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Abstract: Humans, throughout the life cycle, from birth to death, are accompanied by the presence of

gut microbes. Environmental factors, lifestyle, age and other factors can affect the balance of intestinal

microbiota and their impact on human health. A large amount of data show that dietary, prebiotics,

antibiotics can regulate various diseases through gut microbes. In this review, we focus on the role

of gut microbes in the development of metabolic, gastrointestinal, neurological, immune diseases

and, cancer. We also discuss the interaction between gut microbes and the host with respect to their

bene�cial and harmful effects, including their metabolites, microbial enzymes, small molecules and

in�ammatory molecules. More speci�cally, we evaluate the potential ability of gut microbes to cure

diseases through Fecal Microbial Transplantation (FMT), which is expected to become a new type of

clinical strategy for the treatment of various diseases.

Keywords: gut; microbiota; disease; bacteria; FMT

1. Introduction

Highlights
1. In dysbacteriosis, the diversity and richness of bacterial populations are greatly

reduced. It induces in�ammation and metabolic dysfunctions, which are associated with
complex diseases (the disease caused by multiple factors), such as, metabolic, gastrointesti-
nal and neurological diseases and digestive tract cancers.

2. Bacteria can also affect health through metabolic products, such as Short Chain
Fatty Acids (SCFAs), microbial enzymes, toxic metabolites and other fatty acids, etc.

3. Probiotic bacteria in the intestinal microbiota play a bene�cial role for human health
and improve wellness for a variety of diseases. Fecal Microbial Transplantation (FMT) and
dietary intervention have positive outcome to diseases.

A large number of microorganisms are implanted in the body at birth, and their
presence is detected in the skin, gastrointestinal tract, genitourinary tract and the oral
cavity [ 1,2]. Among healthy adults, large intestinal microbiota includes Firmicutes, Bac-
teroidetes, Actinomycetes, Proteobacteria and Verrucomicrobia, which possess the largest
densities with strongest metabolic activities [ 3]. Many factors, such as pH, oxygen con-
centration, host secretions, nutrient availability and immune defense affect microbial
colonization [4].

Intestinal microbiota plays an active role in the host. The human body, as a host,
provides nutrients for gut microbes, which can break down hard-to-digest carbohydrates
and fatty acids, thus producing Short Chain Fatty Acids (SCFAs) that are bene�cial to
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the human body. Each individual produces different amounts and sizes of SCFAs that
regulate the many physiological pathways and the body's immune responses [ 5,6]. SCFAs
include butyrate, propionate and acetate. The �rst two have regulatory effects on intestinal
physiology, immune function and a protective effect in the colon. The acetate is the substrate
for lipogenesis and gluconeogenesis [7]. In addition, gut microbes help transmit hormonal
signals and produce vitamins. Bio�lms that are produced at the site of host-microbe
interaction protect against host immune attacks by pathogenic bacteria [8].

It is well established that not all types of gut microbiota are bene�cial for host survival.
Gut bacteria such asEscherichia coli, Fusobacterium nucleatumand Helicobacter pylorican
cause pathogenic reactions to the host [9]. Secondary fatty acids and toxic metabolites can
cause intestinal damage in different ways. Compounds such as phenol, ammonia, para-
cresol, hydrogen sul�de and amines induce in�ammation, DNA damage and intestinal
leakage to cause cancer [10]. These processes could be inhibited by dietary �bers or plant-
based food consumption, suggesting that intestinal microbiota also play a critical role in
the fermentation of carbohydrates [11].

When the dietary residues enter the colon from the small intestine, complex carbohy-
drates, protein residues and primary bile acids affect its composition through functions of
the gut microbiome to keep the colon healthy through fermentation. In a balanced diet, the
fermentation of carbohydrates plays a major role in the production of SCFAs. Conversely,
in an unbalanced diet, both protein fermentation and the toxi�cation of bile acids increase,
which can promote in�ammation and damage to colon cells, leading to colon cancer [ 12].
In addition, changes in diet affect the distribution of intestinal microbiota. Individuals who
consumed more �ber had higher Prevotellaspp. while individuals with more proteins and
fats in their food had higher Bacteroidesspp. [13]. These �ndings indicate that Prevotellaspp.
has better �ber degradation ability compared to Bacteroides.The Low Gene Count (LGC)
bacterial community mainly consists of Bacteroidesspp., which are involved in controlling
obesity and metabolic syndrome [ 14]. When obese patients with LGC were placed under a
control diet, the diversity of the microbiome increased signi�cantly. As a result, it can be
deduced that diet affects the composition of the gut microbiome and modi�es the host's
absorption of nutrients and changes the host's ability to develop an appropriate immune re-
sponse [15]. Human intestinal microbiota contains a large number of Antibiotic Resistance
Genes (ARGs) [16] and tetracycline resistance genes account for a large proportion among
them. These ARGs can be freely transferred between other intestinal bacteria residing
within the human colon [ 17]. The use of antibiotics may help to enrich ARGs in human
intestinal microbiota and a longer usage of antibiotics increases the chance of harboring
more ARGs [18,19]. Through DNA microarray analysis, it has been shown that the ARGs of
human intestinal microbiota can be accumulated in adulthood, which create more complex
problems with age [20].

The gastrointestinal tract is composed of a neural network containing 200 to 600 million
neurons, which form the Enteric Nervous System (ENS) and control gastrointestinal physi-
ology as reviewed by Furness, 2012 [21]. Intestinal microorganisms can regulate the central
nervous system through immune, circulation, and ENS [ 22,23]. However, once the micro-
bial composition is imbalanced, obesity, diabetes, gastrointestinal diseases, neurological
diseases and allergic reactions can be induced [24,25].

With respect to treatment, a balanced diet with Fetal Microbial Transplantation (FMT)
and oral administration are used. The positive outcome of these treatments provides a
theoretical basis for new ideas of targeting intestinal microbiota in the future. This review
will focus on three aspects: intestinal microbiota and diseases, the mechanism of intestinal
microbiota on human diseases and, the therapeutic potential of intestinal microbiota.

Methods of the Review

This review aims to develop a general concept of the impact of microbiota on human
health and complex diseases. After planning the outline of the subject, each of the topic
of subheadings are subjected to a search to obtain relevant literature on “PUBMED”. The
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initial search term was “gut microbiota microbiome”, as some authors used the term
“microbiota” or “microbiome”. Then, with this initial search term each disease name was
added in a further search. A PRISMA (Preferred Reporting Items for Syestematic review
and Meta Analysis) �ow diagram is shown in Figure 1 [ 26]. As the role of microbiota in
human diseases are extensive and the literature mainly spanned from 1980 to 2021, we
emphasized the relevance of the time period of 2010–2020 as providing the most important
research advancements in this area. Bacterial nomenclature and taxonomy were updated
based on the website https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi
(accessed on 11 October 2021). Lactobacillus nomenclature was updated based on https:
//www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi (accessed on 11 October 2021).

Figure 1. A PRISMA �ow diagram of articles in PUBMED for gut microbiota. Texts in the diagram are used in search item
and number (n) of articles showed up in PUBMED.

2. Gut Bacteria and Human Health

Human lifestyle in�uences the composition of intestinal microbiota. In turn, intestinal
microbiota also affects human health, including functions such as the metabolism, intestinal
function, and the neurological and immune system. A �ow chart depicting the role of
intestinal bacteria and a list of bacteria that are associated with various diseases are shown
in Figure 2 and Table 1 respectively.

https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi
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Figure 2. Gut microbiome in health and diseases. Gut microbes have impacts on both infectious diseases and complex
diseases. Their metabolites can be directly involved to induce disease symptoms, for examples, diarrhea, colitis, etc.
Although the gut microbiome may not directly induce complex diseases, such as CRC, autoimmune diseases and neuronal
diseases, etc., they have profound effects on disease symptoms. As complex diseases occur due to interaction of genetic and
environmental factors, gut microbes and their metabolites could play important roles as environmental factors and to help
in shaping or reducing these symptoms. However, antibiotics affect the microbial population and have an overall adverse
effect on human health.

2.1. Digestive Tract Diseases

The gastrointestinal tract (GIT) is a complex combination of microorganisms. Mam-
malian GIT contains a variety of microbial communities, including viruses, bacteria and,
fungi [ 27]. Changes in the functional composition of intestinal microbiota can cause
metabolic disorders, particularly in�ammatory bowel disease (IBD) or Chron's disease.

In normal conditions, the small intestine produces a speci�c antimicrobial immunoglob-
ulin (IgA) against disease-causing bacteria. Secretory IgA (SIgA) plays a critical role in the
establishment and maintenance of gut bacteria. Additionally, some IgAs promote bacterial
growth or do not have an impact on bacterial survival [ 28]. However, cross-speci�city or
poly-speci�city is not uncommon [ 29]. IgA-SEQ using 16S ribosome identi�ed four groups
of intestinal microbiota, Bacteroides, Lactobacillus, UC Erysipelotrichaceae, and Segmented
Filamentous Bacteria (SFB) that induce IgA in the host [30]. Using a specialized IgA binding
technique, colitis causing bacteria, Prevotellaceae,Helicobacterspp., Flexispira and SFB were
also identi�ed in the intestinal tract of the mouse model. The symbiotic microbiota inhibits
the entry of pathogens into the intestinal epithelial barrier by scavenging for nutrients, thus
maintaining the balance of the epithelial barrier and the host immune response. Firmicutes
and Bacteroidesare mainly involved in the secretion of mucus, SCFAs and the activation
of certain pathways in the immune system [ 31]. In patients with IBD, the abundance of
intestinal symbiotic microbiota decreases, leading to a decreased secretion of antimicro-
bial peptides ( � -defensins) from Paneth and Goblet cells. In fact, IBD patients show a
reduction of �rmicutes and an increase ofProteobacteria[32]. The increasedProteobacteria
also leads to the reduction of SCFAs that induce excessive production of IgG to target
the symbiotic microbiota. Activated macrophages produce pro-in�ammatory cytokines
that overstimulate Th1 or Th17 cells to induce in�ammation [ 31]. The loss of intestinal
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barrier integrity leads to increased bacterial antigen translocation and the stimulation of the
in�ammatory response of intestinal mucosa, which is the core pathological feature of IBD.
Intestinal mucus and cells' tight junctions play a major role in maintaining the integrity of
the intestinal barrier. Mice lacking claudin 7, Hnf4a and Muc2 all spontaneously contract to
colitis [ 33]. In muc2 � / � mouse, the increased permeability of the epithelial cell barrier in-
volving tight junctions also show mucus de�ciency, which is accompanied by claudin gene
expression disorder [34]. This codependence may be caused by the signal imbalance of the
regulation of mucus and tight junctions. This interdependence contributes to the feedback
mechanism in the in�ammatory response, making the IBD permanent and causing it to
perpetuate. Salmonellainfection on IBD patients forms membrane folds or interrupts the
tight junctions in epithelial cells, thereby inducing in�ammation in patients. Once it enters
epithelial cells, it blocks the autophagosome pathway, preventing self-degradation [ 35].
Salmonellae typhimuriumenter the neutrophils in the intestinal lumen, where ROS (Reactive
Oxygen Species) and tetracycline are produced. These agents act as the electron acceptor of
the Salmonellaelectron transport chain, thus making abundant growth of S. typhimurium,
accounting for a major microbial population. Abundant Salmonellapopulation reaches the
Peyer's patches by invading dendritic cells (DCs) in the epithelial barrier or M cells in the
lumen and can be identi�ed by the presence of their glycoprotein-2 [31].

Table 1. Microbiota associated in diseases. The abundance of bacteria identi�ed in various diseases.

Cells/Tissue/Other Host Disease Methods
Bacteria Identi-
�ed/Increased

References

Small intestine Human
Digestive tract
diseases

16S RNA
Bacteroides,
Lactobacillus, UC
Erysipelotrichaceae

[28]

Intestinal tract cells Mouse
Digestive tract
diseases

IgA seq
Prevotellaceae,
Helicobacterspp.,
Flexispira and SFB

[30].

Ilium and rectum
Biopsy

Human IBD 16S RNA Proteobacteria [32]

ileocecal biopsies Human PSC-IBD and UC 16S RNA

Escherichia,
Lachnospiraceae
family, Veillonella
and Megasphaera

[36]

Large intestine Human IBS RT-QPCR
Lactobacillus,
bi�dobacteria, and
Clostridium

[37]

Colon and caecum Mice Osmotic diarrhea 16S RNA Bacteroides [38].

Blood, stool, urine Human
Anxiety and
Depression in IBS

fMRI
Bi�dobacterium
longumNCC3001

[39]

Fecal sample Human ASD 16 S RNA

Faecalibacteriu,
Ruminococcus,
Sarcinaand
Clostridium

[40]

Fecal sample Human Schizophrenia
Magnetic Resonance
Spectroscopy

Clostridium,
Lactobacillusand
Bacteroides

[41]

Frozen brain
Biopsy

Human Alzheimer's
16S RNA and Nextgen
Sequencing

P. gingivalis, F.
nucleatumand P.
intermedia,
Helicobacter pylori

[42]

Fecal sample Human Parkinson Disease RT-QPCR Enterobacteriaceae [43]



Int. J. Mol. Sci.2021, 22, 12661 6 of 33

Table 1. Cont.

Cells/Tissue/Other Host Disease Methods
Bacteria Identi-
�ed/Increased

References

Fecal sample Human Diabetes 16S RNA
Bacteriodes,
bi�dobacteria,
Clostridium

[44]

Cecum Mice Obesity 16S RNA
Firmicutes and
Bacteriodetes

[45]

Fecal sample Human Gaut 16S RNA

Bacteroides, Porphy-
romonadaceae
Rhodococcus,
Erysipelatoclostrid-
ium and
Anaerolineaceae

[46]

Fecal sample Human Hypertension
Metagenome shotgun
sequencing

Klebsiellaspp.,
Streptococcusspp.,
and Parabacteroides
merdae

[47]

Fecal sample Human Atherosclerosis
Metagenome shotgun
sequencing

Roseburia [48].

Fecal sample Human Colorectal cancer RT-QPCR

F. nuclea-
tum,Peptostreptococcus
anaerobius, P.
stomatis,
Solobacterium
moorei, Gemella
morbillorum and
Parvimonas micra

[49]

Fecal sample Human Colorectal Cancer
16S RNA, NextGen
sequencing

F. nucleatum [50].

Fecal sample Human Allergy 16S RNA
Enterobacteriaceae
and
Parabacteroides

[51].

Primary Sclerosing Cholangitis-IBD (PSC-IBD) is a hepatic-biliary-intestinal axis-
associated in�ammatory autoimmune disease. Escherichia, Lachnospiraceaefamily, Veillonella
and Megasphaerawere signi�cantly elevated in patients with PSC-IBD with a signi�cant
increase in adhesion compared to controls. The genes of these bacteria encode an amine
oxidase that acts as a vap1 substrate [36]. VAP1 recruits effector cells to the liver, both as an
adhesion molecule and as a semi-carbazide-sensitive amine oxidase. In absence of VAP1,
Prevotellaand Roseburiaspp. (butyrate producers) in IBD-PSC patients are reduced, with
the complete removal of Bacteroidesspp.

Gwee et al [52] were the �rst to demonstrate that patients with high stress and mental
disorders had a higher risk of contracting IBS (Irritable Bowel Syndrome). In IBS pa-
tients, E. coliand Salmonellawere found to cross through the epithelium and to increases
vasoactive intestinal peptide (VIP) levels, tryptase levels, mast cell counts, and mast cells
expressing VIP receptor type 1 (VPAC1) in plasma. Signi�cant changes in gene expression
were observed in IBS-D patients carrying Lactobacillus, bi�dobacteria and Clostridium. Probi-
otics improved the health of these patients [ 37]. The IBS-C patients do not have these three
bacteria, but the presence of a high amount of methane indicates that the pathogenesis of
IBS-C patients may also be related to methanogen bacteria.

Dysbiosis, or the imbalance of microbiota, especially in the gut, is shown to be associ-
ated with the onset and progression of IBS [53]. Functional dyspepsia (FD) is a frequent
gastrointestinal disorder characterized by epigastric pain or burning of the upper digestive
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tract and is associated with differences in the commensal bacterial community between
FD patients and healthy controls [ 54]. Intestinal dysbiosis is an emerging concept and its
evaluation in IBS and FD could dictate future treatment strategy [ 55]. Helicobactor pylori
associated dyspepsia is considered as a distinct entity of gastrointestinal disorder and could
be treated by eradication therapy [56].

Osmotic diarrhea, a disease of intestinal osmotic pressure occurs in patients with
celiac disease, malabsorption, lactose intolerance and the abuse of laxatives. Polyethylene
glycol (PEG) exposes mice to mild diarrhea. After 6 days of dose dependent PEG treatment,
a signi�cant reduction of the microbial diversity was observed, S24-7 bacteria and Y-
Proteobacteria were disappeared, and the number of low-abundance microbiota, such
as Bacteroideswere ampli�ed. However, after stopping the treatment, the physiological
damage of the host's intestines was recovered, and colonization of the bacteria in the
intestines was re-established [38].

Lyer et al. [57] found that dietary and microbial oxazole can induce in�ammation
by modulating the aryl hydrocarbon receptor (AhR) response. Oxazole compound OxC,
derived from industrial, dietary, and intestinal commensal bacteria can impair the lipid
antigen presentation function of CD1d in intestinal epithelial cells, reduce IL-10 production,
promote iNKT-mediated colon in�ammation and can activate the AhR that triggers a
CD1d-dependent intestinal in�ammatory response.

2.2. Intestinal Encephalopathy

The intestinal microbiota plays an irreplaceable role in the basic processes of neurogen-
esis, such as the formation of the blood-brain barrier, the development of the myelin sheath,
the maturation of microglia and brain development [ 58–60]. Sterile mice (GF, germ free)
without intact intestinal microbiota showed more ADHD (Attention De�cit Hypertension
Disorders) symptoms and risk-taking behavior than traditional (non-speci�c pathogen-
free) mice. They also demonstrated de�ciencies in learning and memory skills [ 61,62]. In
addition, the Blood-Brain Barrier (BBB) of GF mice is impaired, which is accompanied by
an increase in prefrontal myelination, serotonin receptors (5-HT1A), neurotrophic factors
(such as BDNF) and NMDA receptors in the hippocampus [ 63]. Animal models indicate
that intestinal microbiota affects neuropsychiatric disorders, including depression and anx-
ieties in autism (ASD) [ 64], schizophrenia [65], Parkinson's disease (PD) and Alzheimer's
disease (AD) [66].

2.2.1. Anxiety and Depression

Depression is associated with stress that could be accompanied by a decrease in
the diversity or density of the intestinal microbiota. Intestinal bacteria produces LPS
(Lipopolysaccharides) that can enter the bloodstream to cause in�ammation [ 67]. On the
other hand, excessive saturated fatty acids, produced by gut bacteria, can induce pro-
in�ammatory factors, which are produced by adipocytes and macrophages and disrupt the
integrity of the BBB [Figure 3]. These pro-in�ammatory immune cells reach the brain, caus-
ing neuroin�ammation that affects mood (depression) and behavior [ 68,69]. In comparison
to healthy people, patients with major depression have an increased abundance of thick-
walled bacteria, actinomycetes and Bacteroides. When sterile mice receive the intestinal
microbiota of patients with severe depression, they exhibit depression-like behavior com-
pared to mice that receive healthy human intestinal microbiota [ 70]. Bi�dobacterium longum
NCC3001 can increase the quality of life of patients with IBS and reduce the response to
multiple negative emotional stimuli in the brain of patients, which has a regulatory effect
on depression [39].
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Figure 3. Feedback mechanism of axis of gut-brain. Metabolites secreted by microbiotas are
absorbed in gut epithelia, through which they can reach the brain through bloodstream by crossing
BBB. They activate the brain to secret hormones and neurotransmitters, which can regulate gut
microbes and intestinal activities.

2.2.2. Autism Spectrum Disorders (ASD)

Patients with autism often exhibit gastrointestinal dysfunction. C57 mice of an ASD
model display abnormalities in behavior, immune state and an intestinal ecological imbal-
ance [71]. These differences are associated with abundances inBacteroides, Parabacteroides,
Sutterella, Dehalobacteriumand Oscillospira[72]. Similarly, the abundance and diversity of
Clostridium spp., anaerobic and micro-aerophilic bacteria without spore formation also
increases in ASD patients compared to control groups [ 40]. The ASD gut microbiota lacks
speci�c bacteria such as Prevotella copri[73,74]. Gastrointestinal complications are more
common in children with ASD than controls and Sutterellais closely associated with in-
testinal epithelial cells in children with ASD [ 75]. Therefore, enriching the microbiota with
speci�c microorganisms may contribute to the treatment of ASD [76].

2.2.3. Schizophrenia

Socially Isolated (SI) rats are useful animal models for studying schizophrenia. In the
intestinal microbiota of SI rats, Actinomycetesare increased and,Clostridium is decreased. In
addition, early life stress causes long-term changes in the intestinal microbiota, causing
abnormal neurodevelopment and behavior. By analyzing the brain with magnetic reso-
nance spectroscopy in patients with ultra-high risk (UHR) of schizophrenia, we observed
that Clostridium, Lactobacillusand Bacteroidesin the intestinal microbiota of UHR group
were signi�cantly higher than for the HR (high risk) and HC (healthy control) groups [ 41].
Changes in intestinal microbiota led to differences in the choline concentration in the Ante-
rior Cingulate Gyrus (ACG) and, the choline levels in the UHR group were signi�cantly
increased in comparison to the HR and HC groups. Elevated choline levels are hallmarks
of membrane dysfunction in brain images of Schizophrenia patients.

In schizophrenia patients, Chlamydiainfections increase the diversity of blood micro-
biota, which negatively correlates with the abundance of CD8 + memory T cells [77]. The
diversity of the microbiota signi�cantly increased in the blood of patients with schizophre-
nia with two special microbes, Planctomycetes and Thermotogae[78]. Planctomycetes are
Gram-negative phylum of bacteria, which forms a Planctomycetes- S. cerevisiaeassociation
with Chlamydomonas.

There is also a difference in fecal microbiota between schizophrenia patients and
healthy people [ 79]. A signi�cant increase in six types of bacteria ( Succinivibrionaceae,
Collinsella, Megasphaera, Clostridium, Methanobrevibacterand Klebsiella)and a decrease in
three types of bacteria (Blautia, Roseburiaand Coprococcus)were documented.
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2.2.4. Alzheimer's Disease (AD)

The diversity of intestinal microbiota is reduced in AD patients compared to healthy
controls. Thick-walled bacteria and Bacteroidetesare abundant while actinomycetes and
bi�dobacteria are reduced. Moreover, the difference in types of bacterial genus between
patients and the healthy controls are correlated with Cerebro Spinal Fluid (CSF) biomarkers
of an AD pathology [ 80]. There are several types of CSF biomarkers: (1) A� 42/A � 40:
Lower A � 42/A � 40 in CSF re�ects lower amyloid content, which means increased amyloid
deposition in the brain. (2) The p-tau: a marker of neuro�brillary tangles, the higher the p-
tau is, the more severe is the tangles in the brain [81]. (3) p-tau/A � 42: a higher p-tau/A � 42
indicates higher pathologic complications of AD. (4) Chitinase-3-like protein 1 (YKL-40):
an increase in YKL-40 (astrocyte and microglial activation markers) in the CSF of patients
denotes dementia caused by AD [82]. An increase of the Bacteroidesand Blautia in AD, is
negatively correlated with CSF A � 42/A � 40, and positively correlated with CSF p-tau and
p-tau/A � 42. Furthermore, the increase inBacteroides and the decrease inTuricibacterand
SMB53 (family Clostridiaceae) in AD patients is associated with an increase in CSF YKL-40.

H. pylori infection in�uences the pathophysiology of AD [ 83]. Although it induces
severe gastritis and neuroin�ammation, it does not induce amyloid deposition or systemic
in�ammation [ 84]. The intestinal microbiota of AD patient may be dysregulated, including
Escherichiaand Shigella,which are increased, whereas the anti-in�ammatory effect of E.
coli and Bacteroides fragilisdecreases [85]. These changes lead to elevated levels of related
in�ammatory factors in the blood and brain, such as IL-6, IL-1 � , IL-17A, IL-22, ROS,
NFkB, CD14, TLR1/2, which trigger neurodegeneration. A decrease of the abundance
of Lactobacillusand bi�dobacteria in AD patients, results in the decreased expression of
GABA in blood and brain with a cognitive impairment. When probiotics of these two
bacteria are supplemented, the cognition of AD patients is improved [ 42,86]. Therefore,
poor conditions of AD patients may be associated with altered intestinal microbiota, which
can be used to treat AD.

LPS, produced by bacteria, has also been found to be highly enriched in the neocortex
and hippocampus of AD patients, exhibiting a 2-fold and a 3-fold increase, respectively,
compared to healthy controls. LPS enrichment is more severe in some patients with
advanced AD and can be increased by a factor of 26 [87]. In addition, environmental factors
can also indirectly aggravate AD. Chronic noise causes cognitive impairment in young
SAMP8 mice and beta amyloid (A � ) enrichment in the hippocampus may be associated
with decreased intestinal microbiota diversity [ 88]. In younger SAMP8 mice, endothelial
tight junction proteins are reduced in the gut and brain, while serum neurotransmitters
and in�ammatory mediators are elevated. Noise-induced intestinal bacterial changes are
further con�rmed by bacterial transplantation experiments, destroying epithelial integrity
and enriching A � .

2.2.5. Parkinson's Disease (PD)

Microbial density on the mucosal surface in the intestinal and olfactory bulbs differs in
PD patients and healthy controls, suggesting that there could be an involvement of microbes
in PD pathogenesis [89]. In the fecal samples of PD patients, the abundance of Prevotella
and Bacteroidesare decreased and that of the family Enterobacteriaceaeis increased. At the
same time, the concentration of SCFAs decreases signi�cantly, which may lead to changes
in the CNS and may indirectly cause gastrointestinal motility disorder in PD patients [ 43].
The risk of PD may be signi�cantly higher in patients infected with H. pylori than in healthy
people over 60 years old, but not in people under 60 years old. However, no signi�cant
association betweenHelicobactoreradication and PD risk are observed [90]. Rotenone is a
common inhibitor of mitochondrial complex I and in PD models, microbiota may promote
the rotenone induced-PD via motor and central nervous system dysfunctions [91].


















































