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The desire for parenthood is universal, but infertility affects about | in 6 people worldwide, ca

significant physical, mental, and social challenges. Infertility is defined as the inability to achieve
pregnancy after one year or more of regular, unprotected intercourse.

It can be

Primary infertility: Never achieving pregnancy.

Secondary infertility: Difficulty conceiving after a previous pregnancy.

* Causes are both preventable (e.g., lifestyle habits, infections) and unpreventable (e.g., age-
related decline, genetic factors).

* Women are often affected earlier due to a fixed number of oocytes that decline in quality and
quantity after age 32, with a rapid decrease after 37.

®* Female infertility is commonly linked to ovulatory disorders, endometriosis, and tubal issues.

* Male infertility is often due to testicular defects, low sperm quality, and hormonal imbalances.

* The global prevalence of infertility has risen over recent decades, with India among the countries
most affected.

* Infertility leads to social stigma, mental health issues, and financial strain.

* Addressing infertility is crucial for upholding reproductive rights and achieving global health and
gender equality goals (SDG 3 and SDG 5)



In the year 2021, 55 million males (1.8% of the male population) and ([0
million females (3.7% of the female population) globally were living with
infertility.

Global prevalence of infertility among the reproductive age group from 1990 -
2021 was approximately twice as high in women as compared to men. But as
the infertility burden increases, male infertility will be projected to grow
more rapidly than females from 2022-40.

The highest infertile age group was 35- 39 years.
(https://pubmed.ncbi.nlm.nih.gov/39752330/)

According to IHME fertiltiy rate by 2100 expected to fall below replacement
level (2.1) in 97% of countries and territories
https://ghdx.healthdata.org/record/ihme-data/global-burden-disease-study-
2021-gbd-2021-fertility-1950-2100




Total fertility rate, 1950-2100, by GBD super-region and for the globe (Adapted
from(Highlights Most Countries Will Experience Below-Replacement * Levels of
Fertility by Mid-Century, n.d.)

Total fertility rate, 1950-2100, by GBD super-region and for the globe

== Global

Central Europe,
Eastern Europe,
and Central Asia

— High-income

== Latin America

% and Caribbean
3_%‘ 4 - North Africa
g and Middle East
g 3 == South Asia
== Southeast Asia,
5 East Asia,
and Oceania
== Sub-Saharan
1 | | : ' - ' : Africa
.+« replacement
0. | , ! ! ! ! | ! ! ! ! ! ! ! ~ level (2.1)

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2080 2100

Source: hitp://oitly/FertilityGBD21, The Lancet.




Hyman Microbiome

The human microbiome comprises bacteria, viruses, fungi, and protozoa.

Present in the gut, skin, respiratory, and reproductive tracts and various body sites
Play essential roles in maintaining health and preventing disease through immune
regulation, metabolism, and physioclogical balance.

The gut hosts the largest and most diverse microbiome

Dysbiosis ia an imbalance in microbial composition—can lead to serious conditions
such as inﬂamma’cory, neurological, autoimmune, cardiovascular, etc diseases

Microbiome composition varies with age, sex, hormones, and lifestyle factors, and its
disruption is linked to multiple health problems




Aerobic: Anaerobic: Anaerobic: Anaerobic: Anaerobic:

Most common: Most common: Clostridiaceae, Bacteriodes, Dominated by:
Enterococcus, Bifidobacteriaceae Ruminococcaceae Clostridium, Firmicutes
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Infant gut microbiome development and its influencing factors. (Adapted from

Mohajeri et al., 2018)
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(Adapted from Kennedy & Chang, 2020)



Sex selective differences in Gut
Microbiome
(Adapted from Ashonibare et al.,
2024)
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Vaginal Microbiome
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and glycogen with age (adapted from Kwon & Lee, 2022)



Impact of Hormonal and Glycogen Changes on Vaginal Microbiome Composition Across Life Stages and

Pregnancy
Life Stage / Pregnancy Stage Hormonal/Glycogen Status Vaginal Microbiome Composition / Changes
High maternal ocestrogen, high Adult-like glycogen; Lactobacillus net vyet
Newborns (early days) ‘I ° °3 'I | JTyees ° | oty
glycogen dominant
Dominated by Staphvylococcus epidermidis, E.
Prepubertal Girls Low oestrogen and glycogen om! Y prytore P! o
Coli, PeptoCoccus
Dominated by Lactobacillus species (health
Reproductive Age Women High oestrogen and glycogen eminared oy obacillus species (he 4
CS5Ts)
Low Lactobacillus abundance, high microbial
Postmenopausal Wamen Decreased oestrogen and glycogen
diversity (often CST-IVA)
First Trimester (Pregnancy) Rising ocestrogen, progesterone Similar to non-pregnant women
Increased Proteobacteria, Actinaobacteria;
Second Trimester [Fregnﬂ-ncy} High ocestrogen and progesterone areo t e !
decreased diversity
Third Trimester (Pregnmn-:‘,r} Low oestrogen and progesterone Gradual return to pre-pregnancy microbiota
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Functions$

Metabolic function
SCFA synthesis,
Productin of

vitamins and

polyamines, Enhance
mineral absoption,
Processing of bile
acid, breakdown
polyphenols,
metabolism of
xenobiotic, and
Degradation of
amino acid and

cholins

of 6yt microbiomes$

Defensive function

Competet with pathogens for
nutrition and attachment
sites, secretion of
antimicrobial compounds,
stimulation of IgA
production, Induction of
antimicrobial protein

synthesis
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Trophic Function
Effects on distant
organs such as CNS,

liver, stimualtion of
peristasis,
regulating the
development of
intestinal epithelium
and immune system
and its functions,
maintenance of
intestinal epithelium
integrit



168 rRNA

16S rRNA gene sequencing is the most common and an
amplicon-based sequencing (amplicon is a piece of
DNA or RNA that is the source and/or product of
amplification or replication events) method that s
used to identify and classify bacteria present in bulk
and complex biological sample

16S rRNA is a rapid and most efficient study for the
identification of bulk samples, it also identifies the
next generation of species.

Ribosomes are biological structures involved in protein
synthesis that contain two subunits made up of
proteins and ribosomal RNA (rRNA). rRNA translates
the information in mRNA (messenger RNA) into the
proteins




ribosomes are composed of a 30S subunit and a 505

What is 168 rRNA gene? subunit, which form a complete 70S ribosome. The 305

subunit contains 16S rRNA and 2[ proteins.

Prokaryotic Ribosome
The 16S rRNA gene is about 1500 base pairs (bp) long and

Large subunit (LSU) Small subunit (SSU) Assembled ribosome _ ] .
contains variable regions scattered between conserved

regions.

conserved parts are similar in all bacteria; The variable
parts are different from one bacterium to another
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Microbial Metabolifes

Bile acids
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The impact of gut microbiota and its metabolites on

organ



A .Microbial metabolite imbalance
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Factors§ caySing dySbioSi§

* Mode of delivery-

Alpha-diversity (vaginal or caesarean

C-section)

Beta-diversity

* Population differences

®* exposure to pets

* Diet
> Birth > 6 months > 3 years > Adulthood >

* Lifestyle
Sensitive period of gut microbiome development > °

Antibiotic use

: : * Cessation of breast- —— ® .
Key environ mental Dellver.y method . Brea.st- or formula- or formula-feeding . Dlet. » I N f l amm Q't'( on
* Gestational age feeding : : Medical conditions
factors | . N * Introduction of solid = e
ac Antibiotics Antibiotics ° .
Genetics

foods

Factors causing dysbiosis from birth to adulthood
(Adapted from (Parkin et al., 2021)



~«Rationale oF STUDY

Infertility is an escalating public health challenge in India,
impacting an estimated 27.5 million couples, according to the
ICMR. Despite various diagnostic and therapeutic
advancements, there is a large burden of infertility cases.
This literature review aims to critically examine the role of
gut and reproductive microbiome impact on infertility. This

review will give new insights that will help in preventing

infertility by managing microbes. This not only enhances

treatment outcomes but also supports many couples to achieve
parenthood and governments to achieve Sustainable
Development Goal 3 by 2030, which includes targets as
universal access to reproductive healthcare and well-being.
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STudy anrecfive ..o

To investigate the role of gut and reproductive tract
microbiomes in the development, progression, and
management of human infertility, with a focus on

understanding microbial influence on reproductive health in
both males and females.



SfUdy Type

Literature review

S‘l'udy design

Qualitative, narrative, comparative review

data sources

peer reviewd articles, clinical studies, meta analyses

Inclusion criteria

Studies on microbiome composition, dysbiesis, reproductive outcomes,

molecular methods

Exlusion criteria

Non=-clinical, non-molecular, non-peer-reviewed, non-English, irrelevant

studies

Analysis

Qualitative analysis, Comparative tables, narrative integration

Analytical

Techniques

16S rRNA sequencing, meta analysis, systematic review




6yt microbiome

v§ Reprodyctive
microbiome

Location

Gostrointestinal tract

Male and female reproductive tract

Diversity

Very high — hundreds
to thousands of species

Lower mainly dominated by Lactobacillus species

Dominant phy;a/ Genera

Firmicutes,
Bacteroidetes,
Actinobacteria,

Proteobacteria,
Clostridium,
Bacteroides, Prevotella,
Akkermansia

Lactobacillus (primary), Gardnerella, Prevotella,
Streptococcus, Pseudomonas

Functions

Digestive, immune
modulation, metabolic,
hormonal regulation

Local defense, pH maintenance, sperm maturation,
conception, fe ility




Stability

elatively stable unless
dysbiasis olcurs

s%ammgd_—iv}@nes with cycle, hormones, pregnancy,

Gender Differences

Minimal

Significant — testicular microbiome in males,
Lactobacillus dominance in females

Factors Influencing

Diet, age, genetics,
antibiotics, environment

pH, hormones, antibictics, regnancy,
menstruation, sexual activity, infections

Dysbiasis Consequences

Linked to metabolic
disorders (obesi‘l'y, diabetes,

cancer) and impacts
ferﬁ(i‘l'y

Directly couses PCOS, endometricsis, prostatitis, poor sperm quality, preterm birth

Clinical Relevance

Systemic impact; affects
overall health and
hormonal balance

Local reproductive health, fertility outcomes

Microbiome Interaction

Influences reproductive
tract via the

gut-reproductive axis

Receives signals from gut microbiota




% Beneficial commensals
Eplthellum &

Gut dysbiosis % \
Gut microbiota \
Immune system
Modulate immune
development and function

J Inflammation
M Insulin sensitivity

Gut microbiota

Immune system
Modulate immune
development and function
J Inflammation

M Insulin sensitivity

Activation of
l LPS/TLRA l
Activation of the immune
Endocrine system Endocrine system
Modulate oestrogen levels system and pattem Facllitate testosterone
™ GnRH recognition receptor- and DHT production
™ FSH, ™ LH expressing epithelial cells ™ endothelial function
M erectile function
Activation of NFkB/MAPK and
MyD88/TRAM pathways
Ovarian and uterine Testicular
ecosystem and function Transcription of pro-inflammatory ecosystem and function
Maintain genital microbiota cytokines ‘ ! Maintain genital microbiota
eubiosis XO activation eubiosis

“Mtesticular steroidogenesis
P spermatogenesis

Promote uterine receptivity

Cytokine storm VA imeirae

# i Enhanceslmale fertility

Effect of gyt microbiome and dySbioSis
oh male and female reprodyctive
fynction
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Enhances female fertility

& & %*’_’7 Short-chain fatty acids

GUT MIiCROBIOME RELATIONS wiTH INFERTILITY

.Dysbiosis (Gut Microbial
Imbalance) ]

2.Weakening of Intestinal Lining

3.Leakage of MAMPs (LPS,
Peptidoglycans, Lipopro'l'eins) into
the Bloodstream])

4.Entry via Lymphatic System &
Hepatic Portal Vein

5.Activation of Immune System

6.Hyperimmune Response in Ovaries
& Testes

7.Inflammation & Tissue Damage in
Ovaries and Testes

8.Activation of Xanthine Oxidase
Enzyme

9.Increased Uric Acid Production

[0.0xidative Stress

l.Impaired Fertility (Ovarian &
Testicular Injury)]



GUT MIiCROBIOME RELATIONS wiTH INFERTILITY

[6S rRNA technique used to identify the relationship in gut microbiome and reproductive microbiomes dysbiosis leads
changes in fertility various evidences are attached to identify the relarionship between gut microbiome and infertili

SAMPLE/ METHOD

MAIN FINDINGS

MICROBIAL CHANGES

KEY MICROBES

REFEREMNCES

36 women totall 18
infertile and 18 age-
matched fertile contrals.
Faccel samples analysed
wia 165 rRMA (V3i-vg
ruﬂ-iunS] inqucncing.ri
infertile wemen received

&RT + PHGEE Infervention

Qut micrabicta
CcompeSition was
signiticantly different in
infertile women. Higher
abundance of
VerrucomiCrobia,58.%%
pregnéncy rofe [7/12)
with PHGRGE + ART

Infertile woman had
gltored I3 dil.-'cril"t-;.n PHGG

midy help restere
micrebial balance,
Pasitive trends in
microbisl profile linked to

Flrﬂ-_ﬂ'l'ld-l'lﬂ':f Sutfess

Increase in Infertile
Warmeon:, YerruCemiCrabig,
Phascalarctebacterium,
unclassified
Barnosicllaccas
fecroasod: Roscburid,
Streploceccus,
Stenetrophemanas
Asseciated with
Pregnancy Success:
|"|i_E|h1:r Bifidabactarium,
Lower Paraprevetells &
Blautia

(Kamiya ot al., 2020)

Bidirectional +-.|n—5u-m|=-rc
Mendalian Randomization
(MR} analysis, GWAS data
from MiBioGen consorfium
I:H-'.li' miCrobiota), GWAS
date on male infertility
and abnormal
ipcrmd-i'uz-:-l.‘.i-. Methods
used: IVW, MR-Egger,
weoighted median, Steiger
filtering

Causal links found
between specific gut
miCrobos and male
infertility and abnormal
spermatozod, ne evidence
of |:|-I-|:|'-:-'|:r-:||:r:|r. fndicﬂ-{inﬂ

robust causal inference

Increased risk:
Eubacteriurm oXidereduceons
group ':l'nfnrﬂll't-l,r:h
Streplecoccaceac Tamily

[abnermal spermatfozos )

- Pecreasced risk:

Bacteroidacode,

Parphyromonadacase

Tamilias

Risk Factors: Eubacterium
eXidereducens group,
Streptoceccaceae family
- Protective Factars:
Bacternidacess,

Porp h yromenadacoto
familias

(Han of al., 2024)




SAMPLE/ METHOD

MAIN FINDINGS

MICROBIAL CHANGES

KEY MICROBES REFEREMCES

Two—s5ample Mendelian
Randemization (MR) study, Data
from MiBicGen consortium (18,340
individuals), Methods: IVW, MR-
Egger. MR-RAPS, MR-PRESSO

Certain gut microbes are causally

linked to infertility, some microbes
show protective effects while others

increase infertility risk

XIII

Ruminocaccaceaes

AD3OII
NK&AZIG

Protective. Family

group.
group, Boctercidaceae, Boctercides
-Risk factors: Betaprotecbacteria,

Burkholderiales, efc.

Frotective.

- Ruminccoccaceae NEGAZIG group

Bactercidaceas

Bactercides

Family X111 AD30QII group

(Zhang et al., 2023
Risk—associated: ng )

Betaprotecbacteria
Burkholderiales

Candidatus Scleaferrea

Lentisphaerae

- Ansergtruncus
-  Animal 5Study: Male mice fed
- HFP-induced gut dysbicsis ceused
high-fat diet (HFD) or normal diet
(ND) reduced sperm count and motility
- Increased inflammatory responses
- FMT! Transplantation of gut - Increased abundance of pro-|Bactercides
in the epididymis
micrebes from HFD-fed mice to ND- inflammatory gut bacteria - Prevotella
- Downregulation of genes invelved
fed mice - 3hift in microbial composition| - MNotably. Prevetella copri linked | (Ding et al., 2020a)
in spermatogenesis and mitochondrial
- Assessments! Sperm analysis, funch leading to systemic inflammation | te poor sperm gquality and increased
unctromn
RMA sequencing of testes, cytokine and testicular dysfunction endotoxemia

profiling, and inflammation markers
- Human Etud':,r: Stoel, bleod, and

semen analysis from human subjects

- In humans, pocl Spe&rin I'hl:r‘tifi‘l':,l
was associated with higher levels of

gut-derived endotonins




SAMPLE/ METHOD

MAIN FINDINGS

MICROBIAL CHANGES

KEY MICROBES

REFERENCES

36 infertile couples undergeing
IVF Samples: Seminal fluid and
vaginal swabs, Technique: 165
rRNA gene sequencing (V4
region, Illumina MiSeq)

Semen: Lower bacterial
cencentration, higher diversity

- Azoespermic men had more
Mycoplasma and Ureaplasma

- Lagtebacillus deminant in beth

SERlESs

wr): T L.
jensenii, Faecalibacterium

we): T

Prevotella,

Semen (Positive

Semen (MNegative
Protesbacteria,
Bactercides

wve): T L

Vagina [Pesitive

gasseri
vagina (Negative IVFE): T L.

iners, Bactercoides

Pesitive IVF: Lactobacillus

jensenii, Faecalibacterium,

Lactebacillus gasseri

Megative IVF: Protecbacteria,

Preveotella, Bactercides, L. iners

(Okwelogu et al., 2021)

Semen 165 RNA sequencing pesled
{89 mens with infertility

cenditiens and 29 healthy controls
)

Seminal viscosity associated with
distinct microbiota, OAT cases

show increased pathogens and

reduced beneficial bacteria,
infertile men s having reduced
number of microbial diversity and

increased inflammation risk

Increased protecbacteria, gram

negative bacterina and pathogens
and

Pecreased [actabacillus

diversity

Increased pseudomonas klebsiells,

Neisseria and prevetella

Pecreased lactobacillus

{Monteire et al., 2018)

Human clinical study of infertile

men and fertile centrols

- Biclogical samples! gut
(stool), urine, and semen

- Micrebial analysis using 165
reRNA gene sequencing and

shotgun metagenemics

Infertile men exhibited
significant dysbiesis acress all
three microbiomes

- Functienal changes linked to
oxidative stress, (MmN e

disruptien, and peor sperm quality

- Strong associations with

reduced Sperm matility,

cencentration, and [ncreased QDMNA

fragmentation

Loss of beneficial commensals and

everrepresentation of
pathegenic/pre-inflammatory
microbes

- Altered  pathways: LPS
biosynthesis, bacterial secretion,

exidative phospherylation

Pecreasad: Lacgtobacillus,

Bifidebacterium, Faecal bacterium
- Increased. Prevaotella,

Escherichia-5higella,

Gardnerella, and altered

Firmicutes/Bactercidetes ratic

(Lundy et al., 2021)




GUT MICROBIOME RELATIONS wWiTH uNDERLYING
FEMALE REPRDDUCTiVF DiSORDERS

Endometrial cancer NGOG

1

Gut microbiome
Firmicutes (Lactobacillusand Streptococcus species) 65%

Bacteroidetes (Bacte

o - lic\ 200
aes intestinalis) 30%

Prote cteria( £ o | 5%
Actinobacteria (Bifidobacteria)
Endometriosis
Follicular microbiome ~

(Lactobacillusspp.(97.56%)

Endometrial microbiome
Lactobacillusspp.(30.6%)
Acinetobacter (9.07%),
Pseudomonas (9.09%),
Sphingobium (5%), and
Vagococcus (7.29%)

Cervical canal

microbiome
(Lactobacillusspp. (97.56%)

Vaginal microbiome
(Lactobacillusspp. (99.99%)
L. crispatus, L. gasseri, L. iners, or L jensenii

Cervical cancer

Pre-term birth

Reproductive microbiome composition and associated diseases
(adapted from (Chadchan et al., 2022a)



The gut microbiota and its impact on the female reproductive tract,
embryo development, and pregnancy. (Adapted from Qi et al., 2021a)

» Fetal growth development
survival
.9 « Fertilization process Ee'mf newborns

* Menstrual cycle OQ ‘* * Embryo development  § 2 :e rates
* Genital tract disease * IVF outcome ; nfant gut microbiome
g » Formation of gametes - * Placentation

+ Ovarian dysfunction ’ ﬁg:::;?eweonwcy

* PCOS

+ Feritility



This table links various evidence of female infertility to gut and genita

tract dysbiosis and associated microbial alteration with various female
reproductive tract disorders
Disease name Clinical Finding Hormonal Change Microbial Change Key Microbes (t/74) Reference

d Alpha diversity, T LpPS-

T Bacteroides,

(Sun et al., 2023b)

ovVAaries

ratio, insulin resistance

ratio, 1T Gram-negative

bacteria

Lactobacillus, wlr Akkermansia,

lv Ruminococcaceae

PCOS Hirsutism, acne T Androgens (testosterone) ; Escherichia/Shigella, 4
regucers
P Akkermansia, Ruminococcaceae | (R. Liu et al., 2017)17a)
. ) T Bacteroides, T
Infertility, hyperandrogenism, + Dwersity, 1 Escherichia/Shigella, T
T Androgens, T LH/FSH Firmicutes/Bacterocidetes 9 '
PCOS oligo/amenorrhea, polycystic Streptococcus, (Chadchan et al., 2022b)

Endometriosis

Chronic pelvic pain, infertility

T Oestrogen (ocestradiol), )

Erf

.L Lactobacillus, T B‘

glucuronidase preducers

T Escherichia/Shigella,
Bactercides, Clostridia,
Ruminococcaceae, Blautia,

Dorea, + Lactobacillus

(Ata et al., 2019, Chantalat
et al., 2020} Guo & Zhang,
2024; Uzuner et al,, 2023)

Endometriosis

Cyclic bleeding of lesions

T Circulating oestrogen via

the cestrobolome

T ﬂ-giucurunidﬂse activity,

T oestrogen reabsorption

) B-glucuronidase (from
Bacteroides, Clostridia,

Escherichia)

(Guo & Zhang, 2024; Vzuner
et al., 2023)

Endometrial cancer

Abnormal uterine bleeding,

postmenopausal bleeding

T Oestrogen (unnppnsed ),

altered oestrogen metabolism

) B-giucurunidnse-prndu::in_g
bacteria, dysbiosis, T Pro-

inflammatory bacteria

T Clostridium, 1
Bacteroides, T Escherichia,
Atopobium, T Porphyroemaonas,
l Lactobacillus

(Chadchan et al., 2022b)




Disease name

Clinical Finding

Hormaonal Change

Microbial Change

Key Micrabes ( T/ 1)

Reference

Pregnancy Complications

Preeclampsia, gestational

diabetes, preterm birth

Altered progestercne,

uE-E'tl'-n_gEn, and insulin

+ Diversity, T Pathabients,
altered SCFA producers

T Prevotella, T
Streptococcus, 1

Escherichia, 11-
Lactobacillus, J.

(Chadchan et al., 2022b)

Recurrent Vaginal Infections

Vaginal discharge, irritation,

lebsiella infection risk

Decreased cestregen, altered

vaginal pH

Jr Lactebacillus deminance,

T Anagrobes

-.lr Lactebacillus, T
Gardnerella, T Atopobium,
T Maobiluncus

(Chadchan et al., 2022b)

Female genital tract disease

Bacterial vaginesis

Often linked ta
menstrual/hermonal

fluctuatians [11- sestradiel,
T pH)

Jr Lactebacillus, T

diversity, T ansercbes

T Gardnerells, Atopabium,
Mabiluncus, Prevetella,
Bacteraides, Sneathia,

Leptotrichia, Clestridia; 4

[ﬂ'l.l', n.d.. Prof. Ina Eﬂﬁuppﬂ-
Eaistinen, 2025; Ernng et al.,
2020; Vinerwi et al., 2025)

T Gardnerella, Atopobium,

Mobiluncus, Preveotella,

Female genital tract disease | Pelvic inflammatory disease Mot mentioned T pathegenic bacteria (Bv, n.d.)
Bacteroides, Sneathia,
Leptetrichia, Clostridia, +
T Gardnerella, Atopobium,
Tubal facter infertility, early . . Maobiluncus, Prevetella,
Female genital fract disease Mot mentioned T Bv-asseciated bacteria —
abortion Bacteroides, Sneathia,
Leptetrichia, Clostridia; +
T Gardnerella, Atopobium,
4 Lactobacillus, T Maobiluncus, Prevetella,
Female genital tract disease | Increased 5TI risk Mot mentioned (Bv, n.d.)

pathagens

Bacteraides, Sneathia,

Leptotrichia, Clostridia; 4




GUT MICROBIOME RELATIONS wWiTH uUNDERLYING MALE

REPRODUCTIVE DiSORDERS

©

MAMPs ©
s (eg: LPS)

Gut microbiota

Ul q (L
3._ { 3L ) )n 1 ) § & ) s u‘ \

Testlcular inflammation
and damage to BTB

proliferation
/TLRIMy88IIKKINF-KB inflammation

anti-apoptosis

ERK——proliferation
p38 —differentation

JNK——apoptosis

Entry of
Lipopolysaccharide
s into blood
circulation leads
to BTB damage
(Adapted from Lv
et al., 2024)



This table links various evidence of male infertility to

gut dysbiosis and associated microbial alteration with

vVarious

male reproductive disorders

Disease name

Clinical Finding

Hormonal Change

Microbial Change

Key Microbes (T/4)

Reference

Erectile dysfunctian

Reduced erectile function, vascular klebsiellas,

and endethelial injury

4 Testestersne (due to low Alistipes), T THF-a

t Clestridium xviin, 4 Alistipes

t Clostridium xvii, Alistipes

(Hsu et al., 2015)

Insulin Resistance & testicular damage

Impaired spermatogenesis, testicular damage,

metabolic syndrome, hyperinsulinemia

4 tH/FSH, 4 Testostercne, T Insulin (disrupts
5HBG and free testosterone balance)

} Diversity, T LPS-producing bacterie, T pro-

inflammatary taxa

1 Bactercides, T Prewctella, 4 Lactobaciilus,
‘I- Bifidobacterium

(Ping et al., 2020%) {Pedersen &t al., 2018)

nonobstructive azoospermia

Idiapathic infertility, impaired BTHE development,

delayed spermatogenesis

4 Testesterone (Leydig cell dysfunction)

: Diversity in testicular microbicta, L

Bactercides/Protecbacteria

l Bactersides, | Protechacteria, T

Bctinobacteria, T Firmicutes

(Alfans et al., 20018; Molina et al., 2021)

Spermatogenesis Impairment

Reduced sperm matility, DMA fragmentation,

oridative stress

‘I. Testosterane, T ROS (cxidative stress)

Altered gut-testis axis, T LPS, 1 scra

preducers

l Lactsbacillus, 4 Bifidebacterium, T
Escherichia/Shigella, 1 Streptocaccus

(Valcarce et al., 2017) (Ding et al., 2020)

Gut-Testis Axis Inflammation

Chronic testicular inflammation, Blood testis

barrier leakage, Leydig/Sertoli cell damage

4 Anti-inflammatory facters (e.g., IL-10), T
Pro—inflammatary cytakines [TMF-0, IL-8)

T LPS-producing bacteria, T TLR4/MF-KB
signalling

T Clestridium, T Bactersides, T Prevotells, 4

Lactobacillus

(Bing et al., 2020%)

Male Infertility (linked ta impaired

spermatogenesis and reduced sperm motility)

Reduced sperm count and motility
. Epididymal klebsiellas (T T cells,
macrophages)

- 1 Blood endotoxin levels (endotonemia)

Mo significant systemic sex harmone changes
reparted; locel testicular dysfunction via altered

gene EApression

Gut dysbiesis due ta high—fat diet (HFD)
- T Bactercides, T Prevctella
- Microbial profile linked to inflammation and

endetoxin

T Bacteraides
T Frevetella
vl- fIrr.pIie.d lass of beneficial micrabial

diversity)

(Ding et al., 2020a)

Male Infertility

Mern with infertility showed significant alterations

in the gut, urine, and semen klebsiellas compared
to fertile controls.

- Presence of sperm DMA fragmentetion and

Mot mentiened in the S‘tud"-

Reduced microbial diversity in gut, urine, and
semen samples of infertile men.
- Increased pro—inflammatary bacteria and

decreased beneficial commensals

T Bactersides, T Streptococcus, T Prevctella
- lr Lactobacillus, .I, Faecal vacterium, l

Ruminoccoccace ae

“—und"- et al., 2021)




Mahagement of infer'fi(ifl' through
6yt microbiome improvement

Dietary

Interventions Lifestyle
A

Prebiotics & /’ Modifications

Probio’cocs‘\
/

Omega 3 fa‘f‘ty

Adavnace

acids therapies



Strategy

Benefits/ Details

Dietary Changes

High-fiber fruits, vegetables, and plant-based diets enhance gut flora
and reduce inflam

Wholegrainsetabolism

Oats, quinoa, brown rice, etc. improve microbial diversi’cy and glucose
m

Gluten—Free
Wholegrains

Quinoa, millet, buckwheat benefit gut inte rity and reduce
inflammation in sensitive individuals.

Plant—-Based Proteins

Beans, tofu, soy, nuts enhance hormone balance, SCFA production, and
gut barrier function.

Animal-PBased
Proteins

Especially chicken improves Lactobacillus, Akkermansia, and reduces
inflammation. Bifidobacterium.

Dairy Products

Yogurt, kefir, chaach increase probiotic bacteria like Lactobacillus and




Strategy

Benefits/ Details

Probiotics

Found in fermented foods;
restore gut flora and support
hormonal regulation.

Prebiotics

Garlic, onions, bananas feed
good bacteria and improve
microbial balance.

Synbiotics

Combination of probiotics +
prebiotics; synergistically
improve gut health and fertility.

Omega-3 Fatty Acids

Found in fish, flaxseed, chia
seeds; reduce inflammation,
regulate hormones, improve egg
quali‘fy




Strategy Benefits/ Details

Regular aerobic + resistance training
Physical Activity boosts SCFA, beneficial microbes, and
reproductive function.

yoga, meditation, music reduce cortisol,
Stress management restore gut-brain axis balance, and
reduce infertility risk.

Limit alcohol, tobacco, fast food,
Avoid Harmful Factors preservatives, stress, and antibiotics to
prevent gut dysbiosis.

Used for severe dysbiosis; restores
Faecal Microbiota Transplantation healthy gut flora especially post
recurrent infections or antibiotics.




& CUhCh‘siUh

Gut microbiota significantly influences hormonal regulation, immunity, and metabolism,
producing SCFAs, vitamins, and neurotransmitters that affect reproductive health.
Despite the high infertility burden in India (27.5 million couples), microbiome-based
approaches are underutilized in public health.

Gut dysbiosis contributes to systemic inflammation, hormonal imbalances, and impaired
immune functions, all of which negatively impact fertility.

The gut is rich in microbial diversity, while the reproductive tract (esPeciaHy female)
is dominated by Lactobacillus, crucial for maintaining pH and preventing infections.
Dysbiosis is mechanistically linked to: PCOS, endometriosis, implantation failure in
females. Poor sperm quality, motility, and testicular inflammation in males.

Therapeutic strategies such as dietary changes, probiotics, prebiotics, exercise, and
emerging interventions like FMT have shown positive effects on restoring microbial
balance and improving fertility.

The study strongly adveocates for integrating microbiome research into reproductive
healthcare, aligning with SDG 3 (good health and well-being by 2030).

Policy and clinical frameworks should prioritize microbiome modulation as a non-invasivélada
coo s DA
and cost-effective infertility management strategy. o S




Limitations$

No Primary Data — Study based only on secondary literature;
lacks clinical or sequencing data from Indian population.
Limited Indian Context — Most studies are from Western
countries; results may not reflect Indian population due to
regional differences.

Study Design Variability — Diverse methodologies (sample
sizes, sequencing tools) hinder direct comparison.

Evolving Science — Microbiome research is still in early stages;
many interactions are not fully understood.

Lack of Standard Protocols — No universal definition of a
"healthy' reproductive microbiome.

Preliminary Intervention Evidence — Insufficient clinical trials
to support microbiome-based infertility treatments.



Recommendation$

Microbiome Screening in Fertility Clinics — Include gut and reproductive microbiome
profiling in infertility workups.

Public Awareness Campaigns — Educate public and professionals on gut-reproductive health
link.

Integration with National Health Programs — Incorporate microbiome research into
Ayushman Bharat and RCH initiatives.

India-Specific Clinical Research — Conduct local trials to validate the gut-infertility link
and design targeted treatments.

Microbiome-Based Treatments — Promote development of probiotics, prebiotics, FMT, and
other microbiome therapies.

Multidisciplinary Collaboration — Encourage teamwork among health professionals for
holistic infertility care.

Diet and Lifestyle Counselling — Include personalized lifestyle advice in fertility programs
to restore microbial balance.

Policy and Funding Support — Advocate for investment and policy backing to advance ==

microbiome innovations aligned with SDG-3.
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