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ARTICLE INFO ABSTRACT
Avrticle type: Background: Focus of this study was on subjects suffering from new onset asthma, but actually, they
Research Article may involve with an infection. Objectives: The target of this study was to determine the frequency of

o - total control of asthma in new onset asthma.
Article history: Methods: this is a phase 3 randomized clinical trial. The participants were 50 new onset asthma, who
Received: 28 Mar 2024 feel suffering from respiratory infection, however the physician diagnosis was asthma according to
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Published: 21 Aug 2024 placebo arms. The drugs were repacked in similar in shape container. Primary endpoint was time to first
Keywords: recurrence. Secondary endpoints were frequency of total control of asthma, dyspnea, cough, asthma
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Asthma, Bacterial Results:  The difference of clinical findings between two groups before the trial were not significant.
translocation Ten percent reported acute attack of asthma during last two months. Treatment with Doxycyline
Doxycycline ' revealed significant improvement of clinical findings, asthma attack and ACT score after two months
Pseudoasthrr’]a of treatment, however, complete resolution of clinical findings were significantly higher in Doxycyline

group compare to placebo. Clinical findings and FEV1 percent predicted in Doxycyline group T2low
asthma group showed significant improvement which were not depicted in T2high group. Eighteen
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exacerbation in doxycycline group was 13.6+5.64 months which was significantly longer than control
group (7.49+6.95, P=0.002). Time to first exacerbation in CRP positive was significantly longer
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Introduction

Traditionally, infection was not considered a
differential diagnosis for asthma, as it was viewed
as a companion condition (1). However, acute
cough, a cardinal sign of respiratory infections (2),
is also a common symptom in asthma, particularly
during the initial onset of the disease. While airway
hyperresponsiveness can help diagnose asthma,
this symptom and wheezing on chest auscultation
have been reported in various respiratory
infections as well (3). Consequently, the role of
infections caused by organisms such as
Mycoplasma pneumoniae and Chlamydophila
pneumoniae has been recognized in chronic
asthma (4), and respiratory infections are now
known to be able to mimic asthma (5).

It is believed that infections may influence the
pathophysiology of asthma (6). Disruption of
epithelial barrier with infection is a proposed
mechanism (7), that can explain the occurrence of
new-onset asthma after an infection (8, 9). The
infection can be viral (2), bacterial (10), fungal
(11) or protozoal (12), and many of them these
infections have effective treatments. The airways
are not a sterile environment and the residential
bacterial population has been reported (13).
Disruption of epithelial barrier may lead to
entrance of bacterial component into the bronchial
mucosa, which may lead to asthma induction,
inducing asthma through mechanisms involving
flagelin (14) and endotoxin (15). Infection may
reside in or around epithelial cells and exert
epimmunome from epithelial cells, exerting an
effect on the epimmunome from these cells, which
can lead to the activation of T helper 2 and ILC2
lymphocytes, thereby inducing new-onset asthma
(16). Previous studies have detected distinct
microbial composition in neutrophilic asthma and
have recommended new treatments focusing on
the airway microbiota (17). Accordingly, using
suitable antibiotics to eradicate bacteria that
contribute to the induction and exacerbation of
asthma may be an effective strategy (18).
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However, administration of inappropriate
antibiotics that might potentially disturb the useful
preventive microbiota should be avoided (19). In
this regard, the eradication of pathogenic bacteria
with more correlation with asthma such as
Haemophilus spp. and Moraxella spp., which have
been shown to be prevalent in neutrophilic asthma
(20), could be a potential target for treatment of
asthma . Azithromycin, a macrolide antibiotic, has
shown promising results in the treatment of
resistant asthma (21, 22). Additionally,
doxycycline, a widely available antibiotic, has
been recommended for the treatment of respiratory
pathogens, including bacterial and atypical
respiratory pathogens (23, 24).

The aim of this study is to evaluate the efficacy
of doxycycline in eradicating respiratory
pathogens, including resistant intracellular germs,
and to determine the frequency of complete
remission of asthma after treatment, particularly in
individuals experiencing asthma for the first time.
This approach may differentiate these individuals
from those with allergic asthma.

Materials and Methods
Setting

The intention of the present study was to conduct
a phase 3 randomized clinical trial on fifty newly
diagnosed asthmatic subjects. The place of
research was a sub-specialty respiratory clinic in
Mashhad, north east of Iran. The study started in
June 2020 and concluded in November 2021.

Participants

The subjects were selected from new onset
asthmatic patients who strongly asked their
physicians to administer antibiotic therapy.
However, the inclusion criteria were age more than
18 years, apparent new onset respiratory
symptoms, particularly cough with or without
dyspnea for more than 6 weeks, confirmed history
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of airway hyper-responsiveness, a vax and vane
course and clear chest rhontgenogram. Positive
spirometry findings included low FEV1<80%
predicted, FEV1/FVC< 75% and more than 12%
response to 200 microgram inhaled salbutamol.
Exclusion criteria included pregnancy,
bronchiectasis, COPD, exclusive clinical findings
of pneumonia, liver disease, dysphagia or gastero-
esophageal reflux and hypoxemia.

Experimental procedures

Randomization was performed by the aid of the
randomizer website (https://www.randomizer.org)
which gave us permuted block randomization and
the random table including the unique code for the
drug package. All subjects received standard
treatment of asthma (inhaled corticosteroid plus
long acting beta2 agonist) and in the following they
were divided into two groups of doxycycline
hyclate and the placebo arms. The drugs were
repacked in similar containers, which looked like
the that of the original doxycycline, and the only
difference was the unique code, that was not
recognizable to the staff of the clinic.

While the primary endpoint was determined to
be the time of first recurrence, secondary endpoints
were frequency of total control of asthma, dyspnea,
cough, asthma control test (ACT) score, FEV1,
FEV1/FVC, serum CRP, eosinophil and neutrophil
in blood and sputum. These parameters have been
evaluated after three months and 80 weeks after the
starting time point (Figure 1). Subgroup endotype
classification was done in which subjects who had
blood eosinophil count more than 300/mm3 were
considered as T2 high and the remainder were
considered as T2 low.

Ethical considerations

The study was performed for subjects who asked
the physician to start antibiotic therapy. However,
the study aim and protocol were discussed to the
patients and the subjects have signed written
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informed consent. This clinical trial has been
approved by the Iranian Registry of Clinical Trials
(IRCT20220412054507N1) and also National
Committee for Ethics in Biomedical Research
(IR.IAU.MSHD.REC.1400.036).

Statistical analysis

The estimated sample size was 50 subjects who
were divided into two groups. All data analyses are
considered explorative due to the absence of a
statistical power calculation because of the pilot
nature of this clinical trial. Parametric data were
compared between two groups by paired t-test.
Paired t-test and McNemar test were used to
compare data before and after the trial. IBM SPSS
Statistics (IBM Corporation, version 19.0) were
used to perform data analysis. P values below 0.05
were considered statistically significant.

Results

Fifty asthmatic subjects (25 subjects in
doxycyline and placebo each group) have finished
the two weeks course of this study. Mean of age
was 42.86+£13.49 years (21-73) and sex
distribution was 23(46%) male and 27 (54%)
female. Table 1 shows the basic demographic data
in studied groups, mean age was 42.86+13.49
years. Age and sex distribution showed no
significant differences. Mean of blood and sputum
eosinophil was high (more than 3%) but the there
was no significant difference between the groups.

Basal clinical findings showed cough and
dyspnea in 96% and 72% of subjects respectively
with ACT score of 21.26x1.24 (Tablel). The
difference of clinical findings between two groups
before the trial were not significant. Ten percent
reported acute attack of asthma during last two
months.

Treatment with Doxycyline revealed significant
improvement of cough, dyspnea, wheezing,
asthma attack and ACT score after two months of

jmb.tums.ac.ir



Antibiotic Therapy in Asthma ...

Nejati S, et al.

Table 1.

doxycycline and placebo.

Baseline characteristics of the asthma subjects enrolled into two weeks trial of

Variable Categories Abnormal Total Doxycycline Placebo P value
Count (percent) N=25 N=25
Range
Age (years) - 42.86+13.49 40.68+11.20 45.04+15.37 0.25
(21-73)
Sex, N(%) | Male - 23 (46%) 12 (48) 11 (44) 0.77
Female - 27 (54%) 13 (52) 14 (56)
Eosinophil count 8/64 (12%) 4.71+1.79 5.64+1.23 3.87+2.36 0.07%
(cells/mcL) 20-2500
White blood cell 14/64 (19%) 8.93+2.87 9.34+2.28 8.53+3.47 0.09¢
count (cells/L) 6-15 (cells/L) (cells/L) (cells/L)
Hemoglobin (G/dl) 14/64 (22%) 13.5+1.91 13.44+1.70 13.6+2.11 0.47
9-1747/64 (cells/L) (cells/L) (cells/L)
Sputum eosinophil 49/70 (70%) 6.75+3.92 6.87+4.20 6.64+3.67 0.80
(>3%) 2-14 (cells/L) (cells/L) (cells/L)
Sputum neutrophil 50/70 (71%) 71.77+6.50 70.68+6.77 72.866.13 0.16
(>67%) 62-86 (cells/L) (cells/L) (cells/L)

Recruitments

Randomization
Visit
First week

Visit
Second week

Data collection
Third week

Long term follow up

77 weeks

Final evaluation

Eighteenth week

50 new onset asthma

I—I—I

Doxycycline placebo

l l

Office visit

I l

Telephone Telephone
visit visit

Office visit

Telephone

Office visit

Office visit

Telephone
visit visit

l l

Evaluatetime
torelapse

Evaluatetime
to relapse

Fig 1. Overview of treatment plan for comparison of doxycycline and placebo in addition to
standard asthma treatment.
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Table 2.

months of treatment, in asthma-like infection.

Comparison of clinical findings between Doxycycline and Placebo groups, after 2

Findings Before After
score Total doxycycline | placebo doxycycline Placebo
Cough No 2(4%) 2(8%) 0(0%) 15(60%0)* 9(36%)1
severity Mild not daily 5(10%) 3(12%) 2(8%) 9(36%)* 10(40%)1
Moderate daily | 31(62%) 15(60%) 16(64%) 1(4%)* 11(44%)1
Severe 9(18%) 4(16%) 5(20%) 0(0%)* 2(8%)%
Continuous 3(6%) 1(4%) 2(8%) 0(0%)* 1(8%)%
No 19(38%) 8(32%) 11(44%) 20(80%)* 18(72%)1
Mild not daily 14(28%) 6(24%) 8(32%) 4(16%)* 2(8%)%
Dyspnea Moderate daily | 13(26%) 9(60%) 4(16%) 1(4%)* 5(20%)
severe 2(4%) 2(8%) 0(0%) 0(0%)* 0(0%)%
Sputum - 50(100%) 25(100%) 25 (100%) 20(80%) 18(72%)
Nasal grip - 31(62%) 13(52%) 18(72%) 9(36%) 7(28%)%
ACT score 21.26+1.24 | 21.32+1.21 | 21.2+1.38 24.12+0.92* 21.96+1.67%
Have During 2months | 5 (10%) 3(12%) 4(16%) 0(0%)* 1 6(27.27%)%
asthma
attack
wheezing During 2 50(100%) 18(72%) 14(56%) 5(20%) * 1 21(84%)
months

*= significance difference between before and after the trial in Doxycycline group

1= Significant difference between Doxycycline and placebo groups

1 = Significance differences between before and after the trial in Placebo group

Table 3. Comparison of selected asthma parameters and symptoms, between sputum cytology

pattern after 2 months.
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Before After
Parameters | groups T2high T2low T2high T2low
Cough Dox 8(32%) 15(60%) 5(20%) 4(16%)*
Placebo 7(28%) 10(40%) 8(32%) 8(32%)
Dvspnea Dox 6(24%) 11(44%) 4(16%) 3(12%)*
ysp Placebo 5(20%) 9(36%) 3(12%) 5(20%)*
Wheezing Dox 7(28%) 11(44%) 0(0%)* 1(4%)*
Placebo 6(24%) 8(32%) 10(40%) 7(28%)
ACT Dox 21.1+4.9 21.645.1 23.147.1* 24.249.0*
(Score) Placebo 20.3+4.6 21.247.5 21.245.3 21.4+4.5
FEV1 Dox 69.1 £19.1 68.4 +11.9 77.5£18.5* 76.0+£15.22*
Placebo | 60.6+11.7 58.8+7.98 61.8+14.6 60.0+11.7
Dox 81.91+16.1 82.05+11.2 84.5+19. 3* 84.18+12.9
FEVI/FVC Placebo | 76.41+18.26 77.98+17.19 75.95+14.3 78.04+8.91
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treatment (Table 2), however, complete resolution
of cough (15(60%) compare to 9(36%), X2= 4.3,
P=0.03), asthma attack (zero in Case group
compare to 6(27.27%) in control) and wheezing
(20 (80%) compare to 4 (16%), X2=9.2, P=0.001)
were significantly higher in Doxycyline group
compare to placebo. According to sputum
inflammatory cell distribution, the subjects were
divided to T2high and T2low asthma. Comparison
of Doxycyline and control groups showed
significant improvement of cough, dyspnea,
wheezing and FEV1 percent predicted in T2low
asthma group compare to T2high group of
Doxycyline group and all control group (Table 3).

Eighteen months follow up of the subjects
showed complete resolution of asthma symptoms
in 12 (48%) on Doxycyline group, which was
significantly higher than control group (5 (20%),
P=0.03). Time to first exacerbation in doxycycline
group was 13.6%5.64 months which was
significantly longer than control group (7.49+6.95,
P=0.002). (Figure 1)

The serum CRP level and neutrophil count were
compared in Doxycycline group. Relapse in CRP
positive subjects was 10 (40%) subjects which was
not statistically different from non-relapsing
subjects (12 (48%), P=0.76), however, time to first
exacerbation in CRP positive was significantly
longer (13.64+5.35 months) than CRP negative
subjects (9.67+7.76 months, P=0.02).

Baseline neutrophil count did not show
significant correlation between relapse rate and
duration to first exacerbation, in Doxycycline

group.
Discussion

Result of this clinical trial showed that adding
Doxycycline to inhaled corticosteroid plus long
acting beta2 agonist have suppressed clinical
findings of new onset asthma better than the
placebo. The aim of this study was eradication of
possible respiratory pathogen with Doxycycline,
and put the disease to complete remission. This
target was achieved in 48% of Doxycycline treated
group, which is great success in treatment of
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asthma. Considering the remaining subjects who
experienced the recurrence of asthma, we noticed
longer duration of remission (13 months compare
to 7 months in control group) with Doxycycline.
CRP level was more informative than neutrophil
count at the beginning of treatment, as the subjects
with positive CRP experienced longer time of free
of symptoms (13 months compare to 9 months).
The result of this study confirm the possible origin
of respiratory pathogen in asthma.

When cough, wheeze and shortness of breath
dont equal asthma? (25). There are many
differential diagnosis for asthma (1, 3, 5), however
some of them are very similar to asthma that we
can call them Pseudoasthma (26). Many disease
may introduce in this condition, which although
are able to differentiated from asthma with
precision attention, but practically some of them
are very difficult to diagnose in clinic.

In this study, we focused to acute infection, that
presented as psudo-asthma. The clinical landmark
for us was to select them were clinical findings
resembling typical asthma, with one exception “no
past history of respiratory symptoms”. By this
method, we tried to separate the infection that
mimicking asthma (pseudo-asthma) from usual
asthma superimposed by infection. The former
needs antibiotic, which we showed a promising
results from doxycycline, and the later usually
does not need antibiotics, due to prevalence of
viral infections.

Infection may cause true asthma; translocation
of bacteria to inter- and sub-epithelial areas (27)
and the development of epithelial cell disruption,
barrier dysfunction and dysregulation in mediators
such as 11-33, 11-25 and TSLP is an interesting
hypothesis (28), that can discuss many aspect of
asthma and bacterial infection association.
Furthermore, intermittent exacerbations caused by
the same strain suggest that, in COPD, airway
epithelial cells might provide a protected reservoir
of infectious agents (28); however, apoptosis only
occurs at later stages of infection thereby
promoting the deepest possible tissue penetration
and bacterial access to the host’s lymphatic and
circulatory systems and affording protection of the
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pathogen from antibiotics and bactericidal
antibody (29). According to this hypothesis
infection has a crucial role in asthma pathogenesis
and anti- bacterial therapy is worth trying (4).

However studies (like the present study) which
follow the subjects for determination of long term
benefit of these treatment are lacking. The subjects
suffered from either of these mechanisms were the
target of this study, which were successful in 48%
of subjects with complete recovery during 18
months of study duration. We believe that the
patient suggestion about suffering from infection
or allergy is worth to take consideration, and We
believe that, when a patient asks her/his physician:
why | acquired the asthma at an exact time? The
subject is informing his/her doctor about acquiring
an infection at that time.

Why doxycycline? Although experimental
studies showed better action of azithromycin
rather than doxycycline in asthma , however, we
noticed that Doxycycline (30) is a highly lipophilic
drug, which is able to crosses multiple membranes
of target molecules (31). Doxycycline hyclate
shows favorable intra-cellular penetration, and
along with its many bacterial effects, it also
exhibits antiprotozoal properties (10, 32).
Therefore, this ability make doxycycline superior
to azithromycin, which does not any activity
against Lophomonas blattarum, the protozoa that
recently proved to have a role in asthma (33).
Some mechanism of action other than its antibiotic
mechanism have been introduced for doxycycline
in asthma and COPD (34, 35), mechanism such as
inhibition of matrix metalloproteinases (36),
inhibition of TLR4/NLRP3/caspase-1/GSDMD
pathway (37). In a recent study, Doxycyclin
showed IgE and I1I-4 suppression of lymphocyte
that infected with chlamydia pneumonia (38); the
author of this study claimed that this effect did not
related to its antimicrobial activity, and it may
related to an immunomodulatory anti-allergic
effect.

However we believe that doxycycline exerts its
effect by antimicrobial activity into living
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organisms inside the cytoplasmic bacteria,
including airway epithelial cells (39), which have
escaped from host defense (40). By eradication of
infected micro-organism inside the effector cells
such as epithelial cells, the cascade of asthma and
other allergic disease may be stopped. The authors
of this study recommend to continue the study
about in term of finding more objective finding for
using doxycycline in asthma, such as CRP,
neutrophilia or sputum IL-8, and we recommend
further research about other wide spectrum
antibiotics with good penetration into cytoplasmic
vacuoles.

Conclusion

In conclusion, doxycycline may be used in new
onset asthma, and subjects who's feeling is
suggestive for an infectious problem. The aim of
this treatment is to eradicate the current respiratory
disease. However, we need diagnostic tools for
selecting the subjects who suffer from hidden
infection, in or around epithelial cells; a marker in
the sputum or blood, more sensitive than CRP or
neutrophilia (for example IL1-f or IL-8).
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