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Anti-inflammatory effect of macrolides in obstructive 
pulmonary diseases

Przeciwzapalne działanie antybiotyków makroidalnych w obturacyjnych chorobach płuc

Chlamydia pneumoniae and Mycoplasma pneumoniae are important etiological 
factors in infections of the upper respiratory tract and community-acquired infec
tions, called atypical lung diseases. For many years the hypothesis of the role of infec
tion with these two microorganisms has been considered in the pathogenesis of asth
ma and chronic obstructive pulmonary disease (COPD). This study presents available 
data on the role of Chlamydia pneumoniae and Mycoplasma pneumoniae in the patho
genesis of some obstructive lung diseases in humans. There are also data on anti
inflammatory effect of macrolides, suggesting possible use of this group of antibiotics 
in the treatment of chronic diseases of the respiratory tract, especially asthma.

Many studies confirm the role of Chlamydia pneumoniae and Mycoplasma pneu
moniae in exacerbation in COPD [29, 30,31,38] and in triggering and modification of 
the course of asthma in adults and children [16,17,18, 20, 29, 36, 37]. Biscione et. al. 
found the presence of Chlamydia pneumoniae (met. PCR) in 37% of children hospi
talized for acute bronchial obstruction, most often in the course of asthma [9]. In a 
similar study Kocabas et al. found serologic features of severe infection with these 
microorganisms in 27% of asthmatic children, suggesting causative effect between 
infection with Chlamydia pneumoniae, and increase in the severity of asthma [23]. 
Another group of researchers found that children suffering from asthma with some 
symptoms of chronic infection with Chlamydia pneumoniae experience exacerbation 
of the disease more often than children without this infection [14]. A special risk 
group for chronic infection with above mentioned microorganisms are children and 
adults suffering from asthma who are often treated with oral glucocorticosteroids and 
patients with severe cases of asthma accompanied by infections of respiratory tract 
when antibiotics are often overused [19, 28].

Hahn was one of the first researchers who proved relationship between the infec
tion with Chlamydia pneumoniae and obstructive bronchial diseases in adults [18].
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Other researchers, among them from Lublin, found out that repeated infections with 
these microorganisms may be the cause of asthma exacerbation [19,36], both in atop
ic and non-atopic patients [5].

A similar role in the pathogenesis of infectious and obstructive diseases of the 
respiratory tract is attributed to Mycoplasma pneumoniae. Infection with this micro
organism is often found in children suffering from asthma. Esposito et al. revealed in 
their very well documented study that symptoms of severe infection with Mycoplasma 
pneumoniae (titre of specific IgM > 1:100 or IgG > 1:400 or PCR+) were seen in 
22.5% of children hospitalized for wheeze. These were mostly children over 5 years, 
and 94% of this group had had episodes of bronchial obstruction [16]. Kraft et al. 
after examining bronchoalveolar lavage fluid revealed the presence of Mycoplasma 
pneumoniae (using PCR) in almost 90% of adults with chronic asthma [28]. They 
suggest that this microorganism may be an important cofactor in the pathogenesis of 
chronic asthma [27]. Other authors confirmed the role of infection with Mycoplasma 
pneumoniae in asthma exacerbation [10, 26], although there were also some conflict
ing reports [12].

Considering high frequency of infection with atypical bacteria in patients with asth
ma and their adverse effect on the course of this disease, in the 1990s there was a 
rebirth of the idea of the use of macrolide antibiotics for the treatment of asthmatic 
patients. Macrolides have been used for the treatment of asthma for over 40 years 
[22]. Although clinical experience confirmed the usefulness of administering mac
rolides in some forms of the disease, the report by Spector et al. from 1974 proved 
clinical effectiveness of one of the first macrolide (troleandomycin-TAO) in steroid
dependent asthma, although studies were carried out on a very small group of pa
tients [42]. The following reports from 1980s and the beginning of 1990s presented 
different possible mechanisms that might contribute to the effectiveness of TAO ther
apy in chronic steroid-dependent asthma [7, 47]. It seemed at that time that, apart 
from antibacterial effect, TAO decreases clearance of glucocorticosteroids (GKS) 
administeredperos, and especially metyloprednisone, that enabled decrease in doses 
of GKS and reduced adverse side effects [7]. Some researchers revealed also immu
nosuppressive effect of TAO [49] and recommended this antibiotic for the treatment 
of severe cases of asthma, even in children [45, 47]. However in the following years 
several critical reports were published. In one of them Nelson et al. presented many 
arguments against the effectiveness of TAO therapy, that resulted in excluding this 
macrolide from recent anti-asthmatic drugs [8, 35] due to its many adverse side ef
fects, and metaanalysis published lately by Evans et al. did not confirm anti-asthmatic 
effect of this antibiotic [15].

The appearance of new macrolide antibiotics (azithromycin, clarithromycin, roxi
thromycin, dirithromycin) gave a new stimulus for a detailed study of various proper
ties of this group of antibacterial drugs [6]. Many experimental and clinical studies 
from the last 10 years revealed other than antibacterial properties of macrolides, that 
may explain their clinical effectiveness in the treatment of chronic inflammatory dis
eases of the respiratory tract, and especially in asthma and diffuse bronchiolitis. It has 
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been demonstrated that this group of antibiotics has anti-inflammatory and anti-oxi
dative effect [2, 4, 11, 13, 25, 32, 33, 41, 43, 44, 48], and some researchers even men
tion anti-asthmatic effect [25]. Most important non-antibiotic effects of macrolides 
are presented in Table 1.

First studies presenting anti-inflammatory and anti-oxidative effects of macrolide 
antibiotics were carried out by Miyatake [33]. He presented the evidence for the rela
tionship between decrease in non-specific hyperreactivity of bronchi in adults with 
asthma treated with erythromycin and inhibition of production of reactive oxygenic 
forms and chemotaxia of neutrophils. Some time later Konno et al. found that the 
decrease in non-specific bronchial hyperreactivity in patients with asthma may be re
lated to the inhibitory effect of macrolides on the production of interleukines (IL-2, 
IL-3, IL-4) by lymphocytes T and TNF-alpha (tumour necrosis factor - alpha) by 
monocytes [25]. Then Nakajima et al. discovered immunosuppressive effect of roxi
thromycin on macrophages and dendritic cells, that may block the response by IL-2 
from lymphocytes obtained from flour dust mites stimulated by antigens in asthmatic 
children [34]. Thus they revealed a possible inhibitory effect of macrolides on early 
stages of allergic reaction. Meloni and Adachi in their studies in vitro and in vivo 
discovered a possibility of inhibiting the activity of NADPH-oxidase from neutrophils, 
the decrease in production of IL-8 and TNF-alpha by alveolar macrophages, and also 
the decrease in the number of neutrophils in bronchoalveolar lavage fluid, inhibition 
of degranulation of neutrophils by inhibiting mieloperoxidase, neutrophil elastase and 
N-acetyl-glucosamidase in patients treated with various macrolide antibiotics [2, 32].

In the middle of 1990s some suggestions appeared that the administration of low 
doses of macrolides for several weeks may be useful in the treatment of asthma [19, 
21, 40]. One of the first reports on this subject dealt with children. Shimizu et al. 
showed a beneficial effect of roxithromycin administered daily in a dose of 150 mg for 
8 weeks for non-specific bronchi hyperreactivity detected by the use of histamine test 
in asthmatic children, although the treatment did not affect behaviour of FEV1 (Forced 
Expiratory Volume in 1 sec.) [40]. Similar results were obtained later by Koh et al. in 
children with bronchiectasia, where the bronchi hyperreactivity was assessed using 
the metacholine test [24]. Further explanation of the beneficial effect of macrolides 
on the course of asthma was found in a very interesting report by Adachi et al. [2]. On 
the basis of this report it may be concluded that macrolides shorten the survival time 
of eosinophils by inducing their apoptosis. It may be of importance in limiting eosi
nophilic inflammation of bronchial mucous membrane in asthmatic patients treated 
with macrolide antibiotics.

Other researchers presented the evidence for a stabilizing effect of macrolides on 
cellular membranes of neutrophiles, that may have also a beneficial effect in asthma 
[4].

Reports from the last 5 years revealed other possible mechanisms of anti-inflam
matory effect of macrolide antibiotics. Takizawa et al. proved the inhibitory effect of 
macrolides on the expression of endoteline-1 on human bronchial epithelial cells and 
this fact may explain clinical effectiveness of this group of antibiotics in asthmatic 
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patients [44]. A positive effect following 8-week roxithromycin treatment of aspirin- 
induced asthma was also demonstrated. This resulted in clinical improvement, the 
decrease in eosinophils and the ECP level (eosinophil cation protein) in serum and 
sputum [41]. A report by Abe et al. presented anti-inflammatory effect of macrolides 
in a new light. Their study suggested that some macrolides may inhibit the transcrip
tion of a gene IL-8 in ceils of bronchial epithelium, mainly due to AP-1 molecule 
(activator protein-1 binding site) [1]. It was also demonstrated that after 6-week treat
ment with clarithromycin a decrease in the expression of neurokinine-1 and substance 
P in the respiratory tract of asthmatic patients is observed, the fact that suggests the 
possibility of inhibiting neurogenic inflammation [11]. It is also suggested that azi
thromycin may have a protective effect against the ozone-induced inflammation of 
the respiratory tract [13].

The above reports became the scientific basis for first attempts to use macrolide 
antibiotics in the asthma treatment. Hahn was one of the first researchers who dem
onstrated clinical and spirometric improvement in adults with chronic moderate or 
severe asthma due to Chlamydia pneumoniae following 4-week treatment with mac
rolides (azithromycin or erythromycin) [19]. Then other researchers demonstrated 
the effectiveness of many weeks lasting therapy with various macrolides in different 
clinical forms of asthma in adults [10,21,26,27,33,41] and in children [16,40]. In one 
of recently published and well documented report by Amayasu et al. it was demon
strated that following 8-week treatment with macrolide antibiotic in patients suffer
ing from asthma there was a decrease in eosinophilia in serum and sputum, and in 
ECP level in sputum, and also a decrease in non-specific bronchial hyperreactivity 
assessed by metacholine test [3]. This report confirmed antibacterial effect of mac
rolide antibiotics in the inhibition of eosinophilic inflammation of bronchial mucous 
membrane in patients with asthma, previously found in in vitro studies. Esposito et al. 
demonstrated that children with exacerbated asthma and symptoms of acute infec
tion with Mycoplasma pneumoniae or Chlamydia pneumoniae treated with macrolides 
had much fewer episodes of wheezing for the next 3 months of observation in com
parison with the group not treated with this antibiotic [16].

For the treatment of inflammatory diseases of the respiratory tract (including asth
ma), other properties of macrolides are also important: they reduce mucus produc
tion [46], and improve its physical properties that help in its evacuation from the 
respiratory tract [39]. Presented above and probably other still unknown non-antibi- 
otic properties of macrolides may suggest their use in the treatment of chronic inflam
matory diseases of the respiratory tract, such as asthma, COPD, chronic bronchitis, 
bronchiectasia, diffused bronchiolitis and cystic fibrosis. Immuno-modulatory prop
erties of this group of antibiotics, studied so far, may encourage the continuation of 
research in this field.
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Table 1. Anti-inflammatory, anti-oxidative and anti-asthmatic properties of macrolide 
antibiotics

Therapeutic effects Macrolide antibiotic Author, year, ref. no.

Inhibition of 11-2, IL-3 and IL-4 
production by lymphocytes T 
and of TNF-alpha by monocytes

Roxithromycin Konno 1994 [25]

Inducing apoptosis of eosinophils Erythromycin
Clarithromycin

Adachi 1996 [2]

Stabilisation of mucous membrane 
in neutrophiles Erythromycin

Azithromycin Anderson 1996 [4]

Inhibition of the activity of NADPH 
oxydase and elastase of neutrophiles, 
decrease in neutrophil in BAL-u, 
inhibition of degranulation of neutrophils

Erythromycin
Flurithromycin

Meloni 1997 [32]

Normalisation of indicators of the 
oxidative - anti-oxidative system

Azithromycin 
Erythromycin

Yashina 1997 [48]

Reduced production of IL-8 
and TNF-alpha in alveolar macrophages

Clarithromycin 
Erythromycin

Sugiyama 1997 [43]

Inhibition of endotheline-1 expression Clarithromycin Takizawa 1998 [44]

Inhibition of neurogenic inflammation Clarithromycin Chu 1998 [11]

Decrease in eosinophilia and concentration 
of eosinophil cation protein in serum and 
sputum in patients with bronchial asthma

Roxithromycin Shoji 1999 [41]

Partial blockage of response from respiratory 
tract (FEV1, FVC, metacholine test, clinical 
symptoms) following 03 provocation

Azithromycin Criqui 2000 [13]

REFERENCES

1. Abe S., Nakamura H., Inoue S. et al.: Interleukin-8 gene repression by clarithromycin is 
mediated by the activator protein-1 binding site in human bronchial epithelial cells. Am. J. 
Respir. Cell Mol. Biol., 2000; 22: 51-60.

2. Adachi T, Motojima S., Hirata A. et al.: Eosinophil apoptosis caused by theophylline, gluco
corticoids, and macrolides after stimulation with IL-5. J. Allergy Clin. Immunol., 1996; 98: 
207-215.

3. Amayasu H., Yoshida S., Ebana S. et al.: Clarithromycin suppress bronchial hyperrespon- 
sivenes associated with eosinophilic inflammation in patients with asthma. Ann. Allergy 
Asthma Immunol., 2000; 84: 594-598.

4. Anderson R., Theron A.J., Feldman C.: Membrane-stabilizing, anti-inflammatory interac
tions of macrolides with human neutrophils. Inflammation 1996; 20: 693-705.



36 Andrzej Emeryk

5. Atis S., Ozturk C., Calikoglu M. : Serology of Chlamydia pneumoniae in relation to asthma 
and atopy. Eur. Respir. J., 2000; 16: suppl.31, 20s.

6. Bahai N., Nahata M.C. : The new macrolide antibiotics: azithromycin, clarythromycin, diri- 
thromycin, and roxithromycin. Ann. Pharmacother., 1992; 26: 46-55.

7. BallB.D., Hill M.R., Brenner M.: Effect of low-dose troleandomycin on glucocorticoid phar
macokinetics and airway hyperresponsiveness in severely asthmatic children. Ann. Al
lergy, 1990; 65: 37-45.

8. Barnes N.C.: Problemy szczegółowe: działania niepożądane indukowane przez sterydy. W: 
O'Byrne P, Thomson NC. (red.). Astma oskrzelowa. Alfa-Medica Press. Bielsko-Biała 1996; 
19-46.

9. Biscione G.L., Xie R, Johnson W.B.R. et al.: Prevalence of Chlamydia pneumoniae (CP) in 
children admitted to hospital with acute respiratory illness using PCR. Eur. Respir. J., 1998; 
12: suppl.28, 148s.

10. Black P.N., Bagg B„ Brodie S.M. et al.: A double-blind, crossover study of roxitromycin in 
the treatment of asthma. Eur. Respir. J., 1998; 12: suppl. 28,190s.

11. Chu H.W., Kraft M., Krause LE. et al.: Neurokinin-1 (NK-1) and substance P (SP) expres
sion in asthmatic airways - downregulation with clarithromycin. Am. J. Respir. Crit. Care 
Med., 1998; 157: A24.

12. Crepaldi M., Fiorenza D., Bulgheroni A. et al.: Chlamydia pneumoniae and Mycoplasma 
pneumoniae infection in COPD and asthma exacerbations. Eur. Respir. J., 2000; 16: sup- 
pl.31, 333s.

13. Criqui G.I., Solomon C., Welch B.S. et al.: Effects of azithromycin on ozone-induced airway 
neutrophilia and cytokine release. Eur. Respir. J., 2000; 15: 856-862.

14. Cunningham A.F., Johnston S.L., Julious S.A. et al.: Chronic Chlamydia pneumoniae infec
tion and asthma exacerbations in children. Eur. Respir. J., 1998; 11: 345-349.

15. Evans D.J., Culinan R, Geddes D.M. : Troleandomycin as an oral corticosteroid sparing agent 
in stable asthma. The Cochrane Library, 2001; 2.

16. Esposito S., Blasi E, Arosio C. et al.: Importance of acute Mycoplasma pneumoniae and 
Chlamydia pneumoniae infection in children with wheezing. Eur. Respir. J., 2000; 16:1142- 
1146.

17. Foschino M.R, Legari G., Resta O. et al. : Chlamydia pneumoniae infection and asthma. Eur. 
Respir. J., 1998; 12: suppl. 28,97s.

18. Hahn D.L., Dodge R. W., Golubjatnikov R.: Association of Chlamydia pneumoniae (strain 
TWAR) infection with wheezing, asthmatic bronchitis, and adult-onset asthma. JAMA 1991 ; 
266: 225-230.

19. Hahn D.L.: Treatment of Chlamydia pneumoniae infection in adult asthma: a before-after 
trial. J. Fam. Practice, 1995; 41: 345-351.

20. Hahn D.L., Bukstein D., Luskin A. et al.: Evidence for Chlamydia pneumoniae infection in 
steroid-dependent asthma. Ann. Allergy Asthma Immunol., 1998; 80: 45-49.

21. Kamoi H., Kurihara N., Fujiwara H. et al.: The macrolide antibacterial roxithromycin re
duced bronchial hyperresponsiveness and superoxide anion production by polymorphonu
clear leukocytes in patients with asthma. J. Asthma, 1995; 32: 191-197.

22. Kaplan M.A., Goldin M. : The use of triacetyloleandomycin in chronic infecious asthma. In: 
Welch H, Mart-Ibanez F.(eds.). Atibiotics Manual, 1958-1959, New York: Interscience Pub
lisher, Inc, 1959; 272-276.

23. Kocabas E., Altintas D., Kibar F. et al. : The role of Chlamydia pneumoniae in acute exacer
bation of asthma due to infection. Eur. Respir. J„ 1997; 10: suppl.25, 340s.

24. Koh YY, Lee M.H., Sun Y.H. el al.: Effect of roxithromycin on airway responsiveness in 
children with bronchiectasis: a double-blind, placebo-controlled study. Eur. Respir. J., 1997; 
10: 994-999.



Anti-inflammatory effect of macrolides in obstructive pulmonary diseases 37

25. Konno S., Asano K., Kurokawa M. et al.: Antiasthmatic activity of a macrolide antibiotic, 
roxithromycin: analysis of possible mechanisms in vitro and in vivo. Int. Arch. Allergy Im
munol., 1994; 105: 308-316.

26. Kostadima E., Papamichalopoulos A., Mavrou l. et al.: Claritromycin in conventional dose 
reduces the degree of bronchial hyperresponsiveness in patients with bronchial asthma. 
Eur. Respir. J., 1998; 12: suppl.28, 396s.

27. Kraft M., Cassell G.H., Aeni M. et al.: Mycoplasma pneumoniae as a cofactor in the patho
genesis of chronic asthma. Eur. Respir. J., 1997; 10: suppl.25,27s.

28. Kraft M., Cassell G.H., Henson J.E. et al.: Detection of Mycoplasma pneumoniae in the 
airways of adults with chronic asthma. Am. J. Respir. Crit. Care Med., 1998; 158:998-1001.

29. Laurila A., Hertzen von L., Saikku P: Chlamydia pneumoniae and chronic lung diseases. 
Scand. J. Infect. Dis., 1997; 74: 31-34.

30. Mazur E., Niedźwiadek J., Chmielewska-Badowa J. et al.: Przewlekła infekcja Chlamydia 
pneumoniae u chorych na przewlekła obturacyjną chorobę płuc. Pneumonol. Alergol. Pol., 
2000; 68: 261-264.

31. Mazur E.: Rola infekcji w przewlekłej obturacyjnej chorobie płuc. Pneumonol. Alergol. 
Pol., 2000; 68: 279-287.

32. Meloni E, Ballabio P, Gorrini M. et al.: Anti-inflammatory effects of Flurithromycin and 
Erithromycin. Eur. Respir. J., 1997; 10: suppl.25, 55s.

33. Miyatake H., Suzuki K., Taki F. et al.: Effect of erythromycin on bronchial hyperresponsive
ness in patients with bronchial asthma. Arzneeeeimittelforschung, 1991; 41: 552-556.

34. Nakajima T, Yoshizawa I., Kawano Y. et al.: Suppressive effect of roxithromycin on the 
induction of IL-2 resposiveness by DF-stimulated lymphocytes from patients with bronchi
al asthma. Emer. Infect. Dis., 1996; 2: 307-319.

35. Nelson H.S., Hamilos D.L., CorselloP.R. el al.: A double-blind study of troleandomycin and 
metylprednosolone in asthmatic subjects who required daily corticosteroids. Am. Rev. 
Respir. Dis., 1993; 147: 398-404.

36. Niedźwiadek J., Mazur E., Chmielewska-Badowa J. et al. : Przewlekłe zakażenie Chlamydia 
pneumoniae u chorych na astmę oskrzelową. Pneumonol. Alergol. Pol., 2000; 68: 255-260.

37. Perpina-Tordera M., de Diego-Damia A.: Chlamydia pneumoniae: un agende invelucrado 
en la patogenia del asma. Rev. Clin. Esp., 1998; 198: suppl.l, 24-29.

38. Roessingh P. et al.: Viral and atypical pathogens as causes of type 1 acute exacerbations of 
chronic bronchitis. Clin. Microbiol. Infect., 1997; 3: 513-514.

39. Rubin B.K., Druce H., Ramirez O.E. et al.: Effect of clarythromycin on nasal mucus proper
ties in healthy subjects and in patients with purulent rhinitis. Am. J. Respir. Crit. Care 
Med., 1997; 155: 2018-2023.

40. Shimizu T, Kato M., Mochizuki H. et al.: Roxithromycin reduced the degree of bronchial 
hiperresponsiveness in children with asthma. Chest, 1994; 106: 458-461.

41. Shoji T, Yoshida S., Sakamoto H. et al.: Anti-inflammatory effect of roxithromycin in pa
tients with aspirin-intolerant asthma. Clin. Exp. Allergy, 1999; 29: 950-956.

42. Spector S.L., KatzF.H., Farr R. S. : Troleandomycin: effectiveness in steroid-dependent asth
ma and bronchitis. J. Allergy Clin. Immunol., 1974; 54: 367-379.

43. Sugiyama Y, Kitamura S., Kasahara T.: Cytokines production from alveolar macrophages 
of rats by long term, low dose erythromycin. Eur. Respir. J., 1997; 10: suppl.25, 54s.

44. Takizawa H., Desaki M., Ohtoshi T. et al.: Erythromycin and clarithromycin attenuate cy
tokine-induced endothelin-1 expression in human bronchial epithelial cells. Eur. Respir. 
J., 1998; 12: 57-63.

45. Tinkelman D.G., Falliers C.J., Naspitz C.K. fed.).: Childhood asthma. Pathophysiology and 
treatment. Marcel Dekker, Inc. New York-Basel, 1987; 203-230.



38 Andrzej Emeryk

46. Tsang K.W.T, Ho P.L., Но С.S. etal.: Low dose erthromycin is highly efficacious in patients 
with active bronchiectasis. Eur. Respir. J., 1997; 10: suppl.25, 267s.

47. Wald J.A., Fiedman B.F., Farr R.S.: An improved protocol for the use of troleandomycin 
(TAO) in the treatment of steroid-requiring asthma. J. Allergy. Clin. Immunol., 1986; 78: 
36-43.

48. Yashina L., Feschenko U, Kogosova L. et al.: Effect of summamed and erythromycin on the 
immunity state oxidate-antioxidate system of patients with chronic purulent-obstructive 
bronchitis. Eur. Respir. J., 1997; 10: suppl.25,54s.

49. Zeiger R.S., Schatz M., Sperling W. et al.: Efficacy of troleandomycin in out-patients with 
severe corticosteroid-dependent asthma. J. Allergy Clin. Immunol., 1980; 66: 799-802.

STRESZCZENIE

Chlamydia pneumoniae and Mycoplasma pneumoniae są ważnymi czynnikami etiologiczny
mi zakażeń górnych dróg oddechowych oraz pozaszpitalnych, tzw. atypowych zapaleń płuc. Pa
togeny te biorą również udział w patogenezie astmy oraz przewlekłej obturacyjnej choroby płuc. 
Istnieje wiele danych o przeciwzapalnych właściwościach makrolidów, sugerujących ewentu
alne wykorzystanie tej grupy antybiotyków w terapii przewlekłych schorzeń układu oddechowe
go, a szczególnie rozsianego zapalenia oskrzelików i astmy oskrzelowej.


