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Study objectives: To determine the effect of clarithromycin therapy in patients with asthma.
Design: Randomized, double blind, placebo-controlled trial.
Setting: A tertiary referral center.
Patients or participants: Fifty-five subjects with chronic, stable asthma recruited from the general
Denver, CO, community.
Interventions: Patients underwent airway evaluation for Mycoplasma pneumoniae and Chlamydia
pneumoniae by polymerase chain reaction (PCR) and culture, followed by treatment with
clarithromycin, 500 bid, or placebo for 6 weeks.
Measurements and results: Outcome variables were lung function, sinusitis as measured by CT,
and the inflammatory mediators tumor necrosis factor (TNF)-�, interleukin (IL)-2, IL-4, IL-5, and
IL-12 messenger RNA (mRNA) measured via in situ hybridization, in airway biopsies, and BAL.
Mycoplasma or chlamydia were detected by PCR in 31 of 55 asthmatics. Treatment resulted in a
significant improvement in the FEV1, but only in the PCR-positive subjects (2.50 � 0.16 to
2.69 � 0.19 L, mean � SEM; p � 0.05). This was not appreciated in the PCR-negative subjects
(2.59 � 0.24 to 2.54 � 0.18 L, p � 0.85) or the PCR-positive or PCR-negative subjects who
received placebo. Sinus CTs revealed no change in sinusitis with clarithromycin treatment. In situ
hybridization revealed no significant difference in baseline airway tissue or BAL-mediator
expression between the PCR-positive and PCR-negative subjects. However, the PCR-positive
subjects who received clarithromycin demonstrated a reduction in TNF-� (p � 0.006), IL-5
(p � 0.007), and IL-12 (p � 0.004) mRNA in BAL and TNF-� mRNA in airway tissue (p � 0.0009).
The PCR-negative subjects who received clarithromycin only demonstrated a reduction in TNF-�
(p � 0.01) and IL-12 (p � 0.002) mRNA in BAL and TNF-� mRNA in airway tissue (p � 0.004).
There were no significant differences in cytokine expression in those subjects who received
placebo.
Conclusions: These observations support the hypothesis that clarithromycin therapy improves
lung function, but only in those subjects with positive PCR findings for M pneumoniae or
C pneumoniae. (CHEST 2002; 121:1782–1788)
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T he role of infectious agents in chronic inflamma-
tory disease processes has become an active area

of investigation. There are data to suggest that
infectious organisms, particularly the atypical bacte-
ria, Chlamydia pneumoniae and Mycoplasma pneu-
moniae, may be involved in asthma pathogenesis.1–14

Certainly there are considerable data implicating
these organisms in the exacerbation of asthma.12,15–22

We have previously reported the presence of
M pneumoniae and C pneumoniae in the airways of
chronic, stable asthmatics.3,14 These organisms were
present by polymerase chain reaction (PCR) in the
upper and lower airways of patients with mild-to-
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The significance of these organisms is as yet
unclear. It is not known whether these organisms
were allowed to persist after an infection, or were
present prior to the development of asthma. There is
evidence to support both possibilities, as myco-
plasma organisms have been shown to persist in the
airways of guinea pigs for up to 160 days.23 However,
there was no clinical evidence of acute M pneu-
moniae or C pneumoniae infection for at least 3
months prior to study.3,14 The observation that these
organisms were present first and lead to the devel-
opment of asthma is intriguing. There have been
reports of patients presenting with acute infection by
M pneumoniae or C pneumoniae, followed either by
the development of asthma2 or a significant improve-
ment in lung function and asthma symptoms with
antimicrobial therapy directed against these organ-
isms.6,12,13 In addition, the effects of infection with
this organism can persist for months, resulting in
decreased expiratory flow rates, and increased airway
hyperresponsiveness in normal individuals.24,25

If M pneumoniae and C pneumoniae are causal
factors in chronic asthma in certain individuals, then
treatment with clarithromycin, a macrolide with
known activity against mycoplasma and chlamydia
species as well as anti-inflammatory effects,26–28

would be expected to improve asthma. Given the
presence of M pneumoniae and C pneumoniae in the
lower airways as we have previously reported, we
hypothesized that pulmonary function and airway
inflammation would be improved in asthmatic pa-
tients after treatment with clarithromycin as com-
pared to placebo. This report is an extension of our
previous work.3,14

Materials and Methods

Subjects

Fifty-five subjects were recruited via newspaper and radio
advertisements from the general Denver, CO, community. The
asthmatics fulfilled criteria for asthma,29 exhibiting a provocative
concentration of methacholine causing a 20% decline in FEV1 of
� 8 mg/mL, and reversibility of lung function by at least 12%
with bronchodilator. Exclusion criteria included inpatient status;
upper or lower respiratory tract infection within 3 months of
study; use of macrolides, tetracyclines, or quinolones within 3
months of the study; smoking history � 5 pack-years or any
cigarettes within the previous 2 years; and significant nonasthma
pulmonary disease or other medical problems. No subject was a
hospital worker to ensure that contact with potential patients with
M pneumoniae infection was minimized. Subject characteristics
are shown in Table 1, where subjects were considered of
moderate severity by American Thoracic Society criteria.29

Study Protocol

Physiologic and Radiographic Evaluation: After informed
consent was obtained for this institutional review board-

approved protocol, all subjects underwent methacholine chal-
lenge and pulmonary function tests, including spirometry,
lung volumes, and bronchodilator response. A chest radio-
graph was performed to rule out infiltrates consistent with
acute mycoplasma pneumonia.

The extent of sinusitis was determined by quantitative evalua-
tion of one CT image to determine the area of sinus tissue before
and after therapy. Each image, which was a 3-mm-thick coronal
cut at the level of the osteomeatal unit, was visually optimized
before measurements were made by standard window and
leveling techniques to maximize the contrast between the aerated
sinuses and the surrounding mucosa. Initially, the entire sinus
tissue and airway area was measured by utilizing a computerized
image analysis software package (Osiris Medical Imaging Soft-
ware, Version 3.6; University Hospital of Geneva; Geneva,
Switzerland) to hand draw a region of interest around the entire
sinus tissue and airway region on the CT image. This measure-
ment yielded the sinus tissue plus airway area in millimeters
squared. The osteomeatal complex was not included in this
measurement. Secondly, the area within the sinus cavities (max-
illary, ethmoid, and frontal), where density was equivalent to air,
was measured by using a region-growing tool in the same
computerized image analysis software package. This region-
growing tool automatically measured the airway area by finding
the boundary between the air and sinus tissue and calculating the
area of the air-filled spaces. The air density area was subtracted
from the total area to obtain the desired sinus tissue area in
millimeters squared. One image was chosen, and the image at the
same level was evaluated before and after treatment. The
individual who performed the analysis was blinded to subjects’
mycoplasma/chlamydia status.

Specimen Collection: Upper-airway and lower-airway speci-
mens were collected and analyzed for M pneumoniae and
C pneumoniae as previously described,3,14 Nasal epithelial cells
were obtained by placing a probe (Rhinoprobe; ASI; Arlington,
TX) into the anterior nares. Oropharyngeal specimens were
obtained from the posterior oropharynx with a wire-shafted
Dacron swab (Dacroswab; Spectrum Laboratories; Houston,
TX). Specimens from each site were placed and agitated in tubes
of SP4 mycoplasma media for mycoplasma culture and PCR.

Subjects underwent bronchoscopy with endobronchial biopsy,
endobronchial protected brushing, and BAL to obtain specimens
for lower-airway evaluation as previously described.3,14 The loca-
tion of the biopsies was randomized to the right or left lower lobe,
followed in the opposite lung by brushing of the lower lobe and
BAL in the right middle lobe or lingula to ensure that biopsy,
brushing, and lavage were done equally in the group as a whole.

Table 1—Subject Characteristics*

Characteristics Data

Male/female gender, No. 27/28
Age, yr 33.4 � 1.2
FEV1, L 2.6 � 0.1
FEV1, % predicted 69.3 � 2.1
PC20, mg/mL 0.46 � 0.07
Medications, No.

ICS 18
Oral 1
Theophylline 1
Inhaled �2-agonists 55

*Data are presented as mean � SD unless otherwise indicated.
PC20 � provocative concentration of methacholine causing a 20%
decline in FEV1; ICS � inhaled corticosteroids.
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Prior to the bronchoscopy, spirometry was performed and asth-
matics received 0.18 mg of inhaled albuterol. All subjects re-
ceived 0.4 mg of atropine IV. Lidocaine (4%) was used to
anesthetize the upper airway, and lidocaine (1%) was applied to
the laryngeal area, trachea, and orifice of the right lower or left
lower lobe bronchi via the bronchoscope. Four endobronchial
biopsies were performed under direct visualization from the
fourth-generation or fifth-generation airways. The brushing of
the proximal airways was performed under direct visualization
using a separate protected cytologic brush for each pass, with a
total of nine passes performed. BAL was performed using five
60-mL aliquots of sterile nonbacteriostatic normal saline solution
at 37°C and returned by gentle hand suction. The specimens
were placed in SP4 transport media. Supplemental oxygen was
administered throughout the procedure, along with monitoring of
heart rate, BP, and oxygen saturation.

Microbiological Analysis: Culture for mycoplasma was per-
formed as previously described.3,14 Growth was monitored daily
for approximately 8 weeks. For PCR analyses, we used multiple
primer sets directed against organism-specific target sequences
of either the P1 adhesion gene or the 16S ribosomal RNA gene
of M pneumoniae, which can detect approximately 100 ge-
nomes.30,31 A complete description of our technique can be
found in the initial publication.3 Under these conditions, al-
though we found Mycoplasma genitalium and Mycoplasma fer-
mentans, none of the primers reacted with any other mycoplas-
mas of human origin. Chlamydia cultures and PCR were
performed as previously described.32

In Situ Hybridization: Airway tissue was placed in 4%
ribonuclease-free paraformaldehyde, and then embedded in
paraffin for in situ hybridization using 35S-labeled riboprobes as
previously described.33–35 BAL cytospins were prepared by re-
moving 10 mL of whole BAL prior to the adherence step and
resuspending BAL cells in phosphate-buffered saline solution at
a concentration of 7.5 � 105/mL. Seventy-five microliters were
placed in a Shandon cytocentrifuge tube and centrifuged at 1,000
revolutions per minute for 1 min. This technique resulted in a
concentration approximately of 56,250 cells per slide. The slides
were then fixed in methanol. 35S-uridine triphosphate-labeled
RNA probes (antisense and sense) were prepared from comple-
mentary DNA for tumor necrosis factor (TNF)-�, interleukin
(IL)-2, IL-4, IL-5, and IL-12. To avoid nonspecific binding of
35S-labeled RNA probes, incubation with N-ethyl maleimide,
iodoacetamide, and triethanolamine was included in prehybrid-
ization steps, and dithiothreitol (150 mM) was included in the
hybridization mixture (Sigma Chemical; St. Louis, MO). As a
negative control, preparations were hybridized with a sense
TNF-�, IL-2, IL-4, IL-5, IL-10, and IL-12 probes (having
identical sequence to TNF-�, IL-2, IL-4, IL-5, IL-10, and IL-12
messenger RNA [mRNA]). To further ensure the specificity of
the signal, separate sets of preparations were pretreated with
ribonuclease solution (Promega; Southampton, UK) prior to
hybridization with antisense probe.

Counting was performed in a blinded fashion without knowl-
edge of treatment status. Hybridization between cytokine mRNA
and complementary RNA probes was identified as dense collec-
tions of silver grains overlying cells. Hybridization signals were
assessed by counting mRNA-positive cells/1,000 total BAL cells
on at least two slides for each cytokine probe, and counts were
performed in duplicate. In tissue, biopsies were cut into 4-�m
sections. Two sections were evaluated for each cytokine probe.
Hybridization signals were assessed by counting mRNA-positive
cells per section, and the counts were performed in duplicate.
The cytokines IL-2, IL-4, IL-5, and TNF-� were evaluated in
tissue per the method described above. IL-10 and IL-12 were not
evaluated due to reduced availability of tissue. For both tissue
and BAL, the hybridization signal was considered to be specific

when a positive signal was obtained with antisense probe, but not
with the sense probe, and when the positive signal was abolished
with the pretreatment with ribonuclease.

Randomization: Once the initial radiographic, physiologic, and
bronchoscopic evaluations were completed, the asthmatic sub-
jects were randomized to clarithromycin, 500 mg po bid, or
placebo for 6 weeks in a double-blind fashion. Clarithromycin
levels were measured in serum by high-pressure liquid chroma-
tography at week 3, with therapeutic levels of 2 to 7 �g/mL. The
investigators remained blinded to these results until the end of
the study. At the end of the treatment period (6 weeks), all
subjects returned for repeat physiologic and bronchoscopic as-
sessment as described above.

Statistical Analysis: The asthmatic subjects were compared for
the presence or absence of mycoplasma or chlamydia infection
(dichotomous variable) using Fisher exact test36 as previously
described.3 Outcome variables in the treatment arm of the
protocol (clarithromycin vs placebo) included the FEV1, the
change in FEV1, FVC, and change in sinus area. Tissue variables
included the number of positive cells per 1,000 for TNF-�, IL-2,
IL-4, IL-5, and IL-12 mRNA. The variables were compared
using unpaired t test or Wilcoxon sign rank, depending on
distribution of the data. Within-group comparisons were per-
formed using the paired t test or Wilcoxon rank sum. Data are
expressed as mean � SEM or median (25th to 75th interquartile
range [IQ]). For all analyses, all tests were two sided, and the
level of significance was p � 0.05.

Results

Of fifty-five subjects recruited, 52 subjects were
randomized to receive clarithromycin or placebo.
Three subjects underwent analysis for mycoplasma
and chlamydia, but were excluded from the treat-
ment analysis due to scheduling difficulties (n � 1)
and noncompliance (n � 2). On entry into the study,
no chest radiographs revealed infiltrates. The mean
clarithromycin level in the treatment group was
2.78 � 0.31 �g/mL.

PCR Results

As described3,14 M pneumoniae or C pneumoniae
were detected in 31 of 55 asthmatics by PCR.
M pneumoniae was detected in 23 of 55 asthmatics,
and M genitalium and M fermentans were detected
in an additional two subjects, respectively. C pneu-
moniae was detected by PCR in 7 of 55 subjects. One
subject had positive findings for both M pneumoniae
and C pneumoniae All culture findings were negative
for both organisms.

Treatment Arm Results, Physiology

Of the 52 asthmatics whose data were analyzed in
the treatment arm of the protocol, 26 subjects were
randomized to clarithromycin therapy and 26 sub-
jects were randomized to placebo. In the placebo
group, 13 subjects had positive PCR findings for
either M pneumoniae or C pneumoniae and 13
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subjects had negative PCR findings. Of the 26
subjects who received clarithromycin, 9 subjects had
positive PCR findings at baseline and negative PCR
findings after treatment, 5 subjects had positive PCR
findings before and after treatment with clarithro-
mycin, 9 subjects had negative PCR findings before
and after treatment, and 2 subjects had positive PCR
findings after treatment only.

When airway physiology was evaluated, there were
no baseline differences in FEV1 between PCR-
positive and PCR-negative groups (percent pre-
dicted FEV1, 68.1 � 2.8% vs 69.0 � 3.5%, respec-
tively; p � 0.85). The baseline mean FEV1 values in
the placebo and clarithromycin groups were also not
significantly different (2.72 � 0.17 L vs 2.52 � 0.13 L,
respectively, p � 0.37). After treatment, lung function
in the clarithromycin group was not significantly differ-
ent from placebo (2.64 � 0.14 vs 2.69 � 0.16, respec-
tively; p � 0.75). When subjects who received clar-
ithromycin were compared by PCR status, the PCR-
positive subjects exhibited a significant increase in
FEV1, where the mean FEV1 increased from
2.50 � 0.16 to 2.69 � 0.19 L (p � 0.05; Fig 1). This
significant increase was not appreciated in the PCR-
negative subjects who received clarithromycin (FEV1,
2.59 � 0.24 to 2.54 � 0.18 L, p � 0.85) or the PCR-
positive or PCR-negative subjects who received pla-
cebo (p � 0.05). There were no significant changes in
either treatment group in the FVC or lung volumes,
regardless of PCR status.

Treatment Arm Results, In Situ Hybridization

In regard to cytokine expression, there was no
difference in baseline expression of TNF-�, IL-2,
IL-4, IL-5 IL-10, and IL-12 mRNA between the
PCR-positive and PCR-negative subjects. However,
the PCR-positive subjects who received clarithromy-
cin demonstrated a reduction in TNF-�, IL-5, and
IL-12 mRNA in BAL and TNF-� mRNA in airway
tissue (Fig 2, 3). The PCR-positive subjects who

received placebo demonstrated a reduction on BAL
TNF-� mRNA, where expression decreased from
166 � 9 to 122 � 6 cells per 1,000 (p � 0.05). The
PCR-negative subjects who received clarithromycin
only demonstrated a reduction in TNF-� mRNA and
IL-12 mRNA in BAL and TNF-� mRNA in airway
tissue (Fig 4, 5). However, there was no significant
change in cytokine expression in the PCR-negative
subjects after placebo (data not shown). There was
no difference in BAL IL-2, IL-4, and IL-10 mRNA
expression or tissue IL-2, IL-4, IL-5, IL-10, and
IL-12 mRNA expression in the PCR-positive and
PCR-negative subjects after clarithromycin therapy
(Figs 2–5). Thus, subjects who had positive PCR
findings for mycoplasma or chlamydia exhibited re-
duced expression of IL-5 mRNA after clarithromycin
therapy that was not observed in the PCR-negative
subjects.

Treatment Arm Results, Sinus CT Evaluation

There was no significant difference in sinus dis-
ease at baseline between those subjects who received
clarithromycin and those who received placebo
(clarithromycin group median value, 1,571 mm2

[IQ, 172 to 1,482 mm2], vs placebo median value,
1,701 mm2 [IQ, 1496 to 1814 mm2]; p � 0.16).
Clarithromycin treatment did not significantly alter
the degree of sinus disease as illustrated by the
change in sinus area with treatment (before/after
treatment median value of 40 mm2 [IQ, 128 to
513 mm2], vs placebo median value of 144 mm2 [IQ,
37 to 400 mm2]; p � 0.64). In addition, clarithromy-
cin treatment did not alter the degree of sinus
disease, regardless of PCR status (before/after treat-
ment PCR-positive median value of 111 [IQ, 	 183
to 305], vs PCR-negative median value of 235 [IQ,
235 to 250]; p � 0.31).

Figure 1. FEV1 before and after treatment in the clarithromycin
(Clari) groups with positive PCR findings (PCR
) and negative
PCR findings (PCR	).

Figure 2. mRNA expression of the cytokines IL-2, IL-4, IL-5,
IL-10, IL-12, and TNF-� in BAL of those subjects with
positive PCR findings for either M pneumoniae or C pneu-
moniae before and after treatment with clarithromycin.
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Discussion

This study illustrates that M pneumoniae or
C pneumoniae are present in the airways by PCR in
� 55% of the patients with chronic, stable asthma
studied. In addition, treatment with clarithromycin
improved the FEV1 and reduced airway tissue ex-
pression of IL-5, but only in the PCR-positive sub-
jects. There was no change in degree of sinus disease
with clarithromycin.

The role of infectious agents in asthma has been
shown in exacerbations, and there are now data
suggesting a role in pathogenesis.1–5,12,15–22 Yano et
al2 reported the development of asthma in an adult
male subject following an episode of pneumonia
secondary to M pneumoniae. This patient presented
again to the health-care providers 1 month after pneu-
monia with reversible airway obstruction and bronchial
hyperresponsiveness. He was treated with erythromy-
cin, 1,200 mg/d, for 1 week, with improvement.

Mok and colleagues37 also demonstrated an im-

pairment in pulmonary function in 50 children with
a previous history of M pneumoniae respiratory tract
infection. These investigators measured large airway
function via the FEV1, vital capacity, and peak
expiratory flow rate. Small airway function was de-
termined by evaluating the change in maximum flow
at 50% of vital capacity. When the patients with
previous M pneumoniae infection were compared to
healthy normal control subjects, the FEV1, FVC, and
peak expiratory flow rate were not significantly dif-
ferent, and all patients were asymptomatic. The
maximum expiratory flow at 50% of vital capacity was
significantly reduced in the group who had had the
previous M pneumoniae infection and did not change
with inhalation of a helium-oxygen mixture, suggest-
ing small airway obstruction (p � 0.001). These tests
were performed from 1.5 to 9.5 years after the
infection, suggesting that M pneumoniae infection
may impair pulmonary function despite lack of
symptoms and underlying lung disease.

To further elucidate the mechanisms driving the
association between mycoplasma and asthma, studies
in a murine model have been undertaken.38 In
BALB/c mice, infection with M pneumoniae resulted
in increased airway hyperresponsiveness as com-
pared to saline solution control.38 The increase in
hyperresponsiveness was most pronounced on days
3, 7, and 14 after infection, and the associated lung
pathology was primarily a neutrophilic infiltrate at
day 3, followed by a reduction of neutrophils and an
increase in macrophages by day 21. Interferon-�, a
T-helper type 1 cytokine, was suppressed at day 3
and day 7 compared with the saline solution-treated
control, suggesting a T-helper type 2 response that
was associated with hyperresponsiveness. Therefore,
M pneumoniae infection may result in a T-helper
type 2 predominant airway disease with hyperre-

Figure 3. mRNA expression of the cytokines IL-2, IL-4, IL-5,
and TNF-� in the airway tissue of those subjects with positive
PCR findings for either M pneumoniae or C pneumoniae
before and after treatment with clarithromycin.

Figure 4. mRNA expression of the cytokines IL-2, IL-4, IL-5,
IL-10, IL-12, and TNF-� in BAL of those subjects with
negative PCR findings for M pneumoniae and C pneumoniae
before and after treatment with clarithromycin.

Figure 5. mRNA expression of the cytokines IL-2, IL-4, IL-5,
and TNF-� in the airway tissue of those subjects with negative
PCR findings for M pneumoniae and C pneumoniae be-
fore and after treatment with clarithromycin.
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sponsiveness that mimics asthma in a murine model.
Further studies are in progress to assess the interac-
tion between M pneumoniae and allergen.

In regard to treatment, Hahn and Golubjatnikov8

tested the hypothesis that treatment with an antibi-
otic with activity against C pneumoniae would signif-
icantly affect the natural history of the disease.8 They
treated 46 asthmatic patients with either doxycycline,
100 mg bid; azithromycin, 1,000 mg once weekly; or
erythromycin, 1,000 mg/d, for a median period of 4
weeks. Pulmonary function and asthma symptoms
were determined before and after treatment. Testing
for a polyvalent antibody against C pneumoniae,
which was a mixture of IgG, IgM, and IgA, was
determined by microimmunofluorescence prior to
treatment. Patients were considered eligible if they
were seroreactive to C pneumoniae by exhibiting a
titer against this polyvalent antibody of at least 1:16,
were willing to accept prolonged empiric treatment
with an antibiotic, and had no contraindication to
prolonged antimicrobial administration. No restric-
tions were placed on medication use; 41% of subjects
received inhaled corticosteroids, but the doses were
not specified, and 41% used theophylline prepara-
tions. The mean pretreatment FEV1 was 67.8%
predicted, and increased by 12.5% after treatment
(p � 0.003 compared to baseline). This study had no
placebo group, and subjects received a wide variety
of medications at varying doses. Thus, the validity of
these results is uncertain.

In our study, mycoplasma and chlamydia organ-
isms were still present in the airways of seven
asthmatic subjects after treatment with clarithromy-
cin, and two subjects had positive PCR findings after
treatment only. A possible mechanism is that the
organism is difficult to eradicate, as macrolides are
bacteriostatic, which may result in a chronic state of
infection/colonization.39 Clarithromycin may have
decreased the organism burden, which could not be
evaluated by the PCR methods currently available to
detect M pneumoniae and C pneumoniae. Addition-
ally, M pneumoniae infection is known to be nonuni-
form in the airway, which may explain why two
subjects had positive findings after therapy only
despite extensive sampling of the lower airway.23

However, clarithromycin may also act as an anti-
inflammatory agent, as macrolides have been shown
to exhibit anti-inflammatory actions on neutrophils
and lymphocytes.26,27 Amasayu and colleagues40

showed in patients with mild-to-moderate asthma
that 8 weeks of clarithromycin, 200 mg bid, im-
proved asthma symptoms, and decreased sputum
eosinophils and serum eosinophil cationic protein.
There were also modest improvements in bronchial
hyperresponsiveness. Additionally, Konno et al41

showed that macrolides decreased pulmonary ex-

pression of TNF-�, IL-3, IL-4, and IL-5 in a murine
model. Macrolides have also been shown to decrease
mucus production and bronchial hyperresponsive-
ness in vitro.42,43 In our study, clarithromycin did not
affect sinus disease significantly; thus, it may affect
the airways directly. As a therapeutic agent, clar-
ithromycin has been shown to exert a glucocorticoid
sparing effect, as shown by Garey et al44 in patients
with severe, steroid-dependent asthma. In their re-
port of three patients, two of three patients were able
to discontinue prednisone after 12 months of clar-
ithromycin, 500 mg bid The third patient was able to
taper prednisone to 5 mg/d. There is controversy
about whether clarithromycin alters the metabolism
of glucocorticoids, as suggested by Black45 but not
supported by Fost et al.46 Further studies are needed
to conclusively evaluate the mechanism of clarithro-
mycin in the treatment of asthma.

We have demonstrated that asthmatic subjects
exhibit evidence of M pneumoniae and C pneu-
moniae colonization/infection exhibit an improve-
ment in their FEV1 with the antimicrobial and
anti-inflammatory therapy, clarithromycin. This im-
provement was not mediated via improvement in
sinus disease. Nor was this improvement seen in
patients who received clarithromycin, but had nega-
tive findings for mycoplasma or chlamydia. Further
study is needed to assess if the presence of
M pneumoniae or C pneumoniae is an epiphenome-
non or, as we expect, a pathogenic mechanism in
asthma. If the latter is correct, the therapeutic
armamentarium in asthma may include antibiotic
therapy in selected patients.
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