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Objectives: We investigated differences between the tracheostomized and the non-tra—
cheostomized stroke patients through microbiological analysis for the purpose of pre—
liminary explorations of full-scale clinical research in the future.

Methods: We collected tracheal aspirates samples from 5 stroke patients with trache—
ostomy and expectorated sputum samples from 5 stroke patients without tracheostomy.
Genomic DNA from sputum samples was isolated using QlAamp DNA mini kit. The se—
quences were processed using Quantitative Insights into Microbial Ecology 1.9.0.
Alpha—diversity was calculated using the Chao1 estimator. Beta—diversity was analyzed by
UniFrac-based principal coordinates analysis (PCoA). To confirm taxa with different abun—
dance among the groups, linear discriminant analysis effect size analysis was performed.
Results: Although alpha—-diversity value of the tracheostomized group was higher than
that of the non—tracheostomized group, there was no statistically significant difference.
In PCoA, clear separation was seen between clusters of the tracheostomized group and
that of the non—tracheostomized group. In both groups, Bacteroidetes, Proteobacteria,
Fusobacteria, Firmicutes, Actinobacteria were identified as dominant in phylum level. In par-
ticular, relative richness of Proteobacteriawas found to be 31% more in the tracheotomized
group (36.6%) than the non-tracheostomized group (5.6%)(P<0.05). In genus level, Neisseria
(24%), Prevotella (17%), Streptococcus (13%), Fusobacteria (11%), Porphyromonas (7%) were
identified as dominant in the tracheostomized group. In the non-tracheostomized group,
Prevotella (38%), Veillonella (20%), Neisseria (9%) were genera that found to be dominant.
Conclusions: It is meaningful in that the tracheostomized group has been identified a
higher rate of microbiotas known as pathogenic in respiratory diseases compared to the
non-tracheostomized group, confirming the possibility that the risk of opportunity in—
fection may be higher.
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2. 2 M

TV A SAAA PE S AT AES
bronchoalveolar lavage fluid (BAL), spontaneous sputum
(expectorated sputum), induced sputum, tracheal aspirates ‘&
ol BhHo® AErh o] F BALY A% UFE, Bolx,
A5t Fom, vlwA kAgh HAPHOI AR A AtAT
71RAZE T FHFY AFol Q7] WEel®? FdoAb
o dchol] weh AFstA "ok & A= A" AH Al
TE7) W 185 F3) BAL Al H-&Fe]'0 opd
FAAES o E 3% 7] &l tracheal aspirates} ex-
pectorated sputum= E3l S AHH T

71T e Wl v EH e FU7IS B

2 A A=Y, A<t ¥+, Lukens trap (5-3}2t},
Q1A, =) =3 tracheal aspiratesE BR3FFF o™, H]
718ANT] 7S 9% AEAAFNDTFETH, AL,
FE 13 4L B0 FES ol F & 1A 39
ol v Hdf {71 ¥ Aes AF7I(SPL Life Sciences,
I, ol AT Bopzl AEFLS -§0°Col| vilE B3t
Elpiisd

3. 4iF O/4E DNA ==

DNA+= DNA Miniprep kit (Qiagen, Chatsworth, CA, USA)

£ AREste] A ZFAL 2 Aol Wt DNAE 2]8Hith 25 L
AZ-8 180 pL ATL buffer2} 20 pL proteinase K& 231

HolE ¥ 56°c01W 1023 A 25 83lAI1Z] Ths 200 pL
Buffer ALS ¥ & 4o 5 70°Col| A 1023 ¥H-3-A]
ATk vk A Zel 200 pL oehES W3 & Aol o
< QIAamp spin column®ll 713 6,000 goll A 1&3F LA
l";raf& F 500 uL AW1T AW2 2 31531 elution buffer® =
o] DNAE L th DNAQ] <%+ spectrophotometerS ©|
B-O}OE] A260/A280°1 4 ZA3}AL agarose geloll Al DNA
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4. 0/d= =4

o7 FAFHAH UV&‘%%— R vlolAZntol s S
A =791 Quantitative insights into microbial ecology (QIIME)
1.9.05 Bl 45 At Alpha-diversitys™= OTUs%}
Chaol &2 E-X35}] YERI A, beta-diversity2] 73-$- UniFrac-
based principal coordinates analysis (PCoA) 412 E3) &<l
SFIT). Linear discriminant analysis effect size (LEfSe) &4
2891 =Z 73 (http://huttenhower.sph.harvard.edw/galaxy)=
53l A13¥SIATE Linear discriminant analysis (LDA) score™
283 Exo] 2.0 2= A2} factorial KruskalWallis test
9] alpha valueZ} 0.05 WIRER] ZAZRE VeI

5. 84 |

AT H T FEFH A (meantstandard  deviation)
2 Uehllon, B4 HlaelA 7@ b7
7t student’s t-tests &3l AP ko] BAEA S A}
Aok FAA T2 PEke] 0.05 PRk A5 e’ A
o2 Hgth

T 49. 8*%]@:8 32), 54. 2xil(i5 32)2 %74] How
£ HOo|A Z3THP>0.05).

713 A M2 7% tracheostomy tubeS F3f Za# 2|7}
HEE o]&3ly 2GS dF HEHOZ AA F< 3

QGTt 71BN T 5 F 4o] #Rdel o|#FE A A
&) A DAl (mucolytic agent)E 7
FolAtk. 53] Ak 17%(T4)<

R
52 25§ 7l
HFHo® oRKLF IN~-24 6AlE UETEF

d29 2 JHENEE At HES

SRSOIMO] 7T B o1

BI71 R o] A9 B X7 ZHskAY 8l
HAER 51 %25@01 HF el o] U™ AZ o] °‘°i
ok HZ1 BT F SR 19(C5) AT HHHIR 2AF A]

- = dE= Aw
A5 %A] %%%‘JM olM HFE ol wdo] Kol
A ggtod Ad AH F A 4 o5 § HHAAS

Table 1. Demographic Characteristics

Tracheostomized Control
Age 49.8 (18.32) 54.2 (+5.32)
Gender
Male 2 (40 3 (60)
Female 3 (60) 2 (40)
Impression
Quadriplegia 4 (80) 1 (20)
Hemiplegia 1 (20) 4 (80)
X-ray finding
Atelectasis 2 (40) -
Pneumonia 1 (20) 1 (20)
Tuberculosis 1 (20) 1 (20)
Bronchiolitis - 1 (20)
Non-specific 1 (20) 3 (60)
Smoking history
Non-smoker 5 (100) 4 (80)
Ex-smoker - 1 (20)
Past history
Pneumonia 4 (80) 2 (40)
Influenza A 1 (20)
Tracheobronchitis 1 (20) -
Chronic respiratory failure 1 (20) -
Tuberculosis 1 (20) 1 (20)
Atelectasis 2 (40)
Bronchiolitis 1 (20) -
Current medication
Mucolytic agents 5 (100) 1 (20)
Acidifying agents 1 (20) -
Antihistamines - 1 (20)
Antitussives 1 (20) 1 (20)
ey st @ e
Beta—agonists 1 (20) -
Leukotriene receptor 1 (20) B
antagonist
Other features
Mechanical ventilator applied 1 (20) -
Feeding catheter usage 5 (100) 1 (20)

Data were expressed as mean (tstandard deviation) or number
of patients (percentage of corresponding patients).
-! no data.
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1) Alpha-diversity

1WA B7| AN A2 W RAEe] &
FHEEE 243517] 98 Alelgt alpha-diversity +23(Chaol)
ol Al Z1HENTe] Fhol HIZ|@A Tl Hls Egkout
BAACE Fou|gh ZfolE HolA = FUTHFig. 1).

2) Beta-diversity

Zhzyel Agt 8 Yol EAst= A E o Aol
AIEE vl £493}7] 930 beta-diversity £4] F principle
coordinates analysisE Al3tA . AE U o+ B4
Ak A3 713N vz gl 3ol W
ga] FElEe ol RALo, €59 B¢ 71wAENT
A3} 7Pk ol BEEH AtKFig. 2).

3) AE U O4s &4

1WA vz wEN e AgelA Hse A
o2 e E(Phylum) Bacteroidetes, Proteobacteria,
Fusobacteria, Firmicutes, Actinobacteria 5%°1th. 713
AN FANAE Bacteroidetes (36.8%), Proteobacteria (36.6%),
Fusobacteria (144%), Firmicutes (6.6%), Actinobacteria (2.7%),
7T} 2%) 22, Bl7| B MNTA= Bacteroidetes (46.9%),
Firmicutes (34.4%), Fusobacteria (10.6%), Proteobacteria
(5.6%), Actinobacteria (1.7%), 71EH0.5%) <O & LFERITH
HIZ7| A7 T vl wste] 7] iatol] iAo g2 ol
EXS 72 Proteobacteria®C| =1, 31% o= 7]#
AMTlA FevskAl B BTHP<0.05). Firmicutest2]
745 27.8% 20| 2 v 7| B Tl A o] B oz Q)
Ao, BAA frolde HolA] dth(P=0.19)(Fig. 3).

& Tl A, 71N E Neisseria (24%), Prevotella
(17%), Streptococcus (13%), Fusobacteria (11%), Porphyromonas
(7%)°] FAIeE o= SRIHA L, v7| T Tl A =
Prevotella (38%), Veillonella (20%), Neisseria (9%)7} $-All
e 7o 2 S JYTHANZRE 0.05 ©]4)(Figs. 3, 4).

7t el AOERTOIA AolE nyd Fre o
23} 2o} A BADA TN E B A BAD Azl vl
Neisseria (14%2H(Fig. 4a), Fusobacteria (1%*H)(Fig. 4b),
Porphyromonas (3%F)(Fig. 4c), Streptococcus (8%*H)(Fig.
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Fig. 1. Alpha-diversity (Chao1). Alpha-diversity was calculated
using the Chaol estimator. The purple and blue lines represent
the tracheostomized group and the non-tracheostomized group,
respectively.

Weighted PCoA
0.4+ » Control
T2 = Tracheostomized

el
o

PC2(23.17% )
o
2

| hal nT
mTs
0.2 ®Cs
0.4 T T T ]
0.4 -0.2 0.0 0.2 04

PC1 ( 55.69% )

Fig. 2. Weighted PCoA. The total structural differences in microbial
community of the samples were analyzed by PCoA. Weighted
PCoA accounts for the relative abundance of each taxa within the
communities. PCoA: UniFrac—based principal coordinates analysis.
PC1: PCoA 1, PC2: PCoA 2, T1~b: Tracheostomized group, C1~b:
Non-tracheostomized group.
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; -

Veillonella (20%)

= Other
= p__Proteobacteria
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Fig. 3. Average phylum distribution of airway microbiota of the
tracheomized and the non-tracheomized patients. Each color
indicates a difference in relative abundance at the phylum level
and the major strains at the genus level are marked in boxes at
the phylum level to which they belong.
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Fig. 4. The relative abundance of specific genus in the tracheomized and the non—tracheomized patients. Genera that showed major
differences between the tracheostomized group and the non-tracheostomized group. The vertical bar represents the relative abundance
in each sample. T1~5: Tracheostomized group, C1~5: Non-tracheostomized group.

4d)%o] tf Batow, H7| AR Aol A= 71 3E el
vI8)| Veillonella (20%*N(Fig. 4e), Prevotella (21%*P(Fig. 4f)
o] o BTk °lE F Veillonella= 712N A ¥l
71BN vl Fofu|stA B EEE Hole Ao
2 I THP<0.05).

4) LDA score analysis

713N v 7| Tl A L] ApolE Hol=
55 U] A3l LefSe ©4& A3t 4 <
=3¢ vk} ol 71N X= Neisseria, Porphyromonas,
Prevotella 52 w57}, 8BI71BAAMNFAN A= Prevotella,
Veillonella 5] T A1 A= SRIFISITE: Streprococcus
o] A9 Bt A EE =AM E ZHE o] w3ko
LDA scoreol| A& BIZ| &AM o] $-Ag Ao = gRly
ATHFig. 5).

5) Dendrogram

ZF FEE Alole] A3 FAIEE &jlskr] flsl
2 A8 E AAFste] dendrogram ©- 2 UERATE A
2 A A RS AT, T4E AL 712
M F HZIHEANT F C5, C5E AL HIZ|adry
71BENT & T4Z WA ATKFig. 6). T42] 735 oF

i

o o
e >

S

=
Y

5

\1

;

Fel

=

I Control

B Tracheostomy

g
Porphyromonas
«

g_Capnocytophaga
Other
g_Mycoplasma
q_Fikenella

I 1 I | I 1

9

g_ Patvimonas

[ ——1
[ ——
1 Enlelobacfena(eae_
f Comamnnadaceae—
q Stenotmnhomonas—
q_ thnnaculum—
g_| Hel(ococcus_
o_Troepereiis NN -
5 proteus [N
. g_Moryella
i 0 BE
_ o_Clostridiales
I o _::topobium
_ §_Lautropia :
_ g_Granulicatella :
I ;_s:icnomonas
_ g__Tannerella
I s :ococci]
I :_.cototrichia

I ; (V<icheid

q_|Prevotelia

; I i i I I i I 1
-6.0 -48 -36 -24 -1.2 00 12 24 36 48 6.0
LDA SCORE (log 10)

Fig. 5. LDA score. Histogram of the LDA scores for differentially
abundant clades in sputum samples between the tracheostomized
group and the non-tracheostomized group. Negative (red bars)
LDA scores and positive (green bars) LDA scores stand for bacterial
groups in the tracheostomized group and the non-tracheostomized
group, respectively. LDA: linear discriminant analysis.
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Fig. 6. Dendrogram. Dendrogram represents for hierarchical
clustering. The connecting lines were drawn according to their
respective similarities. The dotted line means a similarity of 0.76.
T1~5: Tracheostomized group, C1~5: Non-tracheostomized group.
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Aok 71N E Tl AFEFTIE AEshs 22 HHe
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preumonias EFS StreptococcusF2 UFZF7] THA
o] AT F 12.1% 7HFS A, o] 23k A
= u)Ro} B ul, T4t Farelst a7olA ol d AT

1Zalo] Aol BH Folghe 4o] Ygeu, A
LAFRI Streptococcuse] AR QI3 o8 REES 1
FAREZE S3hE Ao ® AztEn

1841 ©] 0}«1 axotol| A Ad7kA] 7] 3atd =l
A 40 S o E 3 o] AFA £ FEAA
Proteobacteria (48.8%), Firmicutes (26.5%), Bacteroidetes
(12.5%), Actinobacteria (8.3%), Fusobacteria (3.2%)Z &t
1 v glom) ol ARl o R g B Ao A
Bacteroidetes (36.8%), Proteobacteria (36.6%), Fusobacteria
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