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Abstract: Chronic rhinitis is a very common disease that can be divided in various phenotypes.
Historically, the condition has been classified into the allergic rhinitis (AR) and non-allergic
non-infectious rhinitis (NAR) forms, based on the results of the classical biomarkers of atopy: skin
prick test and serum allergen-specific IgE However, this classification does not reflect the complexity
of the rhinitis syndrome, as illustrated by the existence of non-atopic rhinitis patients who display a
nasal reactivity to environmental allergens. This new phenotype has been termed local allergic rhinitis
(LAR) and can be only recognized if an additional test such as the nasal allergen challenge (NAC) is
integrated in the diagnostic algorithm for chronic rhinitis. Recent data shows that the NAC is a very
safe and reliable technique ready for the clinical practice. LAR is a differentiated rhinitis phenotype
which often commences during childhood and quickly progresses towards a clinical worsening and
the association of comorbidities in other mucosal organs. Recent evidence supports the existence
of a bronchial counterpart of LAR (local allergic asthma), which highlights the pathophysiological
links between the upper and lower airways and reinforces the united airways concept. Importantly,
several controlled studies have demonstrated the ability of allergen immunotherapy to control LAR
symptoms while the therapy is being administered. This review emphasizes the need to implement
the NAC in the clinical practice in order to facilitate the recognition of LAR patients, allowing for an
early prescription of specific therapies with disease-modifying potential.
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1. Introduction

Chronic rhinitis affects up to 30% of the general population in Western countries and imposes
a significant burden to healthcare systems in terms of both direct and indirect costs [1]. Moreover,
chronic rhinitis largely impairs quality of life and is associated to other inflammatory diseases, such as
sinusitis, conjunctivitis, and asthma, further amplifying its impact [2]. Despite these deleterious effects,
the condition has been historically trivialized and only in recent years has gained significant attention
from physicians and researchers [1].

One simple classification divides the disorder between allergic rhinitis (AR) and non-allergic
non-infectious rhinitis (often simplified as NAR) [3,4]. AR is a relatively homogenous condition
defined by a nasal eosinophilic inflammation arising from the IgE-sensitization to seasonal or perennial
aeroallergens [3]. On the other hand, NAR is a highly heterogeneous entity comprising disorders
characterized by either immunological or neurogenic inflammation [4,5]. To discriminate these
phenotypes, two biomarkers were historically available: a skin prick test (SPT) and the serum
allergen-specific IgE (sIgE) [6]. The positivity of any of these biomarkers is used to identify atopic
individuals in the clinical practice [7]. By definition, AR patients are positive for at least one of these
two classical markers of atopy [3], whereas NAR individuals test negative for both [4].
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Nevertheless, a significant proportion of healthy subjects also displays positivity for SPT or serum
sIgE [7], demonstrating that the correlation with the pattern of nasal symptoms is crucial to interpret
IgE-sensitization tests. In this regard, an additional in vivo biomarker like the nasal allergen challenge
(NAC) can help identify the clinically relevant allergens in individual patients [8]. By definition, NAR
subjects test negative for the NAC, whereas AR patients display positive responses for at least one
aeroallergen [8]. Interestingly, a proportion of non-atopic rhinitis patients also test positive for the
NAC [9]. This new rhinitis phenotype has been termed local allergic rhinitis (LAR) [10], and it does
not fit into the classical AR–NAR dichotomy [1]. Similar to AR, LAR patients display an eosinophilic
nasal inflammation [11], but unlike AR subjects, they test negative for SPT and serum sIgE [12]. Thus,
a NAC is needed to establish the diagnosis of LAR [13,14].

Treatment options in rhinitis are guided by the disease phenotype [1,5]. Antihistamines and
nasal steroids are able to control the symptoms of AR patients and of those NAR individuals with
eosinophilic nasal inflammation [15]. On the other hand, these drugs are less effective in NAR patients
with neurogenic inflammation [5]. Moreover, allergen immunotherapy (AIT) is the only existing
etiological treatment for AR subjects [16], as it does not only control the symptoms, but also induces a
long-lasting beneficial effect and modifies the natural course of the disease [17]. Interestingly, recent
evidence suggests that AIT might have a similar beneficial effect in LAR individuals [18–20].

In this review, we will summarize the main epidemiological, pathophysiological, diagnostic,
and therapeutic features of LAR, with special focus on the need for the implementation of the NAC
in the clinical algorithms of rhinitis, and on the promising results of AIT as a treatment option for
LAR patients.

2. Epidemiology

Although large population studies are lacking, different works report that LAR is an
underdiagnosed entity, affecting a considerable proportion of non-atopic rhinitis individuals of
different countries, ethnic backgrounds, and age ranges [9,21–35]. Several studies from our group
reported a prevalence of 50–75% among non-atopic individuals with nasal symptoms suggestive of
allergy [9,11,23,36]. Nevertheless, the existing literature reflects an extremely wide range of LAR
prevalence among non-atopic rhinitis patients (0–100%) [9,21–24,26–34,37]. In recent years, several
studies from Asian countries have become available and overall report a lower (<20%) prevalence of
LAR as compared to Western countries [26,27,29,33,37]. It has been suggested that LAR prevalence
in the Mediterranean areas (Portugal, Spain, Italy, Greece, etc.) might be higher than in Northern
European countries [38], yet the reported prevalence in Poland is similar to those in the Mediterranean
countries [39]. Nevertheless, other factors such as diagnostic methodology or the baseline features of
the patients included might also account for these discrepancies. Importantly, some studies include any
non-atopic patient with rhinitis [27,29,33], whereas other works only focus on individuals who report
nasal symptoms suggestive of allergy [9,23,34]. Moreover, in some studies, LAR diagnosis is based on
the detection of nasal sIgE [34], whose sensitivity is considerably lower than that of the NAC. Recently,
two systematic reviews and meta-analysis from Hamizan et al. have shed light into LAR prevalence.
The first one including data from 3400 patients and healthy controls reports a 24.7% probability of
a positive NAC in rhinitis patients testing negative for both SPT and serum sIgE [40]. The second
analysis included 648 non-atopic rhinitis patients and reported a 10.2% proportion of detectable nasal
sIgE among them, whereas among those with a history suggestive of allergy the proportion increased
to 19.8% [41].

Fewer studies have examined the prevalence of LAR in children, yet the range frequency seems
similar to that observed in adults (0–67%), with higher prevalence in the Mediterranean areas and
lower prevalence in Asian countries [31,42–46]. A recent study from Tsilochristou et al. reports a
29.2% prevalence of LAR among a highly selected population of Greek non-atopic children with
difficult-to-treat rhinitis [47]. Only one Polish study has specifically investigated the elderly population
with a reported prevalence of 21% for LAR among all rhinitis patients [28].
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Similar to AR, house dust mites (HDM) (especially Dermatophagoides pteronyssinus, DP) are the
most common triggers of perennial LAR [35]. Grass pollen is frequently involved in the seasonal
cases of LAR [9,23,36]. Interestingly, Alternaria alternata is most commonly involved in LAR than in
AR, whereas animal epithelia and the Olea europaea pollen are less frequently associated with LAR as
compared to AR, at least in the Mediterranean areas [9,23,36]. Similar to AR patients, nasal reactivity
to several allergens can be present in LAR individuals [9,36,48].

3. Pathophysiology

The positivity of the NAC in non-atopic rhinitis patients with detectable nasal sIgE was first
described by Huggins & Brostoff in 1975 [49]. In 2001–2002, this phenotype was revisited by an
Australian group who also reported a similarly increased infiltrate of IgE+ cells in the nasal mucosa
of both atopic and non-atopic rhinitis patients [21,50]. Studies from our group show that LAR
individuals display a nasal eosinophilic inflammation and upon allergen exposure there is rapid
increase and decrease of tryptase in the nasal secretions, whereas eosinophil cationic protein (ECP)
increases progressively during the subsequent 24 h [9,11]. Despite the above-mentioned evidences,
the involvement of sIgE in LAR pathophysiology has been questioned [51], especially due to the
relatively low proportion of LAR patients with detectable nasal sIgE. On the other hand, the pooled
analysis of LAR individuals demonstrated a significant increase of sIgE in the nasal secretions during
the 24 h following a NAC, yet the concentration was overall very low and not all patients tested
positive at least at one time point [9].

In AR patients, the allergen exposure induces a mucosal synthesis of sIgE through the sequential
class switch recombination of sIgG+ memory B cells [52,53]. The locally-produced sIgE binds to the
high-affinity receptor (FcεRI) expressed on resident effector cells (“sensitization”) and subsequently
reaches the blood stream through the lymphatic vessels [52,54]. In the blood stream sIgE sensitizes first
circulating basophils and thereafter is distributed throughout the organism to bind to FcεRI expressed
on resident cells, including skin mast cells [55]. After saturating the whole receptor system, free sIgE
can be found in the sera of AR individuals [56]. Therefore, serum sIgE in AR patients derives mainly
from the nasal mucosa rather than from the secondary lymphoid tissue [56].

Even though these immunological phenomena have to date not been demonstrated in local allergy,
there are several indirect evidences suggesting an IgE-mediated mechanisms for LAR. A proportion
of LAR patients display positive basophil activation test (BAT) responses [57,58], and the addition
of wortmanin (a PI3K blocker preventing IgE-dependent activation) to the test inhibits the basophil
activation [59]. Moreover, and similar to AR, the majority of LAR patients respond satisfactorily to
AIT [18–20]. On the other hand, the relatively low detection rate of nasal sIgE in LAR individuals is
not surprising, as these patients test by definition negative for serum sIgE, and both biological fluids
are connected through the lymphatic vessels [60].

In summary, further studies are warranted to elucidate the role of sIgE in LAR (Figure 1).
The functions of other cells within the lymphoid lineage, such as innate lymphoid cells (ILC), invariant
natural killer T cells, or tissue-resident memory T cells have not been investigated to date in LAR. Type
2 ILC have been related to eosinophilic nasal inflammation in humans [61], and they might have a role
in reactivating memory T and B cells in LAR individuals.
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Figure 1. In vivo and in vitro biomarkers for rhinitis phenotypes. NAC: nasal allergen challenge; sIgE: 
allergen-specific IgE; BAT: basophil activation test; SPT: skin prick test. 
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Therefore, LAR is not the initial state of AR.  
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clinical worsening and the association of comorbidities in other mucosal organs [62]. The same 
follow-up study shows that during the first 10 years of disease evolution persistent cases of rhinitis 
progress from 64.8% to 88.6%, and severe cases from 18.8% to 42.0% (p < 0.001) [63]. Patient-reported 
clinical evolution and health perception worsened during the study period, and the impairment of 
quality of life increased from 55.1% to 85.2% (p < 0.001) [63]. Importantly, the allergen concentration 
tolerated in the NAC significantly decreased for all allergens examined [63]. At the moment of disease 
onset, 18.8% of patients reported symptoms suggestive of asthma, a proportion increasing to 30.7% 
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61.9% during the same period [63]. The proportion of patients requiring emergency assistance due to 
their nasal, ocular or bronchial disease increased from 17.6% to 42.6% (p < 0.001) and FEV1 decreased 
from 94.1% to 89.1% (p = 0.001) [63]. Of note, the clinical worsening occurred quicker during the first 
5 years of disease evolution [62], with slower progression during the subsequent 5 years [63].  

A recent study from our group investigated the nature of the bronchial symptoms in LAR 
individuals [64]. Asthma was confirmed (positive methacholine test) in 50% of LAR patients self-
reporting bronchial symptoms, whereas this proportion increased to 83.3% and 57.9% in AR and 
NAR individuals, respectively (p = 0.022 AR vs. LAR) [64]. On the other hand, 28.8% and 83.3% of 
LAR and AR patients respectively experienced a positive response in the bronchial allergen challenge 
(BAC), in contrast to none of the NAR or healthy control subjects [64]. In the methacholine test 
performed 24 h after the BAC, there was a significant decrease in the PC20 as compared to the first 
methacholine test in all BAC+ patients (p = 0.016 for LAR, p < 0.001 for AR) but in none of the BAC- 
individuals [64]. This finding demonstrates the specificity of the bronchial response in BAC+ patients 
regardless of their atopic status. The same study also investigated the immunological features of the 
bronchial inflammation. The allergen administration induced a significant increase of sputum 
eosinophils, monocytes and ECP in BAC+ patients regardless of their atopic status, with no changes 
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4. Natural Evolution and Comorbidities

LAR is a differentiated rhinitis phenotype not evolving to systemic atopy over time. A large
10-year follow-up study from our group demonstrates that the conversion rate to systemic atopy
is comparable between LAR patients and the general population (9.7% vs. 7.8%, p = 0.623) [62,63].
Therefore, LAR is not the initial state of AR.

LAR often starts during childhood, persists during adulthood and progresses towards the clinical
worsening and the association of comorbidities in other mucosal organs [62]. The same follow-up
study shows that during the first 10 years of disease evolution persistent cases of rhinitis progress
from 64.8% to 88.6%, and severe cases from 18.8% to 42.0% (p < 0.001) [63]. Patient-reported clinical
evolution and health perception worsened during the study period, and the impairment of quality of
life increased from 55.1% to 85.2% (p < 0.001) [63]. Importantly, the allergen concentration tolerated in
the NAC significantly decreased for all allergens examined [63]. At the moment of disease onset, 18.8%
of patients reported symptoms suggestive of asthma, a proportion increasing to 30.7% after 10 years
(p = 0.009) [63]. On the other hand, the cases of conjunctivitis progressed from 52.3% to 61.9% during
the same period [63]. The proportion of patients requiring emergency assistance due to their nasal,
ocular or bronchial disease increased from 17.6% to 42.6% (p < 0.001) and FEV1 decreased from 94.1%
to 89.1% (p = 0.001) [63]. Of note, the clinical worsening occurred quicker during the first 5 years of
disease evolution [62], with slower progression during the subsequent 5 years [63].

A recent study from our group investigated the nature of the bronchial symptoms in LAR
individuals [64]. Asthma was confirmed (positive methacholine test) in 50% of LAR patients
self-reporting bronchial symptoms, whereas this proportion increased to 83.3% and 57.9% in AR
and NAR individuals, respectively (p = 0.022 AR vs. LAR) [64]. On the other hand, 28.8% and
83.3% of LAR and AR patients respectively experienced a positive response in the bronchial allergen
challenge (BAC), in contrast to none of the NAR or healthy control subjects [64]. In the methacholine
test performed 24 h after the BAC, there was a significant decrease in the PC20 as compared to the
first methacholine test in all BAC+ patients (p = 0.016 for LAR, p < 0.001 for AR) but in none of
the BAC- individuals [64]. This finding demonstrates the specificity of the bronchial response in
BAC+ patients regardless of their atopic status. The same study also investigated the immunological
features of the bronchial inflammation. The allergen administration induced a significant increase of
sputum eosinophils, monocytes and ECP in BAC+ patients regardless of their atopic status, with no
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changes in BAC-individuals [64]. Of note, this infiltrate closely resembles that of airway allergy [65,66].
Conversely, no sIgE was detectable in the sputum of any of the study subjects [64]. Overall, these data
support the existence of a bronchial counterpart of LAR (local allergic asthma) in some non-atopic
asthma patients. Moreover, these findings reinforce the united airways concept [2] by demonstrating
important pathophysiological links between the upper and the lower airways, also in the case of
local allergy.

A recent Japanese study suggests the existence of an ocular counterpart of LAR (local allergic
conjunctivitis) in non-atopic patients with conjunctivitis and detectable total IgE in tears [67].
Nevertheless, in this study, the specificity of IgE in tears was not investigated, and conjunctival
allergen challenges were not performed [67]. Moreover, the links with the nasal disease were not
examined [67]. Yet epidemiological data shows that LAR patients often suffer from conjunctivitis [63],
the nature of their ocular symptoms and their relationship with the allergen exposure and the nasal
disease remains to be investigated.

5. Diagnosis

The NAC is the gold standard for LAR diagnosis, as it displays the optimal sensitivity and
specificity [10,13,14]. A recent study from our group including data from 11499 procedures performed
in 518 children and 5830 adults (1547 of them with asthma symptoms), demonstrated that the NAC is
an extremely safe technique (99.97% of the procedures were well tolerated) [68]. Of note, the allergen
administration by nasal spray or micropipette were equally safe [68]. A recent position paper of the
European Academy of Allergy and Clinical Immunology has progressed in the harmonization of
the NAC procedure [8]. Standardized allergen extracts should be used, and the allergen should be
applied bilaterally [8,69]. The measurement of the NAC outcome should be based on both subjective
(nasal-ocular symptoms) and objective (nasal patency) parameters [8,69]. To assess the nasal patency,
several methods are accepted: nasal peak inspiratory flow, active anterior rhinomanometry, acoustic
rhinometry, and four-phase rhinomanometry. A NAC is considered positive if the patient experiences
a very significant change in symptom score or in nasal patency. The NAC can be also considered
positive if moderate changes occur simultaneously in both parameters [8]. In the above-mentioned
study, we also report a very high reproducibility for the NAC (97.32%, PPV 100%, NPV 92.92%) when
assessed by Lebel symptoms score and acoustic rhinometry [68]. This analysis was based on three
consecutive NACs performed with the same allergen in 710 patients with 1–2-month interval, to avoid
the evolution bias.

On the other hand, the NAC is a time-consuming procedure requiring technical resources and
trained personnel [8]. To facilitate the implementation of the NAC in the clinical practice, our group
described a protocol to perform a nasal provocation with multiple allergens in the same session
(NAC-M) [48]. Importantly, when the same patient was subjected to either a NAC-M or to consecutive
NACs with one allergen/session, the results of the NAC-M were 100% concordant with those of the
NACs performed with single allergens (NAC-S). This finding demonstrates that the NAC-M protocol
does not induce false positive results or irritant effects [48]. Interestingly, the NAC-M was associated
with a 75% and 55% reduction in the number of sessions required to reach the diagnosis of NAR and
LAR, respectively [48]. Of note, NAC-S and NAC-M are equally safe protocols [68].

The sensitivity of the measurement of nasal sIgE for LAR diagnosis is considerably lower than that
of NAC (positive in 20–43% of LAR cases) [70,71], even when measured after allergen provocation [9,11].
Yet this low sensitivity might be partially explained by technical or dilution effects [71], it cannot be
excluded that a proportion of LAR patients do not have sIgE in the nasal secretions, as previously
mentioned. Of note, the published literature shows a consistent proportion of 20–25% of SPT + rhinitis
patients who do not have detectable nasal sIgE (some of them even no serum sIgE) [41,72–74]. Several
samples have been used to measure nasal sIgE (secretions, scraping, brushing, tissue homogenates,
etc.) [71], yet not all of them have been applied to LAR. Therefore, nasal sIgE should be regarded
mostly as a research tool, which cannot be recommended for routine LAR diagnosis [75–77].
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A different diagnostic method whose performance has been investigated in LAR is the BAT. Studies
from different groups report that 50–53.3% of HDM-LAR patients have positive BAT responses [58,59].
Importantly, wortmanin experiments confirmed the IgE-dependent activation of basophils [59]. Our
group also reported a 66.6% sensitivity of BAT for the diagnosis Olea europaea-LAR patients [57]. Unlike
nasal sIgE, a previous NAC is not needed to increase the sensitivity of the BAT (unpublished data),
which facilitates its clinical implementation. Nevertheless, the BAT should be also considered as
a research tool, and more studies are needed to validate its diagnostic performance and to assess
its cost-effectiveness.

In summary, the NAC is the basis for LAR diagnosis, whereas nasal sIgE and BAT should be
regarded mostly as research tools (Figure 2).
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6. Treatment

No study has evaluated to date the therapeutic performance of oral antihistamines or nasal steroids
in LAR patients. Nevertheless, a recent cluster analysis of rhinitis endotypes found an association
between LAR and histamine metabolites [78]. Moreover, the clinical experience indicates that these
drugs are similarly effective in LAR patients as compared to AR individuals. This fact is not surprising,
as both entities share many clinical and pathophysiological features, including the eosinophilic nasal
inflammation and the reactivity to the allergens [10]. These similarities prompted investigators
to question whether AIT has a similar beneficial effect in LAR, as demonstrated for AR [17]. Four
studies [18–20,79], including three randomized double-blind placebo-controlled clinical trials [19,20,79],
have been published to date using different allergen extracts (HDM, grass, birch) (Table 1). Importantly,
all studies of AIT in LAR patients have used commercially-available standardized allergen extracts.
In a first open observational study from our group, 6 months of pre-seasonal subcutaneous grass
pollen-immunotherapy (IT) were associated with lower symptom and medication scores, more
medication free days and higher allergen concentration tolerated in the NAC during the 6 months
following grass pollen-IT discontinuation [18]. At the end of the study, only the treated group had
significantly higher serum grass-sIgG as compared with baseline [18].
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Table 1. Summary of the major findings of the studies investigating the effect of allergen immunotherapy in local allergic rhinitis; RDBPC: randomized, double-blind,
placebo controlled; CSMS: combined symptom and medication score; sIgG4/IgG/IgE: allergen-specific IgG4/IgG/IgE; STU, DPP and AUM are standardization units
used by ALK, Leti and Hal Allergy, respectively.

Design Comparator
Allergen

Immunotherapy
Extract

Allergen
Dose

Primary
Outcome

Rhinoconjunctivitis
Symptom Score

Conjunctival
Symptom

Score

Medication
Free Days

Quality of
Life

Allergen
Tolerated in

the Nasal
Challenge

Serun
sIgG4

Nasal
sIgE

Rondon, J
Allergy Clin

Immunol 2011
[18]

Open
Observational

Medication
only

Pangramin Plus
© Grass pollen

mix ALK

8 mL/month
(1000

STU/mL)

Nasal tolerance
to the allergen
AND serum

sIgG

Decrease Not measured Increase Not
measured Increase Increase

(sIgG)
Not

measured

Rondon,
Allergy 2016

[19]
RDBPC Placebo

Pangramin Plus©
Dermatophagoides

pteronyssinus
ALK

8 mL/month
(1000

STU/mL)

CSMS,
symptom score,

medication
score,

medication free
days

Decrease Not measured Increase Not
measured Increase Increase Not

measured

Rondon,
Allergy 2018

[20]
RDBPC Placebo

Depigoid©
Phleum pretense
Laborat. Leti SL

5 mL/month
(1000

DPP/mL)
CSMS Decrease Decrease Increase Improvement Increase Increase Not

measured

Bozek, Ann
Allergy
Asthma

Immunol 2018
[79]

RDBPC Placebo
Purethal© Betula
verrucosa HAL

Allergy SLU

5 mL/month
(20000

AUM/mL)
CSMS Decrease Not measured Increase Improvement Not measured Increase Decrease
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The first controlled trial included 36 LAR patients from Spain who were randomized to receive
either 2 years of subcutaneous DP-IT or placebo [19]. From the sixth month, the actively treated
group displayed significantly lower symptom score, medication score, and combined symptom and
medication scores (CSMS), together with higher number of medication free days [19]. Moreover, there
were significant differences in the amount of allergens tolerated in the NAC from the 6th month, and at
the end of the study the active group tolerated a concentration of Der p 1 >3 times higher than the
placebo group [19]. The active group showed progressively increasing concentration of DP-sIgG4 until
the end of the study period, with significant differences from the 12th month [19]. A different controlled
trial included 29 Polish patients who were randomized to receive either 2 years of subcutaneous Betula
verrucosa-IT or placebo [79]. At the end of the study period, the active group had significantly lower
CSMS and higher serum Bet v 1-sIgG4 [79]. Interestingly, the seasonal increase of nasal sIgE at the end
of the study was blunted in the active group, but not in the placebo group [79]. It might be interesting
to explore the potential of this finding as a response biomarker for AIT in LAR patients [16,80].

The other controlled trial included 56 LAR individuals from 2 different centers in Spain [20].
The patients were randomized to receive either 6 months of subcutaneous Phleum pratense-IT (group
A) or placebo (group B) followed by 6 months of wash-up period including the grass pollen season 1
(GPS1) [20]. During the second year of the study both groups received 12 months of Phleum pratense-IT.
These 12 months included the second grass pollen season (GPS2) [20]. During the GPS1, group A
had significantly lower CSMS than group B, whereas during the GPS2 both study groups had similar
CSMS [20]. In the intra-group comparison, group A continued lowering the CSMS during the GPS2,
yet the differences were much more pronounced for group B [20]. In this study, the Phleum pratense-IT
reduced both the nasal and conjunctival symptoms and increased the medication free days in both
study groups [20]. During the first year, only group A tolerated significantly more allergen in the
NAC, whereas during the subsequent 12 months there was a progressive and parallel increase of the
allergen concentration tolerated by both groups [20]. During the GPS1, there was a clinically relevant
improvement of quality of life in group A, whereas group B experienced a significant worsening [20].
Conversely, both study groups reported improvements in quality of life during GPS2 [20]. Serum
Phleum pratense- and Phl p 1-5-sIgG4 became progressively higher during the second year in both study
groups, yet the increase was more pronounced in group A [20].

Overall, these studies suggest the ability of AIT to control LAR symptoms while the therapy
is being administered. Moreover, AIT is a safe treatment option for LAR patients, as only few
moderate-to-mild local reactions occurred with the administration of both active and placebo
doses [18–20,79] Nevertheless, more studies with larger sample sizes are warranted to confirm
these results.

7. Conclusions

LAR constitutes a diagnostic and therapeutic challenge for clinicians. Despite affecting a
significant proportion of non-atopic rhinitis patients [40], the condition remains largely unrecognized
and subsequently misdiagnosed. LAR often starts during childhood and quickly progresses towards the
clinical worsening and the association of comorbidities [63], most importantly local allergic asthma [64].
The first years after disease onset might constitute a window of opportunity to implement specific
measures aiming to prevent disease progression and the association of comorbidities.

LAR diagnosis relies on the positivity of the NAC [10], whereas the BAT and nasal sIgE can
only assist the diagnosis in very selected cases [57]. Thus, the implementation of the NAC in the
diagnostic algorithms [68] for rhinitis is a prerequisite for an early recognition of the condition and
the prescription of specific therapies with disease-modifying potential. In this regard, AIT is the only
existing etiological treatment for airway allergy [17], and it also seems to have the ability to control
LAR symptoms while is being administered [19,20,79]. Further studies are warranted to elucidate the
long-term effects of AIT on the local forms of airway allergy after therapy discontinuation, and its
capacity to prevent and control asthma symptoms in LAR patients.



J. Clin. Med. 2019, 8, 1062 9 of 13

Author Contributions: I.E.-G., N.P.-S., and G.B. selected the literature to include and wrote the first version of the
manuscript. P.C. and C.R. supervised the rest of the authors and reviewed the manuscript to its final version
for submission.

Funding: This work was supported by Instituto de Salud Carlos III of the Spanish Ministry of Science, Innovation
and Universities/grants co-funded by the European Regional Development Fund: PI17/01410, I.E.G. and N.P.S.
hold “Rio Hortega” contracts (CM17/00140 and CM17/00141), G.B. holds “Juan Rodés” contract (JR18/00054) and
Thematic Network for Collaborative Research on Allergy and Asthma-ARADyAL (RD16/0006/0001).

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Papadopoulos, N.G.; Guibas, G.V. Rhinitis Subtypes, Endotypes, and Definitions. Immunol. Allergy Clin. N.
Am. 2016, 36, 215–233. [CrossRef]

2. Brozek, J.L.; Bousquet, J.; Agache, I.; Agarwal, A.; Bachert, C.; Bosnic-Anticevich, S.; Brignardello-Petersen, R.;
Canonica, G.W.; Casale, T.; Chavannes, N.H.; et al. Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines-2016 revision. J. Allergy Clin. Immunol. Pract. 2017, 140, 950–958. [CrossRef]

3. Greiner, A.N.; Hellings, P.W.; Rotiroti, G.; Scadding, G.K. Allergic rhinitis. Lancet 2011, 378, 2112–2122.
[CrossRef]

4. Hellings, P.W.; Klimek, L.; Cingi, C.; Agache, I.; Akdis, C.; Bachert, C.; Bousquet, J.; Demoly, P.; Gevaert, P.;
Hox, V.; et al. Non-allergic rhinitis: Position paper of the European Academy of Allergy and Clinical
Immunology. Allergy 2017, 72, 1657–1665. [CrossRef]

5. Papadopoulos, N.G.; Bernstein, J.A.; Demoly, P.; Dykewicz, M.; Fokkens, W.; Hellings, P.W.; Peters, A.T.;
Rondon, C.; Togias, A.; Cox, L.S. Phenotypes and endotypes of rhinitis and their impact on management:
A PRACTALL report. Allergy 2015, 70, 474–494. [CrossRef]

6. Scadding, G.; Hellings, P.; Alobid, I.; Bachert, C.; Fokkens, W.; van Wijk, R.G.; Gevaert, P.; Guilemany, J.;
Kalogjera, L.; Lund, V.; et al. Diagnostic tools in Rhinology EAACI position paper. Clin. Transl. Allergy 2011,
1, 2. [CrossRef]

7. Roberts, G.; Ollert, M.; Aalberse, R.; Austin, M.; Custovic, A.; DunnGalvin, A.; Eigenmann, P.A.; Fassio, F.;
Grattan, C.; Hellings, P.; et al. A new framework for the interpretation of IgE sensitization tests. Allergy 2016,
71, 1540–1551. [CrossRef]

8. Auge, J.; Vent, J.; Agache, I.; Airaksinen, L.; Campo Mozo, P.; Chaker, A.; Cingi, C.; Durham, S.; Fokkens, W.;
Gevaert, P.; et al. EAACI Position paper on the standardization of nasal allergen challenges. Allergy 2018, 73,
1597–1608. [CrossRef]

9. Rondon, C.; Romero, J.J.; Lopez, S.; Antunez, C.; Martin-Casanez, E.; Torres, M.J.; Mayorga, C.; R-Pena, R.;
Blanca, M. Local IgE production and positive nasal provocation test in patients with persistent nonallergic
rhinitis. J. Allergy Clin. Immunol. 2007, 119, 899–905. [CrossRef]

10. Rondon, C.; Campo, P.; Togias, A.; Fokkens, W.J.; Durham, S.R.; Powe, D.G.; Mullol, J.; Blanca, M. Local
allergic rhinitis: Concept, pathophysiology, and management. J. Allergy Clin. Immunol. 2012, 129, 1460–1467.
[CrossRef]

11. Lopez, S.; Rondon, C.; Torres, M.J.; Campo, P.; Canto, G.; Fernandez, R.; Garcia, R.; Martinez-Canavate, A.;
Blanca, M. Immediate and dual response to nasal challenge with Dermatophagoides pteronyssinus in local
allergic rhinitis. Clin. Exp. Allergy 2010, 40, 1007–1014. [CrossRef]

12. Campo, P.; Salas, M.; Blanca-Lopez, N.; Rondon, C. Local Allergic Rhinitis. Immunol. Allergy Clin. N. Am.
2016, 36, 321–332. [CrossRef]

13. Rondon, C.; Eguiluz-Gracia, I.; Campo, P. Is the evidence of local allergic rhinitis growing? Curr. Opin.
Allergy Clin. Immunol. 2018, 18, 342–349. [CrossRef]

14. Campo, P.; Eguiluz-Gracia, I.; Bogas, G.; Salas, M.; Plaza Seron, C.; Perez, N.; Mayorga, C.; Torres, M.J.;
Shamji, M.H.; Rondon, C. Local allergic rhinitis: Implications for management. Clin. Exp. Allergy 2019, 49,
6–16. [CrossRef]

15. Nasser, M.; Fedorowicz, Z.; Aljufairi, H.; McKerrow, W. Antihistamines used in addition to topical nasal
steroids for intermittent and persistent allergic rhinitis in children. Cochrane Database Syst. Rev. 2010.
[CrossRef]

16. Shamji, M.H.; Durham, S.R. Mechanisms of allergen immunotherapy for inhaled allergens and predictive
biomarkers. J. Allergy Clin. Immunol. 2017, 140, 1485–1498. [CrossRef]

http://dx.doi.org/10.1016/j.iac.2015.12.001
http://dx.doi.org/10.1016/j.jaci.2017.03.050
http://dx.doi.org/10.1016/S0140-6736(11)60130-X
http://dx.doi.org/10.1111/all.13200
http://dx.doi.org/10.1111/all.12573
http://dx.doi.org/10.1186/2045-7022-1-2
http://dx.doi.org/10.1111/all.12939
http://dx.doi.org/10.1111/all.13416
http://dx.doi.org/10.1016/j.jaci.2007.01.006
http://dx.doi.org/10.1016/j.jaci.2012.02.032
http://dx.doi.org/10.1111/j.1365-2222.2010.03492.x
http://dx.doi.org/10.1016/j.iac.2015.12.008
http://dx.doi.org/10.1097/ACI.0000000000000456
http://dx.doi.org/10.1111/cea.13192
http://dx.doi.org/10.1002/14651858.CD006989.pub2
http://dx.doi.org/10.1016/j.jaci.2017.10.010


J. Clin. Med. 2019, 8, 1062 10 of 13

17. Calderon, M.A.; Penagos, M.; Sheikh, A.; Canonica, G.W.; Durham, S. Sublingual immunotherapy for treating
allergic conjunctivitis. Cochrane Database Syst. Rev. 2011, 7, CD007685. [CrossRef]

18. Rondon, C.; Blanca-Lopez, N.; Aranda, A.; Herrera, R.; Rodriguez-Bada, J.L.; Canto, G.; Mayorga, C.;
Torres, M.J.; Campo, P.; Blanca, M. Local allergic rhinitis: Allergen tolerance and immunologic changes after
preseasonal immunotherapy with grass pollen. J. Allergy Clin. Immunol. 2011, 127, 1069–1071. [CrossRef]

19. Rondon, C.; Campo, P.; Salas, M.; Aranda, A.; Molina, A.; Gonzalez, M.; Galindo, L.; Mayorga, C.; Torres, M.J.;
Blanca, M. Efficacy and safety of D. pteronyssinus Immunotherapy in Local Allergic Rhinitis: Double-Blind
Placebo-Controlled Clinical Trial. Allergy. 2016, 71, 1057–1061. [CrossRef]

20. Rondon, C.; Blanca-Lopez, N.; Campo, P.; Mayorga, C.; Jurado-Escobar, R.; Torres, M.J.; Canto, G.; Blanca, M.
Specific immunotherapy in local allergic rhinitis: A randomized, double-blind placebo-controlled trial with
Phleum pratense subcutaneous allergen immunotherapy. Allergy 2018, 73, 905–915. [CrossRef]

21. Carney, A.S.; Powe, D.G.; Huskisson, R.S.; Jones, N.S. Atypical nasal challenges in patients with idiopathic
rhinitis: More evidence for the existence of allergy in the absence of atopy? Clin. Exp. Allergy 2002, 32,
1436–1440. [CrossRef]

22. Wedback, A.; Enbom, H.; Eriksson, N.E.; Moverare, R.; Malcus, I. Seasonal non-allergic rhinitis (SNAR)—A
new disease entity? A clinical and immunological comparison between SNAR, seasonal allergic rhinitis and
persistent non-allergic rhinitis. Rhinology 2005, 43, 86–92.

23. Rondon, C.; Dona, I.; Lopez, S.; Campo, P.; Romero, J.J.; Torres, M.J.; Mayorga, C.; Blanca, M. Seasonal
idiopathic rhinitis with local inflammatory response and specific IgE in absence of systemic response. Allergy
2008, 63, 1352–1358. [CrossRef]

24. Cruz Niesvaara, D.; Cumplido Bonny, J.A.; Hernandez Suarez, H.R.; Almeida Quintana, L.; Carrillo Diaz, T.
Short-term improvement in health-related quality of life in adult rhinitis/asthma patients treated with
Acaroid(R). Allergol. Immunopathol. (Madr). 2014, 42, 169–171. [CrossRef]

25. Rondon, C.; Campo, P.; Galindo, L.; Blanca-Lopez, N.; Cassinello, M.S.; Rodriguez-Bada, J.L.; Torres, M.J.;
Blanca, M. Prevalence and clinical relevance of local allergic rhinitis. Allergy 2012, 67, 1282–1288. [CrossRef]

26. Cheng, K.J.; Xu, Y.Y.; Liu, H.Y.; Wang, S.Q. Serum eosinophil cationic protein level in Chinese subjects with
nonallergic and local allergic rhinitis and its relation to the severity of disease. Am. J. Rhinol Allergy 2013, 27,
8–12. [CrossRef]

27. Chang, G.U.; Jang, T.Y.; Kim, K.S.; Choi, H.; Kim, Y.H. Nonspecific hyper-reactivity and localized allergy:
Cause of discrepancy between skin prick and nasal provocation test. Otolaryngol. Head Neck Surg. 2014, 150,
194–200. [CrossRef]

28. Bozek, A.; Ignasiak, B.; Kasperska-Zajac, A.; Scierski, W.; Grzanka, A.; Jarzab, J. Local allergic rhinitis in
elderly patients. Ann. Allergy Asthma. Immunol. 2015, 114, 199–202. [CrossRef]

29. Jang, T.Y.; Kim, Y.H. Nasal provocation test is useful for discriminating allergic, nonallergic, and local allergic
rhinitis. Am. J. Rhinol Allergy 2015, 29, e100–e104. [CrossRef]

30. Refaat, M.M.; Abdel Rehim, A.S.; El-Sayed, H.M.; Mohamed, N.A.; Khafagy, A.G. Serum indolamine 2,3
dioxygenase as a marker in the evaluation of allergic rhinitis. Am. J. Rhinol Allergy 2015, 29, 329–333.
[CrossRef]

31. Blanca-Lopez, N.; Campo, P.; Salas, M.; Garcia Rodriguez, C.; Palomares, F.; Blanca, M.; Canto, G.; Feo Brito, F.;
Rondon, C. Seasonal Local Allergic Rhinitis in Areas With High Concentrations of Grass Pollen. J. Investig.
Allergol. Clin. Immunol. 2016, 26, 83–91. [CrossRef]

32. Badran, H.S.; Hussein, A.; Salah, M.; Lotfi, W.T. Identification and Prevalence of Allergic, Nonallergic, and
Local Allergic Rhinitis Patients in Western Area, Saudi Arabia. Ann. Otol. Rhinol. Laryngol. 2016, 125,
634–643. [CrossRef]

33. Jung, C.G.; Lee, J.H.; Ban, G.Y.; Park, H.S.; Shin, Y.S. Prevalence and Clinical Characteristics of Local Allergic
Rhinitis to House Dust Mites. Curr. Opin. Allergy Clin. Immunol. 2017, 58, 1047–1050. [CrossRef]

34. Krajewska-Wojtys, A.; Jarzab, J.; Zawadzinska, K.; Pyrkosz, K.; Bozek, A. Local Allergic Rhinitis in Adult
Patients with Chronic Nasal Symptoms. Int. Arch. Allergy Immunol. 2017, 173, 165–170. [CrossRef]

35. Shin, Y.S.; Jung, C.G.; Park, H.S. Prevalence and clinical characteristics of local allergic rhinitis to house dust
mites. Curr. Opin. Allergy Clin. Immunol. 2018, 18, 10–15. [CrossRef]

36. Rondon, C.; Fernandez, J.; Lopez, S.; Campo, P.; Dona, I.; Torres, M.J.; Mayorga, C.; Blanca, M. Nasal
inflammatory mediators and specific IgE production after nasal challenge with grass pollen in local allergic
rhinitis. J. Allergy Clin. Immunol. 2009, 124, 1005–1011. [CrossRef]

http://dx.doi.org/10.1002/14651858.CD007685.pub2
http://dx.doi.org/10.1016/j.jaci.2010.12.013
http://dx.doi.org/10.1111/all.12889
http://dx.doi.org/10.1111/all.13350
http://dx.doi.org/10.1046/j.1365-2745.2002.01465.x
http://dx.doi.org/10.1111/j.1398-9995.2008.01695.x
http://dx.doi.org/10.1016/j.aller.2012.10.002
http://dx.doi.org/10.1111/all.12002
http://dx.doi.org/10.2500/ajra.2013.27.3845
http://dx.doi.org/10.1177/0194599813514512
http://dx.doi.org/10.1016/j.anai.2014.12.013
http://dx.doi.org/10.2500/ajra.2015.29.4214
http://dx.doi.org/10.2500/ajra.2015.29.4210
http://dx.doi.org/10.18176/jiaci.0018
http://dx.doi.org/10.1177/0003489416642785
http://dx.doi.org/10.3349/ymj.2017.58.5.1047
http://dx.doi.org/10.1159/000478656
http://dx.doi.org/10.1097/ACI.0000000000000413
http://dx.doi.org/10.1016/j.jaci.2009.07.018


J. Clin. Med. 2019, 8, 1062 11 of 13

37. Tao, X.Y.; Ng, C.L.; Chen, D.; Lin, Z.B.; Wu, S.L.; Liang, M.J.; Li, C.W.; Xu, R. Clinical Characteristics
and Allergen Sensitization Patterns of Patients with Local Allergic Rhinitis in Southern China. Int. Arch.
Allergy Immunol. 2018, 175, 107–113. [CrossRef]

38. Reitsma, S.; Subramaniam, S.; Fokkens, W.W.J.; Wang, Y. Recent developments and highlights in rhinitis and
allergen immunotherapy. Allergy 2018, 73, 2306–2313. [CrossRef]

39. Bozek, A.; Scierski, W.; Ignasiak, B.; Jarzab, J.; Misiolek, M. The prevalence and characteristics of local allergic
rhinitis in Poland. Rhinology 2019, 57, 213–218. [CrossRef]

40. Hamizan, A.W.; Rimmer, J.; Alvarado, R.; Sewell, W.A.; Kalish, L.; Sacks, R.; Harvey, R.J. Positive allergen
reaction in allergic and nonallergic rhinitis: A systematic review. Int. Forum Allergy Rhinol. 2017, 7, 868–877.
[CrossRef]

41. Hamizan, A.W.; Rimmer, J.; Husain, S.; Alvarado, R.; Tatersall, J.; Sewell, W.; Kalish, L.; Harvey, R.J. Local
specific Immunoglobulin E among patients with nonallergic rhinitis: A systematic review. Rhinology 2019,
57, 10–20. [CrossRef]

42. Fuiano, N.; Fusilli, S.; Incorvaia, C. A role for measurement of nasal IgE antibodies in diagnosis of
Alternaria-induced rhinitis in children. Allergol. Immunopathol. (Madr). 2012, 40, 71–74. [CrossRef]

43. Duman, H.; Bostanci, I.; Ozmen, S.; Dogru, M. The Relevance of Nasal Provocation Testing in Children with
Nonallergic Rhinitis. Int. Arch. Allergy Immunol. 2016, 170, 115–121. [CrossRef]

44. Zicari, A.M.; Occasi, F.; Di Fraia, M.; Mainiero, F.; Porzia, A.; Galandrini, R.; Giuffrida, A.; Bosco, D.; Bertin, S.;
Duse, M. Local allergic rhinitis in children: Novel diagnostic features and potential biomarkers. Am. J.
Rhinol. Allergy 2016, 30, 329–334. [CrossRef]

45. Krajewska-Wojtys, A.; Jarzab, J.; Gawlik, R.; Bozek, A. Local allergic rhinitis to pollens is underdiagnosed in
young patients. Am. J. Rhinol. Allergy 2016, 30, 198–201. [CrossRef]

46. Ha, E.K.; Na, M.S.; Lee, S.; Baek, H.; Lee, S.J.; Sheen, Y.H.; Jung, Y.H.; Lee, K.S.; Kim, M.A.; Jee, H.M.; et al.
Prevalence and Clinical Characteristics of Local Allergic Rhinitis in Children Sensitized to House Dust Mites.
Int. Arch. Allergy Immunol. 2017, 174, 183–189. [CrossRef]

47. Tsilochristou, O.; Kyriakakou, M.; Manolaraki, I.; Lakoumentas, J.; Tiligada, E.; Maragkoudakis, P.;
Douladiris, N.; Papadopoulos, N.G. Detection of local allergic rhinitis in children with chronic,
difficult-to-treat, non-allergic rhinitis using multiple nasal provocation tests. Pediatr. Allergy Immunol.
2019, 30, 296–304. [CrossRef]

48. Rondon, C.; Campo, P.; Herrera, R.; Blanca-Lopez, N.; Melendez, L.; Canto, G.; Torres, M.J.; Blanca, M.
Nasal allergen provocation test with multiple aeroallergens detects polysensitization in local allergic rhinitis.
J. Allergy Clin. Immunol. 2011, 128, 1192–1197. [CrossRef]

49. Huggins, K.G.; Brostoff, J. Local production of specific IgE antibodies in allergic-rhinitis patients with
negative skin tests. Lancet 1975, 2, 148–150. [CrossRef]

50. Powe, D.G.; Huskisson, R.S.; Carney, A.S.; Jenkins, D.; Jones, N.S. Evidence for an inflammatory
pathophysiology in idiopathic rhinitis. Clin. Exp. Allergy 2001, 31, 864–872. [CrossRef]

51. Powe, D.G.; Groot Kormelink, T.; Sisson, M.; Blokhuis, B.J.; Kramer, M.F.; Jones, N.S.; Redegeld, F.A. Evidence
for the involvement of free light chain immunoglobulins in allergic and nonallergic rhinitis. J. Allergy
Clin. Immunol. 2010, 125, 139–145. [CrossRef]

52. Takhar, P.; Smurthwaite, L.; Coker, H.A.; Fear, D.J.; Banfield, G.K.; Carr, V.A.; Durham, S.R.; Gould, H.J.
Allergen drives class switching to IgE in the nasal mucosa in allergic rhinitis. J. Immunol. 2005, 174, 5024–5032.
[CrossRef]

53. Coker, H.A.; Durham, S.R.; Gould, H.J. Local somatic hypermutation and class switch recombination in the
nasal mucosa of allergic rhinitis patients. J. Immunol. 2003, 171, 5602–5610. [CrossRef]

54. Gould, H.J.; Takhar, P.; Harries, H.E.; Durham, S.R.; Corrigan, C.J. Germinal-centre reactions in allergic
inflammation. Trends Immunol. 2006, 27, 446–452. [CrossRef]

55. Levin, M.; King, J.J.; Glanville, J.; Jackson, K.J.; Looney, T.J.; Hoh, R.A.; Mari, A.; Andersson, M.; Greiff, L.;
Fire, A.Z.; et al. Persistence and evolution of allergen-specific IgE repertoires during subcutaneous specific
immunotherapy. J. Allergy Clin. Immunol. 2016, 137, 1535–1544. [CrossRef]

56. Eckl-Dorna, J.; Pree, I.; Reisinger, J.; Marth, K.; Chen, K.W.; Vrtala, S.; Spitzauer, S.; Valenta, R.; Niederberger, V.
The majority of allergen-specific IgE in the blood of allergic patients does not originate from blood-derived B
cells or plasma cells. Clin. Exp. Allergy 2012, 42, 1347–1355. [CrossRef]

http://dx.doi.org/10.1159/000485896
http://dx.doi.org/10.1111/all.13617
http://dx.doi.org/10.4193/Rhin18.137
http://dx.doi.org/10.1002/alr.21988
http://dx.doi.org/10.4193/Rhin18.074
http://dx.doi.org/10.1016/j.aller.2011.03.010
http://dx.doi.org/10.1159/000447635
http://dx.doi.org/10.2500/ajra.2016.30.4352
http://dx.doi.org/10.2500/ajra.2016.30.4369
http://dx.doi.org/10.1159/000481091
http://dx.doi.org/10.1111/pai.13021
http://dx.doi.org/10.1016/j.jaci.2011.06.012
http://dx.doi.org/10.1016/S0140-6736(75)90056-2
http://dx.doi.org/10.1046/j.1365-2222.2001.01106.x
http://dx.doi.org/10.1016/j.jaci.2009.07.025
http://dx.doi.org/10.4049/jimmunol.174.8.5024
http://dx.doi.org/10.4049/jimmunol.171.10.5602
http://dx.doi.org/10.1016/j.it.2006.08.007
http://dx.doi.org/10.1016/j.jaci.2015.09.027
http://dx.doi.org/10.1111/j.1365-2222.2012.04030.x


J. Clin. Med. 2019, 8, 1062 12 of 13

57. Campo, P.; Villalba, M.; Barrionuevo, E.; Rondon, C.; Salas, M.; Galindo, L.; Rodriguez, M.J.;
Lopez-Rodriguez, J.C.; Prieto-Del Prado, M.A.; Torres, M.J.; et al. Immunologic responses to the major
allergen of Olea europaea in local and systemic allergic rhinitis subjects. Clin. Exp. Allergy 2015, 45, 1703–1712.
[CrossRef]

58. Duarte Ferreira, R.; Ornelas, C.; Silva, S.; Morgado, R.; Pereira, D.; Escaleira, D.; Moreira, S.; Valenca, J.;
Pedro, E.; Branco Ferreira, M.; et al. Contribution of In Vivo and In Vitro Testing for The Diagnosis of Local
Allergic Rhinitis. J. Investig. Allergol. Clin. Immunol. 2019, 29, 46–48. [CrossRef]

59. Gomez, E.; Campo, P.; Rondon, C.; Barrionuevo, E.; Blanca-Lopez, N.; Torres, M.J.; Herrera, R.; Galindo, L.;
Mayorga, C.; Blanca, M. Role of the basophil activation test in the diagnosis of local allergic rhinitis. J. Allergy
Clin. Immunol. 2013, 132, 975–976. [CrossRef]

60. Managuli, R.S.; Raut, S.Y.; Reddy, M.S.; Mutalik, S. Targeting the intestinal lymphatic system: A versatile
path for enhanced oral bioavailability of drugs. Expert. Opin. Drug Deliv. 2018, 15, 787–804. [CrossRef]

61. Kortekaas Krohn, I.; Shikhagaie, M.M.; Golebski, K.; Bernink, J.H.; Breynaert, C.; Creyns, B.; Diamant, Z.;
Fokkens, W.J.; Gevaert, P.; Hellings, P.; et al. Emerging roles of innate lymphoid cells in inflammatory
diseases: Clinical implications. Allergy 2018, 73, 837–850. [CrossRef]

62. Rondon, C.; Campo, P.; Zambonino, M.A.; Blanca-Lopez, N.; Torres, M.J.; Melendez, L.; Herrera, R.;
Gueant-Rodriguez, R.M.; Gueant, J.L.; Canto, G.; et al. Follow-up study in local allergic rhinitis shows a
consistent entity not evolving to systemic allergic rhinitis. J. Allergy Clin. Immunol. 2014, 133, 1026–1031.
[CrossRef]

63. Rondon, C.; Campo, P.; Eguiluz-Gracia, I.; Plaza, C.; Bogas, G.; Galindo, P.; Mayorga, C.; Torres, M.J. Local
allergic rhinitis is an independent rhinitis phenotype: The results of a 10-year follow-up study. Allergy 2018,
73, 470–478. [CrossRef]

64. Campo, P.; Eguiluz-Gracia, I.; Plaza-Seron, M.C.; Salas, M.; Jose Rodriguez, M.; Perez-Sanchez, N.;
Gonzalez, M.; Molina, A.; Mayorga, C.; Torres, M.J.; et al. Bronchial asthma triggered by house dust
mites in patients with local allergic rhinitis. Allergy 2019. [CrossRef]

65. Eguiluz-Gracia, I.; Bosco, A.; Dollner, R.; Melum, G.R.; Lexberg, M.H.; Jones, A.C.; Dheyauldeen, S.A.;
Holt, P.G.; Baekkevold, E.S.; Jahnsen, F.L. Rapid recruitment of CD14 monocytes in experimentally induced
allergic rhinitis in human subjects. J. Allergy Clin. Immunol. 2016, 137, 1872–1881. [CrossRef]

66. Eguiluz-Gracia, I.; Malmstrom, K.; Dheyauldeen, S.A.; Lohi, J.; Sajantila, A.; Aalokken, R.; Sundaram, A.Y.M.;
Gilfillan, G.D.; Makela, M.; Baekkevold, E.S.; et al. Monocytes accumulate in the airways of children with
fatal asthma. Clin. Exp. Allergy 2018, 48, 1631–1639. [CrossRef]

67. Yamana, Y.; Fukuda, K.; Ko, R.; Uchio, E. Local allergic conjunctivitis: A phenotype of allergic conjunctivitis.
Int. Ophthalmol. 2019. [CrossRef]

68. Eguiluz-Gracia, I.; Testera-Montes, A.; Gonzalez, M.; Perez-Sanchez, N.; Ariza, A.; Salas, M.;
Moreno-Aguilar, C.; Campo, P.; Torres, M.J.; Rondon, C. Safety and reproducibility of nasal allergen
challenge. Allergy 2019, 74, 1125–1134. [CrossRef]

69. Dordal, M.T.; Lluch-Bernal, M.; Sanchez, M.C.; Rondon, C.; Navarro, A.; Montoro, J.; Matheu, V.;
Ibanez, M.D.; Fernandez-Parra, B.; Davila, I.; et al. Allergen-specific nasal provocation testing: Review by
the rhinoconjunctivitis committee of the Spanish Society of Allergy and Clinical Immunology. J. Investig.
Allergol. Clin. Immunol. 2011, 21, 1–12.

70. Campo, P.; Rondon, C.; Gould, H.J.; Barrionuevo, E.; Gevaert, P.; Blanca, M. Local IgE in non-allergic rhinitis.
Clin. Exp. Allergy 2015, 45, 872–881. [CrossRef]

71. Rondon, C.; Eguiluz-Gracia, I.; Shamji, M.H.; Layhadi, J.A.; Salas, M.; Torres, M.J.; Campo, P. IgE Test in
Secretions of Patients with Respiratory Allergy. Curr. Allergy Asthma Rep. 2018, 18, 67. [CrossRef]

72. Campo, P.; Del Carmen Plaza-Seron, M.; Eguiluz-Gracia, I.; Verge, J.; Galindo, L.; Barrionuevo, E.; Fernandez, J.;
Jurado, R.; Mayorga, C.; Torres, M.J.; et al. Direct intranasal application of the solid phase of ImmunoCAP(R)
increases nasal specific immunoglobulin E detection in local allergic rhinitis patients. Int. Forum Allergy Rhinol.
2018, 8, 15–19. [CrossRef]

73. Hamizan, A.W.; Rimmer, J.; Alvarado, R.; Sewell, W.A.; Tatersall, J.; Barham, H.P.; Kalish, L.; Harvey, R.J.
Turbinate-Specific IgE in Normal and Rhinitic Patients. Am. J. Rhinol. Allergy 2019, 33, 178–183. [CrossRef]

74. Berings, M.; Arasi, S.; De Ruyck, N.; Perna, S.; Resch, Y.; Lupinek, C.; Chen, K.W.; Vrtala, S.; Pajno, G.B.;
Bachert, C.; et al. Reliable mite-specific IgE testing in nasal secretions by means of allergen microarray.
J. Allergy Clin. Immunol. 2017, 140, 301–303. [CrossRef]

http://dx.doi.org/10.1111/cea.12600
http://dx.doi.org/10.18176/jiaci.0321
http://dx.doi.org/10.1016/j.jaci.2013.07.016
http://dx.doi.org/10.1080/17425247.2018.1503249
http://dx.doi.org/10.1111/all.13340
http://dx.doi.org/10.1016/j.jaci.2013.10.034
http://dx.doi.org/10.1111/all.13272
http://dx.doi.org/10.1111/all.13775
http://dx.doi.org/10.1016/j.jaci.2015.11.025
http://dx.doi.org/10.1111/cea.13265
http://dx.doi.org/10.1007/s10792-019-01101-z
http://dx.doi.org/10.1111/all.13728
http://dx.doi.org/10.1111/cea.12476
http://dx.doi.org/10.1007/s11882-018-0821-7
http://dx.doi.org/10.1002/alr.22039
http://dx.doi.org/10.1177/1945892418825224
http://dx.doi.org/10.1016/j.jaci.2016.11.047


J. Clin. Med. 2019, 8, 1062 13 of 13

75. Gelardi, M.; Guglielmi, A.V.; Iannuzzi, L.; Quaranta, V.N.; Quaranta, N.; Landi, M.; Correale, M.; Sonnante, A.;
Rossini, M.; Mariggio, M.A.; et al. Local allergic rhinitis: entopy or spontaneous response? World Allergy
Organ. J. 2016, 9, 39. [CrossRef]

76. De Schryver, E.; Devuyst, L.; Derycke, L.; Dullaers, M.; Van Zele, T.; Bachert, C.; Gevaert, P. Local
immunoglobulin e in the nasal mucosa: Clinical implications. Allergy Asthma Immunol. Res. 2015, 7, 321–331.
[CrossRef]

77. Lee, K.S.; Yu, J.; Shim, D.; Choi, H.; Jang, M.Y.; Kim, K.R.; Choi, J.H.; Cho, S.H. Local Immune Responses in
Children and Adults with Allergic and Nonallergic Rhinitis. PLoS ONE 2016, 11, e0156979. [CrossRef]

78. Meng, Y.; Lou, H.; Wang, Y.; Wang, X.; Cao, F.; Wang, K.; Chu, X.; Wang, C.; Zhang, L. Endotypes of chronic
rhinitis: A cluster analysis study. Allergy 2019, 74, 720–730. [CrossRef]

79. Bozek, A.; Kolodziejczyk, K.; Jarzab, J. Efficacy and safety of birch pollen immunotherapy for local allergic
rhinitis. Ann. Allergy Asthma Immunol. 2018, 120, 53–58. [CrossRef]

80. Eguiluz-Gracia, I.; Tay, T.R.; Hew, M.; Escribese, M.M.; Barber, D.; O’Hehir, R.E.; Torres, M.J. Recent
developments and highlights in biomarkers in allergic diseases and asthma. Allergy 2018, 73, 2290–2305.
[CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/s40413-016-0126-z
http://dx.doi.org/10.4168/aair.2015.7.4.321
http://dx.doi.org/10.1371/journal.pone.0156979
http://dx.doi.org/10.1111/all.13640
http://dx.doi.org/10.1016/j.anai.2017.10.009
http://dx.doi.org/10.1111/all.13628
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Epidemiology 
	Pathophysiology 
	Natural Evolution and Comorbidities 
	Diagnosis 
	Treatment 
	Conclusions 
	References

