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ABSTRACT
Background: Several studies have shown that abnormal vaginal flora associatedxwigitlysgransmitted infections (STIs).

Content: Microbiome is an ecological ecosystefrsymbiotic, commensahnd pathogenic organisms that live in human body
space. According to research, uncircumcised males are more likely ¢oldmized by gram-positive and gram-negative
bacteria or other diseases. The vaginal community is divided into fie®biomes: community-state type (CST) | is
dominated by L. crispatus; CST Il by L. gasseri; CST Ill binkrs; and CST V by L. jensenii. CST IV, on the other hand, is
diverse and has a greater number of obligate anaerobic bactetizbd@lus generates bacteriocin and lactic acid, which
help to inhibit bacterial development by keeping vaginal pH low3#H- 4.5). Bacterial vaginosis (BV) is a syndrome that
occurs due to dysbiosis in vaginal microbiome. The protective mechéyidmctobacillus compromises in BV, which
becomes an entry point for pathogenic organisms. Protection aGaitrstchomatis infection is mainly generated by lactic
acid produced by Lactobacillus. The low pH is also knownhibinthe survival of N. gonorrhoeae. Protection mechanism
by Lactobacillus against viral infections such as HIV, HSV-2, and E&Voccur direct or indirectby several complex and
integrated mechanisms.

Conclusion: microbiome-based approaches have promising outcomes for both prevardicurative measures for sexually
transmitted infections.

Keywords : microbiome, Lactobacillus, sexually transmitted infection

BACKGROUND

Sexually transmitted infections (STIs) are reported by the World Health OrganifdfidO) nearlyl
million cases worldwide each day and about 376 million new cases of infegiib 1 in 4 STIs, namely
chlamydia, gonorrhoea, syphilis, and trichomoniasis each¥ear.

Studies regarding protective mechanisms generated by a healthy vaginal ecamyatesh sexually
transmitted infections show inconsistent results. Main factors influencing the r@gultsver amount of lactic
acid-producing bacteria (Lactobacillus), local cytokine production, ard Vaginal pH. Several studies have
shown that abnormal vaginal floia associated with gonorrhoea, chlamydia, and trichomoniasis invasion
Furthermore, the makeup of the vaginal microbiome has been linked to sexelystransmitted viral diseases
(including HIV, Human papillomavirus, Herpes Simplex Virus, and CytomegaloVirtls).

Regarding many roles of the microbiome in human genitalia as mentioned al®important to create a
literature review aiming discussions of theories and scientific evidence that can las asealsis for preventive
and curative efforts against several sexually transmitted infections which will be discudgsdériew.

CONTENT

In 1988, Whipps et al. describéaticrobiomé as a combination of the worésicro’ and‘biome, naming
‘characteristics of microbial communitiga the‘habitats of different physiochemical propertiekhe definition
currently most cited is by Lederberg, who describes the microbiome in anieabtmmtext, as a community of
commensal, symbiotic and pathogenic microorganisms in human body @pather environments. Marchesi
and Ravel focused on defining the microbiome at the genome level aaxpitession patterns of microbial and
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viral genes as well as proteomes in certain environments and the prevailing biotic dicdcahititions.A
combination of ecological, host, and genomic definitions describe microbiome aslagicada@ommunity of
symbiotic, commensal, and pathogenic microorganisms that physically shiarmthspace in the human body.

Sexually Transmitted Infections (STIs) are infections spread from oserptr another via sexual contact
Contact usually occurs through vaginal, oral, and anal sex or otheatatphysical contacts since some STls,
such as herpes and Human Papillomavirus (HPV), are transmitted througb-skin-contact®”! In general,
STls are classified based on aetiology, which are bacteria, virus, and otherrosgdrigs paper will discuss
more about sexually transmitted infections that can be affected by mieraghlmalance in the genital organs of
both men and women.

Microbiomein Male Genitalia

According to Mandar et al., the male genital microbiota is primarily located invles genital tract. Bowie
et al!® studied 69 Caucasian males with Nongonococcal Urethritis (NGU) and 39 conttaiisingoaerobic and
anaerobic cultures from each subject's urethra. The most frequent bacteria Stapiugococcus epidermidis,
Corynebacterium spp., Lactobacillus, anaerobic Gram-positive cocci, and Baesespp!®!

Willén et al. collected specimens from six sites in 97 healthy men schedulesémtamy and discovered
that 71% of the strains colonizing the coronal sulcus were also prevalent in thie,uneflying that the distal
urethra is occupied by a bacterial flora similar to that found in thenabsulcus. The most common bacteria
groupings are coagulase-negative staphylococci and streptétocci.

Schneider et al. conducted aerobic and anaerobic culturing on coronalawcurethral groove samples
from circumcised and uncircumcised males (n = 315) in South India. Nearly 8 ¢f the patients were HIV-
positive, 36% were tuberculosis-positive, and 16% were uninfected. Gigativecbacteria were more prevalent
in HIV- and tuberculosis-infected males than in controls. Uncircumcised males are mlyrtolitee infected with
gram-positive bacteria (Enterococcus spp., Staphylococcus aureas);nggative bacteria (Pseudomonas
aeruginosa, Klebsiella spp., Escherichia coli), or other diseases (Caigiicins, Clostridium spp !

Microbiomein Female Genitalia

The ecology of the vagina depends on the interaction of the vaginal engimband relatively limited flora
species, especially Lactobacillus spp. Studies reported that vaginal community grdagec main vaginal
microbiomes, defined as community-state type (CST). Lactobacillus crispa®$T |, Lactobacillus gasseri in
CST I, Lactobacillus iners in CST Ill, and Lactobacillus jensenii in CST Vidatad each of these types of
community states. WheredSST IV bacteria were varied and included a greater number of obligate badilli su
as Gardnerella, Atopobium, Prevotella spp., and others. The CST IVidedlimto IV-A and IV-B subtypes.
Both have a heterogeneous composition, but CST IV-B contains less Lactabacdlumore anaerobic bacilli
related to bacterial vaginosfs.

Typel Typell Type III TypeIV Type V

Species Specificity Species Specificity Species Specificity Species Spedificity Species Specificity
L crispatus 0.952 L gasseri 0925 L. iners 0.778 Prevorella 0733 L. jensenii 0.915
Lactobacillales_& 944 Lactobacillales_1 0710 Lactobacillales_2 07 Dialister 0750 Lactobacitlales_5 0.456
Clostridium 0114 L viaginalis 0365 Lactobacillales_5 0.293 Atopolritinit 0678 Lactabacillales 7 0243
Lactobacillus (oa9 Anaerococcis 0284 Finegoldia 0036 Eggerthella 664 Propionibacterium 0.203
Staphylococcus 0.083 Peptoniphilus 0214 Sraphylococeus 0.035 Sueathia 0662 Strepiococous 122
L vaginalis 0.077 Lactobacillis_3 0.155 Llreaplaswna 0.034 Parvimonas 0659 Enhydrobacter 0.087
Lactobacillales_5 0.070 Gardnerella 0.153 Corynebacterium 0.032 Ruiminococcacene 3 0635 Corynebacteriiom 0.070
Liners (L.060 Firegoldia 0.149 Aerocacris 0,031 Megasphagra 0655 Acinetobacter 0,056
Lactobacillales_2 0,033 Bifidabacterium 0.144 Lactobacillales_7 0.026 Prevotellaceae_2 0601 Finegoldia 0.050
Exiguobacteriwm 0.031 Ureaplasma o114 Lactobacillies 2 0025 Mobilunces 0504 Skermanella 0048
Mean (M) 0.248 0318 0.201 0661 0225
Variance (V) 0.137 0.077 0.091 0008 0.075
SAI=V/M 0,558 0.242 0.451 0009 0.333
SAl ratio to type w 62 2 50 1 7

Fig. 1 The community-state type in the female genité&fia.
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Other research indicates that a microbiome dominated by Lactobacillus species other itiean is
beneficial to vaginal health. The presence of vaginal Lactobacillus, particularly patrss is significantly
associated with the lack of bacterial vaginosis. Lactobacillus is also beneficial to vaginasimealtih produces
lactic acid, HO,, disinfectants, antibacterial compounds, and bacteriocin. Bacteriocin canrdginital
infections in vitro under various circumstances, and lactic acid, in addition teamaig a very acidic pH, can
function as an antibacterial agent by breaking bacterial cell membranes and activatarg dafense against
bacterial lipopolysaccharidg.

Microbiome and Immune System

Cervicovaginal fluid (CVF) keeps the vaginal mucosal environment maintainedlbgiirg epithelial cell
products like mucin as well as antimicrobial compounds like Elafine, B-DefensirgdlipoSecretory Leukocyte
Protease Inhibitor (SLPI), and IgA and IgG antibodies. CVF continually lubricates the epitheliLgserves as
the initial defege against pathogen colonization via mucin activity, which traps microorganisnisirahthem
to antibodied!"

The vaginal microbiota is distinct, dominated mostly by Lactobacillus speciegathatate lactic acid and
bacteriocin, which contribute to the prevention of bacterial developmentemntkintenance of a low vaginal pH
(pH 3.0 - 4.5). Furthermore, Lactobacillus species sticking to epithelfakssrinhibit pathogens from adhering
and infecting epithelial cells, promote phagocytosis, facilitate clearance, and cotdrohiatory processes!

In addition to epithelial cells and bacteria, the vaginal ecosystem includes innate andachemptine cells
such as macrophages, neutrophils, langerhans cells, dendritic cells, naturaNKljece(ls, and T and B
lymphocytes. The most frequent antigen presenting cells (APCs) in the vaginahereritcare dendritic cells
and monocytes. Inflammation and immune cell activation are rigorously goveyn&attern Recognition
Receptor (PRR) expression and controlled by endocrine signals throughoutrtiueicépe tract!!!
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Fig. 2 Relationship of vaginal microbiota and immuriig}.

When Lactobacillus is absent and microbial diversity increases, changes in imndinepithelial
homeostasis occur, inducing various defence mechanisms such as: agiaet recruitment; (b) production of
proinflammatory cytokines and chemokines; and (c) decreased CVF viscasitg the production of mucin-
degrading enzymés!!

WWw.ijrp.org



‘ORG

n nal of

8-3578 (Online)

121

Felix Hartanto / International Journal of Research Publications (IJRP.ORG) @ I

Role of the Microbiomein Defence Against Sexually transmitted infection

Until recently, CVF coated with Lactobacillus is still considered as the optimal envirtnbugtrrecent
molecular studies show that not all Lactobacillus has similar featuresispatus is associated with the anti-
inflammatory profile of CVF and protection from developing anaerobic dgihitn contrast, L. iners does not
appear to protect from anaerobic dysbiosis and often coexist with BV-ralzedobes?]

Epidemiological studies suggest that BV, vulvovaginal candidiasis (CVV), andSithe are typically bi-
directionally linked. Behavioral and biological variables can elucidate this connectiostafers, several of
these problems have risk factors for sexual transmission. While BV and @\fkéquently regarded as non-STls
because they can arise in the absence of sexual activity, it is now evident thabfrecnansmission of the
organisms involved does have a role, particularly in sexual encounters wittuamgsed male partners. Second,
the majority of dysbiosis and CVV induce mucosal barrier abnormalities, waéilce mucus and vaginal
secretions' capacity to capture or deactivate microorganisms. STl and &ndgstiliosis commonly coincide,
although CVV appears to develop more frequently in the presence of Leiitabaredominance than in the
absence of anaerobic dysbiosis, as illustratdedgare 3. 13

Inflammation | Iy Inflammation

Complications* Complications*

Vaginal pH: 3.8-4.4; 76@};{ ;stgg;n M

Fig. 3 Visualization of a two-way relationship between various urogenitalitons

Microbiome and Bacterial Vaginosis

Amsel et al. established BV diagnostic criteria, and their clinical applicability has lately expanded. At least

three of the following four properties are required: homogenous vaggtalaglge, pH 4.5ishy odor of volatile

amines (evaluated witkOH solution), and presence of clue cells (coated squamous epithelial cells with bacteria)

on microscopic examinatidif!

A number of putative bacterial species have been discovered in the past utilizingtlsased and molecular
techniques. Each species has distinct features that must be taken into account wkery dksegaginal

microbiome and the continuous interactioRggure 4 depicts a schematic connection between these three

variables (host genome expression, vaginal microbiota, and vaginal/systemicrexposu
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Vaginal/Systemic Exposures

Fig 4. Schematic picture of bacterial vaginosis (BV) syndrome.

A study by Widiatma et al. in 2024 30 BV patients diagnosed in the dermatology outpatient clinic of Dr.
Soetomo Hospital, shows that all samples of patients with BV experienced shifthreguagdinal microbiome
from Lactobacillus to Gardnerella spp. and other anaerobic bacteria. Hoivalssr stated that giving additional
probiotic supplementation in the form of L. plantarum for one montstandard Metronidazole therapy did not
give significantly different results gmtients’ recovery compared to the control or placebo gt&uip.

a. Gardnerellavaginalis

Through traditional culture techniques and molecular-based investigations, a nofrdtedies have
established the presence of G. vaginalis in women with or without BV. Overall GaliadiNA quantity, on
the other hand, was linked to three of Amsel's four criteria, including amimeedeleated pH, and the presence
of clue cells. The biofilm-forming type of G. vaginalis was showbeadighly linked between sexual partners,
implying the possibility of sexual transmissiéfi.

Many research have emphasized on probable virulence factors that might €&plaiginalis pathogenic
potential and probable participation in BV. G. vaginalis virulence factors aitarsioradhesin, which is generated
by Mycoplasma and is involved in adhesion to human tissue, and cytolfsith induces apoptosis in human
epithelial cells by the activation of protein kinase pathway. Furthermore, G. vaggwlerates sialidase,
prolidase, and putressin, that might reduce mucosal protective componemsutike and lead to vaginal
epithelial cell exfoliation4!

b. Atopobium vaginae

A vaginae is found in 96 percent of women with BV but onl¥2rto 19 percent of women who do not have
BV and Amsel's four clinical criteria were all linkéalA. vaginae. The composition of the biofilm adhering to
the vaginal mucosa in BV individuals revealed that A vaginale was present iof T88subjects. The connection
of A vaginale with biofilm development and metronidazole resistance mightyohdrif BV treatment fail&:

c. Prevotella and Porphyromonas

Prevotella and Porphyromonas are classified as gram-negativémamatile bacteria. A number of
investigations using Gram staining, culture, and molecular methods havetiesedacteria in almost all women
with and without BV.

Prevotella is also correlated to a positive whiff test, which is one of the Amsigita. Positive whiff test
resulted from the synthesis of polyamines such as trimethylamine, cadasmednmutrescine, which raise the pH
of the vaginal fluid. Prevotella also generates fibrinolysin and collagghasean breakdown the mucosal lgyer
as well as prolidase and sialidase, which cause vaginal sheiétling.

WWw.ijrp.org
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d. Sneathia dan Leptotrichia

Sneathia has been found in vaginal samples from both BV and non-BV w8nannii was discovered in
40% of 736 women who patrticipated in the Human Microbiome Project. S. amch$. sanguinegens were also
discovered to co-occur frequently in the same populdtidn.

Sneathia and Leptotrichia are significant in BV. Srinivasan et al. discovered thaini.is favorably
connected to all four Amsel's criteria. The fact of Sneathia produces collagemhdibranolysin, which
compromises the mucosal barrier and facilitates the discharge of epithelial cells in, vagynaxplain its
connection with the occurrence of clue céfls.

e. Mobiluncus
M. mulieris is the most common organism found in healthy women, batuMsii was found in 65% of
BV infections. The prevalence and persistence of M. curtisii are also linkedhtmént failure.

f. Mycoplasma and Ureaplasma
M. genitalium causes symptomatic urethritis and cervicitis, whereas M. hominis BAUg&s hominis is
present in modest quantities in a healthy vagina, but its concentrations surgeddld,00BV women.[*4!

Microbiome and Chlamydia trachomatis I nfection

The special feature found in Lactobacillus spp. is production 3, Hhnd lactic acid which have
antimicrobial properties and bacterial growth inhibition as illustrat&dguare 5. Lactic acid has showed as main
inhibitor of C. trachomatis, whereas®4 inhibits BV-related bacteria such as M. genitalium. Gong et al. in 2014
hypothesized three possible mechanisms responsible for the effects of lactio &itamydia: (a) damage to
surface molecules; (b) membrane damage; and (c) internal metabolic dig&iders.

Lactobacillus spp. Diverse vaginal
dominated vaginal microbiome
microbiome e S
pH L C. trachomatis & <——— pH T,
—
H,0, © M. genitalium = «———— H,0,,
o o
po1 °
o ° °
tryptophan
degraded 4 9
A = - o
- 254 B tryptophan tryptophan 3 a
AL
A
by A L
L]
IL-12
= Chlamydia °
T/ ﬁ\ ‘Wycoplasma genitalium °
(T cell) s o Different Lactobacillus spp. | G @ @
* * * \’“/ \,\N W{ ;’mvotellﬂ sp,:w's ?
* IFN-y >1/\/\l‘f"' cocP *
* Glycogen A
macrophage [Epithelial cell in distress =

Fig. 5 Protection of the vaginal microbiome against C. trachomatis and M. genitalium.

However, not all Lactobacillus spp. is competent in warding off C. tragtienThe research initiated by
Van Houdt et al. found that vaginal microbiome dominated by L. iners has léection against C. trachomatis
infection because L. iners produced les®Hand lactic acid compared to other Lactobacillus $gp.
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Microbiome and Neisseria gonorrhoeae | nfection

N. gonorrhoeae is an oxidase-positive gram-negative cocci bacteria thatgaumekoea, which is one of
the most prevalent bacterial STls globally. In most women, N. gonorrlinfeagon is often asymptomatic, and
if it remains unknown and untreated, it will provide a significant reservdiuftirer transmissior”]

It is known that in pH 6.4-7.3 the gonococcal bacteria can grow well, while at jip#vgt.8-5.0) there is a
significant decrease in gonococcal survival. In addition, it has been refiwataénhibition of N. gonorrhoeae by
vaginal Lactobacillus due to lactic acid production as well as the modulation of béosutistances in an acidic
environment. At pH <4.0, there is complete elimination of the viability of Mogdoeae, even only a short
contact time (as shown able 1). 7]

Table 1. Correlation between pH value and the effect of Lactobacillus spp. on dirhogaé’l

pH Lactobacillus strain Anti-gonococcal effect at Anti-gonococcal effect at
7" minute 60" minute

>4.5 L. gasseri BC10 5% gonococcal viability 70-90 % gonococcal
L. vaginalis BC16 reduction viability reduction

4-4.5 L. crispatus BC3 70-99 % gonococcal 100 % gonococcal viability
L. gasseri BC9, BC12, BC14 viability reduction reduction
L. vaginalis BC17

<4 L. crispatus BC1, BC8BCS8 100 % gonococcal viability 100 % gonococcal viability
L. gasseri BC13 reduction reduction

Lactobacillus spp. in the vagina acts as a defence against N. gageertihwough a various mechanisms: (a)
production of various antimicrobial compounds secreted by vaginal flbidag@regation ability of Lactobacillus
spp.; (c) release of free component derivatives from Lactobacillusesgpréleased surface components [RSC]
which have biosurfactant activity). During interactions with N. gonorrhoe&aeface components of
biosurfactants, especially those from high aggregation capabilities Lactobacdiuglisrupt gonococci and
reduce their viability. In contrast, non-aggregating Lactobacillus strains anpletely ineffective against
gonococci, despite the presence of RSC biosurfactant acfitity.

Microbiome and Human | mmunodeficiency Virus Infection

The Lactobacillus-dominated vaginal microbiota is important in the protection afiety of sexually
transmitted diseases, including the Human Immunodeficiency Virus (HIV). The vagitrabiota has a direct
inhibitory effect on HIV through the formation of lactic acid®, bacteriocin, and lectin molecules. In addition,
as indicated ifrigure 6, indirect processes such as the inhibition of bacteria linked with BV developmerinanm
system activation, and defense activity by epithelial cells oé8ur.
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Fig. 6 Hypothesis of the mechanisms of vaginal Lactobacillus to prevent HIV infectiamian(él

G. vaginalis generates numerous cytolysin classes, including vaginolysins, whitimadate the protein
kinase pathway in vaginal epithelial cells, resulting in cell death. Gardnerella spptefsprofiuces prolidase,
putrescine, and sialidase, which reduce mucin, allowing for better microbial adaedibtinfilm development,
as well as contributing to epithelial cell exfoliation. P. bivia, on the other lmonduces prolidasesialidase
fibrinolysin, and collagenad®:2%

A metagenomic study of 16S sequences from females with BV reveals that Hipopiysaccharide is
the best indicator of vaginal inflammation and HIV risk in femelgsopolysaccharide binds to TLR-4 and CD14
to activate the NF-kB cytokine pathway. As a result, it is conceivable that these anaerobic plotesia
significant role in vaginal inflammation, which may lead to poor defenseaéselthe risk of HIV in women with
BV.[19-20]

Microbiome and Herpes Simplex Virus-2 Infection

Herpes Simplex Virus-2 (HSV-2) infection is a significant cofactor in HIV transmissidnsimilar to HIV,
this infection is associated with changes in the microbiome in the vagina. A 2088 Btudy involving 520
women with a history of BV shows significant results linking vaginal microbialysbiosis with HSV2
seropositivity According to a cohort study, the increasing frequency of HSV-2BAhéhfection is correlated.
The relationship between BV and HSV-2 infection can be bidirectional, and B¥dargeable for an increase in
the incidence of HSV-2 reactivation in the female vaginal #Hct.

A healthy vaginal microbiota can defend against viral infection through dirg@etcts or through natural
defence components present in the vaginal ecosystem. Lactobacillusgatdgrogen peroxide ¢B.) acts as
a natural microbicide in the vaginal environment and is harmful to a variepgoies, including HIV and HSV-
2. Lactic acid, which is generated by all Lactobacillus species, has the abilitytangetly inactivate HS\2-24
The gel coating that naturally covers the vaginal and cervical epithelium protects wairest gigal infections
by its ability in capturing HSV virus. While in BV, it is known that manfythe bacteria associated with BV
generate increased amounts of sialidase, mucinase, and other mucin-degradirgs etimt can compromise
those natural abilitie&Y

Microbiome and Human Papillomavirus Infection

Several crossectional studies indicate that L. crispatus is more prevalent in females without HPV infection
and cancer lesions, but L. iners and non-Lactobacillus species are manercamHPV-infected females and
cancer patients. A recent meta-analysis also shown that a vaginal microbiome dohyimated_actobacillus or
L.iners species is more associated with HPV infection and dysplasia than L. cri8patus
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Fig. 7 Distribution of bacterial diversity in the development of intraepithelial neoptasia.

Studies have revealed several methods through which BV can cause HPV infectisisto A decrease in
the quantity of lactic acid generating Lactobacillus results in an abnormally high gt), which promotes
bacterial overgrowth and a decrease in the protective flora. When this hapibheniedmune system's ability to
fight viral infection is compromised. BV is also linked to an increase ipribduction of epithelial layer degrading
enzymes, which allow HPV infection. Women with BV had higher amounts of the cytoteneukin (IL)-1 and
lower levels of the anti-inflammatory molecule SLPI (secretory leukocyte protease inhibltaf these BV-
related bacterial, mucosal, and immunological problems enhance susceptibility\oinfection and the
development of high-grade intraepithelial cancers / ledténs.

Management of the Genitalia Microbiome as a Prevention Against Sexually Transmitted Infections

Preventing STIs requires BV therapy, even in asymptomatic patients. Unfortunat€ipGheecommended
BV treatment, including metronidazole 500 mg orally twice a day for 7 dayetonidazole / clindamycin gel
/ vaginal cream intravaginally at night for 7 days, does not appear to be helginifiog BV recurrence in the
majority of patientsThose who underwent the CDC's regimen had a significant risk of receraéter 612
months. Because the vaginal Lactobacillus population is seldom rebuilt, treatmenmnetittnidazole or
clindamycin does not prevent recurrence of BV infectitrs®

Therefore, one could envisage possible clinical advantages for the usthefdgpeutic agents (prebiotics /
probiotics / symbiotics) together with the CDC standard regimen for BV eradicatib restoration of healthy
vaginal microenvironment. Considering BV as a predisposing factor forrtissien of other STIs and BV as a
common worldwide vaginal infection in women of childbearing age, it besaear that the association between
BV and other STIs, i.e. controlling and normalizing the vaginal microbiora# wmmomen of childbearing age, is
an relatively inexpensive and appropriate strategy for fighting STI transmassidinfection?+-2°]

A controlled clinical trial including over 800 females with BV who were treated with the usgiahen
(Metronidazole) followed with long-term symbiotic vaginal therapy fouddaanatic decrease in BV recurrence.
Application of this topical symbiosis for at least six months resulting restoratibie abrmal vaginal microflora
(eubiosis). These data support the long-term use of probiotics followingséhef standard therapy regimen
recommended by the CDC in restoring vaginal eubiosis and in contrbiéingansmission of sexually transmitted
infections. This inexpensive and simple therapy can be a steppingstdutife preventive and curative efforts
for sexually transmitted infectior:2°]
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CONCLUSION

Sexually transmitted infection (STI) is one of the global health problemghobmpletely managed, with
increasing prevalence and incidence rates from year to year. Many stubliésrature have revealed a significant
relationship between the microbiome and various STIs. Microbiome-baseghabdc approach holds great
promise for future STI management.
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