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Introduction
Regarding the allergic process, early childhood is a very special time in life. Many 
growth modifications occur rapidly, and the immune system is still developing 
after birth. Until one year of age and beyond, the nervous system, remarkably the 
sympathetic and parasympathetic are perhaps more important than the allergic 
system. In addition, we must say that viral infections have a major role in the 
upper respiratory tract of the small child. After that, due to the maturation of the 
immune system, more clear allergic processes take place, and a more T helper 
2lymphocyte (Th2) and consequently immunoglobulin E (IgE) driven response 
is present, until the child immune system is fully functioning, after three or four 
years old.
Chronic rhinitis in its various forms is an extremely common problem. Despite 
the availability of several forms of treatment, a substantial number of little 
patients with rhinitis and their parents are not satisfied with the outcomes and 
seek additional medical care. To improve our therapeutic modalities, we need 
to further our understanding of the pathophysiology of rhinitis, both of allergic 
and non-allergic origin. A central approach toward this goal is to understand how 
symptoms are generated and what makes a physiologic process in the nose turn 
into an uncomfortable experience. 
The role of the nervous system is pivotal in this respect. The participation of the 
nervous system in the generation of nasal symptoms is of extreme importance. 
Nerves, both sympathetic and parasympathetic, can mediate almost every symptom 
of rhinitis. There are potential changes that can occur in the various components 
of the nasal nervous system, primarily as a result of chronic inflammation, and 
these changes can result in altered neural responses with consequent potentiation 
of nasal symptoms. There are areas of interaction between the nervous system and 
the immune system that are yet to be explored. An important point is that diseases 
of the respiratory tract are not only inflammation per se, but also an interaction 
between inflammation and airway function, which, at least in the case of the nose, 
is largely dependent on the nervous system.
Atopy is a relatively common, adverse humoral immune system response to 
common environmental agents (allergens) involving the production of allergen-
specific IgE. Epidemiological investigations of allergen sensitivity show that the 
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propensity for and the relative incidence of atopic disorders tend to change with 
age. Serum total IgE values in allergic children gets their peak before adulthood 
and then decline with age in the general population, and there are significantly 
fewer cases of atopy among elderly subjects compared with younger subjects. 
However, atopic disorders are complex diseases that involve interactions among 
several physiological systems, e.g. skin, lung, mucosae, and the immune system.
Pathophysiology
Although pathophysiology of chronic rhinitis is different throughout the years 
of childhood, genetic determination of the allergic inheritance makes the child 
more prone to allergic responses, even in early life. Nevertheless, the ongoing 
allergic process regards our attention, combined with the neural process of chronic 
rhinitis.
Allergic process
Prolonged exposure to allergens such as dust mite, cockroach, cat, dog, or pollen 
leads to allergen-specific IgE production. Re-exposure to the allergens triggers 
a cascade of events including early- and late-phase responses resulting in the 
symptoms of allergic rhinitis (AR).
The early-phase response develops within minutes after re-exposure to the 
offending allergen. The allergen binds to cell surface–bound allergen-specific 
IgE, which activates mast cells and basophils. This activation results in the 
degranulation of mast cells and basophils, the release of preformed mediators 
including histamine and various proteases, and the synthesis and release of newly 
generated lipid-derived mediators, such as leukotrienes and cytokines. This early 
phase response in allergic rhinitis is characterized by sudden episodes of sneezing, 
nasal itching, nasal congestion, and rhinorrhea.
The late-phase response occurs during the 4- to 8-hour period after allergen 
exposure and is a cellular-driven process with infiltration of eosinophils, 
neutrophils, basophils, T lymphocytes, and macrophages, which release additional 
inflammatory mediators and cytokines, perpetuating the pro-inflammatory 
response. This late-phase response is thought to be responsible for the persistent, 
chronic signs and symptoms of AR, particularly nasal congestion, anosmia, mucus 
hyper-secretion, and nasal hyper-responsiveness to the same or other allergens 
and irritants. Continued allergen exposure often establishes a state of chronic 
symptomatic inflammation, or even a non-symptomatic chronic inflammation, 
called minimal persistent inflammation.
Neural Process
The nose provides defensive and homeostatic functions requiring rapid responses 
to physical and chemical stimuli. As a result, it is armed with a complex nervous 
system that includes sensory, parasympathetic, and sympathetic nerves. Sensory 
nerves transmit signals from the mucosa, generating sensations, such as pruritus; 
motor reflexes, such as sneezing; and parasympathetic and sympathetic reflexes 
that affect the glandular and vascular nasal apparatuses. Reflexes directed to the 
nose are also generated by inputs from other body regions, as lungs and eyes. 
Hence all symptoms that constitute the nosologic entity of rhinitis can be 
triggered through neural pathways. In addition, neural signals generated in the 
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nose can influence distal physiology, such as that of the bronchial tree and the 
cardiovascular system. Neural function can be chronically upregulated in the 
presence of mucosal inflammation, acutely with an allergic reaction, or even in the 
absence of allergic inflammation, as in cases of non-allergic rhinitis.
Upregulation of the nasal nervous system can occur at various levels of the reflex 
pathways, resulting in exaggerated responses (neural hyperresponsiveness), 
as well as in increased capacity for generation of neurogenic inflammation, 
a phenomenon that depends on the release of neuropeptides on antidromic 
stimulation of nociceptive sensory nerves. The molecular mechanisms of 
hyperresponsiveness are not understood, but several inflammatory products 
appear to be playing a role, like the neurotrophins, i.e. nerve growth factor. The 
many interactions between the nervous and immune systems contribute to nasal 
physiology but also to nasal disease.
Rhinitis: signs and symptoms 
Because some children are unable to verbalize their symptoms, it is important 
to be familiar with the signs and symptoms associated with AR to diagnose 
these children properly and to treat them early. Classic symptoms of AR include 
paroxysms of sneezing, nasal and palatal pruritus, nasal congestion, and rhinorrhea, 
with or without ocular symptoms. Other symptoms include postnasal drainage, 
headaches, nocturnal cough, and snoring. Irritability and fatigue may be present, 
sometimes to a debilitating degree. Findings on pediatric physical examination 
that are suggestive of AR include mouth breathing, pale and boggy nasal mucosa, 
clear nasal secretions, cobblestoning (lymphoid hyperplasia), postnasal drainage 
along the posterior oropharynx, and conjunctival swelling and injection. 
In addition, elderly children with AR may have a nasal crease along the lower 
third of the nose secondary to frequent upward nasal rubbing (the allergic salute). 
Constant nasal congestion caused by venous stasis leads to allergic shiners (dark 
circles under the eyes). Dennie–Morgan lines, extra skin folds on the lower 
eyelids, can also be noted secondary to recurrent conjunctival edema.
Diagnosis
The diagnosis of AR begins with a careful documentation of the patient’s 
symptoms and any seasonal or other exposure pattern, as well as a detailed 
medical and environmental history. In pediatrics, the individual providing the 
history is usually the parent or caretaker. The demonstration of allergen specific 
IgE corresponding to allergen exposure and symptomatic periods confirms the 
diagnosis of AR. Specific IgE can be measured using radioallergosorbent testing 
or ELISA, but skin testing is generally considered more sensitive for aeroallergen 
detection than these in vitro methods. Allergy skin testing, which can generally be 
performed in patients of any age, should be done under the direction of a specialist 
in allergy/immunology. Allergy testing is important because it allows specific 
allergy treatment, such as allergen avoidance measures, relevant pharmacotherapy, 
and allergen immunotherapy.
Non-allergic rhinitis
Non-allergic rhinitis consists of a variety of syndromes that are only to some extent 
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distinguishable based on clinical and, in some cases, laboratory characteristics. A 
large subgroup of patients with nonallergic rhinitis has nasal symptoms in the 
absence of any inflammatory changes in the nasal mucosa or any evidence of 
an infectious, systemic, or metabolic process. Several terms have been used to 
describe this group of patients, including non-allergic, noninfectious rhinitis; 
idiopathic rhinitis; and vasomotor rhinitis. The latter term implies that this problem 
is associated with abnormalities in the neural control of the nasal vasculature, and 
many clinicians consider this condition identical to nasal hyperresponsiveness to 
irritants and to changes in environmental conditions. 
Risk of rhinitis
Besides coming from a atopic family, there a number of factors that affect the 
outcome of the allergic disease. Being the first child, breast-feeding for just a few 
months, early contact with indoor allergens and environmental tobacco smoke are 
risky factors for the development of allergic rhinitis. 
The risk of allergic rhinitis, rhinitis and upper respiratory infections (URI) related 
to the indoor environment is clear. ETS exposure is also associated with allergic 
sensitization. Exposure to environmental tobacco smoke (ETS) is associated with 
an increased and significant risk of allergic rhinitis and rhinitis during the first 
year of life, as has been observed in children aged three months to five yr, and in 
children aged 6–7 yr. Mold is associated with more frequent URI.
It is suggested that ETS exposure is potentially confounded by the mother’s 
education level. There is also a significant association with increased rhinitis and 
URI in infants whose mothers have higher education. The 1999 National Health 
Interview Survey found that the proportion of children with all types of allergies 
increases with parent education level. 
In addition, sinusitis has been positively associated with mold exposure and 
dampness in the home. Significant associations between ear infection and assessor 
reported mold has been previously reported in children aged four to five, as well 
as infants before six months. It has been suggested that effects of mold exposure 
and lower respiratory infection in infancy are due to non-allergenic fungal spore 
components or metabolites released from fungi. All fungal cell walls contain (1 
fi 3) -b-D glucan, a glucose polymer that has immunosuppressive, mitogenic and 
inflammatory properties. Mycotoxins are secondary metabolites of filamentous 
fungi and can be produced by many mold genera, such as Aspergillus, Penicillium, 
Stachybotrys and Fusarium.
Sibling number has a protective effect on rhinitis and allergic rhinitis since the 
first year of life. Although the biological mechanisms of the sibling effect are 
still unknown, the - hygiene hypothesis - conceived that increasing hygiene 
and smaller family size reduced the number of infections in early life, altering 
the course of allergic disease by promoting a T helper cell 1 (Th1) pattern of 
immunity rather than the allergic Th2 pattern. Having older siblings decreased the 
risk of both allergic rhinitis and rhinitis at age one. Daycare attendance, not older 
siblings, is associated with more frequent URI and rhinitis.
Rhinitis in the breast-feeding baby
In infants, especially those less than one year of age, the allergic mechanism of 
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sensitization through B lymphocites, plasma cells and IgE is still in progress. 
Consequently, an infant of this age is should not be allergic yet, because the 
immune system is in development.
Although viral infection–induced rhinitis is considered an acute illness with 
relatively short duration, the possibility of long-term changes leading to a state of 
nasal mucosal hyperresponsiveness and to yet another form of nonallergic rhinitis 
has not been carefully explored. ETS is a risk factor for URI or otitis media. 
Visible mold is the highest predictor of URI in infants under age one, as is also in 
older children and adults. Both inflammatory and non-inflammatory mechanisms 
inhibit mucous and bacterial clearing, possibly leading to congestion, runny nose, 
or trapped infection-causing bacteria.
However, chronic cough syndromes frequently occur after an upper respiratory 
tract viral infection, and nasal abnormalities in individuals with chronic cough 
are common. In the lower airways, significant research has been conducted in 
association with respiratory syncytial virus (RSV) infections, suggesting that 
this virus induces chronic sensory nerve changes. In the human nose, natural and 
experimental rhinovirus infections have been associated with increased nasal 
responsiveness to cold air and to histamine, mainly in the sneezing outcome, 
indicating a primarily neural effect.
Allergic rhinitis and asthma share common immunological mechanisms 
characterized by Th2-dependent inflammation. As a consequence, atopic subject 
has typically Th2- polarization and reduced Th1-response. Interferon-gamma, 
typical Th1-derived cytokine, is deputized for fighting infections. Thus, it has 
been pointed out that allergic children could present higher susceptibility to 
contract respiratory infections than non-allergic subjects. We must say that 
children of allergic parents, or that have risk factors to become allergic, tend to 
have more numerous and severe URI than non-allergic children. This phenomenon 
appears to be more evident considering mild URI, such as infections involving the 
rhinopharynx.
The levels of leukotriens in the small child also express all  these mediators. Since 
histamine is still not very well expressed at this age, leukotriens may play a major 
role in this viral infections process. There are a few studies that suggest this role 
of leukotriens RSV infections. These data support the evidence for the use of 
antileukotriens, mainly montelukast, in rhinitis after the sixth month of age.
Rhinitis in the infant
Between the first and until the three or four years of age, the child has a more 
consistent immune system, and those who are predisposed to be allergic begin to 
express their atopic disease and have a clear Th2 response to allergen exposure. At 
this age, the symptoms are more easily recognized and are more related to allergen 
exposure, for both indoor and outdoor allergens. In addition, children have higher 
total IgE levels, which are sometimes used to diagnose the allergic rhinitis disease. 
In pediatric AR, two or more seasons of pollen exposure are generally needed for 
sensitization, so allergy testing to seasonal allergens (ie, trees, grasses, and weeds) 
should be conducted after the age of two or three years. Sensitization to perennial 
allergens (ie, animals, dust mites, and cockroaches) may manifest several months 
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after exposure. At this age the prick test can be performed, being the most reliable 
test to diagnose allergic rhinitis. If not, RAST test can be used, but being not so 
reliable as the prick test. It is of extreme importance to attend to the fact that 
infants of this age can also have non-allergic rhinitis. In the Allergy Group of the 
Otolaryngology Department - University of São Paulo, 34% of the children with 
rhinitis symptoms have non-allergic rhinitis diagnosed.
Rhinitis in the child
Regarding the child that is more than three or four years old, the allergic process 
is established, and specific IgE levels are completely reliable. Both RAST test or 
prick test are more reliable at this age, but the prick test is preferred, due to its 
lower cost, quicker results and greater specificity.
At this age comorbidities are more prevalent. This fact can be explained by the 
fact that the chronic effects of the inflammatory process are affecting other related 
systems or organs, like lungs, ears, growth, and others. Allergic rhinitis (AR) 
can easily induce medical complications, learning problems and sleep-related 
complaints. There are numerous medical complications associated with rhinitis, 
such as chronic and acute sinusitis, acute otitis media, otitis media with efusion, 
and aggravation of adenoidal hypertrophy and underlying bronchial asthma.
The relationship to asthma is particularly important. The prevalence of upper 
airway disease in asthma patients – both children and adults – are more than 80% 
of children and 50% of adults with asthma have upper airway pathology – rhinitis, 
sinusitis, otitis. However, the relationship between asthma and rhinitis is more 
complex, and the underlying mechanisms of this relationship are still not fully 
understood. There are a number of studies showing that treating rhino-sinusitis 
properly can have a beneficial effect on asthma symptoms. Patients treated with 
intranasal corticosteroids have a lower risk for emergency treatment compared 
with those who did not receive treatment for AR.
Children suffering from AR often present with learning disabilities. Learning 
impairment during school hours is related to poor control of symptoms during 
the day, or during the night resulting in sleep disturbances and daytime fatigue. 
Furthermore, there are studies suggesting that the learning impairment in 
these children can have a more complex mechanism. Children with AR have a 
lower ability to achieve different types of knowledge (factual, conceptual and 
knowledge application) compared with healthy children. Attention deficit hyper-
activity disorder (ADHD) is more common in children who suffer from AR. AR 
cannot only induce learning problems in children, but treating rhinitis can also 
have a positive impact on their learning abilities. 
Sleep is another issue, which is often affected in children with AR. AR is associated 
with obstructive sleep apnea and also with snoring. A survey in a large group of 
non-selected children exploring sleep and snoring showed that snoring occurred 
in 28%, while habitual, daily snoring was present in 6%. Snoring was found 
to be closely related to sleep disorders, unusual posture, frequent awakening, 
daytime sleepiness, difficult breathing during sleep and observed apnea. These 
sleep disorders were most common in children with habitual snoring. AR and 
atopic dermatitis were related with an increased risk for snoring problems in 
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these children, and there was a high risk for habitual snoring in children having 
concomitant asthma, AR and atopic dermatitis.
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