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Abstract
The currently available evidence for the use of chronic antibiotic therapy, principally
macrolides and tetracyclines, as anti-inflammatory therapy in pulmonary disorders is
reviewed. Historically, treatment of a number of chronic diseases with tetracyclines
showed modest benefits but reports of the successful treatment of diffuse
panbronchiolitis with erythromycin stimulated research in other lung diseases as well as
shifting the focus from tetracyclines to macrolides. Chronic macrolide therapy is now
recommended for patients with frequent exacerbations of cystic fibrosis and COPD and
considerable evidence exists for potential benefits in asthma. There is also evidence of
macrolide efficacy in the prevention of obliterative bronchiolitis after lung
transplantation. Small trials have suggested possible benefit of macrolides in IPF.
Taken together these suggest a potential for antibiotics, particularly macrolides, in some
pulmonary inflammatory disorders.
History
Based on responses to antibiotics the concept arose over 70 years ago that several
common diseases might have an infectious origin. In 1949, Thomas McPherson Brown
reported favorable results of tetracycline treatment for rheumatoid arthritis patients at
the 7th International Congress on Rheumatic Diseases (1). It was hypothesized these
effects were due to a mycoplasma infection. However, the beneficial effects of cortisone
in the treatment of arthritis were described at the same meeting. The effect of
tetracycline paled beside that of steroids, and the salutary effects of antibiotics on
rheumatoid arthritis were largely ignored.
Acne rosacea is a common, chronic dermatologic condition, whose cause remains
unknown. Tetracyclines were the first systemic drugs used in the treatment of rosacea,
and have been the mainstay therapy for more than 50 years (2). More recently, subantimicrobial doses of tetracyclines have been shown to be effective in rosacea
presumably through an anti-inflammatory effect (3). Dermatitis herpetiformis is a
disease now thought to be secondary to gluten sensitivity. However, this disorder has
been treated with dapsone for over 60 years despite its non-infectious origin (4).
Tetracyclines have long been used for periodontal disease with clinical benefit
presumed to be from their antimicrobial properties. However, as early as 1983, Golub
(5) proposed that tetracyclines might have a beneficial effect by modifying inflammation.
Now the tetracyclines are thought to exert their beneficial effects by anti-inflammatory
effects, anti-collagenase effects, and a reduction in bone loss (6).
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In 1959 the late Neil Cherniack published a double-blind study of 67 patients with
chronic bronchitis or bronchiectasis treated with tetracycline, penicillin, a combination of
oleandomycin and penicillin, or placebo for 3 to 22 months (7). Patients who received
tetracycline had significantly fewer lower respiratory illnesses than those treated with
placebos or penicillin. The average duration of these illnesses was also shorter in
patients treated with tetracycline.
The anti-inflammatory effects of the macrolides were brought to light because of their
effects on an uncommon pulmonary disease, diffuse panbronchiolitis (DPB). DPB is a
rare disease seen in Japan and characterized by a chronic inflammatory neutrophilic
inflammation of the airways, DPB has a 5-year survival rate of just 63% but only 8%
when patients’ airways became colonized with Pseudomonas aeruginosa (8). However,
in the early 1980s it was discovered that chronic treatment with erythromycin resulted in
dramatically improved 5-year survival to 92% (8). This improvement occurred despite a
failure to eliminate the bacterial colonization and was associated with a dramatic
decrease in the accumulation of airway neutrophils (8,9). Interestingly, the effect on
neutrophilic inflammation was found to be a nonspecific effect of the macrolides. Other
macrolides (clarithromycin, roxithromycin and azithromycin) produced a similar
suppression of the neutrophilic inflammation (10).
Gradually, with a better understanding of the pathogenesis of these common disease
and basic studies examining anti-inflammatory effects, the macrolides and tetracyclines
were recognized as anti-inflammatories. Inflammation is proposed to play a role in the
pathogenesis of a number of pulmonary disorders. The encouraging results of the
above suggested that macrolides and tetracyclines might be beneficial in pulmonary
inflammatory conditions. Studies have examined a number of disorders including cystic
fibrosis, chronic obstructive pulmonary disease, bronchiectasis, and asthma.
Anti-inflammatory Mechanisms of Action
Macrolides and tetracyclines exert their antibacterial effects by inhibiting bacterial
protein synthesis. Although the anti-inflammatory mechanisms of action of the
tetracyclines and macrolides are likely multiple, one important mechanism by both is a
reduction in production of a multitude of pro-inflammatory cytokines. Most of these
cytokines are regulated at the transcriptional level through proteins such as nuclear
factor-κβ (NF- κβ), activator protein-1 (AP-1) and/or p38 mitogen-activated protein
kinases (p38 MAPK). Although the studies have varied depending on the in vitro
systems examined, most have described a shortening of the half-life of proinflammatory cytokine mRNA usually through effect on one or more of the
transcriptional control proteins (10-13).
Cystic Fibrosis
A major step in the use of antibiotics as anti-inflammatories occurred with the
introduction of macrolides as adjunctive therapy in cystic fibrosis in 2003. Like diffuse
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panbronchiolitis, airways of cystic fibrosis patients show chronic inflammation with
neutrophils which are often infected with Pseudomonas aeruginosa. Saiman et al. (14)
conducted a multicenter, randomized, double-blind, placebo-controlled trial of
azithromycin in cystic fibrosis patients infected with Pseudomonas. They found a
reduction in exacerbations and greater weight gain in those treated with azithromycin
compared to control. Following several confirming studies, cystic fibrosis patients are
now commonly treated with macrolide antibiotics, especially when infected with
Pseudomonas (15).
Tetracyclines have been less commonly used probably because of the staining of teeth
and bone in younger, growing children. However, a recent small trial of 19 adult cystic
fibrosis treated with chronic doxycycline showed an improvement in FEV1 and an
increase in time to the next exacerbation compared to 20 placebo-treated controls (16).
This might suggest an alternative in older patients or those at high risk for side effects
from macrolides.
Non-CF Bronchiectasis
Long-term treatment with antibiotics has been recommended in patients with
bronchiectasis and frequent exacerbations (17). This is based on studies showing
decreased rates of exacerbations and some improvement in quality of life. It is not clear
whether this effect is due to the antibacterial or anti-inflammatory properties of
macrolides. In addition to Cherniak’s tetracycline trial which included bronchiectatics (7),
an early MRC trial in 1957 showed that long-term twice weekly oxytetracycline over 1
year led to reduced sputum purulence, fewer days confined to bed and fewer days off
work (18). Later trials in non-CF bronchiectasis have been done primarily with
azithromycin and it is noted that there is an increased risk of macrolide-resistant
organisms developing in these patients, as well as other risks associated with macrolide
therapy including ototoxicity and QT prolongation (19).
Chronic Obstructive Pulmonary Disease
Chronic obstructive pulmonary disease (COPD) is one of the most expensive diseases
to treat (20). A number of studies examining costs of COPD have shown that
exacerbations, especially those resulting in hospitalization, account for the majority of
costs (21,22). Although treatment with glucocorticoids, long-acting beta2-agonists, and
long-acting muscarinic antagonists reduce the frequency of acute exacerbations, COPD
patients receiving all three of these medications still average 1.4 acute exacerbations
per year (23). Beginning in the early 2000’s there were a number of studies that
reported an improvement in COPD exacerbations with macrolides (24-27). This
culminated in a large, NIH-sponsored, randomized, placebo-controlled, multi-center trial
demonstrating that azithromycin decreased COPD exacerbations by about 20% (28).
However, despite overwhelming data that macrolides modestly reduce COPD
exacerbations and professional society recommendations for macrolide use in COPD
patients at high risk for COPD exacerbations, adoption of chronic therapy with
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macrolides in COPD has been slow (29). The major reason appears to be concerns
over side effects (29). Although azithromycin is well tolerated in the majority of patients,
the drug can have serious adverse effects as noted in the trials in non-CF
bronchiectasis including hearing loss and QT prolongation (29). The latter is especially
concerning given that within less than one year of publication of the azithromycin NIH
trial in the New England Journal of Medicine, a large trial the same reported a near 3fold increase in mortality in patients receiving macrolides (30).
Despite early trials demonstrating efficacy in decreasing COPD exacerbations,
tetracyclines have received little attention compared to macrolides. In addition to
Cherniak’s study (7) there is a confirming report by Norman in 1962 (31). Tetracyclines
might represent an alternative to macrolides in patients at high risk for complications
from the macrolides.
Asthma
Asthma, like cystic fibrosis and COPD, is an inflammatory airway disease although
usually characterized by eosinophilic inflammation. Studies suggesting macrolides
might be useful as anti-inflammatories in asthma go back as far as 1970 (32). After the
initial study by Itkin and Menzel (32), few studies were performed until the 2000’s.
However, a 1993 study from National Jewish suggested troleandomycin might be useful
as a steroid-sparing agent in children with asthma and two Japanese studies published
in 1999 and 2000 with roxithromycin and clarithromycin both gave positive results in
small numbers of patients (33-35).
In studies whose logic is reminiscent of Thomas McPherson Brown’s concept of
mycoplasma infection in rheumatoid arthritis, Kraft et al. (36) investigated chronic
chlamydia and mycoplasma infection in asthma and the response to macrolide therapy.
In 2002 they reported that clarithromycin treatment increased FEV1 in asthmatics but
only in those with evidence of C. pneumoniae or M. pneumoniae infection by PCR in
upper and lower airway samples. Sutherland and co-workers (37) also showed
improvement in airway hyper-responsiveness with clarithromycin therapy but in both
PCR-positive and negative groups. The difference likely resides in identifying and
chronic chlamydia and mycoplasma infection. A positive PCR does not necessarily
equate to chronic infection and the serologic results from different assays are variable
complicating these studies (38,39).
A number of studies have been conducted since Kraft’s investigation examining
clarithromycin or azithromycin and assessing various clinical responses and
inflammatory parameters in asthma (40-47). These studies have been inconsistent with
some showing benefits while others did not. A Cochrane review in 2005 by Richeldi et
al. (48) and a review article in 2014 by Wong et al. (49) both concluded that insufficient
data existed to recommend chronic macrolide therapy in asthma.
The inconsistency in these results might be explained by the small patient numbers and
because various phenotypes of asthma were included. Brusselle et al. (47) reported that
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azithromycin treatment significantly reduced exacerbation rates only in patients with
severe neutrophilic asthma compared with placebo. However, neutrophilic asthma has
been associated with increased bacterial load confusing whether benefits are due to an
anti-inflammatory or an antibiotic effect (50). Furthermore, clarithromycin reduces
neutrophil numbers in patients with severe asthma and it has been suggested that those
patients with a neutrophilic phenotype might respond better to the anti-inflammatory
effects of macrolide therapy (44,51).
A recent well-done recent study from Australia might tip the balance in favor of chronic
macrolide therapy in difficult-to-control asthma. Gibson et al. (52) performed a
randomized, double-blind, placebo controlled parallel group trial to determine whether
oral azithromycin decreases the frequency of asthma exacerbations in 420 adults with
symptomatic asthma despite current use of inhaled corticosteroid and a long-acting
bronchodilator. Patients were randomly assigned to receive azithromycin 500 mg or
placebo three times per week for 48 weeks. Azithromycin reduced asthma
exacerbations by nearly half and significantly improved asthma-related quality of life.
Tetracyclines as anti-inflammatories in asthma have received much less attention than
the macrolides. In 2008 Daoud et al. (53) reported that minocycline allowed for a
reduction in steroid dose in asthmatics who were steroid-dependent. A study from India
demonstrated an improvement in post bronchodilator FEV1, the FVC, and the FEF (2575) in asthmatics treated with doxycycline (54).
Obliterative Bronchiolitis
Obliterative bronchiolitis (OB) has historically gone by a variety of terms including
bronchiolitis obliterans, bronchiolitis obliterans with organizing pneumonia (BOOP) and,
more recently, cryptogenic organizing pneumonia (COP) although some now separate
OB as a separate entity (55). Histologically OB is very similar to diffuse panbronchiolitis,
and in fact, panbronchiolitis has been grouped with OB (55). The OB histological pattern
is now most commonly seen after lung transplantation or hematopoietic stem-cell
transplantation (HSCT). However, OB can be seen with autoimmune disease,
particularly rheumatoid arthritis; exposure to inhalational toxins such as sulfur dioxide,
hydrogen sulfide, nitrogen oxides, and fly ash; and as an unusual complication following
infection with adenovirus, measles virus, or mycoplasma (55).
The treatment of OB is usually corticosteroids or other immunosuppressants (55).
However, since OB can result in death or decreased respiratory function, studies with
adjunctive therapy or prevention of OB have been of interest. Azithromycin has resulted
in improved pulmonary function in approximately 50% of lung-transplant recipients with
obliterative bronchiolitis (56,57). A retrospective analysis indicated that the
administration of azithromycin in patients with obliterative bronchiolitis after lung
transplantation is associated with improved survival (58). Studies examining
azithromycin after HSCT were done given the beneficial effects after lung
transplantation. Surprisingly, the results were completely different. In a randomized
clinical trial that included 465 patients, 2-year airflow decline-free survival was
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significantly worse for the azithromycin group than for the placebo group (59). The trial
was terminated early for a significant increased risk in the azithromycin group of
hematological relapses. The FDA recently issued a warning against using chronic
azithromycin therapy in HSCT.
There is a paucity of data on treatment of OB with macrolides in non-transplant
conditions. In 1993, Ichikawa et al. (60) used erythromycin for 3-4 months in six patients
with a diagnosis of bronchiolitis obliterans OP confirmed on histological examination. All
improved by the completion of therapy. However, a recent trial of azithromycin in eight
patients with post-infectious OB did not produce an improvement in pulmonary function
parameters (61). No studies were identified using tetracyclines as therapy in OB.
Cryptogenic Organizing Pneumonia
This entity, which was formerly known as bronchiolitis with organizing pneumonia
(BOOP) can involve small airways, but also involves alveolar ducts and alveoli and can
present as patchy peripheral opacities (62). It is considered an inflammatory disease
which is usually very responsive to corticosteroid therapy, but may relapse when steroid
therapy is withdrawn (63). There are several reports now that cryptogenic organizing
pneumonia responds to treatment with macrolide and suggest that long term
suppression with macrolides can avoid side effects associated with long term steroid
therapy (63).
Idiopathic Pulmonary Fibrosis
Idiopathic pulmonary fibrosis (IPF) is a condition that has also been associated with
neutrophils but with inflammation in the alveoli rather than the airways. With the
introduction of nintedanib and pirfenidone and the realization that corticosteroids are of
no benefit, the management of IPF has dramatically changed over the past decade (64).
A recent publication done during the course of the shift in IPF therapy suggests that
azithromycin added to conventional reduced the incidence of acute exacerbations (65).
However, these retrospective results need to be interpreted with caution, since as noted
above “conventional therapy” for IPF has changed profoundly. For example, many of
the patients included in this study were subjected to corticosteroid therapy or other
immunosuppressive agents, both of which are no longer recommended in IPF treatment
(65). A similar study was performed by Kawamura et al. (66) performed from 2005-16.
This single-center retrospective study of patients with IPF demonstrated that treatment
of 38 consecutive patients with azithromycin (500 mg/day) for 5 days led to increased
survival compared to 47 historical controls treated with a fluoroquinolone-based
regimen.
A trial with minocycline in IPF was registered at clinicaltrials.gov but results were
apparently never published (67). A small trial in 6 IPF patients treated with doxycycline
for 24 weeks showed significant improvement in 6-minute walk time, St. George’s
Respiratory Questionnaire, FVC, and quality of life compared to 6 controls (68).
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Lymphangioleiomyomatosis
Lymphangioleiomyomatosis (LAM) is a rare disease that lead to progressive cystic
destruction of the lungs. A recent study with doxycycline in LAM patients produced no
effect upon vital capacity, gas transfer, shuttle walk distance or quality of life (69). The
authors concluded that it is unlikely that doxycycline has a useful effect in LAM.
Summary
Macrolides are clinically useful in reducing exacerbations of cystic fibrosis, chronic
obstructive pulmonary disease, bronchiolitis obliterans after lung transplantation, and
possibly asthma. Tetracyclines might be considered as a substitute in some situations.
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