They share highly 
conserved linear sequence regions or similar 3D 
structures, and are therefore considered as pan-
allergens [3,21,22]. Panallergens such as profilins 
[23,24], polcalcins [25,26], pathogenesis-related pro-
teins (including nonspecific LTPs) [27], parvalbu-
mins [28], seed storage proteins [29] or tropomyosins 
[22], are the greatest source of IgE cross-reactivity 
among patients, thus representing a major problem 
in skin testing and in vitro diagnosis (Table 2). 

The oral and gut mucosa are constantly in con-
tact with antigens from different sources such as 
bacteria and dietary proteins, and, under normal 
conditions, tolerance develops. Specific suppres-
sion of humoral (B cells) and cellular (T cells) 
responses, and nonspecific conditions (pH, 
mucous production, gut epithelium barrier and 
enzymatic activity) all contribute to decreasing 
the allergenicity of antigens and to maintaining 
the tolerogenic environment [30,31]. 

Focusing on the immunological response, 
the role of different immune cells such as den-
dritic cells (DCs) or Tregs is well known in the 
induction of oral tolerance in humans [32–35]. 
DCs are professional APCs situated in all tis-
sues, including the GI tract. DCs are continu-
ously processing antigen molecules and present-
ing them to naive T cells localized in secondary 
lymphoid nodes associated with the gut, mainly 
Peyers’ patches and mesenteric lymphoid nodes, 
and they play a pivotal role between tolerance 
and active immunity, depending on the state 
of maturity and the cytokine microenviron-
ment in which this takes place [36]. The role of 
DC maturation in food allergen presentation 
has been demonstrated in vitro for Pru p 3, the 
major allergen of peach belonging to the LTP 
family, by increasing the specific T‑cell prolifera-
tion in peach allergic patients [37]. Furthermore, 
DCs with tolerogenic/regulatory functions have 
been reported since they are able to induce Treg 
differentiation. It is well established that DCs 
are able to maintain a tolerant environment in 
the oral epithelium, where they are exposed to 
a large variety of allergens [38]. In this sense, the 
capacity of plasmacytoid DCs to generate func-
tional FoxP3+ T cells has recently been shown 
[39]. Thus, DCs have an important role in oral 
tolerance and the mechanism involved in SIT. 

Treg suppression of effector responses 
[40–42] can be mediated by the production of 

Table 1. Main allergens and reported percentages in food allergy in 
children (<16 years) and adults (>16 years).

Food US children (%) US adults (%) European 
children (%)

European 
adults (%)

Milk 2.5 0.3 0.5–2 0.5

Eggs 1.5 0.2 0.5–2.5 0.5

Peanuts 1.4 0.6 0–1.5 2.5

Tree nuts 1.1 0.5 0–7.3 NR

Wheat 0.4 0.3 0.5 >3

Soy 0.4 0.3 0–0.7 0.2–2.9

Fish 0.1 0.4 0–0.5 0.5

Shellfish 0.1 2 0–0.5 1.4

Sesame 0.1 0.1 0.1–0.9 <1

Fruits/
vegetables

NR 0.1–4.3† 0.1–4.3, <0.5 0.4–3.5

†Estimated/ranged percentage. 
NR: Not reported. 
Data taken from [10,12,17].
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anti-inf lammatory cytokines such as IL‑10 
and/or TGF‑b [40,43,44]. The regulatory func-
tion of IL‑10 is based on its capacity to induce 
the differentiation of IL‑10-secreting Tregs, to 
block the production of inflammatory cytokines 
by T cells and to suppress the antigen presenting 
function by decreasing the expression of MHC 
class  II and costimulatory molecules [45–49]. 
TGF‑b, however, is a bifunctional cytokine that 
can exert either proinflammatory or anti-inflam-
matory functions [50], inhibiting the proliferation 
and effector functions of T cells and the activa-
tion of macrophages, stimulating the switching 
to IgA in mucosal tissues [51] and contributing 
to the differentiation of CD4+CD25+ Tregs [52]. 
Other cells, such as B cells [53–55], CD8 T cells 
[56,57] or NK cells [58], have also been shown to 
have a role in the tolerogenic response under cer-
tain conditions. In this sense, it has recently been 
reported in bee venom allergy that inducible 
IL‑10-producing B cells were able to suppress 
antigen-specific T‑cell activation, in association 
with a shift toward IgG4 production [59]. FA may 
arise when the mechanisms designed for main-
tenance of oral tolerance fail. As in any aller-
gic response, this involves two different phases 
(Figure 1): initial sensitization occurs once DCs 
recognize food allergens, migrate to secondary 
lymphoid nodes and present the allergen on 
MHC-II molecules to naive T cells. When this 
happens with the expression of costimulatory 
molecules and Th2 cytokines, a switching to an 
IgE isotype occurs in B cells [48]. This sIgE is 
bound to the high-affinity receptors (FceRI) on 
basophils and mast cells; effector phase occurs 
when the subject is re-exposed to the specific 
allergen that crosslinks with several IgE bound 
to cell surfaces. This activates cells and triggers 
a degranulation process with release of differ-
ent molecules such as vasoactive amines (hista-
mine), lipid mediators such as prostaglandins 
or leukotrienes (LTc4, LTe4 and LTd4), or PAF 
and ECF-A. In addition, there is an induction 
of chemokines and cytokines responsible for the 
recruitment of other effector cells (eosinophils or 
effector Th2 cells), leading to inflammation and 
damage in the tissues [43,60–62].

Diagnosis
The diagnosis of FA is based on a clinical history 
and different in vivo and in vitro tests [1]. The 
former is the first approach to obtain informa-
tion about the presumed source of the culprit 
allergen, the type of reaction according to the 
time elapsed between the intake and the appear-
ance of symptoms, and to elucidate whether 

other cofactors such as alcohol consumption 
or exercise could be involved [63]. IgE-mediated 
reactions are characterized by an early onset 
of symptoms, normally within 2 h after food 
intake and include clinical symptoms with dif-
ferent degrees of severity, such as mild (OAS), 
moderate (urticaria) and severe (GI disorders 
or anaphylaxis) [64]. The OAS is characterized 
by the presence of itching, stinging pain and 
vascular edema of the lips, tongue, palate and 
pharynx that can be accompanied by itching on 
the ear and a feeling of tightness of the throat 
[65–67]; urticaria, with or without angioedema, 
which usually appears as transient rapidly evolv-
ing pruriginous wheals at different sites of the 
body [64,68]; and anaphylaxis, the most severe 
reaction, which presents with systemic symp-
toms such as dyspnea, vomiting, abdominal 
pain, diarrhea and even hypotension that may 
cause death [69–72]. 

Among in vivo tests, the oral food challenge 
(OFC) is considered the gold standard to iden-
tify the specific food and to confirm the allergy, 
but it is frequently related with the risk of induc-
ing an anaphylactic reaction [73–75]. Thus alter-
native in vivo tests, such as the SPT, or in vitro 
tests, such as fluorescent-enzyme immunoas-
says (FEIA-CAP) or radioallergosorbent tests 
(RAST) are also employed. These tests are 
based on the detection of sIgE in skin or in 
blood, although neither are truly predictive of 
allergy and, rather, they are considered as indi-
cators of sensitization [76,77]. Moreover, these 
tests are unable to differentiate either cross-reac-
tivity or the severity of the reaction [78]. Conse-
quently, considering that skin test and in vitro 
test sensitivity is not optimal, negative results 
cannot be considered for allergy exclusion, since 
patients with undetectable levels of sIgE, who 

Table 2. Panallergen families: size, sequence conservation (in closest 
species) and main sources of the main panallergens reported.

Most common 
panallergen families

Size (kDa) Sequence 
identity (%)

Sources

Plant profilins 12–15 ≥75 Pollen, food, latex

nsLTPs 9–10 30–80 Pollen, food, latex

Polcalcins 9 ≥67 Pollen

Tropomyosin 65–70 ≥50 Animals

b-parvalbumin 2S 12 ≥53 Fish

Seed storage 
proteins

2S albumin 9.5–20 18–40 Kernels, nuts, seeds

7S vicilin 30–80 NR

11S 
legumin

40–60 NR

NR: Not reported; nsLTP: Nonspecific LTP.
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are skin test-negative and with normal tryptase 
levels can still elicit an anaphylactic reaction 
after OFC [79]. In the last decade, the inclu-
sion of relevant food allergens has improved the 
predictive value of the tests. The determination 
of sIgE levels for Ara h 2 improved the diagnos-
tic value to 60% when compared with whole 

peanut in IgE determination or SPT (26 and 
57%, respectively) [80]. 

Another ex vivo method, the basophil acti-
vation test (BAT), has been considered [81,82]. 
The role of the BAT in FA has been analyzed 
in patients allergic to wheat [83], egg and pea-
nut [76,84], hazelnut [85], sesame seeds [79], cow’s 
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Figure 1. Mechanisms proposed in the development of tolerant and effector responses to food allergens. Phase I: 
Sensitization: once dendritic cells recognize food allergens, they are presented on MHC-II molecules to naive T cells. In tolerant responses, 
the absence of costimulatory molecules expressed on APCs and the production of IL-10 and TGF-b induce expansion of specific Tregs and 
a decrease in Th2 cell frequency, leading to a state of tolerance. However, DCs express costimulatory molecules and Th2 cytokines, 
inducing the switching to an IgE isotype in B cells and Th2 differentiation in T cells. sIgE binds to high-affinity receptors (FceRI) on the 
surface of basophils and mast cells for a faster response in subsequent encouters. Phase II: Effector phase: re-exposure to the specific 
allergen, crosslinked IgE binds to cell surfaces and activates effector cells, triggering a degranulation process, with release of different 
molecules such as histamine, PG-D, LTc4, LTe4, LTd4, PAF and ECF-A, and chemokines and cytokines, leading to inflammation and tissue 
damage. 
imAPC: Immature APC; sIgE: Specific IgE; TCR: T-cell receptor. 
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milk [86,87] and mare’s milk [88], and has demon-
strated its value as a diagnostic tool. BAT is based 
on the determination of activated basophils after 
specific-allergen stimulation by flow cytometry 
techniques using monoclonal antibodies against 
IgE, CCR3, CD203c or CD123/HLADR for 
basophil characterization and CD63 or CD203c 
to determine their activation [89]. 

The heterogeneity of the allergens employed 
in in vivo and in vitro tests is important, being 
critical to control different factors such as the 
origin of food or its preparation (heated or not) 
[75,86] and the origin of manufactured products 
[90]. Nonetheless, to avoid the problem of the 
composition of the extracts, new approaches 
involving pure natural extracts and molecular 
techniques have been applied in allergy and 
termed component-resolved diagnosis (CRD). 
This test includes pure antigenic molecules from 
relevant allergens that are obtained from differ-
ent sources, either produced by recombinant 
expression of allergen-encoding cDNAs or by 
purification from natural allergens. Several stud-
ies have evaluated the usefulness of CRD tests in 
comparison with other IgE-based tests, as well 
as their capacity to discriminate between allergic 
and sensitized subjects. It has been shown that 
CRD analysis is able to discriminate between 
patients with allergy to peanut (mainly positive 
to Ara h 2) and patients who, although sensi-
tized, are still not allergic [91]. Similar applica-
tions have been obtained in other food allergies 
such as kiwi [92], milk and egg [93,94]. 

The use of epitopes instead of allergen extracts 
may define the profile of sensitization of the 
patients more accurately and therefore the diag-
nosis. The inclusion of many sequential epitopes 
from several food allergens in microarray tech-
niques would make the diagnosis in FA more 
feasible [95,96]. This approach has been studied 
for lentil [97], egg [98], peanut [99], shrimp [100] 
and milk [101,102] epitopes, showing a correlation 
between sIgE or IgG antibodies and the clinical 
sensitivity; this has also been proposed as a tool 
for evaluating the effect of immunotherapy (IT) 
[103]. Although CRD and epitope use are prom-
ising, further studies must be done to estab-
lish their values in in vitro tests for evaluating 
IgE‑mediated allergies and their correlation with 
in vivo tests such as OFC. 

Treatment 
Although avoidance has generally been the 
main treatment, this is not optimal. Thus, new 
approaches directed at inducing tolerance have 
recently been applied.

�� Avoidance & medical treatment
Traditionally, the treatment of FA consists 
of strict avoidance of the known or suspected 
food(s) that cause the reactions, in combination 
with appropriate counseling of patients, provid-
ing information to enable recognition of the early 
symptoms of the reactions and instructions to 
self-administer injectable treatments such as epi-
nephrine. The identification and the recognition 
of culprit foods could be an alternative for these 
subjects. However, despite the many efforts by 
the various health administrations to clarify 
and include a clear and easy identification of all 
ingredients that must appear on the labeling of 
foodstuffs [201], the complete avoidance of some 
of the most common foods involved in allergy 
such as milk, eggs or fish is difficult, and acciden-
tal ingestion can result in anaphylactic reactions 
[104]. This is more difficult for those patients with 
multiple food allergies and in those with allergy 
to vegetable food that can have cross-reactivity 
not only between vegetables but also with pollen. 
Moreover, the withdrawal of some of these foods 
from the diet could lead to nutrition problems, 
particularly in the pediatric population [105,106]. 

�� Allergen-specific food IT
Allergen-specific food IT has been reported 
to induce an immunomodulation, as well as 
a desensitization state in patients through the 
daily exposure to increasing doses of food aller-
gens [107–109]. This produces a transient state 
that allows patients to ingest small amounts 
of the food allergen, reducing or avoiding the 
life-threatening risk associated with accidental 
ingestion and improving transiently their quality 
of life. The goal of these therapies is the achieve-
ment of clinical tolerance, inducing permanent 
immunological changes, without the require-
ment for daily exposure. Nevertheless, the onset 
of tolerance has still not been established and 
although some reports suggest achievement of 
tolerance, it still remains elusive. 

Nowadays, there are different routes of admin-
istration, including subcutaneous IT (SCIT), 
oral IT (OIT), sublingual IT (SLIT) and epicu-
taneous IT (EPIT), which are under evaluation 
in different clinical trials.

Subcutaneous IT
SCIT has been used for over a hundred years in 
different allergic diseases such as asthma, aller-
gic rhinitis/rhinoconjunctivitis and hymenoptera 
hypersensitivity [110,111]. In FA, some trials have 
been undertaken with peanut-allergic patients. 
These studies demonstrated, by using aqueous 
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peanut extract, their benefit through the reduc-
tion of the symptom score and skin test reactiv-
ity in almost all the patients as compared with 
an untreated group [112,113]. However, the rate of 
significant adverse events, such as anaphylactic 
reactions, together with the high cost of the time-
consuming treatment, requiring the administra-
tion of up to 80 injections over 4–5 years, limits 
its acceptance among patients and hinders its 
application [114]. Therefore, safer and less trau-
matic alternatives such as noninvasive routes of 
administration are currently under development.

Oral-specific IT 
OIT as a route of IT administration is promis-
ing due to its safety compared with SCIT and 
the successful results. OIT consists of the regu-
lar and gradual oral administration of escalat-
ing doses of food allergens during the build-up 
phase. Once patients have achieved the mainte-
nance dose, they continue the treatment at home 
with regular daily ingestion for years, with doses 
that allow them to accept the accidental inges-
tion of the specific food allergen without a reac-
tion. What is achieved is a desensitization state, 
dependent on the regular administration of the 
treatment. Most of the studies published dur-
ing the last century have shown desensitization 
in a considerable percentage of cases (50–75%) 
receiving OIT [115]. Recent studies show that 
some patients are able to incorporate the aller-
gen into their normal diet after finishing OIT 
[116], although whether this indicates tolerance is 
difficult to determine, particularly considering 
that the studies have mostly focused on pediat-
ric populations, where spontaneous resolution of 
the allergy can occur with some allergens such 
as milk or egg, which thus raises the question of 
whether these patients improved because of the 
OIT or as a result of the normal course of the 
allergy. Furthermore, follow-up studies for peri-
ods longer than 5 years are needed to confirm 
definitive tolerance.

Multiple studies involving milk, peanut and 
egg have been published, indicating that patients 
were able to increase the amount of allergen 
ingested [107–109,117–119]. A double-blind placebo-
controlled study was carried out in children with 
milk allergy [118,120] and as a result they were able 
to tolerate higher amounts of milk, and immu-
nological changes, such as increased IgG4 levels, 
were detected. In a double-blind, randomized, 
placebo-controlled study with 55 egg-allergic 
children, 11 of 40  patients in the OIT arm 
passed the OFC after 24 months of treatment 
and ten of them consumed egg ad  libitum 

without any reactions after 30  months [116]. 
Similar results were obtained in peanut allergy. 
Clark et al. reported in a short series of four 
patients that children allergic to peanut were able 
to increase peanut ingestion up to 50-fold after 
OIT and with all subjects tolerating IT updos-
ing to 800 mg protein without an epinephrine 
requirement [121]. Jones et al. also reported in 
a series of 29 patients that OFC carried out at 
different times during the maintenance phase 
showed that 93% of patients reached the total 
peanut dose of 3.9 g without severe symptoms, 
indicative of desensitization. Other immu-
nological changes such as decreased basophil 
reactivity or SPT were also observed after 4 and 
6 months of treatment, respectively, as well as 
a late decrease in sIgE level and an increase in 
specific IgG and IgG4 after 3 months of OIT 
[107]. However, it is important to underline that 
adverse reactions during OIT are common, both 
major transient and mild-severe reactions, and 
epinephrine administration may be required in a 
few cases, as has been established from Cochrane 
meta-analyses over recent years [107,120,122,123]. 

Sublingual-specific IT 
This method consists of placing drops of the 
allergen extract under the tongue for a few min-
utes and then either swallowing it or spitting it 
out. The main advantage of this modality is the 
direct absorption of the allergen and quick access 
into the bloodstream. SLIT began to be applied 
as an alternative route of IT administration dur-
ing the 1980s, being highly safe [124]. In 2005, 
Enrique et al. evaluated, in a placebo-controlled 
study, the effectiveness and safety of SLIT treat-
ment in patients allergic to hazelnut. There was 
an improvement in the active group of the toler-
ated dose from 2.29 to 4.56 g, with no differ-
ences in the placebo group after 3 months of 
treatment, although no changes in the immuno-
logical parameters were found [125]. More recent 
studies with peach have also shown a reduction 
in reactivity in skin testing after SLIT treatment, 
with no changes in IgE levels after 6 months of 
SLIT with Pru p 3 [126]. 

Regarding peanut allergy, patients receiving 
SLIT with peanut extract during 1 year reached a 
dose of proteins 20-times higher in the oral chal-
lenge test than the placebo group. The outcome 
was accompanied by immunological changes 
such as reductions in IL‑5 and IL‑13 produc-
tion, and IgE reactivity, or increased Treg and 
IgG4 production [127]. New evidence has shown 
a role of sIgA levels in SLIT. Kulis et al. have 
recently reported that changes in salivary peanut 
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sIgA levels strongly correlated with oral challenge 
outcomes [128]. Recently Fleischer et al. demon-
strated, also in peanut allergy, that SLIT, after 
44 weeks of treatment, was able to induce a mod-
est desensitization, where 70% of the peanut-
treated patients were able to pass an OFC with 
a dose of 5 g or tenfold more peanut powder 
than the baseline OFC (2 g), as compared with 
a placebo group [129].

Finally, the safety of SLIT has been shown 
despite the high percentage of adverse reac-
tions, which include mainly transient or mild 
reactions, with no requirement for epineph-
rine treatment. SLIT therefore appears to be 
a promising treatment for FA, although more 
placebo-controlled trials are necessary in order 
to evaluate more accurately the efficacy, confirm 
the safety and determine whether it is capable 
of inducing permanent tolerance, which is the 
main goal of IT.

Epicutaneous-specific IT
The skin is an alternative route for IT, since it 
has a high frequency of APCs (mainly Langer-
hans cells) and its poor vascularization makes 
it interesting to avoid systemic reactions. EPIT 
consists of the repeated application of allergens 
to the intact skin [130,131]. Today adhesive tape 
stripping is the most frequently used method 
and its efficacy has been demonstrated with 
peanut allergy in an animal model. One of 
the main problems associated with using the 
skin as the route of allergen administration is 
the corneum layer, due to its low permeabil-
ity. Attempts to resolve this have been made 
with the use of skin scratching with needles 
[130], or, more recently, a system in which high 
permeability is reached by hydration of the 
skin allowing delivery of the allergen into the 
stratum corneum and rapid uptake by DCs 
[132,133]. This method has recently been tested 
in humans in a double-blind, placebo-con-
trolled study where a group of children suffer-
ing cow’s milk allergy was evaluated to study 
the safety and acceptability of this technique. 
The authors showed an increase in the cumu-
lative tolerated dose of milk after 90 days of 
treatment, with no systemic reactions detected. 
However, this study failed to demonstrate a 
statistically significant improvement, probably 
because a longer period of treatment is needed 
[134]. These data indicate that EPIT appears 
to be an alternative for IT that could be safer 
and more feasible than SCIT, although more 
studies have to be developed to confirm these 
results.

Modified recombinant protein vaccine
In order to reduce the adverse side effects of IT 
when using the whole allergenic protein, new 
approaches are being developed. The advances 
achieved in molecular techniques during the 
last decades have led to the identification of 
the main T and B epitopes of many allergens, 
such as Pru p 3 [135,136]. This understanding 
has helped the development of new hypoal-
lergenic variants of many allergens, raising the 
possibility of using them in vaccines, which is 
an interesting conceptual approach to improve 
the safety and efficacy of IT. The site-directed 
modification of key amino acids of the allergens 
to alter their IgE epitopes decreases the activa-
tion of basophils and mast cells after recogni-
tion without affecting their ability to induce a 
proliferative T‑cell response. This ability has 
been demonstrated mainly in murine models of 
peanut allergy. Moreover, in serum from allergic 
patients, mutated epitopes for Ara h1, h2 and 
h3 demonstrated a reduced capacity of peanut 
sIgE binding when compared with the native 
allergens. Moreover, it is important to mention 
that the modified allergens retained their ability 
to stimulate T‑cell proliferation [137,138]. Li et al. 
also applied these modified peanut allergens in 
combination with bacterial adjuvants such as 
heat-killed Escherichia coli [139] or Listeria mono-
cytogenes [140]. The effects of the daily adminis-
tration for 3 weeks of heat-killed E. coli produc-
ing engineered Ara h1, 2, and 3 were evaluated 
by challenge at week 2, 6 and 10. Results showed 
that the treated mice exhibited reduced symp-
tom scores compared with the untreated group 
and reduced levels of IgE, histamine and Th2 
cytokines such as IL‑4, IL‑5, IL‑10 and IL‑13 
after 10 weeks. These data, together with an 
increase in TGF‑b and IFN-g production by 
splenocytes, could reveal an immune deviation 
from a Th2 response to a Th1/Treg profile. A 
human Phase I trial with the recombinant modi-
fied peanut proteins Ara h1, 2 and 3 (EMP-123) 
finished in 2011 [202], although no results have 
yet been published. A similar strategy has been 
used with other allergens such as Mal d 1 (apple 
allergen), where a five-point modified Mal d 1 
protein showed a decreased IgE-binding capacity 
in 10 out of 14 patient sera [141].

T‑cell epitope IT
IT with peptides containing T‑cell epitopes is 
also under research because they reduce baso-
phil and mast cell stimulation, maintaining their 
ability to activate specific T cells. In FA, Prickett 
et al. recently reported a proof-of-concept study, 
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using peptides containing the sequences of the 
five dominant CD4+ T‑cell epitopes of Ara h 2, 
showing that they are recognized by peripheral 
blood mononuclear cells and induce produc-
tion of Th2 cytokines (IL‑4, IL‑5), but are not 
recognized by peanut-specific serum IgE from 
peanut-allergic patients [142]. Another study in a 
mouse model of egg allergy, using oral admin-
istration of single and multiple peptides con-
taining the major T‑cell epitope of egg allergen 
(ovomucoid), showed a similar deviation of the 
immune response [143]. This report showed that 
mice treated with the peptides had a reduction 
in clinical symptom score, histamine concentra-
tion (mainly when single peptide was admin-
istered), IgE reactivity and IL‑4 production, 
together with an increase in the percentage of 
Treg cells and IL‑10 production. It is important 
to note that these T‑cell epitopes may have a 
lower capacity compared with native extracts 
to stimulate the immune system. In this sense, 
the use of adjuvants, such as agonists of Toll-
like receptors, may be an alternative to induce 
the full response, increasing the efficacy of the 
treatment, since adjuvants are able to modify the 
immune response. An animal model has shown 
that the combination of CpG motifs (agonist 
of TLR9) with Amb a 1, the major allergen of 
ragweed pollen, is able to induce Th1-skewed 
immunomodulation [144]. In humans, clinical 
Phase I trials have been initiated in ragweed and 
house dust mite allergies, disclosing a good safety 
profile in short-term SIT [145–147]. Different clini-
cal Phase II trials have also shown an induction 
of immunological changes and clinical efficacy 
from the increase in the Th1 cytokine prolife 
and diminished eosinophilia [148] or increased 
production of Amb a 1 sIgG antibody levels [149]. 
Therefore, the use of adjuvants in combination 
with IT treatments may be a tool to improve IT.

��Nonspecific IT treatments
These therapies attempt to alter the global 
immune response, not just against one specific 
food allergen. In fact, there is increasing inter-
est in the role of new products based on Chi-
nese herbal formulas and humanized anti-IgE 
treatments.

Herb formulas, containing a mixture of 
14 different herbs, have been used in Chinese 
medicine for centuries and considered as a 
potential treatment for diseases such as asthma 
[150,151] or atopic dermatitis [152]. In FA, initial 
tests have been developed in a mouse model of 
peanut allergy, using an 11-herb formula (FAHF-
1), demonstrating in treated mice reduced mast 

cell degranulation, reduced Th2 cytokine levels, 
decreased peanut-specific serum IgE levels and a 
reduced in vitro lymphocyte proliferation, with a 
protective effect against peanut-induced anaphy-
laxis and no systemic adverse reactions or toxic 
effects [153]. Given the protective effect shown 
and in an attempt to make the formula safer 
and simpler, the same group reduced the num-
ber of herbs and developed a nine-herb formula 
(FAHF-2), demonstrating, in the same mouse 
model, that this new formula can also induce 
protection, with similar immunological changes 
to those described for FAHF-1, with an upreg-
ulation of IFN-g produced by CD8+ T  cells 
[154,155]. Recently, a mouse model of multiple 
allergies (peanut-, codfish- and egg-sensitized 
mice) showed that treated mice had no ana-
phylactic symptoms after challenge with each 
allergen and this was accompanied by the same 
immunological changes as those described above 
[156]. Clinical trials with FAHF-2 have been 
approved in the USA [157] and a Phase I study was 
developed in 19 randomized, double-blinded, 
placebo-controlled, dose escalation patients with 
different FA. Of these, only one patient suffered 
an allergic reaction but it was not attributed to 
the herbal formula due to the high atopic sta-
tus of the patient and the negative SPT to all 
the herbal components. These results showed 
the FAHF-2 formula to be a safe and tolerable 
treatment for FA patients and a Phase II study 
is currently ongoing. 

Recombinant humanized monoclonal anti-
IgE has also been used as IT, with the idea that 
the reduction in IgE levels or FceRI expres-
sion would reduce the IgE-mediated responses 
in food allergen exposure. The first trials were 
developed in 2003, when Leung et al. conducted 
a double-blind randomized study involving 
84 peanut allergic patients. TNX-901, a human-
ized IgG1 monoclonal antibody against IgE, 
was administered at three different doses (150, 
300 and 450 mg) in three groups of patients 
[158]. Only the higher dose induced a significant 
improvement in OFC performed 2–4  weeks 
after the last dose. In 2011, a Phase II clinical 
trial using the humanized monoclonal anti-
body omalizumab was undertaken in a group of 
150 peanut-allergic patients. The results, based 
on an OFC performed 24 weeks post-therapy, 
showed that treated patients tolerated a higher 
amount of peanut as compared with baseline and 
with a placebo group [159]. Omalizumab has also 
been considered as a complement to OIT, for 
example in rapid oral milk desensitization treat-
ment, showing a good safety profile since the 
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percentage of reactions after 2199 doses admin-
istered was 1.6% (32 events), with only 0.1% 
being severe [160]. 

Future perspective
FA is an increasing health problem in devel-
oped countries, affecting both children and 
adults, and impacting greatly on their qual-
ity of life. Nowadays, IT is the only etiologi-
cal treatment in allergic diseases. Different 
IT approaches are under evaluation for each 
route of administration: SCIT, SLIT, OIT and 
EPIT. Most studies carried out have included 
well-characterized patients using both SPT 
and OFC, and with a double-blind placebo-
controlled format, thus providing strength to 
the study. However, some limitations never-
theless arise with these studies, such as the 
reduced number of patients included, the 
follow-up period and the use of low concen-
trations and/or no well-characterized aller-
gen. As an increase in allergen concentrations 
could enhance the risk of suffering an allergic 
response since whole proteins are included, 
many efforts have been made to improve the 
safety and efficacy of specific IT. The immu-
nological mechanisms underlying IT are now 
better understood and it is well known that 
IT is able to readdress the immune response 
toward a Th1/Treg response instead of Th2 
profiles, with a key role of different compo-
nents of the immune system, such as cells with 
regulatory functions (Tregs, regulatory B cells, 
regulatory DCs and others), APCs (DCs) or 
messengers such as IL‑10 or TGF‑b, with 

demonstrated involvement in desensitization 
or tolerance responses. 

Although SLIT and OIT appear promising 
routes, they still require improvement in effi-
cacy and safety. While SLIT has been shown 
to be safer, OIT seems to have higher efficacy. 
In order to increase the efficacy of SLIT, more 
concentrated allergen extracts should be devel-
oped. To increase the safety of OIT, however, 
combined approaches with omalizumab or 
SLIT [109] in the build-up phase have been pro-
posed. Molecular advances will allow the devel-
opment of a new generation of hypoallergens 
and vaccines based on modified proteins and 
T‑cell epitopes, which have to be improved in 
order to achieve a complete response and con-
trol the induction of Tregs with no induction of 
other mechanisms, thus inducing desensitiza-
tion and enabling treatment to be given with a 
high degree of safety.

New treatments during coming years will also 
play an important role, complementing SIT. 
Nonspecific IT is becoming more relevant and 
many studies are being developed. Herb formu-
las are undergoing human trials and show prom-
ising results. The use of recombinant monoclo-
nal humanized anti-IgE is being considered as a 
treatment for FA. Anti-IgE therapy has also been 
applied in combination with IT to induce a low 
IgE reactivity and to reduce the adverse effects 
of IT, showing a good safety profile. 

The current strategies applied to deal with FA 
are able to induce a state of desensitization in a 
high percentage of cases, but very few reports 
have demonstrated the induction of tolerance, 

Executive summary

�� Food allergy (FA) is an increasingly common disorder in western countries, with no curative therapies at present. FA has a prevalence of 
around 6% in children and 4% in adults.

�� Diagnosis of FA is based on clinical history and an IgE-detection test with no optimal sensitivity and inability to differentiate either 
cross-reactivity or the severity of the reaction. New techniques such as the basophil activation test, component-resolved diagnosis and 
the use of epitopes could improve the diagnosis, although more studies are required to establish their correlation with in vivo tests such 
as oral food challenges.

�� Treatment of FA consists of strict avoidance of the known or suspected food. However, specific immunotherapy has been shown to 
induce long-term desensitization with immunological changes associated with improvement of the symptoms and a reduction in drugs 
required.

�� Sublingual and oral immunotherapies appear to be a promising approach for the treatment of FA, although they are not currently used 
in routine practice. 

�� The development of modified recombinant proteins and T‑cell epitopes may also be a tool in FA treatment, since they are able to 
stimulate the proliferation of specific T cells without inducing an IgE response. 

�� Nonspecific immunotherapies in FA have gained interest. The use of new products based on Chinese herbal formulas and humanized 
anti-IgE treatments that treat multiple allergies at the same time are under development, although clinical trial results are still required 
to evaluate their safety and efficacy. 

�� The achievement of permanent tolerance is the goal of allergen IT and efforts should focus on revealing the associated immunological 
mechanisms. More controlled studies, with a higher power and using standardized protocols, are required to accurately determine 
safety and efficacy.
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as a permanent desensitization, allowing sub-
jects to ingest the allergens ad libitum. The 
achievement of permanent tolerance is the 
goal of allergen IT and efforts should focus 
on revealing the immunological mechanisms 
associated with FA, which in turn will improve 
allergen IT or generate new approaches. During 
the coming years, protocols and allergens have 
to be standardized and refined in order to be 
able to compare the results of different studies 
and to obtain relevant and more precise data 
about the prevalence, safety profile and efficacy 
of IT in FA.

References
Papers of special note have been highlighted as:
n  of interest
nn  of considerable interest

1	 Boyce JA, Assa’ad A, Burks AW et al. 
Guidelines for the diagnosis and management 
of food allergy in the United States: report of 
the NIAID-sponsored expert panel. J. Allergy 
Clin. Immunol. 126(Suppl. 6), S1–S58 (2010).

2	 Radauer C, Breiteneder H. Evolutionary 
biology of plant food allergens. J. Allergy Clin. 
Immunol. 120(3), 518–525 (2007).

3	 Radauer C, Bublin M, Wagner S, Mari A, 
Breiteneder H. Allergens are distributed into 
few protein families and possess a restricted 
number of biochemical functions. J. Allergy 
Clin. Immunol. 121(4), 847–852.e7 (2008).

4	 Sicherer SH, Simons FE. Self-injectable 
epinephrine for first-aid management of 
anaphylaxis. Pediatrics 119(3), 638–646 
(2007).

5	 Marklund B, Ahlstedt S, Nordstrom G. Food 
hypersensitivity and quality of life. Curr. Opin. 
Allergy Clin. Immunol. 7(3), 279–287 (2007).

6	 Moller C, Dreborg S, Ferdousi HA et al. Pollen 
immunotherapy reduces the development of 
asthma in children with seasonal 
rhinoconjunctivitis (the PAT-study). J. Allergy 
Clin. Immunol. 109(2), 251–256 (2002).

7	 Novembre E, Galli E, Landi F et al. 
Coseasonal sublingual immunotherapy 
reduces the development of asthma in 
children with allergic rhinoconjunctivitis. 
J. Allergy Clin. Immunol. 114(4), 851–857 
(2004).

8	 Branum AM, Lukacs SL. Food allergy among 
children in the United States. Pediatrics 
124(6), 1549–1555 (2009).

9	 Gupta RS, Springston EE, Warrier MR et al. 
The prevalence, severity, and distribution of 
childhood food allergy in the United States. 
Pediatrics 128(1), e9–17 (2011).

10	 Sicherer SH, Sampson HA. Food allergy. 
J. Allergy Clin. Immunol. 125(2 Suppl. 2), 
S116–125 (2010).

11	 Mills EN, Mackie AR, Burney P et al. The 
prevalence, cost and basis of food allergy 
across Europe. Allergy 62(7), 717–722 (2007).

12	 Rona RJ, Keil T, Summers C et al. The 
prevalence of food allergy: a meta-analysis. 
J. Allergy Clin. Immunol. 120(3), 638–646 
(2007).

13	 Liu AH, Jaramillo R, Sicherer SH et al. 
National prevalence and risk factors for food 
allergy and relationship to asthma: results 
from the National Health and Nutrition 
Examination Survey 2005–2006. J. Allergy 
Clin. Immunol. 126(4), 798–806.e13 
(2010).

14	 Sicherer SH, Sampson HA. Food allergy: 
recent advances in pathophysiology and 
treatment. Annu. Rev. Med. 60, 261–277 
(2009).

15	 Sicherer SH, Sampson HA. Peanut allergy: 
emerging concepts and approaches for an 
apparent epidemic. J. Allergy Clin. Immunol. 
120(3), 491–503; quiz 504–495 (2007).

16	 Osborne NJ, Koplin JJ, Martin PE et al. 
Prevalence of challenge-proven IgE-mediated 
food allergy using population-based sampling 
and predetermined challenge criteria in 
infants. J. Allergy Clin. Immunol. 127(3), 
668–676.e661–662 (2011).

17	 Zuidmeer L, Goldhahn K, Rona RJ et al. The 
prevalence of plant food allergies: a systematic 
review. J. Allergy Clin. Immunol. 121(5), 
1210–1218 e1214 (2008).

18	 Jenkins JA, Breiteneder H, Mills EN. 
Evolutionary distance from human homologs 
reflects allergenicity of animal food proteins. 
J. Allergy Clin. Immunol. 120(6), 1399–1405 
(2007).

19	 Radauer C, Breiteneder H. Pollen allergens 
are restricted to few protein families and show 
distinct patterns of species distribution. 
J. Allergy Clin. Immunol. 117(1), 141–147 
(2006).

20	 Jenkins JA, Griffiths-Jones S, Shewry PR, 
Breiteneder H, Mills EN. Structural 
relatedness of plant food allergens with 
specific reference to cross-reactive allergens: 

an in silico analysis. J. Allergy Clin. Immunol. 
115(1), 163–170 (2005).

21	 Scala E, Alessandri C, Palazzo P et al. IgE 
recognition patterns of profilin, PR-10, and 
tropomyosin panallergens tested in 3,113 
allergic patients by allergen microarray-
based technology. PLoS ONE 6(9), e24912 
(2011).

22	 Hauser M, Roulias A, Ferreira F, Egger M. 
Panallergens and their impact on the allergic 
patient. Allergy Asthma Clin. Immunol. 6(1), 1 
(2010).

23	 Valenta R, Duchene M, Ebner C et al. 
Profilins constitute a novel family of 
functional plant pan-allergens. J. Exp. Med. 
175(2), 377–385 (1992).

24	 Santos A, Van Ree R. Profilins: mimickers of 
allergy or relevant allergens? Int. Arch. Allergy 
Immunol. 155(3), 191–204 (2011).

25	 Orovitg A, Guardia P, Barber D et al. 
Enhanced diagnosis of pollen allergy using 
specific immunoglobulin E determination to 
detect major allergens and panallergens. J. 
Investig. Allergol. Clin. Immunol. 21(4), 
253–259 (2011).

26	 Ledesma A, Villalba M, Batanero E, 
Rodriguez R. Molecular cloning and 
expression of active Ole e 3, a major allergen 
from olive-tree pollen and member of a novel 
family of Ca2+-binding proteins (polcalcins) 
involved in allergy. Eur. J. Biochem. 258(2), 
454–459 (1998).

27	 Palacin A, Cumplido J, Figueroa J et al. 
Cabbage lipid transfer protein Bra o 3 is a 
major allergen responsible for cross-
reactivity between plant foods and pollens. 
J. Allergy Clin. Immunol. 117(6), 1423–1429 
(2006).

28	 Swoboda I, Bugajska-Schretter A, Verdino P 
et al. Recombinant carp parvalbumin, the 
major cross-reactive fish allergen: a tool for 
diagnosis and therapy of fish allergy. 
J. Immunol. 168(9), 4576–4584 (2002).

29	 Moreno FJ, Clemente A. 2S albumin storage 
proteins: what makes them food allergens? 
Open Biochem. J. 2, 16–28 (2008).

Financial & competing interests disclosure
The study was funded by the FIS-Thematic Networks and 
Co-operative Research Centres: RIRAAF (RD07/0064 
and RD012/0013), Spanish Society for Allergy and Clini-
cal Immunology (SEAIC), Health Government of Anda-
lucia PI-0542–2010; Instituto Carlos III (ISCIII 
PI12/02481). The authors have no other relevant affilia-
tions or financial involvement with any organization or 
entity with a financial interest in or financial conflict with 
the subject matter or materials discussed in the manuscript 
apart from those disclosed.

No writing assistance was utilized in the production of 
this manuscript.



www.futuremedicine.com 765future science group

Food allergy: management, diagnosis & treatment strategies ReviewReview Gómez, Mayorga, Gómez et al.

30	 Mowat AM. Anatomical basis of tolerance 
and immunity to intestinal antigens. Nat. 
Rev. Immunol. 3(4), 331–341 (2003).

31	 Chehade M, Mayer L. Oral tolerance and its 
relation to food hypersensitivities. J. Allergy 
Clin. Immunol. 115(1), 3–12; quiz 13 (2005).

32	 La Cava A, Van Kaer L, Fu Dong S. 
CD4+CD25+ Tregs and NKT cells: regulators 
regulating regulators. Trends Immunol. 27(7), 
322–327 (2006).

33	 Nowak M, Stein-Streilein J. Invariant NKT 
cells and tolerance. Int. Rev. Immunol. 
26(1–2), 95–119 (2007).

34	 Ilan Y. Oral tolerance: can we make it work? 
Hum. Immunol. 70(10), 768–776 (2009).

35	 Sun CM, Hall JA, Blank RB et al. Small 
intestine lamina propria dendritic cells 
promote de novo generation of Foxp3 T reg 
cells via retinoic acid. J. Exp. Med. 204(8), 
1775–1785 (2007).

36	 Pulendran B, Tang H, Manicassamy S. 
Programming dendritic cells to induce T(H)2 
and tolerogenic responses. Nat. Immunol. 
11(8), 647–655 (2010).

37	 Gomez E, Diaz-Perales A, Tordesillas L et al. 
Effect of Pru p 3 on dendritic cell maturation 
and T-lymphocyte proliferation in peach 
allergic patients. Ann. Allergy Asthma 
Immunol. 109(1), 52–58 (2012).

38	 Novak N, Allam JP. Mucosal dendritic cells 
in allergy and immunotherapy. Allergy 
66(Suppl. 95), 22–24 (2011).

39	 Palomares O, Ruckert B, Jartti T et al. 
Induction and maintenance of allergen-
specific FOXP3(+) Treg cells in human tonsils 
as potential first-line organs of oral tolerance. 
J. Allergy Clin. Immunol. (2011).

40	 Burks AW, Laubach S, Jones SM. Oral 
tolerance, food allergy, and immunotherapy: 
implications for future treatment. J. Allergy 
Clin. Immunol. 121(6), 1344–1350 (2008).

41	 Pabst O, Mowat AM. Oral tolerance to food 
protein. Mucosal Immunol. 5(3), 232–239 
(2012).

42	 Akdis CA, Akdis M. Mechanisms of allergen-
specific immunotherapy. J. Allergy Clin. 
Immunol. 127(1), 18–27; quiz 28–19 (2011).

43	 Fujita H, Soyka MB, Akdis M, Akdis CA. 
Mechanisms of allergen-specific 
immunotherapy. Clin. Transl. Allergy 2(1), 2 
(2012).

44	 Veenbergen S, Samsom JN. Maintenance of 
small intestinal and colonic tolerance by 
IL-10-producing regulatory T cell subsets. 
Curr. Opin. Immunol. 24(3), 269–276 
(2012).

45	 Akdis CA, Akdis M. Mechanisms and 
treatment of allergic disease in the big picture 
of regulatory T cells. J. Allergy Clin. Immunol. 
123(4), 735–746; quiz 747–738 (2009).

46	 Fujio K, Okamura T, Yamamoto K. The 
family of IL-10-secreting CD4+ T cells. Adv. 
Immunol. 105, 99–130 (2010).

47	 Saraiva M, O’garra A. The regulation of IL-10 
production by immune cells. Nat. Rev. 
Immunol. 10(3), 170–181 (2010).

48	 Akdis M, Burgler S, Crameri R et al. 
Interleukins, from 1 to 37, and interferon-
gamma: receptors, functions, and roles in 
diseases. J. Allergy Clin. Immunol. 127(3), 
701–721.e701–770 (2011).

49	 Allam JP, Wurtzen PA, Reinartz M et al. Phl 
p 5 resorption in human oral mucosa leads to 
dose-dependent and time-dependent allergen 
binding by oral mucosal Langerhans cells, 
attenuates their maturation, and enhances 
their migratory and TGF-beta1 and 
IL-10-producing properties. J. Allergy Clin. 
Immunol. 126(3), 638–645 e631 (2010).

50	 Inmunologia Celular y Molecular. Abbas AK, 
Lichtman AH, Pillai S (Eds). Elsevier, 
Barcelona, Spain (2006).

51	 Kumar V, Nada R, Kumar S et al. Acute 
kidney injury due to acute cortical necrosis 
following a single wasp sting. Renal Fail. 
(2012).

52	 O’Sullivan JF, Leblond AL, O’Dea J et al. 
Multidetector computed tomography 
accurately defines infarct size, but not 
microvascular obstruction after myocardial 
infarction. J. Am. Coll. Cardiol. (2012).

53	 Noh G, Lee JH. Regulatory B cells and 
allergic diseases. Allergy Asthma Immunol. Res. 
3(3), 168–177 (2011).

54	 Noh J, Choi WS, Noh G, Lee JH. Presence of 
Foxp3-expressing CD19+CD5+ B cells in 
human peripheral blood mononuclear cells: 
human CD19+CD5+Foxp3+ regulatory B cell 
(Breg). Immune Netw. 10(6), 247–249 
(2010).

55	 Mauri C, Blair PA. Regulatory B cells in 
autoimmunity: developments and 
controversies. Nat. Rev. Rheumatol. 6(11), 
636–643 (2010).

56	 Jarvis LB, Matyszak MK, Duggleby RC, 
Goodall JC, Hall FC, Gaston JS. Autoreactive 
human peripheral blood CD8+ T cells with a 
regulatory phenotype and function. Eur. 
J. Immunol. 35(10), 2896–2908 (2005).

57	 Kosiewicz MM, Alard P, Liang S, Clark SL. 
Mechanisms of tolerance induced by 
transforming growth factor-beta-treated 
antigen-presenting cells: CD8 regulatory T 
cells inhibit the effector phase of the immune 
response in primed mice through a 
mechanism involving Fas ligand. Int. 
Immunol. 16(5), 697–706 (2004).

58	 Deniz G, Erten G, Kucuksezer UC et al. 
Regulatory NK cells suppress antigen-specific 
T cell responses. J. Immunol. 180(2), 
850–857 (2008).

59	 van De Veen W, Stanic B, Yaman G et al. IgG4 
production is confined to human 
IL-10-producing regulatory B cells that suppress 
antigen-specific immune responses. J. Allergy 
Clin. Immunol. 131(4), 1204–1212 (2013).

60	 Larche M, Akdis CA, Valenta R. 
Immunological mechanisms of allergen-
specific immunotherapy. Nat. Rev. Immunol. 
6(10), 761–771 (2006).

61	 Frischmeyer-Guerrerio PA, Guerrerio AL, 
Chichester KL et al. Dendritic cell and T cell 
responses in children with food allergy. Clin. 
Exp. Allergy 41(1), 61–71 (2011).

62	 Kumar S, Verma AK, Das M, Dwivedi PD. 
Molecular mechanisms of IgE mediated food 
allergy. Int. Immunopharmacol. 13(4), 
432–439 (2012).

63	 Romano A, Scala E, Rumi G et al. Lipid 
transfer proteins: the most frequent sensitizer 
in Italian subjects with food-dependent 
exercise-induced anaphylaxis. Clin. Exp. 
Allergy 42(11), 1643–1653 (2012).

64	 Mansoor DK, Sharma HP. Clinical 
presentations of food allergy. Pediatr. Clin. 
North Am. 58(2), 315–326, ix (2011).

65	 Kondo Y, Urisu A. Oral allergy syndrome. 
Allergol. Int. 58(4), 485–491 (2009).

66	 Adkinson NF Jr, Bochner BS, Busse WW 
et al. Middleton’s Allergy: Principles And 
Practice. (7th Edition). Mosby Elsevier, PA, 
USA (2008).

67	 Webber CM, England RW. Oral allergy 
syndrome: a clinical, diagnostic, and 
therapeutic challenge. Ann. Allergy Asthma 
Immunol. 104(2), 101–108; quiz 109–110, 
117 (2010).

68	 Commins SP, Satinover SM, Hosen J et al. 
Delayed anaphylaxis, angioedema, or 
urticaria after consumption of red meat in 
patients with IgE antibodies specific for 
galactose-alpha-1,3-galactose. J. Allergy Clin. 
Immunol. 123(2), 426–433 (2009).

69	 van Zuuren EJ, Terreehorst I, Tupker RA, 
Hiemstra PS, Akkerdaas JH. Anaphylaxis after 
consuming soy products in patients with birch 
pollinosis. Allergy 65(10), 1348–1349 (2010).

70	 Vetander M, Helander D, Flodstrom C et al. 
Anaphylaxis and reactions to foods in 
children – a population-based case study of 
emergency department visits. Clin. Exp. 
Allergy 42(4), 568–577 (2012).

71	 Vetander M, Helander D, Lindquist C et al. 
Classification of anaphylaxis and utility of the 
EAACI Taskforce position paper on 
anaphylaxis in children. Pediatr. Allergy 
Immunol. 22(4), 369–373 (2011).

72	 Pitsios C, Dimitriou A, Stefanaki EC, 
Kontou-Fili K. Anaphylaxis during skin 
testing with food allergens in children. Eur. 
J. Pediatr. 169(5), 613–615 (2010).



Immunotherapy (2013) 5(7)766 future science group

Food allergy: management, diagnosis & treatment strategies ReviewReview Gómez, Mayorga, Gómez et al.

73	 Lemon-Mule H, Sampson HA, Sicherer SH, 
Shreffler WG, Noone S, Nowak-Wegrzyn A. 
Immunologic changes in children with egg 
allergy ingesting extensively heated egg. 
J. Allergy Clin. Immunol. 122(5), 977–983.
e971 (2008).

74	 Konstantinou GN, Giavi S, Kalobatsou A 
et al. Consumption of heat-treated egg by 
children allergic or sensitized to egg can affect 
the natural course of egg allergy: hypothesis-
generating observations. J. Allergy Clin. 
Immunol. 122(2), 414–415 (2008).

75	 Cortot CF, Sheehan WJ, Permaul P et al. Role 
of specific IgE and skin-prick testing in 
predicting food challenge results to baked 
egg. Allergy Asthma Proc. 33(3), 275–281 
(2012).

76	 Ocmant A, Mulier S, Hanssens L et al. 
Basophil activation tests for the diagnosis of 
food allergy in children. Clin. Exp. Allergy 
39(8), 1234–1245 (2009).

77	 Johannsen H, Nolan R, Pascoe EM et al. Skin 
prick testing and peanut-specific IgE can 
predict peanut challenge outcomes in 
preschool children with peanut sensitization. 
Clin. Exp. Allergy 41(7), 994–1000 (2011).

78	 Cox L, Williams B, Sicherer S et al. Pearls and 
pitfalls of allergy diagnostic testing: report 
from the American College of Allergy, 
Asthma and Immunology/American Academy 
of Allergy, Asthma and Immunology Specific 
IgE Test Task Force. Ann. Allergy Asthma 
Immunol. 101(6), 580–592 (2008).

79	 Raap U, Wieczorek D, Schenck F, Kapp A, 
Wedi B. The basophil activation test is a 
helpful diagnostic tool in anaphylaxis to 
sesame with false-negative specific IgE and 
negative skin test. Allergy 66(11), 1497–1499 
(2011).

80	 Dang TD, Tang M, Choo S et al. Increasing 
the accuracy of peanut allergy diagnosis by 
using Ara h 2. J. Allergy Clin. Immunol. 
129(4), 1056–1063 (2012).

81	 Sampson HA, Broadbent KR, Bernhisel-
Broadbent J. Spontaneous release of histamine 
from basophils and histamine-releasing factor 
in patients with atopic dermatitis and food 
hypersensitivity. N. Engl. J. Med. 321(4), 
228–232 (1989).

82	 Kumar S. MBE Citation Classics (2013 
Edition). Mol. Biol. Evol. 30(1), 3–4 (2013).

83	 Chinuki Y, Kaneko S, Dekio I et al. CD203c 
expression-based basophil activation test for 
diagnosis of wheat-dependent exercise-
induced anaphylaxis. J. Allergy Clin. 
Immunol. 129(5), 1404–1406 (2012).

84	 Sabato V, van Hengel AJ, De Knop KJ et al. 
Basophil activation reveals divergent patient-
specific responses to thermally processed 
peanuts. J. Investig. Allergol. Clin. Immunol. 
21(7), 527–531 (2011).

85	 Worm M, Hompes S, Fiedler EM, Illner AK, 
Zuberbier T, Vieths S. Impact of native, heat-
processed and encapsulated hazelnuts on the 
allergic response in hazelnut-allergic patients. 
Clin. Exp. Allergy 39(1), 159–166 (2009).

86	 Ford LS, Bloom KA, Nowak-Wegrzyn AH, 
Shreffler WG, Masilamani M, Sampson HA. 
Basophil reactivity, wheal size, and 
immunoglobulin levels distinguish degrees of 
cow’s milk tolerance. J. Allergy Clin. Immunol. 
(2012).

87	 Rubio A, Vivinus-Nebot M, Bourrier T, 
Saggio B, Albertini M, Bernard A. Benefit of 
the basophil activation test in deciding when 
to reintroduce cow’s milk in allergic children. 
Allergy 66(1), 92–100 (2011).

88	 Robles S, Torres MJ, Mayorga C et al. 
Anaphylaxis to Mare’s milk. Ann. Allergy 
Asthma Immunol. 98(6), 600–602 (2007).

89	 Gomez E, Blanca-Lopez N, Torres MJ et al. 
Immunoglobulin E-mediated immediate 
allergic reactions to dipyrone: value of 
basophil activation test in the identification of 
patients. Clin. Exp. Allergy 39(8), 1217–1224 
(2009).

90	 Wang J, Godbold JH, Sampson HA. 
Correlation of serum allergy (IgE) tests 
performed by different assay systems. 
J. Allergy Clin. Immunol. 121(5), 1219–1224 
(2008).

91	 Nicolaou N, Poorafshar M, Murray C et al. 
Allergy or tolerance in children sensitized to 
peanut: prevalence and differentiation using 
component-resolved diagnostics. J. Allergy 
Clin. Immunol. 125(1), 191–197.e1–e13 
(2010).

92	 Bublin M, Dennstedt S, Buchegger M et al. 
The performance of a component-based 
allergen microarray for the diagnosis of 
kiwifruit allergy. Clin. Exp. Allergy 41(1), 
129–136 (2011).

93	 Ott H, Baron JM, Heise R et al. Clinical 
usefulness of microarray-based IgE detection 
in children with suspected food allergy. 
Allergy 63(11), 1521–1528 (2008).

94	 Harwanegg C, Hutter S, Hiller R. Allergen 
microarrays for the diagnosis of specific IgE 
against components of cow’s milk and hen’s 
egg in a multiplex biochip-based 
immunoassay. Methods Mol. Biol. 385, 
145–157 (2007).

95	 Hiller R, Laffer S, Harwanegg C et al. 
Microarrayed allergen molecules: diagnostic 
gatekeepers for allergy treatment. FASEB J. 
16(3), 414–416 (2002).

96	 Lin J, Bardina L, Shreffler WG. Microarrayed 
allergen molecules for diagnostics of allergy. 
Methods Mol. Biol. 524, 259–272 (2009).

97	 Vereda A, Andreae DA, Lin J et al. 
Identification of IgE sequential epitopes of 
lentil (Len c 1) by means of peptide 

microarray immunoassay. J. Allergy Clin. 
Immunol. 126(3), 596–601.e1 (2010).

98	 Jarvinen KM, Beyer K, Vila L, Bardina L, 
Mishoe M, Sampson HA. Specificity of IgE 
antibodies to sequential epitopes of hen’s egg 
ovomucoid as a marker for persistence of egg 
allergy. Allergy 62(7), 758–765 (2007).

99	 Beyer K, Ellman-Grunther L, Jarvinen KM, 
Wood RA, Hourihane J, Sampson HA. 
Measurement of peptide-specific IgE as an 
additional tool in identifying patients with 
clinical reactivity to peanuts. J. Allergy Clin. 
Immunol. 112(1), 202–207 (2003).

100	 Ayuso R, Sanchez-Garcia S, Lin J et al. 
Greater epitope recognition of shrimp 
allergens by children than by adults suggests 
that shrimp sensitization decreases with age. 
J. Allergy Clin. Immunol. 125(6), 1286–1293 
e1283 (2010).

101	 Beyer K, Jarvinen KM, Bardina L et al. IgE-
binding peptides coupled to a commercial 
matrix as a diagnostic instrument for 
persistent cow’s milk allergy. J. Allergy Clin. 
Immunol. 116(3), 704–705 (2005).

102	 Jarvinen KM, Beyer K, Vila L, Chatchatee P, 
Busse PJ, Sampson HA. B-cell epitopes as a 
screening instrument for persistent cow’s milk 
allergy. J. Allergy Clin. Immunol. 110(2), 
293–297 (2002).

103	 Vickery BP, Lin J, Kulis M et al. Peanut oral 
immunotherapy modifies IgE and IgG4 
responses to major peanut allergens. J. Allergy 
Clin. Immunol. 131(1), 128–134.e1–e3 
(2013).

104	 Atkins D, Bock SA. Fatal anaphylaxis to 
foods: epidemiology, recognition, and 
prevention. Curr. Allergy Asthma Rep. 9(3), 
179–185 (2009).

105	 Noimark L, Cox HE. Nutritional problems 
related to food allergy in childhood. Pediatr. 
Allergy Immunol. 19(2), 188–195 (2008).

106	 Vieira MC, Morais MB, Spolidoro JV et al. A 
survey on clinical presentation and 
nutritional status of infants with suspected 
cow’ milk allergy. BMC Pediatr. 10, 25 
(2010).

107	 Jones SM, Pons L, Roberts JL. Clinical 
efficacy and immune regulation with peanut 
oral immunotherapy. J. Allergy Clin. 
Immunol. 124(2), 292–300, 300.e1–97 
(2009).

108	 Thyagarajan A, Jones SM, Calatroni A et al. 
Evidence of pathway-specific basophil anergy 
induced by peanut oral immunotherapy in 
peanut-allergic children. Clin. Exp. Allergy 
42(8), 1197–1205 (2012).

109	 Keet CA, Frischmeyer-Guerrerio PA, 
Thyagarajan A et al. The safety and efficacy 
of sublingual and oral immunotherapy for 
milk allergy. J. Allergy Clin. Immunol. 129(2), 
448–455, 455 e441–445 (2012).



www.futuremedicine.com 767future science group

Food allergy: management, diagnosis & treatment strategies ReviewReview Gómez, Mayorga, Gómez et al.

110	 Calderon MA, Alves B, Jacobson M, Hurwitz 
B, Sheikh A, Durham S. Allergen injection 
immunotherapy for seasonal allergic rhinitis. 
Cochrane Database Syst. Rev. 1, CD001936 
(2007).

111	 Winther L, Arnved J, Malling HJ, Nolte H, 
Mosbech H. Side-effects of allergen-specific 
immunotherapy: a prospective multi-centre 
study. Clin. Exp. Allergy 36(3), 254–260 
(2006).

112	 Oppenheimer JJ, Nelson HS, Bock SA, 
Christensen F, Leung DY. Treatment of peanut 
allergy with rush immunotherapy. J. Allergy 
Clin. Immunol. 90(2), 256–262 (1992).

113	 Nelson HS, Lahr J, Rule R, Bock A, Leung D. 
Treatment of anaphylactic sensitivity to 
peanuts by immunotherapy with injections of 
aqueous peanut extract. J. Allergy Clin. 
Immunol. 99(6 Pt 1), 744–751 (1997).

114	 Cox L, Calderon MA. Subcutaneous specific 
immunotherapy for seasonal allergic rhinitis: 
a review of treatment practices in the US and 
Europe. Curr. Med. Res. Opin. 26(12), 2723–
2733 (2010).

115	 Nowak-Wegrzyn A, Sampson HA. Future 
therapies for food allergies. J. Allergy Clin. 
Immunol. 127(3), 558–573; quiz 574–555 
(2011).

116	 Burks AW, Jones SM, Wood RA et al. Oral 
immunotherapy for treatment of egg allergy 
in children. N. Engl. J. Med. 367(3), 233–243 
(2012).

n	 Randomized double-blind placebo-
controlled study with a substantial number 
of patients, disclosing that after 2 years of 
egg oral immunotherapy (IT), patients were 
long-term desensitized and ingesting egg 
proteins ad libitum showed a sustained 
unresponsiveness with associated 
immunological changes in a period of 
follow-up of 3 years.

117	 Longo G, Barbi E, Berti I et al. Specific oral 
tolerance induction in children with very 
severe cow’s milk-induced reactions. J. Allergy 
Clin. Immunol. 121(2), 343–347 (2008).

118	 Buchanan AD, Green TD, Jones SM et al. 
Egg oral immunotherapy in 
nonanaphylactic children with egg allergy. 
J. Allergy Clin. Immunol. 119(1), 199–205 
(2007).

119	 Varshney P, Jones SM, Scurlock AM et al. A 
randomized controlled study of peanut oral 
immunotherapy: clinical desensitization and 
modulation of the allergic response. J. Allergy 
Clin. Immunol. 127(3), 654–660 (2011).

120	 Skripak JM, Nash SD, Rowley H et al. A 
randomized, double-blind, placebo-controlled 
study of milk oral immunotherapy for cow’s 
milk allergy. J. Allergy Clin. Immunol. 122(6), 
1154–1160 (2008).

121	 Clark AT, Islam S, King Y, Deighton J, 
Anagnostou K, Ewan PW. Successful oral 
tolerance induction in severe peanut allergy. 
Allergy 64(8), 1218–1220 (2009). 

122	 Nurmatov U, Venderbosch I, Devereux G, 
Simons FE, Sheikh A. Allergen-specific oral 
immunotherapy for peanut allergy. Cochrane 
Database Syst. Rev. 9, CD009014 (2012).

123	 Yeung JP, Kloda LA, Mcdevitt J, Ben-
Shoshan M, Alizadehfar R. Oral 
immunotherapy for milk allergy. Cochrane 
Database Syst. Rev. 11, CD009542 (2012).

124	 Calderon MA, Simons FE, Malling HJ, 
Lockey RF, Moingeon P, Demoly P. 
Sublingual allergen immunotherapy: mode of 
action and its relationship with the safety 
profile. Allergy 67(3), 302–311 (2012).

125	 Enrique E, Pineda F, Malek T et al. 
Sublingual immunotherapy for hazelnut food 
allergy: a randomized, double-blind, placebo-
controlled study with a standardized hazelnut 
extract. J. Allergy Clin. Immunol. 116(5), 
1073–1079 (2005).

126	 Garcia BE, Gonzalez-Mancebo E, Barber D 
et al. Sublingual immunotherapy in peach 
allergy: monitoring molecular sensitizations 
and reactivity to apple fruit and Platanus 
pollen. J. Investig. Allergol. Clin. Immunol. 
20(6), 514–520 (2010).

127	 Kim EH, Bird JA, Kulis M et al. Sublingual 
immunotherapy for peanut allergy: clinical 
and immunologic evidence of desensitization. 
J. Allergy Clin. Immunol. 127(3), 640–646 
e641 (2011).

nn	 First significant trial in sublingual IT (SLIT) 
where it has been demonstrated that after 
12 months, peanut SLIT was able to induce 
clinical desensitization associated with 
immunological changes and show a reduction 
in skin prick and basophil reactivity, and an 
increased level of specific IgG4.

128	 Kulis M, Saba K, Kim EH et al. Increased 
peanut-specific IgA levels in saliva correlate 
with food challenge outcomes after peanut 
sublingual immunotherapy. J. Allergy Clin. 
Immunol. 129(4), 1159–1162 (2012).

129	 Fleischer DM, Burks AW, Vickery BP et al. 
Sublingual immunotherapy for peanut 
allergy: a randomized, double-blind, placebo-
controlled multicenter trial. J. Allergy Clin. 
Immunol. 131(1), 119–127 e117 (2013).

n	 First multicenter randomized double-blind 
placebo-controlled study of peanut SLIT, 
which showed the importance of 
administering peanut SLIT during a long 
period to achieve immunological changes. It 
also demonstrated that improvement was not 
associated with specific IgE levels and 
indicated that desensitization might have been 
mediated by reduced mast cell activation.

130	 Mitragotri S. Immunization without needles. 
Nat. Rev. Immunol. 5(12), 905–916 (2005).

131	 Dioszeghy V, Mondoulet L, Dhelft V et al. 
Epicutaneous immunotherapy results in rapid 
allergen uptake by dendritic cells through 
intact skin and downregulates the allergen-
specific response in sensitized mice. 
J. Immunol. 186(10), 5629–5637 (2011).

132	 Mondoulet L, Dioszeghy V, Vanoirbeek JA, 
Nemery B, Dupont C, Benhamou PH. 
Epicutaneous immunotherapy using a new 
epicutaneous delivery system in mice 
sensitized to peanuts. Int. Arch. Allergy 
Immunol. 154(4), 299–309 (2011).

133	 Mondoulet L, Dioszeghy V, Ligouis M, 
Dhelft V, Dupont C, Benhamou PH. 
Epicutaneous immunotherapy on intact skin 
using a new delivery system in a murine 
model of allergy. Clin. Exp. Allergy 40(4), 
659–667 (2010).

134	 Dupont C, Kalach N, Soulaines P, Legoue-
Morillon S, Piloquet H, Benhamou PH. 
Cow’s milk epicutaneous immunotherapy in 
children: a pilot trial of safety, acceptability, 
and impact on allergic reactivity. J. Allergy 
Clin. Immunol. 125(5), 1165–1167 (2010).

135	 Garcia-Casado G, Pacios LF, Diaz-Perales A 
et al. Identification of IgE-binding epitopes of 
the major peach allergen Pru p 3. J. Allergy 
Clin. Immunol. 112(3), 599–605 (2003).

136	 Pacios LF, Tordesillas L, Cuesta-Herranz J 
et al. Mimotope mapping as a complementary 
strategy to define allergen IgE-epitopes: peach 
Pru p 3 allergen as a model. Mol. Immunol. 
45(8), 2269–2276 (2008).

137	 Bannon GA, Cockrell G, Connaughton C 
et al. Engineering, characterization and 
in vitro efficacy of the major peanut allergens 
for use in immunotherapy. Int. Arch. Allergy 
Immunol. 124(1–3), 70–72 (2001).

138	 Rabjohn P, West CM, Connaughton C et al. 
Modification of peanut allergen Ara h 3: 
effects on IgE binding and T cell stimulation. 
Int. Arch. Allergy Immunol. 128(1), 15–23 
(2002).

139	 Li XM, Srivastava K, Grishin A et al. 
Persistent protective effect of heat-killed 
Escherichia coli producing “engineered,” 
recombinant peanut proteins in a murine 
model of peanut allergy. J. Allergy Clin. 
Immunol. 112(1), 159–167 (2003).

140	 Li XM, Srivastava K, Huleatt JW, Bottomly 
K, Burks AW, Sampson HA. Engineered 
recombinant peanut protein and heat-killed 
Listeria monocytogenes coadministration 
protects against peanut-induced anaphylaxis 
in a murine model. J. Immunol. 170(6), 
3289–3295 (2003).

141	 Ma Y, Gadermaier G, Bohle B et al. 
Mutational analysis of amino acid positions 
crucial for IgE-binding epitopes of the major 



Immunotherapy (2013) 5(7)768 future science group

Review Gómez, Mayorga, Gómez et al.

apple (Malus domestica) allergen, Mal d 1. Int. 
Arch. Allergy Immunol. 139(1), 53–62 
(2006).

142	 Prickett SR, Voskamp AL, Dacumos-Hill A, 
Symons K, Rolland JM, O’Hehir RE. Ara h 2 
peptides containing dominant CD4+ T-cell 
epitopes: candidates for a peanut allergy 
therapeutic. J. Allergy Clin. Immunol. 127(3), 
608–615 e601–605 (2011).

143	 Rupa P, Mine Y. Oral immunotherapy with 
immunodominant T-cell epitope peptides 
alleviates allergic reactions in a Balb/c mouse 
model of egg allergy. Allergy 67(1), 74–82 
(2012).

144	 Tighe H, Takabayashi K, Schwartz D et al. 
Conjugation of immunostimulatory DNA to 
the short ragweed allergen amb a 1 enhances 
its immunogenicity and reduces its 
allergenicity. J. Allergy Clin. Immunol. 
106(1 Pt 1), 124–134 (2000).

145	 Simons FE, Shikishima Y, Van Nest G, Eiden 
JJ, Hayglass KT. Selective immune 
redirection in humans with ragweed allergy 
by injecting Amb a 1 linked to 
immunostimulatory DNA. J. Allergy Clin. 
Immunol. 113(6), 1144–1151 (2004).

146	 Senti G, Johansen P, Haug S et al. Use of 
A-type CpG oligodeoxynucleotides as an 
adjuvant in allergen-specific immunotherapy 
in humans: a Phase I/IIa clinical trial. Clin. 
Exp. Allergy 39(4), 562–570 (2009).

147	 Klimek L, Willers J, Hammann-Haenni A 
et al. Assessment of clinical efficacy of 
CYT003-QbG10 in patients with allergic 
rhinoconjunctivitis: a Phase IIb study. Clin. 
Exp. Allergy 41(9), 1305–1312 (2011).

148	 Tulic MK, Fiset PO, Christodoulopoulos P 
et al. Amb a 1-immunostimulatory 
oligodeoxynucleotide conjugate 
immunotherapy decreases the nasal 
inflammatory response. J. Allergy Clin. 
Immunol. 113(2), 235–241 (2004).

149	 Creticos PS, Schroeder JT, Hamilton RG 
et al. Immunotherapy with a ragweed-toll-like 
receptor 9 agonist vaccine for allergic rhinitis. 
N. Engl. J. Med. 355(14), 1445–1455 (2006).

150	 Wen MC, Wei CH, Hu ZQ et al. Efficacy 
and tolerability of anti-asthma herbal 
medicine intervention in adult patients with 
moderate-severe allergic asthma. J. Allergy 
Clin. Immunol. 116(3), 517–524 (2005).

151	 Chang TT, Huang CC, Hsu CH. Clinical 
evaluation of the Chinese herbal medicine 
formula STA-1 in the treatment of allergic 
asthma. Phytotherapy Res. 20(5), 342–347 
(2006).

152	 Hon KL, Leung TF, Ng PC et al. Efficacy 
and tolerability of a Chinese herbal medicine 
concoction for treatment of atopic dermatitis: 
a randomized, double-blind, placebo-
controlled study. Br. J. Dermatol. 157(2), 
357–363 (2007).

153	 Li XM, Zhang TF, Huang CK et al. Food 
Allergy Herbal Formula-1 (FAHF-1) blocks 
peanut-induced anaphylaxis in a murine 
model. J. Allergy Clin. Immunol. 108(4), 
639–646 (2001).

154	 Srivastava KD, Kattan JD, Zou ZM et al. The 
Chinese herbal medicine formula FAHF-2 
completely blocks anaphylactic reactions in a 
murine model of peanut allergy. J. Allergy 
Clin. Immunol. 115(1), 171–178 (2005).

155	 Qu C, Srivastava K, Ko J, Zhang TF, 
Sampson HA, Li XM. Induction of 
tolerance after establishment of peanut 
allergy by the food allergy herbal formula-2 
is associated with up-regulation of 
interferon-gamma. Clin. Exp. Allergy 37(6), 
846–855 (2007).

156	 van Manen JG, Bindels PJ, Cj IJ, van der Zee 
JS, Bottema BJ, Schade E. Prevalence of 
comorbidity in patients with a chronic airway 
obstruction and controls over the age of 40. 
J. Clin. Epidemiol. 54(3), 287–293 (2001).

157	 Wang X, Chan AW. Challenges and patenting 
strategies for Chinese herbal medicine. 
Chinese Med. 5, 24 (2010).

158	 Leung DY, Shanahan WR Jr, Sampson HA. 
Response to “effect of anti-IgE therapy in 
patients with food allergy”. Ann. Allergy 
Asthma Immunol. 91(6), 515–517 (2003).

159	 Sampson HA, Leung DY, Burks AW et al. A 
Phase II, randomized, doubleblind, 
parallelgroup, placebocontrolled oral food 
challenge trial of Xolair (omalizumab) in 
peanut allergy. J. Allergy Clin. Immunol. 
127(5), 1309–1310 e1301 (2011).

160	 Nadeau KC, Schneider LC, Hoyte L, Borras 
I, Umetsu DT. Rapid oral desensitization in 
combination with omalizumab therapy in 
patients with cow’s milk allergy. J. Allergy 
Clin. Immunol. 127(6), 1622–1624 (2011).

nn	 This reference considers that the use of a 
humanized anti-IgE monoclonal antibody, 
omalizumab, was useful when combined 
with oral IT for milk in children with 
clinical reactions to cow’s milk, and 
permitted rapid milk dose escalation in the 
majority of subjects who tolerated 
desensitization a dose of 2000 mg/day 
within a period of 7–11 weeks.

�� Websites
201	 Commission Directive 2006/142/EC 

amending Annex IIIa of Directive 2000/13/
EC of the European Parliament and of the 
Council listing the ingredients which must 
under all circumstances appear on the 
labelling of foodstuffs.  
http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=OJ:L:2006:368:0110:011
1:EN:PDF

202	 Peanut Allergy Vaccine Study in Healthy 
and Peanut-allergic Adults. 
www.clinicaltrials.gov/show/

www.clinicaltrials.gov/show/NCT00850668

