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R
Oral squamous cell carcinoma (OSCC) is a common malignant tumor of the oral cavity.
Previous studies have suggested that dysbiosis of the oral microbiome may increase the
risk of postoperative complications; however, the causal relationship between the oral
microbiome and aspiration pneumonia or delirium remains unclear. This study included
oral rinse samples from 181 OSCC patients at Chang Gung Memorial Hospital. By
controlling for potential confounders and mediators, we analyzed alpha and beta
diversity and identified key bacterial genera and metabolic pathways associated with
these complications. The results indicated that the composition of the oral microbiome
affected both complications, but through distinct mechanisms. Regarding aspiration
pneumonia, the aspiration pneumonia group had significantly lower alpha diversity and
significant differences in beta diversity, with 21 bacterial genera showing significant
differences. Functional prediction revealed two metabolic pathways that remained
significantly different after stratified analysis. For delirium, the delirium group had
significantly lower alpha diversity and significant differences in beta diversity, with 11
bacterial genera showing significant differences. Functional prediction results showed
that one metabolic pathway remained significantly different after stratified analysis.
These results suggest that the oral microbiome may influence the occurrence of
aspiration pneumonia and delirium through different mechanisms. Future clinical
interventions may focus on modulating the oral microbiome to reduce postoperative

complications and improve prognosis for patients.

Keywords: oral squamous cell carcinoma, oral microbiome, functional prediction,

aspiration pneumonia, delirium, causal inference
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et b g AR R e G h B AR 6 % PICRUSH2[40] & (7 4 4 o
PICRUSt2 § - #83" 16STRNA ## 5 fcdhend $ T £ 1 5 > 7 fip e & 7
M2 v i dgF r i AT IR T RRAFFEFTONIRIEER - BF 0 T
R ‘]*5'3 AFlE A Fen 23 (KyotoEncyclopedia of Genes and Genomes, KEGG )
Pt g (A SE s B Repie 2 4 3 i AR F1E R 3 KO (KEGG Orthology ) a5

TR HEOY L0 tf o RS SRR
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%2 TNM (Tumor, Node, Metastasis ) » #f % ; % = 304 Zisis a3 > ¢ 7 8
ML pepEe FIER S A s B v B A VICU BfephE 2 EIgpE S Fun
AR R G T FE?FE'F"JE}?&:‘_%E'PK R R P
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Wallis & %_ (Kruskal-Wallis test ) » #f %] % #c | * + > #& %_ (chi-squared test ) °

F s 45yl R & i 0 tableone 0.13.2 7 CreateTableOne S #cig 7 o

2.3.2 Alpha % # /|4 Z% Beta 7% # |+
Alpha % M3 & >R R H - A ¢ cnpied 25 B (richness ) % 323 B
(evenness ) ¥ § & T & fic 2 - fafgchdicp - @ 393 R P4p & chs * LT L
e AFETRY T BE A hiip ik k=& alpha % $k42 > & B 5 Observed >
Chaol[41] ~ Shannon[42]¢ Simpson[43] = A& 4 @A E § R L &7 /3> o
AL % alpha § {2 4%% - H ¢ 5 Observed 4 ¢hE_ ASV chiff sk
% Chaol RliE-#H L7 4fF B > FHAHEL A FRPFY R T B A
2354 R BBARA 7 A m alpha S RPARE o i iRant E Y fr R 21
¢ phyloseq 1.50.0 £ estimate_richness & &7 4 47 o 5t fed e B4 2 B ch
AL R o Bt % % B Bk 7 (analysis of variance, ANOVA ) i {7 T 3%
4% R & i*chostats 442 e0 aov SnBicE (7417 o SRR EERIBEIR -
LA kAR EL R -

Beta 511 B * 32 2 PHRAFAEFT 23 LR « A7 F L3-8 #
AR EESAEE > BEF Y & A B2 2P ehB 4 S % B ek 37 (permutational
multivariate analysis of variance, PERMANOVA ) i& {74 2 [44] > & {s HF 1L B
& 47 (principal coordinates analysis, PCoA) T I H £ E[45] - A= § #- % = f&
¥R EipdpaErd > & w5 Fr R4 (Canberra distance ) [46] ~ & 4c
UniFrac #e4t (unweighted unique fraction distance ) [47]'4 % 4c & UniFrac §E#E

( weighted unique fraction distance ) [48] - 2 ¥ » M PR A E 2 F g &
F T @ A4 2 4o eo UniFrac JESR] € ¥ G BER BTG IR
P s ®eA o FdEL 74 W * R % %7 phyloseq 1.50.0 = ordinate i #c?
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 ASV £ %7 > A HERNLAER ASV A Ay ch@HER - d T2 KA
HEE AT - R0 R0 R AR R LT e B 4R TR R
AR F R Bfodgic (total-sum scaling, TSS) $f 78 (74— 14 [49] » 3% 2 &
E A AR S A RcE > AT R BT S 1o R T
=+ B ASV fimte ¥ E’?”Jﬁé’%f{’)ﬁ“!ﬁ MR AR ER  UHEHE LY ER 4
WA LRI EARALT LR HRYPHEAREFERLE ST
( differential abundance analysis, DA ) > i %% Hill-Burns & % 2.2 % » @& g J
Rl 10%H 4~ ° cF/h F A 45[18]c 4 B 3k A 4 ficdpid ¥ £ 5 i AR it
GF M AT Y R &AM (generalized linearmodel ) & 72 #- > & 3
pBERE S f - A W([18]e gt vt o d WY A ERE RPN T
W H-A| (zero-inflated model) [50]02 3% 2 5 & £ - P T+ R 22
glmmTMB 1.1.10 &7 glmmTMB & #ci8 {7 » 47 ©

b 475 % #rd ok LB (volcanoplot) T3 0 X fh s & #ic i (fold change )
G0 2 A K e¥tciE o Y $hi p-value H02 10 3 R HEcE o B Hcg gt
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¥ AL K o e s A Xz FE S (False Positive Rate ) % 4 » # *  Storey
45 3% 3% (Storey false discovery rate ) f p-value & {7 & &t [53] > & #f& it 18 e
q-value A F-KHRE 5 005 A e F RV WL RE DT RFRLSEEp 2432

(bootstrap method ) & {7 fz 3+ o F 3 &~ 47 ¥ | * STAMP ( Statistical Analysis of

Metagenomic Profiles ) [54]:& {7 o d %322 ;2 &2 I PFEE4) 7 B F 4§ 715 > F)pt
AT HRAUREE T F I OERHEIRES O MR LR RGeS
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T ERATEEFAL BT AREFFLEENER R S e
B 2 BT R G Ay g H P ERBEF A AL A
BRSO~ P (N=162) 18~ % 3 (N=19) A e & eh 4 v s P o %
S4B (- ) #7 o d SN RHR S 0 AFTF A 0 epied Fole B e n [
PR SRR 0 A R BB M AR R RS 2 Y R
ANFLR o AESRRTRE S R G A F LR pvalue » W 5 0016 &

C B E RN R 2 R TR A AR RE o i

’zbr

0.040° iz 4 PP w3 » 5% Lengd 4
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2 (=) FEBIEF A R F2 40 g

F i

s O e R LN

13 @D S :t}_!‘r‘; Ng

p-value
(N=162) (N=19)
e
L 15 (9.3%) 0 (0.0%) 0.345
744 147 (90.7%) 19 (100.0%)
r3
Tiaw (L) 52.695 (9.470) 58.465 (12.125) 0.016
kR 1= O 1]
$1831% 3% 96 (59.3%) 6 (31.6%) 0.040
548 66 (40.7%) 13 (68.4%)
o
3 33 (20.4%) 3 (15.8%) 0.865
A 129 (79.6%) 16 (84.2%)
&7
3 51 (31.5%) 4 (21.1%) 0.502
A 111 (68.5%) 15 (78.9%)
w2 W1 1%
3 43 (26.5%) 6 (31.6%) 0.846
A 119 (73.5%) 13 (68.4%)

3.1.2 Alpha 3% #/+Z Beta 5 #Lt.%%

¥ _E',é."ﬁ v Vepied oot iE (7 oalpha f HRPEA 1T B R AeBI(Z )AToT e

% Observed % Chaol Fptkt - & {33 o i alpha § k1425 B ¥ 004 > p-

value 4 %] % 0.017 2 0.015; A % Shannon * Simpson 4tk PIREEF LS -

p-value » %] % 0.629 2 0.845° 8- # £ 47 beta % it > & IcB (=) #77 °

%t Canberra % unweighted UniFrac fEdf > % 2 & ¥ 7 5 &35 ¥ £ & » p-value

A w0022 2 0.011 5 @ £ weighted UniFrac §E3ER| A £% ¥ £ & > p-value

% 0.069 - PCoA ZFL’% L “‘—‘—f.'—% %E"fr ’ %"" Canberra &E-,‘i}’p‘. s ok B AR A ) ﬁ;%§ 4

BHRN25%% 2.1%; > unweighted UniFrac BE&E: & S| 28 1 A% 2 5 7%

% 4.1% ; 7>t weighted UniFrac FE&E > B4 928 7 2% L 9 149%2% 9.9% -
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Observed Chao1 Shannon Simpson

| [ | =] 1 9]
450 5 value =0.017 4501 pvae=0015 1 pvalue =0629 2| pvalue = 0845
- . - |
2 3501 | 350 41 1.01
2 . |
L [ ] - y
2 ‘ I
= 1 — 4 p— J: | |
z a0 250 : .| IR |
o il — :
= |
] | |
s 150{ | 1501 | =
= 21 0.6
e ;
501 50 _
: 1 | 04

E3 Non-Aspiration Pneumonia £2 Aspiration Pneumonia

W (=)~ Fas s E%—%‘L alpha i%i'kta‘;ﬁ%’:-

Canberra Unweighted UniFrac Weighted UniFrac
p-value = 0.022 p-value = 0.011 p-value = 0.069
02 02
® * X 02
= - 01 &
0.0
~ 00 ~ ~ 00
(2] (2] (2]
X 01 x 01 X
< < < 02
02 02
-0.2 -0.1 0.0 0.1 0.2 -0.4 -0.2 0.0 0.2 -04 -0.2 0.0 0.2
Axis.1 [2.5%] Axis.1 [7%] Axis.1 [14.9%]

Non-Aspiration Pneumonia Aspiration Pneumonia

m(z)\jﬁ&»ﬁﬁwﬁﬁ&ﬁLIMa%ﬁﬁﬁ%

313 PRABAITEF
AR D0 3,658 B ASV o A BT H BRI A F AR & ] BR -
13 ~22@% ~55Bp ~91 BAL~178 B/Hr12 391 Bff o g N AT
S 10%H A BT B 105 B RS B A E L A HER - B % o)
(z) #fm o g%br 3 2l BAHEFHFLE H 11 BEH R LW
Y BEFRE > A9 5 Bulleidia (p-value 5 <0.001) ~ Howardella (p-value %
<0.001 )~ Leptotrichia( p-value 3 <0.001 )~ Parvimonas( p-value % 0.002 )~ Centipeda
(p-value % 0.003 )~Scardovia( p-value 5 0.031)~/Eubacterium] saphenum_group

(p-value 3 0.033)~ Family XIII UCG-001 (p-value % 0.042)~ Kingella ( p-value
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% 0.047) ~ Erysipelotrichaceae_ UCG-006 (p-value % 0.048) 14 % Fusobacterium
(p-value % 0.049): H & 10 B F/BR Lm0 Ll P BFRE > A5 5
Lautropia (p-value 3 <0.001)~ W5053 (p-value 5 <0.001)~ Tannerella ( p-value 3
0.018 )~ Desulfobulbus( p-value % 0.023 )~ Veillonella( p-value % 0.030 )~ Halomonas
(p-value % 0.030) ~ Haemophilus (p-value % 0.036) ~ Odoribacter (p-value %

0.038 ) ~ Phocaeicola (p-value 3 0.040) 12 % Filifactor (p-value % 0.042) -

Genus

8 [Eubacterium]_saphenum_group

* Bulleidia

® Centipeda

* Desulfobulbus
Erysipelotrichaceae_UCG-006

8 Family_XllI_UCG-001

@ Filifactor

® Fusobacterium

® Haemophilus
Halomonas

* Howardella

N ® Kingella

¢ Lautropia
Leptotrichia
Qdoribacter

" * Parvimonas

.................. {7 S S * Phocaeicola
Scardovia
Tannerella

+ Veillonella

® W5053

—log10 p-value

-12 -8 -4 0 4 8 12
log2 fold change

N A R UL B ch b

AERARPLE BS P 16 BEHBD S AT Bk IACE 1% i
B EFR QAT A P e 86% 0 B AR (I) 1R o R xR e L )
2 & R\ 5 Streptococcus (22.06% ) £ Neisseria (17.30% ) > H =% & B %
Veillonella (7.51% )~ Gemella ( 6.63% ) ~ Haemophilus ( 5.61% ) ~ Peptostreptococcus

(4.70% ) ~ Parvimonas (4.39% ) ~ Fusobacterium ( 3.63% )~ Leptotrichia (3.37% )~
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Rothia (3.12% ) ~ Granulicatella (2.32% ) ~ Aggregatibacter (1.13% ) ~ Prevotella

(1.00% ) ~ Solobacterium (1.00% ) ~ Actinobacillus ( 0.94% ) ~ Porphyromonas

(0.94%) ~ Filifactor (0.69% ) 2 & ¢ > 5 5 BEFHEL

FEELL A

2 BRAB S L e Y EFRE > A B 5 Parvimonas (p-value % 0.002) %

P

Fusobacterium (p-value = 0.049): B4 3 B HBHA L ms » 27 Ll ? HFR

-

% Veillonella (p-value 5 0.038) > 4@ (= ) #77 o

100%

5%

50%

Relative Abundance

25%

0%

Non-Aspiration pneumonia

Aspiration pneumania

W ()3 mmr s BREZABE AL B

25%

20%

15%

10%

Relative Abundance

5%

%

URCON

Leptotrichia
pvalue < 0.001 15% pvalue =0.002 |

10%

5%

0%

Parvimonas

Veillonella Haemophilus )
A0% 1 b value = 0.030 A% b vatue = 0.036
0% i 30%
20% ‘ 20 |

= \
- I
onf | 0%

% o & B & Leptotrichia (p-value 5 <0.001) ~ Haemophilus (p-value % 0.036) 12

Genus
Streptocaccus

. Meisseria

B veilionelia

I Haemophilus

Gemella

|| Rothia

] Leptotrichia

Peptostreptococcus
Parvimonas
Granulicatella
. Fusobacterium
_ Actinobacillus
. Porphyromonas
I Prevotella
Filifactor

. Aggregatibacter
~ Solobacterium

. Others

Fusobacterium

20% 1 pvalue =0.049

15%

10%

£ Non-Aspiration Pneumania & Aspiration Pneumonia

ERP LA n X2 B AL R B
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3.1.4 # i FRG R
=g 4 IR B10% Bk A ¢ oenFt R R TS o AHE 9T R FHE LT o
s b2 ARHE R AR B 2 RRAT 0 AL DAL TR A R L
SR F B e F1R[S5] 0 Flt R HRTRA AP AT AN IHEELR o HHAE
AR R 3N EE o 2HFRELEFLE D F A AR L
PR ¥ R § - & W i Atrazine degradation ( g-vale i 0.021 ) %
Glycosylphosphatidylinositol (GPI)-anchor biosynthesis ( g-value % 0.039) > # % 1
bk g EenA fe vE 28 %38 (Xenobiotics biodegradation and metabolism ) 2 F fE
4 $ & = #7838t (Glycan biosynthesis and metabolism ) » 4-B] (= ) #777 o 4%
Bouepk o Hp LA 3 Hp e g iﬂ' F A EREE s ¥ L P8 P i Alanine, aspartate
and glutamate metabolism (g-value % 0.003) farx 5% Lo ¥ BF I F > HE
1 % A& 3+ (Amino acid metabolism ) 5 H 4 3 %2 5P| fm v » (15 ) e P Ag
¥ i § > & 4| 5 Valine, leucine and isoleucine degradation ( g-value % 0.002 )~ GPI-
anchor biosynthesis( g-value % 0.026 )14 2 Atrazine degradation( g-value 3 0.050 )
HrE T F FAFE B (Amino acid metabolism ) ~ B fE g & = 22 (L 2 b kg
Bend 4ot 22 (3 o] (N) #9F o Y b st ip ik T 4481 KEGG A &
T BN 3BA | B R QEAAEY S F N4 § AR A

H &2 RPE2 5 £ 3 2 B3 LR 40 kg e 5o 22 835 -

3 Aspiration pneumonia 3 Non-Aspirabon pneumonia 95% confidence intervals
L_Atrazine degradation . onz1 2
| T
H_Glycosylphosphatidylinositel {GPIj-anchar biosyn.. E a 0.039 ;_
I
0.0 0.0=-0.025 -0.020 -0.015 -0.010 =0.005 0.000 0.005

Mean propertion (%) Difference in mean proportions %)

W (=)~ F R AL B E2 AR (RRAEASP=F3H)
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=3 Aspiration preumonia 3 Non-Asplration preumaonia 95% confidence intervals
|

"F_valine, ieucine and Isoleucine degradation” == —— : 2.00e-3

“F_Alanine, aspartate and glutamate lsm” = |] | . e | 3.00e-2 ¥

| =

H_Glycosylphosphatidylinasitel {GP1}-anchor biosyn... | =] 0026 ;
1

L_Atrazine degradation | Ho, 0050
L
0.0 22 -010 -0.05 .00 0.05 0.10 015
Mean proportion (%) Difference inmean proportions {%)

BN~ F a5 a e g2 # i ER (RTRk~ 8> % 348)

32 riphkd pEB IR FEH G
32,1 A st g s L
Bl (1) 5vropkd e 3w FHEFTEY 473 nF M GE -

FEiE F % g R AR L MY B2 ATeR AW 2 RS

2P g F I E[S6] s % ERL[ST]E o B A[S8]E FE T £ ICU shid
FapF £ 0 ¥ ICU AFepff s SRR M[59] e d >0 ApT§ L BIF3E v pikcd
Plo gt pahd oo a 2EE Y 4 TS A4 el R I F HE 4o
Prdl e s ens fe ke PR d T T3 2 ¢ 4 TG 0 U RS T Ao ik
okl g (NS154) @38 g (N=27) & e i 2 A v b o B % 4
(2 ) H9TF o d RIS > AN F Al OFEFIFE P T o B R BT

BEHREE LR AR RTRAANEGrRA L BaRFLE > & ICU dtepr

bl

e FEREAG NP PR EREFLR > H pvalue ¥ -] ¥ 0.001 o

B R
PER] ~ s~ MBSIRGH — oA a < g AL X >ﬁwﬁ§;;%5:-ﬁl‘%az‘?§—- EEE

B (4 )~ moiphed ol Bt g 2 F % B R
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RELE Bl
(N =154) (N=27) p-value
e
L 13 (8.4%) 2 (7.4%) 1
744 141 (91.6%) 25 (92.6%)
r3
Tiaw (L) 53.054 (9.766) 54.705 (10.740) 0.426
kR 1= O 1]
$ 193253y 90 (58.4%) 12 (44.4%) 0.253
54 8 64 (41.6%) 15 (55.6%)
el % LI
<7 = 138 (89.6%) 14 (51.9%) <0.001
> 7 = 16 (10.4%) 13 (48.1%)
£ FEE
2 149 (96.8%) 20 (74.1%) <0.001
A 5 (3.2%) 7 (25.9%)
13UV e RN G
2 144 (93.5%) 18 (66.7%) <0.001
A 10 (6.5%) 9 (33.3%)
FrE%
T 95 (61.7) 12 (44.4) 0.142
A 59 (38.3) 15(55.6)

3.2.2 Alpha % # /4% Beta 5 #48%

BH5 D g T it Feie 7 oalpha § RIS 150 5 R e B )9 o
S5 8T #X gl alpha MY R M & E Observed 2 Chaol ip &
P EGHFLR pvalue ¥ 5 0.034; & Shannon 2 Simpson 4p ikt P& A F
Z 2 o p-value » B 5 0.168 2 0.545 = i&— % ~ 473 B & 4 0 beta SHEM B
F4e® (L - ) #77 o B %7 0 A3 Canberra % unweighted UniFrac FEEE
ke beta FHRIEY 5 EFLE opvalue £ B 5 0017 2 00135 @ &

*> weighted UniFrac JE3ER| A£ 88 % £ £ > p-value % 0.333 °PCoA R4 it B %
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Bt 0 £ Canberra §EH > o BAR A BfER T RFRE 9 25%% 2.1%; &

unweighted UniFrac §E3E LR R R T%E 4.1% 5 AT weighted

UniFrac §edg > P4 9287 2% 8 9 14.9%2% 9.9% -

Observed Chao1 Shannon Simpson
4501 pvalue =0.034 4501 pvaiue =0.034 5 pvalue=0.168 2] b valus = 0535
- . - |
2 3501 | 350 41 1.01
@ | i
o p——y [ | f
.-5 25017 = 2501 | | 5 : 0.8 |
@ | E—— L]
= B |
D | 1
© 1501 | 150
= ‘ 2 06
T
50 501 |
: 11 j _ | 0.41
= Non-Delirium &2 Delirium
E e % 3 Z )¢ =
W ()7 28¥<as 22 alpha 7 gtk
Canberra Unweighted UniFrac Weighted UniFrac
p-value = 0.017 p-value = 0.013 p-value = 0.333
0.2 0.3
0.2 :
= T 01 = 07
= 041 - @2 01
o, =~ 00 @
o 00 ~ o 0.0
2 01 £ -041 % -0.1
< < <
0.2 -0.2 -0.2
0.2 -01 00 01 02 04 -02 0.0 0.2 02 00 0.2
Axis.1 [2.5%] Axis. 1 [7%] Axis.1 [14.9%]

Non-Delirium Delirium

W(t-)~F m2EZRES P_ﬁ—‘ﬁa beta % thitipik

303 PRAFEL VLS

o NI AT S 10%HE R BT 0 B4 105 B e b K 2
HERLRE > BS54l (L2) %7 « %5873 L1 BHBEETHEFLE
2P 7T RHBEEIREY HMEFRS A B 5 Haemophilus (p-value 5 <0.001)~

Kingella (p-value % 0.005) ~ Neisseria (p-value % 0.007) ~ Brachymonas ( p-value
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% 0.015) ~ Eikenella (p-value % 0.026)~ Halomonas (p-value 3 0.033) 11 %
Actinomyces (p-value % 0.044); B4 4 BHEBEA LA E I RE? BFRF >~
w| 5 Bacteroides(p-value i <0.001)-~ Parascardovia( p-value 5 0.001 )~ Bergeyella

(p-value % 0.015) % Dialister (p-value 5 0.027) °

6 Genus
Actinomyces

¢ Bacteroides
Bergeyella

® Brachymonas

* Dialister

® Eikenella

* Haemophilus

i Halomonas

® Kingella

Neisseria

27 . ® Parascardovia

—log10 p-value

-4 0 B 8 12
log2 fold change

-12

'
o

B (S=)F RBIRA Bh¥2 ARKAHER LE

~

FR ksl B e dd 3 IS BEBAED S E- &0 Sk 648 1%
B FHBOETE A S e 85.5% 0 Ael] (L2 ) 4 o MEIEEL B0 A
& A% % Streptococcus (23.58% ) £ Neisseria ((19.81% ) » H = iz A %
Haemophilus (9.01% ) ~ Veillonella ( 8.09% ) ~ Gemella ( 5.07% ) ~ Rothia (3.42% ) ~
Peptostreptococcus (3.04% ) ~ Fusobacterium ( 2.82% ) ~ Leptotrichia (2.80% ) ~

Parvimonas ( 2.78% ) ~ Granulicatella ( 2.24% ) ~ Actinobacillus ( 1.55% ) ~
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Porphyromonas (1.43%) % Prevotella (1.10% ) &3 & 27 > 5 2 BFHHL

FRFLE X

22 Neisseria (p-value % 0.007) > 4o (L2 ) & 47

T AEIEE? BFRSG A B 5 Haemophilus(p-value 5 <0.001)

?:l-rﬁ: o

100%

5%

50%

Relative Abundance

25%

0%

W(+t=z)~7

W ()T

Non-Delirium

ait

=

40%1

Relative Abundance

0%

LR R FE

=
4

Delirium

Ak i &

30%1

20%-

10%

Haemophilus
p-value < 0.001 80%
. 60%
1 40%
20%
0%

Neisseria

p-value = 0007

£ Non-Delirium E2 Delirium

Genus

B Streptococcus
I Neisseria
Veillonella
Haemophilus
Gemella

| Rothia
Leptotrichia
Peptostreptococcus
Parvimonas
. Fusobacterium
I Granulicatella
. Porphyromonas

= Actinobacillus

Filifactor
~ Prevotella

7 others

ﬁé’%iﬁ:ﬁ “E..é.’?]zl %ﬁ}i‘,’%@kli o &F%‘%ﬁ}%
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3.2.4 # 4y R E

FF N AT S 10%HR A ¢ w R T (e 0 N 97 1E B kT o Wb
A B F L APHERLE o d MBS T RET 0 RE TR FG ICU BlRpER
W R R SO 4 [60] 0 Flpt M4 ICU AfepFk £33 <50 7 2
BT A K AT o 4 ICU BfRpr& 380 T Ay 0§ 3R LY
AR P Y haPEI R BEFRE > 4~ Y5 Ethylbenzene degradation (g-value
% 0.006) ~ Chloroalkane and chloroalkene degradatio ( g-value % 0.012) % beta-
Alanine metabolism (g-value 7 0.045) ¥ 2 ¢ ke Frend $ord j2r gz # i
% Lk 3 (Metabolism of other amino acids ) » 4c B (- 7 ) #751 ° 4% ICU @i
Pepe ke A0 T X ehg F o3 SHREEFHEFLAA A AFRT AR R
B ¥ 3 > & 4 % Glycerophospholipid metabolism (g-value 3 0.013) ~ Nitrogen
metabolism (g-value % 0.013 )~ Glycine, serine and threonine metabolism ( g-value
% 0.019) % Fatty acid degradation (g-value = 0.049) # % it & i~ # (Energy
metabolism ) ~ #3 F i 3% (Lipid metabolism) % % zfi& 3% ; @ Chloroalkane and
chloroalkene degradation F| 7 & X JE & ? B ¥ # B > q-value 7 0.044 > # 2 ¢t
ke Frend Pk (2 B ol (2 ) BTF e 2 A REELY S C R AR BN
WD M EAEABF N R g ARBAHE L R R A 5 R B

G4 HB g AR B

3 pelirum 3 Non-Delirium 95% confidence intervals
1
L _Ethylbenzene degradation l:| p——i | 5.99e-3
o
3
L_Chlarocyciahexane and chiprabenzene degradation B M | 002§
1 o
& _beta-Alanine metzbolism P ; 0.045
1
0.0 0.3 -0.30 —0.25 —-0.20 -0.15 —0.10 —0.05 0.0 0.0s
Mean proportion (%] Diffarence in mean proportions (%)

m(iz)\jgﬁiﬁﬁﬁﬁﬁixﬁgw ] (ICU ffapre <7 %)
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= Delirium 3 Nen-Delirium
0_Glycerophospholipid metabolism [l
€_Nitrogen metabolism ==t
"F_Glycine. serine and threonine metabalism” -

LC and ¢ degradati .h

_atty acid degradation [

95% confidence intervals

-
=
=
-
w

| L
o 16 =04
Mean proportion (%)

=3

. : )
=0.z =01 0.0 o1 02
Difference in mean preportions (%)

(22 )~ F mFEIRES BRH LA ER (ICU fifapri >7 %)
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PR SRRk

4.1 ©Eped IR At 2 TR

Bor LT R BERE 0 ICU ~ 1R
F[8]° Fl o BiF v

SRl XAl B S 8 W I

TR iul
s f-}#vz‘p—ﬂl?:j—c}';)x}’*’i# L £

G L
VR B BT R S Hp
PRI B n R K o BEAREE ¢ F AL
BHcA P 2 B DR B e AREES O [ HT  vAR R 0 B2
BAL T FEN TR A MY S P PR T R P e e n N 2
Fenpd sl » X8 H A7 H 7 a0 T R B o
4.1.1 r izfcd w2 BEEFT
Alpha %

HHEA T SR BT o R

Fg Mo Ao REOPAE R R

& Observed 2 Chaol 41+
B devn xR %

» 2%t Canberra % unweighted UniFrac FE3E > &

MEZR Aavighd FlemGipi 2

ey
_/‘]_‘J"li"l‘t‘,\a A '% :r’i'_ﬁ:i' V}L‘E‘ ‘-% g) & mﬁﬁ

R T
0 G i B
e

i
B2 b f o 1 B

A

B4 1
( macro-aspiration pneumonia ) ~ 2t

5 A
R g A o - 7R
» A B R e ICU B¥ 2 i st
3 # ICU B E&- H A 5 2 B » 5
2L ~ 9% X (non-macro-aspiration
pneumonia ) £ X W F M RET R E L B R L FIp % % (intubated
control ) 7 R % BT 0 Ew At i (upper respiratory tract, URT )
r¥ 3 ig (lower respiratory tract, LRT ) fic# 47 %o 4 47 »
SHEMEREFMONEBRE YRR o g4 beta
R

. T
B~ MR I % e alpha
- AR Sl I A e
URT 2 LRT fc2 4o 5 GATF L R [61]0 3 32 frerm =
FLB R BRiE- B AT kL pET
K

EN S =) ;E F
fgsﬂ)\ S l]‘ig‘r';

cel) Wy
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ook AR BT Veillonella S~ B R fARM 0 5 3 T 4
= A K Shed $ ¢ Prevotella ~ Veillonella - Treponema % F)f%E R #% > Bl
FTRHREFRB LR GRAD B BEFE AT I - Re— T 05 0 Veillonella
DR NG Qﬂ}ﬁaﬁ:j’?ﬁ ﬁ_—ﬂ’?}ffﬁ@ﬁi" E2 it %ﬁjﬁﬁ’liﬁ [62]- i & 5 Hp
e F 2 iR E b o Veillonella v Vpbed $3 55 cog B Y FHMAEITY o i &

B b2 L 2 MG AR FRFRIFPELATF-LEL -

4.1.2 7 5y FFR(Z FFFFT

Ry aimh ~ 8 4 K 42 45 % % > Atrazine degradation 2  GPI-anchor
biosynthesis £ 5 B ¥ A £ > ¥ B a i LR ApBE o ¥ %2 (atrazine) &
- AL Fhs t*_m“f A ORI AP ETHALS NG P LR EL[63] - R
AP RET A AL BRI R L ALY L AN LR )
MO LT BT MR L PR A N B LY RER S TG
fEa (T BEAMRT N ERMHRE AP R AREY VB HIF SR E
FEIN B G2 AHBHTEASLAEZEE - GPI 4% (GPlanchor) %27 }-
B R E T e B AR 0 ¥ B @ (signal transduction ) ~ fw¥e Zk¢ (cell
adhesion) % 2 wmie *tRB T P FHEF c B L aFwmeffr o E R
TV B FLRF 64 - 22 P E R EADT R g X T HFLAAS L > &

B 4 3P LR AR S B e 3 T LR

)
ETIS
&)
T,
N
&
S0
F_k
)
&
}f

TERIINGCILEE QTS

42 rppd pEe IR FE Y G

£-4F OSCC #iFis B > % e 2 7 it R B F([12] 3o it %43
B b & [10, 1112 F o = Al 2 [9] 0 Bt B R w2 SHIHEOIENF b
R H I L TR R s AR E £ R o d 0 AR S M T R B B
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TR o S RS A ek R B s e SR g 2 e
Mihimah L s T AP AP AN REEF AV DG E T SRR 3
AT T ERSE A TS R S (R R BT A e

BLROPE FARTRAET EFFERGREI e

4.2.1 s prz R IE

Alpha 5tk {22 47 % % &g > % Observed 2 Chaol Fpikt > B g eeh’
BHHEFRML > A7 RMDPFEGRET & § FREZER G HH 4> L i
Shannon % Simpson fptkt RIRE IR F ¥ B A7 ASV BahE R
AERIET M T RE ASV EHRAPEHREOER A HE ASV RldeEHF
B ERFF e A D725 130 P alpha f ARt E 8 % o 2t beta
ML TES L P > A3 Canberra 2 unweighted UniFrac §E#E > & 2 g, ?{ 1
Aol G eBFLB LA av ekt eV R B EEIRDF ARG
- BN ERAFEEIEIFY C SH 13 LS RE U NELRE A
T ERYGE M 4 alpha FHRPRMERE A RERL 'R B o beta § RIS
YR R G A FLR[65]c R EAF L R R BRARATFT H T
epcd fE B M R AR gl PV L BRI RFE AR R
o A e fRA T R R R 2 B B o

# % g (neuroinflammation) €% JpinE & b '& F15 > w4 E <5
FEIRE fFIS[66, 67] c #Fis ¥ Aend L X g F R L g (systemic inflammatory
response syndrome ) ¥ it B3k i %5 B[R (blood-brain barrier) » & W g F]5F i~ &
oo ER A LREF BRI A EIRER %68 AFETFRIAT AIFR
LG NG m‘];%]’% » & 35 Haemophilus ~ Kingella ~ Neisseria ~ Brachymonas ~
Eikenella ~ Halomonas % Actinomyces[67,69,70] > B ¢ > Haemophilus #3% 5 &_
- fEE AR B s € 195 B 8 (opportunistic pathogen ) » /&> HACEK n/#
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( Haemophilus ~ Aggregatibacter ~ Cardiobacterium ~ Eikenella ¥ Kingella) > ¥ #
1.4%3% 3%+ 3% (infective endocarditis ) i B | ¥ ¥R 3|[71] ° Neisseria P22
SR L %, K ehiE AR 0 B 4 s eheh i e (outer membrane vesicles ) ¥ i 18
R ES R Fliwie 3 9 [72] o iz 44T A S Feh Bl 0 & pUR T R
A fr e [73,74] o FF A EE A0 )33 A % (mucosal biofilm ) i
G BB G M R - Bl 2 PR F G T BB
TRt e e B P R R RS R R o Tl B g

BEFMA T A% M OSCC iFt X b " g & vk o

4.2.2 # 5y FFRIZ FFIFFT
o TR A 47 8 % o > #E % Jg 2. Glycerophospholipid metabolism %5 %
BF o AL E PR iREIER S F Y B E
( neurotransmission )~ #¢ & = 37 4 (‘neurogenesis )~ & f @ 1£.( synaptic transmission )~
B imre i & (membrane organization ) 2 £k F] £ iE 24 4 ( gene expression
regulation) % B A2[75-77] « £ F 5 45 9 0 H B A5 A BT A BREK A F

3 4 [78,79] 0 i - A e plA GRG0 Bt ARET S ERREDERFF T o A

“3\;‘:

B R A B AR AR R Y MR S o 2R
JER & AP B 0 R Hrik =R ¢ £ Glycine metabolism %  Chloroalkane and
chloroalkene degradation - # ¥ » Glycine metabolism ## % jre? BFHREF o 4
% f& (glycine) ¥ Z Fr{24¢ 5325 (inhibitory neurotransmitter ) » ¥ $-£7 3 vfik
(creatine) % 2%+ *x (glutathione) %2 H 4 Fensd & > EAFBEF v o X
AWEHRRIF oH g fad IV VB34 gl Biad gupa2ida
5158 B3 % Ap M it & HLae[80, 811« @ i ICU (Faps £ A & A 471 »
Chloroalkane and chloroalkene degradation i & & #E X E e ® B F RS o d 3T F 1

# # = (chloroalkanes ) £ & % ( chloroalkenes ) ® # &% % # 54 #
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(neurotoxins ) » ¥ a¢ 3l A2 & g it [82] c Ft » BEI R Y FEEfRR T
BERFT RGN RAN SR ZORE BB LDRETY cipt R AP H
RHEET R B BN A 52 F (neuronal excitability ) £ i £ 4

( neurotoxic clearance ) k2 HBE X R R & o

43 #F e/

FEAFTC 2 RETIRHRBEMS A TR R e b B
BACFRBFTIAITF ¢ h T T T R R AT S BV o H R FAD
PHARpY T A FHESYRACRFELIPMEEC A LR RV KA P E
SRR gt b d Y Wie kR Y ICU AR F L EF LRI
B R AR B TSI ASFFER ST mT A P E - HEFEH TR
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