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The Unified Airway Hypothesis
The concept of the Unified Airway (UA) has gained increased 

traction across the fields of respiratory medicine, allergy and 
otorhinolaryngology over the last 20 years [1]. It was first coined by 
Passalacqua et al. as United Airways Disease in 2000 [2], however seems 
to have given over to the term ‘Unified Airway’. Understanding airways 
diseases as an interrelated entity could lead to improved understanding 
of these interdependent conditions and optimise treatment outcomes 
[3].

The central tenet of the unified airway is the concept of a 
contiguous tract, lined with respiratory epithelium encompassing the 
nose and middle ear and extending to the terminal bronchioles [4]. A 
pathological process in one part of this airway is in this way liable to 
affect the function of the rest of the airway, even at a site remote to the 
original insult [2].

Evidence for this hypothesis includes research that respiratory 
diseases such as asthma are linked to higher rates of disease in other 
parts of the airway, including rhinosinusitis [5,6], and that there are also 
common histopathological hallmarks that are shared across clinically 
distinct entities such as asthma and chronic rhinosinusitis (CRS) [7].

Chronic Rhinosinusitis (CRS) as a Component of UAD
Nasal obstruction is a key component of CRS [8]. The nose serves to 

humidify and filter air and mechanical obstruction of the nasal airway 
may serve to thwart this. Mouth-breathing allows cold, unfiltered air 
to directly enter the bronchial tree and irritate the mucosa causing 
bronchospasm-this effect can be seen in exercise induced-asthma. 
A seminal study by Shturman-Ellstein et al. in 1978 demonstrated 
alterations in pulmonary physiology and changes in partial pressures 
of arterial oxygen in mouth-breathers, potentially due to changes in 
bronchial muscle reactivity [9]. Nasal obstruction may therefore also 
contribute to an alteration in the environment of the UA. The role of 
the nose and upper airway in the pathogenesis of respiratory disease is 
explained by four putative mechanisms [10,11]:
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1. Warming and humidification of inhaled air by the nasal
mucosa and turbinates

2. Inflammatory products from the nose track into the lower
airways from the upper airway

3. Nasal inflammation results in local cytokine release which is
then absorbed systemically

4. Potential existence of a nasal-bronchial reflex via the afferent
nasal sensory nerve

The observation that rates of asthma are much higher in those with 
CRS [6] is further evidence to strengthen the case for a unifying theory 
of airways disease. In a reciprocal manner, asthma symptoms are also 
shown to improve in patients who have undergone sinus surgery or 
medical treatment of their CRS [12,13]. 

The Role of Macrolides in Respiratory Disease
Macrolides are a commonly-used class of antibiotics used in both 

acute and chronic respiratory infections and in those patients who 
have allergy to penicillin. A recent review article by Wong et al. gives 
a detailed examination of the role of macrolides in the management 
of asthma, stating that they have been shown to have ‘antimicrobial, 
immunomodulatory and potential antiviral properties’ [14]. They are 
mainstays in the management of chronic respiratory conditions such as 
Cystic Fibrosis and bronchiectasis.

The immunomodulatory characteristics that macrolides display 
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beyond their primary bactericidal properties [15] have become of 
increasing interest to those treating diseases of the respiratory tract. 
A key development was a report by a Japanese team in 1984 showed 
that there was a dramatic turn-around in the fortunes of patients they 
treated with diffuse panbronchiolitis (DPB) [16]. Patients with DPB 
traditionally had poor survival rates, however since the introduction of 
a low-dose erythromycin regime this has improved significantly, with 
clinical evidence that macrolides exert an anti-inflammatory response 
which includes the reduction of secretions and inflammatory mediators 
[17,18].

Asthma

Although there is not strong enough evidence to support the 
widespread use of macrolides in asthma, certain specific subset of 
asthmatics may more responsive. Those with poorly controlled severe 
neutrophilic asthma [14] or those with Chlamydophila pneumoniae 
or Mycoplasma pneumonia positive PCR have derived benefit, 
demonstrating decreased airway hyperresponsiveness and increased 
peak flow in a trial of 6 weeks’ Roxithromycin, although this was not 
sustained after cessation of the drug [19].

Cystic fibrosis

In Cystic Fibrosis (CF), trials have consistently shown benefit from 
the use of macrolides [20-22], although the mechanisms are not clear. 
Hypotheses include up-regulation of the multi-drug resistance (MDR) 
gene product P-Glycoprotein. This is thought improve function of the CF 
transporter receptor (CFTR) [23] and cause disruption of biofilms that 
are a characteristic finding in these patients. There is in-vitro evidence 
of a bactericidal effect that is mediated by prevention of adherence of 
bacteria to epithelial cells [24]. Adherence of bacteria to respiratory 
epithelium is known to be enhanced in CF due to thickened respiratory 
secretions and glycosylation of epithelial cells due to abnormalities in 
CFTR [20,24]. The repeat exacerbations and the progressive nature 
of the disease mean that a drug that can improve disease parameters 
is exciting, however this needs to be balanced against promotion of 
macrolide resistant strains [20,25].

Non-CF bronchiectasis

Non-CF related bronchiectasis has historically lacked good evidence 
upon which to base treatment decisions [26]. Empirical treatment has 
been favoured with treatment regimes borrowed from its sister disease 
CF. This is despite there being some evidence that inhaled therapies 
such as Dornase alfa and Tobramycin have unintended negative 
effects on the frequency of exacerbations and lung function [27,28]. 
There is good evidence, at RCT and meta-analysis level that low dose 
azithromycin is of benefit in the reduction of severity and frequency 
of of exacerbations of bronchiectasis. The EMBRACE trial [29], using 
low dose Azithromycin showed a 38% reduction in exacerbations and 
the BLESS trial [30] comparing low dose erythromycin noted 65% 
reduction. Meta-analysis by Wu et al. [31] shows a relative risk of 0.70 
for exacerbations in those receiving long term macrolides vs placebo 
although this is balanced against significant increase in gastrointestinal 
upsets. An trend of increased microbial resistance was also noted, 
however analysis was not possible due to a lack of consistency between 
outcome measures.

Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD), is a disease with 
significant clinical burden. It characterised by irreversible airways 
obstruction and acute infective or inflammatory exacerbations and 
has been subjected to investigation regarding response to macrolide 

therapy. A large trial in 2011 (n=1142) by Albert et al. has shown a 
statistically significant benefit to quality of life in a subset of COPD 
patients who were given low dose azithromycin for one year in addition 
to their normal therapies. Acute exacerbations were reduced from 1.83 
to 1.48 episodes per patient year in the treatment vs control group, 
although this resulted in some hearing decrements and colonisation 
with macrolide resistant species in some cases [32]. A 2013 Systematic 
review in the Cochrane database by Herath and Poole looked at 7 RCT’s 
which used either continuous or pulsed prophylactic antibiotic regimes 
(5 vs 2). Only macrolides were used in the continuous regimens-namely 
azithromycin, erythromycin and clarithromycin. The authors found 
statistically significant reduction in the number of exacerbations, odds 
ratio 0.55, number needed to treat avoid one exacerbation was 8 [33]. 
An editorial July 2014 in American Journal of Respiratory and Critical 
Care Medicine makes the point that we are still far from justifying 
routine Azithromycin prophylaxis in COPD as several clinical questions 
remain unanswered-these are [34]:

1.	 Which subsets of patients will benefit most from 
Azithromycin?

2.	 How does Azithromycin fit in to the current COPD 
management guidelines?

3.	 There has not been a prospective RCT that ‘takes into 
consideration all COPD pharmacological interventions and also 
provides guidelines on how to use corticosteroids and/or antibiotics 
during the exacerbations, we cannot conclude that using azithromycin 
prevents “more severe exacerbation.” 

Mycobacterial infections

Macrolides have previously been shown to be effective against 
nontuberculosis mycobacterium, however some varieties including 
M. abscessus and M. massiliense are known to develop rapid resistance 
in vitro [35]. M. tuberculosis is known to exhibit intrinsic macrolide 
resistance via the erm37 gene product which prevents macrolide 
binding to the ribosome [36,37] – one of this class of antibiotics 
main weapons. Despite the lack of antimicrobial effect afforded by 
macrolides it is a possible that the immunomodulatory and synergistic 
effects alongside other antituberculous medicines may be useful in 
treating Mycobacterial infections. Clarithromycin has demonstrated 
a potentiation of the effects of rifampicin, isoniazid, ethambutol 
and pyrazinamide however this has not been validated in a clinical 
setting [38]. Newer forms of tuberculosis resistant to multiple drugs 
– so-called Multidrug Resistant Tuberculosis (MDRTB) have become 
prevalent and this is recognised to be a global health risk. Although 
macrolides need high mean inhibitory concentrations to be effective 
against TB, their propensity to collect in lung tissue, coupled with their 
immunomodulatory effects and synergistics could lead to their use as 
part of a regimen to treat MDRTB [39].

Macrolides in CRS

The current EPOS guidelines [8] remark that there only two placebo 
controlled studies examining the long-term use of macrolide antibiotics 
in CRS.

Wallwork et al. [40] looked specifically at patients with CRS without 
a history of nasal polyposis (CRSsNPs) using a regime of Roxithromycin 
150 mg daily for three months vs placebo and found that:

‘There were statistically significant improvements in SNOT-20 
score, nasal endoscopy, saccharine transit time, and IL-8 levels in 
lavage fluid (P<0.05) in the macrolide group. A correlation was noted 
between improved outcome measures and low IgE levels. No significant 
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improvements were noted for olfactory function, peak nasal inspiratory 
flow, or lavage levels for fucose and a2-macroglobulin’.

Videler et al. [41] compared a regime of three days’ Azithromycin 
500 mg, followed by weekly Azithromyin 500mg for three months. The 
findings were that:

‘the SNOT-22,Patient Response Rating Scale, VAS scores and SF-
36, no significant difference between the AZM and the placebo groups 
was demonstrated. Nasal endoscopic findings, PNIF results, smell tests 
and microbiology showed no relevant significant differences between the 
groups either.al. looked at patients with both CRSsNPs and CRSwNPs.’

These conflicting answers and this may be due to the fact that one 
by Wallwork et al. looked only at CRSsNPs and whereas Videler et al. 
included patients with both CRSwNPs and CRSsNPs. The first study 
showed statistically significant improvements in subjective symptoms 
and biochemical and clinical indicators of disease, in comparison the 
second there were no significant benefits versus placebo. The fact that 
the two trials differed in patient selection may be a reason for this, 
therefore future trials should address this question, with two limbs 
identifying and stratifying these patients. A distinct subgroup existed in 
Wallwork’s trial that had normal IgE levels these patients were identified 
as deriving particular benefit from macrolide use and further resources 
could be directed here. In light of this equivocal evidence, current CRS 
guidelines currently recommend that long-term antibiotics be used 
in CRS only where there is a positive bacterial culture and an acute 
exacerbation of symptoms.

Macrolides-beyond simple antibiotics

We have seen numerous examples of how macrolides have a 
beneficial effect in respiratory conditions that is not adequately 
explained in terms of bactericidal activity. The macrolides and their 
newer derivatives the ketolides are derived from the prototypic 
macrolide erythromycin. This was discovered in the early 1950’s as an 
isolated from the soil bacteria Saccharopolyspora erythraea [42]. 

The chemical structure of erythromycin is a 14-membered 
macrolactone ring, different members of the macrolide family 
being based upon this and the later ‘ketolides’ being characterised 
by the addition of a keto group. The mechanism of Erythromycin 
is primarily bacteriostatic rather than bactericidal and it displays 
instability in acidic conditions, this coupled with increasing 
bacterial resistance has led to the development of the semi-
synthetic macrolides such as clarithromycin and azithromycin 
and the ketolides, which are similar in structure but have superior 
stability and enhanced pharmacological properties [42].

A key property that macrolides (and newer generation 
ketolides) possess is the ability to interfere with protein 
translation at the 50s subunit of the bacterial ribosome [42,43]. It 
is feasible that this action allows macrolides to disrupt the cellular 
processes related to bacterial proliferation and influence the 
inflammatory response. Effects upon white blood cell function, 
such as enhanced degranulation and chemotactic recruitment 
of neutrophils [15] as demonstrated in several in vitro and ex 
vivo studies [44] may further enhance their immunomodulatory 
properties. Extrapolating these observations from laboratory 
bench to the clinic is problematic however. Numerous cytokines 
(IL-6, 8, 10 and TNF) have also shown to be suppressed in a 
dose-dependent fashion by the administration of erythromycin 
in whole blood stimulated with Pseudomonas aeruginosa [45] in 
healthy subjects as well as in cell lines in vitro.

Problems with macrolides

The indiscriminate use of broad-spectrum antibiotics is known to 
promote colonisation with resistant organisms and the occurrence of 
iatrogenic infections such as C. difficile [46]. Any decision to commence 
long-term antibiotics at sub-bactericidal concentration therefore 
requires strong justification on clinical grounds. This is particularly 
true in conditions such as COPD and asthma where there is a large 
population of patients with relative immunocompromised. The risks of 
prescribing macrolides to a large cohort may have unintended harmful 
effects on the wider community due to promotion of resistant strains of 
bacteria, in particular with long-acting macrolides such as Azithromycin 
[47]. The side-effect profile of these drugs also needs to be considered 
as there are reports of significant cardiac events attributed to their use 
– patients should therefore be screened for evidence of QT segment 
prolongation or other cardiac abnormality before commencement [48].

The indiscriminate application of macrolides across the spectrum 
of UAD may be may mask the benefits they give to specific subgroups 
of patients with UAD. Greater benefit is likely to be derived from 
the targeted use of these drugs in specific groups of patients such as 
those with normal IgE levels in CRS or neutrophil mediated asthma 
[14]. This must however be balanced against the danger of promoting 
macrolide resistance in patients who are in some cases already at risk 
of infection, especially if these are used as a monotherapy and for long 
courses at sub-bactericidal doses [20,23,25,42]. In addition, it is yet to 
be determined if the immunomodulatory effects give benefit above and 
beyond traditional management strategies in more than a few select 
scenarios (e.g. DPB). 

Conclusion
There is a growing body of evidence that supports the use of 

macrolides in UAD. Although there are common themes that run 
through the diseases of the airways they remain a heterogeneous group 
of diseases. 

The action of macrolides beyond their antibacterial function is not 
fully understood, however it is thought to be related to a potent anti-
inflammatory action and immunomodulatory properties. Macrolides 
influence protein transcription at the ribosome [42], inhibiting 
the expression of inflammatory cytokines and therefore reduce 
inflammation. In cystic fibrosis models they are able to disrupt bacterial 
adhesion to epithelial cells as well as interfering with the formation of 
biofilms [15]. 

The varied mechanisms of action that macrolides possess make 
them an attractive treatment option as they have the potential to modify 
airways disease and reduce their significant socio-economic burden. 
Greater understanding of their beneficial actions may also lead to novel 
agents to combat UAD. Macrolides are well established drugs with a 
known side-effect profile and low cost and therefore could provide a 
cost-effective alternative to other costly therapies or surgeries.

New studies to examine these effects may benefit from accurately 
identifying subgroups in order to ensure that benefits in these groups 
are not overlooked in the analysis. Robust outcome measures that 
encompass both quality of life indices and hard outcomes such as 
hospital admissions or 5 year survival will also help to determine any 
benefit from these drugs. There may be great benefit to be derived from 
the macrolides for some patient groups but this will only be identified 
with careful study design.
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