
Are the antimicrobial properties
of macrolides required for their
therapeutic efficacy in chronic
neutrophilic airway diseases?
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Macrolide antibiotics have been demon-
strated to be efficacious in diverse chronic
airway diseases characterised by neutro-
philic airway inflammation, encompassing
cystic fibrosis (CF), non-CF bronchiectasis,
diffuse panbronchiolitis, exacerbation-
prone COPD and neutrophilic severe
asthma.1–8 Many exogenous and endogen-
ous factors can elicit airway neutrophilia:
infections (bacterial, viral, virus-like …),
pollution (smoking, indoor and outdoor
air pollution) and other factors (eg, auto-
immunity, gastro-oesophageal reflux with
aspiration). Macrolides such as erythro-
mycin, clarithromycin and azithromycin
not only have antimicrobial properties, but
also broad anti-inflammatory and immu-
nomodulatory effects.9 The antimicrobial
effects of macrolides include direct bacter-
ial killing, the prevention of biofilm forma-
tion by interfering with microbial quorum
sensing, and the stimulation of phagocyt-
osis of bacteria by macrophages. However,
chronic use of macrolides has been
associated with the occurrence of
macrolide-resistant bacteria in the com-
mensal flora of the pharynx of individual
patients, and also induces the risk of an
increase in antibiotic resistance at the
population level.10 Therefore, it is crucial
to address the research question whether
the antimicrobial properties of macrolides
are necessary for their therapeutic efficacy
in chronic neutrophilic airway diseases. If
not, then the development and use of non-
antibiotic macrolides is warranted, since
these novel drugs would retain the thera-
peutic efficacy without the risk of inducing
microbial resistance.

In the current issue of Thorax, two com-
plimentary papers address thoroughly the
therapeutic potential of macrolides in two
different chronic airway diseases which
represent a high unmet medical need:

bronchiolitis obliterans syndrome (BOS)
after lung transplantation and
steroid-resistant severe asthma. In the first
paper, Corris et al11 performed the first
randomised controlled trial of azithromy-
cin in the treatment of BOS post lung
transplantation. In the second paper,
Essilfie et al12 investigated the effects of
clarithromycin in two mouse models of
steroid-resistant asthma, and investigated
in depth the mechanisms of action.
BOS is a major complication of lung

transplantation and is associated with
poor survival. According to the 2014
International Society for Heart and Lung
Transplantation (ISHLT)/American Thoracic
Society (ATS)/European Respiratory Society
(ERS) international clinical practice guide-
line on the diagnosis and management of
BOS, BOS is defined as a delayed allograft
dysfunction with persistent decline in FEV1

that is not caused by other known and
potentially reversible causes of loss of lung
function after lung transplantation.13

Observational studies of treatment of
patients with BOS and macrolides, in par-
ticular low-dose azithromycin, have sug-
gested that one-third of patients may
respond clinically with a gain of lung func-
tion and even a better life expectancy.14–16

However, since randomised controlled clin-
ical trials (RCTs) of macrolides in the treat-
ment of BOS have been lacking, the 2014
ISHLT/ATS/ERS guideline only ‘suggests’—
instead of ‘recommends’—a trial of azithro-
mycin for lung transplant recipients who
develop BOS (conditional recommendation,
very low quality of evidence).13

In this issue of Thorax, Corris et al11

report the results of the first RCT of azi-
thromycin therapy in BOS after lung trans-
plantation. Forty-eight patients with BOS
were randomised: 25 patients to azithro-
mycin (250 mg alternate days, 12 weeks)
and 23 to placebo. The primary outcome
measure was the change in FEV1 from
baseline to 12 weeks, whereas the change
in bronchoalveolar lavage (BAL) neutro-
phils was a secondary outcome measure.
In the intention to treat (ITT) analysis, the
estimated mean difference in FEV1

between treatment groups (azithromycin

minus placebo) was 0.035 L and non-
significant (95% CI −0.112 to 0.182 L;
p=0.6). However, in the per protocol ana-
lysis of study completers, the mean differ-
ence in FEV1 between treatments was
0.278 L (95% CI 0.170 to 0.386 L;
p<0.001). Moreover, patients who had a
rapid and severe deterioration in lung
function were withdrawn from the study,
and were subsequently treated according
to the usual centre and international prac-
tice, including the use of open-label
azithromycin. Five withdrawals, who had
been randomised to placebo, had received
rescue open-label azithromycin, with
subsequent improvement in FEV1 at
12 weeks. In a post hoc ‘as treated’ analysis
(where the 5 withdrawal patients contribu-
ted to the overall azithromycin treatment),
the mean difference in FEV1 between
treatment groups (azithromycin minus
placebo) was 0.306 L (p<0.001). Nine of
23 ITT patients in the azithromycin group
had a ≥10% gain in FEV1 from baseline,
whereas no patients in the placebo group
had a ≥10% gain in FEV1 from baseline
while on placebo. Finally, treatment of
BOS with azithromycin was not associated
with significant adverse events.11

This RCT strengthens the evidence that
azithromycin therapy improves lung func-
tion in patients with BOS, and nicely com-
pliments the RCT of azithromycin
prophylaxis in lung transplant patients to
prevent BOS.17 In the latter RCT, azithro-
mycin significantly prolonged BOS-free
survival; and patients receiving azithromy-
cin had better FEV1 and lower airway neu-
trophilia. In the current RCT by Corris
et al, however, azithromycin treatment was
not associated with systematic changes in
the percentage of BAL neutrophils. This
contrasts with the findings in the observa-
tional study by Verleden et al,18 demon-
strating that azithromycin treatment
reduced airway neutrophilia and
interleukin-8 (IL-8) in patients with BOS.
It would be interesting to know whether
the presence of BAL neutrophilia in the
patients with BOS at baseline predicted the
therapeutic response to azithromycin in
the RCT by Corris. A predictor of thera-
peutic response is indeed not synonymous
of a therapeutic target, as is illustrated with
exhaled nitric oxide (FeNO) in asthma: an
increased FeNO—as a marker of eosino-
philic airway inflammation—is a predictor
of response to treatment with inhaled cor-
ticosteroids (ICS); however, targeting
inducible nitric oxide synthase—the
enzyme responsible for the production of
nitric oxide in airway epithelial cells—did
not benefit patients with allergic asthma,
as examined in the classical allergen
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challenge model. Similarly, the presence of
airway or BAL neutrophilia in lung trans-
plant patients might predict therapeutic
response to macrolides,19 whereas the
therapeutic target could be an underlying
viral or bacterial infection, or gastro-
oesophageal reflux with microaspiration.
Since macrolides promote gastric motility,
prevention of reflux and aspiration might
be an additional mechanism of action.

Severe asthma is a heterogeneous
disease and encompasses several inflamma-
tory phenotypes, including eosinophilic
asthma, neutrophilic asthma and pauci-
granulocytic asthma.20 21 The time of
onset of asthma (early onset in childhood
vs late onset in adulthood) and the pres-
ence or absence of allergy are additional
important determinants of the diverse clin-
ical phenotypes of asthma. In classical
mouse models of ‘asthma’, the investiga-
tors sensitise T helper 2 (Th2)-prone Balb/
c mice to experimental allergens such as
ovalbumin (OVA) by intraperitoneal injec-
tion, and—2–6 weeks later—expose the
sensitised animals to OVA via the inhaled
route (ie, intranasal instillation or aerosol
challenge). This leads to a Th2 adaptive
immune response (characterised by the
cytokines IL-4, IL-5 and IL-13), an eosino-
philic airway inflammation and airway
hyperresponsiveness (AHR) to methacho-
line. This classical mouse model of experi-
mental asthma thus mainly mimics
early-onset allergic eosinophilic asthma,
which is driven by Th2 cells and is sensi-
tive to corticosteroids (ICS in patients with
asthma; dexamethasone in mice).

In their elegant study of macrolide
therapy in experimental asthma, Hansbro
and colleagues developed a novel model
of steroid-resistant asthma, by infecting
OVA-sensitised mice with Chlamydia via
intranasal instillation.12 Importantly, this
combination of allergen (OVA) exposure
and infection (Chlamydia) increased
airway neutrophils, tumour necrosis factor
(TNF-α) responses and AHR, which were
all insensitive to treatment with corticos-
teroids. To disentangle the antibiotic
effects from the anti-inflammatory effects
of macrolides, the investigators compared
the in vivo effects of clarithromycin with
those of amoxicillin. In the combined
OVA-Chlamydia model, treatment with
amoxicillin did not affect total BAL cells
and AHR, whereas clarithromycin signifi-
cantly reduced total cells, neutrophils and
macrophages in BAL fluid, and suppressed
both TNF-α release and AHR. Moreover,
the authors confirmed that treatment with
clarithromycin decreased BAL neutrophils
and AHR in a second model of
steroid-resistant asthma, induced by

intratracheal infection with Haemophilus
influenzae (Hi) before sensitisation to
OVA. Intriguingly, in the Hi-induced
steroid-resistant asthma model, clarithro-
mycin reduced IL-17 levels in mediastinal
lymph node cultures. IL-17, a cytokine
produced by T helper 17 cells and several
innate immune cells, induces neutrophilic
airway inflammation by inducing IL-8
production by epithelial cells. IL-17 has
two faces: it plays an important protective
role in host defence against extracellular
bacteria (such as Hi), but has also been
linked to auto-immunity.
These preclinical studies by Hansbro

and colleagues indicate that clarithromycin
has antimicrobial and mainly broad anti-
inflammatory effects, reducing key media-
tors (eg, TNF-α and IL-17) in models of
steroid-resistant neurophilic asthma. Can
we translate these murine observations to
human patients with (severe) asthma? Yes,
since clarithromycin has also been shown
to reduce airway neutrophil numbers,
sputum IL-8 and neutrophil elastase in
patients with steroid-resistant asthma.22

Probably not (entirely), if we take into
account the numerous differences between
the murine models and humans with
asthma. First, the timing of the interven-
tion with macrolides is different: in the
murine model, clarithromycin is adminis-
tered before the sensitisation to OVA (in
the Hi-OVA model) or 2 weeks before the
final intranasal OVA challenges (in the
OVA-Chlamydia model), implicating that
this approach is a preventive strategy. In
contrast, patients with asthma seek
medical attention with chronic complaints
of cough and shortness of breath, long
after the underlying airway inflammation
has been fully established. In this clinical
scenario, physicians can only offer thera-
peutic strategies (as opposed to prevention
in animal models). Second, although OVA
is the most widespread used allergen in
murine models of asthma, it is an irrele-
vant innocuous aero-antigen for patients
with asthma. In people with allergic
asthma, house dust mite is indeed the most
prevalent causative allergen. Lastly, in add-
ition to the evident differences in anatomy,
physiology, immunology, microbiome and
genetics between mice and humans, the
endpoints which are investigated are
fundamentally different: immunologic
endpoints (eg, inflammatory cells in BAL)
in murine models versus symptoms,
patient-reported outcomes, exacerbations
and lung function measurements (ie,
clinical and physiologic endpoints) in
human studies. In the AZISAST RCT,
maintenance treatment of patients with
non-eosinophilic severe asthma with

azithromycin significantly reduced the rate
of exacerbations, the primary outcome of
this trial.5

In summary, by performing a RCT of
azithromycin treatment of BOS after lung
transplantation, Corris et al11 have added
lung allograft BOS to the expanding list of
indications for chronic low-dose macrolide
therapy in respiratory medicine. In the
domain of experimental asthma, Essilfie
et al12 have developed valuable mouse
models of steroid-resistant neutrophilic
asthma by combining allergen exposures
with bacterial infections. In these com-
bined models, the immunomodulatory
properties of macrolides appear to be the
predominant mechanism of action. In
patients with severe neutrophilic asthma,
COPD, CF, non-CF bronchiectasis and
BOS, I put forward the hypothesis that the
pathogenic mechanisms which drive the
neutrophilic airway inflammation will
determine whether the patient will
respond to macrolide treatment and, if
positive, whether the antimicrobial or anti-
inflammatory properties of the macrolide
are critical for its therapeutic efficacy.
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