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Abstract: Allergic rhinitis (AR) is a common upper airways inflammatory condition especially in paediatric population; its burden 
potentially impacts on quality of life, quality of sleep and daily performance, which can be difficult to perceive but not less relevant in 
the middle-long term. The present review aims to provide an updated overview on AR epidemiology, diagnosis and with a special 
focus on its connections with bronchial asthma. In fact, when considering asthmatic pediatric population, AR is probably the most 
important risk factor for asthma onset and the most impactful extra-bronchial determinant of asthma control. Under this perspective, 
allergen immunotherapy (AIT) should always be considered in the light of a precision medicine approach. In fact, AIT does represent 
a unique opportunity to specifically interfere with AR immunological background, improve both AR and bronchial asthma control and 
prevent allergic disease evolution. Verifying the patient’s eligibility to that option should be considered as a priority for every 
physician managing children suffering from AR, especially when associated with bronchial asthma. 
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Allergic Rhinitis: Not a Trivial Issue
Rhinitis is characterized by typical pattern of nasal symptoms, including nasal congestion/obstruction, rhinorrhoea, 
sneezing and pruritus, expressing the underlying inflammation and/or dysfunctional nasal mucosa.1

Three distinct rhinitis subgroups, or phenotypes, are widely accepted: allergic rhinitis (AR), infectious rhinitis, and 
non-allergic, non-infectious rhinitis (NAR). However, overlapping or combined phenotypes may co-exist in several 
patients and present a dynamic evolution over time.1,2

Allergic rhinitis (AR) clinically expresses an immunoglobulin E (IgE)-mediated reaction to allergens that occurs 
starting from the nasal mucosa.3,4 According to ARIA (Allergic Rhinitis and its Impact on Asthma) consensus, allergic 
rhinitis can be classified as intermittent or persistent, following symptoms duration, and mild–moderate or severe when 
taking into account symptoms severity. The environmental triggers causing allergic rhinitis are represented by airborne 
proteins from pollens, house dust mites (HDM), insect faeces, animal dander, and molds.5 The disease clinical expression 
is the result of a complex immunological cascade and biochemical events. The inhaled allergens are firstly processed by 
the antigen-presenting cells (APCs) in the nasal mucosa and presented to CD4+ T lymphocytes. The last produce so- 
called T2 cytokines (eg, IL-3, Il-4, IL-5, IL-13, granulocyte-macrophage colony-stimulating factor), which lead to 
differentiation of B lymphocytes to plasma cells, and subsequently to the production of antigen-specific IgE that bind 
to IgE receptors (FcERI) on the surface of mast cells and basophils. When allergen exposure occurs again, allergenic 
peptides are recognized by specific IgEs bounding mast cells or basophils. As an immediate further step, the cross-linking 
of IgE molecules activates an intracellular signalling cascades leading to the degranulation of bioactive mediators (eg, 
histamine, leukotrienes, prostaglandins, platelet activating factor).2,6 Delayed or persistent nasal inflammation is sus-
tained by the release of chemokines and other chemo-attractants that drive Th2 cells, activated eosinophils, and mast cells 
to migrate into the nasal epithelium where they release additional mediators that prolong allergic inflammation.7 The 
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complex immunological background sustains the potential systemic relevance of the inflammation underlying allergic 
rhinitis, and accounts for the role of AR as the major risk factor for bronchial asthma, as discussed below.

The prevalence of AR ranges from 10% to 30% worldwide,8 and approximately 400 million people are affected by 
the disease.9 It is a widespread pathologic condition with significant burden in terms of patients’ quality of life (QoL) and 
work performance. It also represents a risk factor for other respiratory comorbidities in adults, especially asthma, and 
a precursor to learning disabilities, behavioural abnormalities, and psychological impairment in children.10 Respiratory 
comorbidities are common in these patients due to the shared immunological pathogenesis as well as to the physical and 
biological link between upper and lower airways, synthesized in the concept on United Airway Disease, as discussed 
below.11

Sleep disturbances are frequent in both children and adults. Nasal congestion is the most common and bothersome 
symptom of rhinitis and is considered a major cause of sleep impairment in affected individuals. Sleep disturbance 
severity is directly related to the severity of the disease.12,13

Nasal obstruction commonly causes micro-arousals and sleep fragmentation and does act as an independent risk 
factor for obstructive sleep apnoea. Rhinitis alone is associated with mild obstructive sleep apnoea.14 A systematic 
review including articles published over the past 25 years highlighted a statistically significant association between 
allergic rhinitis in children and sleep-disordered breathing, including snoring and obstructive sleep apnoea.15 Along with 
the role of sleep apnoea as a risk factor for metabolic and cardiovascular diseases, sleep disturbances also represent 
a major determinant of impaired QoL in patients affected with rhinitis.10,16

Depression can also be considered a relevant and emerging allergic rhinitis comorbidity. According to a recent survey 
including 14 studies and overall 19.36±1.1 million participants, an association between allergic rhinitis and depression 
could be described, with 1.54 OR (95% CI 1.24 to 1.90, p < 0.05).17 Along with psychological impairment, related to the 
impact of AR on QoL, other mechanisms might contribute to depression in allergic patients, in particular psychopathol-
ogies may be in part a consequence of neuro-inflammation due to the systemic spread of inflammatory cytokines in these 
patients.17,18

In addition, looking at the issue from another perspective, the complexity of the disease with its associated 
comorbidities implies a relevant economic burden of AR. Costs due to allergic rhinitis can be divided into two categories. 
The first consists of direct costs that are related to economic resources spent on disease management, including allergen 
avoidance, proper pharmacologic therapies, and allergen immunotherapy.1,10 The second includes indirect and “hidden” 
costs that are due to missing work days and decreased productivity as far as costs associated with management of AR 
comorbidities, such as sinusitis and asthma.19

Prevalence of Allergic Rhinitis in Asthmatic Children
Allergic rhinitis is common in paediatric age worldwide, its prevalence ranging from 0.8% to 14.9% in 6–7-years old and 
1.4% to 39.7% in 13–14-year-old children.19 According to the ISAAC Phase III study, AR prevalence increased from 
8.5% in children aged 6–7 years to 14.6% in those aged 13–14 years, especially in many low-income and middle-income 
countries (LMICs) whereas little change was observed in western Europe.20 In 80% of cases, AR symptoms occur before 
the age of 20 years, and 40% of these cases developed symptoms before the age of 6 years.21

AR is frequently associated with other atopic diseases, including asthma, allergic conjunctivitis, and eczema. In 
particular, most patients with asthma have comorbid AR, whereas less than one-third of those with AR have asthma.22 

Indeed, epidemiological evidence indicates that about 30% of patients with rhinitis develop asthma during their life 
course23 and up to 80% of persistent asthma subjects suffer from coexisting rhinitis.24 Of note, the relationship between 
the over mentioned conditions has been relatively consistent over the years, despite changes in global prevalence.25

Overall, AR incidence in individuals with asthma appears to increase with age. Indeed, recent data have shown that 
adolescents with asthma have significantly more frequent comorbid rhinitis (p = 0.02; OR = 2.07) when compared with 
younger children.26 In line with this finding, extensive prospective follow-up data from the MAS birth cohort study 
previously found that, at age 20, asthma occurred more frequently in association with AR than as a single entity.27 When 
taking into account the patient’s sensitization profile, despite previously published evidence of a more frequent associa-
tion between allergic rather than non-allergic rhinitis and asthma,28 more recently, the Mechanisms of the Development of 
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ALLergy (MeDALL) study, which included data from 12 European birth cohorts, showed that the coexistence of rhinitis 
and asthma is more common than expected by chance, regardless of IgE sensitization, suggesting that these diseases 
share causal mechanisms other than atopic sensitization.29

There is evidence that AR has an impact on asthma, as shown in a large school-based cohort study reporting that the 
majority of children had comorbid AR, which was associated with increased asthma morbidity. In particular, in 
comparison with children without AR, those with comorbid asthma and AR had significantly fewer symptom-free 
days (p < 0.001), more daytime symptoms (p < 0.001), more rescue medication use (p < 0.01), and more activity 
limitation due to asthma (p < 0.001).30

Taken together, these findings suggest that AR should be routinely investigated in children and adolescents with 
asthma in order to optimize treatment and achieve better asthma control and, likewise, the resolution of AR symptoms.

United Airways Disease: The Impact of Rhinitis on Asthma Control
The “United airways disease” (UAD) concept clearly defines that upper and lower airways are part of a single organ. 
Upper and lower airway diseases frequently co-occur, reflecting the existence of a common underlying immunological 
background. UAD includes rhinitis, chronic rhinosinusitis (CSR), nasal polyposis (NP), and concomitant/comorbid lower 
airways disorders: asthma, chronic obstructive pulmonary disease (COPD), bronchiectasis, cystic fibrosis (CF), and 
obstructive sleep apnoea (OSA).11

Under the epidemiological perspective, the cross-relationship between allergic rhinitis and asthma is clear-cut. As 
mentioned above, approximately 80% of asthma patients suffer from rhinitis, and 30% of patients with rhinitis have 
asthma. AR represents a significant risk factor for asthma (odds ratio, OR 3.5). The risk of asthma in AR is more evident 
in children than in adults (OR 4.1 vs 3.4).31,32 The involvement of both upper and lower airways leads to a greater burden 
in terms of patients’ health status and requires a more complex diagnostic and therapeutic plan.11 Of note, even in the 
absence of symptomatic asthma, a relevant proportion of patients affected by AR do present airway hyper-responsiveness 
(AHR) documented by positive bronchial provocation test and reversible airflow obstruction. Non-asthmatic patients 
with AR also showed the presence of lower airway inflammation and some degree of airway remodeling.33,34

Different mechanisms may underlie the increased bronchial hyper-reactivity in the presence of an impaired nasal 
function. The loss of nasal function due to mucosal congestion and retention in the nasal cavity hampers the airflow 
through the upper airways in favour of oral respiration and oral breathing, which are associated with a higher risk of 
bronchospasm.35 In fact, oral breathing bypasses the functional role of the nose in terms of warming and humidifying air, 
which therefore reaches the bronchi being cooler and drier. In addition, nasal mucus and mucus-ciliary apparatus filter the 
particles and gaseous materials in inhaled air before they reach the lower airways; on a functional ground, in the nose 
both innate and specific immune system cooperate to avoid infectious agent to reach the lower airways.36,37 Therefore, 
nasal obstruction is strictly related to the allergens or cold air loading directly into the bronchial airways, and to the 
consequent increase of airways causing hyper-responsiveness.

Another mechanism that could underlie bronchial hyper-reactivity in AR patients is the so-called nasobronchial 
reflex. It represents a branch of the diving reflex, which physiologically leads to suppression of respiration, laryngos-
pasm, and bronchoconstriction when the head is underwater water.36 In that case, vagal and trigeminal pathways and 
afferent receptor site mediate broncho-constriction. However, the relevance of that mechanism in AR patients’ bronchial 
hyper-responsiveness is still controversial.37

Finally, the increased reactivity of lower airways associated with AR could be explained in the wider perspective of 
T2 inflammation. In fact, it is well known that when performing nasal allergen provocation test, an allergic inflammatory 
response, characterised by increased eosinophils number in the nasal mucosa as well as in the peripheral blood can be 
observed in patients with AR. Eosinophils can selectively infiltrate different tissues, including bronchial wall. There they 
can impair the epithelial integrity, leading to a decrease in ciliated and brush cells, mast cell secretion, and the exposure 
of underlying sensory nerve endings, which finally promote bronchial hyper-responsiveness and bronchoconstriction.38– 

40 Sedgwick et al authored an old but still pivotal study showing in the broncho-alveolar lavage fluid obtained from AR 
patients a significant increase in histamine and tryptase 12 minutes after challenge with antigen, and a further increase in 
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IL-5 concentrations that correlated with the presence of eosinophils and eosinophil granular proteins 48 hours after 
challenge. Neither eosinophils nor soluble mediators of eosinophils were increased in healthy control subjects.41

When considering the mechanisms discussed so far, the relevance of AR in asthma onset and control does not 
surprise. The presence of AR is a significant early-life predictor for an accelerated decline in lung function from the first 
to the sixth decade of life.42 In particular, patients affected with AR not only are more prone to develop bronchial hyper- 
responsiveness and asthma compared with patients not suffering from AR, but suboptimal control of AR implies also 
a worse asthma control in those patients.43 A growing evidence indicates that poor asthma control and higher medical 
resources use, including acute asthma exacerbations, emergency department visits, unscheduled and scheduled physician 
office visits, and prescription medication is more common in patients with a concomitant allergic rhinitis compared with 
those without allergic rhinitis.13,43–45

Diagnostic Work-Up and Differential Diagnosis
The clinical suspect of AR firstly relies on symptoms, including one or more of the following symptoms, such as pruritus, 
sneezing, rhinorrhoea, nasal congestion, and hyposmia that arise within minutes after the exposition to allergen until 1–2 
hours; late symptoms are nasal obstruction, hyposmia, nasal hyper reactivity and post nasal mucous discharge.46–48 

Allergic rhinitis can be perennial or seasonal, according to the relevant allergen, but this classification is not applicable 
globally, so the Allergic Rhinitis and its Impact on Asthma (ARIA) group has classified AR into intermittent or persistent 
on the duration of symptoms.22 The clinical history is essential for diagnosing and profiling rhinitis in children in order to 
provide the most appropriate treatment and to establish the best management for the patient.49,50 The clinical history 
should point out where and when the nasal symptoms occur, the relieving or exacerbating factors such as environmental 
exposures to chemicals or tobacco at home or school or medications, and identify any trigger like pollen, house mould, 
trees, grass, dust mite, pets.51 Comorbidities should also be assessed through the detection of their clinical manifestations 
such as coughing, wheezing, and shortness of breath suggest asthma; red, watery eyes, and hyperaemic conjunctiva 
suggest conjunctivitis; tiredness, snoring, sleep apnoea could be indicative of a sleep disorder; poor school performance, 
speech and learn disorder, poor concentration, high TV volume could be indirect signs suggestive of hearing difficulties 
due to chronic rhinosinusitis, otitis media with effusion, or adenoidal hypertrophy; other comorbidities to rule out are 
eczema, and pollen-food syndrome.51 The clinical history assessment should include an investigation of the impact of 
rhinitis on daily life, school performance, and sleep, and detailed family history of allergic or immunological 
diseases.50,51

The examination should also include anthropometric measures and the evaluation of the skin, ear, nose, oral cavity, 
neck, and chest.52,53 A general assessment is even more relevant in children in therapy with ongoing or long-term steroid 
treatment, in light of the well-known drug-related adverse events.52 The typical signs of atopy are Dennie-Morgan lines, 
nasal crease, allergic salute, conjunctivitis, and allergic shiners.54 Nasal inspection is provides an essential overview and 
it could be performed through anterior rhinoscopy or at least by an otoscope; secretions (usually watery in AR and 
discoloured in NAR or infectious rhinitis), crusts, foreign bodies, deviation of the septum, perforation of the septum, 
polyps, oedema of the mucosa can be typically observed. Nasal endoscopy is not mandatory but it should be considered 
especially in the case of perennial symptoms in order to exclude anatomical abnormalities or inflammatory conditions 
other than allergy (ie, chronic rhinosinusitis with or without nasal polyps); furthermore, it allows also to assess the nasal 
ostium patency, the adenoids size, or the presence of nasal tumors.50,55 On a functional ground, nasal airflow should be 
tested, in order to detect unilateral or bilateral obstruction.

Defining the allergic sensitization profile through skin prick testing (SPT) or specific serum IgE,46 is essential in light 
of a complete diagnostic work-up and for further treatment selection, especially if allergen immunotherapy (AIT) might 
be considered. SPT is the main in vivo test recommended by international guidelines, regarded as the most sensitive and 
specific test for atopy identification.56 Of note, positive SPT alone does not confirm the AR diagnosisin fact, the detected 
sensitization must be consistent with the patient’s clinical history in order to sustain a cause-effect relationship. The 
measurement of serum-specific IgE represents an in vitro test to explore the sensitization profile. From the methodolo-
gical point of view, ImmunoCAP system (Thermo Fisher Scientific, TFS, Uppsala) allows a single allergen evaluation, 
whilst the Immuno-Solid Phase Allergen Chip (ImmunoCAP ISAC from TFS), and the Allergy Explorer-ALEX system 
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(Macroarray DX Wien, Austria) evaluate several allergens at the same time. All the mentioned tests have high sensibility 
and specificity, regardless of age and medication,56 providing the opportunity to confirm AR diagnosis even during the 
course of antihistaminic treatment, which on the opposite hampers the skin reactivity and the reliability of SPT. Specific 
IgE detection is also helpful in differentiating cross-sensitization and to guide AIT extract selection.

In the upcoming future, other biomarkers could support the diagnosis of AR, such as circulating miRNA and 
metabolites.57,58

In the light of a personalized approach in terms of pharmacological treatment, and proper follow-up in the medium- 
long term, a careful differential diagnosis work up should be provided. In the case of discrepancy between sensitization 
profile and symptoms distribution across the year, or in patients presenting “atypical” clinical manifestation, a detailed 
investigation in terms of differential diagnosis is highly recommended.

For instance, imaging is not mandatory but in the suspect of sinusitis, a CT scan of nasal sinuses is indicated. In the 
differential diagnosis, AR must be distinguished from infectious rhinitis, usually secondary to viral infections, and from 
non-allergic and non-infectious rhinitis (NAR), which includes other disorders potentially presenting with rhinitis, such 
as those associated with exposure to irritants such as tobacco smoke, gastroesophageal reflux, and in older children 
hormonal dysfunction (hypothyroidism), specific medications, and vasomotor and idiopathic rhinitis.53 Other differential 
diagnoses include local allergic rhinitis (LAR), mixed rhinitis, structural abnormalities, adenoidal hypertrophy, and other 
conditions that could mimic chronic rhinitis in paediatric patients, like primary immunodeficiency (PID), cystic fibrosis 
(CF), and primary chronic rhinosinusitis due to PID, CF, or primary ciliary dyskinesia (PCD).

On a clinical ground, AR might share the same symptoms with other conditions, misleading the diagnostic work-up. 
An alternative diagnosis should be considered in the presence of unilateral symptoms, isolated nasal obstruction, 
mucopurulent rhinorrhoea, posterior-rhinorrhoea with thick mucus and/or without anterior rhinorrhoea, pain, epistaxis, 
and anosmia.22 For instance, a chronic mucopurulent discharge suggests infective rhinosinusitis secondary to adenoidal 
hypertrophy, anatomical abnormalities, PID, PCD, or CF.53

LAR is a rhinitis phenotype characterized by nasal T2 allergic inflammatory response with local production of 
specific IgE without evidence of atopy shown with SPT or serum-specific IgE. Most likely, LAR represents a subgroup 
previously defined as non-allergic rhinitis with eosinophilia syndrome (NARES).59 That condition in children is highly 
under-diagnosed; the patients present symptoms and nasal hyper-reactivity and show a positive response to nasal 
provocation tests to aeroallergens.60 Nasal challenge test, according to EAACI recommendations, can be performed 
above 5 years of life. The measurement of local IgE in the nasal lavage fluid provides a way to differentiate in the 
paediatric population LAR from NAR and to predict the response to the classic AR therapy.61

The basophil activation test could be used to support the diagnosis of LAR with high specificity,57 but it is available 
only as a research tool.

NAR is considered more prevalent in adults but it is poorly defined in the paediatric population.62 NAR is 
characterized by the presence of rhinitis, without systemic signs of allergic inflammation nor clinical signs of 
infection.59 The term NAR, moreover, includes different types of rhinitis that were recently classified according to the 
European Academy of Allergy and Clinical Immunology (EAACI) as follows: drug-induced rhinitis, rhinitis of the 
elderly, hormonal rhinitis including pregnancy-induced rhinitis, non-allergic occupational rhinitis, gustatory rhinitis, and 
idiopathic rhinitis. Apart from a detailed medical history, it is important to perform an anterior rhinoscopy in order to 
exclude signs of infection, such as crusts, or anatomic anomalies.59 Nasal endoscopy is also recommended by EAACI, to 
detect chronic rhinosinusitis with nasal polyps (CRSwNP) or chronic rhinosinusitis without nasal polyps (CRSsNP). 
EAACI does not recommend performing allergen provocation testing, microbiological analysis of the nasal content, and 
nasal cytology, that anyway may help to distinguish between an inflammatory or neurogenic aetiology of symptoms. In 
nasal cytology, eosinophilic inflammation could be detected and, in the absence of systemic allergy, may be attributed to 
LAR, NARES or to intolerance to drugs, aspirin, food or preservatives.

Pharmacological Treatment Options
The pharmacological treatment of AR in children in the last years has not substantially changed; on the other side, some 
improper options still represent common self-medication strategies. The currently available options can be used alone or 
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in combination. Several international consensus have standardized and recommended an approach based on severity, 
chronicity, and response to treatment. Patients with mild intermittent symptoms for a short period benefit from short 
intermittent therapy, however patients with bothersome symptoms persisting for a long time do require regular 
treatment.

Education and allergen avoidance represent the first-line approach as they substantially help to control the allergen 
exposure; however, most patients require a stepwise approach to control symptoms, maintain a quality of life and avoid 
adverse events.63 Both the EUFOREA algorithm and the American Academy of Allergy Asthma and Immunology 
suggest to base the management of paediatric AR on a stepwise pattern,50,64 as summarized in Figures 1 and 2.

Oral Antihistamines
In clinical practice, oral antihistamines have been used for approximately 50 years as the first-line treatment for AR. 
However, controlled trials about the treatment for AR in children are substantially lacking.50 Oral antihistamines that 
target H1 and H2 receptors are commonly available on the market and can be divided into old and new generation 
antihistamines, mainly differing by their ability to cross the blood brain barrier (BBB). The H1-antihistamines are highly 
lipophilic and cross the BBB potentially causing sedation. Furthermore, they act on peripheral inhibition of cholinergic, 
adrenergic, and muscarinic receptors. Especially in children, H1-antihistamines are not recommended in the light of their 
side effects including sleep cycle impairment, and increase the latency towards restful sleep, which correlates with poor 
school performance and bad or low grades in examination.64 Second-generation H1 antagonists (loratadine, cetirizine, 
terfenadine and astemizole) are characterized by equivalent efficacy and safety in paediatric AR.65 The main features of 
that class are reported in Table 1. Most second-generation antihistamines have good efficacy and a safety profile.

Oral antihistamines are recommended as first-line treatment in children with mild to moderate seasonal and mild 
perennial AR. A maintenance treatment is recommended during allergen exposure. In refractory patients (after 2–4 weeks 
of treatment) a step-up approach with intranasal corticosteroids (INCS) alone or in association with oral antihistamines 
should be considered.

Figure 1 Overview of allergic rhinitis management.
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Intranasal Corticosteroids (INCS) with or without Intranasal Antihistamines (INA)
As discussed above, inflammatory cells and mediators in the nasal mucosa after allergen exposure drive the immuno-
logical background of AR. Two phases can be recognized within that inflammation cascade: the first one characterised by 
itching, rhinorrhoea and nasal pruritus, and the second one by nasal congestion.

Topical nasal corticosteroids (INCS) directly act on both the phases of the inflammatory response.63–66 From the 
pharmacological perspective, it takes a few hours for the drug to become effective, although the clinical improvement 
could be seen after a few days or weeks, in particular the vasoconstriction effect. INCS act on the recruitment of 
inflammatory cells reducing epithelial cell activity, vascular permeability, and chemokine recruitment. INCS present an 

Figure 2 General approach to allergic rhinitis by symptoms severity and recurrence.

Table 1 Characteristics of Second-Generation Oral Antihistamines

Drugs Recommended Pediatric Dose Onset of Action Sedative 
Effect

Food Drug 
InteractionAge (Hours)

Bilastine ≥6 yrs 10 mg (6–11 yrs) syrup or tablet <1 No Yes
20 mg (>12 yrs)

Cetirizina ≥2 yrs 2.5–5 mg (2–5 yrs) 0.7 Minimal Yes
5–10 mg od (6–11 yrs) syrup or tablet

Desloratadine ≥6 months 1.25 mg (1–5 yrs) 1 No No
2.5 mg (6–11 yrs)

Fexofenadine ≥2 yrs 30 mg tablet bid 2 No Yes

Levocetirizine ≥6 months 5 mg (>6 yrs) od 1 No No
1.25 mg (2–6 yrs) bid

Loratadine ≥2 yrs 10 mg via syrup or tablet 1 No Yes
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optimal safety profile to the high affinity to the receptor in nasal cells, and a negligible systemic effect.67 The 
characteristics of most frequently used INCS are reported in Table 2.

Allergic rhinitis often represents a comorbidity in asthma children treated with inhaled corticosteroids and it is 
important to take into consideration the development of systemic side effects. In particular, in these patients, the growth 
reduction after the first years of therapy persists as lowered adult height. However, the benefit of these treatments on 
symptoms and prevention of disease evolution must be balanced with side effects and it is appropriate to use the lowest 
effective dose for symptoms control.68 The use of INA allows to directly interfere with the local inflammation without 
any systemic adverse event and rare mild local side effects.

INCS alone can be used for all categories of AR while INCS in combination with INA is recommended in patients 
who do not respond to INCS mono-therapy.68 The association of INCS-INA has been demonstrated to be superior to 
INCS alone because of the synergic effect of INA on INCS.69 The treatment with INCS is indicated in mild perennial AR 
or moderate-to-severe AR for both seasonal and perennial allergy. The combination INCS-INA is recommended for 
moderate-to-severe AR and for patients presenting lower airways hyper-reactivity or recurrent complications.50,59

The choice between INA or INCS-INA is based on the combined evaluation of different factors such as patient 
compliance, symptom control, type of administration, age, adverse effect, nasal mucosa condition. If symptoms persist 
after the treatment, the patient should refer to a specialist for further diagnostic work-up.

It has been demonstrated the INCS superiority on oral antihistamines in treating nasal symptoms including rhinor-
rhoea, itch, obstruction, and post-nasal drip and in the case of coexisting allergic conjunctivitis and asthma.70 INCS 
therapy might cause local adverse effects such as crusting, burning, epistaxis, nasal dryness, throat irritation, sneezing. 
The association of INCS-INA is associated with dryness and bitter taste. It is also important to prescribe INCS in 
children on the minimum age and dose recommendation as reported in Table 2. INCS should be avoided in patients with 
glaucoma. The correct technique to administer intranasal spray and the therapeutic adherence are essential to achieve the 
benefit from this treatment.50,59

Topical and Oral Decongestants
Decongestants act on α-adrenergic receptors causing vasoconstriction of the blood vessels and reduction of edema in the 
nasal mucosa, paranasal sinus and on upper airways. They can be administered topical or orally and have a rapid onset of 
action. Oral decongestants have more adverse effects compared to topical ones. The use for more than 10 days is 
contraindicated because it can cause medication-induced rhinitis. Oral decongestants are contraindicated in young 
children71 and, generally speaking, are not recommended as a reference treatment, in consideration of the high incidence 
of adverse events as well as the lack of a specific action on the inflammatory background of AR. In selected cases, when 
the nose is completely obstructed a brief course is recommended, under specialist control.

Table 2 Characteristics of Intranasal Corticosteroids (INCS)

Drugs Recommended Pediatric Dose Onset of Action Effect on Growth
Age

Beclometasone ≥6 yrs 1–2 puffs bid Few days Yes

Budesonide ≥6 yrs 1–2 puffs bid Within 10 hours Yes

Fluticasone furoato ≥2 yrs 1–2 puffs bid Within 8 hour NP

Fluticasone propionato ≥4 yrs 1–2 puffs bid Within 12 hour NP

Mometasone ≥2 yrs 1 puff od Within 12 hour No

Triamcinolone ≥2 yrs 2 puffs od/bid Few days NP
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Leukotriene Receptor Antagonists
Leukotrienes have a relevant role in the pathogenesis of AR inducing inflammation, nasal congestion and obstruction and 
leukotriene receptor antagonist (LTRA) might be considered a kind of targeted therapy in AR. Montelukast is the most 
studied LTRA in rhinitis and it is indicated in the moderate-to-severe disease stages in both primary and secondary 
setting.72 LTRAs are effective on nasal obstruction and as an add-on therapy to INCS and oral antihistamine, particularly 
for AR patients with bronchial asthma and suffering from night-time nasal symptoms.50,72 Clinical response should be 
evaluated after 2 weeks of treatment in order to decide whether to maintain, step-up or step-down the therapy. LTRAs are 
also indicated as a second-line treatment in patients with AR and asthma not optimally controlled while using INCS. 
LTRAs can be prescribed as an additional therapy to the INCS + oral antihistamine combination in case of non-response. 
It may also be considered for RA with nocturnal symptoms and severe nasal blockage.64 It is important to highlight that 
FDA warned about neuropsychiatric adverse events induced by montelukast and specified its use only for patients with 
AR refractory to other treatments.

Systemic Corticosteroids
The use of systemic corticosteroids in clinical practice has gradually reduced due to adverse events associated with their 
prolonged intake. In AR, they reduce eosinophil mediators in nasal secretion during late phase of AR inflammation but 
are not indicated as a standard treatment for AR. The indication for systemic steroids in secondary-care settings is 
restricted to very severe and therapy-resistant symptoms in patients with other comorbidities such as poorly or difficult to 
control asthma or nasal polyposis. Anyway, it is no longer considered as a maintenance therapy and, when required, 
a course of oral prednisone should not exceed 5 days.50,65

Immunotherapy and Its Preventive Effect on Disease Evolution
Allergen immunotherapy (AIT) is the only available disease-modifying option for allergic diseases; in fact, it is able to 
induce a permanent immunological tolerance in sensitised patients. Nevertheless, it is still underused, especially in the case 
of coexisting asthma. It usually includes a build up phase, consisting in the administration of progressively higher doses of 
the allergen extract, followed by a maintenance phase with a stable dose. AIT re-modulates the way the immune system 
reacts to allergens by shifting the inflammation response from T2 predominant to T1 predominant cascade. Production of 
allergen-specific IgG4, T regulatory cells and inhibition of specific IgE have been described as the key immunological 
effects of allergen immunotherapy.73–75 Two main routes are currently practiced for AIT administration: subcutaneous 
(SCIT) and sublingual (SLIT). Both have similar efficacy in AR with a safety profile that favours SLIT.76–79 Adverse drug 
reactions (ADR) are rare and in most cases related to local reactions (itching and swelling at site of injection or oral cavity), 
even if systemic reactions can rarely occur, mostly during the build-up phase.76–79 SLIT is usually the preferred option for 
children, given the non-invasive and more tolerable route of administration.80

In AR, with/without conjunctivitis, AIT is indicated in patients with allergen sensitization confirmed by SPT or IgE, 
especially when symptom control cannot be obtained with first-line therapy.81 Currently, registered products are approved 
for children older than 5 years old, but few studies explored AIT benefits in younger patients too, although adherence is 
a main issue in pre-scholar children.82,83

Contraindications to AIT include uncontrolled asthma, eosinophilic esophagitis and history of severe systemic or 
large local reactions to immunotherapy. Furthermore, some conditions potentially associated with a worst survival after 
an anaphylactic event or with reduced responsiveness to its treatment (ie, severe lung or heart disease, beta-blocker use, 
etc.) are considered relative contraindications, even if more relevant to adult population.81

The efficacy and safety of AIT in patients with AR have been demonstrated by many trials, demonstrating symptoms 
and QOL improvement, reduction in medication use and health-care costs as well as documenting a preventive effect on 
disease evolution from AR to asthma.81,84,85 Real-world evidence recently confirmed such findings, and data on long- 
term effectiveness of AIT in AR and asthmatic patients are also available.86–88

The optimal AIT duration is still matter of debate: however, the currently available evidence sustains a 3 years term 
treatment as the minimal requirement for consolidating the long-term effect for years after therapy discontinuation.89 
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Another debated issue is related to the ideal timing of AIT initiation in the life-course: in the light of its disease 
modifying effect it is reasonable to start the treatment as early as possible, although some caution is recommended in 
children <4 years of age.82

As mentioned above, the early introduction of AIT has the chance to exert a preventive effect on asthma development 
particularly in children and adolescents with AR and grass/birch pollen allergy; in addition AIT reduces the risk of new 
allergen sensitization in such patients, though evidence on that is still weak.90

Besides its preventive effect, immunotherapy is effective as a treatment in allergic asthma patients. Trials showed 
better symptom control, reduced risk of exacerbations, greater chances of stepping down inhaled therapy and improve-
ment in pulmonary function tests in asthma patients treated with HDM and pollen AIT.91 The same data have been 
supported by recently published real-world evidence.86,88 Following those results, current GINA (Global Initiative for 
Asthma) international recommendations advice to consider house dust mites AIT as complementary therapy in the early 
stage of asthma (step 1 to 4).92 Cost effectiveness evaluation also favours AIT as the reduction in exacerbation, 
hospitalization and overall medication use in the long-term outweighs the initial expense.86

Of note, despite AIT is part of a precision medicine approach, the preventive identification of best responders among 
patients matching the prescription criteria is not possible at the moment. Furthermore, physiological attenuation or 
remission of allergic manifestations has been observed with the growth. However, the AR burden and related- 
impairment, even for a limited life time frame, and the opportunity to interfere with the potential disease evolution 
deserve the maximal consideration when evaluating AIT option. More accurate and sustainable biomarkers/predictors of 
response, which are currently under investigation, will support a more personalized approach.93

Conclusions
Despite its symptoms being commonly mild to moderate, AR cannot be considered a trivial condition. First of all because of 
its epidemiological relevance, especially in paediatric population; second, for its potentially high impact on quality of life, 
quality of sleep and daily performance, which can be difficult to perceive but not less relevant in the middle-long term. In 
addition, when considering asthma children population, AR is probably the most important risk factor for asthma onset and 
the most impactful extra-bronchial determinant of asthma control. Still, AR is often self-managed or its symptoms not 
adequately valued by the young patients or their parents. Self-management commonly brings to use incorrect or not 
recommended treatment options, including “alternative medicine” remedies, or to take the therapy according to improper 
schedule. That kind of approach is at risk of amplifying the disease burden and of reducing the chance of complete remission.

According to the evidence mentioned above every Health-Care Professional taking care of paediatric patients should 
be educated to recognize AR manifestations and aware of their potential burden, so that an appropriate diagnostic 
assessment can be performed and a correct management is established. In fact, the pharmacological treatment, if not 
properly tailored, might itself contribute to the disease burden, in terms of poor tolerability profile, when talking about 
antihistamines, or middle-long term well-known adverse events when taking into consideration corticosteroids, whether 
systemic or even local.

Under this perspective, AIT should always be considered in the light of a precision medicine approach. In fact, AIT does 
represent a unique opportunity to specifically interfere with AR immunological background, to improve both AR and bronchial 
asthma control and to prevent allergic disease evolution. Although in the past bronchial asthma had been considered a relative or 
absolute contraindication, depending on its severity and control, the recent evidence in terms of both safety and efficacy profile 
paves the way for a new perspective to look at the issue. In other words, in AR patients with coexisting bronchial asthma, the last 
should be considered a further major indication for AIT. Of note, in the case of uncontrolled asthma, achieving an optimal disease 
control should be considered a priority before prescribing AIT. In addition, an increasing amount of evidence is going to support 
the potential of AIT in preventing AR evolution towards asthma development in affected children. Thus, verifying the patient’s 
eligibility to that option should be considered as a priority for every physician managing children suffering from AR, whether or 
not associated with bronchial asthma.
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