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Clinical features of oral flora in patients with acute ischemic stroke
Zheng Xiaohong',Huang Zhiyan®, Wu Huanze',Yang Jiehua',Chen Wei'
(1.Department of Neurology , The Second Affiliated Hospital of Shantou University Medical College ;
2.Department of Neurology , Yunfu People’s Hospital)

[Abstract]Objective :To investigate the features of oral flora in patients with acute ischemic stroke (AIS) and their association with in-
farct area and prognosis. Methods : A total of 100 patients with AIS who were treated in The Second Affiliated Hospital of Shantou Uni-
versity Medical College from February 2022 to June 2023 were enrolled as AIS group, and 31 healthy controls were enrolled as HC
group. Oral mucosal samples were collected , and Pacific Biosciences (PacBio) Sequel Il e platform was used for full-length 16S ribo-
somal ribonucleic acid (rRNA) sequencing. Oral flora were analyzed in terms of alpha/beta diversity , abundance , and functional pre-
diction. According to the infarct area, the patients with AIS were further divided into non—lacunar cerebral infarction group ( group B
witha diameter of the infarct lesion of >2 ¢m) and lacunar cerebral infarction group (group S with a diameter of the infarct lesion of <2
cm) , and according to the modified Rankin Scale (mRS) score, they were divided into poor prognosis group (group D1 with an mRS
score of 23) and good prognosis group (group DO with an mRS score of <3). Results : As for the diversity of flora, the AIS group had a
significantly higher Faith’s phylogenetic diversity index compared with the HC group (186.53 + 28.32 vs. 163.73 + 37.00,t=3.156, P=

0.003) , and there was a significant difference in beta diversity be-
tween the AIS group and the HC group (R*=0.018, F=2.309, P=
0.001) and between groups B and S(R*=0.021, F=2.106, P=0.001).
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(2026-02-13) at the phylum level, the AIS group had significant enrichment of
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four phyla, including Bacteroidetes (median: 20.31% vs. 11.32%, U=1 051.000, P=0.007) and Spirochaetes (0.51% vs. 0.17%, U=
934.000, P<0.001) , as well as a significant reduction in the relative abundance of Proteobacteria (13.76% vs. 21.03%, U=1 136.000,
P=0.025) ; at the genus level, the AIS group had significant increases in the relative abundance of 27 species including Prevotella
(6.23% vs. 2.73%, U=962.000, P=0.001) , Lactobacillus(0.77% vs. 0.15%, U=618.000, P<0.001 ) , and Treponema(0.49% vs. 0.15%,
U=941.000, P=0.001) , as well as a significant reduction in the relative abundance of Neisseria (3.22% vs. 6.90%, U=987.000, P=
0.002). Comparison of the AIS disease subgroups (groups D1 and DO) showed that group D1 had significant enrichment of five species
including Veillonella (4.85% vs. 8.55%, U=652.000, P=0.010) and a significant reduction in the relative abundance of Gemella
(3.51% vs. 2.43% , U=690.000, P=0.022). Functional prediction of flora showed that compared with the HC group, the AIS group
had significant increases in the enrichment levels of six functional pathways , including nucleotide metabolism ( 8.45% vs. 8.25% ,
U=1 176.000, P=0.043) , biosynthesis and metabolism of carbohydrates (3.09% vs. 2.94%, U=1 097.000, P=0.014) , and cell growth
and death(1.12% vs. 1.10%, U=1 104.000, P=0.016) , but with significant reductions in the enrichment levels of the pathways associ-
ated with amino acid metabolism (12.60% vs. 12.91%, U=1 055.000, P=0.007) , membrane transport(6.99% vs. 7.23%, U=1 162.000,
P=0.036) , and neurodegenerative diseases(0.41% vs. 0.51%, U=1 047.000, P=0.006). Conclusion : There are differences in the struc-

ture and function of oral flora between AIS patients and the healthy population, and changes in the abundance of specific flora may be

associated with poor prognosis, suggesting that oral flora may be used as potential biomarkers and therapeutic targets for AIS.

[Key words Jacute ischemic stroke ; oral microorganisms ; 16S ribosomal ribonucleic acid

SR IR A TP R i 2 P R 2 — R
BAT v B 3 e SRR R B R AR L Iz
RIRAEWS AR AL Xt e T E 4, ]
I, i 2 P B T 5 TR T AR 2 B S TS 0 R R A
S L AR R A R AL A I PR R AT e
SRk BRAEGE SR N A, A= 1 S 2 Z Al Y
PRSERNLWSE NN SN (SN N N
AW (SOR T i), 1 A PR E R A8 2 5 O i
VA i 5 S 08 P IR e PR AR TRATIE “F I
71N O JR 9% B I AR TR R XU 24 A i R AHERY 3
S BIFFEUESE S J 2 sk i M TP A T 2 A R
PIER , B ™ R i 5 2 vp XS A7 A 70 SO R
FRIRARET B i il e T 218, 5
17 TEL TR AR T S TR 2 22 Tl 28 Gk i 140 BLE
Feo BUAWFSERY], OB Y RE 58 bR | I
JE 1B S B s ik ok R A A 28 Bl 1f P 2 o 1% 2
W PRI ZR A AE IR Fe AR L R b, e 1
A I ERE T8 7326 B0 S HAR DGk PR 1l f 5 o
PR 7 BRI XU A O o B 5 s, 79%
A 2 Pk Bk ifi P A5 F7 (acute ischemic stroke, AIS) BB
AR AR TG I 2 B BR T R U E Y . B TSR 4R
78 R ARUAE ) i) REAE 2 mh R L ) v 2k 4 B A
FH AR AR 3 TR O W 2H R S T e ks
9 AR AT T R B B o A58 R R PP
Yy BF22 /N 7] (Pacific Biosciences , PacBio) Sequel 1l e
el R 5, RGBT SR B R A R
E A A BRI RO, B A U E YRR AR

I KO TSI B A B A
1 BAREE

L1 ARZst %

202242 7 2 2023 4F 6 H Ak K24 BRor Besh — M s
BE e 48 A 100 3] AIS £835 20 B AIS 401, LA B 31 {91 et e ) B 3
(healthy controls, HC) i HC 4 . FFE S 5EHMEZ T 3k
%B%;i%ﬁif%(magnetic resonance imaging, MRD K2 . AIS
B O 2 b Skl HE i A Hr 2 A FR R ) (2018
RO L WibR e s @ TR B 72 h A BE ; @JC R I pE AT .
HC ZH 8 AR : ORI FE ARG, I8 R G tEpon 4 ik
PRI SR PRI BRSO BB 45 5 QTSI 8t % 0
K. HEBRARUE : ORI <40 1>75 2 ; QL 1 A WA
MRS 2 15 Il B 25 DU 25955 259 s DA 18 iy
o SR BT 2 JA AT PR TR s AR SAEME I 5t
BHL 25 15 T 5 o sl Gl J5 R 5 | 18 P A bl 02 P O i B2
G (AR, B IR O T MR R G L A
By T B IBE B ) Al 28 RGBT RN SF 5
@7 Zy e 171 Je R YL M s (O B e 2 R 48 MR AE I 59
PEERSE | 1 A TE WD A A e e 5 Sl T P RS ) A
HHT 3N A W2 DR R AR T 8T AR (G5 G
I7 A RE RIS DS TR AE) | SCHAE B 4 aT IR
e R R G AT 1 P S ik E K CRR IR & 0T
S I C ) s QIR A THALE T AR . A4l
Sk R BE 22 e o B B2 Be A6 P22 D1 ot (IR AL 5
2022-95), A S5HEEEBMERE.

ALS A AR HR A 25 L ELAR 43 2, B ZE T AR >2 em AR IR
B B A AE2H (B 2, n=36) , B %€ FL AR <2 em 5 WL 1 Bk A58 2
H1(S4L,n=64) ; AISA1HET 90 d L B Rankin 2 (modified
Rankin scale, mRS) P14 B if 8 ¢ {4 & AL 5 00, B 58 2 B



BERERKFZR 2026 £5 51 F5 4 #3 (Journal of Chongging Medical University 2026.Vol.51 No.4 )

— 469 —

53R 24 WU RAFZH (DO, n=73) 7E X mRS<3 43 ; T
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2.1 Bl A e I 2 BN R AE 0 HhdR

AISH T AEIS (63.13 £ 8.29) %, T 63 44, HC 2H -4 4F
#%(62.06 = 6.83) %, J 16 f4]. 241 FBG .HbAlc . TC. TG .LDL
2R LG F7E X (P>0.05), L4 1. BMITE B4LEAL, 225%
At L (P<0.05), W32, DOA S D1 H %R T5it
FEL(P>0.05), 553,

£1 AISASHCAAOZELRIGHEIFERN LR N, %;x £5;M,( P, P,)]

WiH HC41(n=31) AISZH (n=100) XHUMH PiA
531 1.282 0.258
5 16(51.61) 63(63.00)
L 15(48.39) 37(37.00)
AR (S) 62.06 + 6.83 63.13 £ 8.29 0.650 0.517
BMI(kg/m?) 23.59 +2.65 23.92+3.42 0.495 0.621
FBG(mmol/L) 5.33(5.03,6.05) 5.74(5.12,7.16) 1202.500 0.060
HbAlc(%) 6.10(5.90,6.60) 6.15(5.63,6.75) 1 455.500 0.608
TC(mmol/L) 5.50 +1.02 5.27 +1.50 0.788 0.432
TG(mmol/L) 1.54+0.79 1.63 £ 0.94 0.522 0.603
LDL(mmol/L) 3.69 +0.81 353+ 1.11 0.738 0.462
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222 FWHM LR B SR DO DI LH L[
Alpha ZREPEFE R R TSI L (P>0.05), L3 5.6,
Beta ZFEVE A3 2 B « 36T Bray—Curtis 25 A9 PCoA &, B 4H
5 SUHBEAZS ] 23 A B, {H PERMANOV A #6556 i /R 4H [1] 22
S Gt E X (R*=0.021, F=2.106,P=0.001) , "L.I& 1B, DO
15 DY PCoA R 2 HREA R B IEEE N, KE

FRPh ST B2, B PERMANOV A K 303 52 2 20 [ BT 454
PR TGHE L(R*=0.009, F=0.854, P=0.766) , WL 1C.
2.3 Al v A S

2.3.1 AISHFMHCHALLE TENTHIEKF- L 2 FAMEAL
T39I MRl ALS 2H 1 HC 404 A RO T BERY 5 LU
BT  JEBER ] 55.62% #157.14%, 25 X i 1] 16.08% #il
20.86% , L HTF B 1] 19.87% F1 15.39%, Jit 26 & 1] 3.33% #0
3.07% , R FF1# 113.39% F1 2.45% , B2 HEIRT] 0.98% F10.45%,
T EHETE 1] 0.45% F110.28% ., £ I8) 2 i 22 SEAG 96 205 T Wb 7
AIS 41 8 2% & 45 9 TR T T AL 38 U 1 17T (U=1 051.000, P=
0.007) . BRFF &1 (U=1 152.000, P=0.031) . M2 jig & ] (U=
934.000, P<0.001) 35 4% 1 17 (U=1 052.000, P=0.007) , fij
AISZH B BRI T TR IE BT 1 (U=1 136.000,P=0.025) ,
T,

%2 BASSEANOZEZRIGHRIHEALE (n,%;x+5)

i H B2 (n=36) SZH (n=64) YE P&
5 0.086 0.769
% 22(61.11) 41(64.06)
I 14(38.89) 23(35.94)
AR (%) 64.67 £7.37 6227 £8.71 1.397 0.166
BMI(kg/m?) 22.98 +2.74 24.45 + 3.67 2.099 0.038
FBG(mmol/L) 6.94 +3.07 7.07 +3.47 0.183 0.855
HbAlc(%) 6.72+2.11 7.09 +2.20 0.833 0.407
TC(mmol/L) 498+ 1.18 543+ 1.64 1.435 0.154
TG (mmol/L) 1.50 £ 0.89 1.71 £0.96 1.081 0.282
LDL(mmol/L.) 3.28 +0.87 3.68+1.21 1.751 0.083

%3 DOAS5SDIAANOZFEZRIGHFRBEMNLER N, %;x =5;M,(P,,, P,,)]

WH DO (n=73) D141 (n=27) XHUME P1H
PER (1)) 0213 0.644
3 45(61.64) 18(66.67)
‘Y 28(38.36) 9(33.33)
AW (%) 62.16 +8.23 65.74 + 8.03 1.841 0.055
BMI(kg/m?) 2423 +3.63 23.09 +2.67 1.490 0.139
FBG(mmol/L) 6.75+3.07 7.77+3.87 1.378 0.171
HbA1c(%) 6.10(5.70,6.96) 6.20(5.50,9.10) 916.500 0.608
TC(mmol/L) 5.17 = 1.40 554+1.74 1.097 0.275
TG(mmol/L) 1.61+0.96 1.70 + 0.88 0.460 0.647
LDL(mmol/L) 3.47+1.04 372+1.28 1.017 0312
x4 AISZHS5HCHAlpha ZHREMELLER (x +5)
20 531 Chaol 8% WA FIEL FARIGEL Faith R4t K& B ZHMEFEEL
AISZH 6256.74 + 3 529.75 4223.17 +924.60 5.85+0.61 186.53 +28.32
HC 4 7919.41 + 4 863.21 4026.19 + 1 258.63 5.55+0.80 163.73 + 37.00
H 1.765 0.870 1.927 3.156
PE 0.085 0.425 0.058 0.003
%5 B#H5 S Alpha ZHEMEELE (x +5)
20 51 Chaol #5 %% L FPEL HRIGEL Faith REEK B ZHEAEFREL
B4 5787.61 +3 007.03 4073.08 + 880.53 5.84 = 0.60 179.97 + 26.49
S 5849.34 + 2 832.30 412042 + 824.15 5.82 % 0.60 184.05 = 28.11
tH 0.102 0.264 0.146 0.712
P1H 0.919 0.793 0.884 0.478
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217 Chaol $5%k WL FPEL TG Faith Rt & & 2R 5L
DO 5914.35+3 103.88 4 078.82 + 889.62 5.77 £ 0.64 180.99 + 28.13

D14 5698.66 + 3 197.94 4169.78 + 702.55 5.97+0.47 186.89 + 25.61
i 0.579 0.533 1.708 0.996
PiE 0.565 0.596 0.093 0.324
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AT 2.79(1.71,4.19) 2.16(1.33,3.56) 1 152.000 0.031
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1071 4~#Fh , AIS 20 A0 HC 21 45 A A% 08 A i o5 HE s B an
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7L AT 28 YRR B AR T AR 2 4 2 (B 22 A G L
P E IR KEE (U=962.000, P=0.001) . ¥ & ik [ H R (U=
690.000, P<0.001) . FLFF 1 J& (U=618.000, P<0.001) BT
J& (U=1 122.000, P=0.020) . % W2 Ji¢ /& J& (U=941.000, P=
0.001) W FLAF 1 & (U=654.500, P<0.001) | % W 1 J& (U=
943.000, P=0.001) . 5% 75 IK [C B J& (U=803.000, P<0.001) |
15 TR BEFLAT 8 (U=839.500, P<0.001) A5 356 1 21 i1 1 /8
(U=1 052.000, P=0.007) . J& ifg: F 3 BRAT ) (U=852.000, P<
0.001) 75 [KH & (U=1 006.000, P=0.003 ) % 27 M , 78
AIS 41 P ARG 2/ T HC 2H . FF A A0 0 & g b, ik
2R ICER B AR F R HCH & T AIS4, X B 5
P2 75 (U=987.000,P=0.002), WLIE 2.,

LEfSe 4> #7 (LDA i >2, P<0.05) 45 % . 7% , 5 HC 40 4
L, ATS 2 AR AR I TR 32 B0 e BHOA S0URT B8 4 AU 1 H 7Y
WAL, RN FERAF R ] ST IR SR SR IR KR

FIEATTH HS258 . MAEHCAT B EFEMNEHETE RN
BIET BARE BEREE BEREA RERE
RN R
232 AISEES VAR E  AET5ZKF L, BALRS
AAHEEEMLELELWNT BB E I 57.34%
57.73%, UATHi '] 18.83% F1 20.46% , ZZ . H 1] 16.00% F
16.09%, ¥2 #F 1 1] 3.00% F1 3.60%, il £& & 1] 3.19% £
3.40%, M2 JE K 177 0.94% Fi1 0.99%, 15 ¥ 4 B 1] 0.44% FI
0.46% 2 2[RI PEFFA AL 22 S RG24 B L (P>0.05) . TF)E
AR b BALRI S 45 AR BB T #E Rk R
33.41% M1 33.12% , % 6 1K KB & 7.63% 1 7.16%, 5 7% [G Kk
)& 8.17% F16.83% , 7% 5 [ TR J&@ 4.73% F14.81% , M bk EL i
T 3.41% F15.16% , 224 BRI & 4.05% F13.80% , i /NEEER
B 4.13% F13.63%., S5 B 4H Al 4 % 2% 5 e g it
=X (P>0.05),

FETF LESe 73041 (LDA {H>2) , 45 5 % Bl B 4L PE T 1
FECAWE AT R 1 S AL R EME B B2 = R

TEIT 2K |, DO A D1 2H £ S B REH HnF  J5
BETH ] 55.66% F1 53.00% , SUFF 141 18.93% 1 22.40% , F I
B 17 19.52% H116.42% , A2 FT 1 1] 3.46% F13.18% , i B 1]
3.45% F1 2.99% , $2 HE K 1] 0.94% F1 1.08%, 15 26 4 & 1]
0.39% F10.60%. FiitsrAr3R W, 2 4110 R HF 41 A 22 57 o 4
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HEER SL(P>0.05) o J&@ K43 i, 2 4P 34T s o L n
T 5 BR T B 34.61% 1 29.48% , % 75 iRk K B 6.43% F
9.76% , 5 5 [CBR I /8 6.65% M19.10% , 75 B2 IC 14 I8 4.59% FI
5.29% , WM AL T R 4.40% 1 4.88% , 284 3R 1 & 4.16% Fl
3.18%, JH/IMTEER T4 & 4.009% F13.32%, i — 2% Rk
P, D12 Y 35 56 R ER B (U=652.000, P=0.010) . 3% 75 Ik &
& (U=657.000, P=0.011) . % i /R [C 3 & (U=673.000,
P=0.015) fl R & BRI 1 J& (U=647.000, P=0.009) | 5 3k fki 2
LB & (U=714.000, P=0.035) #%+ = B 55 F DO 4L, i 22k Bk
B AN FE AR T DO 41 (U=690.000, P=0.022) , 1.3 8.,

16 LDA BN (=2 BT e An e T, D14 38 & L A i
WG T3 SR CER A A IR R R B R RERE H %
FIRICHE FAVEEREA K 45 50 [CBR AR 58 AT BR )R | ik
TR 1D AT 0 2 1 i 5 T DO 2 V) LA 25 90AT 1R 4 L 28 2 Bk
PRI FIZEFLFE BT E R RRIE PR, DL IR 4,

2.4 T AT

AHIFGE 5 A A M 2 e o A A v R 3 1 B TR R Y 2
ABHRFAE , LT PacBio 55 = RTS8, 45 & ml AR 5
e H 2H B4 95 (Kyoto Encyclopedia of Genes and Genomes,
KEGG) B4 2 #E 4T PICRUSR ARt ShBE T . /3 Hr &% SR i

/N, KEGG —ZTIRE /IS B, iy 5 B ML HRAE vh A 7 R AR 1) L st
4% B Ab BRFN RS A5 EAL B 3 /40, L3R 9. T — 2k 3hfiE
Sy v A R s DL ARAE . DSERAR G SR
KACE Y AL R B R A BD R T AR R 2 R g I
R @ AL (s AL BRI ok EHHEE  OfF SR
HO S s YA AR AR KRBT W s A
OB b 28 RGLR TG A0 TR IR e | oI AR

T Wilcoxon Bk FIAG: U6 f4 2 18] Ty HE8 5 22 540 M B «
TE ZHINHE FK- KEGG 3 AR 2 5 7 1T, ATS 21 11
PR D) BERRIE 22 00 S MR Ar . LRSI R LR R AE : DB
T I AR RIS (U=1 176.000, P=0.043) . HH% (U=
1 149.000, P=0.030) . & il Ff& & (U=1 182.000, P=0.046) .
WE Y A WA AR (U=1 097.000, P=0.014) . 41l ffi A= K 5
A6 T (U=1 104.000, P=0.016) . N 43 i 18 3 9% 95 (U=1
164.000, P=0.037) ; T fig 3 % T 4« 45 2 H R AC i (U=1
055.000, P=0.007) . i3z 4 (U=1 162.000, P=0.036) . #fi 2511
PR (U=1 047.000, P=0.006) . Z5 20, AIS 20 1 JBE i
TR A OC SR A A5 300 % P 35 4% 1 AL BT J8% b 2 2 Wl 35 e
BT, SHCHZEFAGI2E L (P<0.05), WK 10,

%8 DOASDIARKT LABRELSHEBLEIM,(P,,P,)]

T A DO D141 UfE P{E
FHCEREE 4.85(2.96,9.21) 8.55(4.71,10.87) 652.000 0.010
R IR K E R 5.82(3.07,8.26) 8.03(5.55,11.37) 657.000 0.011
22 W R R G 0.06(0.03,0.10) 0.10(0.05,0.24) 673.000 0.015
R ERIE 13 )m 0.07(0.04,0.15) 0.14(0.07,0.30) 647.000 0.009
1% 18 B TR S 0.28(0.15,0.50) 0.41(0.20,0.85) 714.000 0.035
25 PR 3.51(2.32,5.70) 2.43(1.61,4.43) 690.000 0.022
W CHE = DO
H B
WK -
FHoR kAR
F5E ek
PRk Y
KR
e
Hl]
o
-4 -2 0 2 4
LDAZ344( Log10)
E4 D045 D14 LDARIKE
R9 —RIEESLEKTEKEGG BB FERELLE (x +5)
Tt AISH HC 4 fE PAH
2 i AR 2.37+0.24 2.27+0.28 1.581 0.116
W (E A 9.16 +0.56 9.46 + 0.69 2416 0.017
A BALHL 17.72 + 0.80 1730 +1,16 2.286 0.024
NZEBEh 1.34+0.12 1.42+0.18 2.206 0.033
1Rt 68.42 + 0.44 68.59 +0.55 1.752 0.082
HHUERRSGE 1.00 £ 0.09 0.95 + 0.09 2.031 0.044
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£10 ZRINEESFKE KEGG B AN EE LM, (P,,, P,,)]
TyfieiE % AIS#H HCZH U PiH
FAERRAH 12.60(12.36,12.83) 12.91(12.41,13.08) 1 055.000 0.007
AHIFET- HA K 1.12(1.10,1.149) 1.10(1.07,1.13) 1 104.000 0.016
KA IR 8.45(8.21,8.60) 8.25(7.93,8.52) 1 176.000 0.043
e 7.57(7.38,7.75) 7.44(7.12,7.62) 1 149.000 0.030
S S 6.69(6.51,6.79) 6.54(6.39,6.68) 1 182.000 0.046
BEAY A4 5 n5 AT 3.09(2.94,3.22) 2.94(2.87,3.06) 1 097.000 0.014
AU AR 0.20(0.19,0.20) 0.19(0.19,0.20) 1 164.000 0.037
PR TG 0.41(0.36,0.48) 0.51(0.38,0.58) 1 047.000 0.006
JEL iz 6.99(6.68,7.24) 7.23(6.78,7.54) 1 162.000 0.036
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