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[ Abstract] In recent years, with the gradual improvement of people's understanding of intestinal flora, exploring

common complications after renal transplantation from the perspective of intestinal flora has become a research hotspot.

Studies have demonstrated that the composition of the intestinal flora in renal transplant recipients has significant

differences before and after surgery, and this difference is closely related to the occurrence and development of many

complications after renal transplantation such as infection, rejection, diarrhea and so on, which could affect the prognosis

of the recipients. This article reviewed the research progress on intestinal flora and renal transplantation in order to provide

new treatment ideas and strategies for renal transplant recipients.

[Key words] Renal transplantation; Intestinal flora; Infection; Rejection; Diarrhea; Immunosuppressant; Fecal

bacteria transplantation; Microecologics

ABBHTAGERS, WRHZHEAFREGE
TRER R RIARNB A6 R E
AR AP S A S ST 55 . HRTIT A AR
RSN/ 40 EE €I |/ S ERNEEE S
PR~ R PREE A 3R AN RE S AR IR 8] A RS AL T Ak 2
St UTAER, MOREZ BT A B B R R
#%%@ﬁﬁ%%ﬁﬁﬁkﬁﬁ%,ﬁﬁiﬁﬁﬁﬁ
PN R A . (EIEW AN E R
R, XA A T AR B . B

DOI: 10.3969/.issn.1674-7445.2020.04.016
HAmiH . Jtat AR E LM FIWH (7192043)

gL DRI RSB TEfERRAHLIA
muxﬁﬁ%ﬁﬁ&%mﬁ,m %m”oﬁgmm
FERM, BRI 0 T8 R A TR S A
BEIESR, X2 B R BUS AAAE KGR o
ARSI TE RS B A RIS R T2, LAY
N RSAE SZ FAR PR IR R RIS

EEAEEN AN ENHL” 25T A

FEZ AT 100050  p AR R @ AL A R B (2 R Ak LR 5 —1EH )
EBRIA: B, W, 1994 44, Wi0F5e, WFFT0 [ A IRAMEE, Email: hot626768@126.com; 5Kfd, U3, 1987 44, 1+, Fif

BRI, W55 1 i IRAMEE, Email: rdfzowen@hotmail.com

WEEE MM, B, 1973454, it BATLEE, B985 BRI, Email: 13601355682@163.com



4 [ RS R AR AT ST - 517

VF AR T, AR RIE . BHIRK
B OENEREAE . X T AR ARG T R AT
FERI, il i n RO e e R T, AT
AT T A0 IR AR o T il B R 1 =
PERIIITEUESE, MIiE R R RS M
CEBRERG” AN EZRET Y, i W
VERTE S TR IIE A« MU ORI A0
Fo MAh, Bkl BT R B E RO e
AR IR E R T R AR O F A
I nFERR rP AARAR AR U RE 72— FH R 1, IX PP
HEHABANFRREEEE, M RAIIT; Sk
U T LSRR A e 4 5 b B R R 3R
S, DTS B s A e i 8 P 2R e A
(9 H o T E PP B FLAT R AT LA DR ER 1 i3k B
JERE TR 13w B B RRZ BT, ENTRE
Pk G R W i OV SN S NE I = PNTO1 R )
55 b Bz AR MR FE i, T R AR A il
SERH o R I P DA PR A AR A TR T A T e
RGN KT RAESFHUARIE B S DB A sk
TEH.

2

P JT BRRI R 277 7 1% g A8 — 0 [ B AT 5 3 o o
L 16 ' AL AE 2 . 84 (B JOE S A6 A 53 451
g RS IR BB TR B, B RS2 T TR A
JEE R A B ok R S R R, BRI R A AR
225, BRSAE A B T B B A TR A TR
ARG, JRERETE | R BRGNS o A = U 1
BFEMR W2 MAEAT RN T 8% B RAE AR X
B, T/ A4 9RE F BRERRIEAF I BR ) 1 AR B
R A A T REBENR TR AE Db e . LR |
R IR AR A R AR AT
B RS T T R AR A2 5 U PR IR DOAR G,
R i FHEFR S5 T el A . B
HHSZ 5 1) 30 T R A 22 57 2 R BOR TR S i 1 il
SRR R R 22 5 . ITHISE R 20K F RS AR
JA TS AW 19 B 3235 5y s ise 4 [ BVE A
Ja 1A A AR 0 R 79 A At 52 54 7] ( tacrolimus,
FK506) ] 5Bl ( M BEAE 14 HN,
TE W) B FK506 7 4 ) 5L 6ll_E34 0 50% ) o FF2EiE
INPILH 225 B e SRS, BT R B2y 1 A e
PZEL[B] i TR AR A A o e i, Rl i 2

% BHOR DR A AFLXOT 2 B S T A A 3 O TR A
)52 F 5K e Z &M, 7520 A& FK506
PLRENAITRCR ¥ X 0] 865 MR i e K T R
A, M G2 2 8 R0 B R W
W &, AFIT FK506 7645 i b i i, A e
B R AH 5 i T DR R 22 ) (R A DGR 7 5 4 T R IS
A FHIWR A TS, I RREms R, hIEIR
TAERL s S 53 B .
2.1

B R S IR B R AT 2 8 LAt T R A
K E MG s, 7E 1980 4EZ /T, 2 60% '
BHZEARE VAERNE I 1 ™ FERge, Rt
FRLH 50%. WS ERAEZEARIG 1 AFRIRYL T30
TRFEREIEE 5% LLF P, (Rt LR SR B R
M2 H T AEE R B RS2 E ARG IR A+
B A FH e A 55 350 S RS U A 6
I AT A6 AT SR M A Y7 I SO A o
FIAZ ) 2, AR R SR R T X
SIS SZ AR A T R TR AR, 2 SR e A7 Sk
Qerdyta th LT WA AR 2L, i DR AR LG R AR
T R U HATRUAIN, B 2 Tok
SR G ZE I L L - PR L AR IR AR X
HCRAE e = A g, JE AR L RS A
S P 18 AR ML Soe S g . S DL B
ZIE BB TIRIT W EEA GRS, TTA R
PLE PR R AR, A 32 542 e i R iR
7 e AR RE YR AR B G, B RS %
PEMRIF . BUP 259 04 ol FH B B B ) S R A2 5 1Y
PATE AREN S, PEsLIIE AR5 18 32 e S a] ik
R IR RE B KA ol — T R R,
B RAAG ZH R 2 HEE 2 TR JERETR]
AN T KGR T AL PEBUR R A
5BBMA R BRYEYIAC M, sak, AT R,
BT RS REGE R RN, MEBHAS
KRG 7, o RS R AT e L
P, B R AE 32 4 T TR 0 0 2 S XA R 5
YA EEANMA.
2.2

G PEMENET TR B AR IR, — BB
GPEMTRAYY, Z# T Ao HEw W R SRR H
Y. HuiQ At 28 Z R fe 22 SR By HEF
F A J12E i FE YO R R, EX RS R R AR DT



- 518-

11

FEHANI . AT RN T ISP E it A2 ik
AN TR B, RT f  R RS A A TS RIS
FEYIAIE I I] o 2 2 4K 1T FH A 2 b B B/ B
ARSI AN, S5 RIGR T B A0
SRIFP ARV T AUEAIRE ST, 2B AE Y HE
R BCE R S A U RS UESE T IR R B 28 s
ZWHE R . PAIE RS 5 T LR s
ARG, YHPUREZ R SR EBETARE, —H%Z
HRZENFAROM . ARG PRI, EAG
EHEYIRER AR s 5 — T T BA D
PRI LA SE PR P S A . R SR e B 1Y
PEFT M, el . Pk ZIR97 k& %2
MRS E WA A, SEGRTERE, Manis i iE
R R . EEME N, A N S R AL
RIS . EXFPRIEAPIRAET, 8 T IR ME
Y, HUARGE 5 VRS, BUTB YR s R
GLurh RS . 2012 455 A B i RS A8 B R A Y
FHOCHISE, FIF 16s BbifR RNA BRI &I & T
INBFAEA S Z AN TE R AEHE R ROV . J5 A TR
T PR A 2 25 5 Y ARSI TR
[ 1B PR EER TR RN R TR R B, BRI
VT RN R AR R E R, A 22 7/
S A TE P RE S R il 2 R T ARG, HEF RN 5
s F—2 U e g R, NS
Tl o 4 DA AT AR ECHE R S g 3 B

AR i 1 DR R R SO R TR S IR T A I HE R
RV AR TFBE, AR B, B BAA S
RAHF RN ZEIE T, 55 DRetabn s DA C
AR 2 AT B 1 s I ik U7 B RS R R S 1 R R Y
WF9E R A BN FHPTAE R DA S A A A T B
e, SR TR B T R AR AR S HE R O B AL T ) S B
MFEL

3

B RSAB AR S5 IO FH AN ] A G 8 T 48 2 fif i T
oA WSS, MO T e R i R AR
i) — R RFIT AIERE L 2017 4E—TH 56 T R OR [R] s
7 Z % T TR R R R P BRI R B, AR B
A 857 % i fig ( mycophenolate mofetil, MMF )
ZHFTFKS06 BA MMF 41 A9 3 i AR 5 2 5 1Y
I E AR TSR SRR S A A 1A

A DA R AR S22 57 . MMF 2B AR
HHEMRIR, 0T AR ARHE R S &A%, {3
B A E A RO R TN . RN, 48 MMF
WREFRAG /N SRR B i, PR S RAE, iR
EULE J 30 TR A28 A D i 8 T R AR . K
BRAHE RGBT . IR 2B 6 ik e 2L N
B MMF X7 8 B A9 2 ] R S 50E 1
AN R B2 R, s R Kbl R
XN ERE R T E AL B S TR MMF AP B
MEVEELG:, R MMF 1) 5 i s MM T 18 i i
BIPER . Mo —Iibtss B, KEIRA MMF 25380
+ B RS, Ak inE N EERRE, IS
RGYIVEIETE, 5] MMF J5 IR VS AR A 1 A5 21 0
W P IkAl, TR E (ciclosporin, CsA )
XK B RSAB A5 il R IR OB 98 R, CsA 4
& TSR NR I R0 E s R TS
B, KW CsA %zl @ e e, wl
DI M S 3407 . S i s e, AN
R R R R 0 A B AR RS R A T T,
H RS A 1558 206 AR E IESE

4

R JE  R A A H DL ACE, B IR TS 2 R
ML . BRIARIRSZ 2N RPN, &
SRR | B HR R A R L Ak
jog=ki e

WFTE 7, WA TR AR 2 AR PR BRI R HE IR KUK
XA RE S EMPUI B K. BN, BFTERMLER
AR R R PO R 2 b, XRMERR T 1Y
FEAE SIATE R REZFEE T REA ™. Gu 2 i
TSR E N R W SR F O B A AR FLRR 1
TN, BN RN, AP ARG
7 BRTE B A8 Ml R 1) 2 AR PR AR TR
YR P ROIR RS R Y AR R R S B LY
i B TR 2 REPE ] AR TR L ™,

— I T B AR ARA R WS 324 Wil e AL AL O A
FERM, WSZH IR R E AT, R E Bk
TR . Dorea T8, ZEBR AT B AR 2 B2 s 12 5
% = et s, I p AR B e S 2
BRI RE L, IS BCTEYE I KA T T
IR TN RS, ARSI VS AR I A R



4 [ RS R AR AT ST - 519

PR M R B0, TR TR N IR 2L T 3
Z 5 giE e wm >, i s T sE =L,
M BT B 1) KA B iR R AR S5 R i e P
538 5 A P T i wR N H , JCHE 2 iR
259y, W5 teon, WA MMEF A] DGl e 8635 B-
ZFERE PR ( B-glucuronidase, GUS) A9 4H B 1M B A8
Jo 8 R B R , GUS 3Rk FITE M3 3 204 i vh
AR R BERE N, DTS [ MMF AHDGHH Ak IE Jf:
FE P AHE, AT, ZEANR] MMF IR T,
W SARR S WA AR B 22 %, YRS
MG R 3 25 5, HIETE A SRR TS A AN
MMEF Sl & N AU — AR TR, X 2845 58 I i
S e HFS i T TR A 028 AT REAS U T MMF A5
SHU Y,

5

MRPEHER DAL X, RS — 2%t
16 FA 5 G A Y , RS FUAT R AU AT
AR AR AT LA S L 9T 4 BRI B AR G0 2E S o
300 3 ol e A A T R ek A B R A 2R, el R
RO BN RS2 . ORAP s B . s S 5
G 10 Ty RE I 5 R R AR A B 7R B
G, A ASHIFR AT DA B AT . B A B AR E
IRTFIRZE B iR . MOk 2 B9 & SR ]
TSI R i B a 7 B Bl - R0
P8 B A . AT A I I R AR . - PR T
J&, PaiE s S G B R RESZ I . i A
MNEE R D0 E— R EA L, JEmE | &4 5 RAE
KR, SEM T A0S o AT A A vy R Bk L - P
R, BRI T RS, T EdLin R
A MIHENEF . BEIIE C MERARE AR B
i, MINAE WIS R 0 T m . IAh, kA e
it F140H 2 (interleukin, IL) -1p. g3 IR3E A
“F (tumor necrosis factor, TNF ) -o . IL-6 F13 58 41
MOAZHTR A ZKF- 4 1 I TR HRZE, T 35 3 Fl D- 2L,
i 19 7K T B ARG B SRR SE T R A I
SRR AT LA R B e . dERE A E B REDRE, JF
TR - P S R A B DIREER AL AR A A
FAYT, SEPSER A S S T R e T 5
FERBA, 2R CHOIE SRR YT B R MR MR TR 3%
PR T— 2R, BV A2 38 A T s i iR
BUZL RGN, ASIEINZFH RGN, BRI

W IR R AR
6

LELEPNR, MR LY S B R S B
JE R Fe S RE S VIRAG,  [R] B R AR 52 5 B IR
L5k AN L SRR T SR SR SME IR Z i T
IR, e A i Bl A, S
BEPRIRT 5 S A [R5 B S 08 A il T A 7= A (1
FAHEAE . Behh, TRAT B i e E i g )
REANZELA, T LI PR E & BRA MAIG T 7 5852
MHE I mie HWREZ R T BRAHA R & MY
A2 BIWEIE, e 52 H BRI AR, ik
Jin T TR AR PN B MILAAS S O ML 2 o MU 5 M TR
[B] AR AH LG R AR IE TAR R B A . TR
R B B AT 2t 1A, DL RS AR A RO
LA, BT XA RS A AN A A ) S 3
R AZAE AR AT RE RN F RS R SR B IR SR o

[1] OPAZO MC, ORTEGA-ROCHA EM, CORONADO-
ARRAZOLA 1, et al. Intestinal microbiota influences
non-intestinal related autoimmune diseases[J]. Front
Microbiol, 2018,9:432. DOI: 10.3389/fmicb.2018.00432.

[2] LING Y, WATANABE Y, OKUDA S. The human
gut microbiome is structured to optimize molecular
interaction networks[J]. Comput Struct Biotechnol J,
2019,17:1040-1046. DOI: 10.1016/j.csbj.2019.07.011.

[3] CREMONESI E, GOVERNA V, GARZON JFG, et al.
Gut microbiota modulate T cell trafficking into human
colorectal cancer[J]. Gut, 2018,67(11):1984-1994. DOI:
10.1136/gutjnl-2016-313498.

[4] GRAINGER J, DAW R, WEMYSS K. Systemic
instruction of cell-mediated immunity by the intestinal
microbiome [J]. F1000Res, 2018,7: F1000 Faculty Rev-
1910. DOTI: 10.12688/f1000research.14633.1.

[5] HUANG SH, CHEN YH, KONG G, et al. A novel genetic
island of meningitic escherichia coli K1 containing
the ibeA invasion gene (GimA): functional annotation
and carbon-source-regulated invasion of human brain
microvascular endothelial cells [J]. Funct Integr Genomics,
2001,1(5):312-322.

[6] CHENG HY, NING MX, CHEN DK, et al. Interactions
between the gut microbiota and the host innate immune
response against pathogens[J]. Front Immunol, 2019,
10:607. DOT: 10.3389/fimmu.2019.00607.

(7] wHHEESR, JAEdE, Tk, & . BREZE. Bk



520-

11

(8]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

I S5 R i R f B 5 i TR R X B (D). B T BE R
KR 2018,38(12):1401-1408. DOI:10.12122/j.issn.
1673-4254.2018.12.01.

YE GR, ZHOU MJ, YU LX, et al. Gut microbiota in renal
transplant recipients, patients with chronic kidney disease and
healthy subjects[J]. J South Med Univ,2018,38(12):1401-
1408. DOI:10.12122/;.issn.1673-4254.2018.12.01.

LEE JR, MUTHUKUMAR T, DADHANIA D, et al.
Gut dosing
transplantation [J]. PLoS One, 2015,10(3):¢0122399. DOTI:
10.1371/journal.pone.0122399.

KINNUNEN S, KARHAPAA P, JUUTILAINEN A,

et al. Secular trends in infection-related mortality after

microbiota and tacrolimus in kidney

kidney transplantation[J]. Clin J Am Soc Nephrol,
2018,13(5):755-762. DOI: 10.2215/CIN.11511017.

QI X7, TU X, ZHA JW, et al. Immunosuppression-
induced alterations in fish gut microbiota may increase the
susceptibility to pathogens[J]. Fish Shellfish Immunol,
2019,88:540-545. DOI: 10.1016/j.£51.2019.03.035.
SWARTE JC, DOUWES RM, HU 8§, et al. Characteristics
and dysbiosis of the gut microbiome in renal transplant
recipients[J]. J Clin Med, 2020,9(2): E386. DOI:
10.3390/jcm9020386.

CHAN S, ISBEL NM, HAWLEY CM, et al. Infectious
complications following kidney transplantation-a focus
on hepatitis C infection, cytomegalovirus infection
and novel developments in the gut microbiota[J].
Medicina (Kaunas), 2019,55(10): E672. DOI: 10.3390/
medicina55100672.

LEI YM, CHEN L, WANG Y, et al. The composition of
the microbiota modulates allograft rejection[J]. J Clin
Invest, 2016,126(7):2736-2744. DOI: 10.1172/JCI85295.
SEPULVEDA M, PIROZZOLO I, ALEGRE ML. Impact
of the microbiota on solid organ transplant rejection[J].
Curr Opin Organ Transplant, 2019,24(6):679-686. DOI:
10.1097/MOT.0000000000000702.

FRICKE WEF, MADDOX C, SONG Y, et al. Human
microbiota characterization
transplantation[J]. Am J Transplant, 2014,14(2):416-427.
DOI: 10.1111/ajt.12588.

MCINTOSH CM, CHEN L, SHAIBER A, et al. Gut
microbes contribute to variation in solid organ transplant
outcomes in mice[J]. Microbiome, 2018,6(1):96. DOI:
10.1186/s40168-018-0474-8.

MRafoe , fh , JEMISr , &6 . B R A HE B i 1 A
AR ST (1], s E GRS 2014,26(12):1421-
1424. DOI:10.13381/j.cnki.cjm.201412016.

CHEN YR, CHENG G, FAN MQ, et al. Changes in

in the course of renal

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

the intestinal flora of patients with kidney transplant
rejection[J]. Chin J Microecology,2014,26(12):1421-1424.
DOI:10.13381/j.cnki.cjm.201412016.

ZAZA G, DALLA GASSA A, FELIS G, et al. Impact of
maintenance immunosuppressive therapy on the fecal
microbiome of renal transplant recipients: comparison
between an everolimus- and a standard tacrolimus-based
regimen[J]. PLoS One, 2017,12(5):¢0178228. DOI: 10.
1371/journal.pone.0178228.

FLANNIGAN KL, TAYLOR MR, PEREIRA SK, et al.
An intact microbiota is required for the gastrointestinal
toxicity of the
mofetil[J]. J Heart Lung Transplant, 2018,37(9):1047-
1059. DOLI: 10.1016/j.healun.2018.05.002.

TIELEMANS MM, VAN BOEKEL GAJ, VAN GELDER

T, et al. Immunosuppressive drugs and the gastrointestinal

immunosuppressant mycophenolate

tract in renal transplant patients[J]. Transplant Rev
(Orlando), 2019,33(2):55-63. DOI: 10.1016/j.trre.2018. 11.001.
JIA J, TIAN X, JIANG J, et al. Structural shifts in the
intestinal microbiota of rats treated with cyclosporine
A after orthotropic liver transplantation[J]. Front Med,
2019,13(4):451-460. DOI: 10.1007/s11684-018-0675-3.
ZHANG L, DONG D, JIANG C, et al. Insight into
alteration of gut microbiota in clostridium difficile infection
and asymptomatic C. difficile colonization[J]. Anaerobe,
2015,34:1-7. DOL: 10.1016/j.anaerobe.2015.03.008.

GU S, CHEN 'Y, ZHANG X, et al. Identification of key taxa
that favor intestinal colonization of clostridium difficile
in an adult Chinese population[J]. Microbes Infect,
2016,18(1):30-38. DOI: 10.1016/j.micinf.2015.09.008.
ZHAO J, NIAN L, KWOK LY, et al. Reduction in fecal
microbiota diversity and short-chain fatty acid producers
in methicillin-resistant staphylococcus aureus infected
individuals as revealed by PacBio single molecule,
real-time sequencing technology[J]. Eur J Clin Microbiol
Infect Dis, 2017,36(8):1463-1472. DOI: 10.1007/s10096-
017-2955-2.

DINLEYICI EC, MARTINEZ-MARTINEZ D, KARA A,
et al. Time series analysis of the microbiota of children
suffering from acute infectious diarrhea and their recovery
after treatment[J]. Front Microbiol, 2018,9:1230. DOI:
10.3389/fmicb.2018.01230.

DERY KJ, KADONO K, HIRAO H, et al. Microbiota in
organ transplantation: an immunological and therapeutic
conundrum?[J]. Cell Immunol, 2020,351:104080. DOI:
10.1016/j.cellimm.2020.104080.

532 to page 532





