Received Date : 28-Sep-2015
Accepted Date : 02-Oct-2015

Article type  :Review

Title page

Latest developments in Allergic Rhinitis in Allergy for Clinicians and Researchers

Corresponding author mail id: entwdy@nus.edu.sg

Chew Lip Ng, MBBS, De Yun Wang, MD, PhD

Department of Otolaryngology, Yong Loo Lin School of Medicine, National University of Singapore,

National University Health System, Singapore

Corresponding author:

De Yun Wang, MD, PhD

Department of Otolaryngology

Yong Loo Lin School of Medicine

National University of Singapore

1E Kent Ridge Road

Singapore 119228

Phone: +65 67725373

Fax: +65 67753820

This article has been accepted for publication and undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process, which may

lead to differences between this version and the Version of Record. Please cite this article as
doi: 10.1111/all.12782

This article is protected by copyright. All rights reserved.



Author contribution: All authors have contributed to the development, writing of the manuscript,

and approved the final version.

Conflict of interest: The authors declare that no conflict of interest exists.

ABSTRACT

Research efforts in allergic rhinitis has always been intense. Over the past 3 years, numerous
breakthroughs in basic science and clinical research have been made, augmenting our understanding
of this condition that afflicts a significant proportion of the global population. New epidemiological
findings, novel insights into the molecular and cellular mechanisms of allergy, enhancement of
current developmental theories, new concepts of the goals and endpoints of management, latest
therapeutic modalities that includes the harnessing of information technology and big data are some
areas where important advances were made. We attempt to bring you a summary of the key
research advances made in the field of allergic rhinitis from 2013 to 2015.

INTRODUCTION

Allergic rhinitis (AR) is a common condition that affects a significant proportion of the global
population, across all age groups and is often a life-long condition. Its impact on direct and indirect
healthcare costs are significant and it negatively impacts patients’ quality of life, work performance
and social functioning(1). Overall, AR poses a significant public health burden. Research efforts on
AR had been intensive given its significance. Busy clinicians and scientists might find it difficult to
keep up with the plethora of published articles and sift out the salient points. We performed this
review of articles published mainly in Allergy (2013-2015), a representative journal in the field, to
provide an update on important research findings on AR.

Interesting research findings on the epidemiology, developmental theories and pathophysiology,
novel technology and management, have emerged. However, these studies are of diverse and
unique content. We grouped these studies into a coherent bundle, which might aid in contextual
understanding and interpretation. Areas of debate and uncertainty are discussed for potential
research to be considered for the clarification of these knowledge gaps.
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PREVALENCE, BURDEN AND COMORBIDITIES OF AR

1. Pre-school children: A neglected population

The international ISAAC studies have elucidated the prevalence of AR, AD and asthma in children
above the age of 6 and have enhanced our understanding of allergy in paediatric populations(2, 3).
Data in preschool children is, however, lacking. A nation-wide study in Portugal found that 43.4% of
preschool children had rhinitis based on an adapted ISAAC questionnaire(4). A Brazilian study used
Phase Il EISL and modified ISAAC questionnaires to assess rhinitis symptoms in infants aged 12 to 15
months. This study found that 48.3% of children had at least one sneezing, runny or blocked nose
without cold or flu in the first year of life, and a quarter of infants had recurrent wheezing (23
episodes) and wheezing was more frequent in the presence of AR symptoms(5). A higher prevalence
in preschool children may be expected as infectious rhinitis or other types of rhinitis is common due
to a wide spectrum of risk factors (e.g., viruses, bacteria, molds and other stimuli), and the
immaturity of the immune system(6). Longitudinal studies are needed in this group of children.

2. The costs of AR

As a Global Allergy and Asthma European Network (GA2LEN) initiative, Zuberbier et al. conducted a
detailed cost analysis of allergy treatment in the European Union (EU) and found that the cost of
insufficiently-treated patients range between €55 and €151 billion annually from absenteesm and
productivity losses(7). This translates to €2405 per untreated patient annually. The cost of treatment
is €125 per patient annually, or only 5% of the costs of non-treatment. Adequately treating allergic
patients is cost-effective, rendering potential savings of up to €142 billion per annum for the EU.
With increasing prevalence of allergic diseases, the current specialist-based model of care for allergy
may increasingly be inadequate in meeting the disease burden and entails high costs. In a Position
paper by Jutel et al(8), a holistic primary care model for management of allergic diseases was
proposed to decant the load off tertiary centres and improve patient access to allergy-centric care in
the primary care setting. The costs of management of allergic diseases is likely lower in primary care
compared to tertiary centres. However, treatment outcomes and actual cost savings require detailed
analysis.

3. Impact on daily function

It is known that AR impacts daily function. AR patients subjected to nasal provocation exhibited
impaired driving performance comparable to blood alcohol level of 0.05%, the legal limit in some
countries. Treatment with intranasal steroids and antihistamine partially alleviated the
impairment(9). Su et al. found in a cohort of 128118 males (64059 AR patients vs 64059 matched
controls), the hazard ratio for erectile dysfunction (ED) was 1.37 (95% Cl, 1.24-1.52; p < 0.001) in
those with AR(10). AR may be a potential risk factor for ED, and the risk probably increases with AR
severity.
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4. AR and asthma

In a population-based study, children participating in a cohort study (n=906) were reviewed at age of
8 years. The results showed that the OR of asthmatics with AR experiencing frequent wheezing was
2.89 (95% Cl 1.41-5.91) and 3.44 (95% ClI 1.19-9.94) for severe wheezing attacks limiting speech(11).
In another study, after moderate to severe asthma exacerbation, children with AR had higher odds
of delayed (>7 days) recovery of pulmonary function tests (PFT) (OR 4.3, 95% ClI 1.29-14.67)(12).
These findings lend support to the unified airway theory and inform clinicians of the need to
consider and manage AR in asthmatics and vice versa. A meta-analysis found that intranasal
corticosteroid medications significantly improve some asthma-specific outcome measures in
patients suffering from both AR and asthma(13). It will be interesting to determine the role of nasal
inhalation technique as monotherapy in patients suffering from both asthma and AR in future
studies(13).

5. AR and chronic rhinosinusitis

AR and chronic rhinosinusitis (CRS) are frequently seen together. An common question is whether
AR leads to CRS. Georgalas et al performed a review on existing literature based on a modified
Bradford-Hill criteria for causality between AR and CRS in adults and children(14). They found that
existing studies on the topic are heterogeneous in methods and quality. There is inadequate
evidence for a causal relationship.

RISK FACTORS FOR AR AND ALLERGEN SENSITIZATION (Figure 1)

1. Population genetic studies

Though the genetic basis of AR has been evaluated intensively, the entire hereditary profile of AR
has yet to be fully clarified because allergic diseases result from a complex interplay between genes
and the environment as well as the age at which the exposure occurs (e.g., for GSTP1 gene(15)).
Future studies need to have larger samples sizes to detect the effect of gene-gene interactions and
the role of the environment in the expression of disease.

In a longitudinal cohort study, allele frequencies of 39 single nucleotide polymorphisms (SNPs) were
investigated for association with the exact allergic phenotypes of three genomewide metastudies in
Sweden. Among them, 12 SNPs were found to be associated with AR. The TLR6-TLR1 locus likely has
a central role in the development of allergic disease. The associations between genetic variation in
the SSTR1-MIPOL1 and TSLP-SLC25A46 loci and age at onset is the first report of age-at-onset effects
in AR(16). Another study found significant associations between five SNPs in the 17921 asthma
susceptibility locus, rs9303277, rs7216389, rs7224129, rs3744246, and rs4794820, and AR in
Japan(17).
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Two Japanese population studies demonstrated that FLG mutations (an important predisposing
factor for atopic dermatitis) are a significant predisposing factor for hay fever with an OR of 2.01
(95% ClI 1.027-3.936, p < 0.05)(18); and variants (rs9303277, rs7216389, rs7224129, rs3744246, and
rs4794820) in the 17q21 asthma susceptibility locus are also associated with AR(17). In addition, the
expression of the mRNA of the ORMDL3 gene on this locus was significantly elevated in nasal
epithelium(17).

Many other genetic variations, DNA methylation, or changes in miRNA expression profiles have been
reported in association with atopy(19-25), asthma(25-30), and atopic dermatitis(31, 32), which are
not yet replicated in AR.

2. Variations in allergen sensitization between geographically distinct areas

The large global variation in allergen sensitization patterns suggests that the environment is a critical
determinant in sensitization. Studies on migration provide a litmus test for this theory as allergic
manifestations should change as patients move between geographically distinct areas.

Casas et al. observed geographical variation in the concentrations of house dust mites (HDM)
allergens in house dust, with lower levels in colder and dryer areas and higher in warmer and humid
area in Europe(33, 34). Toppila-Salmi et al. confirmed that HDM-sensitization in Finnish asthmatic
population was significantly lower (less than 10% in both asthmatics and healthy controls), where
poly-sensitization was more prevalent than monosensitization(35). This raises the question on
whether HDM-sensitization will increase in people who migrate from Northern to the tropical
continents.

Andiappan et al. demonstrated that 70-80 % of Singapore- or Malaysia-born Chinese and less than
20% of recent migrants from China are sensitized to HDM(36). Mono-sensitization to HDM (over
80%) is a typical phenotype in Singapore- or Malaysia-born Chinese as less than 30% of them also
had sIgE for other allergens and few of the HDM-sIgE-negative individuals reacted to other allergens.
Interestingly, migrants to Singapore, a tropical urban city, increasingly became sensitized to HDM
and increasingly demonstrated symptoms of AR and asthma. More than 40% of migrants from China
who resided for more than 8 years in Singapore had positive SPT to HDM while less than 20% of
those who resided for less than 3 years were sensitized(36).

Gas, dust, and fumes, exposed occupationally, may act as adjuvants that facilitate sensitization to
mites and mite-sensitized individuals may especially be susceptible to effects of noxious
inhalants(37). Post et al. showed that Ca®" signaling plays a crucial role in barrier dysfunction and the
pro-inflammatory response of bronchial epithelium upon HDM exposure and may thus have
important implications for the development of allergic asthma(38). Pollen-derived adenosine, a
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mediator in ragweed pollen, was found to be a critical cofactor in ragweed-pollen induced allergic
airway inflammation(39).

3. Controversies in “atopic march”

The common allergic diseases manifestations are eczema, AR/rhinoconjunctivitis and asthma. They
tend to appear in a temporal sequence known as the “atopic march”, which classically begins with
eczema in early childhood followed by the appearance of asthma and AR later on(40). This leads to
the question of whether eczema is a causative factor in the development of subsequent atopic
diseases, or whether these clinical conditions are manifestations of the altered IgE response as the
immune system matures.

An analysis of the MeDALL (Mechanisms of the Development of AlLLergy) study, involving 17209
children aged 4 years and 14585 children aged 8 years from seven European birth cohorts,
statistically partitioned the children into clusters and analyzed at both age periods (41). Two groups
were identified in which eczema, AR and asthma had significantly higher prevalence in Group 2 as
compared to Group 1 (at 8 years: 27.5%, 49.0% and 36.9% versus 8.0%, 1.8% and 1.1%). After
stratification by IgE sensitization, the prevalences were maintained. This study provided statistical
evidence that the classic atopic trios are indeed a cluster of allergic comorbidities.

However, the clustering of the atopic trio does not provide the answer to the question of whether
one step of the “march” is a causative factor for the next step. The causal theory is an attractive one,
as it implies that halting the first step of the “march” may arrest progression to subsequent steps.
Proving a hypothesis of causality, especially one as complex as this, requires several approaches,
including epidemiological evidence, molecular and physiological evidence, and interventional studies
that demonstrate arrest of progression.

Dharmage et al. conducted a review of 17 longitudinal studies(40). These studies are concordant in
demonstrating that patients affected by eczema in infancy have higher odds of developing AR and
asthma subsequently, providing strong statistical evidence proving the temporal relationship of the
atopic march, but it does not constitute proof of causality. The prevailing hypothesis of the causality
of eczema to subsequent steps centres around the defective skin barrier leading to penetration by
and early sensitization to allergens, initiating the march (Figure 1, skin barrier hypothesis). We look
forward to upcoming studies on this exciting topic.
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4. Parental risk factors

Westman et al. found from birth cohort of 2413 children that isolated parental AR increased the
odds of AR (OR 2.2, 95% Cl 1.6-3.2), whereas isolated parental asthma or eczema did not(42).
Having all 3 atopic conditions (AR, eczema, and asthma) conferred the highest odds for offspring AR
(OR 5.6, 95% Cl 3.8-8.4) and non-allergic rhinitis (NAR) (OR 4.9, 95% Cl| 2.8-8.4). The highest
prevalence of AR (37.5%) exists in children whose parents had both AR and NAR. Paternal and
maternal atopy conferred similar odds of atopy in offsprings. Fuertes et al. found from two large
German birth cohort studies that even if the parents developed these atopic conditions after the
birth of the child, there is also a positive association with the child developing atopic conditions
particularly for asthma (and less consistently so for AR and eczema), and the effect of the association
is similar to parents with pre-birth atopy(43).

Andersson et al. reviewed 16 studies (25 analyses) investigating prenatal maternal stress and found
that 21 analyses demonstrated positive associations between prenatal maternal stress and
atopy(44). Of the 4 analyses dealing with AR, 3 found positive associations with adjusted OR (AOR)
ranging between 0.96 and 2.38. Maternal smoking and absence of breastfeeding were found to be
stronger predictors of NAR, whereas current wheeze and eczema were stronger predictors of
AR(11). Interestingly, HDM (Der p 1) allergen was found in human milk and primes for allergic
sensitization in a mouse model of asthma(45). This study is a prelude to future studies to identify
and determine if factors in breast milk contribute to allergic sensitization(45).

5. Other risk factors for AR and atopic manifestations

Mai et al. found that serum 25(OH)D level <50 nM was associated with increased incidence of AR in
men (AOR 2.55, 95% Cl 1.01-6.49) with each 25 nM reduction in 25(OH)D level being associated with
an AOR of 1.84 (95% ClI 1.18-2.87)(46). Interestingly, the association was opposite in women, with
an AOR of 0.83 (95% Cl 0.66—1.05) for each 25 nM reduction in 25(OH)D level. Low vitamin D serum
level is inversely associated with eczema in children and adolescents in Germany(47). These data
could support the theory of Vitamin D having immunomodulatory properties, which was also
reported in mice(48). A systematic review found that vitamin D supplementation might be effective
for preventing asthma exacerbations, but the findings need to be confirmed by clinical trials due to
significant heterogeneity amongst studies(49, 50). Neonatal vitamin A supplementation was found
to be associated with increased risk of atopy and wheezing(51, 52), especially in girls(51). In a
European multicentre birth cohort study, serum vitamin E concentration at 1 year of age was not
associated with allergies or asthma at 6 years(53).

The biodiversity hypothesis postulates that decreased exposure of children to environmental
microbiota due to loss of green spaces and improved hygiene impacted commensal biodiversity and
its effect on immune tolerance. Ruokolainen et al. studied the relationships between amount of
green spaces (forested and agricultural areas) around children who were study subjects in 3 Finnish
and Estonian studies, and atopy(54). They found that green area within 2-5 km from the home was
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inversely and significantly associated with atopic sensitization in children 6 years of age and older.
This may demonstrate the environmental effect on commensal microbiota, which has also been
shown in atopic eczema(55). Farm exposure and time trends in early childhood were found to
influence DNA methylation in genes related to asthma and allergy(56). Farming in Poland has shown
a protective effect against objective measures of atopy potentially related to contact with grain or
associated farm activities(57). Furthermore, Sozanska et al. showed that the protective effects of
larger family size and birth order on atopy were much stronger in children than in adults and among
those living in a village(58).

Hahm et al. extracted data from the ISAAC study in South Korea and found that staying in a newly-
built home in infancy is associated with higher odds of developing AR at 7-8 years of age (OR 3.09,
95% Cl 1.71-5.57)(59). They postulated this could be due to higher concentrations of chemicals,
including volatile organic chemicals, in new buildings. Dampness and mould at home were also
associated with AR (OR 1.31, 95% Cl 1.07-1.61). In addition, exposure to traffic-related air pollution,
especially PM,;, was found to be associated with eczema and hay fever(60). Exposure to
antimicrobial chemical, triclosan, in personal care products, was associated with allergic disease in
Norway(61). Cigarette smoking was associated with a high prevalence of chronic rhinitis in both
sexes but low prevalence of AR in men. (62). Rhinitis was associated with peripheral arterial disease,
a predictor of future cerebrovascular and cardiovascular events, independent of the presence of
atopy(63).

CELLULAR AND MOLECULAR MECHANISMS OF AR

More evidence showed that allergen exposure locally produces systemic changes at the cellular and
molecular levels. Wong et al. investigated circulating peripheral blood mononuclear cells in patients
allergic to Bahia grass pollen and controls, and found a small population of circulating allergen-
specific B cells that responded quickly when exposed to the specific allergen and proliferated
rapidly(64). The behavior of this population of peripheral blood B cells is similar to those of adaptive
memory B cells in response to specific allergens, and could be precursors for allergen-specific IgE
production and could be one component of the rapid systemic response to allergens(64). In another
study, pollen-derived non-allergenic substances (e.g., phytoprostane E1) were found to be
responsible for B-cell-dependent aggravation of IgE-mediated allergies(65).

Pilette et al. evaluated dendritic cells (DC) in the nasal mucosa and the skin after nasal allergen
challenge (NAC)(66). They found that in AR, DC exhibited aberrant functions both in local tissues and
systemically. Both myeloid DC and plasmacytoid DC increased in the nose and skin after NAC. A
decrease in IL-10 and IFN-y were found in the nose, skin and peripheral blood and a decrease in IL-12
was noted in blood. The significance of these findings are that impaired IL-10, IL-12 and IFN-y
expression, which are implicated in allergic pathways, suggest a systemic defect in DC programming
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in AR, leading to their aberrant potential to induce Th2/Th17-cell polarization, a driver of
autoimmunity. An animal study demonstrated inhibition of allergic airway inflammation by
suppressing the formation of inflammatory DC at the inflammatory site(67).

Mast cells and basophils have come into attention as their roles in allergic diseases are increasingly
defined(68-70). Basophil activation parallels immediate allergic reactions and CD63, a membrane
protein from histamine-containing lysosomes, is upregulated during basophil activation. The
basophil activation test (BAT) is increasingly utilized as a measure of allergic activity, following
increasing ubiquity of flow cytometers. EAACI recently issued a Position Paper on the utility of BAT in
allergic diseases(71). BAT is a functional ex vivo test that can negate the risks of in vivo provocation
tests. It can be used to diagnose allergies to common allergens, drugs, venom, and autoimmune
urticarial, monitor the severity and resolution of allergic conditions, and the effects of
immunotherapy. More research on the standardization of values and cost-effectiveness of BAT are
needed.

There are suggestions that allergic response could be influenced by the circadian rhythm (68). Ando
et al. demonstrated that allergen-induced surface CD203c expression on basophils in seasonal AR is
varies with the time of the day and is associated with temporal variations in circadian Clock gene
expression(72). Recently, Nakao et al. have reviewed systemically circadian clock functions and
suggested that research on how time of day impacts allergic reaction, which we may call
‘chronoallergology’, will provide exciting insights into previously unknown aspects of the biology of
allergies which may initiate novel strategies for management of these diseases(73).

NAC is widely used to directly evaluate the sensitivity of the nasal mucous membrane to allergens,
mediators of Type | allergy, and drugs. Agache et al. have recently published a position paper that
appraised NAC methods, and provided recommendations on indications and safety(49). Shamji et al.
have confirmed systemic cellular activation (e.g., basophils, T-cells, and dendritic cells in peripheral
blood) following a NAC(74). Airway epithelial cells are known to be the primary site encountering
aeroallergens, they have also an important role in the modulation of allergic inflammation
responses(75). Segboer et al. found a high prevalence of hyper-reactivity in both AR and NAR (>60%)
during cold dry air provocation, which triggered rhinitis symptoms and increased nasal secretions in
these patients but not in controls(76). They concluded that AR and NAR could not be distinguished
by response to nasal stimuli.
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TREATMENT OF AR

Symptoms of AR and CRS are both manifestations of inflammatory reactions of the nasal and sinus

|u

mucosa. The notion of “control” is a key concept in the management of these conditions, as the
realistic goal for the majority of patients is “control” rather than the elusive “cure”. Hellings et al.
performed a review on uncontrolled AR and CRS in which they determined four major contributory
factors to uncontrolled AR and CRS; such as disease-related factors (SCUAD, endogenous, exogenous
and genetics factors), diagnosis-related factors (misdiagnosis, concurrent local or systemic diseases),
patient-related factors (compliance), and treatment-related factors (inadequate treatment and
symptom control)(77). This review emphasizes the need for refining the definition of disease control
and proposed thorough assessment and management based on the four above-mentioned factors.
Recently, Papadopoulos et al. proposed a new stepwise management approach of AR based on
control that can be based on a number of criteria , including a patient-reported metric of quality of

life, symptoms, objective measurements, and an easily applied test to evaluate nasal patency(78).

1. Immunotherapy

Immunotherapy (IT) is the only disease-modifying treatment modality that offers sustained
symptomatic relief even after cessation of therapy(79). IT can be administered subcutaneously (SCIT)
or sublingually (SLIT). In support of the efficacy of IT, Scadding et al. performed nasal allergen
challenges in patients receiving timothy grass pollen IT (SCIT or SLIT), and showed blunted clinical
and immunological responses to allergens in IT-treated patients(80). SLIT decreased IL-4 levels and
mIL-4 receptors and increased inhibitory IL-4 receptors (81), and desensitization reduced basophil
response rapidly and non-specifically at a stage before p38 MAPK phosphorylation(82). Recently, the
EAACI Task Force recommended a standardized method for outcome measures in nine domains,
including total symptom scores, medication score, combined symptom medication score, health-
related quality of life, visual analogue score, well and severe days, global assessment and patient
satisfaction, rhinitis control, and allergen provocation tests (83). The decision on IT initiation should
be based on evaluation of existing medical conditions and a risk/benefit assessment for each
patient(84). Other IT products (both in SLIT and SCIT) using recombinant Bet v 1 have been evaluated
by its safety and efficacy in randomized clinical trials (85, 86). Senti et al. presented a summary of
three clinical trials using epicutaneous allergen immunotherapy that has shown amelioration of hay
fever symptoms and good safety profiles(87)

IT may result in allergic reactions especially during initiation of therapy. This is of particular concern
in asthmatics. Sastre et al. reported a significant association between the number of grass allergens
patients are sensitized to and the number of adverse reactions to IT (88). However, in an analysis of
3314 adults and 881 children on Timothy grass SLIT, Maloney et al. found no evidence of increased
frequency for treatment-emergent adverse events, systemic allergic reactions, or severe local
allergic swellings in adults or children with asthma treated with grass SLIT tablet versus subjects
without asthma in or outside of pollen season (89).
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Many AR patients are polysensitized. The efficacy of single-allergen IT in polysensitized patients is
under debate(79). However, clinical trials that evaluate the efficacy of mixed allergen extracts in IT
are in want. A randomized placebo-controlled trial by Nelson et al. using grass IT tablets found
similar improvements in symptoms scores and favourable safety profile in both mono- and poly-
sensitized patients(90). O. Pfaar et al. conducted a multicentre, double-blind, placebo-controlled
trial of SCIT with mixed depigmented-polymerized birch and grass pollen extract in 285 patients with
allergic rhinoconjunctivitis and demonstrated significant reduction of combined symptom and
medication score and the rhinitis quality of life questionnaire with the SCIT-treated group, compared
to the placebo group(91).

While the use of IT is increasing, there are no universal standardization for the dosage and
preparation of IT agents, with different manufacturers employing different dosages, compositions
and reference units. While the CREATE project provides standards for specific IT materials, it is not
all-encompassing(92). Benitez et al. analysed the constituent HDM allergens and their
concentrations in five SLIT products in Spain and found substantial variations in allergen content
among these five products(93). In their study, Der p 1 concentrations ranged from 0.6 to 14.5 pg/ml
(24-fold difference); similar figures were found for Der f 1 that ranged from 0.2 to 12.4 ug/ml (62-
fold difference). Der p 2 + Der f 2 ranged from 0.2 to 1.5 pg/ml (7.5-fold difference). The fact that
allergen concentrations varied so significantly in these products is alarming. This highlights the need
for more stringent testing on the appropriate concentrations and types of allergens in IT products.

2. Second-generation H;-Antihistamine

Second-generation antihistamines are recommended by guidelines for AR as they are safe and
efficacious(1, 94, 95). Mullol et al. reviewed the evidence for Rupatadine in 2008, in which its
efficacy and safety were established(96) and in 2015(97), for its properties as antihistamine and
platelet activating factor (PAF) respectively. PAF is a phospholipid-derived mediator found primarily
in mast cells and is involved in eosinophil chemotaxis and degranulation via G-protein coupled PAF
receptors, and mast cell degranulation(98, 99). PAF is a key mediator of mucosal inflammation in AR
and the wheal and flare reaction in urticaria(100, 101). Bilastine, a new H;-antihistamine approved
for rhinoconjunctivitis, has shown efficacy that increased with up-dosing but without sedation in the
treatment of cold contact urticaria(102).

3. Acupuncture

Choi et al. found that TNSS was significantly reduced in the group that received 4 weeks of
acupuncture compared with the sham acupuncture (difference = -1.03) and observation groups
(difference= -2.49)(103). However, outcomes were based on self-reported questionnaires and not
objective outcomes.
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4. Novel targets for therapy
The EAACI Interest Group on biologicals published a review on the use of biologic agents in allergic
disorders, including agents targeting IgE, Th2-type and Th2-promoting cytokines, pro-inflammatory
cytokines, chemokine receptor CCR4, and lymphocyte surface and adhesion molecules. The
integration of information in this review helps readers understand these new therapeutic agents
(104).

Von Gunten et al. conducted an excellent review of the mechanisms and potential therapeutic
targets for allergic inflammation(105). In addition, KleinJan et al. found that topical application of a
sphingoside-1-phosphate (S1P) analogue (FTY720) to allergen-sensitized mice resulted in decreased
eosinophils, mast cells and dendritic cells in nasal mucosa. IL-4, IL-5, IL-10 and IL-13 production also
fell significantly(106). Targeting Notch signaling pathways may also provide an inhibitory effect on
GM-CSF priming-induced transendothelial migration of human eosinophils which is a significant
pathological feature in allergic inflammation(107).

Fonseca et al. demonstrated the promising potential of mycobacterial antigens for clinical
trials(108). Their data suggested that MyD88 signaling could be a common pathway in the distinct
mechanisms of therapeutic efficacy of allergen-free immunotherapy. During immunotherapy with
CpG/CFP, IFN-c secretion induced via MyD88 signaling could reverse the allergic response by
downregulating Th2 cells. In addition, immunotherapy with CpG/CFP activates non-apoptotic Fas
signaling, and possibly reduces allergic response via IFN-c and IL-10 production(108). Pollen-derived
adenosine is a critical cofactor in ragweed-pollen induced allergic airway inflammation and may
highlight adenosine receptors as potential drug targets (39).

The CRTH2 antagonist 0C000459 was found to be a safe and effective oral anti-inflammatory agent,
which achieved clinically meaningful improvements in lung function and asthma control in allergic
asthmatics(109) and clinical benefits in eosinophilic oesophagitis(110). A small randomized crossover
study using OC000459 showed significant and persistent reduction in rhinoconjunctivitis symptoms
compared to placebo(111). While OC000459 shows promise in AR, larger studies are required to
demonstrate its efficacy and safety profile.

NOVEL USE OF INFORMATION TECHNOLOGY

The increasing penetration of the internet and smartphones has led to opportunities for the medical
and scientific professions to have remote access to patients, provide instant information to patients
and have real-time information about patients’ medical conditions.
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Kang et al. found a high coherence between (i) search volume of AR-related words (eg. “pollen
count”, “cetirizine”, “loratadine”), (ii) antihistamine sales and (iii) pollen counts(112). Pollen seasons
correlated strongly with peaks of AR-related search volumes and antihistamine sales data. Google
Trends, a surveillance tool that allows for the study of trends of searches on Google, has proven
effective in predicting influenza outbreaks. Big data on epidemiology will likely play a more
significant role in the management of allergy.

de Weger et al. tracked AR symptoms by having a large number of Dutch volunteers report regularly
their location and symptoms onto the study website(113). Symptom scores correlated significantly
with (i) pollen concentrations, (ii) self-reported allergen sensitivity profiles, and (iii) antihistamine
sales. Remote self-reported symptoms can provide location- and time-specific epidemiological
information of AR.

GA2LEN harnessed information from patients’ Hay Fever Diary, pollen concentrations from the
European Allergen Network, and air quality and pollen concentration forecasts from across Europe
(SILAM Network) to determine the pollen concentration that triggered symptoms for individual
patients. By determining the individual threshold pollen concentration, patients can be informed in
advanced when pollen concentration reaches their threshold and hence manage their symptoms
better. In a position paper by MACVIA-ARIA Sentinel NetworK for allergic rhinitis (MASK-rhinitis),
the use of electronic reporting of daily symptoms during pollen season via mobile devices in 13
European countries was described(114). This information was processed by a clinical decision
support system. The data can be used to provide patients and the public with advice during pollen
season and is useful for research and climate evaluation purposes.

SUMMARY

The diversity of research and the strides we are making in the understanding and management of AR
is both encouraging and humbling. The challenge for clinicians and scientists like ourselves lies in
keeping abreast of these research findings and the latest clinical guidelines. We hope this review has
summarized, in a succinct and contextualized manner, the new information available. Readers are
directed to the referenced articles that are of interest to them for full information.

REFERENCES

1. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias A, et al. Allergic Rhinitis and
its Impact on Asthma (ARIA) 2008 update (in collaboration with the World Health Organization,
GA(2)LEN and AllerGen). Allergy 2008;63 Suppl 86:8-160.

This article is protected by copyright. All rights reserved.



2. Worldwide variation in prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and
atopic eczema: ISAAC. The International Study of Asthma and Allergies in Childhood (ISAAC) Steering
Committee. Lancet 1998;351(9111):1225-1232.

3. Ait-Khaled N, Pearce N, Anderson HR, Ellwood P, Montefort S, Shah J. Global map of the
prevalence of symptoms of rhinoconjunctivitis in children: The International Study of Asthma and
Allergies in Childhood (ISAAC) Phase Three. Allergy 2009;64(1):123-148.

4, Morais-Almeida M, Santos N, Pereira AM, Branco-Ferreira M, Nunes C, Bousquet J, et al.
Prevalence and classification of rhinitis in preschool children in Portugal: a nationwide study. Allergy
2013;68(10):1278-1288.

5. Chong Neto HJ, Rosario CS, Rosario BA, Chong FH, Grasselli EA, Silva FC, et al. Allergic rhinitis
in preschool children from southern Brazil. Allergy 2014;69(4):545-547.

6. Roberts G, Xatzipsalti M, Borrego LM, Custovic A, Halken S, Hellings PW, et al. Paediatric
rhinitis: position paper of the European Academy of Allergy and Clinical Immunology. Allergy
2013;68(9):1102-1116.

7. Zuberbier T, Lotvall J, Simoens S, Subramanian SV, Church MK. Economic burden of
inadequate management of allergic diseases in the European Union: a GA(2) LEN review. Allergy
2014;69(10):1275-1279.

8. Jutel M, Angier L, Palkonen S, Ryan D, Sheikh A, Smith H, et al. Improving allergy
management in the primary care network — a holistic approach. Allergy 2013;68(11):1362-1369.

9. Vuurman EF, Vuurman LL, Lutgens |, Kremer B. Allergic rhinitis is a risk factor for traffic
safety. Allergy 2014,69(7):906-912.

10. Su VYF, Liu CJ, Lan MY, Chen YM, Su KC, Lee YC, et al. Allergic rhinitis and risk of erectile
dysfunction — a nationwide population-based study. Allergy 2013;68(4):440-445.

11. Deliu M, Belgrave D, Simpson A, Murray CS, Kerry G, Custovic A. Impact of rhinitis on asthma
severity in school-age children. Allergy 2014;69(11):1515-1521.

12. Yilmaz O, Bakirtas A, Ertoy Karagol HI, Topal E, Demirsoy MS. Allergic rhinitis may impact the
recovery of pulmonary function tests after moderate/severe asthma exacerbation in children.
Allergy 2014;69(5):652-657.

13. Lohia S, Schlosser RJ, Soler ZM. Impact of intranasal corticosteroids on asthma outcomes in
allergic rhinitis: a meta-analysis. Allergy 2013;68(5):569-579.

14. Georgalas C, Vlastos I, Picavet V, van Drunen C, Garas G, Prokopakis E. Is chronic
rhinosinusitis related to allergic rhinitis in adults and children? Applying epidemiological guidelines
for causation. Allergy 2014;69(7):828-833.

15. Tischer CG, Gref A, Standl M, Bauer M, Bergstrom A, Brauer M, et al. Glutathione-S-
transferase P1, early exposure to mould in relation to respiratory and allergic health outcomes in
children from six birth cohorts. A meta-analysis. Allergy 2013;68(3):339-346.

This article is protected by copyright. All rights reserved.



16. Nilsson D, Henmyr V, Hallden C, Sall T, Kull I, Wickman M, et al. Replication of genomewide
associations with allergic sensitization and allergic rhinitis. Allergy 2014;69(11):1506-1514.

17. Tomita K, Sakashita M, Hirota T, Tanaka S, Masuyama K, Yamada T, et al. Variants in the
17921 asthma susceptibility locus are associated with allergic rhinitis in the Japanese population.
Allergy 2013;68(1):92-100.

18. Kono M, Nomura T, Ohguchi Y, Mizuno O, Suzuki S, Tsujiuchi H, et al. Comprehensive
screening for a complete set of Japanese-population-specific filaggrin gene mutations. Allergy
2014;69(4):537-540.

19. Amaral AF, Minelli C, Guerra S, Wjst M, Probst-Hensch N, Pin |, et al. The locus C110rf30
increases susceptibility to poly-sensitization. Allergy 2015;70(3):328-333.

20. Casaca VI, llli S, Klucker E, Ballenberger N, Schedel M, von Mutius E, et al. STAT6
polymorphisms are associated with neonatal regulatory T cells and cytokines and atopic diseases at
3 years. Allergy 2013;68(10):1249-1258.

21. Sharma V, Michel S, Gaertner V, Franke A, Vogelberg C, von Berg A, et al. A role of FCER1A
and FCER2 polymorphisms in IgE regulation. Allergy 2014;69(2):231-236.

22. Kretschmer A, Moller G, Lee H, Laumen H, von Toerne C, Schramm K, et al. A common atopy-
associated variant in the Th2 cytokine locus control region impacts transcriptional regulation and
alters SMAD3 and SP1 binding. Allergy 2014,69(5):632-642.

23. Sharma V, Michel S, Gaertner V, Franke A, Vogelberg C, von Berg A, et al. Fine-mapping of
IgE-associated loci 1923, 5931, and 1213 using 1000 Genomes Project data. Allergy
2014;69(8):1077-1084.

24. Schieck M, Sharma V, Michel S, Toncheva AA, Worth L, Potaczek DP, et al. A polymorphism
in the TH 2 locus control region is associated with changes in DNA methylation and gene expression.
Allergy 2014;69(9):1171-1180.

25. Sahiner UM, Semic-Jusufagic A, Curtin JA, Birben E, Belgrave D, Sackesen C, et al.
Polymorphisms of endotoxin pathway and endotoxin exposure: in vitro IgE synthesis and replication
in a birth cohort. Allergy 2014;69(12):1648-1658.

26. Butsch Kovacic M, Martin LJ, Biagini Myers JM, He H, Lindsey M, Mersha TB, et al. Genetic
approach identifies distinct asthma pathways in overweight vs normal weight children. Allergy
2015;70(8):1028-1032.

27. Haj-Salem I, Fakhfakh R, Berube JC, Jacques E, Plante S, Simard MJ, et al. MicroRNA-19a
enhances proliferation of bronchial epithelial cells by targeting TGFbetaR2 gene in severe asthma.
Allergy 2015;70(2):212-219.

28. Kreiner-Moller E, Strachan DP, Linneberg A, Husemoen LL, Bisgaard H, Bonnelykke K. 17g21
gene variation is not associated with asthma in adulthood. Allergy 2015;70(1):107-114.

This article is protected by copyright. All rights reserved.



29. Ried JS, Baurecht H, Stuckler F, Krumsiek J, Gieger C, Heinrich J, et al. Integrative genetic and
metabolite profiling analysis suggests altered phosphatidylcholine metabolism in asthma. Allergy
2013;68(5):629-636.

30. lzuhara Y, Matsumoto H, Kanemitsu Y, Izuhara K, Tohda Y, Horiguchi T, et al. GLCCI1 variant
accelerates pulmonary function decline in patients with asthma receiving inhaled corticosteroids.
Allergy 2014;69(5):668-673.

31. van der Valk RJ, Kiefte-de Jong JC, Sonnenschein-van der Voort AM, Duijts L, Hafkamp-de
Groen E, Moll HA, et al. Neonatal folate, homocysteine, vitamin B12 levels and
methylenetetrahydrofolate reductase variants in childhood asthma and eczema. Allergy
2013;68(6):788-795.

32. Wang SS, Hon KL, Kong AP, Tang MF, Sy HY, Chan JC, et al. Eczema phenotypes are
associated with multiple vitamin D pathway genes in Chinese children. Allergy 2014;69(1):118-124.

33. Casas L, Sunyer J, Tischer C, Gehring U, Wickman M, Garcia-Esteban R, et al. Early-life house
dust mite allergens, childhood mite sensitization, and respiratory outcomes. Allergy 2015;70(7):820-
827.

34, Newson RB, van Ree R, Forsberg B, Janson C, Lotvall J, Dahlen SE, et al. Geographical
variation in the prevalence of sensitization to common aeroallergens in adults: the GA(2) LEN survey.
Allergy 2014;69(5):643-651.

35. Toppila-Salmi S, Huhtala H, Karjalainen J, Renkonen R, Makela MJ, Wang DY, et al.
Sensitization pattern affects the asthma risk in Finnish adult population. Allergy 2015;70(9):1112-
1120.

36. Andiappan AK, Puan KJ, Lee B, Nardin A, Poidinger M, Connolly J, et al. Allergic airway
diseases in a tropical urban environment are driven by dominant mono-specific sensitization against
house dust mites. Allergy 2014,69(4):501-509.

37. Bjerg A, Ronmark EP, Hagstad S, Eriksson J, Andersson M, Wennergren G, et al. Gas, dust,
and fumes exposure is associated with mite sensitization and with asthma in mite-sensitized adults.
Allergy 2015;70(5):604-607.

38. Post S, Nawijn MC, Jonker MR, Kliphuis N, van den Berge M, van Oosterhout AJ, et al. House
dust mite-induced calcium signaling instigates epithelial barrier dysfunction and CCL20 production.
Allergy 2013;68(9):1117-1125.

39. Wimmer M, Alessandrini F, Gilles S, Frank U, Oeder S, Hauser M, et al. Pollen-derived
adenosine is a necessary cofactor for ragweed allergy. Allergy 2015;70(8):944-954.

40. Dharmage SC, Lowe AJ, Matheson MC, Burgess JA, Allen KJ, Abramson MJ. Atopic dermatitis
and the atopic march revisited. Allergy 2014;69(1):17-27.

41. Garcia-Aymerich J, Benet M, Saeys Y, Pinart M, Basagafia X, Smit HA, et al. Phenotyping
asthma, rhinitis and eczema in MeDALL population-based birth cohorts: an allergic comorbidity
cluster. Allergy 2015;70(8):973-984.

This article is protected by copyright. All rights reserved.



42. Westman M, Kull I, Lind T, Melén E, Stjarne P, Toskala E, et al. The link between parental
allergy and offspring allergic and nonallergic rhinitis. Allergy 2013;68(12):1571-1578.

43. Fuertes E, Standl M, von Berg A, Lehmann |, Hoffmann B, Bauer CP, et al. Parental allergic
disease before and after child birth poses similar risk for childhood allergies. Allergy 2015;70(7):873-
876.

44, Andersson NAW, Hansen MV, Larsen AD, Hougaard KS, Kolstad HA, Schliinssen V. Prenatal
maternal stress and atopic diseases in the child: a systematic review of observational human studies.
Allergy 2015:n/a-n/a.

45, Macchiaverni P, Rekima A, Turfkruyer M, Mascarell L, Airouche S, Moingeon P, et al.
Respiratory allergen from house dust mite is present in human milk and primes for allergic
sensitization in a mouse model of asthma. Allergy 2014;69(3):395-398.

46. Mai XM, Chen Y, Camargo CA, Langhammer A. Serum 25-hydroxyvitamin D levels and self-
reported allergic rhinitis in Norwegian adults — The HUNT Study. Allergy 2014;69(4):488-493.

47. Heimbeck I, Wjst M, Apfelbacher CJ. Low vitamin D serum level is inversely associated with
eczema in children and adolescents in Germany. Allergy 2013;68(7):906-910.

48. Vasiliou JE, Lui S, Walker SA, Chohan V, Xystrakis E, Bush A, et al. Vitamin D deficiency
induces Th2 skewing and eosinophilia in neonatal allergic airways disease. Allergy 2014;69(10):1380-
1389.

49, Cassim R, Russell MA, Lodge CJ, Lowe AJ, Koplin JJ, Dharmage SC. The role of circulating 25
hydroxyvitamin D in asthma: a systematic review. Allergy 2015;70(4):339-354.

50. Confino-Cohen R, Brufman I, Goldberg A, Feldman BS. Vitamin D, asthma prevalence and
asthma exacerbations: a large adult population-based study. Allergy 2014;69(12):1673-1680.

51. Aage S, Kiraly N, Da Costa K, Byberg S, Bjerregaard-Andersen M, Fisker AB, et al. Neonatal
vitamin A supplementation associated with increased atopy in girls. Allergy 2015;70(8):985-994.

52. Kiraly N, Benn CS, Biering-Sorensen S, Rodrigues A, Jensen KJ, Ravn H, et al. Vitamin A
supplementation and BCG vaccination at birth may affect atopy in childhood: long-term follow-up of
a randomized controlled trial. Allergy 2013;68(9):1168-1176.

53. Nwaru BI, Virtanen SM, Alfthan G, Karvonen AM, Genuneit J, Lauener RP, et al. Serum
vitamin E concentrations at 1 year and risk of atopy, atopic dermatitis, wheezing, and asthma in
childhood: the PASTURE study. Allergy 2014;69(1):87-94.

54, Ruokolainen L, von Hertzen L, Fyhrquist N, Laatikainen T, Lehtomaki J, Auvinen P, et al.
Green areas around homes reduce atopic sensitization in children. Allergy 2015;70(2):195-202.

55. Nylund L, Nermes M, Isolauri E, Salminen S, de Vos WM, Satokari R. Severity of atopic
disease inversely correlates with intestinal microbiota diversity and butyrate-producing bacteria.
Allergy 2015;70(2):241-244.

This article is protected by copyright. All rights reserved.



56. Michel S, Busato F, Genuneit J, Pekkanen J, Dalphin JC, Riedler J, et al. Farm exposure and
time trends in early childhood may influence DNA methylation in genes related to asthma and
allergy. Allergy 2013;68(3):355-364.

57. MacNeill SJ, Sozanska B, Danielewicz H, Debinska A, Kosmeda A, Boznanski A, et al. Asthma
and allergies: is the farming environment (still) protective in Poland? The GABRIEL Advanced Studies.
Allergy 2013;68(6):771-779.

58. Sozanska B, Pearce N, Blaszczyk M, Boznanski A, Cullinan P. Changes in atopy prevalence and
sibship effect in rural population at all ages. Allergy 2015;70(6):661-666.

59. Hahm M, Chae Y, Kwon HJ, Kim J, Ahn K, Kim WK, et al. Do newly built homes affect rhinitis
in children? The ISAAC phase Il study in Korea. Allergy 2014;69(4):479-487.

60. Bowatte G, Lodge C, Lowe AJ, Erbas B, Perret J, Abramson MJ, et al. The influence of
childhood traffic-related air pollution exposure on asthma, allergy and sensitization: a systematic
review and a meta-analysis of birth cohort studies. Allergy 2015;70(3):245-256.

61. Bertelsen RJ, Longnecker MP, Lovik M, Calafat AM, Carlsen KH, London SJ, et al. Triclosan
exposure and allergic sensitization in Norwegian children. Allergy 2013;68(1):84-91.

62. Eriksson J, Ekerljung L, Sundblad BM, Lotvall J, Toren K, Ronmark E, et al. Cigarette smoking
is associated with high prevalence of chronic rhinitis and low prevalence of allergic rhinitis in men.
Allergy 2013;68(3):347-354.

63. Ferrari M, Pesce G, Marcon A, Vallerio P, Fratta Pasini AM, de Marco R. Rhinitis is associated
with a greater risk of intermittent claudication in adults. Allergy 2014,69(4):472-478.

64. Wong KJ, Timbrell V, Xi Y, Upham JW, Collins AM, Davies JM. IgE+ B cells are scarce, but
allergen-specific B cells with a memory phenotype circulate in patients with allergic rhinitis. Allergy
2015;70(4):420-428.

65. Oeder S, Alessandrini F, Wirz OF, Braun A, Wimmer M, Frank U, et al. Pollen-derived
nonallergenic substances enhance Th2-induced IgE production in B cells. Allergy 2015.

66. Pilette C, Jacobson MR, Ratajczak C, Detry B, Banfield G, VanSnick J, et al. Aberrant dendritic
cell function conditions Th2-cell polarization in allergic rhinitis. Allergy 2013;68(3):312-321.

67. Dong J, Wong CK, Cai Z, Jiao D, Chu M, Lam CW. Amelioration of allergic airway inflammation
in mice by regulatory IL-35 through dampening inflammatory dendritic cells. Allergy 2015;70(8):921-
932.

68. Siebenhaar F, Falcone FH, Tiligada E, Hammel |, Maurer M, Sagi-Eisenberg R, et al. The
search for mast cell and basophil models--are we getting closer to pathophysiological relevance?
Allergy 2015;70(1):1-5.

69. Gibbs BF, Nilsson GP. Basophils unlimited. Allergy 2013;68(5):553-554.

70. Blank U, Falcone FH, Nilsson G. The history of mast cell and basophil research - some lessons
learnt from the last century. Allergy 2013;68(9):1093-1101.

This article is protected by copyright. All rights reserved.



71. Hoffmann HJ, Santos AF, Mayorga C, Nopp A, Eberlein B, Ferrer M, et al. The clinical utility of
basophil activation testing in diagnosis and monitoring of allergic disease. Allergy 2015:n/a-n/a.

72. Ando N, Nakamura Y, Ishimaru K, Ogawa H, Okumura K, Shimada S, et al. Allergen-specific
basophil reactivity exhibits daily variations in seasonal allergic rhinitis. Allergy 2015;70(3):319-322.

73. Nakao A, Nakamura Y, Shibata S. The circadian clock functions as a potent regulator of
allergic reaction. Allergy 2015;70(5):467-473.

74. Shamji MH, Bellido V, Scadding GW, Layhadi JA, Cheung DK, Calderon MA, et al. Effector cell
signature in peripheral blood following nasal allergen challenge in grass pollen allergic individuals.
Allergy 2015;70(2):171-179.

75. Golebski K, Roschmann Kl, Toppila-Salmi S, Hammad H, Lambrecht BN, Renkonen R, et al.
The multi-faceted role of allergen exposure to the local airway mucosa. Allergy 2013;68(2):152-160.

76. Segboer CL, Holland CT, Reinartz SM, Terreehorst |, Gevorgyan A, Hellings PW, et al. Nasal
hyper-reactivity is a common feature in both allergic and nonallergic rhinitis. Allergy
2013;68(11):1427-1434.

77. Hellings PW, Fokkens WJ, Akdis C, Bachert C, Cingi C, Dietz de Loos D, et al. Uncontrolled
allergic rhinitis and chronic rhinosinusitis: where do we stand today? Allergy 2013;68(1):1-7.

78. Papadopoulos NG, Bernstein JA, Demoly P, Dykewicz M, Fokkens W, Hellings PW, et al.
Phenotypes and endotypes of rhinitis and their impact on management: a PRACTALL report. Allergy
2015;70(5):474-494.

79. Calderon MA, Casale T, Cox L, Akdis CA, Burks AW, Nelson HS, et al. Allergen
immunotherapy: a new semantic framework from the European Academy of Allergy and Clinical
Immunology/American Academy of Allergy, Asthma and Immunology/PRACTALL consensus report.
Allergy 2013;68(7):825-828.

80. Scadding GW, Eifan AO, Lao-Araya M, Penagos M, Poon SY, Steveling E, et al. Effect of grass
pollen immunotherapy on clinical and local immune response to nasal allergen challenge. Allergy
2015;70(6):689-696.

81. Nestor CE, Dadfar E, Ernerudh J, Gustafsson M, Bjorkander J, Benson M, et al. Sublingual
immunotherapy alters expression of IL-4 and its soluble and membrane-bound receptors. Allergy
2014;69(11):1564-1566.

82. Witting Christensen SK, Kortekaas Krohn |, Thuraiaiyah J, Skjold T, Schmid JM, Hoffmann HJ.
Sequential allergen desensitization of basophils is non-specific and may involve p38 MAPK. Allergy
2014;69(10):1343-1349.

83. Pfaar O, Demoly P, Gerth van Wijk R, Bonini S, Bousquet J, Canonica GW, et al.
Recommendations for the standardization of clinical outcomes used in allergen immunotherapy
trials for allergic rhinoconjunctivitis: an EAACI Position Paper. Allergy 2014;69(7):854-867.

This article is protected by copyright. All rights reserved.



84. Pitsios C, Demoly P, Bilo MB, Gerth van Wijk R, Pfaar O, Sturm GJ, et al. Clinical
contraindications to allergen immunotherapy: an EAACI position paper. Allergy 2015;70(8):897-909.

85. Nony E, Bouley J, Le Mignon M, Lemoine P, Jain K, Horiot S, et al. Development and
evaluation of a sublingual tablet based on recombinant Bet v 1 in birch pollen-allergic patients.
Allergy 2015;70(7):795-804.

86. Meyer W, Narkus A, Salapatek AM, Hafner D. Double-blind, placebo-controlled, dose-
ranging study of new recombinant hypoallergenic Bet v 1 in an environmental exposure chamber.
Allergy 2013;68(6):724-731.

87. Senti G, von Moos S, Tay F, Graf N, Johansen P, Kundig TM. Determinants of efficacy and
safety in epicutaneous allergen immunotherapy: summary of three clinical trials. Allergy
2015;70(6):707-710.

88. Sastre J, Rodriguez F, Campo P, Laffond E, Marin A, Alonso MD. Adverse reactions to
immunotherapy are associated with different patterns of sensitization to grass allergens. Allergy
2015;70(5):598-600.

89. Maloney J, Durham S, Skoner D, Dahl R, Bufe A, Bernstein D, et al. Safety of sublingual
immunotherapy Timothy grass tablet in subjects with allergic rhinitis with or without conjunctivitis
and history of asthma. Allergy 2015;70(3):302-309.

90. Nelson H, Blaiss M, Nolte H, Wiirtz S@, Andersen JS, Durham SR. Efficacy and safety of the
SQ-standardized grass allergy immunotherapy tablet in mono- and polysensitized subjects. Allergy
2013;68(2):252-255.

91. Pfaar O, Biedermann T, Klimek L, Sager A, Robinson DS. Depigmented-polymerized mixed
grass/birch pollen extract immunotherapy is effective in polysensitized patients. Allergy
2013;68(10):1306-1313.

92. van Ree R, Chapman MD, Ferreira F, Vieths S, Bryan D, Cromwell O, et al. The CREATE
project: development of certified reference materials for allergenic products and validation of
methods for their quantification. Allergy 2008;63(3):310-326.

93. Moreno Benitez F, Espinazo Romeu M, Letran Camacho A, Mas S, Garcia-Cozar FJ, Tabar Al.
Variation in allergen content in Sublingual Allergen Immunotherapy (SLIT) with house dust mites
(HDM). Allergy 2015.

94, Church MK, Maurer M, Simons FE, Bindslev-Jensen C, van Cauwenberge P, Bousquet J, et al.
Risk of first-generation H(1)-antihistamines: a GA(2)LEN position paper. Allergy 2010;65(4):459-466.

95. Brozek JL, Bousquet J, Baena-Cagnani CE, Bonini S, Canonica GW, Casale TB, et al. Allergic
Rhinitis and its Impact on Asthma (ARIA) guidelines: 2010 revision. J Allergy Clin Immunol
2010;126(3):466-476.

96. Mullol J, Bousquet J, Bachert C, Canonica WG, Gimenez-Arnau A, Kowalski ML, et al.
Rupatadine in allergic rhinitis and chronic urticaria. Allergy 2008;63 Suppl 87:5-28.

This article is protected by copyright. All rights reserved.



97. Mullol J, Bousquet J, Bachert C, Canonica GW, Giménez-Arnau A, Kowalski ML, et al. Update
on rupatadine in the management of allergic disorders. Allergy 2015;70:1-24.

98. Spina D, Coyle AJ, Page CP. The role of platelet activating factor in allergic inflammation.
Pulm Pharmacol 1989;2(1):13-19.

99. Siebenhaar F, Fortsch A, Krause K, Weller K, Metz M, Magerl M, et al. Rupatadine improves
quality of life in mastocytosis: a randomized, double-blind, placebo-controlled trial. Allergy
2013;68(7):949-952.

100. Krause K, Gimenez-Arnau A, Martinez-Escala E, Farre-Albadalejo M, Abajian M, Church MK,
et al. Platelet-activating factor (PAF) induces wheal and flare skin reactions independent of mast cell
degranulation. Allergy 2013;68(2):256-258.

101.  Zuberbier T, Aberer W, Asero R, Bindslev-Jensen C, Brzoza Z, Canonica GW, et al. The
EAACI/GA(2) LEN/EDF/WAO Guideline for the definition, classification, diagnosis, and management
of urticaria: the 2013 revision and update. Allergy 2014;69(7):868-887.

102.  Krause K, Spohr A, Zuberbier T, Church MK, Maurer M. Up-dosing with bilastine results in
improved effectiveness in cold contact urticaria. Allergy 2013;68(7):921-928.

103.  Choi SM, Park JE, Li SS, Jung H, Zi M, Kim TH, et al. A multicenter, randomized, controlled
trial testing the effects of acupuncture on allergic rhinitis. Allergy 2013;68(3):365-374.

104. Boyman O, Kaegi C, Akdis M, Bavbek S, Bossios A, Chatzipetrou A, et al. EAACI IG Biologicals
task force paper on the use of biologic agents in allergic disorders. Allergy 2015;70(7):727-754.

105. von Gunten S, Cortinas-Elizondo F, Kollarik M, Beisswenger C, Lepper PM. Mechanisms and
potential therapeutic targets in allergic inflammation: recent insights. Allergy 2013;68(12):1487-
1498.

106. Kleinjan A, van Nimwegen M, Leman K, Hoogsteden HC, Lambrecht BN. Topical treatment
targeting sphingosine-1-phosphate and sphingosine lyase abrogates experimental allergic rhinitis in
a murine model. Allergy 2013;68(2):204-212.

107.  Liu LY, Wang H, Xenakis JJ, Spencer LA. Notch signaling mediates granulocyte-macrophage
colony-stimulating factor priming-induced transendothelial migration of human eosinophils. Allergy
2015;70(7):805-812.

108. Fonseca DM, Wowk PF, Paula MO, Gembre AF, Baruffi MD, Fermino ML, et al. Requirement
of MyD88 and Fas pathways for the efficacy of allergen-free immunotherapy. Allergy
2015;70(3):275-284.

109. Pettipher R, Hunter MG, Perkins CM, Collins LP, Lewis T, Baillet M, et al. Heightened
response of eosinophilic asthmatic patients to the CRTH2 antagonist 0C000459. Allergy
2014;69(9):1223-1232.

This article is protected by copyright. All rights reserved.



110.  Straumann A, Hoesli S, Bussmann C, Stuck M, Perkins M, Collins LP, et al. Anti-eosinophil
activity and clinical efficacy of the CRTH2 antagonist 0C000459 in eosinophilic esophagitis. Allergy
2013;68(3):375-385.

111.  Horak F, Zieglmayer P, Zieglmayer R, Lemell P, Collins LP, Hunter MG, et al. The CRTH2
antagonist 0C000459 reduces nasal and ocular symptoms in allergic subjects exposed to grass
pollen, a randomised, placebo-controlled, double-blind trial. Allergy 2012;67(12):1572-1579.

112. Kang MG, Song WJ, Choi S, Kim H, Ha H, Kim SH, et al. Google unveils a glimpse of allergic
rhinitis in the real world. Allergy 2015;70(1):124-128.

113. de Weger LA, Hiemstra PS, Op den Buysch E, van Vliet AJH. Spatiotemporal monitoring of
allergic rhinitis symptoms in the Netherlands using citizen science. Allergy 2014;69(8):1085-1091.

114. Bousquet J, Schunemann HJ, Fonseca J, Samolinski B, Bachert C, Canonica GW, et al.
MACVIA-ARIA Sentinel NetworK for allergic rhinitis (MASK-rhinitis): The new generation guideline
implementation. Allergy 2015:n/a-n/a.

Figure 1. Summary of risk factors for allergic rhinitis and allergic sensitization published in Allergy journal (2013-2015)
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