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Abstract: Fecal microbiota transplantation (FMT) technology originated in China during the Eastern Jin
Dynasty and has rapidly developed over the past two decades, becoming a primary method for studying the causal
relationship between gut microbiota and the occurrence and progression of diseases. At the same time, the
therapeutic effects of FMT in the field of gastrointestinal diseases have gained widespread recognition and are
gradually expanding into other disease areas. The FMT procedure is relatively complex, and there is currently no
standardized method; its success is influenced by various factors, including the donor, recipient, processing of the
fecal material, and the method of implantation. Given the increasingly recognized relationship between gut
microbiota and various diseases, FMT has become a research hotspot in both scientific studies and clinical
applications, achieving a series of significant advancements. To help researchers better understand this technology,
this paper will outline the development history of FMT, summarize common operational methods in research and
clinical settings, review its application progress, and look forward to future development directions.
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nasogastric feeding; CBC: Complete blood count

0O Bowel cleansing

0O Ancillary drug

O Upper gastrointestinal route
O Lower gastrointestinal route

0O Oral capsules

O Clinical index O Telephone

O Adverse reaction O Hospital
O 16S rRNA O Adverse reaction monitoring
O Metagenome
o.. O 16S rRNA
O Metagenome
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O Physical examination

Operational procedures of fecal microbiota transplantation (FMT) in clinic. PPI: Proton pump inhibitor; INGF: Intermittent
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From the healthy to the sick

s

s NEEG e o

Evaluation of treatment ~ =p=os~

= 2
Healthy volunteers
/Normal Model Recovery
X: Liver
5 5 Heart
TS FMT is the key to build St
w “gut-X” axis Lung
Muscle
G > Fat
Bone
~ 7~ [~
I Y
%%b a4\ & f\z 'O Vi [ %é
X Ses }&)g/ 2
S YA e t%k 3
{ 8 L% EMT SPF AP GF Evaluation of injury
Patients/Model Normal Sick

Figure 2 Process for building the association between gut microbiota and other organs by FMT. SPF: Specific pathogen free; AP:

Antibiotic pre-treated; GF: Germ-free
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Xof W e 5 R 1R) g 3 4549 Y 97 A T B AL, R I SA X
AP /)R i 8 1574 T R 77 ROR, (R IR A IS SA /N B
FEE LA N W] A s A 0, AR A AR — 2P
R SA K B T A U A2 B P O T LA R A, 3k 1)
T HAERMLH
4 FMT ZElsARaTT B B

WFSE R I, 18 FMT 8ok 5 A2 36 158 10 20 17 5 AR
WA 9 N B S AR, B T DR, AT R R
AR AT, 0 22 PP B 7 ¥a #8A BH ORI
B¥E T R T T BB R VA . H H TR FMT J8 97
P99 HI MR 2 i AN TR\, XA 5 43 BiF 70 R FH 4 2 4
ARF O B B R EAH SR #EAT T4 %ﬁ N T Xt
FMT 1E % 2855 6 J7 H IR B JEAT 187 22 A
41 MBEER FMTEII’&E‘R?@%LE%%%?QW@
B0 P B A& A PR B AR P 51 R I T e, LI
& T 24 i 1 v A R B AR R I AL B B A
JTICRET o BE X+ 48 W 45 24 Ak 36 8 0 &2k M CDI

BB HIR T RUR K — B AL K BLER FMT 7R S vt 24
R AR P IS B R SR A, o H A AN R SORE, HAT
N 93%, i+ HIRT i E R (31%) BiH &
UV (23%)1" xR AN Kk CDLR 1k AT 1
Pl A T AL B R T, 89% 1) B3 3K A T FREE A
ARCR, IR H FMT J& 6 > B RE I AP 475 00 %€ 3] 58 K 1
BrikTTER . 5 & KM CDIMH L, JR &K M CDI 5 40 B 1
VAR AL AR OGS, Xt FMT H-FiR97 2 R MR iR
P£ CDIHEAT 1 R GEVEAN M2 2570 W, 99N 37 U 7T,
RIVIEERAE 68%~100%, i if THiE R,

WEFUR DL, CDI G fE 4552 FMT J5 3L 2 3L 1 W)
BRI ROR, HEN S 2T PR E AR R IR H AL
AR WAEMRE R Y], £ 2 KM CDI &+ FMT
J&, B WiE W) Bacteroidetes « Clostridium clusters TV
Fl XIVa Lactobacillus F1 Veillonella 5% %5 “E B 1 F £ 1
hn, Wi C. difficile #1 Escherichia coli <550 # 1) =F B [%
I, 15645 58 38 I 38 T 1 2EL B 45 ) 1) TE 0 N St
FAW IR, MR R AR P CDL T i, FMT
EEASE FH 3 vt 5 2 B A e A 0 A R T SR VB A
IR A 1 B R SR T A,

Ik A, FMT 75 35t 3 P &5 i U7 W % W ss &
AR R i R A AR AR i PR e S A T R A Y
WIT RUR, B R T AR 5% B0 1 PR i A R Il IR
AEAR -

42 MENBWER  HATC T HIEMAEY 51 K
LIRAT YRR AR AL A+ iE R . — LA,
K H W R B IR 3 S N AR AR T R
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Table 1 Application of FMT in establishing the axis-association between gut microbiota and other organs

. Cycle and
Disease Donor Receptor Result Reference
frequency
Alcohol- Normal mice Alcohol-sensitive receiver 24 days, three FMT prevented alcohol-induced dysbacteriosis and [95]
induced liver mice times a week  liver inflammatory lesions and lipid accumulation
injury

Depression Patients with major  Flinders resistant line
depressive disorder  (FRL) rat, flinders
or healthy volunteers sensitive line (FSL) rat

Atherosclerosis Normal mice Atherosclerosis-prone

mouse model [C1q/TNF- a week

related protein 9-knockout
(CTRP9-KO) mice]

times a week

3 weeks, three FRL rats transplanted with feces from disease donors ~ [96]

showed more pronounced depressive-like behaviors
and dysbiosis of the flora, and no behavioral
differences were observed in FSL rats

3 weeks, twice Atherosclerotic lesions in the carotid arteries were [97]

decreased in transplanted CTRP9-KO mice

Metabolic Normal fat diet mice High fat diet mice 12 weeks, five Weight gain was inhibited and the inflammatory [98]
syndrome times a week  state and metabolism of obesity were improved
Osteoporosis Senile osteoporotic ~ Old female SD rats 12 weeks, The fecal microbiota was similar to the donor [99]
rats three times a
week
Liver abscess ~ Normal mice Mice infected with 24 h, once K. pneumoniae-caused liver abscess was inhibited [100]
Klebsiella pneumoniae
Disrupted Normal sheep and Normal mice 8 weeks, once Mice transplanted with feces from MetS sheep [101]
spermatogenesis excessive-energy a day developed metabolic disorders and sperm damage
diet-induced
metabolic syndrome
(MetS) sheep
Radiation Normal mice Wild-type C57BL/6J mice 10 days, once FMT reduced radiation pneumonia, scavenged [102]
pneumonia exposed to a single 15 Gy a day oxidative stress and improved lung function in
dose y-ray local chest mouse models
irradiation to mimic
radiotherapy for lung
cancer
Aging Young mice and old Old AP mice 4 weeks, once  FMT from young mice to aged mice and observed a [103]
hematopoiesis  mice a day significant increment in lymphoid differentiation and
decrease in myeloid differentiation in aged recipient
mice. FMT from young mice rejuvenated aged HSCs
with enhanced short-term and long-term
hematopoietic repopulation capacity
Frailty Young mice and old  Young AP mice and old 6 weeks, every FMT from old mice into young mice reduced body [104]
mice AP mice other day weight and grip strength, and led to elevated
inflammatory factors in young mice. FMT treatment
in older mice not only improved frailty and muscle
mass, but also improved intestinal ecological
imbalances, intestinal barrier function, and systemic
inflammation
Abdominal Normal mice Abdominal obesity mice 4 weeks, once FMT has led to the repair of gut barrier damage and [105]
obesity a day mitigation of metabolic inflammation, which

ultimately ameliorated abdominal fat deposition

B i b B ELAE F -84 00 i 38 B el @ vk, At
T B0 B A PEAR B SO AN G A0 IRBOET S— T
T, 325 b 52 457 Ji T J57 B (10 Aokt 2 0 B AN 0 T RATBGHE A
JV TE o 22 25 48 31 vh WX 22 2R 8 ) A 22 S B, AT 2 D
i i A0 i 3 B R ) Dh REAN A A, AR 3k rh X e 2 R Gt el
20 JORE AN L2 3B AT VE AR 1 A P, T IE i FMIT,
AT DL 8 0 R ALK, SO i TE B R, BEARA EAR
PRI B, X4 R i BVRITAE A -

ISR, R B A8 e A4S 1 i T 1l 26 W B % e x
PLHAE i &R 245 (autism spectrum disorder, ASD). i
ok~ TR RE A <6 AR B 2% K i R s S5 22 3R AT PR R
5 w0 RN g TE B A SR T AN S Y )
xR ASD HE#EH ) Kang 251275 18 44 ASD JL# it
1T FMT, 1573 1 55 2 R 14 K 5 MR Jott 5 22 3 1) 741,
TR AT — R Wl o e 7, 0 5 2047 D IR ECE #E W 45
25, Bl J5 K3 ASD )L H %18 1 (1) Bifidobacterium
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Prevotella f Desulfovibrio 13 B 34 i, 8 185 ¥
AN RN IE R SRR A5 2 25, ATUMUGE 1) & TiF A &
R RV T FER0% A, HAC R IR 1 8 A A
Aekf. PRNRK L 2D LANERBHES 1 4H
17 S 0090 5 S 1K) v 2 U 2 B, RIS AR S AT LA
R 97 1k 12 £ W 1) 5K, FRAE 124 H R 5 % R
TR BN 361 73 % % 104 431, BF5TIA N FMT /]
TRIT L B F WAMALAE, A1 E R R R 6 &
W PNE SR RS A 25 B, 4 K5 B FE Gk D, kel
AR FAAHER; 2 A Ja, A AR IRER, AR E G0, PHQ-9
W R 4551
43 REBHREGER HEEF R (HA R .
YerE R R BENR IR (IR TR A ) 5 1 T G B v %
J 3k 1 EACE YRR 2 Ak B R i S R A
955 S NE TR T 2 A G 20 AR SR DR 4 Bt AN T 2 g )
TEU, DR FMIT X6 Ji7 38 B8 B %) 5038 W e 2 ) e 2
Gt I SN T IR

WEE RN, I i ke 3SR 2 B B W, AT A
VAT i T R R, BT VR R A P S R R A A A R A
KNG 7% . FMT JG, B4 CD8™ T 4H i % 5 W % %
IS, 45 %0 B 9 15 M T 48 i L 451 38 0, FMT V697 )5 &
B RREIR 78 4T IR, fe 28 5 1R 1R 4 1 A HEE,
FEE A #E— 2 I, Jacob ZEUUNE T 45 i B AG B 6
EA M YA W R R AT T R CRIE T
OpenBiome #&1f i) 250 A0 B 0%, 4 A, 35% )
B I8 B PR IE AR, 15% I 58 38R0 IR 15 21 22
10% I B8 FBUR & T 6 . TR, FMT J5 &
i CD4" T 41 H IFNy 177 28 & 3 ek /D>, Thl Fl Treg
0 AH R g6l 2D, AIE WY FMT AT LA 755 86 25 1 5 8 A 280
N

IE4h, FMT 128 97 B & S ER B 1
V2R . EIRARIRIEH, FMT &3 0cE 17 FLEEE"
A IR PR OC T A B A RN, xF 2 R A A
EN AR 9 5T RSP BRE PR R B T
AHHHRITIE T .
4.4 PEREHLZIE FMT A ZEHINN %267 it
24 1) 6 0 SR B T AR ) M R B 22 R R A R
Kakihana 2"\ FMT 0] LR A iz i 2 B M bt
15 F 9 (acute graft-versus-host disease, GvHD) F4H fifg
P B I — M2 o AT E# . GVHD 2 #:%
Sk B JERUAS [F] 1 N () B8 A8 2H 235 ) — P R 97 I RCOE -
T2 HE R A 195 1) GvHD &% B FMT A] 36 in4h
R T A0, 982> Streptococcus I3 N 1E H
HJ Bacteroides  Lactobacillus 1 Bifidobacterium, Jif &
R A I IE ARt A B R 1B W TE R K B

R

— I IR RS0 0T 10 2 Bids r Mg At T ER
1 (programmed cell death protein 1, PD-1) ¥ J5 P£ % £
T 0 2 B AT FMT, B W & 2 a2 it
PD-1 26 T R e B3, JF H O 2R B FF A 58
MRS VER B A I 1 RIS %
852, g A B 5L 3 ) R i PR S R, 45 SR L
2 oy M1 Bl SE AR . BEOh, FMT i 97 5 [
¥ 5 0 e PR A5 S 2 4 R R i TR R G 1 PR
FIAR AL A B AH OGN, fE B E R CDI B A
S0 M T A ST IR 9T R I VBN S A S 1 i g R, i
45 A A AR S B O N E W, 25 R IR
B3 T g2k, xF CDLEAIRITIEH, IF H A K&
PRI RE, A R RIS R SRR O RO, T
B FMT /& —Ff i 80O 22 A AR T i 48, RS R EA)T
S TE) b o] DA AT U 8 H TR Sk FMT 1) % 42
PE R, (AW FEAE H, BT R DR T B A AR %
LR, DRI AE Jif R B4 58 b A0 TR A FMT!Y,
45 KHEEF FMT AWM LREMER — & KRTT
YEM . Vrieze S5 bR B (1) N S8 it Ak S840 i U8 5 AN+
AR AR G R SR AR R, 6 7 5 B B %
A 1) ke 5 2R UM AT LSG 0 () %) WA B FE AL 26.2 %
A45.3 pmol-kg” -min™). H I IN RN IFIE LAY EE AT BE
B IT R BT R, BABE N 2K T B R UK .
Kootte ZEMAE 5T 1 SR 98 i) (109 N 28 A3t 44 38 51 % A 0t
A A LS AR P AR 2 . Ad AT i BMI
ANT 25 I R A, Gl I B AR I AT R, 6 A
J5 W52 3 52 1 B A1 J 1 B 3R U4 B G, Bl AL I
LR E K RA T BRAC, BIEIT BUR RS 2%,
18 A J5 FMT & cir i /E F, (HIX AT g 5 A AT 52 SR A
B A T A K

FMTEAEF TG HEEH . BEMAED
FEVE X T AL BR IR £ 22 B8 AR i Jls v SR () SR 155
FHERG T MR G R R 2 i A WA AL R
T AR ATRE B 6k A7 B WCERN . FE FMT ¥R 7 CDI
S TR), 952 Ak R Ak B (A A SIS A 1Y) 52 Ak 2k o X 3
S, B A g o TR R R R, S A M R AR E AR AR
R IR HIF TR I 2 FMT (40 24 IR 2 &
FARFEIEM, FMT )5 26 5 L MEARE N 6.3 kg™ A
WEABATTHR 17— iR 5L A TR I HS nvT e S R e AR
VI EYPRICR B LK RE 0 0%, anal i e A AL
M KA S AR = 42 SCFAs, RE K BN R A
Hhn, {5 e G .
5 BESRE

FMT £ AR H &AM P15 5, AT S K J
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A, B2 IS 5 AU T OB 5T R T
IRIATT o« E2 H ATE IR IR L1 R e AN 08 8 3, 2 40
UBTE SRS YT I B, U3 KR S AE SR %
IE W L e A PERIAT b . MBI, B A A
FMT AR BB 56 88 4007 LAFE BA T LA 77 T JF e At
o FMIT 1 e, 55— (I i P A 45 2%
BS54 b A 3 B P 8 DL SR T B A
BRI A TR R R MR R A2, 1
UL D HEAT 4 JR BT, 657 P B 04 2 20 B R ST
AR 30 25 4 3 EMIT S B SE £, 4 50 R4 4
B K ARG B, CLRIT BHFR T 115 1R 184
HEAIS I T, S SRR 25 2 R T FMT %24
PEAT R, I ATE AR SEBAS PEAG 7 5 58 i) IR AL
FMT HLIEIHE TE, b 5B g A A SR 3R (R 5%, LA
Bl L AE B 2 PR KN 5 O TE FMIT A6 B VA 1 ]
B, T DR R R 18 e A AL B B, PRI BRRL I 5 B A
S

FMT & TR R g, Wit 2T ik 2 B AGa )7
T B, JCIG PR B © 9 R % CDLL G5 P I 75 45 908,
St 5 BT DL . S AR
2N FMT 45 R ) G o, BLAE (AR G  S2 AR AL BE 364
5 B R A LU BNV A 5 TERAS 7 035 i
B35 B SARUEAL AR . JERLTT 50 b, FMT R 487
TETAZEY) 5 1 0 R B8 50 R (O B, R A2 1
W 24 00 L 7 I R A P I B AR,
FMT {73160 W {44 A 075 28 22 1k R AS BVA S kAl R
RBEE R ABORBAWT K JE 5T LR A WA N, EMT
R TR 15 KA.

{2 UK. FT 5 SRR SRR S e R L
30 SCR R % B SRR S BN ST ARG
fi2 0TS0 R R SR 2 U A R B T B B
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