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Characteristics of gastric microbiota in cirrhotic patients with portal hypertension
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[ Abstract | Objective To investigate the structure characteristics, influencing factors and the
correlation with clinical parameters of gastric microbiota in cirrhotic patients with portal hypertension.
Methods  Preoperative gastric mucosa and gastric juice samples were collected from cirrhotic patients
undergoing transjugular intrahepatic portosystemic shunt ( TIPS) in our hospital from November 2020 to
November 2021, and relevant clinical parameters during hospitalization were also obtained. The composition
and diversity of gastric microbiota in the patients were analyzed by 16S rRNA high-throughput sequencing.
LEfSe analysis was used to search for different bacteria; Redundancy analysis ( RDA) was performed to
identify the main factors affecting the gastric microbiota community structure; and Spearman correlation

analysis was adopted to explore the correlation between the abundance of gastric microflora and clinical
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parameters. Results  Proteobacteria, Actinobacteria, Acidobacteria and Chloroflexi were enriched in gastric
mucosa, while Firmicutes and Fusobacteria in gastric juice. The Chaol index of species in gastric mucosa was
significantly higher than that in gastric fluid (P<0.01), however, the Shannon index of community between the
2 groups was not different (P>0.05). PCoA analysis showed that there was statistical difference in community
composition between gastric mucosa and gastric juice (P<0.05). Further analysis of the gastric microbiota
indicated that Peptostreptococcus and Capnocytophaga were abundant in the gastric mucosa of patients with portal
hypertensive gastropathy (PHG) , but the a diversity and 8 diversity of gastric mucosal flora had no significance
between PHG and non-PHG patients (P>0.05). RDA analysis suggested that portal pressure gradient ( PPG)
was the main factor affecting the community structure of gastric mucosa flora (r*=0.683, P< 0.001), and the
abundance of Hamadaea and Eikenella were positively correlated with PPG (r=0. 633, 0. 618, respectively; P<
0.05). Conclusion The microflora structure between gastric mucosa and gastric juice is different in cirrhotic
patients with portal hypertension, but there is no significant difference in the species diversity. The composition
of gastric mucosal flora in patients with PHG has characteristic changes, and PPG plays an important role in the

structure of gastric mucosa microbiota. The relatively increased abundance of Hamadaea and Eikenella in gastric
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mucosa may be associated with portal hypertension in cirrhosis.
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FARKNE IO T, WUR 358 5, Flr 8O0 A 3R
7K 50 mL 2 B GeiE Rl iEE AL, BN E IR B ik 8
52 = EBAL RS [l v gk 3 UK, FEREHX 10 mL AR #5540
B RFEARA, 2 BN B 52 K R BB AR O
A 1B, PR AR AL R EOR T 15 min N2
WHEGR VR 5 min JiF, BUE-80 CUKAIIRIE A4

1.3 DNA 3 E % Illumina M| 5

ffifl E.Z. N. A. ® Stool DNA Kit &3] £ ( Omega
Bio-Tek, America ) H2 4515 45/ DA 2H ZURE A v 42 i 4
DNA, SRR S PESIP%F 16S tDNA V3-V4 5
ASX 4T PCR §73% , EUiES| 4 341F. 5’ -CCTAYGGG-
RBGCASCAG-3'; T i 5| 4 806R:. 5'-GGACTACNN-
GGGTATCTAAT-3', PCR JZ Jif fk & H: 5 x FastPfu
Buffer 4 pL.2. 5 mmol/L dNTPs 2 L., I 3iF 5| %
(5 pmol/L) 0.8 pL. FiEI47 (5 pmol/L) 0.8 L.
FastPfu 347 0. 4 L .BSA 0.2 wL .DNA #5457 10 ng.
#~ ddH,0 % 20 pL; W S5 HE 95 C 5 min;27 4>
(95 C 30 5,55 C 30 5,72 C 30 s);72 C
10 min, 10 C 245 1E . i 2% 35 R 5E 1 i VK A D)
PCR 7= ¥, #] Fi AxyPrep DNA Gel Extraction Kit
(Axygen, America) #4744k, A umina 2\ 7] /Y
NovaSeq PE250 - & #E47 01 5 , AR4% 97% "' i AR AL
FEXT P AN T OTU 2. DL #AESKTE ik 1B
A PIBHEA FR A H 58 1
1.4 T1#0E N HE R &

JRIBRTT 2 A S PN Dk R ) J L N RUPS-100
JHZE R B (L E Cook 23 H]) , Wil ik AT 8 2 T
Uk eB T S KA i A, ORI T R kO (R
3 YHRIAE) , DSA 51 R ZERIF N T T Bk, 2 90E 52 5
AT KIS, DY bk s 0 (O kTl ) 11 ik s
5B bk R 7 22 B CA 1) Bk O 7 B B (portal
pressure gradient, PPG)'"7 | D) F#/ERILE TIPS FA T
TR
1.5 PHG # ¥

el MeCormack bR ™ R 11 Bk A6 VP 45
PHG Ay B . B2 R - R IR T 52 PR /) by £1 5 3
MEBRLIIEES S 80IK E RS T LRI 215,
CTA TR 21 A 7K b Z2 30008 IX 5w 1 €5 I 4 R 45 44 1]
B , B fe A1k 5 5 3% v AiE ; H R . 9k 18 M AR Bk £ 5 AN
(B TR H Pk R .

1.6 %itFHH

KT SPSS 26. 0 AT — BB g it o3 A, 4%
FIEB AR R TRL x 25 2%, R H S RFEA
RS s AR RS A A T R BB M(Pys, Pos) 3
N R HAESHOM ST HE A Mann-Whitney FEAIES 56, A=

IR RS R R 4. 1.2 BAF#EAT /3. 257 Shannon-
Wiener [HZR Sz BN 7 5508 1) 4 A R B) 422 S BRAE: iy vp
Wb = W B 2k ( species accumulation curves )
SJWTINFY REAS 5 00 50 4 PR O AE G rh A R SR
F Kruskal-Wallis #6556 H 5 4117 5 J& AH F B 25 5%
FIA o ZZREME S UREAR RS 2 B P b =F 1 R 2 RE
K Mann-Whitney Bk F1AG 50 Ho 8 o Z2HE PEHE oy 22
5o B ZFEME R 3 A8 b5 43 B (principal co-ordinates
analysis, PCoA) ,if iz Adonis A556 M A A [A] 2H LAY AH
IS ZE 5. FIH] LEfSe (LDA Effect Size) T H HL#5
1A 22 5 B RE. 84 JTAR 3 BT (redundancy analysis,
RDA) R ETEAEARARGR IS5 S Al A v 5 A
FHR PR BT IR 5 5 A [e] o e 1 2 12 55 B3R B8 I 1 iR A7
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FiEo P<0.05 A g E Lo
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1,7 B AR s e A4k . PHG 5 non-PHG 835 (1]
M 40 ffg ( white blood cells, WBC) . £1 41 }fl ( redblood
cell, RBC) . Ifil £ %5 H ( hemoglobin, Hb) . Il /) #x
(platelet, PLT) ., K & & iR & % % £ Wi ( aspartate
aminotransferase, AST) . TN & 8 & 3 ¥ #2 [l ( alanine
aminotransferase, ALT) | [42& [4 (albumin, Alb)  ##{k
BEIR I ( alkaline phosphatase, ALP) | y-25 2 Bk %% Ik i
( gamma-glutamyl transpeptidase, GGT) | ELHZT 2 (total
bilirubin, TBil ) . #E Il % J5 B [4] ( prothrombin time,
PT) . [E Fr 5 i 4 Lt {E ( international normalized ratio,
INR) . I JJLEF ( serum creatinine , Scr) L4 &z PPG 281 IR
SRR TG EE (P ¥>0.05) , LK 1,
2.2 WP REEAE

Shannon-Wiener pif 2% & F 45 FE 4 50 6 & 76 A
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PIYIRIME B o [IARE D, Py Fh SR i 2k Bt B AR A 12 1
K, Mz ke 1130, Ui WA SR AR AS i BR A1 2 47
BrEesk, Ah, A Shannon-Wiener £ 7] M1 5 & 54
FEEETERE L,



http : //aammt. tmmu. edu. cn

Bl 4242 PR R 241, 2022, 44(15)

1579

®1 FFEUBERKSEEFE v+, 61(%) , M(Pys,Pys) |

S Hit(n=23) PHG(n=14) non-PHG (n=9) P1{H
AR % 54.4+10.8 53.1£13.0 56.2+6.4 0.516
4531 0. 680
5 12(52.2) 8(57.1) 4(44.4)
s 11(47.8) 6(42.9) 5(55.6)
BMI/kg » m™ 22.21+2.6 21.6+2.6 23.22.5 0.179
SR 0.999
P 16(69.6) 10(71.4) 6(66.7)
[T 7(30.4) 4(28.6) 3(33.3)
WBC/10° - L™ 3.24(2.15,3.88) 3.30(2.16,3.69) 3.01(2.01,4.08) 0.926
RBC/10" - L™ 2.73(2.34,3.32) 2.74(2.22,3.19) 2.67(2.44,3.68) 0.403
Hb/g - L7 67(74,82) 71(63,76) 68(82,104) 0.083
PLT/10° - L™ 68(45,81) 70(40,88) 67(48,71) 0. 688
AST/U - L' 31.8(25.6,60.2) 28.3(24.1,56.8) 40.3(26.5,76.5) 0.277
ALT/U - L7 34.5(25.4,42.1) 34.0(26.2,38.3) 42.2(22.5,55.1) 0.250
Alb/g - L7 34.2+6. 4 33.0£5.3 36.1+7.7 0.263
ALP/U - L7 79.7(64.2,116.0) 74.6(50.3,119.8) 87.2(76.1,101.8) 0. 439
GGT/U - L' 34.2(17.4,58.9) 49.8(15.8,60.5) 28.1(17.7,50.8) 0.999
TBil/wmol + L™ 22.8(15.9,31.9) 25.3(18.8,55.0) 20.4(13.7,24.0) 0.124
PT/s 13.7(12.6,15.9) 13.5(12.0,15.7) 13.7(12.7,16.0) 0.877
INR 1.20(1.11,1.39) 1.19(1.05,1.37) 1.20(1.12,1. 40) 0. 829
Ser/pmol + L7 67.6+15.3 69.6+14.4 64.6+17. 1 0.462
PPG/mmHg 20.2+5.4 20.2+4.9 20.1+6.4 0. 966
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FRFFPETT (1. 75% ) 45 5 B W EZEW T 153 500 R 40 FF 14 1]
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Methylovirgula J& (6. 3%) %; B WM FEHE N
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g (12. 3%) 3 [K-7 )& (5. 2%), WL Bl 2A B,
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B (2 662 vs 1 760,P<0.01,[& 2C) , fif Shannon $5%%
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2.4 PHG %% B A A4 /e
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2.5 BAREEAL G RAKAN K LS

2.5.1 HEBOEREHES WM Z S bk
A5 T 0 MR VAT s 5 A A Ak A v R 4 R A A Y
KRS80, R A RDA J3Hr A I RS H0S B BhIEE
AR, DAAHSE 2R T () A S LA 16 B A
g, il B R N, 4R E,PPC 5F
FHEYE S5 F 28 Ak B 1B 25 M 5 (72 = 0. 683, P<
0.001),7i Hb .PLT ALT . Alb 5 TBil 5 5 #; i #Ev%
S5 AR A IO ARG (P>0. 05,58 2) o RDA 43H7A]
AL L 6.,

R2 HEALBERASHSBRHEEQTUNEXES T
H

Rh
I RS %k S
: P
Hb 0.123 0.226
PLT 0.133 0.272
ALT 0. 009 0.911
Alb 0. 062 0.580
TBil 0. 307 0. 069
PPG 0. 683 <0.001
PPG
Strep.tococcus
Neissgrja
Haeﬁmphilus
0.2+ Prevotella
Prevotella_7
S\; Meiotherius Porphyromonas
s Asinibacterium Thioclava
X 5 o
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=) 04218 ptn = Sghingomonas :  Rhodan [AradyhiZebim S ]
&= Candidatus_Solibacter. R .
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BurkholdeﬁaﬁCaballeroniaﬁParabgrkholderia
HB Chiti:ophaga
Pseudolabrys q
Me(hylou’igula
Mesortizobium
. [ ] F'hyll.cbacterium
~0.2 Mycobacterium
T T T ; T T
-0.3 -0.2 -0.1 0 0.1 0.2

RDA1:36.38%
6 mASHSBRMIREEEHREN RDA 5517

2.5.2 H#FFESIRKRSBHH T EEK
V- SR Spearman S5 AH G0 A TR 5 R IR IK S
BACHY DR E B o SRR, B RS Bk R
(Hamadaea) & KHJE (Eikenella) F 5 PPG £ 1F
FHSE(r 435128 0. 633 .0. 618, P $4<0. 01 ) ; e HLf 1 J&
( Pelomonas ) £ & 5 TBil £ 1E 4§ 3% (r=0.571,
P<0.01);
Rhizobium J& . Ralstonia J& N Pajaroellobacter J& F- & 5

Allorhizobtum-Neorhizobium-Pararhizobium-

Alb 2 IE A (r 43 %4 0. 583.0. 597.0. 533, P<

0.01) ;1M & 37 8 M & J& ( Stenotrophomonas ) F- [ 5
PLT 5 47456 (r= 0. 698 , P<0. 001 ,[&] 7) .,

Ralstonia 0.6 Phylum

04

Pajaroellobacter 02

Hamadaea 0
02

izomicrobiu P
ntrasporangiu
— slosbrio M os
Clostridium-sensu-stricto-1
Limosilactobacillus
Clostridium-sensu-stricto-10
Nordella
Methylomicrobium
Clostridium-sensu-stricto-9
Stenotrophomonas
WWH38-norank
* GOUTAS

Haemophilus

Veillonella

Porphyromonas
Streptococcus

Pelomonas

Tannerel lla

Peptostreptococcus.

32 @ 2 E B B
g5 &8 3 8 & F

X #h E bW R A4, Y 40 4 ¥ 615 8, Spearman 4 28 A0 %
AHBRMBMAXBAPURRAFAER . L E R TEMAE, K
ChRThMA, EMAGRRR RMEWYRER N, £
EEATET DA BT 9K, * :P<0.05; * % : P<0.01;
* % % . P< 0.001

7 25 MAESENBRERASHEXERE

3 it

T R P 2 M T RR Y EE I PR R AIE 2
— ,PHG &7 [Tk g HEEAl TP LAY B 2h BRI T 2
AR SR REAE ST A B, )k E 715 PHG (/™ 2
JEAREAT A S SRR AR T bk R 2 A, ]
BEfAE AN 225 PHG k4 KB, B NHEGELE
FRTEIREE , NN 1Y, BEE o T HAR 0 &
S, Hat A E WA E S REERIL 107 ~
10* CFU/mL (i neys > o B i i 2k M e v o
MU R T JAE M A s m Y L H ok
VIREA SRS Bt B B MALT KBRS 2
Folt B 2k R R UIAH & HAE AR R B B o,
W TR EA R AR A Y SR TR AL T K i
RO B RERRIE S R ) PR 2R ) A g EE AL, A SO
B AL PHG (828 B B BERRAE 5 6l = R,
PIEASBFE R 16S rRNA F AR X 646 ] ok 5 He i
BE B R BRI TR 5T, 3E—2 70 PHG B %%
FES TR REAE , X0 52 e ] Dk /e H i AR 3 1 DR A 25 40 722
B AH S R AT -
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REA: WA Y R T B R E s g A
Wi A R AN Rl AEAE pH BEIEY I pH KR
e AR P R, A X H RS H
WA RFHEAT X F o0 A o ARBIEFE &3, SR AL 1] Ik ies s
i S8 H RS B A TETEA R 20 22K EAAAE
FES. TUKF b, BRI E 2l ] AU
T R ST R BT T2 G 1 S W e R
DA RIE T JERER T T ] AR
A, SRR — 877 BT b, B
FERHINEE 24 R TR T W
R N8 R R IS AR R . BRI
WREEEKTH R NIRRT B 8 A LR AT I B AE H A
B, SRS G RN SR T K R AT R A
kA, 5 S R R R . o 2R
W], HRME Chaol 8% 5 T B, #&n B R IEY)
R R E ST WS LS B R -8
Hofth—SERF 5T 45 BN . SUNG 452 i 5 % B
PEREE B T H BB, T SUN 25 BF 5 R
W R 2R W T 5 R EA R R
TCREER . XATRE S OIS A B RS S At ]
RORE W AW fATE2ZFHX, B 2
P s, B RS B W w4 A, 5 SUN
SIS G R —5, LEfSe ST BRI 1T ik
W BRAT AT ] S T T 1570 5 R PR X B s T
R T JEERE TR ] 5 AR T 17 18 R v A X =R AR T
B o X1 I B VP B RS S5 R TR B TE ' A
TR

PHG 75 | i JH- A1 i 5 0 A0 T S I 1 5 0L it A
Z— L JH B Al AR A A A TS Y ST A R &
PHG (1% & A 5 1Tk s s 75 66 R 997 80 5 s s IR B 44
WL B AR A BRI S5 A 56 1 A B TR R R S 2E
T I3 I D) RE 52 40 S SAEAT RT3 DIAHOG o 1Tk s
JERTXTE B RELE AL P A, 5 | kS 1 A S 1
FERIATRES S PHG (R K R, A9\ E wRE
FEWRRFER S PHG BAEM KR, 45 0/R PHG 5
non-PHG 85 B WAL TEA R 20 227K F BTG
BEES o NS B SR A 22 R L5 i
M XATRESMAFEAR B EA G, (A4 m] BN
PHG FfA it 52 ) £ 2 ' 45 M 81k i 22 &K
LEfSe 43t B 7R 1H AL 5 3R # J& ( Peptostreptococcus ) 5 —.
AT 4E 1 I ( Capnocytophaga) 15 PHG 83 B 3
B E 4. AL EERR T B 5 A iR 4T 2t 1 s )2
N TR P SR 7, SUNG 46 B 9 2% AL AR T o
I TR BERT T e P AT, B N TH AL B R R = B AR
IBHTE AN, WHAEEEK R 5 E RS PR 2

45 KA s AR S0 FRE AL FR i 8 0 T B B
TR T PR 04508 o 2 P T A A A Y S 5 non-
PHG L5 AL, PHG B4 EH R/ bk g 5 —
A 2T 4 O 8 AR R T B T R, B B R RETE
PHG ZA S R AEAE R, itk — PR R PHG &R
B S B 6 g R A 25 2% . BRIE— T2 s AL
X BRI T, b 7 4 A TR RE 8 180/ T T I S A )
(potentially pathogenic microorganisms, PPMO) 7T AE
B EERY S B4 RE T A kb TE A A A R
W S SIMIE PR EAE 1 rh o A, IR R AR AR TR A
A % T PHG W5 ia(EAS #E— 00T

RDA 73#7 7, PPG S50 5 25 6 T TE A 7% 24
A E R ZR . PPG 2 ST ko e i e L4
FITEE , P REIE I DA s AR5 e WA A A . — 2]
ik e e 1S 18 R REASE PRI A, 15 R Rkl B4 |
7 T B At 2 i R s Th e AL Bk R
AU RS PRE AL T R B T K ) T
PRG0S 400 T 1) o Bl ke B
XTE R R R PR RRE 1. BRRZ MR RA
pH {RPE Bl pH B 38 I BEAIG, BT I > 1 R 0 A B
RIS AR o S e B e 7 RIS RS R
B e E RS AT 5B s
B WA T BVE PSS , 3 A e e R . =
SEl IR He 51 e /N i iz 3l B A5 K /N i 2 o 2ot B A
(small intestinal bacterial overgrowth,SIBO) "' %38 B
FEIE) B NI 2. Spearman ZE AR C /3T 22, ey
OiAH B (Hamadaea ) 53 & K H & ( Eikenella) = %
5 PPG RIEAM I ( P<0.001) . 35 QR JE 2 H I &
WP T8 I R A, PR B PPG T, Bl 7 A 2E A
N ) — LB T ] BB BE B A8 1 R e R . e AT
SR B — BB AT, (H LA e A v R ILARGE
ARWFFEIE K B A L TR & ( Pelomonas ) - J& 5 TBil £
EAI(P<0.01), SHAO 2 s 1338 Pelomonas 7E
AR 5 B AN U 3 b =E R in ., SCHAFFLER
SE v 8 B R I 1 B RE IS R BRL, Pelomonas
FE 5 0% U5 3l $5 40 ( Crohn’ s disease activity index,
CDAT) HE ARG o H I HEDY , Pelomonas 7] BEJ&—F i
R, REMEOEIE I IE 98 A Bz, fin = JHE 40 493, DT I s
5 TBil A (HFG#E— DA FEIESE

AR SR — IO RE AL ok e HoiE 28 2 1 AR
TERDUESPERESE  BF R P A e —Se Jm PR . 156, 98
AFEA SR> AR R . BEFERFFCIESE , B N HE
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