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Purpose: Macrolides are a recommended treatment option for severe asthma, but data for
“difficult-to-treat” asthma, the asthma-COPD “overlap” syndrome, and treatment duration
beyond one year are lacking. We present long-term data from community practice experience
providing insights for practice and research.

Methods: We report data from (1) baseline (pre-treatment) chart review of antibiotic-treated
asthma patients and (2) follow-up telephone interviews documenting severe exacerbations
(NIH criteria), Asthma Control Test (ACT) scores, and asthma controller use at baseline and
follow-up, analyzed using a “before-after” model.

Results: A total of 101 patients (mean age 55.6 years (Sd 16.8), 66 females) were
included. None had ever taken high dose inhaled corticosteroids and 79 (78.2%) were
severely uncontrolled (ACT score <15) before treatment. Coexisting COPD was present
in 62 (61.4%) patients. Azithromycin or azithromycin plus doxycycline was primarily
prescribed with a median treatment duration of 12 months and median follow-up duration
of 22 months. Severe exacerbations in the month before treatment occurred in 50.5% vs
17.8% at follow-up (P<0.0001). Mean ACT score increased from 12.2 to 20.6
(P<0.0001). The number of patients taking controller medications decreased (P<0.0001
for inhaled corticosteroids; P<0.001 for long-acting beta agonist/long-acting muscarinic
antagonist; P<0.05 for leukotriene receptor antagonists). Of the 79 severely uncontrolled
patients, 51 (64.6%) became controlled at follow-up, and of these 51, 27 (52.9%)
continued to take antibiotics while 24 (47.1%) had discontinued antibiotics earlier yet
remained controlled.

Conclusion: Antibiotic treatment may be beneficial in a significant proportion of “difficult
to treat” asthma patients beyond one year, including some patients with the overlap syn-
drome and/or who fail to meet criteria for refractoriness.
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Plain Language Summary

® Many patients with asthma encountered in community practice have uncontrolled asthma
but are not necessarily refractory to inhaled steroids (called “difficult to treat” asthma). It is
also common to encounter patients diagnosed with both asthma and COPD (called the
“overlap” syndrome). Evidence indicates that these patients developed COPD as a con-
sequence of severe asthma.

® Current guidelines recommending macrolide antibiotics for severe asthma do not apply
to “difficult to treat” or “overlap” patients because these patient groups have not been
included in clinical trials.
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® Results of this “before-after” report of antibiotics (macro-
lides and/or tetracyclines) prescribed to 101 patients with
“difficult to treat” asthma, many of whom had the “over-
lap” syndrome, confirm that these patients can experience
significant improvement in their asthma after treatment and
should be included in future randomized clinical trials.

® A subgroup of patients in this report experienced prolonged
improvement in their asthma symptoms that persisted long
after completing a treatment course. This is inconsistent
with a host-directed anti-inflammatory mechanism of
action and rather suggests a pathogen-directed mechanism
of action that should be further investigated.

Introduction
Azithromycin is included as a treatment option for severe
refractory asthma in the Global Initiative for Asthma
(GINA),' European Respiratory Society/American Thoracic
Society (ERS/ATS)? and British Thoracic Society (BTS)?
guidelines. ERS/ATS notes that benefits and safety beyond
one year has not been determined. ERS/ATS also notes the
lack of evidence for benefit in severe exacerbations. BTS
notes that continued treatment should be guided by clinical
response including exacerbation frequency, symptoms and
quality of life and that breaks in therapy may be considered if
desired outcomes are achieved. Guidelines do not describe
mechanism of action (ie, immunomodulatory, anti-viral, or
anti-microbial), which is unknown. These limitations illus-
trate some unanswered clinical and scientific questions.
Asthma and COPD are almost always studied in
isolation.*> No data are available on the 30% of chronic
lung disease patients with the asthma-COPD overlap syn-
drome (ACO)° yet many patients encountered in commu-
nity-based practice will have ACO. Prospective, population-
based epidemiologic studies indicate that ACO develops
from asthma’ and is a severe form of asthma.® Therefore, it
is plausible to regard asthma and ACO as parts of the same
natural history of obstructive lung disease. Management is
also complicated by patient unwillingness to take steroid
medications, inability to afford them or other characteristics
associated with “difficult-to-treat” asthma.' Macrolides have
efficacy for severe asthma®'® and smoking-associated
COPD'! but benefits in ACO patients have not been studied.
Here, we report a practice-based case series of clinically
diagnosed “difficult to treat” asthma patients, many with
ACO, who elected chronic macrolide and/or tetracycline
treatment and were followed-up 2 years on average. The
clinician whose experience we report here began adopting

antibiotic treatment for asthma several decades ago based on
reported efficacy of macrolides for the atypical infections
Mycoplasma pneumoniae (Mp) and Chlamydia pneumoniae
(Cp)."* Macrolide and/or tetracycline antibiotics were chosen
because of their effectiveness against both Mp and Cp. The
purpose of this report is two-fold: (1) to report some positive
results that may be of interest to other treating clinicians and
(2) to underscore some unanswered questions that should be
addressed through further research.

Methods

This retrospective observational study uses a “before-after”
analysis model'® to report results of prescribing long-term
antibiotics for asthma. The board-certified pulmonologist
(FAW) whose US mid-western practice is reported here
followed procedures in accordance with the Helsinki
Declaration as revised in 2013'* because he had no access
to a formal ethics committee. Based on the University of
Wisconsin-Madison Human Subjects Institutional Review
Board’s QI/PE Decision Tree (V4-18-16), this project met
criteria as quality improvement. An employee of the practice
(DTB) obtained all data and one of the coauthors (DLH)
analyzed it under a HIPAA-compliant data sharing agree-
ment. All patients with a diagnosis of asthma first encoun-
tered between January 15, 2017 and October 15, 2019
(baseline) were included and were interviewed between
April and October 2020 (follow-up). Baseline medical record
data included demographics, co-existing lung diagnoses (eg,
COPD), asthma controller medications and prescribed anti-
biotics. Commercial laboratory serologic testing results for
Chlamydia pneumoniae (Cp) and Mycoplasma pneumoniae
(Mp) were recorded. Cp microimmunofluorescence (MIF)
test results were provided as <1:64, 1:64, 1:128, 1:512, etc.
Mp enzyme immunoassay (EIA) optical density (OD) results
were reported as <0.9 (negative), 0.91-1.09 (equivocal) and
>1.1 (positive). Pulmonary function test (PFT) results were
recorded when present.

Follow-up phone interview data included (1) severe
exacerbations occurring in the past 4 weeks (steroid bursts
>3 days for asthma and/or hospitalization for asthma'”),
(2) Asthma Control Test (ACT)'® scores (past 4 weeks),
and (3) change in quality of life using an ad hoc 7-item
scale (very much worse to very much better). Comparable
baseline exacerbation and ACT score data were obtained
retrospectively. To aid in recall, medical record informa-
tion was shared with patients as needed to jog memory for
these baseline questions. ACT scores were categorized as
controlled (score >20), suboptimally controlled (ACT
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score 16-19), or severely uncontrolled (ACT score <15).
Data on age of asthma onset, currently administered
asthma controller medication, maximum ever doses of
asthma controller medication, length of antibiotic treat-
ment, whether antibiotics were still being taken and anti-
biotic side effects (if any) were also recorded during the
follow-up interviews. Inhaled corticosteroid medication
doses were classified as Low, Medium or High based on
the Global Initiative for Asthma (GINA) Global Strategy
for Asthma Management and Prevention, 2018, page 45,
Box 3-6 (available from www.ginaasthma.org). The use of

long-acting beta-agonists and/or long-acting muscarinic
antagonists (LABA/LAMA) was recorded as present/
absent without recording the specific dose, brand or for-
mulation. Additional interview data included whether first
asthma symptoms had been associated with an acute lower
respiratory tract illness. This recalled association has been
termed the “infectious asthma” (IA) syndrome'” or AAWI
(asthma associated with infection).'®

Descriptive statistics are presented as mean (Standard
deviation) and/or median and 25th to 75th percentile.
Baseline to follow up differences for binary outcomes
were evaluated by Fisher’s Exact test (2x2 tables) or the
Chi-square test (nxn tables). Continuous variables were
compared using the paired #-test (for normally distributed
data) or the Mann—Whitney U-test (for non-normally dis-
tributed data). A two-sided p-value <0.05 was considered
statistically significant.

Results

Table 1 presents patient characteristics. Patient age, age of
asthma onset and asthma duration ranges were broad,
almost two-thirds were female, most were never- or ex-
smokers, and one in six patients was from out of state
(often self-referred specifically to explore the possibility of
antibiotic treatment). Sixty percent of patients reported
having had one or more asthma exacerbations in the past
year. Notably, 62 (61.4%) had a clinical diagnosis of co-
existing COPD. ACO is supported by objective evidence
for airflow limitation and/or decreased diffusion capacity
in the subgroup with post-bronchodilator PFT and/or sin-
gle-breath diffusing capacity of the lung for carbon mon-
oxide (DLCO) data: 25 of 67 with lung function data had a
post-bronchodilator FEV1/FVC ratio <70% and/or DLCO
<80% predicted, and 21 (84%) of these 25 had a clinical
diagnosis of COPD. The presence of a high proportion of
ACO patients in this asthma cohort may explain the
blunted effect of bronchodilator on FEV1 reversibility in

the 50 patients (43 with a COPD diagnosis) who had a
documented post-bronchodilator PFT (Table 1).

Also notable are the 77 (77%) patients who stated that
their asthma first became symptomatic during an acute
lower respiratory illness (IA'7 or AAWI'®). On serologic
testing there were elevated titers of anti-Cp IgG >1:64 and/
or IgA >1:16 present in 25 (24.8%) patients. Mp IgM and/
or IgG positivity (OD>1.1) was present in 67 (66.3%). Of
59 (78.7%)
reported infectious asthma. Of 23 patients who denied

75 Cp/Mp biomarker-positive patients,

infectious asthma syndrome, 16 (69.6%) were also Cp/
Mp biomarker positive.

Table 2 presents the antibiotic treatment parameters of
the study cohort. Most patients were treated with azithro-
mycin, with or without doxycycline or minocycline, for a
median duration of one year. Doses were 250 mg azithro-
mycin once daily, 500 mg clarithromycin twice daily and
100 mg for both doxycycline and minocycline twice daily.
Prescription for a tetracycline antibiotic was not associated
with Mp biomarker positivity (P=0.51). Nineteen patients
reported side effects, mostly mild to moderate. Seven
patients discontinued antibiotic treatment due to side
effects (GI upset in six, rash in one) and three were
changed to a different antibiotic.

Table 3 compares baseline to follow-up asthma con-
troller medications, ACT test score results, and severe
exacerbations. All the major categories of asthma control-
ler medication (inhaled steroids, LABA, LAMA and leu-
kotriene receptor antagonist) were taken significantly
(p<0.05 to p<0.0001) less often at follow-up compared to
baseline. ACT mean and median scores increased from
baseline to follow-up well beyond the minimum important
difference (MID) of 3 points.'” Table 3 also presents
patients’ assessments of how their quality of life (QOL)
changed from baseline to follow-up. QOL was much better
or very much better in 67 (66.3%) and higher QOL scores
correlated with higher ACT change scores (r=0.712,
P<0.0001).

Of the 79 severely uncontrolled asthma patients at
baseline, 51 (64.6%) became controlled, 14 (17.7%)
became sub optimally controlled and 14 (17.7%) remained
severely uncontrolled during antibiotic treatment. Of the
51 severely uncontrolled patients achieving control after
antibiotic treatment, 27 (52.9%) were continuing to take
antibiotics at follow-up. A surprising finding was that 24
(47.1%) had actually discontinued antibiotics earlier and
remained controlled off all antibiotics for a mean of 16.8
months (Sd 12.0, median 13.5, 25%ile-75%ile 7-27.5).
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Table | Asthma Patient Characteristics at Baseline (Pre-Antibiotic Treatment)

Number of asthma patients audited 101

Age (years), mean (Sd) 55.6 (16.8)
Median, 25%ile-75%ile 59 (46-66)
Sex, no. M/F (% F) 35/66 (65.3)

Smoking status, n (%)

Never 62 (61.4)
Past 33 (32.7)
Current 6 (5.9)
(Self) referred from out of state, n (%) 17 (16.8)
Age of asthma onset (years),* mean (Sd) 33.9 (20.7)
Median, 25%ile-75%ile 32.8, 1949
Child-onset (< age 12), n (%) 18 (18)
Adolescent-onset (12-<18), n (%) 6 (6)
Adult onset (218), n (%) 76 (76)
Asthma symptom duration (years),* mean (Sd) 20.5 (16.9)
Median, 25%ile-75%ile 17.5, 6-30
Co-existing COPD diagnosis, n (%) 62 (61.4)
Asthma symptoms began after an acute respiratory illness,* n (%) 77 (77)

Number of exacerbations in year prior to baseline, n (%)*

0 40 (40)

| 44 (44)

2 16 (16)

Maximal Asthma Treatments (ever)

Taking inhaled corticosteroids (ICS), n (%) 83 (82.2)
Low dose ICS, n 80 (79.2)
Medium dose ICS, n 3 (3.0)
High dose ICS, n 0 (0)

Taking LABA and/or LAMA, n (%) 82 (81.2)

Taking Leukotriene receptor antagonist, n (%) 72 (71.3)

Taking a biologic, n (%) 5 (5.0)

Taking theophylline, n (%) I (1.0)

Taking chronic oral corticosteroids, n (%) 0 (0)

Pre-bronchodilator spirometry obtained, n (%) 74 (73.3)

FVC%predicted, mean (Sd) 85.2 (14.5)
Median, 25%ile-75%ile 86, 73-96

FEV|1%predicted, mean (Sd) 80.9 (22.2)
Median, 25%ile-75%ile 87.5, 69-97

FEV1/FVC%predicted, mean (Sd) 73.2 (13.6)
Median, 25%ile-75%ile 76, 67-82

Diffusing capacity (DLCO) obtained, n (%) 62 (61.4)

Diffusing capacity (DLCO), mm/min/mmHg%predicted, mean (Sd) 93.2 (31.9)
Median, 25%ile-75%ile 91, 74-111
DLCO<80%predicted, n (%) 18 (29.0)

Post-bronchodilator spirometry obtained, n (%) 50 (49.5)

FVC%predicted, mean (Sd) 86.6 (14.5)

Median, 25%ile-75%ile 89, 77-98
(Continued)
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Table | (Continued).
FEV1%predicted, mean (Sd) 79.7 (21.3)
Median, 25%ile-75%ile 86, 68-95
Change from pre-bronchodilator FEV|%predicted, % (Sd) 6.5 (13.3)
Median change, 25%-75%ile, % 42, 1-11.4
Met ATS criteria} for reversible airway obstruction, n (%) 9 (18)
FEVI/FVC%predicted, mean (Sd) 71.3 (13.0)
Median, 25%ile-75%ile 74.5, 67-80
FEVI/FVC <70%, n (%) 16 (32.0)
Chlamydia pneumoniae (Cp) biomarkers
Cp IgG microimmunofluorescence (MIF) titer, n (%)*
<l:64 80 (80)
1:64 44
1:128 8 (8)
1:256 8 (8)
Cp IgA MIF titer, n (%)*
<l:16 94 (94)
I:16 2(2)
1:32 I (1)
1:64 I (1)
1:128 2(2)
Any Cp 1gG21:64 and/or Cp IgA21:16, n (%) 25 (24.8%)
Mycoplasma pneumoniae (Mp) biomarkers
Mp IgM enzyme immunoassay (EIA) optical density (OD), n (%)**
<0.9, negative 80 (80.8)
0.91-1.09, equivocal 5(5.1)
2.1, positive 14 (14.1)
Mp IgG EIA OD, n (%)*
<0.9, negative 23 (23)
0.91-1.09, equivocal 15 (15)
2.1, positive 62 (62)
Any Mp IgM21.1 and/or Mp IgG21.1, n (%) 67 (66.3)

Notes: *n=100, | case missing data. **n=99, 2 cases missing. TFEV| variation of 212% and >200mL.

Figure 1 presents individual patient results for ACT
scores at baseline and follow-up. Of note are the 14
(13.9%) of 101 patients with follow-up ACT scores of
25, meaning that they denied all asthma-related symptoms
and were using no rescue medications. Of these 14, ten
had been severely uncontrolled at baseline, and six were
no longer taking any antibiotics, yet they remained asthma
symptom free (four of six were antibiotic free for between
13 and 32 months at the time of follow-up, and two were
antibiotic free for less than 12 months). Further analysis of
these six patients revealed that they were taking no asthma
controller medications (ICS, LABA or LAMA), and only
one of them was taking LRA. None of these patients
reported any exacerbations at follow-up. Five reported
that their quality of life (QOL) was very much better and

one reported that QOL was much better. Five of the six
patients reported that their asthma began after an acute
respiratory illness and five (four with and one without
infectious onset) also had one or more positive biomarkers
for Cp or Mp. Two had a coexisting diagnosis of COPD,
one reported child-onset asthma, and five reported adult-
onset asthma. Duration of antibiotic treatment had ranged
from 9 to 16 months (median 12.5 months). Treatment
consisted of azithromycin in all six, combined with dox-
ycycline in four.

Compared to the 39 non-ACO patients, the 62 ACO
patients had comparable improvements in exacerbations,
ACT change scores and QOL at follow-up, and compar-
able baseline ICS/LABA use. However, follow-up ICS/
LABA use was greater in ACO patients (P=0.057 for
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Table 2 Antibiotic Treatment Characteristics

Antibiotic(s) prescribed, n (%) 101 (100)
Azithromycin alone 31 (30.7)
Clarithromycin alone 2 (2.0
Azithromycin and clarithromycin 2 (2.0
Doxycycline alone 6 (5.9)
Minocycline alone 2 (24)
Azithromycin and doxycycline 49 (48.5)
Clarithromycin and doxycycline 7 (6.9)
Azithromycin and minocycline 2 (24)

Antibiotic treatment duration (months), mean (Sd) 12.8 (7.4)
Median, 25%ile-75%ile 12, 8-16

Months elapsed from baseline (pre-treatment) to follow-up, mean (Sd) 244 (11.3)
Median, 25%ile-75%ile 22, 14-35

Continuing to take antibiotics at follow-up, n (%)

Yes 52 (51.5)
No 49 (48.5)

Number of side effects reported at follow-up visits, n (%) (in 19 patients) 22 (21.8)
Mild, n (%) 16 (15.8)
Moderate, n (%) 5 (5.0
Severe, n (%) 1 (1.0)

Discontinued due to side effect, n (%) 7 (6.9%)

ICS and P=0.034 for LABA) compared to the non-ACO
patients. Furthermore, increased follow-up ICS/LABA use
was even more significant in the 21 patients with ACO
confirmed by post-bronchodilator FEV1/FVC<70% and/or
DLCO<80%, compared to other ACO patients (P=0.031
for ICS and P=0.014 for LABA). Lastly, within the group
of 74 patients with available post-bronchodilator results
there were no differences in any of these outcomes when
patients meeting ATS reversibility criteria were compared
to the remainder.

Discussion
The data from this large case series confirm that “difficult-
to-treat” asthma patients can experience improvement after
antibiotics. None of the patients reported here would have
been eligible for the trials upon which the macrolide
guidelines are based because they had not failed Step 4
or 5 GINA treatment. These observations strongly support
the need to include “difficult to treat” (ie, severely uncon-
trolled, but not necessarily refractory) asthma patients in
future macrolide trials to better understand the depth and
breadth of the asthma patient population likely to respond
to macrolides or other antibiotics.

Our series contained a high prevalence (61.4%) of a
co-existing clinical diagnosis of COPD (the overlap

syndrome or ACO®). Prevalence of ACO in the general
population of patients with obstructive airways diseases
has been estimated at around 30% for the age composi-
tion of this patient series.° ACO is characterized by
frequent exacerbations, hospitalizations, poor quality of
life and high healthcare costs; it also appears to repre-
sent a form of severe asthma that has progressed to
fixed airflow obstruction.”*** ACO has been system-
atically excluded from virtually all treatment efficacy
studies of asthma and COPD.*>?! A previous “before-
after” community-based study reported that asthma
patients with ACO responded less well to antibiotics
than “pure” asthma patients."> Our data also suggest
that ACO patients may respond less well than non-
ACO asthma patients, as indicated by a requirement
for greater continued use of ICS/LABA. Superior anti-
biotic effectiveness in early disease (eg, “pure” asthma)
compared to later disease (eg, ACO) is consistent with a
chlamydial pathogenesis in which later stages of infec-
tion are associated with irreversible scarring that is not
as amenable to antibiotic treatment.'?

This case series group contained a high proportion
(77%) of patients who reported that their asthma began
after an acute respiratory illness (IA, AAWI). Prevalence
of the IA/AAWI syndrome was 45% in an unselected
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Table 3 Clinical Outcomes After Taking Long-Term Antibiotics for Asthma: Controller Medication Use, Asthma Control, Severe

Exacerbations and Self-Rated Quality of Life Improvement

Outcome Baseline Follow-Up P-value*
Asthma Treatments
Taking inhaled corticosteroids (ICS), n (%) 69 (68.3) 35 (34.7) <0.0001
Low dose ICS, n 67 (66.3) 34 (33.7) <0.0001
Medium dose ICS, n 2 (2.0) 1 (1.0) 0.99
High dose ICS, n 0(0) 0(0) |
Taking LABA and/or LAMA, n (%) 70 (69.3) 45 (44.6) <0.001
Taking Leukotriene receptor antagonist, n (%) 63 (62.4) 48 (47.5) <0.05
Taking a biologic, n (%) 1 (1.0) 1 (1.0) |
Taking theophylline, n (%) 1 (1.0) 2 (2.0) 0.99
Taking chronic oral corticosteroids, n (%) 0 (0) 0 (0) |
Asthma Control Test, mean score (Sd) 12.2 (4.5) 20.6 (3.9) <0.000 | **
Median, 25%ile-75%ile 11 (9-15) 21 (19-24) <0.0001
Well controlled (ACT score220), n (%) 10 (9.9) 71 (70.3) <0.0001
Sub-optimally controlled (16—19), n (%) 12 (11.9) I (15.8) 0.004
Severely uncontrolled (15), n (%) 79 (78.2) 14 (13.9) <0.0001
One or more severe exacerbations in the previous 4 weeks, n (%) 51 (50.5) 18 (17.8) <0.0001
One or more oral steroid bursts >3d, n (%) 48 (47.5) 18 (17.8) <0.0001
One or more hospitalizations for asthma, n (%) 19 (18.8) 0 (0) <0.0001
Quality-of-life improvement self-assessment at follow-up
Unchanged 13 (12.9)
Some better 21 (20.8)
Much better 26 (25.7)
Very much better 41 (40.6)

Notes: *Fishers Exact test unless indicated otherwise. **Paired t-test. {Mann—Whitney U-test. ﬂSubcategories sum to >73 because a severe exacerbation may include both

subcategories.

community-based primary care practice.'” The population
prevalence of IA/AAWI is unknown because clinicians are
not trained to routinely elicit or record this type of patient
history systematically. Over 30 years ago, studies docu-
mented that acute respiratory illnesses often preceded
chronic lung diseases, including asthma, in both children
and adults.”>* A 2011 population-based epidemiologic
study reported that acute lower respiratory illnesses are
strongly (odds ratio 7.2) associated with developing
asthma.”> Clinicians and researchers would be well
advised to document the presence/absence of IA/AAWI
to determine whether this characteristic has clinical utility
in predicting who will/will not respond to antibiotic treat-
ment for asthma.

Macrolide mechanism of action in asthma is unknown
and controversial. Macrolides have both pathogen- and
that
explain, separately or together, macrolide effects in

host-directed anti-inflammatory activities could

asthma.”® Macrolides target cells of both the innate and

adaptive immune systems, and immunomodulatory effects
appear to be particularly effective in attenuating neutrophil-
mediated inflammation.*® Clinical benefits of macrolides in
severe asthma are not limited to neutrophilic asthma, how-

asthma.”?’

ever, but accrue also to eosinophilic
Tetracyclines also have non-antibiotic pleiotropic effects.?®
Some patients in our cohort achieved good control that
persisted after stopping antibiotics (Figure 1). This clinical
response is inconsistent with a host-directed immunomodu-
latory mechanism of action, suggesting pathogen-based
etiology and the need to further investigate antimicrobial
mechanisms of action. The commercially obtained Cp and
Mp biomarker results have significant limitations and did
not predict treatment response (data not presented). Cp IgG
titers below 1:64 (ie, 1:16 and 1:32) are considered seropo-
sitive but were not reported by the company. The prevalence
of Cp IgG seropositivity was well below the >50% that has
been reported for all adult populations worldwide® and the

high prevalence of Mp IgM positivity is unlikely valid since
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Asthma Control Test Score

mBaseline mFollow Up

Each vertical line represents an individual asthma patient

Figure | Asthma Control Test (ACT) scores (Y-axis) for individual patients (X-axis) at baseline (before antibiotic treatment: blue bars) and at follow-up (red bars). Asterisks
(*) indicate patients with follow-up ACT scores of 25 who are no longer taking antibiotics.

IgM indicates acute infection and is associated with asthma
exacerbations, while most patients were stable when
evaluated.® Importantly, no validated serologic criteria
for chronic Cp or Mp infection currently exist.*' Thus, the
commercially determined Cp and Mp biomarker levels
reported here probably have a limited clinical relevance to
this study.

Other limitations include recording (medical record)
and recall (interview) bias. We attempted to mitigate
recall bias by sharing medical record information with
patients to aid in recall of events prior to baseline.
Clinical diagnoses of asthma were not systematically
verified by PFTs. One-third of patients with physician-
diagnosed asthma may possibly be over diagnosed, but
such overdiagnosis would apply more to mild than to
severely symptomatic patients.*> COPD diagnosis was
supported by objective evidence for airflow limitation
and/or decreased diffusion capacity in the subgroup
with lung function data, lending some credence to that
clinical diagnosis. The QOL measure was an ad hoc
score, not a previously validated instrument. QOL results
were significantly and positively associated with ACT
score changes, however. We did not record exacerbations
for the year preceding the follow-up interview, preclud-
ing the possibility of estimating changes in asthma

exacerbation rates. Instead, we recorded severe exacerba-
tion prevalence in the 4-week time periods prior to base-
line and follow-up for each patient. Some baseline patient
encounters may have occurred during an ongoing acute
exacerbation and decreased exacerbation prevalence in
that group at follow-up would be expected as part of
the natural history of the disease. Most patients were
first encountered when they were stable but symptomatic,
however, and presence of baseline exacerbations was not
associated with ACT score changes, ACT categories or
QOL at follow-up (data not presented), implying that
baseline exacerbations were not the sole explanation for
improvements in the other outcomes. Also, the significant
decrease in asthma controller medication use that accom-
panied the improvements supports the likelihood that the
antibiotics caused the clinical improvement. There was
no control group to help assess the role of temporal
trends in asthma exacerbations and control. We cannot
rule out that improvement occurred by chance or by the
natural history of asthma, though given the large series
this is unlikely. It is well established that adult asthma
patients, particularly those with long-standing severe
asthma such as those reported here, are highly unlikely
to experience profound asthma remission within the one
or two years of follow-up as in our cohort.
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This report raises some research questions and offers
some possible answers: What patients are good candidates
for antibiotic treatment? Future RCTs should include
patients with severely uncontrolled asthma, including
those with the overlap syndrome, irrespective of whether
they are refractory to ICS. What antibiotic, or combination
of antibiotics, is (are) optimal? Trials in Chlamydia-asso-
ciated reactive arthritis indicate that double antibiotic
treatment (azithromycin plus rifampin, doxycycline plus
rifampin) is superior to placebo™ or to azithromycin
alone.* No randomized trials to date have compared azi-
thromycin to combination antibiotic treatment for asthma.
Such trials are warranted because Cp biology resembles
that of tuberculosis more than it resembles the biology of
typical respiratory pathogens, and thus optimal eradication
of Cp might require multiple antibiotics, as for tuberculo-
sis. Should antibiotics be given continuously, intermit-
tently, or as a limited treatment? Some of the patients in
this case series had prolonged remissions after time-lim-
ited treatment, whereas others opted for ongoing adminis-
should

observation periods. What is the underlying mechanism
E,35:36

tration. Future trials include post-treatment
(s) of action? Cp-specific Ig
Cp IgA
(ELISAs)*’*® and Mp Community-Acquired Respiratory
Distress Syndrome (CARDS) toxin antibodies,*® available

only from research laboratories, are desirable candidates as

sensitive and specific

enzyme-linked  immunosorbent  assays

infection biomarkers and should be considered for inclu-
sion in future randomized clinical trials.

Conclusion

Our results support guideline recommendations that clin-
ical response should guide continued macrolide treatment,
with breaks in therapy being considered if/when the desir-
able clinical outcome occurs.’ Our results extend beyond
the guidelines, demonstrating that benefits may accrue
beyond one year, even in patients who have not received
a trial of GINA Step 4-5 treatment and in patients with the
overlap syndrome.** Our results also showed that in a
severely uncontrolled asthma cohort, the disease can go
into prolonged clinical remission after long-term antibio-
tics. All these observations warrant further research.

Abbreviation

AAWTI, asthma associated with infection syndrome; ACO,
asthma-chronic obstructive pulmonary disease overlap
syndrome; ACT, Asthma Control Test; COPD, chronic
disease; Cp, Chlamydia

obstructive  pulmonary

pneumoniae; DLCO, single-breath diffusing capacity of
the lung for carbon monoxide; EIA, enzyme immunoas-
say; ELISA, enzyme-linked immunosorbent assay; GINA,
Global Initiative for Asthma; IA, infectious asthma syn-
drome; ICS, inhaled corticosteroid; IgA, IgE, IgM, IgG,
immunoglobulins A, E, M and G, respectively; LABA/
LAMA, long-acting beta agonist/long-acting muscarinic
antagonist; MID, minimum important difference; Mp,
Mycoplasma pneumoniae, CARDS toxin, Community-
Acquired Respiratory Distress Syndrome toxin; OD, opti-
cal density; PFT, pulmonary function test; QOL, quality of
life.
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