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Background: Although recent metagenomic approaches have characterized the distinguished microbial compositions
in airways of asthmatics, these results did not reach a consensus due to the small sample size, non-standardization of
specimens and medication status. We conducted a metagenomics approach by using terminal restriction fragment
length polymorphism (T-RFLP) analysis of the induced whole sputum representing both the cellular and fluid phases in
arelative large number of steroid naive asthmatics.

Methods: Induced whole sputum samples obtained from 36 healthy subjects and 89 steroid-naive asthma patients were
analyzed through T-RFLP analysis.

Results: In contrast to previous reports about microbiota in the asthmatic airways, the diversity of microbial composition
was not significantly different between the controls and asthma patients (p=0.937). In an analysis of similarities, the
global R-value showed a statistically significant difference but a very low separation (0.148, p=0.002). The dissimilarity
in the bacterial communities between groups was 28.74%, and operational taxonomic units (OTUs) contributing to this
difference were as follows: OTU 789 (Lachnospiraceae), 517 (Comamonadaceae, Acetobacteraceae, and Chloroplast),
633 (Prevotella), 645 (Actinobacteria and Propionibacterium acnes), 607 (Lactobacillus buchneri, Lactobacillus
otakiensis, Lactobacillus sunkii, and Rhodobacteraceae), and 661 (Acinetobacter, Pseudomonas, and Leptotrichiaceae),
and they were significantly more prevalent in the sputum of asthma patients than in the sputum of the controls.
Conclusion: Before starting anti-asthmatic treatment, the microbiota in the whole sputum of patients with asthma
showed a marginal difference from the microbiota in the whole sputum of the controls.
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Introduction

Asthma is a chronic inflammatory airway disease in which
various cells and mediators play a role in developing episodic
dyspnea with wheezing as well as coughing'. Previously,
asthma was known to be caused by external stimuli such as
allergens and genetic susceptibility to allergic diseases; how-
ever, according to recent research, microbial communities of
the airway may contribute to the pathogenesis of asthma.

As a representative example of bacterial involvement in
asthma, Mycoplasma pneumoniae and Chlamydophila pneu-
monia were isolated from patients with acute asthma exacer-
bation®. Invasive pneumococcal pneumonia was found to be
2 times more common in the asthma patients as compared
to that in the control group”. In addition, a risk of developing
asthma and recurrence of wheezing was reported in infants
having colonizers in their hypopharynx including the combi-
nation of Streptococcus pneumoniae, Haemophilus influen-
zae, and Moraxella catarrhalis’. However, these results reflect
only a small culturable portion of the entire microbiota but
not whole microorganisms.

The method for metagenomics study has been used re-
cently to overcome this limitation. In metagenomic approach,
the uncultured microorganisms can be now identified by tar-
geting the 16S ribosomal RNA (16S rRNA) gene. Traditionally,
gut microbiota were the main topics of human metagenomic
research but interest in the role of the microbiome in asthma
has been increasing recently"’. Because of small sample size,
diverse specimens and different asthma treatment status,
results of metagenomic approaches on microbial composi-
tions in airways of patients with asthma were not consistent
amongst studies.

Previous studies on the microbiome in asthma patients
were performed using the bronchoalveolar lavage (BAL) fluid.
Some researchers attempted microbiome analysis by analyz-
ing induced sputum samples'*"*. However, those studies using
sputum were performed with the fluid phase or the cellular
phase only. This is because an appropriate sample for micro-
biome study in airway diseases has not been established yet.

This study was performed to reassess the characteristics
of the microbiome in steroid-naive asthma patients using
induced sputum, easily obtainable airway samples, including
not only fluid phase but also cellular phase in a large sample
size.

Materials and Methods

1. Study population
A total of 135 subjects (36 healthy subjects and 89 asthma

patients) who were non-smokers or ex-smokers (less than 10
pack-years) were selected for the study. Subjects with any re-
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cent infection in either upper or lower airways prior to enroll-
ment of the study and those who ever used antibiotics within
the last 1 month were excluded from the study. Subjects who
were never diagnosed with asthma and did not have any
respiratory symptoms were enrolled as the healthy control
group. Patients who were newly diagnosed with asthma and
did not start anti-asthmatic treatment (treatment-naive) were
considered as the asthma patients group. Asthma was defined
as chronic respiratory symptoms such as coughing, sputum,
dyspnea, and wheezing in addition to the confirmation of
airway reversibility or airway hyperresponsiveness (AHR).
Airway reversibility was defined as an increase in a forced
expiratory volume in 1 second (FEV,) of 12% and 200 mL or
greater when it was measured 15 minutes after inhalation of
a short acting 2 agonist and AHR was defined as less than 16
mg/mL of provocative concentration of mechacholine caus-
ing a 20% fall in FEV, (PC,,)". Patients with a history of using
anti-inflammatory anti-asthmatic drugs including inhaled
corticosteroids were excluded from the study.

The basic demographic characteristics of the patients, skin
test results, the results of pulmonary function tests, serum to-
tal IgE, and peripheral blood cell counts were investigated.

2. Sputum induction and DNA extraction

Sputum induction was performed according to the stan-
dardized protocol''. After measurement of basal FEV, all
participants were treated with 200 pg of salbutamol (Ventolin;
GlaxoSmithKline, Bredtfred, England). Four point five percent
hypertonic saline solution was used to induce sputum pro-
duction by using an ultrasonic nebulizer with output set at 4.5
mL/min (Omron Co, Tokyo, Japan), and this administration
repeated up to 4 times at an interval of 5 minutes. After each
nebulization, the subjects rinsed their mouths and spitted the
sputum carefully into a Petri dish.

The induced sputum sample was mixed with the same
amount of 10% dithiothreitol. The mixture was shaken, cen-
trifuged, and crushed. In this study, we did not separate the
sputum samples to the fluid phase or the cellular phase. DNA
was then extracted from 400 pL of the whole sputum samples
using Mixer Mill MM 300 (Retsch GmbH, Haan, Germany)
and DNeasy Kit (Qiagen, Hilden, Germany) with 0.2-mm glass
beads (250 mg) and two 5-mm metal beads.

3. Polymerase chain reaction amplification

The 16S rRNA gene from the bacterial DNA extracted from
the whole sputum samples was amplified using polymerase
chain reaction (PCR). The extracted DNA (100 ng) was used
to obtain a PCR amplified product about 920 bp in size using
the following primers: forward, 5-AGAGTTTGATCMTG-
GCTCAG-3' labeled with 6-carboxyfluorescein at the 5’ end;
reverse, 5'-CCGTCAATTCMTTTRAGTTT-3. A GeneAmp
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9700 system (Applied Biosystems, Foster City, CA, USA) was
used; a 50-uL reaction mixture was prepared for each sample
using 5 pL. Taq buffer (20 mM MgCl, is contained), 0.5 pM for-
ward primer, 0.6 uM reverse primer, 0.2 mM dNTP, 0.7 mg/mL
bovine serum albumin (New England Biolabs, Beverly, MA,
USA), 2 U ExTaq HS (TaKaRa, Tokyo, Japan), 100 ng template
DNA, and sterile distilled water. The cycling conditions were
1 minute at 95°C, 30 seconds at 97°C, 32 cycles of 30 seconds
at 97°C, 20 seconds at 58°C, and 90 seconds at 72°C. The
amount of amplified DNA through three-time PCR repetition
using identical conditions was measured with the help of an
EPOCH spectrophotometer (BioTek Instruments Inc., Win-
ooski, VT, USA). The formation of the specific product was
verified by gel electrophoresis.

4. Terminal restriction fragment length polymorphism
profiling

Terminal restriction fragment length polymorphism (T-
RFLP) was performed as described previously'* . Briefly, four
restriction enzymes (Apol, Hhal, NlalV, and Hpy166II), suit-
able for the analysis of respiratory bacterial pathogens, and the
Restriction Enzyme Picker (REPK) Online version 1.3 (http://
rocaplab.ocean.washington.edu/tools/repk) were used for the
profiling. The PCR products (200 ng) were added to the four
restriction endonucleases at 37°C for 2 hours (Hhal, NlalV,
and Hpy166II) or at 50°C for 2 hours (Apol). The mixture was
then incubated at 65°C (Hhal, NlaIV, and Hpy166II) or at 80°C
for 20 minutes and then stopped. The size of the fragmented
T-RF gene was analyzed using capillary electrophoresis and
an ABI PRISM 3130 genetic analyzer (Applied Biosystems).
The fragment sizes were estimated using the Local Southern
Method in GENESCAN 3.1 software (Applied Biosystems
Japan, Tokyo, Japan). Based on the positive control bacterial
DNAs (12 DNAs), GeneScan LIZ 1200 Size Standards were
recalibrated. An operational taxonomic unit (OTU) was deter-
mined using T-REX software (http://trex.biohpc.org/, Cornell
University), and the relative amounts of each OTUs were mea-
sured. The representative bacterial species or taxonomically
related groups in the sputum were predicted using the T-RF
size information from the T-RFLP database (http://mededu.
cau.ackr/micro/FRETS.asp) created in this study.

5. Statistical analysis

The OTUs obtained from whole induced sputum samples
were analyzed using multivariate statistical techniques with
the software PRIMER (Plymouth Routines In Multivariate
Ecological Research) version 6 (PRIMER-E Ltd., Plymouth,
UK). T-RF data were subjected to multivariate analysis, in-
cluding biodiversity analysis, analysis of similarity (ANOSIM),
cluster analysis including hierarchal clustering analysis and
non-metric multidimensional scaling (nMDS) and similarity
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percentage (SIMPER).

Biodiversity of each sample was measured by the Shannon-
Weiner diversity index, while differences in biodiversity be-
tween asthma group and normal control group were assessed
by a nonparametric Mann-Whitney test. Using ANOSIM, we
assessed the similarities between the healthy controls group
and the asthma patients group. The R statistic value describes
the extent of similarity between each groups in the ANOSIM,
which R=1 indicates that the two groups are entirely separate,
while R=0 signifies that there is no difference between the
groups. The contribution of specific T-RFs to differences in
bacterial composition between groups was assessed. These
statistical analyses were performed to determine whether
there was a difference in the bacterial composition of the air-
ways between the healthy controls and the asthma patients by
SIMPER, and quantitative difference analysis was performed
for the identification of specific T-RFs contributing to differ-
ences in bacterial composition between groups. Statistical
significance was defined as a p-value of less than 0.05.

6. Ethics statement

This study was approved by the Institutional Review Board
of Chung-Ang University Hospital and was performed with
patients’ consents (C2014056(1252)).

Results

1. Characteristics of the study subjects

The mean age of the asthma patients was 62.0+14.8 years;
47.2% of the subjects were males, 60.7% were non-smokers,
and 39.3% were ex-smokers (Table 1). The mean FEV, pre-
dicted was 82.0£17.2%, and PC,, was 10.9+8.1 mg/mL. In the
control group, the mean age of the 36 subjects was 32.2+10.3
years, and 47.2% were male, 88.9% were non-smokers, and
11.1% ex-smokers. The mean FEV, predicted was 100.8+10.3%.

2. Comparison of microbiota in the sputum samples

The Shannon index was used to evaluate the intra-group di-
versity in the sputum samples of the two groups; it was 3.5+0.3
in the control group and 3.5£0.3 in the asthma group, showing
no significant difference in diversity between the two groups
(p=0.807) (Figure 1).

There was no marked difference between the composi-
tions of the microbial communities in the sputum samples of
the two groups, when analyzed at the phylum level (Table 2).
For the phylum Firmicutes, the prevalence was 46.4% in the
control group and 44.2% in the asthma group. Further, Proteo-
bacteria and Bacteroides showed a prevalence of 14.5% and
10.8% in the control group and 16.0% and 11.6% in the asthma
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Table 1. Characteristics of the study subjects with asthma

Table 2. Microbial composition at the phylum level

Characteristic Asthma patients (n=89)
Male 47 (52.8)
Age, yr 62.0+14.8
BMI, kg/m* 24.9+3.7
Non-smoker:ex-smoker 54 (60.7):35 (39.3)
Blood WBC counts, /uL 4,993.7+3,977.5
Blood eosinophil counts, /pL 279.3+281.8
Serum total IgE, kU/L 331.5£546.5
Sputum neutrophil, % 2.1+2.1
Sputum eosinophil, % 10.6+8.7
Atopy, % 443
FVC % predicted 92.9:15.6
FEV, % predicted 82.0£17.2
FEV,/FVC, % 68.9+12.2
PC,, mg/mL 10.9+8.1

Values are presented as number (%) or meansstandard deviation.
BMI: body mass index; WBC: white blood cell; IgE: immunoglobulin
E; FVC: forced vital capacity; FEV;: forced expiratory volume in one
second; PC,,: provocative concentration of methacholine causing a
20% fall in FEV,.

3.65-
3.60
3.55 1

3.50 1

3.45

Shannon index of diversity

3.40

Healthy control Asthma

Figure 1. Diversity of microbiota profile in the healthy control and
asthma groups. Diversity of microbiota did not show a distinction
between healthy controls and asthma patients (p=0.937).

group, respectively.
3. Dissimilarity between the controls and asthma patients

The results of the ANOSIM test indicated that the bacterial
composition in the two groups was different as the global R-
value was 0.148, with a p-value of 0.002 (Figure 2). The SIM-
PER of the bacterial communities in the sputum samples of
the control and the asthma groups was calculated using SIM-
PER, and the average dissimilarity between the bacterial com-
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Phvlum Healthy Asthma
y controls (%) patients (%)
Firmicutes 464 44.2
Proteobacteria 14.5 16.0
Bacteroidetes 10.8 11.6
Firmicutes/Proteobacteria 4.2 54
Actinobacteria 4.0 4.0
Firmicutes/Bacteroidetes 4.0 2.7
Fusobacteria 3.8 3.6
Unknown 12.3 12.4
Asthma vs. Normal
Disease test
0.143
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Figure 2. Analysis of similarity test for global community composi-
tion (ANOSIM test). Microbial composition showed a significant
difference between healthy controls and asthma patients (Global R
value=0.148, p=0.002).

munities of the two groups was 28.74%. Hierarchal clustering
analysis (Figure 3) or nMDS (Figure 4) indicated no distinct
difference in the OTUs for the sputum samples of the two

groups.

4. OTUs contributing to the dissimilarity between the
control and asthma groups

OTUs accounting for the top 50% contribution to the dis-
similarities in the bacterial communities between the two
groups are presented in Appendix 1. OTUs 492, 805, 361, 375,
198,661,789, 743, 658, and 598 accounted for the top 10%.

As shown in Figure 5, nine OTUs showed more than 1.5
times the amount of bacteria in the induced sputum samples
of the asthma group as compared to that in the control group.
Particularly, OTU 789 showed 3.1 times more bacteria in the
asthma group than in the control group, and belonged to
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Figure 3. Cluster analysis. Hierarchical cluster analysis indicated no distinct difference in the operational taxonomic units in the sputum sam-

ples between the two groups.

A Control
V¥ Asthma

.....

2D Stress: 0.22

Figure 4. Nonmetric multidimensional
scaling (nMDS). nMDS indicated no
distinct difference in the operational
taxonomic units in the sputum samples
between the two groups.

Lachnospiraceae, Alteromonadaceae, Methylococcaceae,
Moraxellaceae, and Pseudomonadaceae. Both OTU 517
(Rhizobiales, Rhodospirillales, and Comamonadaceae) and
OTU 633 (Prevotella) showed 1.9 times more abundant in
the asthma group than in the control group. In addition, OTU
645 (Actinobacteria, Propionibacterium acnes; 1.8-fold), 607
(Lactobacillus buchneri, Lactobacillus otakiensis, Lactobacil-
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lus sunkii, Rhodobacteraceae; 1.8-fold), 661 (Acinetobacter;
Pseudomonas, Leptotrichiaceae; 1.8-fold), 650 (Brevibac-
teriaceae, Lachnospiraceae, Fusobacterium; 1.5-fold), 821
(Lachnospiraceae, Acinetobacter; Actinomyces; 1.5-fold), 415
(Comamonadaceae, Streptomycetaceae; 1.5-fold) were signif-
icantly more prevalent in the sputum of asthma patients than
normal control. On the contrary, only OTU 598, belonging to
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Non-asthmatics Asthmatics

OTUs Phylum Family
598 Firmicutes Lactobacillaceae,
Bacteroidetes Bacteroidales
415 Proteobacteira Burkholderiales
Actinobacteria Actinomycetales
821 Firmicutes Lachnospiraceae
Proteobacteria Gammaproteobacteria
650 Bacteroidetes Clostridiales
Fusobacteria Fusobacteriales
661 Proteobacteria Moraxellaceae
Pseudomonadaceae
607 Firmicutes Lactobacillaceae
Rhodobacteraceae
645 Actinobacteria Actinobacteria
Propionibacterium acnes
633 Bacteroidetes Prevotella
517 Proteobacteria Rhizobiales, Rhodospirillales, Comamonadaceae
789 Firmicutes Lachnospiraceae, Alteromonadaceae, Methylococcaceae
Proteobacteria Moraxellaceae, Pseudomonadaceae

Fold abundance

Figure 5. Operational taxonomic units (OTUs) with at least 1.5-fold differences in sputum microbiota between the controls and asthma pa-

tients and fold abundance.

Lactobacillaceae and Bacteroidales, showed 1.9 times more
abundant in the control group than in the asthma group.

As shown in Table 3, 17 OTUs including OTUs 789, 420,
661, 664, 808, 633, 337, 222, 523, 517, 821, 415, 263, 110, 467,
152, and 298, contributed to 90% of the induced sputum mi-
crobiota in the asthma patients but not in the healthy controls.
In addition, OTUs 528 and 144 contributed to 90% of the
induced sputum microbiota in healthy controls but not in the
asthma patients (Table 4).

Discussion

The application of culture-independent tools for identifica-
tion of microbes has been changing concepts of pathogenesis
in many diseases. The interests of microbiome research have
expanded to the role of the airway microbiome in asthma
which is still largely unknown about its predisposition and
development. There are some evidence suggesting the micro-
biome of the airways differs distinctly in patients with asthma
from healthy subjects'"*. However, evidences from recent
studies are still inconclusive.

In this study, we compared the microbiome in induced
whole sputum samples representing the airways of steroid
naive asthma patients with those of healthy subjects using T-
RFLP and we expanded sample size compared to previous
studies. The diversity and the bacterial composition at the
phylum level in the asthma group were not significantly dif-
ferent from that in the control group. However, there was a
slight but significant difference of OTUs in the composition of
microbiome community between the two groups. In addition,
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OTUs showed differences in the relative amounts of certain
bacteria between the two groups; there were also some OTUs
representing bacteria found only in one group, indicating a
difference in the microbiome of the airway between asthma
patients and healthy controls.

In previous metagenomics studies on asthma, the small
number of study subjects fewer than 30 was the main obstacle
to reach a conclusion. To overcome this, we expanded the
sample size to 135 subjects, larger than any previous studies
conducted. T-RFLP is a fingerprinting method and has a limi-
tation in the range of microbiota. However, T-RFLP technique
can be useful clustering communities according to changes
in the dominant members across large number of samples.
There are several microbiome studies using T-RFLP in hu-
mans and those mainly focused on inflammatory bowel dis-
ease and irritable bowel syndrome with fecal microbiota' ™'
but some studies dealt with cystic fibrosis** and asthma"’.

In this study, we used whole sputum obtained through
induction. Previously, researchers investigated the microbial
composition in the BAL fluid, bronchial epithelial brushings,
and the lung tissue. The limitation of these studies was that
these samples could not be easily obtained. Thus, induced
sputum samples, relatively less invasive and easy to acquire,
were used in this study. Only a few previous metagenomics
studies using inducted sputum samples have already shown
significant results in asthma patients'”"*. Moreover, studies in-
volving an investigation of the microbiome of the oropharynx
in asthma patients have shown significant results®**’. Another
study reported that similar bacteria are distributed from the
oral cavity to the lungs™. It is postulated that the induced spu-
tum samples in this study can sufficiently reflect the airway of
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Table 3. OTUs existing in 90% of the induced sputum microbiota in asthma patients, but not found in healthy controls

it Contribution (%) Predicted bacterial group
Family Phylum
789 0.63 Lachnospiraceae Firmicutes
Alteromonadaceae Proteobacteria
Methylococcaceae
Moraxellaceae
Pseudomonadaceae
420 0.61 Veillonellaceae Firmicutes
Lachnospiraceae
661 0.61 Moraxellaceae Proteobacteria
Pseudomonadaceae
664 0.56 NBG NBG
800 047 Gammaproteobacteria Proteobacteria
633 0.46 Prevotella Bacteroidetes
337 0.45 Acidobacteria Acidobacteria
222 0.44 Streptococcaceae Firmicutes
Peptococcaceae
Clostridiaceae
523 0.44 Rhizobiales Proteobacteria
Kordiimonadales
517 041 Rhizobiales Proteobacteria
Rhodospirillales
Comamonadaceae
821 0.38 Lachnospiraceae Firmicutes
Gammaproteobacteria Proteobacteria
415 0.36 Burkholderiales Proteobacteira
Actinomycetales Actinobacteria
263 0.32 Flavobacteriaceae Bacteroidetes
110 0.31 Veillonellaceae Firmicutes
467 0.31 Peptostreptococcaceae Firmicutes
152 0.31 Rhizobiaceae Proteobacteria
Rhodobacteraceae Bacteroidetes
Flavobacteriaceae
298 0.3 Bacteroidales Bacteroidetes

OTU: operational taxonomic unit; NBG: numerous bacterial groups.

asthma patients. However, in previous studies, microbiome
studies have been performed only with induced sputum cell
pellets or supernatants after in cytospin preparations'”* and
an appropriate sputum sample for studying lung microbiome
in the airway of asthmatics is not established yet. A study on
feces in the colon reported that there is a difference between
the bacterial flora in the intestinal epithelium and the bacterial
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flora in the feces'. Furthermore, quantitative differences exist

in specific bacterial groups between luminal and mucosal-
associated intestinal microbiota using two independent tech-
niques such as culture analysis and DNA study”’. Therefore,
microbiome analysis using the whole sputum sample includ-
ing both the cellular and the fluid phases of the sputum should
be compared that from supernatants of sputum. In addition,
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Table 4. OTUs existing in 90% of the induced sputum microbiota in healthy controls, but not found in asthma patients

Predicted bacterial group
OTU Contribution (%)
Family Phylum
598 0.46 Lactobacillaceae Firmicutes
Bacteroidales Bacteroidetes
144 0.35 Lachnospiraceae Firmicutes
Flavobacteriaceae Bacteroidetes

OTU: operational taxonomic unit.

genetic, dietary factors and socioeconomic status can affect
microbiota in human™. In this study, considering that all study
subjects were Koreans, genetic and dietary factors would be
relatively homogeneous but may contribute and alter lung
microbiota compared to other ethnic groups.

With regard to the diversity of the bacteria, researchers have
reported that the diversity of the gut microbiome decreases
immediately after birth and that it is associated with the devel-
opment of asthma and its severity”*'. The decreased diversity
of the microbiome can increase the risk of asthma and allergic
disease(s) and it is consisting with hygiene hypothesis. In
addition, the reduced diversity of the microbiome in neutro-
philic asthma among poorly controlled asthmas has been
reported'”. However, some researchers have reported the
diversity to be rather significantly higher in asthma patients
than in controls, and that it is associated with AHR'"*?, while it
has been reported that there was no difference in the diversity
based on the absence or presence of asthma™*. In this study,
no distinctive difference was found in the diversity between
the control group and the asthma group.

Several metagenomics studies have reported that the air-
way of asthma patients is represented with an increase of
the number of proteobacterial species, which is a different
characteristic from that observed in healthy people'"*****, In
addition, it has been reported that Bacteroidetes species are
more common in healthy controls than in asthma patients™*
and other studies have reported that Acinetobacteria and
Firmicutes exist at a greater proportion in the control group''.
This discrepancy may be attributed from the limited number
of study subjects included in the studies in part. In addition,
the difference in the bacterial numbers at the phylum level,
consisted of a number of species, can result in opposing find-
ings. This study was performed in a large number of subjects
but we could not find significant difference in the bacterial
community composition at the phylum level between the two
groups. However, considering the 12% of unidentified bacteria
and 8% of OTUs representing two phyla as a partial limitation
of the T-RFLP method used in this study, the chance of false
negative results cannot be ruled out. However, for the OTUs
showing a significant difference between the two groups in
this study, the number of Proteobacteria was much greater
in the asthma group than in the control group, and the pro-
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portion of Bacteroidetes was higher in the control group. In
particular, among bacteria found only in the asthma group,
the OTUs representing Proteobacteria tended to be relatively
greater and the OTUs observed only in the healthy controls all
belonged to Bacteroidetes.

Green et al.”’ reported that Moraxella catarrhalis, and mem-
bers of the Haemophilus or Streptococcus genera are the ma-
jor bacteria in treatment-resistant patients with severe asthma,
and a greater ratio of these bacteria is associated with reduced
FEV,, increased neutrophil count, and increased interleukin
8 expression, indicating that the composition of the bacterial
community is associated with the severity of asthma. In addi-
tion, one previous study has also reported that Comamonada-
ceae, Sphingomonadaceae, and Oxalobacteraceae, which
belong to the phylum Proteobacteria, are associated with
bronchial hypersensitivity”. In agreement with this result,
we found that OTU 789 in Moraxellaceae showed a 3.1-times
higher prevalence in the asthma group than in the control
group, OTU 517 representing Comamonadaceae showed a 1.5
times higher prevalence in the asthma group.

A major limitation of this study is that the age of healthy
control group is much lower than that of the asthma group.
This was caused by recruitment of subjects without age
matching. Study about aging and lung microbial change is
rare”. Instead, studies from gut microbiome showed that age
affect the microbiome profile and age related changes to the
intestinal microbiome influence asthma®**. The environment
of the lung microbiome can also change according to aging™.
Therefore, further studies would need to be performed with
age matching. In other limitation, there were many unidenti-
fied bacteria as this study used T-RFLP, a fingerprint method.
However, T-RFLP method is still being used before applying to
next generation sequencing (NGS) owing to its several advan-
tages over sequencing methods. T-RFLP method is a highly
robust, easy to handle and a cheap alternative to the com-
putationally demanding NGS analysis. In addition, T-RFLP
method used in this study was tailored for the respiratory tract
bacteria by in-silico testing the common bacteria residents in
the respiratory tract and the four best restriction enzymes was
chosen prior to performing the T-RFLP procedures in order to
overcome the limitation of T-RFLP.

In conclusion, this study, unlike previous studies, involved
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the investigation of the microbiome in whole sputum samples
of asthma patients using T-RFLP in a relatively larger sample
size and the microbial composition in airway could not be
clearly divided according to the presence of asthma.

Conflicts of Interest

No potential conflict of interest relevant to this article was
reported.

Acknowledgements

This study was supported by 2014 research fund of Korean
Academy of Tuberculosis and Respiratory Diseases.

References

1. Wenzel SE. Asthma: defining of the persistent adult pheno-
types. Lancet 2006;368:804-13.

2. Cosentini R, Tarsia P, Canetta C, Graziadei G, Brambilla AM,
Aliberti S, et al. Severe asthma exacerbation: role of acute
Chlamydophila pneumoniae and Mycoplasma pneumoniae
infection. Respir Res 2008;9:48.

3. Bisgaard H, Hermansen MN, Buchvald F Loland L, Halkjaer
LB, Bonnelykke K, et al. Childhood asthma after bacterial col-
onization of the airway in neonates. N Engl ] Med 2007;357:
1487-95.

4. Huang Y], Boushey HA. The microbiome in asthma. J Allergy
Clin Immunol 2015;135:25-30.

5. Holt PG. The mechanism or mechanisms driving atopic
asthma initiation: the infant respiratory microbiome moves
to center stage. ] Allergy Clin Immunol 2015;136:15-22.

6. Panzer AR, Lynch SV. Influence and effect of the human mi-
crobiome in allergy and asthma. Curr Opin Rheumatol 2015;
27:373-80.

7. Edwards MR, Bartlett NW, Hussell T, Openshaw P, Johnston
SL. The microbiology of asthma. Nat Rev Microbiol 2012;10:
459-71.

8. Huang Y]J. The respiratory microbiome and innate immunity
in asthma. Curr Opin Pulm Med 2015;21:27-32.

9. Althani AA, Marei HE, Hamdi WS, Nasrallah GK, El Zowalaty
ME, Al Khodor §, et al. Human microbiome and its associa-
tion with health and diseases. ] Cell Physiol 2016;231:1688-
94.

10. Green BJ, Wiriyachaiporn S, Grainge C, Rogers GB, Kehagia V,
Lau L, et al. Potentially pathogenic airway bacteria and neu-
trophilic inflammation in treatment resistant severe asthma.
PLoS One 2014;9:e100645.

11. Marri PR, Stern DA, Wright AL, Billheimer D, Martinez FD.
Asthma-associated differences in microbial composition of

www.e-trd.org http://dx.doi.org/10.4046/trd.2016.79.3.165

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

induced sputum. J Allergy Clin Immunol 2013;131:346-52.
Simpson JL, Daly J, Baines KJ, Yang IA, Upham JW, Reynolds
PN, et al. Airway dysbiosis: Haemophilus influenzae and Tro-
pheryma in poorly controlled asthma. Eur Respir ] 2016;47:
792-800.

National Asthma Education and Prevention Program. Expert
Panel Report 3 (EPR-3): guidelines for the diagnosis and
management of asthma: summary report 2007. J Allergy Clin
Immunol 2007;120(5 Suppl):S94-138.

Sohn SW, Lee HS, Park HW, Chang YS, Kim YK, Cho SH, et
al. Evaluation of cytokine mRNA in induced sputum from
patients with allergic rhinitis: relationship to airway hyperre-
sponsiveness. Allergy 2008;63:268-73.

Marsh TL. Terminal restriction fragment length polymor-
phism (T-RFLP): an emerging method for characterizing
diversity among homologous populations of amplification
products. Curr Opin Microbiol 1999;2:323-7.

Schutte UM, Abdo Z, Bent SJ, Shyu C, Williams CJ, Pierson
JD, et al. Advances in the use of terminal restriction fragment
length polymorphism (T-RFLP) analysis of 16S rRNA genes
to characterize microbial communities. Appl Microbiol Bio-
technol 2008;80:365-80.

Andoh A, Imaeda H, Aomatsu T, Inatomi O, Bamba S, Sasaki
M, et al. Comparison of the fecal microbiota profiles between
ulcerative colitis and Crohn’s disease using terminal restric-
tion fragment length polymorphism analysis. ] Gastroenterol
2011;46:479-86.

Carroll IM, Ringel-Kulka T, Keku TO, Chang YH, Packey CD,
Sartor RB, et al. Molecular analysis of the luminal- and muco-
sal-associated intestinal microbiota in diarrhea-predominant
irritable bowel syndrome. Am J Physiol Gastrointest Liver
Physiol 2011;301:G799-807.

Andoh A, Sakata S, Koizumi Y, Mitsuyama K, Fujiyama Y,
Benno Y. Terminal restriction fragment length polymorphism
analysis of the diversity of fecal microbiota in patients with
ulcerative colitis. Inflamm Bowel Dis 2007;13:955-62.

Andoh A, Tsujikawa T, Sasaki M, Mitsuyama K, Suzuki Y, Mat-
sui T, et al. Faecal microbiota profile of Crohn’s disease deter-
mined by terminal restriction fragment length polymorphism
analysis. Aliment Pharmacol Ther 2009;29:75-82.
Matsumoto M, Sakamoto M, Hayashi H, Benno Y. Novel
phylogenetic assignment database for terminal-restriction
fragment length polymorphism analysis of human colonic
microbiota. ] Microbiol Methods 2005;61:305-19.

Rogers GB, Carroll MP, Serisier D], Hockey PM, Jones G,
Bruce KD. characterization of bacterial community diversity
in cystic fibrosis lung infections by use of 16s ribosomal DNA
terminal restriction fragment length polymorphism profiling.
J Clin Microbiol 2004;42:5176-83.

Rogers GB, Hart CA, Mason JR, Hughes M, Walshaw MJ, Bruce
KD. Bacterial diversity in cases of lung infection in cystic fi-
brosis patients: 16S ribosomal DNA (rDNA) length heteroge-
neity PCR and 16S rDNA terminal restriction fragment length

173



t do* Tuberculosis and
r Respiratory Diseases

24.

26.
27.

28.

29.
30.

31

JW Jung et al.

polymorphism profiling. J Clin Microbiol 2003;41:3548-58.
Cardenas PA, Cooper PJ, Cox MJ, Chico M, Arias C, Mof-
fatt ME et al. Upper airways microbiota in antibiotic-naive
wheezing and healthy infants from the tropics of rural Ecua-
dor. PLoS One 2012;7:e46803.

5. Park H, Shin JW, Park SG, Kim W. Microbial communities in

the upper respiratory tract of patients with asthma and chron-
ic obstructive pulmonary disease. PLoS One 2014;9:e109710.
Venkataraman A, Bassis CM, Beck JM, Young VB, Curtis JL,
Huffnagle GB, et al. Application of a neutral community mod-
el to assess structuring of the human lung microbiome. MBio
2015;6:02284-14.

Russell SL, Gold MJ, Hartmann M, Willing BP, Thorson L,
Wlodarska M, et al. Early life antibiotic-driven changes in
microbiota enhance susceptibility to allergic asthma. EMBO
Rep 2012;13:440-7.

Fortenberry JD. The uses of race and ethnicity in human mi-
crobiome research. Trends Microbiol 2013;21:165-6.

Carroll IM, Chang YH, Park J, Sartor RB, Ringel Y. Luminal and
mucosal-associated intestinal microbiota in patients with
diarrhea-predominant irritable bowel syndrome. Gut Pathog
2010;2:19.

Abrahamsson TR, Jakobsson HE, Andersson AF, Bjorksten B,
Engstrand L, Jenmalm MC. Low gut microbiota diversity in
early infancy precedes asthma at school age. Clin Exp Allergy
2014;44:842-50.

Webley WC, Aldridge KL. Infectious asthma triggers: time to

174

32.

34.

35.

36.

37.

38.

revise the hygiene hypothesis? Trends Microbiol 2015;23:389-
91.

Huang YJ, Nelson CE, Brodie EL, Desantis TZ, Baek MS, Liu J,
et al. Airway microbiota and bronchial hyperresponsiveness
in patients with suboptimally controlled asthma. J Allergy
Clin Immunol 2011;127:372-81.

Goleva E, Jackson LP, Harris JK, Robertson CE, Sutherland ER,
Hall CE et al. The effects of airway microbiome on cortico-
steroid responsiveness in asthma. Am J Respir Crit Care Med
2013;188:1193-201.

Hilty M, Burke C, Pedro H, Cardenas P, Bush A, Bossley C, et
al. Disordered microbial communities in asthmatic airways.
PLoS One 2010;5:e8578.

Perez-Losada M, Castro-Nallar E, Bendall ML, Freishtat RJ,
Crandall KA. Dual transcriptomic profiling of host and mi-
crobiota during health and disease in pediatric asthma. PLoS
One 2015;10:¢0131819.

Chotirmall SH, Burke CM. Aging and the microbiome: im-
plications for asthma in the elderly? Expert Rev Respir Med
2015;9:125-8.

Trompette A, Gollwitzer ES, Yadava K, Sichelstiel AK,
Sprenger N, Ngom-Bru C, et al. Gut microbiota metabolism of
dietary fiber influences allergic airway disease and hemato-
poiesis. Nat Med 2014;20:159-66.

Vital M, Harkema JR, Rizzo M, Tiedje ], Brandenberger C. Al-
terations of the murine gut microbiome with age and allergic
airway disease. ] Immunol Res 2015;2015:892568.

Tuberc Respir Dis 2016;79:165-178 www.e-trd.org



Tuberculosis and
Respiratory Diseases

trd¢

175

http://dx.doi.org/10.4046/trd.2016.79.3.165

$a)apro1ajoeg B[[210Aa1] i L0 G961 aL'0 @l 120 8€°0 L20 189 %
SMOIULIL] avaoeldsoutory L0 71 1671 gLo 9I'l cc0 8¢0 8€0 99¢
Sajoplolaloeyg B[[2]0A2.1d 'l 60 9I'PI 920 el cc0 10T 60 S01
sajapIoIIORy B[[21049.1] | 80 Vel LL0 8T'1 T30 86°0 8L°0 699
BLI2]OLqO02]0.1q PLIISSION I'L 60 £€9¢1 80 8¢'1 €C0 870 Sv'0 96¢
BLI2]02q02)01 ] BLIDIORqOS)0IdRYydlY €1 L0 7811 80 8I'L €¢0 ¢80 190 1.8
sajaproiaioeyq B[[210Aa.1q <01 g0 €O'TL ¢80 8¢C'1 7c0 670 920 €€9
SIINIIULIL] 9raIILLIZIOLqOULIL) 60 ¢l 1201 €80 Sral vc0 190 90 651
$919pI01210D sajepIoraorg
SOINOIULIL LIIe[[IoeqoloeT g0 61 6£6 780 LC'1 ¥co L20 g0 86¢S
BLI2IORGOIOL] pLIgjoEqOd)OIdPTILIRY)
SAINIIULIL] SO[PIPLIISO[) €1 L0 ¢a8 280 9¢'1 gco €90 LV0 899
LIIRIqOZIYIAPLIT
2LI2)ovqoa]0.1 LaILI2102q0)IIY ¢l 60 L9L 680 €r'l 9¢0 70 7E€0 EvL
9LIOBPRUOUIOPNIST
QBAIL[IXCIOIN
9LIILII0IOIAIN
BLI2}ORGOIOI ] 9BI2BPRUOUIOIINY
SINOIULIL] apaoedsoutor] « '€ €0 8.9 60 7o'l 920 Gso 810 682
QRIOBPRUOTIOPNIS]
BLI2)OPq02)01d ILIIB[[IXCIOJN] #8'T 90 88'¢G S6'0 @ 1l L20 290 Ge0 199
9LIDL[A.MAISEJ
BLI2]oBqO02)0.1q 2BIIPLI2IIOB(O.IINU] 60 'L €67 960 6€'1L 8¢0 L0°T VIl 861
2LI9]02q02)O1 ] snjryduowor] 01 01 L6€ 260 8¢l 8¢0 cl'l V'L GLE
SOMIIULIL]  9BIILIIIAWIOUNILOULIIY]],
BLI2}ORGOI0I ] 9PIIL[[OIMAISL]
BLIDIORQOUNIY sap1a2AtIOUT N 60 Il ¢ 660 9¢'1 820 260 0’1 19¢
92a2L22020[AYydrIS
SAINOIULIL] ILIIB[[ITd 01 01T 10C L 1€ 6¢0 I'l €'l S08
BLI2]ObqO02)0.1d avaorydonuAs 80 ¢l L L 8C'1 620 g0 650 %
syuaned syuaned
wmAyq Aprurey sy S[0NUO]  (94) uonNQIuod (%) UONNQLIU0I as/ UONEPOSSIP  pynney s[onuo) Tiia
dnoi§ [er11oeq paYdIpaIg duepunge p[oj s Lt i L duepunge ageIdAy

Use of T-RFLP in asthma

sjuaned ewiyise pue S[OIIU0D UdIM)dQ wrmnds padnpur 3y UL SONRIUNUIUIOD [BIGOIIW UI A)LIR[IWISSIP 3Y) 01 () [0 JO uonnqriuo)) ‘1 xipuaddy

www.e-trd.org



JW Jung et al.

Tuberculosis and
Respiratory Diseases

www.e-trd.org

Tuberc Respir Dis 2016;79:165-178

sojapromTg [[210A9.1d I'T 60 90°0¢ 790 LCT 810 60 180 L0€
9LIOBIPLIISO[)
9LAILIV020)dI]
SOINIIULIL] 9radrI2020)dans 7'l L0 cr'6e 990 611 61°0 Sv'0 c€0 [¢de
BLI2}ORGOI0I ] 9BIIRLIIPJOTYING
eLzarqoundy LIJBLIIIILGOLIO)) 60 T 8.°8¢ 90 9II'l 6T°0 LE0 o cse
SOINIIULIL] SO[EIPLISO[) [ 80 €1'8¢ 90 'l 610 €0 920 0LL
BLIIORqOUnIY sopereAtoundy
bI121oeqoa)o1d so[eLIopoyy g #9'T L0 LV'LT 990 1T1 6T°0 170 8c0 187
SoINIIULIL] apooeadsoutor’y 71 L0 8'9¢ 990 STT 6T°0 S0 LEO G¢e8
BLIDIORQOUNIY wWnia1oeqauAIo) 60 Tl 9192 L90 SI'1 610 €0 Se0 cg¢
avaoryaLofdIsAIy
SoIoIULIL] Sa[eIpLISO[) Tl 80 6bceT L90 Al 610 L0 €0 00¥
SojopIoI1oegd e[[P10A2.Id [ 80 187¢ 890 <60 0 §C0 120 <09
5919pI01210DL 9BIILLIDIILGOAL]]
SAINOIILIL] apaoradsoutjor’y 80 Tl eIve 890 kAl 20 1€0 L€0 izl
SonoIuLIL] oraIRYILNO[OISA L A L0 Sv'ee 890 9IT'l 0 790 970 S6¢
SO $11900003do.S TT 60 LLCC 690 61T 0 670 S¥0 1SS
SOMOIULIL] IBIIBLIILGOTLIE) 01 01 80C¢ 690 VIl 20 L9°0 890 991
pLI2)oRqOdjo.IdpIIIRy)
BLIDIOLGOIOI] eroprqodtordeydny 01 0T AL 690 L1 20 ceo vE0 c98
SomaruLIL{ 220rI20201do1s0)doq 0T 0T L02 L0 (Al 0 LE0 8¢0 L97
2LIDIORQOUNIY 9BIILLIAIILGIUAIO!) 71 L0 0¢ [0 IC1 c0 90 €ro €Sy
BLISIOBGO]0.I] BLI2JORqOSj0.IdRIIIEY)
SOINIIULIL] apooedsoutjor’] Men| L0 €61 120 €Il 0 €ro 620 128
elo1oeqoa)old eLI1RqOdjOIdRIIIIEY) TT 60 6581 €L°0 1T1 120 LY0 17’0 008
$OINOIULIL] $1200001do.nS 80 o1 981 €L0 €Tl 120 0 950 LVS
DAN 04N I'l 60 ETLT €L°0 9¢'1 120 S6°0 280 6L1
pLI2)oRqOdjoIdpIIIRY)
BLI2JORGOIOI ] SOLIPLIISO[)
SOMOIULIL] safefoed €1 80 6€91 V2.0 ar'l 120 9€0 8¢0 608
wmn(Ayq Arureg siuoped S[ONUO]  (94) wONNQINUOd (%) UOHINGLIUOD as/ UOT)RIJ0SSIP suaped s[onuo)
PV v>_am_=&=u _mﬁ.._im.: UONEBIOSSI mwm.h:é. PV 1o
dnoiS [er1aoeq pariIpaig dduepunge p[oj dduepunge 33eIdAY

trd¢

panunuo) 1 xipuaddy




Tuberculosis and
Respiratory Diseases

Use of T-RFLP in asthma

trd¢

Sajaproraprg sajeproovg Al 80 °9'6¢ 290 61T 810 ceo 620 86¢C
vaor etse[dodAy
9LIOLLIIIILGOLIO,)
S9N, 9LADLLINIILGOIATIN
eLILIORqOUnIY ALAOLYILIOI ],
BLIDIOLGOIOI] 2BaIRIANILGOIAIY 01 01 68'8¢ 290 9z'1 810 LL0 LL0 9.1
9BIILIAIILGOPOYY
SoIIuLIL{ ALIIL[[1OLqOIILT #8'T S0 LT8¢ 290 60T 810 1€0 LT°0 L09
2r20r220201do.Ng
SINIIULIL] a2LII0I0[AYdeIS 01 0T 79°LE €90 8C'1 810 791 8¢Sl 7.9
2L328220201doJ
avaoeldsouyory
SOINOIULIL] sojeroed 80 Tl 2028 €90 1Tl 810 €0 LE0 e
SOINIMLLIL] 2222220001do1S 60 T'T 6£9¢ €90 601 810 9z0 820 cge
sojeprUOwpIOY
BLI2IILq03]0I] So[eIqoZItqy €1 L0 92.°6¢ €90 €Il 810 €70 €0 €cs
BLIILQO2]OI] 1[0 "H/PLIISSIN 0T 0T vree €90 L0'T 810 820 820 cLe
9BaIBPRUOWIRUIO,)
sopejLdsopoyy
PLI21OCqO3]0.I] S9[eIqOZIqY «6'T g0 16%¢ €90 SCT 810 70 120 LIS
souor wmnLRoeqIuoIdo.lq
erjoeqoundy eLjoeqourjoy’ 31 g0 88°€E €90 60°T 810 L€0 LT0 Sv9
SOMMOIULIL] SOLIPLIISO[)
BLI2JORGOIOI ] QBIIB[[IOLqONIPIDY
BLIDIIRGOSIL] aBAOBLIAIOLGOSIL] 60 I'l vees £9°0 PI'l 81°0 LS50 290 Shi
DAN OAN 7T L0 19¢¢ €90 ST'T 810 S0 LE0 799
PLIDIORGOSTL] SopeLIfNLqOSn.y
Sajoproroedg SO[EIPLISO[) £G'T L0 L6'TE €90 STT 810 ce0 120 099
2La0LI20301donsordog
SOINIIULIL] avaoendsoutjor| 01 01 vele 790 201 810 Sz0 920 c8.
LL19)oeqo9aold 9raorLIJoLqO.IaIU] 'l 60 L0¢ 790 61T 810 €ro 8€°0 S61
syuaned syuaned
winjAyg Afrurey mE:.Hm< S[ONUO]  (94) wONNQINUOd (%) UONNGLIUOD as/ UONBII0SSIP sELHmdw s[onuo) 010
dnoa8 [er1a1oeq pardIpaId Jduepunge p[og S Lo uopepossIq  aBerany duepunge dSeroAy

panunuo) ‘1 xipuaddy

177

http://dx.doi.org/10.4046/trd.2016.79.3.165

www.e-trd.org



JW Jung et al.

Tuberculosis and
Respiratory Diseases

trd¢

'sdnoi3 [er191oeq SnorawNU :HEN {UONRIAIP pIepuels (IS Jiun drwouoxe) jeuonesddo ;) 1,0
'sdno13 omy o) UM DIUIIIYIP I} IILM] U AIOJA],,

BLISIOBGO]0.I] 9BaBPRUOWIBUIO,)
sajoprolapoed 9BAVELIDIORGOAB]] 0T 0T LL'6Y 890 ST'T LT0 1€0 €0 il
BLI2IOBq03]0I] snpryduowaery 0T 0T 8167 650 60T LT0 90 8¢°0 6L€
SIINIIULIL] $1192020[Ayde)S 'l 60 987 650 601 LT°0 LV0 (Al 16¢
SOINIIWLIL] 9LaI[[oUO[[1I 0T 0T 1087 650 €'l LT0 ge0 9€0 OLT
2LI2)oBq02)O.Id snjyduoworry 'l 60 LY 650 Tl LT°0 880 180 g9¢€
sonouIny avaoeldsouyoey
eLRIPqoundYy soodwounoy I'l 60 €89¥ 90 SO'T LT0 290 §S°0 9er
9BaLIDIIBQOJEX()
9BaBPRUOIBLIO,)
BLI2IOBqO]OI] draseLIpoymg TT 60 €097 90 6T'T LT0 €€0 €0 LYE
SIINIIULIL] S1192020[Ayde)S Al 80 €96V 90 611 LT°0 €€0 L20 81
eLajoeqosny 9bLaILLIDIILqOSIL] 0T 0T €0'SY 90 S0l LT0 9¢0 gco €8
Sajoproraloeyg g[[21012.1d 01 01 vy 90 el LT°0 vl VIl 01
BLI2JORGOIOI ] 9paILIAIILGOINE,)
SOINIIULIL] SOLIPLIISO[)
BLIDIEGOULA)) ELIDIORGOURAY) 60 T €8'¢eh 190 PI'T LT0 cL0 6L°0 06€
eL2IPqOunIYy wnLIzLGoUuAIo) Al 80 cCey 190 PI'T 810 990 950 PLS
sojapIoIRIoLg 22a2ePRUOIOIAYAIO]
SMOIULIL] apooeadsoutoe’y 01 0T 19¢v 190 ITT 810 920 gL'o c0€
BLISIOLGO]0I] pLI2)ORqOdjo.IdpIIIRY)
SOINDIULIL] SA[RIpLISO[) I'T 60 66'T¥ 290 ITT 810 <t o 98¢
BLI2JORGOIOI ] so[eprUOwIoId)y
$910pI0.19)IBg RLERIRIEN MY 60 I'l 8c v 290 801 810 150 LE0 cee
SOINOIULIL] apaoendsoutjor| ! L0 9L°0% 290 It 810 €50 6€0 cL
aBaE[IUO[[IIN /
SOINIIULIL] S120020Ayde1s 0T 0T yrov 290 It 810 L0 cL0 789
umjAyq Aqrureq saped S[0NUO])  (94) uonnQruod (%) UoNNQLIUOI as/ UONBI0SSIP At s[onuoy
PV o>_um_=E=U _mzmtﬁw_: UONEBIIOSSI mmm.uoﬁw. PV 10
dnoaS rer1a)oeq pardIpaid duepunge p[og duepunge IZeIAY

panunuo) 1 xipuaddy

www.e-trd.org

Tuberc Respir Dis 2016;79:165-178

178





