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ABSTRACT
The upper and lower airways are closely linked from an
anatomical, histological and immunological point of
view, with inflammation in one part of the airways
influencing the other part. Despite the concept of global
airway disease, the upper airways tend to be overlooked
by respiratory physicians. We provide a clinical overview
of the most important and recent insights in rhinitis and
rhinosinusitis in relation to lower airway disease. We
focus on the various exogenous and endogenous factors
that play a role in the development and aggravation of
chronic upper airway inflammation. In addition to the
classical inhaled allergens or microorganisms with well-
defined pathophysiological mechanisms in upper airway
disease, environmental substances such as cigarette
smoke, diesel exhaust particles and occupational agents
affecting lower airway homeostasis have recently gained
attention in upper airway research. We are only at the
beginning of understanding the complex interplay
between exogenous and endogenous factors like
genetic, immunological and hormonal influences on
chronic upper airway inflammation. From a clinical
perspective, the involvement of upper and lower airway
disease in one patient can only be fully appreciated by
doctors capable of understanding the interplay between
upper and lower airway inflammation.

INTRODUCTION
Due to its position at the entry of the airways, the
nasal mucosa is continuously exposed to inhaled
agents from the environment. In order to prevent
continuous inflammation induced by exogenous
stimuli, the nasal epithelium is armed with a variety
of mechanisms contributing to mucosal homeosta-
sis including nasal epithelial cells with tight junc-
tion molecules, mucus production and ciliary
function. The environment in which we live and
work contains pathogens, allergens and irritants
that can lead to inflammation of the upper airway
mucosa. However, endogenous factors also play a
role in the manifestation of chronic upper airway
inflammation.
The most common upper airway disease is rhin-

itis, which is defined as a symptomatic inflamma-
tion of the nasal mucosa.1 Rhinosinusitis is defined
as inflammation of the sinonasal mucosa which can
present with or without nasal polyps.2 Depending
on the duration of symptoms, we distinguish acute
rhinosinusitis (ARS; <12 weeks) and chronic rhino-
sinusitis (CRS; >12 weeks) (see additional informa-
tion in online supplement).
The close link between upper and lower airway

inflammation is well known in the context of
‘global airway disease’ referring to the common

coexistence of upper and lower airway symptoms,
especially in patients with asthma and chronic
obstructive pulmonary disease (COPD).
This review (and the synopsis in table 1) focuses

on both endogenous predisposing factors and
exogenous triggers that may contribute to chronic
upper airway disease and that can also impact
lower airway disease.

ENDOGENOUS FACTORS ASSOCIATED WITH
UPPER AIRWAY DISEASE
Genetic factors
Atopy is a strong hereditary predisposing factor for
allergic rhinitis and allergic asthma. Additionally,
polymorphisms in the interleukin 13 (IL-13) gene,
one of the genes that has been most consistently
associated with asthma, were also linked to allergic
rhinitis to moulds in a large Korean study.3 Patients
with mutations in the transforming growth factor β
(TGF-β) receptor gene are strongly predisposed to
develop both allergic rhinitis and asthma.4

Polymorphisms in the Toll-like receptor (TLR) 7
and 8 gene areas were also associated with allergic
rhinitis in Swedish and Chinese populations.5

Moreover, the same Swedish group identified 10
genes that were linked to non-allergic rhinitis.6

Among these genes, Cfos (encoding a transcription
factor activated by airway exposure to toxins and
irritants) and Cdc42 (encoding a GTPase implicated
in the cell cycle) seem to be the most promising
genes because they control and modulate genes or
pathways that can be implicated in airway disease.
So far, 53 single nucleotide polymorphisms

(SNPs) have been associated with CRS, with spe-
cific polymorphisms in genes involved in leuko-
triene and prostaglandin biosynthesis, nitric oxide
synthase (NOS) 17 and production of cytokines
such as IL-6, tumour necrosis factor α (TNFα),
IL-1, IL-22 and IL-33.2 Among patients with CRS
requiring surgery, the bitter taste receptor T2R38
genotype was different from the general popula-
tion.8 Recently, a replication study on genetic var-
iants in CRS showed the highest consistency and
significance for SNPs in TGFB1, NOS1 and PARS2
(an amino acid activator for protein synthesis).9

Immune deficiencies
Respiratory diseases have been linked to both primary
and secondary immune deficiencies (PID/SID).
In Western countries, the most common PID is

common variable immune deficiency (CVID), which
is defined by a general impaired antibody produc-
tion. Other humoral PIDs present as specific
immunoglobulin (Ig) deficiencies. Among patients
with CVID, 36–78% have CRS in addition to
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having frequent episodes of bronchitis and pneumonia.2 In a
study involving 300 patients with refractory CRS, 21.8% showed
a humoral immunodeficiency2 and, in a comparable study includ-
ing 74 patients with rhinosinusitis, 19% had low immunoglobu-
lin levels, 31% had one or more IgG subclass deficiencies and
26% had low IgG3 levels.2 However, the relevance of these find-
ings is unclear since specific IgG subclass deficiencies are frequent
in the general population. In addition, immunoglobulin treat-
ment hardly provides benefit to patients with CRS.2

A distinct group of patients with PID shows a specific polysac-
charide antibody deficiency syndrome (SPAD) characterised by a
poor serological response to polysaccharide antigens despite
normal levels of immunoglobulins. Although contradictory
guidelines hamper correct diagnosis, patients with SPAD present
with recurrent upper airway infections and seem to have an
increased risk of developing allergic rhinitis.10 Also, in patients
with CRS requiring surgery, 11.6% were diagnosed with SPAD.11

Marked forms of cellular immune deficiencies such as defects
in T cell function, cytokine or signalling defects are often asso-
ciated with severe and atypical infections (with mycobacteria
and fungi) of the upper airways. Information about deficiencies
in the innate immune system is given in the online supplement.

In secondary immune deficiencies caused by HIV infection or
chemotherapy and in transplant patients, upper airway disease is
also a common complication. In HIV-positive patients a major-
ity reported rhinitis (80%) and rhinosinusitis (54%).12 In add-
ition, secondary immunodeficient patients are at risk of
developing a difficult-to-treat rhinosinusitis with resistant or
uncommon microorganisms and fungi.

Mucociliary clearance dysfunction
Cystic fibrosis (CF) and primary ciliary dyskinesia (PCD) are
both characterised by congenital defects in the mucociliary
transport system leading to serious chronic upper and lower
airway problems.

In patients with PCD, rhinitis is a lifetime problem13 often
from the first days of life onwards with impaired breast feeding
due to nasal blockage. This should be an alarm sign to investi-
gate ciliary dysfunction. Later in life, patients with PCD also
suffer from CRS, generally in the absence of nasal polyps.14

When this occurs in conjunction with atypical asthma, bronchi-
ectasis, chronic productive cough and severe otitis media, the
presence of PCD should be suspected.

Among patients with CF, up to 97% have CRS, often with
massive nasal polyps,15 and a correlation exists between the sever-
ity of upper and lower airway disease.16 Interestingly, heterozygous
carriers of the CF mutation appear to have an increased incidence
of CRS, suggesting that this mutation might be associated with the
development of CRS in the general population.17

Hormones
Imbalances in the hormonal system such as pregnancy have been
associated with the development of rhinitis and rhinosinusitis.
Pregnancy rhinitis, which has a cumulative incidence of 22%,18

typically starts during the second month of pregnancy and
usually disappears rapidly after delivery. Neither atopy nor
asthma seem to be risk factors.18 The pathogenesis remains
largely unexplained, but a number of theories have been pro-
posed. Oestrogens cause vasodilation by increasing nitric oxide

Table 1 Summary of reported effect of endogenous and exogenous factors on either rhinitis or rhinosinusitis

Rhinitis Rhinosinusitis

Endogenous factors
Genetic factors Allergic rhinitis: SNPs in genes coding for leucotrienes, chemokines,

chemokine receptors, cytokines, TLRs4 5

Non-allergic rhinitis: SNPs in genes coding for Cfos and Cdc2426

CRS with nasal polyps: SNPs in genes coding for TGF-β1,
iNOS, PARS2, IL-1α, IL-33, genes related to eosinophilia2

Immune deficiencies Primary humoral immune deficiencies: increased prevalence of chronic upper airway disease (specific, common variable and SPAD)2

Secondary immune deficiencies: difficult-to-treat rhinosinusitis with resistant or uncommon microorganisms12

Hormones Pregnancy rhinitis18

Anecdotal reports linking rhinitis to hypothyroidism and acromegaly20
Anecdotal reports linking rhinosinusitis to hypothyroidism20

Systemic diseases Sarcoidosis25 Difficult-to-treat CRS in Churg–Strauss syndrome24

Granulomatosis with polyangiitis22 Sarcoidosis25

Psychological factors Increased prevalence of allergic rhinitis in persons who experienced
stressful life events26 27

Increased risk of developing upper airway infection in subjects with
psychological stress31

Exogenous factors
Viruses Common cold ARS2

Bacteria Staphylococcus aureus colonisation is increased in allergic rhinitis47 Superinfection of viral ARS70

CRS with nasal polyps: increased colonisation with S. aureus and
increased IgE towards S. aureus enterotoxins47

Fungi Can cause allergic sensitisation Mycetoma or fungal ball (one sinus)
AFRS (multiple sinuses)50

Granulomatous and chronic invasive FRS in immunocompromised
patients49

Allergens Cause of allergic rhinitis1 Increased prevalence of CRS in atopic patients56

Occupational agents Allergic rhinitis to HMW allergens
Allergic rhinitis to LMW sensitisers
Irritant-induced rhinitis

Increased occupational exposure in FESS-requiring CRS patients56

Cigarette smoke Active and passive smoking increase the risk of developing rhinitis61 Higher prevalence of CRS in smokers62

Pollution and DEP DEP aggravate pre-existing rhinitis68 Weak association between pollution and prevalence of CRS69

ARS, acute rhinosinusitis; CRS, chronic rhinosinusitis; DEP, diesel exhaust particles; FESS, functional endoscopic sinus surgery; FRS, fungal rhinosinusitis; HMW, high molecular weight;
IL, interleukin; iNOS, inducible nitric oxide synthase; LMW, low molecular weight; SNP, single nucleotide polymorphism; SPAD, specific polysaccharide antibody deficiency syndrome;
TGF, transforming growth factor; TLR, Toll-like receptor.
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production,19 have a proinflammatory effect (chemotaxis and
maturation of mast cells)E34 and increase the expression of hista-
mine receptors on nasal epithelial and endothelial cells.E35

Whether pregnancy rhinitis predisposes to rhinosinusitis is not
clear, but two small studies indicate that the incidence of rhino-
sinusitis is not increased in pregnant women.

Although rhinitis as well as CRS have been described to occur
with thyroid disease, evidence linking hypothyroidism directly
with (sino)nasal pathology is limited.20

It has also been proposed that rhinitis occurs in acromegaly,
however nasal congestion does not occur in response to
low-dose recombinant growth hormone.20

Vasculitis and granulomatous disease
Systemic autoimmune diseases such as systemic lupus erythema-
tosus, relapsing polychondritis and Sjögren syndrome may
present with difficult-to-treat rhinosinusitis in addition to pul-
monary problems. The most prevalent systemic diseases with
upper airway involvement are Churg–Strauss syndrome (CSS)
and granulomatosis with polyangiitis (GPA; previously
Wegener’s granulomatosis). Here, chronic rhinitis and recalci-
trant rhinosinusitis are often initial manifestations before lower
airway and systemic symptoms arise.

Over 75% of patients with GPA and CSS present with upper
respiratory tract symptoms, usually nasal obstruction and
chronic recurrent infections.21 In a study from 2009, 61% of
patients with GPA had CRS,22 commonly manifested as bloody
discharge, crusting and nasal obstruction.23 In CSS, asthma is
preceded by upper airway symptoms such as rhinitis or CRS
with or without nasal polyps in about 75% of cases.24

Compared with lesions seen in GPA, the nasal and sinus lesions
of patients with CSS are typically non-erosive, although crusting
and epistaxis can occur.

Sarcoidosis is a multiorgan disease with pulmonary involve-
ment in >90% of cases. Although <5% of patients develop
sarcoid of the nose and sinuses, at the time of presentation these
patients are almost always symptomatic with nasal obstruction,
rhinorrhoea or crusting.25

Psychological stress
It is well known that psychological stress can alter the immune
homeostasis. The deteriorating role of psychological stress on
asthma has been documented, but little is known on the relation-
ship with upper airway disease. A large-scale Finnish study showed
that severe emotional stress increased the risk of allergic rhinocon-
junctivitis.26 Perceived stress was even associated with atopic disor-
ders in a dose-dependent manner, with a significantly increased
prevalence of new onset rhinitis in adults who experienced more
stressful events.27 Stressful events during pregnancy were also asso-
ciated with an increased prevalence of rhinitis in the mother’s off-
spring,28 as has been previously shown for asthma. Additionally,
children with caregivers who experienced higher stress levels
showed higher total serum IgE, a greater peripheral leucocytic
allergen-specific response, as well as increased TNFα and
decreased interferon γ (IFNγ) production.29 In addition to stress,
anxiety (but not depression) also seems to be associated with both
rhinitis and asthma.30 Whether stressful events increase the risk of
developing airway problems or whether airway disease predisposes
to stress and anxiety still remains to be elucidated.

Additionally, psychological stress has been shown to affect sus-
ceptibility to viral rhinitis. A large prospective study showed that
the level of psychological stress was associated in a dose-dependent
way with the risk of developing acute upper airway infection
assessed by virus isolation in nasal lavage or antibody titres.31

The direct influence of stress on airway inflammation has
only been investigated in the lower airways. One of these studies
showed a lower expression of glucocorticoid receptors on per-
ipheral leucocytes of children who experienced stress.E36

Another study suggested activation of airway mast cells by cor-
ticotropin releasing hormone, a hormone that is secreted in the
airways under stress conditions.E37

Although it is likely that psychological state and stress can
influence the development and maintenance of rhinosinusitis, to
our knowledge there are no published data discussing this
relationship.

EXOGENOUS FACTORS ASSOCIATED WITH UPPER AIRWAY
INFLAMMATION
Viruses in upper airway disease
Viruses are the major cause of acute infectious rhinitis and
approximately 50% of common colds are caused by human rhi-
noviruses (HRV).32 However, it is hard to distinguish a viral
infection from viral-induced exacerbations of chronic airway
disease, even at the molecular level.

Allergic patients seem to clear viral infections less effectively
than healthy individuals, which is in agreement with the in vitro
observation of an attenuated inflammatory response of airway epi-
thelial cells to HRVafter house dust mite exposure.33 However, the
functional relevance still remains unclear since allergy does not
necessarily alter symptomatology or inflammation during a
common cold34 (see additional information in online supplement).

The relationship between viral rhinitis and exacerbations of
asthma or COPD has been recognised for years.35 Although
asthmatic patients and those with COPD do not have more viral
upper airway infections, they seem to have more severe and per-
sistent symptoms in both upper and lower airways. The majority
of asthma exacerbations follow viral upper respiratory tract
infections, more than 50% of which are caused by HRV,36 and
HRV infection directly affects lung function in people with
asthma.37 Upper airway viruses are also detected in 22–57% of
COPD exacerbations.35 These findings have been attributed to
an aberrant IFN response to viral infection, and hence insuffi-
cient clearance of HRV in patients with atopic asthma38 and
COPD,39 although this remains debated.

Despite the frequency of viral rhinitis, the role of viral infec-
tions in CRS has not been well studied. Viruses may contribute
to CRS exacerbations and also to the pathogenesis of CRS.
Although patients often report that a cold preceded the develop-
ment of CRS, robust data supporting this hypothesis are
lacking. Mechanistically, viruses could contribution to CRS via
polyclonal IgE activation,40 induction of local immune
responses41 and facilitation of bacterial penetration through the
epithelial barrier.42 However, other data suggest that viral infec-
tions and antiviral responses do not differ between patients with
CRS and healthy individuals.43

Bacteria
It is estimated that 0.5–2% of viral upper respiratory tract infec-
tions are complicated by bacterial infection. In acute sinusitis,
cultures of sinus secretions obtained by sinus puncture predomin-
antly grow Streptococcus pneumoniae, Haemophilus influenzae
andMoraxella catarrhalis.

The contribution of bacterial infection to CRS remains
unclear. Polymicrobial specimens have been isolated from both
diseased and non-diseased sinuses in patients with CRS, suggest-
ing that bacterial presence by itself is not the most significant
cause of CRS.44 Microbiome studies have confirmed that the
sinuses of healthy people are inhabited by a rich and diverse
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community of bacteria.45 However, the sinonasal microbiome
from patients with CRS may exhibit less diversity and the bac-
terial load might be different from healthy control subjects.45 46

Interestingly, invasive bacterial infections are typically charac-
terised by strong neutrophil-mediated inflammation whereas
inflammation observed in the majority of Caucasian patients
with CRS is eosinophilic (see additional information in online
supplement).

Recently, the role of biofilms and superantigens in CRS has
been intensively investigated. Bacteria are believed to use bio-
films to chronically infect sinuses without tissue invasion;
however, their role in disease pathogenesis remains controver-
sial. Superantigens represent a growing family of bacterial and
viral proteins that can induce massive immune activation, with
Staphylococcus aureus enterotoxins (SAE) receiving the greatest
attention. Patients with allergic rhinitis carry more S. aureus
than control subjects,47 but the most important findings were
seen in CRS: patients with CRS with nasal polyps were more
frequently colonised with S. aureus than control individuals and
patients with CRS without nasal polyps.47 IgE antibodies to
SAE (SE-IgE) were significantly higher in patients with nasal
polyps—especially in those with concomitant asthma—than
control individuals and patients with CRS without nasal polyps.
Additionally, the presence of SE-IgE was associated with an
increased risk of developing comorbid asthma in patients with
CRS with nasal polyps47 and, in a recent study involving almost
3000 European subjects, nasal SE-IgE levels were associated
with asthma in a concentration-dependent manner.48 These
findings suggest a role for SAE as upper airway disease modi-
fiers, specifically in CRS with nasal polyps and, possibly, as a
player in determining nasobronchial interactions.

Regarding the use of antibiotics for CRS treatment, only one
randomised placebo-controlled trial using a macrolide antibiotic
for several months showed efficacy.2 A similarly designed study
showed no improvement in the macrolide therapy arm compared
with placebo,2 although a retrospective study demonstrated a
beneficial effect in recalcitrant CRS.2 Moreover, a randomised
placebo-controlled study showed a moderate beneficial effect of
doxycycline in patients with CRS with nasal polyps.2

Fungi
Fungi can cause a variety of adverse health effects by both immuno-
logical and non-immunological mechanisms. Immunologically,
moulds produce allergens that lead to allergic rhinitis in an esti-
mated 3–20% of the world’s population. Non-immunological
effects of fungi include infection, irritation of mucous membranes
and reactions to mycotoxins.49

Fungal disorders affecting the sinuses are classified into inva-
sive and non-invasive diseases. The invasive diseases include
acute or chronic invasive fungal rhinosinusitis (FRS) and granu-
lomatous invasive FRS and they generally occur in immunocom-
promised hosts only. Non-invasive forms of FRS include sinus
mycetoma (fungal ball), in general affecting only one sinus, and
allergic FRS (AFRS), affecting multiple sinuses. AFRS is accepted
as an immunologically distinct form of CRS and has several simi-
larities with allergic bronchopulmonary aspergillosis (ABPA).
Both are chronic inflammatory respiratory tract disorders driven
by type I and III hypersensitivity towards fungi growing within
eosinophilic mucin present in the paranasal sinuses or bronchi.
Patients with AFRS typically have unilateral CRS symptoms,
often with dark thick mucoid secretions.50 The histopathology of
ABPA and AFRS is very similar,50 but the immunology of AFRS
has been less extensively studied and the existence of AFRS
without detectable fungal hyphae in sinuses or fungal

sensitisation is troublesome.51 Although ABPA and AFRS may
coexist, epidemiological data are insufficient to state that they are
presentations of a common allergic fungal airway disease.

For many years an IgE-mediated systemic fungal allergy has
been thought to drive the pathological process characteristic of
most forms of CRS. However, the finding that topical or sys-
temic antifungal agents are not beneficial in patients with CRS
pleads against this hypothesis.49 Nevertheless, a disease-
modifying role for fungi cannot be completely excluded.

Allergens
One of the best known causes of chronic rhinitis is allergy,
affecting about 400 million people worldwide.1 The sequence
of events involving activation of Th2 cells and production of
antigen-specific IgE leading to allergic rhinitis is well known and
described in more depth in the online supplement.

In addition to the well-characterised activation of the adaptive
immune system, several allergens (eg, Der p 1 and 9 in house dust
mite) have proteolytic activity with the capacity of disrupting tight
junctions, leading to disintegration of the epithelial barrier.52

Some allergens can also activate epithelial cells directly, triggering
an influx of innate immune cells and promoting Th2-polarised
adaptive immune responses.53 Possible mechanisms include direct
co-activation of TLRs by allergenic proteins such as Der p 254 or
increased epithelial production of IL-25, a potentiator of the Th2
response, upon exposure to allergen proteases.55

Allergic rhinitis is relatively easy to diagnose based on the com-
bination of typical symptoms and positive skin prick tests (SPT)
or antigen-specific IgEs in the serum. It has been suggested that
some patients with negative SPT or serum IgEs against the sus-
pected allergens may suffer from a ‘locally mediated allergic rhin-
itis’. This is elaborated on in the online supplement.

Multiple studies have shown a higher prevalence of positive
SPT in patients with CRS (50–80%) compared with the general
population,56 although this does not prove causality.

The link between allergic rhinitis and asthma has been
studied extensively. Up to 90% of patients with asthma have
allergic rhinitis and one-third of patients with allergic rhinitis
have asthma.57 Besides being linked anatomically, the nose and
bronchi also communicate via indirect mechanisms such as
neural and systemic pathways that are believed to be responsible
for the nasobronchial interaction.58

Occupational agents
Many agents inhaled at work can harm the airways.
Occupational rhinitis has been estimated to occur 2–4 times
more often than occupational asthma and it generally precedes
its development.

Inhaled occupational agents are classified into high molecular
weight (HMW) and low molecular weight (LMW) com-
pounds.59 HMW agents are biological (glyco)proteins present
in, for example, flour, mites, laboratory animals or latex, which
can cause an allergic airway inflammation via the same mechan-
isms as described above for non-occupational aeroallergens.
Some LMW chemicals can induce immune sensitisation by
acting as haptens and, after an asymptomatic latency phase, they
may cause airway symptoms upon repeated contact. A second
group of LMW agents consists of irritants, and acute accidental
exposure to high irritant concentrations causes injury to the
respiratory mucosa which may lead to persistent respiratory
symptoms.59 As with irritant-induced asthma, evidence is now
growing that repeated or long-term exposures to lower concen-
trations of irritants might also induce chronic dysfunction of the
nasal mucosa. For example, cleaners, swimming pool workers
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and competitive swimmers who are all chronically exposed to
chlorination products suffer more from asthma and also from
upper airway symptoms than controls. Similar findings have
been reported in beverage processing plant workers chronically
exposed to low levels of hydrogen peroxide59 (see additional
information in online supplement).

A recently proposed concept is that of ‘occupational rhinosi-
nusitis’. This was based on a large-scale retrospective assessment
of occupational exposures in patients with rhinosinusitis requir-
ing surgery which showed a higher prevalence of ‘dirty jobs’
among the patients with rhinosinusitis patients than controls.56

Exposures that were most frequently mentioned in the study
were chlorination products, inorganic dust, paints, cement,
thinner, ammonia, white spirit and acetone. Interestingly, irri-
tants were more frequently involved than sensitisers. This
finding was supported by a Finnish study showing lower surgical
satisfaction in patients reporting occupational exposures.60

Smoking
The impact of tobacco smoke has been less well studied on the
upper airways than on the lungs. Nevertheless, several studies
have shown that active as well as passive smoking increases the
risk of developing chronic rhinitis and rhinosinutis.61 A multi-
centre pan-European survey recently confirmed the strong asso-
ciation between smoking and CRS62 with a dose-dependent
relationship with pack-years of smoking. A Polish prospective
study investigating 279 patients with CRS undergoing sinus
surgery showed that revision surgery was significantly more fre-
quent in smokers than non-smokers.63

In smokers, nasal and bronchial inflammation, characterised
by infiltration of CD8+ lymphocytes, often coexist. However,
different cytokine responses occur upon exposure of human
nasal and bronchial epithelial cells to cigarette smoke extract.64

The smoke components formaldehyde and acrolein act as local
irritants on the upper airways and nicotine can influence physio-
logical processes as well as cell transport systems of the nasal
epithelium.65 Cigarette smoke may aggravate pre-existing aller-
gic rhinitis, as shown by an increased number of eosinophils in
the nasal mucosa of patients with allergic rhinitis exposed to
smoke compared with non-exposed patients.66

Ambient air pollution
Ambient air pollution consists of a mixture of gases (including
sulphur dioxide and nitrogen dioxide) and particulate matter
(PM) which is characterised according to size (eg, PM10 or
PM2.5 for particles <10 mm or <2.5 mm, respectively). In
industrially developed countries, diesel engines are a major
source of air pollution. Duhme et al67 demonstrated that adoles-
cents living on streets with constant truck traffic were 71%
more likely to report symptoms of rhinitis.

A direct causal role for diesel exhaust particles (DEP) in the
induction of rhinitis has not yet been demonstrated, but DEP
affects the nasal environment in many ways. In nasal provoca-
tion experiments it was shown that DEP enhances the expres-
sion of several cytokines (IL-2, IL-4, IL-5 IL-6, IL-13 and IFNγ),
chemokines (RANTES, macrophage inflammatory protein-1α,
monocyte chemotactic protein-3, but not eotaxin) as well as IgE
levels in nasal lavage and numbers of IgE-secreting B cells in the
nasal mucosa.68 Nasal exposure of atopic subjects to DEP poten-
tiated primary sensitisation towards a neo-allergen, suggesting
that DEP can act as a mucosal adjuvant. Chronic exposure to
diesel exhaust can also induce nasal epithelial changes with
goblet cell hyperplasia and increased metaplastic and dysplastic
epithelial cells.68

Exposure to DEP can also aggravate pre-existing allergic rhin-
itis, as shown for allergic asthma. Nasal challenge of patients
with allergic rhinitis with a relevant allergen with or without
DEP showed that DEP aggravated local histamine release and
clinical symptoms and that lower allergen doses were required
to trigger symptoms.68 Combined exposure to ragweed and
DEP also resulted in a strong induction of ragweed-specific IgE
and IgG4 in nasal lavage compared with ragweed alone.68

In vitro studies on human nasal epithelial cells demonstrated
that DEP are phagocytised leading to the production of IL-8,
granulocyte-macrophage colony-stimulating factor (GM-CSF)
and IL-1β and induction of oxidative stress.68 Additionally, DEP
can upregulate histamine receptor mRNA and increase
histamine-induced IL-8 and GM-CSF production in nasal epi-
thelial and endothelial cells.68

Data on pollution and CRS are scarce. However, one German
study demonstrated a weak but significant effect of raised urban
air pollution levels on the prevalence of CRS.69

CONCLUSION
Chronic upper airway disease is one of the most important
chronic disease entities in the Western world. Although current
diagnostics in chronic upper airway disease mainly focus on
infection and the detection of atopy, several other endogenous
as well as exogenous factors can play a role in the development
of the disease. Table 1 lists these factors and summarises their
possible effects on upper airway function. Because of the well-
known link between upper and lower airway disease and their
reciprocal interference, we believe that knowledge of these
factors is indispensable for the practising pulmonologist in
order to fully evaluate a chronic airway problem. Awareness of
these factors in patients with airway symptoms can result in a
more individually-directed therapy and may represent a major
step forward in the diagnostic and therapeutic approach in
patients with chronic airway disease.
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 1 

ONLINE SUPPLEMENT 

 

INTRODUCTION 

The most common presentation form of upper airway disease is rhinitis, which is 

defined as a symptomatic inflammation of the nasal mucosa with at least two symptoms, 

among which are nasal obstruction, rhinorrhea, itchy nose and/or sneezing.[1] When this 

inflammation extends to the mucosa of the paranasal sinuses, the consensus term of 

rhinosinusitis is used.[2] Rhinosinusitis is defined as inflammation of the sinonasal 

mucosa characterized by at least two of the following symptoms: nasal obstruction, facial 

pain or headache, smell dysfunction, and/or anterior or posterior secretions. Based upon 

duration of symptoms we distinguish acute rhinosinusitis (ARS; <12 weeks) and chronic 

rhinosinusitis (CRS; >12 weeks) which again has two major clinical phenotypes based on 

the findings of nasal polyposis (NP): CRS with NP (CRSwNP) and CRS without NP.[2] 

The close link between upper and lower airway inflammation is well known in the 

context of  “global airway disease.[3] The majority of asthmatic individuals suffer from 

rhinitis and, conversely, patients with rhinitis or CRS have an increased risk of 

developing asthma.[4-8] However, the nose is not involved only in asthma, 75-88% 

COPD patients also have sinonasal symptoms [9-11] and 45-84% of bronchiectasis 

patients suffer from CRS.[12, 13] Additionally, treating nasal pathology has beneficial 

effects on the lower airway symptoms in chronic airway disease.[14-16] 
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ENDOGENOUS FACTORS ASSOCIATED WITH UPPER AIRWAY DISEASE  

Immune deficiencies 

More subtle abnormalities of the innate immune system are linked to the 

occurrence of CRS. Thus, associations have been described between CRS and defects in 

epithelial barrier function,[17] reduced expression of antimicrobial proteins, such as S100 

proteins [18] and lactoferrins,[19], and abnormalities in the novel Palate, Lung, and Nasal 

Epithelial Clones (PLUNC) protein family.[20] 
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EXOGENOUS FACTORS ASSOCIATED WITH UPPER AIRWAY DISEASE  

Viruses 

Nasal epithelial cells of allergic rhinitis patients showed an upregulation of TLR 

3, the key receptor for the recognition of viral RNA, as well as the downstream signaling 

adaptor NFB.[21, 22] Additionally, nasal allergen provocations induced an upregulation 

of the adhesion molecule ICAM-1, the principal receptor for HRV, in both nasal and 

bronchial epithelium of allergic rhinitis patients without asthma.[23] However, the 

functional relevance still remains unclear, since allergy does not necessarily alter 

symptomatology nor inflammation during a common cold.[24, 25] 

 

 

Bacteria 

Within the concept of global airway disease, chronically inflamed sinuses might 

in some cases serve as a reservoir for pathogens that can descend into the lower airway 

tract, as it has been shown that identical genotypes of S. aureus and P. aeruginosa were 

present in the upper and lower airways of CF patients.[26] 

 

 

Allergens 

When genetically predisposed or so-called atopic individuals who are exposed to 

respiratory allergens, inhaled allergens are taken up and processed by antigen presenting 

cells (dendritic cells) present in the respiratory mucosa. These antigenpresenting cells 

drain to the local lymph nodes where they present the processed allergen to naïve CD4
+
 

cells. The local cytokine environment causes the CD4
+
 cells to shift towards the Th2-

subtype with production of Th2 cytokines such as IL-4, IL-5 and IL-13. These cytokines 

activate B-cells to secrete antigen-specific IgE, which binds to mast cells residing in the 

airway mucosa. Renewed contact with the allergen results in cross-linking of its mast cell-
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bound IgE leading to mast cell degranulation with release of preformed mediators such as 

histamine, tryptase and leukotrienes that act on the surrounding tissues causing the acute 

allergic symptoms of sneezing, rhinorrhea and itch. Th2-cytokines are responsible for the 

late allergic response by inducing growth and attraction of eosinophils and lymphocytes 

that leads to a persistent inflammation causing swelling of the nasal mucosa with 

symptoms of nasal blockage, and finally tissue remodeling.[27]  

Allergic rhinitis is relatively easy to diagnose based on the combination of typical 

symptoms and positive skin prick tests (SPT) or antigen-specific IgEs in the serum.[28] 

Several studies from Rondon suggest that some patients with negative SPT or 

serum IgEs against the clinically suspected allergens, may be wrongly considered as 

having non-allergic rhinitis. They describe the existence of a “locally mediated allergic 

rhinitis”, showing a local production of specific IgE antibodies and a Th2-type 

inflammation in the nasal mucosa in combination with a positive nasal allergen 

provocation test.[29] Although further studies are needed to establish this new entity, the 

concept of local allergic rhinitis emphasizes the need for proper diagnostics and 

provocation testing in patients, initially diagnosed with non-allergic rhinitis. 

 

 

 

Occupational agents  

LMW agents with a sentizing capacity or ‘LMW sensitizers’ are mostly synthetic 

chemicals (di-isocyanates, persulphate salts, aldehydes, and several drugs), but various 

metallic agents (platinum salts, chromium, nickel) and wood-derived chemicals (red 

cedar, mansonia) also exhibit sensitizing potential. A second group of LMW agents 

consists of irritants with the best-known examples being chlorination products, ozone, 

acids and ammonia, but the list is extensive. 

The production of (detectable) antigen-specific IgE against these LMW 

sensitizers is variable and, hence, SPT or serum IgE testing cannot be used to diagnose 
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sensitization and a positive nasal provocation test with the the suspected agent is required 

for the diagnosis of occupational rhinitis or asthma.[30] 

De novo asthma caused by an acute inhalation accident is known as “acute-onset 

irritant-induced asthma” [31] (previously Reactive Airways Dysfunction Syndrome 

(RADS)). Persistent nasal blockage, runny nose or sneezing may also follow inhalation 

accidents and this phenomenon has been referred to as Reactive Upper Airway 

Dysfunction Syndrome (RUDS).[32] 

Additionally, several studies suggest that patients suffering from pre-existing 

rhinitis show exaggerated nasal responses to inhalation of irritants. For example, allergic 

rhinitis patients showed an immediate nasal congestion in response to nasal provocations 

with chlorine gas in contrast to healthy subjects.[33] 

 

 

[34]  [35]  [36]   [37] 
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