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Vaginal microbiome: community characteristics and disease
intervention
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Abstract: The application of high-throughput sequencing technologies has greatly enhanced our understanding to the human
microbiome. The causal relations between human microbiome and diseases have become a critical issue to elucidate disease
development and develop precision medicine. Recently, the study about vaginal microbiome (the microbial flora that inhabits
the female vagina) has received wide interests. It has been shown that dysbiosis of vaginal microbiome was closely related to
the development of genital tract diseases. This article summarizes the interaction between vaginal microbiome and disease and
the treatment for the dyshiosis of vaginal microbiome. The culturomics of virginal microbiome, engineered probiotics and

synthetic microbiome were also proposed.
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*1 PREMEMHETE

Tablel Classification of vaginal microbiome

Phylum Family
Bacteria  Firmicutes L actobacillaceae,
Streptococcaceae
Proteobacteria Enterobacteriaceae,
Pseudomonadaceae

Actinobacteria Corynebacteriaceae,

Actinomycetaceae

Bacteroidete Prevotellaceae,
Bacteroidaceae
Fungi Ascomycota Cryptacoccaceae,
Arthrodermataceae
Basidiomycete Mal asseziaceae
Oomycete Pythiaceae

Mo+ T BRI, w5 S0 A5 5 R S R B F A
AR T8 A I 2 i R B IR A, i B EE
B F ) R T B R AR 5 0 FHRORNEE G
BB A DR A MR 2 7, Bk T s
FAEWY . A AR, BRI,
DI Rz A . P RFLY M, 280 —F
S 2T S AS W B AR AR L0 MR A I 1 L B
PRI RN IS 1) Z2 R T B, 3 S A 1) Fl 2 DRV AR
2 (Community state type, CST) & 4>k 5 Fh F %
ol b 4 A4~ CST AL (Lactobacillus,
LAB) Fifil, B4 i #LAT 5 Lactobacillus crispatus
(CST-1) . # K 3L #F 1§ Lactobacillus gasseri
(CST-1I) .15 PEFLFT i Lactobacillus iners (CST-111)
s AR FLAF# Lactobacillus jensenii (CST-1V). i
CST-IVAE KRB WFLIRM T, | 2R ™% DL LSk
PEDRAAE AL, FEIG IR b 22 B R 4l v M BB 9 .
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Fig. 1 The process by which changes in the vaginal microbiome lead to disease.
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Fig. 2 Microorganism-mediated innate immunity™.
*2 MAEXRSREREE
Table2 Vaginitisand vaginal flora
Diseases Flora characteristics Metabolites/Biomarkers
BV G. vaginalis, Prevotella, Mobiluncust Biogenic aminest, sialidase (+)
AV Escherichia coli, Streptococcus, Staphylococcus — Purulent discharge, sialidase (+), coagulase (+),
aureust B-glucuronidase (+)
VVvVC Candida albicanst Okara-like discharge, candidalysin(+)
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Table3 Relationship between genital tract tumorsand flora

Diseases Flora changes References

High-grade squamous intraepithelial lesion 1G. vaginalis, Lactobacillus acidophilus [38]
|L. crispatus, Lactobacillus taiwanensis, L. iners

L ow-grade squamous intraepithelial lesion tL. acidophilus, L. iners [38]
|L. crispatus

Cervical intraepithelial neoplasia tAspergillus vaginae, G. vaginalis [39]

Cervical cancer 1C. trachomatis [40]

Endometrial cancer TA. vaginae. Porphyromonas sp. [41]

Ovarian cancer 1Proteobacteria, Firmicute [40]

F B A, Kovachev 25837 T 32 4 B %

FER B, 23 45 (71.9%) FH A B R RF RS,

RIUMAE BV B IRA A ; 765 — it
FEHULIE B B 30 1) & AR 5 BV L E S HPV J e B
HHIXME (OR: 143, 95% Cl: 1.11-1.84) 7
FEHRH, BV BH T2 CST-IVATRELL CST- 1 5%
CST- 1145 8 K I 48 S v 45749 At 48 A T AN AL 7T
DIE e HPV Fpgl kg, I 0] 78 I oA 5% 19
10 B N E— 20 BT TS S AR I, ARk b
o Rk R AR HPV Y Lo v s AE AE
L. crispatus J&/> 15 5L, L. crispatus H 4l = 14
ARSI E HPVI®, Motevaseli 2% ]
L. crispatus 5 5% [ IE WAL PE Hela 2 L5 , il 45
R RN B RS DL & HPV E6 2L A
F 2 1 T S AR Y e P (e T A 2 0 T T L
AR =4 n] Be v] LAk B SR 0 R 1T R AR 2R A
AT REXE I HPV JEGL il JXURS: , - T 168 0y i )
R,

ARG, 38T B 1R R B BRCAL K]
SRR B S R A 1 B SR A RS, R
PR EFE GRS N (EM4EIR AT brea £ R AE)
SARFLER AT 1T b 451 B F 0 ol 2 0 o R A i 2 A O
PP 165 RNA 45 5 17 O 498 20 21 P 4 74
ZHEVERRAL, Z2TE ] (Proteobacteria)/ /2 BE R ]
(Firmicutes) ) H 37 B SLE R A 109 2H 2L B 2
BN BEAh, —SEREER AR AT R MR R R AT G

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

LI & PRINHEA NI Porphyromonas somerae
FETE R B E R S R, AR R
WF 5 TIE B 320 S g ol %) == 5 R L 461 25 Ak e i ggs & T
hE EARER, (A0 A WU RR R A8 E
B T Ji 98 )2 e 5 AR ) U R A W R 2
F A,

3 MEMAWATIN EHAR

TR AR L2 48 A P A U E B R BT i B R
A B R AR AT R RS I RS . ATE &%
Vi TE B B T TR R R R R BT B R
RAMKEEFE R . A TIRYT H B ERE Y R85
LRI, OZRUET T 5 | A 55 1 D D B 8
FLRRFF A B 1 A W TR T T80, DURE IE
WPLERMOAE . AT, IR AR AL &G
YT Ik FE A X SR R HEA TP T, AR YLAE
BT I LA TR B A B 2 A R
o2k 5, (R BN TEMEERRUE . 58 kK
[, AR, A B TE O I ek o R
T SZ BG4 A A I B X T 25 26 TR
AR E SN R T R 22U TR A R
BLIIRYT o
31 METFM

XA R WAAE , WM EEIER . &
APERTE R . SN EHE R 22 W BT SE . 2R
A R AE N A YR IR R L. BV s



AR S/OPEMEYE: MESTESEETIRAT 3807

WETAYT LG P RS B i TR R TR AR
S 8012, KT, FIARFRAME 7 d VAR BV
F., LAEHN BV B ARk 58%™, [FkEM, 7
P 3697 I VVC P S B A i i i kR 9
S AR B Y sk, TR R IGST
AT RES R UE— 2 R BRI R, P R MR R
JERERS 3 ] — R ol Z Fh LR AT B B AR, IR IR
BR A T T A 7 A A S B T R R
TR M A A i 2 A5 Y T R B I B
1B YT TR RIT %
32 HEEFM

o A AR AE AR R BB 8 5, X I RA
i IS LA L o ©AT KR W5 4 18 FLIRR T 0
R P A 0 R T A BT T L 2R
FIFSECE F, BE4R R BV Al VVC BIA AR, FRAK
53 e RO g |- RS £ AR B T S R
RGN, AEIG R A 25 R R —5, 1 HLep
— i RO

AN, B G RUEY 0 B
S AT IE MBI RS ) TR 2 AR it H 25 R,
HEBA T AR 2. L ERAT B AE R
BFIE PN 25 A0 T, 0 A BF T PR RS R4 24 110 1 2 2%
A 3 e 38t it I3 P S B A FLIRR AT B, T LA
(i JHE S P S 9 0 () P 0 I 2 k9809 i
Aogl R EE s R N+, 2K, Bl
A 5 A TR AR A Wk AR RIR I B B, Hixst
ta A TRAR SR ET X i, G JC P A R 0 TR g A TR
HEA G IR Bt
33 EFTM

FEFIF=I0] . A 4P AR, MM R K
B B4 0 S BOR B ABE IR AR AE BHAE b A7 . FE B
), b Bz 20 JfL A B sl B 0 TR A B S 1 T DR AR
PR, B A A TR IR e R
HLAAN FEME AT AR R RIS R,
A U 2 AT I T DR D R W R R
L P A R L A N BT = (O N [ E)

B : 010-64807509

JEMERCER AN TEA 2 0T RE T B (S BR R B,
BHFEKR VVC, HA BRI S A e
ST B PRSI KT IO 1Y 2 2
AR fel FH MR (B0 A 8 SR T AL, — LB A
I (I Canesbalance®) LA B4 b FEHH JFUOK
e LR B AR I AR B AR A, BRI
R ARAT R RIS M 9 S VA, (A A Ry
BRI,

fit LETCIE AN AITH AL B WY , BERCAT 4 40 1
KW A FEBENR VTR , DS 1 mT LAk P b e e
A AN IR R, B SRAT 35 40T T A
EANTRA AL . HEroRK S BHIE 2R 25 R G w0
WO L AR AR R R LR A
for i R 25 2R T, AR, ORI MBS
UESE T RN FLRME RS ) UE 2 5
R A2 I3 T AR b R U A FR OO, A
WA Ayl 3 2o Al LS A M L RRAT T A K AL
PR HE UMK S pH VI FBL, 245 1E A B Bl A
{HURE 5 A 0 H RE I R (4 i 820

4 BOMREMAREFRBA

eI — T B — 2 I B O BT RGO
3R BT B RIS T B0 18 1, (EL LA R A i
Lk R i 52 ke AR AR (R LA g e, i T B E
FLRRAT I (b SE A8 SR T B T A LT 2 AT
AIIEFE . MIBLABFFEA R R, H AT & i 45
A TR I 25 AR TCAE AR N AN BT R B A —
BER, IR ERSRE NI, BN
AT T B8 Gl A A B AR A TR AT ST, T
BRI A P 2 T T 0 B s S v e dE A AR S
PR

e i B P HOR R 2 B, ATE2A K
TER M B ARG R AT SE, (AR,
TR, X LeWFTE B = F AT DA
BASEEFIETENRIRETT . S2Pr b, BETR
AP RS — I 2Ry A, A R —

. cjb@im.ac.cn



3808 ISSN 1000-3061 CN 11-1998/Q A=¥ T #2%4k Chin JBiotech

PR AP 3 2 e D, TP K 25 A TR R T
W 15 2 A R4 B e e F G 58 4 1 el 7
Frlh, JEFARIMI AR AR, FFREEE
YE B BT R S5 R DI 98 J2 A ok JE B B AT 5 4
FEGEMAEA M NR AR T  5, (HR
PEAEGE AN T E . AT AL RURS VR A
B, AL T — R B (G B R AN A S, i
R BT SIS BT R AT R R i e
AR, BHIE A7 S5 B 25 5B o s Fl, ml LA
B9 A AR T T R W B/ T LA
WA RSN ESERL (BRI AT 28, H
X T BH B A 9 2 A 8 R A i /b, 1992 4
(g —JFURIF 5 J B T — b AT LA 35 22 9 328 v ) 3
TR SR 5, (B RS B 7 AT B 35 i o B 79
S SR NN Y SEBTER Y S P e e =g a2 B |
BN REE R IR, R R G0 X o R A
A r S A T [P 40 R R EA T T e L AT A A
s (EA A —E BRI, ARESE BN
SR BB IR . 2 F IR E TR TR R
NARIEFREIAR, TF AR BHE A Y 4 i 85 55
IRAMET FAE S5 R R AR Y .

5 RELHRZE

BR8] 2 0 -4 SIS HE B4
BITr TRl . LAY ER T FT IR R O
JUE NIV R A FEE RAE . RS . R iR 55
TR B AR ML 2 Z2 0, BHIE AR 0 T O A
RN — MBTERYIZYT 6 F o A i I
P BRI BOAR ST, MR 4R 2%
HRE W . X HERAEHN S, T2
BRSNS AR AL R R, I ORI L
Tl . AERBEHRA B SRR, HE
Sy PISNR AT AR KAy, R U S
BF 38 9 A A5 B XE LA B T 2N 5 e A B A
AP B R 32 T 0 100 e T B A R B
IAFAE R ARG TR RUEY) . NI, 7E%eE
FRIE MR b T R G D A R 22 5 | TR SR

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

PRINREZE S, AL RAL RSN A Wy L B IR kG
HERRATHOA , XA TR AR BB S A W0 20 -5 i &
A e EEARYLR R A S A B SRR R IA
PG AR~ AR, T B T A W 2L A v T 10
B AR Y AR B RR BT K, S A AR
Yiigvs , SLBMAREREIERIT TS, AN TR
THA L R BT K-

REFERENCES

[1] Lederberg J, McCray AT. ‘Ome sweet’ omics—a
genealogical treasury of words. Scientist, 2001,
15(7): 8.

[2] The world health report 2007: a safer future; global
public health security in the 21st century[EB/OL].
[2021-7-2]  https://www.who.int/whr/2007/whrQ7_
en.pdf.

[3] Althani AA, Marei HE, Hamdi WS, et a. Human
microbiome and its association with health and
diseases. J Cell Physiol, 2016, 231(8): 1688-1694.

[4] Diop K, Dufour JC, Levasseur A, et al. Exhaustive
repertoire of human vaginal microbiota. Hum
Microbiome J, 2019, 11: 100051.

[5] Guo R, Zheng N, Lu H, et a. Increased diversity of
fungal flora in the vagina of patients with recurrent
vagina candidiasis and allergic rhinitis. Microb
Ecol, 2012, 64(4): 918-927.

[6] Zheng NN, Guo XC, Lv W, et al. Characterization
of the vagina fungal flora in pregnant diabetic
women by 18S rRNA sequencing. Eur J Clin
Microbiol Infect Dis, 2013, 32(8): 1031-1040.

[7] Cauci S, Driussi S, De Santo D, et al. Prevalence of
bacterial vaginosis and vaginal flora changes in
peri- and postmenopausal women. J Clin Microbiol,
2002, 40(6): 2147-2152.

[8] Chaban B, Links MG, Jayaprakash TP, et al.
Characterization of the vaginal microbiota of
healthy Canadian women through the menstrual
cycle. Microbiome, 2014, 2: 23.

[9] Donders G, Bellen G, Janssens D, et al. Influence of
contraceptive choice on vaginal bacterial and fungal
microflora. Eur J Clin Microbiol Infect Dis, 2017,
36(1): 43-48.

[10] Schwebke JR, Richey CM, Weiss2 HL. Correlation



EAMK SPEMEYE: MBS T SRETRAT 3809

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

of behaviors with microbiological changes in
vaginal flora. JInfect Dis, 1999, 180(5): 1632-1636.
Ravel J, Gajer P, Abdo Z, et al. Vaginal microbiome
of reproductive-age women. Proc Natl Acad Sci
USA, 2011, 108(Supplement 1): 4680-4687.

Miller EA, Beasley DE, Dunn RR, et al. Lactobacilli
dominance and vagina pH: why is the human
vaginal microbiome unique? Front Microbiol, 2016,
7: 1936.

Brotman RM, Ravel J, Bavoil PM, et al.
Microbiome, sex hormones, and immune responses
in the reproductive tract: challenges for vaccine
development against sexually transmitted infections.
Vaccine, 2014, 32(14): 1543-1552.

Wang YY, Kannan A, Nunn KL, et a. IgG in
cervicovaginal mucus traps HSV and prevents
vaginal herpes infections. Mucosal Immunol, 2014,
7(5): 1036-1044.

Cole AM, Cole AL. Antimicrobia polypeptides are
key anti-HIV-1 effector molecules of cervicovaginal
host defense. Am J Reproductive Immunol, 2008,
59(1): 27-34.

Mason CP, Tarr AW. Human lectins and their roles
in viral infections. Mol Basel Switz, 2015, 20(2):
2229-2271.

Hazrati E, Galen B, Lu WY, et a. Human o- and
B-defensins block multiple steps in herpes simplex
virus infection. J Immunol, 2006, 177(12):
8658-8666.

Doerflinger SY, Throop AL, Herbst-Kralovetz MM.
Bacteria in the vaginal microbiome alter the innate
immune response and barrier properties of the
human vaginal epithelia in a species-specific
manner. JInfect Dis, 2014, 209(12): 1989-1999.
VillaP, CipollaC, D’Ippolito S, et a. The interplay
between immune system and microbiota in
gynecological diseases: a narrative review. Eur Rev
Med Pharmacol Sci, 2020, 24(10): 5676-5690.
Srinivasan S, Morgan MT, Fiedler TL, et al.
Metabolic signatures of bacterial vaginosis. mBio,
2015, 6(2): e00204-00215.

Vitali B, Cruciani F, Picone G, et a. Vagina
microbiome and metabolome highlight specific
signatures of bacterial vaginosis. Eur J Clin
Microbiol Infect Dis, 2015, 34(12): 2367-2376.

B : 010-64807509

[22]

(23]

[24]

[29]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Borgogna J-LC. Examining the potential role of
biogenic amines in vaginal microbial ecology and
gynecological health[D]. Montana: Montana State
University, 2019.

Vitali B, Cruciani F, Picone G, et a. Vagina
microbiome and metabolome highlight specific
signatures of bacterial vaginosis. Eur J Clin
Microbiol Infect Dis, 2015, 34(12): 2367-2376.
Lewis WG, Robinson LS, Gilbert NM, et al.
Degradation, foraging, and depletion of mucus
sialoglycans by the vagina-adapted Actinobacterium
Gardnerella vaginalis. J Biol Chem, 2013, 288(17):
12067-12079.

Jung HS, Ehlers MM, Lombaard H, et a. Etiology
of bacterial vaginosis and polymicrobial biofilm
formation. Crit Rev Microbiol, 2017, 43(6):
651-667.

Gongcalves B, Ferreira C, Alves CT, et al.
Vulvovagina candidiasis: epidemiology, microbiology
and risk factors. Crit Rev Microbiol, 2016, 42(6):
905-927.

Moyes DL, Wilson D, Richardson JP, et al.
Candidalysin is a fungal peptide toxin critical for
mucosal infection. Nature, 2016, 532(7597): 64-68.
De Bernardis F, Graziani S, Tirelli F, et al. Candida
vaginitis: virulence, host response and vaccine
prospects. Med Mycol, 2018, 56(suppl_1): 26-31.
Svoboda E, Schneider AE, Sandor N, et al. Secreted
aspartic protease 2 of Candida albicans inactivates
factor H and the macrophage factor H-receptors
CR3 (CD11b/CD18) and CR4 (CD11c/CD18).
Immunol Lett, 2015, 168(1): 13-21.

Mijac VD, Duki¢ SV, Opavski NZ, et al. Hydrogen
peroxide producing lactobacilli in women with
vaginal infections. Eur J Obstet Gynecol Reprod
Biol, 2006, 129(1): 69-76.

Jang SJ, Lee K, Kwon B, et al. Vaginal Lactobacilli
inhibit growth and hyphae formation of Candida
albicans. Sci Rep, 2019, 9(1): 8121.

Kang CH, Kim Y, Han SH, et al. In vitro probiotic
properties of vaginal Lactobacillus fermentum
MG901 and Lactobacillus plantarum MG989
against Candida albicans. Eur J Obstet Gynecol
Reprod Biol, 2018, 228: 232-237.

Han C, Li H, Han L, et a. Aerobic vaginitis in late

. cjb@im.ac.cn



3810 ISSN 1000-3061 CN 11-1998/Q A=¥ T #2%4k Chin JBiotech

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

pregnancy and outcomes of pregnancy. Eur J Clin
Microbiol Infect Dis, 2019, 38(2): 233-239.
Donders GGG, Bellen G, Grinceviciene S, et al.
Aerobic vaginitiss no longer a stranger. Res
Microbiol, 2017, 168(9/10): 845-858.

Tao Z, Zhang L, Zhang Q, et al. The pathogenesis of
Streptococcus anginosus in aerobic vaginitis. Infect
Drug Resist, 2019, 12: 3745-3754.

Rumyantseva TA, Bellen G, Savochkina YA, et al.
Diagnosis of aerobic vaginitis by quantitative
real-time PCR. Arch Gynecol Obstet, 2016, 294(1):
109-114.

Zhang S, Sun K, Zheng R, et al. Cancer incidence
and mortality in China, 2015. J Nat Cancer Cent,
2021, 1(1): 2-11.

Kwasniewski W, Wolun-Cholewa M, Kotarski J, et
al. Microbiota dyshiosis is associated with
HPV-induced cervical carcinogenesis. Oncol Lett,
2018, 16(6): 7035-7047.

Godoy-Vitorino F, Romaguera J, Zhao C, et al.
Cervicovaginal fungi and bacteria associated with
cervical intraepithelial neoplasia and high-risk
human papillomavirus infections in a hispanic
population. Front Microbiol, 2018, 9: 2533.

Bhatla N, Puri K, Joseph E, et al. Association of
Chlamydia trachomatis infection with human
papillomavirus (HPV) & cervical intraepithelial
neoplasia—a pilot study. Indian J Med Res, 2013,
137(3): 533-539.

Walther-Anténio MR, Chen J, Multinu F, et al.
Potential contribution of the uterine microbiome in
the development of endometrial cancer. Genome
Med, 2016, 8(1): 122.

Zhou B, Sun C, Huang J, et al. The biodiversity
composition of microbiome in ovarian carcinoma
patients. Sci Rep, 2019, 9(1): 1691.

Kovachev SM. Cervical cancer and vagina
microbiota changes. Arch Microbiol, 2020, 202(2):
323-327.

Gillet E, Meys JF, Verstraelen H, et a. Bacterial
vaginosis is associated with uterine cervical human
papillomavirus infection: a meta-analysis. BMC
Infect Dis, 2011, 11: 10.

Rose WA 2nd, McGowin CL, Spagnuolo RA, et al.
Commensal bacteria modulate innate immune

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

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

responses of vaginal epithelial cell multilayer
cultures. PLoS ONE, 2012, 7(3): €32728. DOI:
10.1371/journal .pone.0032728.

Anahtar MN, Byrne EH, Doherty KE, et 4.
Cervicovaginal bacteriais a major modulator of host
inflammatory responses in the female genital tract.
Immunity, 2015, 42(5): 965-976.

Shrihari TG. Dual role of inflammatory mediatorsin
cancer. Ecancermedicalscience, 2017, 11: 721.
Arokiyarg] S, Seo SS, Kwon M, et al. Association of
cervical microbial community with persistence,
clearance and negativity of human papillomavirusin
Korean women: alongitudinal study. Sci Rep, 2018,
8: 15479.

Motevaseli E, Azam R, Akrami SM, et al. The effect
of Lactobacillus crispatus and Lactobacillus
rhamnosus culture supernatants on expression of
autophagy genes and HPV E6 and E7 oncogenes in
the HeLacell line. Cell J, 2016, 17(4): 601-607.
Nené NR, Reisel D, Leimbach A. Association
between the cervicovaginal microbiome, BRCA1
mutation status, and risk of ovarian cancer: a
case-control study. Lancet Oncol, 2019, 20(10):
E559.

Caselli E, Soffritti 1, D’ Accolti M, et al. Atopobium
vaginae and Porphyromonas somerae induce
proinflammatory cytokines expression in
endometrial cells: a possible implication for
endometrial cancer? Cancer Manag Res, 2019, 11:
8571-8575.

Joesoef MR, Schmid GP. Bacterial vaginosis:
review of treatment options and potential clinical
indications for therapy. Clin Infect Dis, 1995,
20(Suppl 1): S72-S79.

Bradshaw CS, Morton AN, Hocking J, et al. High
recurrence rates of bacterial vaginosis over the
course of 12 months after oral metronidazole
therapy and factors associated with recurrence. J
Infect Dis, 2006, 193(11): 1478-1486.

Collins LM, Moore R, Sobel JD. Prognosis and
long-term outcome of women with idiopathic
recurrent vulvovaginal candidiasis caused by
Candida albicans. J Low Genit Tract Dis, 2020,
24(1): 48-52.

Neut C, Verriere F, Nelis HJ. Topical treatment of



EAMK SPEMEYE: MBS T SRETRAT 3811

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

infectious vaginitis: effects of antibiotic, antifungal
and antiseptic drugs on the growth of normal
vaginal Lactobacillus strain. Open J Obstet Gynecol,
2015, 5(3): 173-180.

Wang ZY, He YN, Zheng YJ. Probiotics for the
treatment of bacterial vaginosis. a meta-analysis. Int
J Environ Res Public Health, 2019, 16(20): E3859.
Kovachev SM, Vatcheva-Dobrevska RS. Local
probiotic therapy for vagina Candida albicans
infections. Probiotics Antimicrob Proteins, 2015,
7(1): 38-44.

Yamamoto HS, Xu Q, Fichorova RN. Homeostatic
properties of Lactobacillus jensenii engineered as a
live vaginal anti-HIV microbicide. BMC Microbiol,
2013, 13: 4.

Liu JJ, Reid G, Jiang Y, et a. Activity of HIV entry
and fusion inhibitors expressed by the human
vaginal colonizing probiotic Lactobacillus reuteri
RC-14. Cell Microbiol, 2007, 9(1): 120-130.
Lagenaur LA, Sanders-Beer BE, Brichacek B, et al.
Prevention of vaginal SHIV transmission in
macagues by a live recombinant Lactobacillus.
Mucosal Immunol, 2011, 4(6): 648-657.

Ayre WB. The glycogen-estrogen relationship in the
vaginal tract. J Clin Endocrinol Metab, 1951, 11(1):
103-110.

Gliniewicz K, Schneider GM, Ridenhour BJ, et al.
Comparison of the vaginal microbiomes of
premenopausal and postmenopausal women. Front
Microbiol, 2019, 10: 193.

Gompel A. Progesterone, progestins and the
endometrium in perimenopause and in menopausal
hormone therapy. Climacteric, 2018, 21(4): 321-325.
Anstey Watkins J, Ross JDC, Thandi S, et al.
Acceptability of and treatment preferences for
recurrent bacterial vaginosis—topical lactic acid gel
or oral metronidazole antibiotic: qualitative findings
from the VITA tria. PLoS ONE, 2019, 14(11):
€0224964.

Gibson GR, Roberfroid MB. Dietary modulation of
the human colonic microbiota: introducing the
concept of prebiotics. J Nutr, 1995, 125(6):
1401-1412.

B : 010-64807509

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

Al-Ghazzewi FH, Tester RF. Biotherapeutic agents
and vaginal health. J Appl Microbiol, 2016, 121(1):
18-27.

Liu F, Li P, Chen M, et al. Fructooligosaccharide
(FOS) and galactooligosaccharide (GOS) increase
Bifidobacterium but reduce butyrate producing
bacteria with adverse glycemic metabolism in
healthy young population. Sci Rep, 2017, 7(1):
11789.

Coste I, Judlin P, Lepargneur JP, et al. Safety and
efficacy of an intravaginal prebiotic gel in the
prevention of recurrent bacterial vaginosis. a
randomized double-blind study. Obstet Gynecol Int,
2012: 147867.

Khazaeian S, Navidian A, Navabi-Rigi SD, et al.
Comparing the effect of sucrose gel and
metronidazole gel in treatment of clinical symptoms
of bacterial vaginosis: a randomized controlled trial.
Trials, 2018, 19(1): 585.

Collins SL, McMillan A, Seney S. Promising
prebiotic candidate established by evaluation of
lactitol, lactulose, raffinose, and oligofructose for
maintenance of a Lactobacillus-dominated vaginal
microbiota. Appl Environ Microbiol, 2018, 84(5):
€02200-02217.

De Boever P, Deplancke B, Verstraete W.
Fermentation by gut microbiota cultured in a
simulator of the human intestinal microbial
ecosystem is improved by supplementing a soygerm
powder. J Nutr, 2000, 130(10): 2599-2606.

Dobbler P, Mai V, Procianoy RS, et al. The vaginal
microbial communities of healthy expectant
Brazilian mothers and its correlation with the
newborn’s gut colonization. World J Microbiol
Biotechnol, 2019, 35(10): 159.

Geshnizgani AM, Onderdonk AB. Defined medium
simulating genital tract secretions for growth of
vaginal microflora. J Clin Microbiol, 1992, 30(5):
1323-1326.

Medina-Colorado AA, Vincent KL, Miller AL, et al.
Vaginal ecosystem modeling of growth patterns of
anaerobic bacteria in microaerophilic conditions.
Anaerobe, 2017, 45: 10-18.

(R Teg  AEET)

. cjb@im.ac.cn



