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Abstract: Endometriosis is a chronic, estrogen-dependent gynecological condition often associated
with pelvic pain, dyspareunia, difficulties of defecation and urination, and infertility. The disease
poses significant treatment challenges and has a high recurrence rate, causing considerable distress
to patients and substantial social and economic impacts. Currently, the exact etiology of
endometriosis remains unclear, and the lack of specific biomarkers complicates early diagnosis.
Advances in high-throughput sequencing technologies have significantly propelled research into
the human microbiome, revealing intricate connections between microbiota and diseases. Notably,
the microbiota in the female oral cavity, genital tract, peritoneal cavity, and gut are closely linked to
the development and progression of gynecological disorders. This article reviews the correlations
between the human microbiome and endometriosis and explores the potential applications of

microbiota in the diagnosis and treatment of endometriosis.
Keywords: endometriosis; microbiome; gut; genital tract; microbiota
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1.1 5FEREBESFMEMRXNTEIEE
428

ZW SN, 1 IR ARE B Y
B AEYHEE SEEXBAFAED EZES.
MacSharry 2V X B PUBSEORE A 243
VREICH BRI R B IR I Lo tE, RS 46
% 5L R 2 D e B R f e BB e e, R
T B WIS ALAE S FUF R E (Lactobacillus) 7K ',
EREATAIE(P=0.048 4). 5 —TRFFEAIA 397
B R BB Ve SRR, AR T X
—AH KA (P=0.02)*H . FLAF# & (Lactobacillus)
1 ek /D B A ARG i, IR PERE— SN
i JEAR ) & 4, infE gl K I8 (Gardnerella) |
IR K E B (Prevotella). Ik 372 TR K J&8
(Ureaplasma) . KA K& (Anaerococcus) . HlFE
-k 2 4k IR & (Alloscardovia) F B 22 BB 147 I
(Candida) %P1 R K e fiff 5% 45 W S 55 1 B
PR R I 5 B N R S 0 1) A AR B A O
HEMTHZEREEA R, IRARVHUE R
R REA 5T . S e 95 45 O T A AR AL A
REFC LM 52 T 5 IS AVDRE B R 1221

Akiyama ZEPIF5E T 30 &4 FE N B ALIE
BH Y 39 ZARBFEH N CEA FE I
s R APEDN SRR S I 2, a2
AN E ST EECEY), B R SE
B2 1 PCR AN & B, 57 A BB 5 (O £
S SR AT E R (Enterobacteriaceae) Fil
BEBR B & (Streptococcus)ix 2 Fi 1 EAE LAY
(ARG H 23R 8 3 v T B2 (P<0.05), {H R FREA
AR, A 7R R B A o vtk — DR
X2 B 3 FEREAE R AL Hh B AR
BLHI), Chang 2524 %57 805807 19 3k A 1
AT THFEE, A3 10 24 fdRRE oM 23 4 F
BN AE B (11 SO ONAR R, 12 4458
TR/ ), JE T 16S rRNA JE R 4 # & 3
AT BT (Bacillota) 3= FE 3G &, MR TE ]
(Actinomycetota) MAUATTH |1 (Bacteroidota) ) - FE
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BRI RAE A
JEEVIMIE. AN, Wei 2SR 16S rRNA LA
W42 AR TF I Z A e E A it s, R+
BN R AT 2 A TR 2 A N BTE B AT R
EINDA R GRS N ¢ i Y A o 2 N [
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BB SR IS ER A 8 (Vagococcus) . TR &
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A B Bl (Comamonadaceae) F AL /R F 45 &
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7 22 W Bl (Erysipelotrichaceae) FI AR FT- 18 £}
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T, B SR P A A PR T R R R RE R
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JERE S 21 A dEE MR BHIE 5 S TR AR
AT, & B BHE A S A 2 [A) (I =
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R T EEAEN, XSRS R ERERR
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WIS AOLIE I S 9 S TCIZm L EFH N
NREEA FEAT M, FE4h A 2Pk 2 5053 H7 (linear
discriminant analysis effect size, LEfSe) J7 ¥ 15 5l
ZES WA, SR BN TE N RALE R T
PRI 0 v e R 0 A TR S L TR R T
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Bl BR 1 B (Streptococcaceae) FIG il 5% 5 j 1 )i
(Tepidimonas) (P<0.05)2°, 1. 4h, Guo %P %}
43 {5 PRI 2 B PR (B4 B PN I S (S ) 452 T s
BEFARMNE WS BT e N R, Jf
id 16S rRNA JE PP AT A3, B NS
i ST BT E ISR S A ) 2 R 2
I T REHLARARASE AL 5 B CE BRAERRIE it 2
(receiver operating characteristic, ROC) i 5% i 5|
T T E NS ALAE A G B T A, e
i W W) 2 [C W 28 T 1 (Faecalibacterium
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AUC)=0.724], %W ] BEAE T 5 IR 5 057 E &
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5 (1 30 8 5 B p B R P B gE A
DU, A B P R R O AT T
(F. prausnitzii) F1 55 W RS ALRE Z ] 2 420G 2 1Y
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F17 16S rRNA LA FF 2347, 843 Wilcoxon
Tk FRIVAG: 560 B WA B S S e A S T B A v
() ol A= ) B 5 (R X FR AL AP 7E B 35 5 575
BAKM T, &R E & Acidovorax, P=0.01), &
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R AR, BEIR] B T3 A AR 1 N R S 6
Iz W TB .

3FE R
B LR SRA

N7 18 WS 4 2 2 B 2 R B T
TEVE X BB A WA N (U HEH 1 2 Aa Bl Ty
I REEZER, 85 ZFEm L AL RE
WU, Hrh s 8 WIS AE . BiE
T B 2l A2 ] BB A B PN IS 61 R A & s AL i
TR SCHEEN , FRpl R R e g, s
BRI J& (Ruminococcus), B il idFafdt plase~~J
D7 10 8 H HLA 5 = 2 W (B9 43 2SR (P<0.05,
AUC=0.840)P7, 1V Jilte A= nbrasd, o ih st
FE TSRS W5 9 IR S0 6E 7 T 2 7 H B
I I R S A s g e BT

g 3 TR AN AU AT REHG 025 P4 I S5 67 A 1Y)
R, I HES S AR TE/D
B, 5 HUEBRTE NS AEE A9 /N BN BT
A= Z (U iR, 258 S e FUUFT R )R T IR
TR R B 45 /NP8 AL Z R, i/ R
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G X R SR T IR R A

B IR S L0 P RIS TEAE T o 05— TN LS
Al 25 D B X 6 H A IR R AL
SiE /N RAEAT T 21 d, FF X H AR E RE A A7
16S rRNA F& K ¥ 70 Mr, 45 0 7R i v 2 ]
T N B B R K A S P R R A
JIE B AR 4 i o T R R ) 2R, OF B RE
KB R & B (Lachnospiraceae, P<0.05) . FAL
W Bl (Rikenellaceae, P<0.01), Ruminococcaceae
(P<0.01), (P<0.05) &
Candidatus Ruminococcaceae (P<0.05) 1y B
AT A 2508 0 S A 9 ek B4 (A FEURD 4T 2 AB R S
B J5 HEAT B PN LR BoR, TETE T E NI S
P H 5 B NI AAEH , DL T 5 N
S (L AE 2H 55 R FH 2 59 5 IR S A RE 2H /)N
S22 ], AL B Bl (Rikenellaceae, P<0.01) .
i 12 B8 £} (Oscillospiraceae, P<0.05) . H 4 [X
W Bl (Tannerellaceae, P<0.05). %l ¥ #T i J&
(Alistipes, P<0.05). FF i€ Hi 12 & Bl (Candidiatus
Oscillospiraceae, P<0.05). HAL T # J& (Rikenella,
P<0.05)1F1E B G222 7, UL sk
B, R T RE S TR RS S 1Y AR DA
o, I RRAE LR R AL T R FEAE DY, (R
25/ BRI B PN SN 2 A o
T R A A 7 R 5 10— 2D SR RAIE

5% 2 B i 30 T AR RO AR AR X T 18 N IR 5
RS AR AN AT A N, FEEE T
B PN SR AN /S BB AR () 9t 5 b i 1 A Y
AT A R B i 7 TR (4D 1T R 8 T 0] Sk
MARFL(P<0.001) FIR/N(P<0.01), Fs/b R AE N
BRSO, SR, AR AR D — TS )
FERET /NS AL A I, i 1 TR AR ™ A2 1 5
— Y & R IRAEEZERE S 14 d J5 ] e
PESFALRAS 1 BE R (P<0.00 ), X BERFSE R,
Jig T AR ) PT REAE B AR S 67 i 1) g it
FErp R HEX AR . A, — TR R A
35 HEBATENERAES 30 4 FE NS
DEAERA S AR I (SRR A ST 16S rRNA 2

Lachnoclostridium
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RN 7, & 305 N T S5 6 R VT BB 5 | & Wil
ARW, FEHE R A S AT 0 B-7 R
fi% 1§ (B-glucuronidase), #t— 25 A& S FT{A P 52
U0 R W% T B WA A T RE R, MU AR
PEFE N IR SEAE G & 1

— IR A5 T T 18 44 F 5 N i 5+
DEAE S RN 31 %) BRAH L MR 2R A, 45
R B ZSE YA AR R, Hr
J17 1B B FE AT AR Y 4- 32 BE 05| W (4-hydroxyindole,
AHD BN —FETE G T ey s B 4HT 1R
FEFE WS AE/ N 14d J5, 4581 BN
AT 3 A 0 ) A gk R A A (KG-67+H) Al i AT
Wiz 240 L (F4/80+) YK i 25 1 -5 75 N IR Sz
SiE JF JRAH O 1Y BE 58, W0 IGFI. NF-«kB.
TGF-B1 Fl GATA3 B ik SeAE FH AL Rt/ 1 5
Pkt A RAE SN BORE G YA A ke
F ] AHI 7522 15 PN S 57 i o B e A8 rh B
BIAEIRITNES,

1 18 R A B AR 7 0 7 N B SR A6
W& REFANGIThinE T 2 HE M0, WM
R 3T anEIAG L v I BB R Aw )
Y EE TR A, B RCE YR R L
2 H M, Xk AR T X FE N
J6E S 7 i s FRAIL R A B, o R o R 3 T
YA BB TS T 2 AR YT Oy At T
WeHs

4 HFENBRER XD
B 2

B T B A WA RS, AR F R
A ) 2 L T2 R T A S (S AT S B £
R TR S AT A WA 11 A
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R RS i, — IR X 130 2 H
7 R B G IR IR TR A I . F TR
INLYR 1 25 AR I Ji iy 4 5 PR 2l e A 5, )
FHOREGE BEE AR LB, 11 s 40 08 n i 38 o i
PEABEANGEL, Ml & e (55 mp, JEm T3
TEORIT RE R &AM, X — LR, TR
A A T R SE Ak AL ) I R 5 T R N T S A
i FR) A R o

MRS K BT I B A 1 ZE RS N S A
i 1 " R B AR AR OGP . AN, Hicks
SFUONE T 16S rRNA JEIT 254 LEfSe H4R 5
Brihss 1 12 B/ R S 9 24 rh B/ d R 5
PR SR B 1 FIEREAS . 25 R BoR, O FF
W & (Cardiobacterium) TR /4 A5 N R S A7
R D R T B35 W A5 (P=0.039 2), T4y
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Figure 1
human microbiome across different body sites.
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Correlation between endometriosis and changes in the abundance of specific microorganisms in the
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Table 1 Summary of candidate microbial and metabolic biomarkers associated with endometriosis

Year Sample size Sampling site(s) Potential biomarkers Sequencing References
(control vs. method
endometriosis)

2024 19vs.21 Vagina 1 Gardnerella, Prevotella, Ureaplasma, Metagenomics [21]

Anaerococcus, Bifidobacterium scardovii,
Candida
| Lactobacillus

2019 39vs.30 Cervix 1 Enterobacteriaceae, Streptococcus 16S rRNA [23]

gene

2020 14 vs. 36 Lower third of vagina, 1 Peptoniphilus, Bacteroides, 16S rRNA [20]

posterior vaginal fornix, P. alcaliphila, Sphingobacterium, gene
cervix, endometrium, Chryseobacterium, Delftia,
and peritoneal fluid Pseudomonadaceae, Erysipelotrichaceae,
Cytophagaceae (cervix); Sphingomonas
(endometrium); P. alcaliphila (peritoneal
fluid); Pseudomonas, Acinetobacter,
Peptoniphilus (cervix, endometrium,
and peritoneal fluid)
2023 21 vs. 19 Vagina and cervix 1 Fannyhessea, Prevotella, Streptococcus, 16S rRNA [25]
Bifidobacterium, Veillonella, gene
Megasphaera, Sneathia
2025 13 vs.30 Endometrium 1 Pseudomonas stutzeri, Faecalibacterium 16S rRNA [27]
prausnitzii gene
| Lactobacillus iners, Bacillus pichinotyi,
Alistipes putredinis, Bacteroides ovatus,
Pseudoxanthomonas indica

2023 76 vs.79 Endometrium and ovarian | Fusobacterium (endometrium) 16S rRNA [29]

endometriotic lesions gene

2024 31 vs.26 Endometrium and 1 Lactobacillus (endometrium); 16S rRNA [30]

peritoneal fluid Pseudomonas (peritoneal fluid in gene
moderate-to-severe endometriosis)

2021 9wvs. 12 Endometrium 1 Actinomycetota, Oxalobacteraceae, 16S rRNA [26]

Streptococcaceae, Thermicanus gene
2011 55vs. 16 Ovary L. iners, Actinomyces, Corynebacterium Culture [32]
auromucosum, Fusobacterium,
Peptinophilus asaccharolyticus,
Peptostreptococcus, Propionibacterium,
Prevotella, Staphylococcus, Candida
parapsilosis
2020 11 wvs. 10 Vagina, endometrium, 1 Alishewanella, Enterococcus, 16S rRNA [52]
and endometriotic Pseudomonas (endometriotic lesion tissue) gene
lesion tissue | Lactobacillus (endometriotic lesion
tissue)

(7%0)
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(B 1)
Year Sample size Sampling site(s) Potential biomarkers Sequencing References
(control vs. method
endometriosis)
2022 18 wvs. 18 Vagina, endometrium Nearly sterile peritoneal and ovarian sites;  16S rRNA [53]
ovary, and peritoneal fluid higher prevalence of infectious microbes gene
in vaginal and endometrial sites; higher
prevalence of Lactobacillus and
Bifidobacterium species
2022  25vs.36 Peritoneal fluid 1 Acidovorax, Devosia, 16S rRNA [34]
Methylobacterium, gene
Phascolarctobacterium, Streptococcus
! Brevundimonas, Stenotrophomonas
2021 45 vs. 45 Peritoneal fluid 1 Acinetobacter, Pseudomonas, 16S rRNA [35]
Streptococcu, Enhydrobacter gene
! Propionibacterium,
Actinomyces, Rothia
2025 23 vs.27 Peritoneal fluid Flavobacterium, Pseudomonas, 16S rRNA [36]
Bacillus were commonly present in gene
endometriosis group
2021 21 vs. 20 Gut, cervix, and Ruminococcus (gut) identified as 16S rRNA [37]
peritoneal fluid non-invasive potential biomarker gene
2024 6vs. 6 Gut 1 Rikenellaceae, Bacteroidaceae, 16S rRNA [39]
Tannerellaceae, Bacteroides, gene
Candidiatus Oscillospiraceae, Rikenella
6vs. 6 Gut ! Lachnospiraceae, Rikenellaceae,
(endometriosis vs. Ruminococcaceae, Lachnoclostridium,
model group) Candidatus Ruminococcaceae
2021 5wvs. 5 Gut | N-butyrate Mass [40]
spectrometry
2023 4vs. 4 Gut 1 Quinic acid Mass [41]
spectrometry
2023 30vs.35 Gut T B-glucuronidase 16S rRNA [42]
gene
2025 31wvs. 18 Gut | 4-hydroxyindole Metabonomics  [43]
2025 19 healthy vs. 24~ Vagina, oral, gut 1 Lactobacillus, Haemophilus (gut); 16S rRNA [46]
non-endometriosis Cardiobacterium (oral-mild cases); gene
vs. 21 Fusobacterium (oral-severe cases)
endometriosis | Lactobacillus, Haemophilus
(oral, vaginal)
2024 15 healthy vs. 23 Vagina, oral, and rectum 1 S. anginosus (vagina), 16S rRNA [51]
CPPvs. 35 Ruminococcus (rectum) gene
CPP-Endo | Candidatus Desulfovibrio sp. (rectum)
2024 13 vs. 8 Oral, vagina, 1 Streptococcus, Haemophilus, Neisseria  16S TRNA [47]
endometrium, and gut (oral; not statistically significant) gene

1 : Increased; | : Decreased.

http://journals.im.ac.cn/actamicrocn



4266

WANG Yixuan et al. | Acta Microbiologica Sinica, 2025, 65(10)

KIREBRAE , 9 50 k1 K A Rt e it 1
Ffo BT R -1 F M EAE I A DT,
FE— 20 MM A= 5 T RN S ek R TR A Y
] B A RS R TR S — 2 ) SR
RAE ML LI, I T HE Bh S 575 kT 15
B AR, X IE AT HE 2 3 S A
PRWFFEILRAIE .

7 ETHAXBEREIANTE
VA - AL A AR e B A 0 4L AR AT

HRGE M) 16S TRNA JE 4™ 3 Iy Fi o KL A
2 P AR5 15 B S 6 R AT S LA W 21
AL T E A, HUAEREE. BA
16S rRNA J P e A Gl i 3 ot L s sl AR
AT EA UL, (HXMELLSE IS o R
YeE, BN MRAKE %R, MLz, %
FE P20y B SR BB RS v b S8 AR W B A
KA, HZE R A Yy 32 B i F DNA 15 QL 1 5%
M8 e Ah 2 R DR 20000 P ) M P AR SR 2
—ANERIPRER, BRI T AT ARG
W43 S0 T R AR T AR ), T
V2 %) i R R BRI 30 2 4 5 e 45 SR 1 E
PE o SR, 2 3 PR 2H 5 i T 4 4 5 R 1Y
SBRF IR B P, R T H W A Y R
AR A5 BAE AL T 20 HE W BR (functionally active)tk
AU AN, W A B L B A M A PR
THAE R BRI T AR KB AFN A FE i T
Jo7 PSS e B N S 0 S8 M R 2
FRE AL, R R AT 2% R e H R 5 10 R ke A
ARPHES TS G, LHRBEA 2B G
IR PANVERETS EX T e /L AVt 7/ B S 1l b 4
D7 e DL B s S 2 Al L SRR YT DR 1Y
OUT, AT A B v AR S Rb T2
F-Bro T RHERR 5 W 5 AR 5 A H S | A
e R, A B TR T R R, Pk
TBRNE . BEE NP A B ARG i A
Wrbn AL, X SERORTE I RIZ YT H 4 0 i

P4 actamicro@im.ac.cn, 7% 010-64807516

o H 45 R o

T B PR B AR A i ph X 4 [R] f 1E T

1R AR AP TT S o A A A 4 i
P RERS L TCANIE IR 9 260 T BN R AR o
Oy ITRT AR WA R R R R, 1
ARHEAC R . IR AE M 5 e BRI EAE R .
AR I B B TR P BT SN RE
P EREN - 2RI ER, b
A2 7K V- 2 M AR A IR AL ) 4 T A ) fE
A BRI AE> ) i b 2 o % B
T AEARRTALBE . R . AT A AR A
RS X iRl A ) AR E AT 2 P L 22 2 PR 1) 48 7 A
TCAURE I AR AL, e 5158 T 11 PR s A5 v
MESS TR AP ARG, o SRR -1 T EARBEE
S L ORGSR B SO o FEEOLIEAS B AT
FIE A BRI 22 1) 28 B30 RE 008 A 5 40 JH0 /K SF- X fol A
WIEAT R RS B RO SESE MR B W TR 24 1
BRHIE, BRI R E A P i AR o0
WA, P G T LATE 0008 T B AR i
Py A SR 2 M o3 M, A Sk ka2 [ RS R
R R iR S i T2 ) AL A A ) AR 1 o KT
LR R O 2 E AT i AR T S 5 Y B
AR — 2L N T RSB . AR AN AHPRE R
P BE A 7 26 TE R AR HEAL 568 KR B
B, EENA . R KA S OKFRIFFEER T,
FUAE N PR A S AL BE A K B 22 15 06 W& F 3)
e e B R e, A AREAL Y 2R L r
JCE BRI, JF A n] e D R GEXHE B
AT A TR R, IR 2 Hon i R
Bt HAZ Wi e, T HESIZ B NS5 % AT
FEILL ) SR RO SR R G

X 07 % B A 149 1 RS B TR v
figp AT AN TR 3R AL A4 ol A= W ke v FIACRRAE W i
B3 8 B S AE B B2 -1 T AR SR A
A, AR R R E Sl W S S0 TR AR
FAE T R SCEEVE T, A RIS T SR I A
LiLYee



E 200 5| AR, 2025, 65(10)

4267

8 FTEWHERMEMXMAEY
2 o e PR 3% B AR

EAER, ZWbtR RAMAEYAETEN
B S 57 SR 1) A A e e Rl A G HEVE T, B AR
R Wibr &P BT A BT 7. DRI SR T
AW 2 I DR B A I FH B A A ST I, AH
KRB IEIRR AW . MEE T
U= b e UL S FE AT, IE7E i SE Al T
Gl R SE BB A

O A B 90 22 1 Al B2 W 5 R 3407
e JCBI 2 W T B B, R R
T B BR 5 JE (Ruminococcus) B & 5, B85
iz W B v T B S5 GRRE P A B A ) e e AR
PP RS B R = HUBIG R IR, (H R
IR A g DL ) A AR AT SR Bl A 12 DB A A 2
T A

Sh) S F LR ST 38 R T Z2 o ok
1 B T S G R SRE Y 7 s . ol
Chadchan 5P BFE LI, 76 5 K5 RS
A7 RE AR TR /N B 173 T AU AT B4 8 (Bacteroides)
FE TR, R 1 A B B P A R S eRE
I7 ) S AL A 35 8 D (P<0.001); AHELZH,
A B /I BRAY i 18 TR R R B RS A B
S ACRE /N B N, e fE I 3 e kR K
(P<0.05); IEAh, CREEBIT5 MBS ALAE /N R
ZAAHTE S J5 ST B R B PR H B ES
AR RFE I, R EA T IET R
fo AT L ANFEIE T RIS BE T R R B A
ATy A B 2 U ) T A A PR
B - % it B BRSNS L0 i S TR
AR AR T TR AR SR T ST S AL T
. HubFEE, BRI EE (Clostridium) &
Y F B NIRRT AR 2 7B N S 67 R ) & AP,
T HH i s RN S B 3R e 10 T SO T B A R AT
(Fusobacterium nucleatum), M X F B N 7
PREHEATIRYT o 25/ I8 B AT 3 B T R
TKACE Y . 2 LR NG 7 R A a3 s 1] 422 4 7y

JTE BRI, 2 I AR5 DAY IS S 7 A 5 14 2
QLR AL, ILAh, B AR W RE Y 4HT
WO 52 B A G2 % 15 N I S (LR RE IR B 1 T
A BRAERBIRYT ¥ 5 RS OLE s

BRI, LRI 8k A S
B, R X LEHIETE O B TR W o R1i2 W1
B PR S A I LA R 3 o AR I T TR R s
97 H A SE— R 50 Ik REE AL S0 108 i S8 i
IR TE RIS, AR 22 5%
56 A TR A BRI 5T LA Sl AR P 4 A
TE NIESALAE F Rl R AL

9 RHEHEZ

AICERE T 515 NI ALAE A 5 B BUE
WA A0 IE . AR T O, iE, AREiE
FIRE A R 55 1 5 RIS (S 22 18] A S HK
WA BTERW], X8 AARUE YRR AT N
IS (S ) A A MR TR R R EE A I . AL
A PR O IR 5 PR S (S0 B8 A AL ) P 473
T A, P REIE I R B A AE SN L
IR A 5 - A7 o 2 AR e 3R AT At 2 B 1 K
HERISI2OT A (Y TR A AN TR
PRI S (S 1 5 B A B AR DDA G, bl E
B 2 Wb ST B LE IR S, T E A
S (A A2 I MR 7 B HI 14 S8 B R R A )
EbES /NI S RYNCE N G 5 7/ E e NI EN
[ AFAEAR R B S B, A RIS B &5 2R 1 A7 7
A—EE,

AR TN IE S 2 SR ITREEAR
i LA R B X IR A AR A SE B i, IRA
TR W0 20 A 15 PR S 520 8093 DR R A
P AEVE R . [, AN TR RERRTE
TR AT R A O K R i U ROBT R 28 . A
T B 2o R A e R A LI ZR U3 S e
RIEA W5 QR I B AR, 240 2 T 22
S = JEE O A R BRI 28 0 A DG 1 A BRI T 7R A
ORI 2 AR ELAR HOSL fihn, 5@ g
WNHEE I ERE2E5, A TR AERENS S i

http://journals.im.ac.cn/actamicrocn



4268

WANG Yixuan et al. | Acta Microbiologica Sinica, 2025, 65(10)

@ﬂﬁLﬁﬁﬁ W E R R REPR B, T

PR WU A2 W B R . kA, AN TR
REASE LR A LK AN () 22 R 22 RS 0 B 10
HE— LU A AR IR EE (S B, iR
T N ST RE () & A RN & J ML B L 1) AR
o XK T IS OLE 2 B fA YT 4R
BB R, K A AL S Ho AR
FHOCA: B AT B BT 1) SEL & A o)

JEERSRR, RN A AR B8R A Y 4

FERY T R e TT 1] o E A 3 R A SR
J I 8 G173 M RERS 48 75 15 PN IR 7 i A

BB AR R R A Bl Y D RRIR 2SR 5
Yo OB O BEAR Sl A WIS 1B IR SR EE 2
(6] RS ARAR B AR AL S BT 9 TR A5k

162 UMk & WA

T2 0. S, BECE,; KBE.
B S5 WA, SElE M 4R, RiE . 1
SR 1

1E& A 25 ¢ RATE 7 A

VR P AT AEAT ARl B8 23 52 W AR SCHIT 4
o TAERME AT s AR

S 3

[1] TAYLOR HS, KOTLYAR AM, FLORES VA.
Endometriosis is a chronic systemic disease: clinical
challenges and novel innovations[J]. The Lancet, 2021,
397(10276): 839-852.

[2] KITAWAKI J, KADO N, ISHIHARA H, KOSHIBA H,
KITAOKA Y, HONJO H. Endometriosis: the
pathophysiology as an estrogen-dependent disease[J].
The Journal of Steroid Biochemistry and Molecular
Biology, 2002, 83(1/2/3/4/5): 149-155.

[3] HORNE AW, MISSMER SA. Pathophysiology,
diagnosis, and management of endometriosis[J]. British
Medical Journal, 2022, 379: e070750.

[4] CHAPRON C, MARCELLIN L, BORGHESE B,
SANTULLI P. Rethinking mechanisms, diagnosis and
management of endometriosis[J]. Nature Reviews
Endocrinology, 2019, 15(11): 666-682.

[5] The Lancet. Endometriosis: addressing the roots of slow
progress[J]. The Lancet, 2024, 404(10460): 1279.

[6] TAYLOR HS, ADAMSON GD, DIAMOND MP,
GOLDSTEIN SR, HORNE AW, MISSMER SA,

>4 actamicro@im.ac.cn, 7 010-64807516

SNABES MC, SURREY E, TAYLOR RN. An evidence-
based approach to assessing surgical versus clinical
diagnosis of symptomatic endometriosis[J]. International
Journal of Gynecology & Obstetrics, 2018, 142(2):
131-142.

[7] SAMPSON JA. Metastatic or embolic endometriosis, due
to the menstrual dissemination of endometrial tissue into
the venous circulation[J]. The American Journal of
Pathology, 1927, 3(2): 93-110.43.

[8] ROSNER N, BOGER A. Endometriosis of the ureter[J].
European Urology, 1979, 5(5): 294-297.

[9] JAVERT CT. Pathogenesis of endometriosis based on
endometrial homeoplasia, direct extension, exfoliation
and implantation, lymphatic and hematogenous
metastasis. Including five case reports of endometrial
tissue in pelvic lymph nodes[J]. Cancer, 1949, 2(3):
399-410.

[10] GIRLING JE. Harnessing the inflammatory processes in
endometriosis[J]. Nature Reviews Endocrinology, 2023,
20(2): 69-70.

[11] ZHU B, TAO Z, EDUPUGANTI L, SERRANO MG,
BUCK GA. Roles of the microbiota of the female
reproductive tract in gynecological and reproductive
health[J]. Microbiology and Molecular Biology Reviews,
2022, 86(4): e0018121.

[12] RAJESH S, MEHMETI A, SMITH-WALKER T,
KENDALL B, COMMITTEE G. Diagnosis and
management of endometriosis: summary of updated
NICE guidance[J]. BMJ, 2025, 388: q2782.

[13] LEDFORD H. Could endometriosis be caused by
bacteria? Study offers fresh clues[J]. Nature, 2023,
618(7966): 656.

[14] AGARWAL SK, CHAPRON C, GIUDICE LC, LAUFER
MR, LEYLAND N, MISSMER SA, SINGH SS,
TAYLOR HS. Clinical diagnosis of endometriosis: a call
to action[J]. American Journal of Obstetrics and
Gynecology, 2019, 220(4): 354.e1-354.e12.

[15] CHEN C, SONG XL, WEI WX, ZHONG HZ, DAI 1J,
LAN Z, LI F, YU XL, FENG Q, WANG ZR, XIE HL,
CHEN XM, ZENG CW, WEN B, ZENG LP, DU H,
TANG HR, XU CL, XIA Y, XIA HH, et al. The
microbiota continuum along the female reproductive tract
and its relation to uterine-related diseases[J]. Nature
Communications, 2017, 8: 875.

[16] CREGGER MA, LENZ K, LEARY E, LEACH R,
FAZLEABAS A, WHITE B, BRAUNDMEIER A.
Reproductive microbiomes: using the microbiome as a
novel diagnostic tool for endometriosis[J]. Reproductive
Immunology: Open Access, 2017, 2(3): 36-42.

[17] PEREZ-PRIETO I, VARGAS E, SALAS-ESPEJO E,
LULL K, CANHA-GOUVEIA A, PEREZ LA, FONTES
J, SALUMETS A, ANDRESON R, AASMETS O,
Estonian Biobank Research Team, WHITESON K, ORG
E, ALTMAE S. Gut microbiome in endometriosis: a
cohort study on 1 000 individuals[J]. BMC Medicine,
2024, 22(1): 294.

[18] QIN X, ZHOU JL, WANG ZZ, FENG CZ, FAN JP,
HUANG J, HU DX, BABAN B, WANG SQ, MA D,
SUN CY, ZHOU Z, CHEN G. Metagenomic analysis of



E 200 5| AR, 2025, 65(10)

4269

[19]

[20]

(21]

[24]

(23]

the microbiome of the upper reproductive tract:
combating ovarian cancer through predictive, preventive,
and personalized medicine[J]. EPMA Journal, 2022,
13(3): 487-498.

LI F, CHEN C, WEI WX, WANG ZR, DAI JJ, HAO LL,
SONG LJ, ZHANG XW, ZENG LP, DU H, TANG HR,
LIU N, YANG HM, WANG J, MADSEN L, BRIX S,
KRISTIANSEN K, XU X, LI JH, WU REF, et al. The
metagenome of the female upper reproductive tract[J].
GigaScience, 2018, 7(10): giy107.

WEI WX, ZHANG XW, TANG HR, ZENG LP, WU RF.
Microbiota composition and distribution along the female
reproductive tract of women with endometriosis[J].
Annals of Clinical Microbiology and Antimicrobials,
2020, 19(1): 15.

MacSHARRY J, KOVACS Z, XIE YJ, ADAMCZYK B,
WALSH C, REIDY F, McAULIFFE FM, KILBANE MT,
TWOMEY PJ, RUDD PM, WINGFIELD M, BUTLER
M, van SINDEREN D, GLOVER L, SALDOVA R.
Endometriosis specific vaginal microbiota links to urine
and serum N-glycome[J]. Scientific Reports, 2024, 14:
25372.

FINDEKLEE S, URBAN L, SIMA RM, BAUS SL,
HALFMANN A, WAGENPFEIL G, SOLOMAYER EF,
HAJ HAMOUD B. The impact of the microbiological
vaginal swab on the reproductive outcome in infertile
women[J]. Life, 2023, 13(6): 1251.

AKIYAMA K, NISHIOKA K, KHAN KN, TANAKA'Y,
MORI T, NAKAYA T, KITAWAKI J. Molecular
detection of microbial colonization in cervical mucus of
women with and without endometriosis[J]. American
Journal of Reproductive Immunology, 2019, 82(2):
el3147.

CHANG CY, CHIANG AJ, LAI MT, YAN MJ, TSENG
CC, LO LC, WAN L, LI CJ, TSUI KH, CHEN CM,
HWANG T, TSAI FJ, SHEU JJ. A more diverse cervical
microbiome associates with better clinical outcomes in
patients  with  endometriosis: a pilot  study[J].
Biomedicines, 2022, 10(1): 174.

YANG Q, WANG YN, CAI H, ZHOU Q, ZENG LP, LI
SC, DU H, WEI WX, ZHANG W, DAI WK, WU RF.
Translocation of vaginal and cervical low-abundance non-
Lactobacillus  bacteria  notably  associate  with
endometriosis: a pilot study[J]. Microbial Pathogenesis,
2023, 183: 106309.

WESSELS JM, DOMINGUEZ MA, LEYLAND NA,
AGARWAL SK, FOSTER WG. Endometrial microbiota
is more diverse in people with endometriosis than
symptomatic controls[J]. Scientific Reports, 2021, 11(1):
18877.

GUO WN, XU ZY, HU SJ, SHEN Y. Exploring microbial
signatures in endometrial tissues with endometriosis[J].
International Immunopharmacology, 2025, 148: 114072.
TOFFOLI M, CAMPISCIANO G, SANTIN A,
PEGORARO S, ZITO G, SPEDICATI B, BALDUIT A,
ROMANO F, Di LORENZO G, MANGOGNA A,
TESOLIN P, NARDONE GG, ZANOTTA N, SANNA S,

[29]

[30]

[31]

[32]

[33]

CROBU F, KISHORE U, RICCI G, BULLA R,
GIROTTO G, AGOSTINIS C. A possible association
between low MBL/lectin pathway functionality and
microbiota dysbiosis in endometriosis patients[J]. Life
Sciences, 2025, 364: 123427.

MURAOKA A, SUZUKI M, HAMAGUCHI T,
WATANABE S, IIJIMA K, MUROFUSHI Y, SHINJO K,
OSUKA S, HARIYAMA'Y, ITO M, OHNO K, KIYONO
T, KYO S, IWASE A, KIKKAWA F, KAJIYAMA H,
KONDO Y. Fusobacterium infection facilitates the
development of endometriosis through the phenotypic
transition of endometrial  fibroblasts[J].  Science
Translational Medicine, 2023, 15(700): eadd1531.

ZHU J, CHEN YC, CHEN H, SUN YH, YAN LF, ZHU
MH, CHEN L, WANG QM, ZHANG J. Comparison of
microbial abundance and diversity in uterine and
peritoneal fluid in infertile patients with or without
endometriosis[J]. BMC Women’s Health, 2024,
24(1): 148.

WEI WT, ZHOU YZ, ZUO HY, LI M, PAN ZY, LIU B,
WANG L, TAN YF, YANG RF, SHANG W, BI YJ,
WANG WZ. Characterization of the follicular fluid
microbiota based on culturomics and sequencing

analysis[J]. Journal of Medical Microbiology, 2023,
72(8): 001741.
PELZER ES, ALLAN JA, CUNNINGHAM K,

MENGERSEN K, ALLAN JM, LAUNCHBURY T,
BEAGLEY K, KNOX CL. Microbial colonization of
follicular fluid: alterations in cytokine expression and
adverse assisted reproduction technology outcomes[J].
Human Reproduction, 2011, 26(7): 1799-1812.
SAMPSON JA. Peritoneal endometriosis due to the
menstrual dissemination of endometrial tissue into the
peritoneal cavity[J]. American Journal of Obstetrics and
Gynecology, 1927, 14(4): 422-469.

[34] YUAN W, WU YH, CHAI XS, WU XQ. The colonized

[35]

[36] MALVEZZI H,

microbiota composition in the peritoneal fluid in women
with endometriosis[J]. Archives of Gynecology and
Obstetrics, 2022, 305(6): 1573-1580.

LEE SR, LEE JC, KIM SH, OH YS, CHAE HD, SEO H,
KANG CS, SHIN TS. Altered composition of microbiota
in women with ovarian endometrioma: microbiome
analyses of extracellular vesicles in the peritoneal
fluid[J]. International Journal of Molecular Sciences,
2021, 22(9): 4608.

CESTARI BA, MENDES H,
HERNANDES C, PODGAEC S. Peritoneal fluid
microbiota profile of patients with deep endometriosis[J].
Microbial Pathogenesis, 2025, 199: 107244.

[37] HUANG LJ, LIU BD, LIU ZH, FENG WQ, LIU MJ,

[38]

WANG YF, PENG DX, FU XF, ZHU HL, CUI ZB, XIE
LW, MA Y. Gut microbiota exceeds cervical microbiota
for early diagnosis of endometriosis[J]. Frontiers in
Cellular and Infection Microbiology, 2021, 11: 788836.

CHADCHAN SB, CHENG M, PARNELL LA, YIN Y,
SCHRIEFER A, MYSOREKAR IU, KOMMAGANI R.
Antibiotic  therapy  with  metronidazole reduces

http://journals.im.ac.cn/actamicrocn



4270

WANG Yixuan et al. | Acta Microbiologica Sinica, 2025, 65(10)

endometriosis disease progression in mice: a potential
role for gut microbiota[J]. Human Reproduction, 2019,
34(6): 1106-1116.

[39] LI BB, XUN QQ, WEI C, YU B, PAN X, SHEN Q.
Effects of Shaofu Zhuyu decoction on intestinal flora and
fibrosis in a mouse model of endometriosis[J]. Heliyon,
2024, 10(20): e38701.

[40] CHADCHAN SB, POPLI P, AMBATI CR, TYCKSEN E,
HAN SJ, BULUN SE, PUTLURI N, BIEST SW,
KOMMAGANI R. Gut microbiota-derived short-chain
fatty acids protect against the progression of
endometriosis[J]. Life Science Alliance, 2021, 4(12):
€202101224.

[41] CHADCHAN SB, NAIK SK, POPLI P, TALWAR C,
PUTLURI S, AMBATI CR, LINT MA, KAU AL,
STALLINGS CL, KOMMAGANI R. Gut microbiota
and microbiota-derived metabolites promotes
endometriosis[J]. Cell Death Discovery, 2023, 9: 28.

[42] WEI YJ, TAN H, YANG RY, YANG F, LIU D, HUANG
BQ, OUYANG LL, LEI ST, WANG ZH, JIANG SR, CAI
H, XIE XF, YAO SZ, LIANG YC. Gut dysbiosis-derived
B-glucuronidase  promotes  the development of
endometriosis[J]. Fertility and Sterility, 2023, 120(3):
682-694.

[43] TALWAR C, DAVULURI GVN, KAMAL AHM,
COARFA C, HAN SJ, VEERARAGAVAN S,
PARSAWAR K, PUTLURI N, HOFFMAN K, JIMENEZ
P, BIEST S, KOMMAGANI R. Identification of distinct
stool metabolites in women with endometriosis for non-
invasive diagnosis and potential for microbiota-based
therapies[J]. Med, 2025, 6(2): 100517.

[44] PAX K, BUDUNELI N, ALAN M, MERIC P, GURLEK
O, DABDOUB SM, KUMAR PS. Placental TLR
recognition of salivary and subgingival microbiota is
associated with pregnancy complications[J]. Microbiome,
2024, 12(1): 64.

[45] GARCIA-PENARRUBIA P, RUIZ-ALCARAZ Al,
MARTINEZ-ESPARZA M, MARIN P, MACHADO-
LINDE F. Hypothetical roadmap towards endometriosis:
prenatal  endocrine-disrupting  chemical  pollutant
exposure, anogenital distance, gut-genital microbiota and
subclinical infections[J]. Human Reproduction Update,
2020, 26(2): 214-246.

[46] HICKS C, LEONARDI M, CHUA XY, MARI-BREEDT
L, ESPADA M, EL-OMAR EM, CONDOUS G,
EL-ASSAAD F. Oral, vaginal, and stool microbial
signatures in patients with endometriosis as potential
diagnostic non-invasive biomarkers: a prospective cohort
study[J]. British Journal of Obstetrics Gynaecology,
2025, 132(3): 326-336.

[47] MARCOS AT, RUS MJ, AREAL-QUECUTY YV, SIMON-
SORO A, NAVARRO-PANDO JM. Distinct
gastrointestinal and reproductive microbial patterns in
female holobiont of infertility[J]. Microorganisms, 2024,
12(5): 989.

[48] VERAS EL, CASTRO dos SANTOS N, SOUZA JGS,
FIGUEIREDO LC, RETAMAL-VALDES B, BARAO

>4 actamicro@im.ac.cn, 7 010-64807516

[49]

[50]

[51]

[52]

[53]

VAR, SHIBLI J, BERTOLINI M, FAVERI M, TELES F,
DUARTE P, FERES M. Newly identified pathogens in
periodontitis: evidence from an association and an
elimination study[J]. Journal of Oral Microbiology, 2023,
15(1): 2213111.

THOMAS V, UPPOOR AS, PRALHAD S, NAIK DG,
KUSHTAGI P. Towards a common etiopathogenesis:
periodontal disease and endometriosis[J]. Journal of
Human Reproductive Sciences, 2018, 11(3): 269-273.
SOBSTYL A, CHALUPNIK A, MERTOWSKA P,
GRYWALSKA E. How do microorganisms influence the
development of endometriosis? Participation of genital,
intestinal and oral microbiota in metabolic regulation and
immunopathogenesis of endometriosis[J]. International
Journal of Molecular Sciences, 2023, 24(13): 10920.
JIMENEZ N, NORTON T, DIADALA G, BELL E,
VALENTI M, FARLAND LV, MAHNERT N, HERBST-
KRALOVETZ MM. Vaginal and rectal microbiome
contribute to genital inflammation in chronic pelvic
pain[J]. BMC Medicine, 2024, 22(1): 283.

HERNANDES C, SILVEIRA P, RODRIGUES SEREIA
AF, CHRISTOFF AP, MENDES H, VALTER de
OLIVEIRA LF, PODGAEC S. Microbiome profile of
deep endometriosis patients: comparison of vaginal fluid,
endometrium and lesion[J]. Diagnostics, 2020, 10(3): 163.
OISHI S, MEKARU K, TANAKA SE, ARAI W,
ASHIKAWA K, SAKURABA Y, NISHIOKA M,
NAKAMURA R, MIYAGI M, AKAMINE K, AOKI Y.
Microbiome analysis in women with endometriosis: does
a microbiome exist in peritoneal fluid and ovarian cystic
fluid? [J]. Reproductive Medicine and Biology, 2022,
21(1): el12441.

[54] YANG XL, CHANG T, YUAN Q, WEI W, WANG PP,

[55]

[56]

[57]

SONG XIJ, YUAN HIJ. Changes in the composition of gut
and vaginal microbiota in patients with postmenopausal
osteoporosis[J]. Frontiers in Immunology, 2022, 13:
930244.

SHAIK-DASTHAGIRISAHEB YB, HUANG NS,
GIBSON FC 3rd. Inflammatory response to
Porphyromonas gingivalis partially requires interferon
regulatory factor (IRF) 3[J]. Innate Immunity, 2014,
20(3): 312-319.

SALLISS ME, FARLAND LV, MAHNERT ND,
HERBST-KRALOVETZ MM. The role of gut and
genital microbiota and the estrobolome in endometriosis,
infertility and chronic pelvic pain[J]. Human
Reproduction Update, 2021, 28(1): 92-131.

HOLMGREN C, ESPLIN MS, HAMBLIN S,
MOLENDA M, SIMONSEN S, SILVER R. Evaluation
of the use of anti-TNF- o in an LPS-induced murine
model[J]. Journal of Reproductive Immunology, 2008,
78(2): 134-139.

[58] LIU YX, QIN Y, CHEN T, LU MP, QIAN XB, GUO XX,

BAI Y. A practical guide to amplicon and metagenomic
analysis of microbiome data[J]. Protein & Cell, 2021,
12(5): 315-330.

[59] KERKVLIET JJ, BOSSERS A, KERS JG, MENESES R,



E 200 5| AR, 2025, 65(10)

4271

[60]

[61]

[62]

[63]

[64]

WILLEMS R, SCHURCH AC. Metagenomic assembly is
the main bottleneck in the identification of mobile
genetic elements[J]. PeerJ, 2024, 12: e16695.

SUN Z, HUANG S, ZHANG M, ZHU QY, HAIMINEN
N, CARRIERI AP, VAZQUEZ-BAEZA Y, PARIDA L,
KIM HC, KNIGHT R, LIU YY. Challenges in
benchmarking  metagenomic  profilers[J].  Nature
Methods, 2021, 18(6): 618-626.

SOLA-LEYVA A, ANDRES-LEON E, MOLINA NM,
TERRON-CAMERO LC, PLAZA-DIAZ J, SAEZ-
LARA MJ, GONZALVO MC, SANCHEZ R, RUIZ S,
MARTINEZ L, ALTMAE S. Mapping the entire
functionally active endometrial microbiota[J]. Human
Reproduction, 2021, 36(4): 1021-1031.

WU YH, ZHUANG J, SONG YF, GAO XY, CHU J,
HAN SW. Advances in single-cell sequencing technology
in microbiome research[J]. Genes & Diseases, 2023,
11(4): 101129.

WOYKE T, DOUD DFR, SCHULZ F. The trajectory of
microbial single-cell sequencing[J]. Nature Methods,
2017, 14(11): 1045-1054.

LU WL, CHEN XQ, WANG L, LI HF, FU YV.
Combination of an artificial intelligence approach and
laser tweezers Raman spectroscopy for microbial

identification[J].
6288-6296.

Analytical Chemistry, 2020, 92(9):

[65] XUE JJ, YUE HZ, LU WL, L1 YY, HUANG GH, FU YV.

Application of Raman spectroscopy and machine
learning for Candida auris  identification and
characterization[J].  Applied and  Environmental
Microbiology, 2024, 90(11): e0102524.

[66] LU WL, WANG L, LIANG J, LU Y, WANG J, FU YV.

[67]

[68]

Dynamically quantifying intracellular elemental sulfur
and predicting pertinent gene transcription by Raman
spectroscopy in living cells[J]. Analytical Chemistry,
2023, 95(26): 9769-9778.

SHAN J, NI ZX, CHENG W, ZHOU L, ZHAI DX, SUN
S, YU CQ. Gut microbiota imbalance and its correlations
with hormone and inflammatory factors in patients with
stage 3/4 endometriosis[J]. Archives of Gynecology and
Obstetrics, 2021, 304(5): 1363-1373.

GERBER GK. Al in microbiome research: where have
we been, where are we going?[J]. Cell Host & Microbe,
2024, 32(8): 1230-1234.

[69] XIAO LW, ZHAO FQ. Exploring the frontier of

microbiome  biomarker discovery with artificial
intelligence[J]. National Science Review, 2024, 11(11):
nwae325.

http://journals.im.ac.cn/actamicrocn



