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[(FEE] B#r T 16S 1DNA P H ARG M E R R B S22, 7k ¥ 60 R SD
KERIZBENUEC T 21550 0 B B 25U FLAR (CLP) AR TR AL (Sham 41), 44 30 2. CLP 41°% i CLP 354l
o MeTEIE K BT s Sham 21 HIFEEA AT H AL L. ARJT 24 h FA1E 8 HKFUAIEFSE KE £ s ki,
HAKRBRHTME 7 d FAEIE N . SR s W B S (ELISA ) A if 375 Igs SRBE T - (TNF-a ) 7K 5
XFFEREATEST 16S rDNA WU, R P HX F AR IS G AT R E S 2SIt (OTU R B T 2R (o 2
FEMEA B 28R ). EARBR AT S P B A BT R b AT (LERSe ), WA R R34 R BRI 0148 1k A 1 AR f 3T
AR TE R, R HIBUE 24 h, CLP KRR B IR 2 | BABAL SR, BT TNF-o /KP4 Sham
I E T (ng/L: 43.95+9.05 H 11.08 £3.27, P<0.01) ; Hil#5 7 d, Sham 2K RAHBAEE 1 CLP 2K 3
TRARAE AN 31.82% ., ZREVESIHT W7, Sham 415 CLP 40 o ZREVESEFR LA 22 R IG5 L R (4 ):
520.00+ 52.15 [, 492.25+86.61, Chaol - & FEfliiH2:707.25 + 65.69 [t 668.93 +96.50, Shannon 541 : 5.74 +0.42
I 5.79+0.91, Simpson 5% : 0.93 +0.03 [1 0.94+0.05,% P>0.05 ); B ZREVESMHT R, T2 A AR HE OTU fn
AR 22 B R TN 2R CEEEIIAGERE : R=0.23, P=0.04 ; FEERIFEE : R=0.32, P=0.01), [ J/KF
PSRBT R, 5 Sham 4L, CLP 41ASIETE T TR TMT7 B 1328 B2 715 (18.100% (15.271%, 26.665% )
It 6.974%(2.854%,9.764% ),0.125%(0.027%,0.159% )% Lt 0.018%(0.008% ,0.021% ), P<0.05 J; 7E )@ /KF- I,
CLPZHMEFTFIEE | EOFFEE R | e s L AR 1 XVITAEH L2 28005 1 1) = 2 4% Sham 21 . 25 T+ ( 5.090% (1.812%,
6.598% ) Lt 0.083% (0.034%, 0.198% ), 0.244% (0.116%, 0.330% ) Lt 0.016% (0.008% , 0.029% ), 0.006% ( 0.003% ,
0.010%) Ft 0.001% (0%, 0.003% ), 0.094% (0.035%, 0.430% ) k. 0.007% (0.003%, 0.030% ), ] P<<0.05 ), MLl
THIRTH R . B A O R S 25 A T 09 T2 4 Sham 21 2 5 %K 7.345%(3.662% , 11.546% ) H 22.504%(14.403%,
26.928%), 0.113% (0.047%, 0.196% ) It 1.229% (0.809%, 2.290% ), ¥ P<<0.01 ), LEfSe 4> #r45 5 G, JERERH
I r )@ #5245 PRIAE Sham 21 438 548 , 5 WA R TRE: & 46 o o 38 RO BRI R 5 TTREAT 11 IS L A0 B 1R o1 i AR 1T XV
SENLBURETE CLP 41 8 5 45 AT _NGSU_2015 FE LR D EMEMN ., it TriEmSmREmEN
A S SR S 2O | TR BERINN AU B TR TR A g A TR S PR, IR B R AL S R T B TR
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[Abstract] Objective To investigate the changes of intestinal microecology in the early stage of sepsis rat
model by 16S rDNA sequencing. Methods Sixty male Sprague-Dawley (SD) rats were randomly divided into cecal
ligation and puncture (CLP) group and sham operation group (Sham group), with 30 rats in each group. In the CLP group,
sepsis rat model was reproduced by CLP method; the rats in the Sham group only underwent laparotomy without CLP. At
24 hours after the operation, the intestinal feces and serum samples of 8 rats in each group were collected. The survival
rate of the rest rats was observed until the 7th day. The level of serum tumor necrosis factor-a (TNF-a) was detected by
enzyme-linked immunosorbent assay (ELISA). Intestinal feces were sequenced by 16S rDNA sequencing technology.
The operational taxonomic unit (OTU) data obtained after sequence comparison and clustering was used for « diversity

and B diversity analysis, principal coordinate analysis and linear discriminant analysis effect size analysis (LEfSe) to
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observe the changes of intestinal microecology in early sepsis rats and excavate the marker flora. Results At 24 hours
after the reproduction of the model, the rats in the CLP group showed shortness of breath, scattered hair and other
manifestations, and the level of serum TNF-« increased significantly as compared with that in the Sham group (ng/L:
43.954+9.05 vs. 11.08 £3.27, P < 0.01). On the 7th day after modeling, the cumulative survival rate of the Sham
group was 100%, while that of the CLP group was 31.82%. Diversity analysis showed that there was no significant
difference in o diversity parameter between the Sham group and the CLP group (number of species: 520.00 4 52.15
vs. 492.25+86.61, Chaol richness estimator: 707.25+65.69 vs. 668.93 +96.50, Shannon index: 5.74+0.42 vs.
5.79 £0.91, Simpson index: 0.93 +0.03 vs. 0.94 £0.05, all P > 0.05). However, the B diversity analysis showed that the
difference between groups was greater than that within groups whether weighted according to OTU or not (abundance
weighted matrix: R = 0.23, P = 0.04; abundance unweighted matrix: R = 0.32, P = 0.01). At the phylum level, the
abundance of Proteobacteria and Candidatus_sacchari in the CLP group increased significantly as compared with the
Sham group [18.100% (15.271%, 26.665%) vs. 6.974% (2.854%, 9.764%), 0.125% (0.027%, 0.159%)% vs. 0.018%
(0.008%, 0.021%), both P < 0.05]. At the genus level, the abundance of opportunistic pathogen including Helicobacter,
Ruthenium, Streptococcus, Clostridium XV in the CLP group was significantly higher than that in the Sham group
[5.090% (1.812%, 6.598%) vs. 0.083% (0.034%, 0.198%), 0.244% (0.116%, 0.330%) vs. 0.016% (0.008%, 0.029%),
0.006% (0.003%, 0.010%) vs. 0.001% (0%, 0.003%), 0.094% (0.035%, 0.430%) vs. 0.007% (0.003%, 0.030%), all
P < 0.05], and the abundance of probiotics such as Alloprevotella and Romboustia was significantly lower than that in
the Sham group [7.345% (3.662%, 11.546%) vs. 22.504% (14.403%, 26.928%), 0.113% (0.047%, 0.196%) vs. 1.229%
(0.809%, 2.29%), both P < 0.01]. LEfSe analysis showed that the probiotics belonging to Firmicutes were significantly
enriched in the Sham group, and Romboustia was the most significantly enriched species. Opportunistic pathogens such as
Helicobacter, Streptococcus and Clostridium XVl were significantly enriched in the CLP group, Helicobacter_NGSU_ 2015
was the most significantly enriched species. Conclusion In the early stage of sepsis, the intestinal microbiota
structure of rats is significantly changed, which mainly shows that the abundance of Alloprevotella and other probiotics is
significantly reduced, while that of Helicobacter and other opportunistic pathogens is significantly increased.
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WEEBEMO L R AR R, W
SEZIR T IR I R e BANE . SRR A AT
FEHRFE I, TR AE 1 i i 118 5 BB 57 i 7 08 R R T RS
PR IEINRESE R G . B R BT ez 1
SECANER L R A MM AL, BN R G RAE
TEPER T VIR, B R i — 2 i i A
M BB EER T 8, il (ol 25 7T B A b 7
B FA T e R (T 0 0 B OIS R 4
JHe BEAE B ZE M REAR A R[] p5 K 24 R F ABE 72 h
J5 s T WIST WAL 6 h 138 B RERI T 1Ak,
FIEERIBFZE N0, 24 h o] E 2 e T 0E sh R
AL H AL R s e L S PR BA B AR LE, 30
YIRS R4 /N T 29 | s | TR AR
B S i R e A B AR L R, AR g i
16S tDNA M P 3 AR ZE A A YIE B 220 8T, WA 75
iR A RO I TR R 0 R, DAIUT A S S T
BEREFI A MhR ) B 6y 7 A SRS SRt

1 #R5HE%E

1.1 SEHE 6 ~ 8 Jalil SPF gl SD A 60 H
PRI R (200 12) g, W4 F AU BT 48 R AL 256 s+
RA R AL, GHAES : SCXK (51)2016-0006, 5
Y 3% TR A b B 2G5 I, DA JIORE 2 5 1) e} A
F2, BR 12 WE AR, A iR, fE(25+2) CHY
SPF IS i) 3% 1 ] AHIFGE shi SE 56 58 M8
P o3 BT B2 RN I 27— g BE B BT 0 H A2 2
HAZ R AHAL (FALS 1 2019-KY-235), ¥I55 55
YIRS (S BEAR SE R .

1.2 3o A 25 ShARTIEEE 12 h, 3%
BEALEL T 22355 I TF AR 4L (Sham 41) FTE A Z5HL
ZF LK (cecum ligation and puncture, CLP) 2H , 55 21
30 H. CLP 4R 1 CLP B~y iedihi A Rlpsisy 2
IS 2% TR G280 1 mL/kg BREEAC R, A Mz
e, FFEEZE LB, TG W2 12 4540, T4
FLIAAE A 18 G JC B VRS A Sk A W ) 2R i 2%
5T 2 1, B /D B N AW Ja AR I, G .
B2 T ST 37 CCHRAAY 0.9% SN TR A
Jivo Sham AUNEEFLEERIE W, HAa D BRAAIE] . A
SERUG TR K EAESZ IR B 1 h, ks s
1.3 BEARCER FIFEBRAGIN - PRAL T HIAR S 24 h B
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8 HKER, WA 45 oKk i 284, 57 RNR AN TRA K,
24 h J5% & -80 CHEfr o R R BERI A9 1 R I
B K BUE 3k 2 mL, 4 C F#E 30 min,
T LT AT 5 20 IR IR B2 T, -20 CAR-AF
SR FHTFER G 92 WA RF2 565 A0 1t 375 AR SR IR F - o
(tumor necrosis factor-a, TNF-a ) 7K, 4B #53857) &
(RDEFEAY TRABRA A Ui B, WL
AR 7 d AAES L

1.4 16S rDNA T : BEHCGE(EAEA 1 S UE D)
DNA , >R R A sk 0 (polymerase chain reaction,
PCR) X i # DNA B V3 ~ V4 X B FEA 7914, 519
J 341F (5'-CCTACGGGNGGCWGCAG-3") #1 805R
(5'-GACTACHVGGGTATCTAATCC-3"), HMREAT|
Wy 5" i o3l R S A A AR, IR B 1 4k
AT . PCR F=Hp ikl it 2% B Neb e i f ikt
17, LIABZEKVE A FATEXT B . PCR F=4#2lifb s ff ]
Qubit ZHGIHE L #4541+ , 7 NovaSeq PE250
BB RRE AN I R B A
fiiFH Angilent 2100 BUA= 950 B4 (36 B ZHERFHE
A BRAF]) e Mumina P w0 & (GEERIAEY
BHEABRAFD S TIEAL , AR B VT R & IR H
FLASH S {4FEAT o HAE Fatrim (v0.94) AR ifE X} 4k
WGV A, 5 Vsearch (v2.3.4) i3 38k &
FEHI, 0 DADA2 A i i, 25 0 J5 3R A PR SRS 1
HOESENAB I S I I RPN b e i Y (e Y
(operational taxonomic unit, OTU), & %1 Lt X} F Blast
HEAT , I8 SILVA Bl PR 140 SR g, A
FEARREE ATk, o ZRMA B ZFEME T
QUME2 #AF3t5a, B LIAH R BEALF 5 47 IH—1k .
1.5 BdEatr

1.5.1  RAERF AT - A5G B AL
PEARREDIIEL + AnifE2s (R +5) 3R, A HLECR
Wilcoxon BEHIKEE: . K Kaplan-Meier 43871 P20
KB, 40 LR R F R 56 P<<0.05
hESFAARGFE L MRS RIES
(v4.0.2) #Y base £ survival 158 1.

1.5.2 WP s < SR PR ok Hh 28 S el
I WA RIREAS R HEAT 100 YRBEHLIBURERIIL, W4
FEA YR ZRF M AT AR S 398 T i A8 Ak 34, ih 4t
TV WU BH I PR B A0

1.5.3 o ZFMET « o ZREPE AT R A YR Y
BEYE 0T Chaol F & AR MR AR
TEAG P 5 B, IR F BERRAE 3 2 A TR B e 91 7

TERVEAN, B 5 K350 8 43 9 Shannon $5
BRI Simpson F8EOEM o BHRAF A IES 0, L x £
R, AHIA] ek Fl Mann-Whitney U #5356, P<<0.05
h2ERHAGIRE L

1.54 B ZHEMES T ARG OTU RAA5 BITHHRE
ARTR] A HE B, 43 SRR 8 = B A S AN A I =Xk
A Unifrac FEESHRE , >R H] 445534 (principal
coordinate analysis, PCoA ) #E1T4H#IE [t | [a] st 3a 1ok
Anosim ARG IS AT IEL B 22 57 , Anosim K56 Y
RAEVEREA -1 ~ 1, RAEAGIET 1, 32 I 4[] 22 52
K, P<0.05 W BIAG 50 ] 5 B

1.5.5 WYFh2ESo0r  FATT 90, B CBH & Rk
SR BRIV 2 ORN T BEAR B T 22 R AR T, &IE
A R AR IS A, AP 28 (U 4 for
FOIMCQ,, Q) ), dlla] bR H Wilcoxon & Al
K, P<0.05 Jy22 5 HA G240 3o dlad 2otk A
STV 553 HT (linear discriminant analysis effect
size analysis, LEfSe ) 0T 7E BB AHOC R HEAR A,
anZ #4531 43 1 (linear discriminant analysis, LDA)
I3E (logy LDA) >2, W R BB A N 2 V8 7 1 b i
BAE AT ARG IE B R 25 ST AL R 1B (v4.0.2)
1Y vegan FLFHI ggplot2 FL5E

2 % R

2.1 CLP HilBEF AL - HIBT 24 h, CLP ZH R B B
R Z . BRHEEL . PR | R R
1M Sham 20 K FRJCHH B 5% 202 . CLP 41K B i
TNF-a K45 Sham 4152 & T+ (ng/LL : 43.95+9.05
Fb 11.08 +3.27,P<0.01), #2/~ CLP K R R JE K
S TR, HRIBE 7 d, CLP AR BUES 7 2L
Sham 41 A7 22 H 5 Kaplan-Meier A= 77 #l £& 53 #71 IR
R, CLP IR 7 d REVAEAFAREELT Sham 41
(31.82% Ft 100.00%, P<<0.01),

2.2 B w R

2.2.1 16S rDNA P25 - XPUAE R/ 16 i)
FEEFEAIETT 16S tDNA M7 5 , 36453 893 081 2%
HRFH, - H%L 55 817.56 4%, FHF 5K &
502 bp, BT {H >30 AYBREE F 73 LEIAE N 87.32%
222 OTU EHMMREAIL : X CLP 441 Sham 2H
FEA A 3007 90 R 5 213145 1436 4~ OTU,
108 > H7E Sham 21 HEH, 68 4~ H7E CLP 41 3R,
1260 AP IA . YRR B & s (& 1), Bl
B AN, B OTU Faik /b, ik ia 142,
PRI PR R
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A
T+ OTU WP IS T ; FEXT AR REA LA T A
100 YBIHUEALL B 16 ICHEAT 04T

B 1 REUHEER OTU KEARRIR
223 o ZHEEHT (3R 1) : CLP 41K BUb i i

o ZRVEFEFR S Sham A AH 22 RTS8 X
(¥ P>0.05). WILHAEARTE TR 418 99% itq .

®1 WMAXBRBEFRN o SHEESH (x+s)

413 A YR Chaol FFEJF Shannon
(H) () ittt R
Sham £ 8 520.00£52.15 707.25+65.69 5.74+0.42
CLP 2 8 492.25+86.61 668.93+£96.50 5.794+0.91
25 IER (R Simpson f540 [P (%)
Sham £ 8 0.93+0.03 98.84+0.18
CLP 8 0.94+0.05 98.93+0.19

1 : Sham N EFA, CLP Jy B 45 HLZEFLA s YIFIECR T Chaol
R R R B RS R , Shannon S5 ON BT B SR,
Simpson $5 5 HIHEH 51 R
224 B ZHEMST A RIEET OTU SEE AL S A
JINAY Unifrac 5 2544 S A IS B A6 B4, J- 51T PCoA
ST, T LU PR AR AR X 43 BE AT, R AR ] B 5 /)N
FHIRIEEE (] 2);5 Anosim ARG 56 25 St 211
ARG OTU F R, AR 2= 5 B E KT
HNES CEEIMBUER : R=0.23,P=0.04; FEAR
HAUERS . R=0.32, P=0.01).

225 [PKFZEFREBESH : TR L AR
SR B LA G R Y o UFF BT ] | R RE R [T AR 1A

CLPH CLP#L

LRy
W R (VAR
R T

W ol ]

]

Sham#{. Sham4

——  TEErey
| [ [ ]
Iy 7 i 4] |
0 25 50 75 100

£ (%) @
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(17.48%)
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e Sham#|
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%® (5.93%) o Sham#l
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PC1

(23.55%)
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(51.67%)

D

1 : Sham SA{RFAR, CLP HEMLEFLEFLAR, OTU JHfE/ S RIE,
PCoA H FARARAIHT ; PCL. PC2 ., PC3 FEmik s i 4,
ARG SR AT B, JCSEPRiE 5
FEASEENT , 18 IH TR AR AR L g

2 BEFHAKRBGEER OTU 5
FInA (A) 504X (B) B PCoA 43#r

I'T(EI3A). 5 Sham 4AHLL, CLP AL AT 1F 5
T [ 18.100% (15.271%), 26.665% ) Lt 6.974%
(2.854%,9.764% ), P<<0.05 ), AT 1 F I A Rk
(45.794% (25.276%,50.095% ) It 61.558% (45.079%,
70.648% ), P>0.05 ), JERETH | 10 F=FEAHIE ( 33.721%
(20.683%,47.039% ) It. 26.751%( 24.680% , 32.732%),
P>0.05), %4, CLP 20 TM7 181 71 F %5 Sham 2
E TR (P<0.05; 3K 2),

22.6 JEKF-2ZERERH (B 3B; % 2)  fE@K
S, CLP 20 3 B4 i3 () i e AR A U ADUFT R
(10.643% (7.989%, 17.834%)). ¥ 75 14 J& [ 9.180%
(6.713%,21.420%) ), FLIRAT TR & [ 6.467% (3.694%,
15.340% ) J, 1Ml Sham ZH == 5 4 =5 19 i 38 P REAR U 2
A IR T E (22.504% (14.403%,26.928% ) ), 5
KEE (6.360% (4.077%, 17.579% ) ) FIARS» 21148
AR (6.719% (6.145%, 9.947%) ) ; CLP ZH 3%
IR B R Sham 21 i F (K (P<0.01), CLP
N EEN R T RIS £ E
ek B JE AR R XV, 352 i e JE L X R
PR ST 8 SRFT 8 , 25 0 3% 5 T Sham 20

B RA IR B sy s v R R

e S m— W 40 o SN
_-= B UEHEREE B R
IR | e U R B RS
. — 5 W RECFRAE
I — W R SRR R R
[ e by R W RS R
e —— n— " P B
T T T e B BRI
R
F—I-I_I W R

25 50 75 100

TR (%) @

i : CLP NERZHLGSLAR, Sham HEFAR
3 FAKXBAETTKFE (A) SEATE (B) B A R R R E



0320

FPAEFE TG AR EE S 2022 4F 1 H 45 34 3545 1 8] Chin Crit Care Med, January 2022, Vol.34, No.1

(¥ P<0.05); 11 CLP ZHHIEE IR A & L A s
P IR AR B WA R R R B B IR E
BhFLAT RS AT RS SRR R 2R
PR H R B R E | I Ak T JE AR SR
J& FEFE M4 Sham 4107 2 FAIK (35 P<<0.05).

2.2.7 LEfSe 43#r ( 4): XA — AL A REE B i T
FFPIEAT LESe 4347, 1551 84 M [H] 22 S b, 5 22
SRR R EAR—S LDA /0¥ s, 5 CLP
AR L, JEERE T [ T4E Sham 415 £ B 2, h T4

W H T S WA R s | LR 8 I AR E
00 11 A 2 () SR E AR s Ak, B A e Al
1 Sham ZH 2 F E4 . 5 Sham HAHL, K209 40
PASIE T 1#E CLP 4 30 2 5 4, 4R H7E OTU 894,
OTU 8251, OTU 2398, Mg N & . BRHT )& 5 53 9,
KA BIRBERERL G E | IREFT I E | ok
FERRTE B FIEREGE TR A OLAT i B B AE CLP 41 i 2%
B TEMIKE B A R & AR I _NGSU_2015
43591k Sham 415 CLP 4 B EPE B Fh

Fx2 MAXRFEEREZEREEELR(M(QL, 0]
- " FHE (%) ] " F5E (%)
Sham 4 CLP 4 Sham 4 CLP 4
PFFET] THRINEE 0.070( 0.034, 0.078) 0.154(0.115, 0.216)* FAKMBREE 0.017(0.015, 0.048) 0.006(0.003, 0.010)"
PWIEERER  22.504(14.403,26.928) 7.345(3.662, 11.546)* F B & XV 0.007(0.003, 0.030) 0.094(0.035, 0.430)"
A7 1 2.183( 0531, 3.015) 0.170(0.093, 0.927)" WHAEHEE  0.005(0.002,0.012) 0.031(0.011, 0.057)"
OFEEERFEE  0.046( 0.022, 0.099) 0.010(0.002, 0.026)" FEX TS 0 (0 ,0 ) 00030 ,0007)"
JERER] EIFF R 0.016( 0.008, 0.029) 0.244(0.116, 0.330)* Je B R B 0.037(0.028, 0.061) 0.008 (0.003, 0.014)"
R 0.001C 0, 0.003) 0.006(0.003, 0.010)* THALER R 0.007 (0.004, 0.026) 0.001(0 ,0.003)"
5 WA R TR 1.229( 0.809, 2.290) 0.113(0.047, 0.196)" PAAREIREE  0.086(0.046, 0.411) 0.022(0.007, 0.041)P
FEMEENEER 0.010( 0.002, 0.016) 0 (0, 0 P4 SFFEIE . 0.003(0.002, 0.004) 0.005(0.004, 0.012)P
LA EE 0.003( 0.002, 0.006) 0 (0 , 0 AT R 0.083(0.034,0.198) 5.090(1.812,6.598)"
W R 0.051( 0.043, 0.060) 0.011(0.006, 0.019)"|| T™M7 T A& TM 1] 0.018(0.008,0.021) 0.125(0.027,0.159)"
LS 1.027( 0.598, 1.408) 0.111(0.073, 0.388)"

7 : Sham FEFAR, CLP HEMEHLEILA ; 55 Sham 41 HHE, *P<0.01, PP<0.05
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