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ABSTRACT
The gut microbiota is a complex microbial community residing in the intestine and their collective genomes
constitute the gut microbiome. The microbial community of the gut interact with the host through the secretion
of metabolites making a profound impact on the human health and physiology. Coordination between the
host, the microbiota and their metabolic products are necessary for the proper functioning of the host. Any
disturbance in the gut microbiota due to a number of factors, paves the way in the pathogenesis of various
intestinal and extra-intestinal disorders including COVID according to recent studies. This phenomenon
known as ‘Dysbiosis’ is developed as a result of this gut microbial imbalance that disrupt the normal host
function, which in association with oxidative stress contribute to various diseases, when the balance
between oxidants and antioxidants is hampered. The commensal populations regulate the gut composition
and balance by inducing gut immune responses. Gut immune homeostasis is dependent on balanced
inflammatory mechanisms. If the communication between them is disrupted, disease is favoured.
Physiological interaction of the gut with other organ systems in the host is necessary for the perfect
co-ordination of various complex host machineries. Distorted interactions trigger host mechanisms,
contributing to the pathogenesis of several conditions and diseases. Thus, a complex correlation and
mutualistic host-microbiome relationship is vital for gut homeostasis. This article provides a note on the
association between gut microbiome and its dysbiosis with disease pathogenesis in relation to oxidative
stress, immunity and inflammation; followed by gut interactions with brain, liver, lung, joint and kidney and
related diseases and finally the pathophysiology of various intestinal, extra-intestinal and respiratory
disorder (COVID-19).
KEYWORDS:Gut microbiota, endocrine organ, leaky gut, lipopolysaccharide, antioxidants,
immune-mediated inflammatory disorders, hypothalamus–pituitary–adrenal (HPA) axis, antigenic mimicry,
gut-lung axis

I. INTRODUCTION
In humans, the gut microbiota consists of the
highest number of bacteria and a vast diversity of
species in comparison to other regions of the body.
Establishment of the gut flora begins immediately
after birth. The protective barriers that include the
intestinal epithelium and mucosal barrier
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co-develops with the host, exhibiting support to
beneficial flora, tolerance and defence to
pathogenic organisms. The relationship between
certain gut microbiota and human is mutual as
both are benefitted with regard to metabolism of
bile acids, xenobiotics; fermentation of dietary
fibres into short-chain fatty acids (SCFAs) such as
butyric acid which is taken by the host as energy;
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vitamin B and K synthesis; etc. Variation in
colonization of gut microbiota is observed over time
displaying distinct composition at every stage.
These variations can be contributed by various
factors such as gestational age, mode of delivery,
diet, medications, environmental stressors, etc.
The gut flora functions as an endocrine organ and
its dysregulation are correlated with host
inflammatory and autoimmune conditions.
Oxidative stress occurs when there is an imbalance
between the oxidants and antioxidants disrupting
the normal cellular oxidative mechanism leading to
onset of diseases.
A symbiotic relationship is established between
humans and microbes over time, and any
disturbances in this relationship have been
associated
with
several
immune-mediated
inflammatory diseases (IMID) (Table 2). A balanced
relationship between commensal microbes of the
gut and host innate and adaptive immunity and
between pro- and anti-inflammatory mechanisms
(Fig 4) is essential for gut immune homeostasis. In
a study, segmented filamentous bacteria (SFB)
promoted the aggregation of pro-inflammatory T
helper 1 (Th1) and Th17 cells in the small intestine
[1]

in mice .
Studies have revealed that the healthy bacteria of
gut may contribute to the physiological
interactions with other systems such as the brain,
cardiovascular organs, and metabolic activity
related tissues and thus aid in fighting
I.
hypertension and progression of metabolic
[2]

syndrome , (Table 3). Improper communication
II.
between the gut and the other systems can lead to
related diseases such as nervous disorders when
the gut-brain axis is disrupted, respiratory
disorders when the gut-lung axis is disrupted and
so on. The gut microbial composition influences
the type of compounds produced that can
negatively impact the host, culminating into
diseases.
STRUCTURE OF THE PAPER:
Section I gives the introduction, structure of the
paper and the objectives
Section II defines gut dysbiosis
Section III discusses the association of gut
microbiota with diseased pathogenesis
Section IV provides the role of gut dysbiosis in
disease pathogenesis
Section V gives an overview of disease
pathophysiology and Dysbiotic condition and an
emphasis on gut microbiota in relation with
COVID-19
184

Section VI concludes the paper with references
OBJECTIVES:
Gut microbiota being an endocrine organ
performing all the required functions, can be
considered as a hotspot for disease study,
diagnosis, treatment and prevention.
This article aims to provide an association between
gut microbiota with disease pathogenesis, how the
disrupted gut microbial composition can be a
starting point for disease pathogenesis and the
pathophysiology
of
various
intestinal,
extra-intestinal and respiratory disorder taking
COVID-19 as an example.

II. GUT DYSBIOSIS
Balanced gut microbiota composition ensures
perfect coordination in the host activities leading to
the effective functioning of the host. Several factors
can compromise the gut microflora, disrupting its
balance leading to gut dysbiosis. Alterations in the
native gut microbiota can damage the normal
microbial community leading to its imbalance,
contributing to dysbiosis. This can increase the
pathogen infection risk, harmful pathobionts
overgrowth, that may eventually lead to
dysfunction of host machineries, hence paving way
to the pathogenesis and/or progression toward a
broad spectrum of diseases

[3]

.

III. ASSOCIATION OF GUT MICROBIOTA WITH
DISEASE PATHOGENESIS
a.GUT MICROBIOME AND OXIDATIVE STRESS
During oxidative cellular metabolism, there is
lower intracellular production of reactive oxygen
species (ROS) and reactive nitrogen species (RNS)
as a by-product that has a basic role in different life
[4]

processes . Elevated levels of ROS/RNS can lead
to cellular redox potential disturbances due to host
defence mechanisms‘ inability to restore the
balance
which
can
damage
cellular
components (like proteins, DNA, and membranes),
alter enzyme functions, and also act as signalling
[4,6]

molecules leading to a number of diseases
. The
gastrointestinal (GI) tract or gut is a major source
of ROS
altered

[7]

which are produced abundantly in their
diseased state leading to disease

development

[4,6,7]
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(Fig 1) (Table 1).

as threat by the immune system limits the
pathogenesis of various diseases.
Co-evolution of the immune system with the
diverse flora of the gut has helped in developing
[14]

resilience for beneficial microbes
. As a result,
there is a development of mutualistic relationship
between the immune system and the gut
microbiota, regulating and cooperating to support
each other which is evident that 70–80% of the
[15]

body‘s immune cells are prevalent in the gut
.
The cross-talk between the immune system and
the microbiota begins from the time of contact of
our body with microbes i.e., during birth (Fig 2). As
we age, the mutual relationship where the
microbiota
shapes
the
immune
system
development, and vice versa shaping the gut

Fig 1: Gut microbiota role in combating oxidative

[16]

[5]

stress
STRESS-GUT

OXIDATIVE
DYSBIOSIS
A perfect balance is maintained
between
the
endogenous
(ROS/RNS) and exogenous (alcohol,
pollution,
antibiotic)
oxidants
produced in the gut and their
detoxification
by
antioxidant
systems in healthy individuals.
Disruption in this homeostatic
condition elevates the oxidative
stress
leading
to
dysbiosis
condition
alongside
various
diseases. There is altered Firmicutes
and Bacteroidetes ratio, increase in
opportunistic pathogens (E. coli,
Klebsiella,
Fusobacterium,
C.
difficile etc.), disrupted gut-brain
axis, activation of immune system
leading to inflammation

DISEASES
Hepatic
encephalop
athy
[8]

,Alzheime

r‘s

disease

[9]

, Diabetes
,

[10]

Inflammato
ry
bowel
[11]

disease
Irritable
bowel
syndrome

,

microbiota composition
sustains throughout
life which is the basis for a healthy interaction
between the gut microbiota and the immune
system.
In normal conditions, the immune system
maintains a balanced microbial community by
encouraging the growth of beneficial microbes and
in return, a healthy microbiota supports the
development of immune cells by releasing
molecular
signals
and
adjusting
immune
[17, 18]

responses
. Hence, a healthy communication
between the gut microbiota and the immune
system aids in defence against pathogens,
resilience to harmless microbes and their products
and maintenance of the immune system to not
produce any adverse effects to our own body.

[12]

,

Parkinson‘s
disease

[13]

[5]

.

TABLE 1: Disease pathogenesis in relation to gut
dysbiosis and oxidative stress

b. GUT MICROBIOME AND HOST IMMUNITY AND
INFLAMMATION
i. Gut-host relationship on the basis of
immunity:The immune system comprises of an
association of cells and molecules known for their
defence mechanism against the foreign pathogens
(non-self) by responding to it. This monitoring
mechanism of perceiving the infectious microbes
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Fig 2: Potential crosstalk mechanisms between
maternal microbiota and offspring immunity
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[19]

ii. Gut dysbiosis and Inflammation:The most
predominant phyla of the healthy gut include
Firmicutes and Bacteroidetes,
followed
by Actinobacteria, Proteobacteria,
[20,

21]

and Verrucomicrobia
.The host immune
system has the role in blocking the invasion of
pathogenic bacteria and facilitating the entry of
[22]

beneficial gut microbiota
. Gut microbiota
imbalance alters the host immune system,
activating its response, leading to disease
pathogenesis

[22, 23]

by the elevation of gut harmful

[24]

bacteria
, releasing enterotoxins that increase
intestinal
permeability
and
produce
immunosuppressive proteins leading to immune
disruption. This can damage the intestinal
epithelial cells, affecting energy metabolism and
[23]

finally, leading to intestinal inflammation
(Fig
3). Disease-relatedmicrobes
(Proteobacteria species
of
the
Enterobacteriaceae phylum)
are
seen
in
inflammatory bowel disease (IBD) and other
[20, 25]

diseases
.Intestinal inflamed environment
(aerobic conditions, biological sources from
intestinal epithelial cells (verge of death), and
mucus lining optimal thickness) harbours
organisms providing optimal environment for their
growth. However, in most cases, the microbe itself
is not responsible for the disease but can increase
its susceptibility which is seen in the case of
Enterobacteriaceae species
increasing
susceptibility to intestinal inflammation, leading to
[24]

IBD development
. A change in the ratio
of Firmicutes and Bacteroides species as a result of

Many factors such as infection, injury etc., can
lead to inflammatory host response in the gut.
Studies have shown that an inflammatory tissue
environment is an accessory to disturbances in the
gut microbiota showing specific bacterial species
blooms that have the ability to utilize nutrients
more effectively in the inflamed gut. A study was
reported in a mouse model invaded by a pathogen
Helicobacter hepaticus, which caused considerable
disturbances in the structure of the gut microbial
community; reducing its diversity as a result of
[28]

infection
. Pathogens within the family
Enterobacteriaceae, such as Citrobacter rodentium
and Salmonella, utilize virulence factors at first, to
stimulate intestinal inflammation, which turns
beneficial for their growth in the intestinal lumen
[29, 30]

. During oral infection with Citrobacter
rodentium, the pathogen elicits inflammatory
response, reducing the colonic microbial diversity
facilitating
the
growth
of
facultative
Enterobacteriaceae

[31]

.

PATHOPHYSIOLOGY
IMMUNITY:
Dysbiosis can result in the disruption
of the epithelial barrier, elevating the
susceptibility to infections. Also,
dysbiosis can lead to faulty immune
reactions to the gut microbiota, that
can pave the way for chronic
inflammation and tissue damage
manifesting
these
consequences
throughout the body making an
impact
on
the
tissue-specific
immunity
leading
to
organ
dysfunctions.
These
abnormal
communications may lead to allergies,
compromising
immunological
self-tolerance, leading to autoimmune

Diseases
Inflammat
ory bowel
disease

[35]

Type
I
diabetes
[35]

Obesity

[35]

[32]

gut dysbiosis in IBD patients has been reported
[27]

[26]

.

Fig 3: Gut dysbiosis leading to IBD
The reverse can happen where inflammation can
result in gut dysbiosis.
iii.
Dysbiosis
as
a
result
of
Inflammation-induced environmental changes:
186

disorders
.
INFLAMMATION:
An imbalance in the gut microbiota
result
in
shift
towards
a
pro-inflammatory state affecting the
host intestinal physiology where
disruptions in the intestinal barrier
are observed. When there is a
disruption in the integrity of these
tight junction protein complexes, the
intestinal permeability increases,
paving the way for the bacterial
antigens
like
endotoxin
lipopolysaccharide to move out of the
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Atheroscle
rosis

[35]

Non-alcoh
olic fatty
liver
disease

[36]

intestinal lumen and travel to other
areas of the body; showing elevation
in the blood stream which could
result in systemic inflammatory
[33]

effects
. These events can impact
CNS immunity and affect the integrity
[34]

Multiple
sclerosis
[37]

of the blood–brain barrier
leading
to neurological diseases.
TABLE 2: Disease pathogenesis in relation to host
immunity and inflammation
Therefore, microbes and metabolites produced in
the
gut
are
necessary
in
maintaining
immunological equilibrium. Disturbances in the
gut microbiota balance impacts the gut mucosa
and systemic immune response. A ‗leaky gut‘ is
indicated by increased gut permeability, microbial
imbalance, and impaired mucosal immunity which
have been known to be responsible for the
development of Immune-mediated Inflammatory
Diseases (IMID)

(a) Intestinal homeostasis is correlated with enteric
bacteria residing in the intestinal lumen.

(b) Dysbiosis and oxidative stress in the gut as
contributors of intestinal diseases pathogenesis.
Fig 4: Associations between gut microbiota,
intestinal inflammation, and oxidative stress

[38]

.
IV.

ROLE OF GUT DYSBIOSIS IN DISEASE PATHOGENESIS

INTERACTION OF GUT WITH LIVER, BRAIN, LUNG, JOINT, KIDNEY

GUT-LIVER AXIS

DESCRIPTION

The gut-liver axis is the bidirectional relationship between the gut, its
microbiota, and the liver, as a result of the integration of signals produced
factors (diet, genetic, environment), through the portal vein which aids in the
transport of gut-derived products directly to the liver, and the liver products
(bile and antibody secretion) to the intestine. The intestinal mucosal and
lining of the vascular system form the functional and anatomical structure
for the gut-liver interactions, restricting the systemic microbial and toxin
circulation and facilitating the nutrients to access the circulation and reach
the liver. Maintenance of the microbial communities influences the gut-liver
axis balance, and in turn the liver shapes intestinal microbial communities.
Alcohol damages the gut-liver axis at various interconnected levels, that also
consists of gut microbiome, mucus barrier, epithelial barrier and at the
stage of antimicrobial peptide production. This can increase the chances of
exposure to microbes and the pro-inflammatory environment of the liver.
The pathogenetic role of microbe-derived metabolites (trimethylamine,
secondary bile acids, short-chain fatty acids and ethanol) in the
pathogenesis of non-alcoholic fatty liver disease have also been reported
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[40]

.

[39]

ILLUSTRATION

Gut liver axis
DISEASES

DESCRIPTION

[41]

Irritable Bowel syndrome, Inflammatory Bowel disease, Non-alcoholic fatty
liver disease, Hepatic encephalopathy, etc.
GUT-BRAIN AXIS
The gut-brain axis (GBA) is the link between the central nervous system
(CNS) and the enteric nervous system (ENS) of the body and the
gastrointestinal tract, that includes direct and indirect pathways between
cognitive
and
emotional
centres
in
the brain with
peripheral intestinal functions. Biochemical signals are passed between the
gut–brain axis through the vagus nerve. The nervous system is stimulated
by neurotransmitters and SCFAs produced by the gut bacteria. Memory and
[42]

stress regulation are found to be enhanced by certain bacteria types
.
Imbalance in the intestinal microbiota result in extra-intestinal diseases and
disrupt the ‗gut–brain–axis‘, hence affecting the CNS and behaviour and
cognitive
function
by
direct
reprogramming
of
the
hypothalamus–pituitary–adrenal (HPA) axis, which is a stress (infection and
psychological)-activated pathway. Enteric infections can cause anxiety,
depression, and cognitive dysfunction. Commensal bacteria may alter brain
mechanisms through gamma-Aminobutyric acid (GABA), which can
directly influence immune and neural receptors within the ENS and CNS

[33,

34]

, as GABA is a CNS inhibitory neurotransmitter, involved in regulating

physiological and psychological processes. Anxiety and depression
pathogenesis is favoured by disturbances in the central GABA receptor
expression

[43]

.

ILLUSTRATION

Gut-brain axis
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[44]
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DISEASES

Inflammatory arthritis, Irritable Bowel syndrome, Alzheimer‘s disease,
Parkinson‘s disease, Autism spectrum disorder, etc.
GUT-LUNG AXIS

DESCRIPTION

Gut-lung axis is the bidirectional cross-talk between gut microbiota and
[45]

lungs
. Metabolites produced by the gut microbiota travel via blood and
reach the lung, damaging it. When an inflammation occurs in the lung, it
[46, 47]

can affect the gut microbiota as well
. Dysbiosis occurs during
infections, inflammation and metabolic disorders, that can change disease
outcomes in the nearby region and also in distant organs, such as the
respiratory tract. Gut dysbiosis and metabolites produced by the microbes
affect immune responses, recruit pro-inflammatory cytokines and
neutrophils resulting in inflammation, and damage to the lungs (Alveolar
damage, intestinal swelling, endothelial injury), leading to disease
development.
The
respiratory
microbiome
includes
Bacteroidetes, Firmicutes, and Proteobacteria phyla inhabiting each niche
and playing a protective role in immunity. Influenza facilitates the
attachment of pathogenic bacteria to respiratory cells, increasing risk of
[48]

infection and disease in vivo , implying an interaction between viral
pathogens and bacteria not only in gut, but also in the respiratory tract.
ILLUSTRATION

Gut-lung axis
DISEASES

[49]

Inflammatory arthritis, COVID-19, etc.
GUT-JOINT AXIS

DESCRIPTION

Gut-joint axis is the relationship between the gut and the joints. Gut
dysbiosis can result in leaky gut which increases the permeability of the gut
wall lumen. Hence, the pathogens, microbes and their metabolites are
exposed to the immune system, that activates the immune regulating cells
such as CD4, CD8, NK, Th 17, mast cells, neutrophils, etc. These cells pass
through the blood and reach the joints producing an inflammation by the
accumulation of interleukins (IL) and tumor necrosis factor (TNF)
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[50]

.

ILLUSTRATION

Gut-joint axis
DISEASE

[50]

Rheumatoid arthritis, Inflammatory bowel disease

GUT-KIDNEY AXIS
DESCRIPTION

The bidirectional inter-organ communication of kidney with the
gastrointestinal tract is the gut-kidney axis. Antibiotics, reduced dietary
fibres impact intestinal tight junctions, lead to increased intestinal
permeability, and translocation of bacterial metabolic products across the
intestinal barrier. This evokes an immune response, resulting in systemic
inflammation, contributing to deteriorating kidney disease. Increased
gastrointestinal urea secretion leads to gut microbiota dysbiosis and
increased toxic ammonia formation [51]. Uraemia affects gut microbiota
composition and metabolism. Uremic toxins originate from microbial
metabolism. Gut dysbiosis lead to epithelial barrier disruption, ultimately
resulting in elevated exposure of the host to endotoxins. The uremic and
endotoxins migrate to kidney and damage it leading to chronic kidney
disease

[52]

.

ILLUSTRATION

Gut-kidney axis
190
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[53]

DISEASES

Chronic kidney disease, cardiovascular disease, IgA nephropathy,
nephrolithiasis, hypertension, acute kidney injury, haemodialysis and
peritoneal dialysis

TABLE 3: Physiological interaction of gut with other systems
disrupting the normal functioning of the host,
leading to production of microbial-derived
V. DISEASE PATHOPHYSIOLOGY AND
products or metabolites which might pose harm
DYSBIOTIC CONDITION
to the host causing diverse range of diseases
A vast number of metabolic products and
other compounds are produced by microbes
that can directly interact with various
physiological host processes. To maintain these
processes, the immune system checks the
metabolic state of the gut microbiota and
communicates that information to other body
tissues. Composition of the gut flora influences
the type of compounds produced by the gut
microbiota. Hence, any imbalances in the gut
microbiota (dysbiosis) can influence the
production of the molecular signals needed for
effective communication between the gut
microbiota and our physiological pathways [54]

[55]

(Fig 5) (Table 4)

Fig 5: Gut dysbiosis influencing pathway
communication

S.
Disease
Pathophysiology
N
category
O
1. 1) INTESTINAL DISORDERS
i.

A disorder of the gut–brain axis. Factors
such as diet, genetic and infections,
disturb the intestinal microbiota; alter the
gastrointestinal
motility,
alter
the
permeability of intestinal wall, resulting in
immune activation and low-grade mucosal
inflammation. The altered permeability
condition disrupts the bile salt and
serotonin metabolism. These conditions
ultimately alter the brain function

ii.
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Dysbiosis condition

Disease

↑Enterobacteriaceae,
Lactobacillaceae,
Bacteroides
↓Faecalibacterium,

Irritable
Bowel
syndrome
(IBS)

Bifidobacterium

[57]

[56]

.

Gut dysbiosis leads to a series of
conditions: Alterations in the intestinal
mucosal
permeability,
activation
of
antigen-presenting cells by Toll-like
receptors (TLRs) and Nod-like receptors
(NLRs)
(innate
immune
sensors),
citrullination of peptides by enzymatic
action,
antigenic
mimicry,
T
cell
differentiation, and migration of Th 17 into
the peripheral lymphoid tissue resulting in
secretion of IL-17 that induce systemic B
cell
differentiation
and
antibody

↑Prevotella
↓ Bifidobacterium,
Bacteroides
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[58]

Inflammato
ry arthritis

production [25] leading to inflammation.
This can lead to autoimmune disease
development
via
molecular
pattern
[58]

iii.

recognition (PRR) from gut microbiota
Environmental factors cause dysbiosis of
the intestine, resulting to abnormal
immune
response
(to
pathogens,
commensal microbes), leading to chronic
[59]

inflammation of the digestive tract.
Crohn‘ disease displays inflamed regions
scattered in the gut.
Ulcerative colitis is the continuous
inflammation of the colon

[60]

CD:
↑Enterobacteriaceae, P
asteurellaceae,
Veillonellaceae,
Fusobacteriaceae,
↓ Erysipelotrichales,
Bacteroidales,
Clostridiales
UC:
↑ proteobacteriae
↓ Firmicutes
Bacteroidales,

Inflammato
ry
Bowel
Disease
(IBD):
Crohn‘s
disease and
(CD),
Ulcerative
colitis (UC)

[43]

iv.

Antibiotics
such
as
clindamycin,
ciprofloxacin,
cephalosporin,
and
fluoroquinolones
used
for
C.
difficile-associated
disease
(CDAD)
treatment, suppress C difficile and the
endogenous
protective
microflora.
Following C difficile ingestion, its spores
germinate and the toxin-producing cells
start growing. This can alter the gut
epithelium and invoke an immune
response. Recurrence of infection occurs
when C difficile spores survive in the gut
despite
antibiotic
treatment,
which
eventually germinate, resulting in toxin
production from vegetative cells beginning
the cycle of CDAD symptoms. Until the
normal gut flora recovers, the C
difficile recovers faster than normal gut

Clostridiales
Antibiotics:
↓Bifidobacterium,
Clostridium,
Bacteroides,
Lactobacilli
Proton
pump
inhibitors:
↑ Firmicutes
Streptococcus
↓Bacteroidetes
Age:
↑Bacteroidetes
Proteobacteria
↓ Bifidobacterium
Lactobacillus

Clostridium
difficile
infection
(CDI)

[62]

[61]

v.

microbiota, causing recurrence
.
Genetic predisposition (HLA-DQ2 and
HLA-DQ8 haplotypes) and exposure to
prolamines
[proteins
(proline
+
glutamine) of wheat gluten] contribute to
[63]

the Celiac Disease pathogenesis
.
Following gluten digestion, an immune
response is triggered, that causes
inflammation and damage to the small
intestine and gut dysbiosis, leading to
the malabsorption of
iron,
folate,
calcium, and vitamin D in genetically

↑Bacteroides–Prevotell
a,
Clostriudiumhystolitic
um,
Eubacterium
rectale– C.coccoides,
Atopobium,
Staphylococcus
↓Bifidobacterium

Celiac
Disease
(CD)

[65]

[64]

vi.

susceptible individuals
.
20% of all tumours are preceded by chronic
[66]

inflammation
. During carcinogenesis
stimulated by growth and angiogenic
factors,
production
of
inflammatory
192

↑ Bacteroides fragilis,
Fusobacterium
nucleatum,
Enterococcaceae or
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Colorectal
cancer
(CRC)

cytokines and chemokines by cancer cells
attract immature myeloid cells or
pro-inflammatory Th cells and suppress
antitumor
T-cell
responses
[67]

favouringtumour
progression.
Gut
microbiota
dysbiosis
and
increased
intestinal
permeability
are
highly
associated to colon inflammation. This
could be a critical factor in the initiation
and/or
progression
of
colorectal
[68]

cancer
.
2. 2) EXTRA-INTESTINAL DISORDERS
A

Campylobacter,
Peptostreptococus,
Enterococus faecalis,
Escherichia
coli,
Shigella
Streptococcus
gallolyticus,
↓Faecalibacterium, Bl
autia,
Clostridium,
Bifidobacterium,
Roseburia

[69]

METABOLIC DISORDERS
i.

High-fat diet and over food consumption
can lead to dysbiosis of the gut microbiota.
This is accompanied by increased energy
harvest, enhanced gut permeability and
inflammation,
leading
to
metabolic
diseases. Certain bacteria are known for
their efficient energy harvest role. Gut
dysbiosis leads to elevated levels of these
species. The gut of obese women with
metabolic disorder had a higher proportion
of bacteria, Clostridium coccoides, which
can efficiently harvest energy from

↑ Firmicutes

Obesity

↓ Bacteroidetes

[71]

[70]

ii.

nutrients in the gut
.
High-fat diet increases lipopolysaccharide
(LPS) levels modifies the gut microbiota,
increasing harmful bacteria that release
endotoxins
and
increase
intestinal
permeability (alteration of microvilli,
leakiness of tight junctions) that results in
the uptake of LPSs. These conditions can
impact the immune system, leading to
inflammation and Type I diabetes

↓Firmicutes
↑Bacteroidetes
Proteobacteria

Type-I
Diabetes

[73]

[72]

iii.

193

predisposition
.
Gut dysbiosis can contribute to the
development
and
progression
of
atherosclerosis
through
two
major
pathways—metabolism-independent
pathway [outer bacterial membrane
components such as lipopolysaccharides
(LPS) promote foam cells (macrophages,
phagocytic immune cells, having low
density lipoprotein (LDL) cholesterol)
formation, which are a major component of
atherosclerotic
plaque]
and
the
metabolism-dependent pathway [dysbiosis
exert pro-atherosclerotic effects by altering
the metabolism of bile acids (BAs), and the

↑Lactobacillus
(Firmicutes)
↓Bacteroidetes
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[73]

Cardiovasc
ular
diseases

production

of

trimethylamine-n-oxide
[73]

iv.

(TMAO), and butyrate] .
Disruption of gut microbiota leads to
NAFLD through different mechanisms: a)
energy
homeostasis
regulation
via
carbohydrate fermentation into SCFAs
which results in de novo lipogenesis (DNL)
in the liver; b) modulation of the
endocannabinoid system; c) modulation of
choline metabolism for very-low-density
lipoprotein (VLDL) synthesis and liver lipid
export; (d) modulation of bile acid
homeostasis; (e) endogenous ethanol
formation;
and
(f)
increase
of
lipopolysaccharide (LPS), which results in
the
production
of
pro-inflammatory
cytokines in liver macrophages, causing

↑Proteobacteria,
Enterobacteriaceae,
Lachnospiraceae,
Escherichia,
↓Prevotella
Firmicutes,
Bacteroidetes
(reduction
or
no
change)

Non-alcohol
ic fatty liver
disease
(NAFLD)

[76]

[74, 75]

v.

inflammation of hepatocytes
, liver
cirrhosis, liver failure.
Altered gut flora leading to high levels of
pathogenic colonic mucosal bacteria and
by-products such as ammonia, amino acid
metabolites
(indoles,
oxindoles),
endotoxins, etc. that increase the intestinal
permeability, impaired intestinal motility,
Small Intestinal Bacterial Overgrowth
(SIBO), immune dysfunction and systemic
inflammation.
Decreased
bile
acids
synthesis and defective enterohepatic
circulation can contribute to altered gut

↓Bacteroidetes
↑Proteobacteria
Fusobacteria

Hepatic
encephalop
athy

[77]

[77]

microbiota
.
NERVOUS SYSTEM-RELATED DISORDERS
Reduction in the host‘s resident microbiota compromised microglia cell shape and
maturation, leading to blunted early responses, which was followed by an exposure
to microbial-related molecule (lipopolysaccharide (LPS)) or pathogen (lymphocytic
choriomeningitis virus). Defects of microglia (altered cell number, immature
development), can happen when there is a depletion of the complex host
microbiota, which can in turn, affect the immune responses, leading to

B

[78]

pathogenesis of various Central Nervous System (CNS) diseases
.
Permeability of the BBB is also affected by gut microbiota and microbial
metabolites, which in their absence can become more permeable to
macromolecules and reduces the expression of tight-junction proteins in the brain
endothelium. Hence, gut microbiota maintains microglia and the blood brain
[79]

i.

[80]

barrier (BBB)
. Any disruption in these can lead to CNS disorders
.
Gut dysbiosis promote amyloid-beta ↓ Firmicutes
Alzheimer‘s
aggregation, neuroinflammation, oxidative Bifidobacterium,
disease
stress, and insulin resistance in the ↑ Bacteroidetes [81]
pathogenesis of Alzheimer‘s disease (AD)
[81]

.

ii.
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Gut dysbiosis leads to an altered ratio of
short-chain fatty acids (SCFA) and
microglial signalling in the brain that leads

↑Lactobacillus,
↓Clostridium
coccoides, Bacteroides
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Parkinson‘s
disease
(PD)

to disease development and display of
PD-associated
motor
symptoms.
Autonomous
nervous
system
(ANS)
dysfunction is observed as PD advances
which leads to delayed GI motility and
small intestinal bacterial overgrowth
(SIBO) leading to motor fluctuations (due
to abnormalities of levodopa bioavailability
from GI
tract, and malabsorption
associated SIBO due to alteration in chyme
composition). SIBO impairs levodopa
absorption
by
intestinal
mucosa
inflammation or altered metabolism of

fragilis,
(hydrogen
producer)

Prevotella
sulphide
[83]

[82]

iii.

drug by intraluminal bacteria
.
Gut dysbiosis leads to intestinal barrier
disruptions (leaky gut) where the tight
junction protein complexes integrity
declines,
increasing
the
intestinal
permeability. Hence, the bacterial antigens
(Lipopolysaccharide) move out of the
intestinal lumen and migrate to other body
locations and starts to increase in the
blood circulation which could have
systemic inflammatory effects. This could
impact CNS immunity and integrity of the
blood–brain
barrier,
hence
allowing
passage of autoreactive lymphocytes into
the CNS and directly access the myelin

↑Methanobrevibacter,
Akkermansia,
↓Butyricimonas
(butyrate producer)

Multiple
sclerosis

[80]

[37]

iv.

sheath (autoimmune disorder)
.
Gut microbiota and their metabolites can
directly affect the immune system, that
induce
immune
cell
differentiation.
Immune system impairments such as
higher
circulating
pro-inflammatory
cytokines, dysfunctional immune cells or
antibodies targeting brain proteins are
observed. Treg/Th17 balance is influenced
by an altered microbiota. Neuroglial
alterations favour ASD pathophysiology, as
microglia and astrocytes play a role in

↑Lactobacillaceae,
Veillonellaceae
Lactobacillus,
Desulfovibrio,
Bacteroides vulgatus,
Bacteroidetes
↓ Bifiobacterium

Autism
spectrum
disorder
(ASD)

[80]

[84]

v.
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neurodevelopment
.
Cortisol released due to stress leads to
leaky
gut
facilitating
systemic
inflammatory
responses.
A
pro-inflammatory state is observed with
increased
levels
of
TNF-a,
interferon-gamma, IL-6 (activates HPA
axis,
downregulates
glucocorticoid
receptors that supresses HPA axis). These
eventually lead to over-sensitive HPA axis.
Reduced hippocampal serotonin and
Brain-derived neurotrophic factor (BDNF)
expression is observed. All these lead to

↓Bifidobacterium,
Lactobacillus,
Faecalibacterium
↑Enterobacteriaceae,
Alistipes
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[80]

Major
depressive
disorder

depression
vi.

[85]

.

Gut microbiota alterations influence
neural
development,
cognition,
and
behaviour through the bidirectional
interaction with the brain–gut–microbiota
axis gut. inflammation was shown to
increase the risk of MSA

↑Bacteroides
↓Paraprevotella

[80]

Multiple
system
atrophy
(MSA)

[86]

.

3. 3) RESPIRATORY DISORDERS
i.
SARS-CoV-2 infection damages the lung
cells and evokes a local immune response
that recruit macrophages and monocytes,
release cytokines, and adaptive T and B
cell intervention. Twenty blood proteomic
biomarkers predicting severe COVID-19
progression were identified and this
proteomic risk score is correlated with
proinflammatory cytokines mainly among
older individuals. Gut +microbiota features
are found to be greatly -associated with
proinflammatory
cytokines
in
366

↑SARS-CoV-2
Klebsiella
oxytoca,
Lactic
Acid
Bacteria, Faecalibacte
riumprausnitzii,
Tobacco
mosaic
virus (TMV)

COVID-19

[87]

[87]

individuals as per the study
.
TABLE 4: Pathogenesis of various diseases as a result of gut dysbiosis.
dysbiosis that can lead to altered epithelial
GUT
MICROBIOTA
IN
RELATION
WITH
functioning and consequent disease and infection
[87]
COVID-19
.
Respiratory infections are correlated with gut
[88],

microbiota composition alterations
hence
stating the role of the novel SARS-Cov2 on the
impact of the gut microbiota. Pneumonia and
Acute respiratory distress syndrome (ARDS)
progression are the major clinical manifestations of
Covid-19 where the gut microbiota play an
important

role

[89],

particularly
[90].

in

immune-compromised elderly patients
Inflammation is possible due to the role of the
gut-microbial–host-immune
axis.
Faecal
metabolomics analysis showed amino acid-related
pathways
connecting
gut
microbiota
to
inflammation and COVID-19 severity. Decreased
bacterial diversity is linked to increased low-grade
inflammation. Modification of gut microbiota
during ageing can cause inflammation. It is shown
that the transfer of gut microbiota from old mice to
young germ-free mice triggers ―inflammaging‖
mimicking
responses
displaying
elevated
pro-inflammatory cytokine genes expression such
as TNF-α, increased intestinal epithelium
permeability due to inflammation, which results in
increased pro-inflammatory bacterial compounds
circulation. Chronic inflammation can produce
196

Angiotensin converting enzyme 2 (ACE2),
located on the outer surface, facilitates the entry
of SARS-CoV-2 into cells, followed by viral
[91]

replication
. ACE2 is present in the arterial
and the venous endothelial lining of most
organs, the arterial smooth muscle cells and the
cholangiocytes (epithelial cells of the bile duct).
ACE2 expression is especially high in renal,
cardiovascular, and gastrointestinal tissues,
showing infection of COVID-19 to other organs,
[92]

causing also extra-pulmonary symptoms
.
Being largely expressed in small intestinal
[93]

enterocytes
, it regulates intestinal
inflammation, and is involved in diarrhoea.
Usually COVID-19 transmission occurs through
respiratory droplets and secretions, but the
gastrointestinal tract could also be a possible
route of infection, since in 10%–20% of
COVID-19 (SARS-CoV-2) cases, gastrointestinal
disorders are correlated with respiratory
symptoms (cough, dyspnea). SARS-CoV-2 has
also been detected in COVID-19 patients‘ stool
[94]

, coming to a hypothesis of gut involvement in
infection. It was found in 50% of COVID
patients, the virus is also found in the faeces,
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but showing a negative oral swab, showing a
[95]

higher viral stability
. Faecal microbiomes of
COVID-19 patients had reduced symbionts and

increased opportunistic pathogens, which
remained even after SARSCoV-2 clearance (Fig
6).

Fig 6: Gut microbiome dysbiosis in COVID-19 and its correlation with faecal SARS-CoV-2 virus shedding
and severity of disease

VI. CONCLUSION
Co-ordination and maintenance of body activities
is done by the gut flora. On the contrary, altered
gut microbiota due to various factors and products
obtained by disrupted cellular mechanisms state
can negatively impact the human body and drive
disease pathogenesis. As discussed, oxidative
stress, impact in host immunity and inflammation
are the main drivers of diseases. Also, any
interruption in the interaction between the gut and
other systems can cause abnormal conditions and
finally diseases. The pathophysiology of various
diseases due to these interruptions have also been
discussed which can act as a potential disease
biomarker, aiding in effective disease treatment.
Gut microbiota making a positive impact in the
human body by regulating its activities, enhances
the need for a balanced microbial composition.
Hence, increasing the requirement of research in
microbiome engineering for gut microbial
manipulation, ensuring its balance.
REFERENCES
[1]

[2]

197

Gaboriau-Routhiau, V., Rakotobe, S., Lécuyer, E., Mulder,
I., Lan, A., Bridonneau, C., Rochet, V., Pisi, A., De Paepe,
M., Brandi, G., Eberl, G., Snel, J., Kelly, D., &
Cerf-Bensussan, N. (2009). The Key Role of Segmented
Filamentous Bacteria in the Coordinated Maturation of Gut
Helper T Cell Responses. Immunity. 31(4):677-89, doi:
10.1016/j.immuni.2009.08.020
F.S., P., M., L.-R., A.M.M., T., B.P., C., M., C.-T., T.M.C., P.,
E.C., V., Pimenta, F. S., Luaces-Regueira, M., Ton, A. M.,

[93]

Campagnaro, B. P., Campos-Toimil, M., Pereira, T. M., &
Vasquez, E. C. (2018). Mechanisms of Action of Kefir in
Chronic Cardiovascular and Metabolic Diseases. Cellular
Physiology and Biochemistry. 48(5):1901-1914, doi:
10.1159/000492511
[3] Kho, Z. Y., & Lal, S. K. (2018). The human gut microbiome A potential controller of wellness and disease. In Frontiers
in Microbiology. 9:1835, doi: 10.3389/fmicb.2018.01835
[4] Di Meo, S., Reed, T. T., Venditti, P., & Victor, V. M. (2016).
Role of ROS and RNS Sources in Physiological and
Pathological Conditions. In Oxidative Medicine and Cellular
Longevity. 2016:1245049, doi: 10.1155/2016/1245049
[5] Dam, B., Misra, A., & Banerjee, S. (2019). Role of gut
microbiota in combating oxidative stress. In Oxidative
Stress
in
Microbial
Diseases.43-82,
doi:
10.1007/978-981-13-8763-0_4
[6] Jones, R. M., Mercante, J. W., & Neish, A. S. (2012).
Reactive oxygen production induced by the gut microbiota:
pharmacotherapeutic implications. Current Medicinal
Chemistry.
19(10):1519-29,
doi:
10.2174/092986712799828283
[7] Bhattacharyya, A., Chattopadhyay, R., Mitra, S., & Crowe,
S. E. (2014). Oxidative stress: An essential factor in the
pathogenesis of gastrointestinal mucosal diseases.
Physiological
Reviews,
94(2):329-54,
doi:
10.1152/physrev.00040.2012
[8] Hooper, L. V., Midwedt, T., & Gordon, J. I. (2002). How
host-microbial
interactions
shape
the
nutrient
environment of the mammalian intestine. In Annual Review
of
Nutrition.
22:283-307,
doi:
10.1146/annurev.nutr.22.011602.092259
[9] Marques Ton, M. A., Arpini, C. M., Campagnaro, B. P., &
Pereira, T. M. C. (2018). Alzheimer ‘s disease : A brief
update on the influence of gut microbiota and the impact of
functional food. Jorunal of Food Microbiology. 44:94-102
[10] Maritim, A. C., Sanders, R. A., & Watkins, J. B. (2003).
Diabetes, oxidative stress, and antioxidants: A review. In
Journal of Biochemical and Molecular Toxicology.
17(1):24-38, doi: 10.1002/jbt.10058
[11] Balmus, I., Ciobica, A., Trifan, A., & Stanciu, C. (2016). The
implications of oxidative stress and antioxidant therapies

International Journal for Modern Trends in Science and Technology

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

198

in Inflammatory Bowel Disease: Clinical aspects and
animal models. In Saudi Journal of Gastroenterology,
22(1):3-17, doi: 10.4103/1319-3767.173753
Choghakhori, R., Abbasnezhad, A., Hasanvand, A., &
Amani, R. (2017). Inflammatory cytokines and oxidative
stress biomarkers in irritable bowel syndrome: Association
with digestive symptoms and quality of life. Cytokine.
93:34-43, doi: 10.1016/j.cyto.2017.05.005
Mulak, A., & Bonaz, B. (2015). Brain-gut-microbiota axis in
Parkinson‘s disease. In World Journal of Gastroenterology.
21(37):10609-20, doi: 10.3748/wjg.v21.i37.10609
Ley, R. E., Peterson, D. A., & Gordon, J. I. (2006).
Ecological and evolutionary forces shaping microbial
diversity in the human intestine. In Cell. 124(4):837-48,
doi: 10.1016/j.cell.2006.02.017
Abul K. Abbas, Andrew H. Lichtman, S. P. (2011). Cellular
& Molecular Immunology, 7th Edit. In ELSEVIER.
Nicholson, J. K., Holmes, E., Kinross, J., Burcelin, R.,
Gibson, G., Jia, W., & Pettersson, S. (2012). Host-gut
microbiota
metabolic
interactions.
In
Science.
336(6086):1262-7, doi: 10.1126/science.1223813
Levy, M., Thaiss, C. A., & Elinav, E. (2015). Metagenomic
cross-talk:
The
regulatory
interplay
between
immunogenomics and the microbiome. In Genome
Medicine. 7:120, doi: 10.1186/s13073-015-0249-9
Rooks, M. G., & Garrett, W. S. (2016). Gut microbiota,
metabolites and host immunity. In Nature Reviews
Immunology. 16(6):341-52, doi: 10.1038/nri.2016.42
Nyangahu, D. D., & Jaspan, H. B. (2019). Influence of
maternal microbiota during pregnancy on infant immunity.
In Clinical and Experimental Immunology. 198(1):47-56,
doi: 10.1111/cei.13331
Becker, C., Neurath, M. F., & Wirtz, S. (2015). The
intestinal microbiota in inflammatory bowel disease. ILAR
Journal, 56(2):192-204, doi: 10.1093/ilar/ilv030
Jandhyala, S. M., Talukdar, R., Subramanyam, C.,
Vuyyuru, H., Sasikala, M., & Reddy, D. N. (2015). Role of
the
normal
gut
microbiota.
World
Journal
of
Gastroenterology.
21(29):8787-803,
doi:
10.3748/wjg.v21.i29.8787
Zhang, Y. J., Li, S., Gan, R. Y., Zhou, T., Xu, D. P., & Li, H.
Bin. (2015). Impacts of gut bacteria on human health and
diseases. In International Journal of Molecular Sciences.
16(4):7493-519, doi: 10.3390/ijms16047493
Shen, Z. H., Zhu, C. X., Quan, Y. S., Yang, Z. Y., Wu, S.,
Luo, W. W., Tan, B., & Wang, X. Y. (2018). Relationship
between intestinal microbiota and ulcerative colitis:
Mechanisms and clinical application of probiotics and fecal
microbiota transplantation. In World Journal of
Gastroenterology. 24(1):5-14, doi: 10.3748/wjg.v24.i1.5
Zeng, M. Y., Inohara, N., & Nuñez, G. (2017). Mechanisms
of inflammation-driven bacterial dysbiosis in the gut. In
Mucosal
Immunology.
10(1):18-26,
doi:
10.1038/mi.2016.75
Morgan, X. C., Tickle, T. L., Sokol, H., Gevers, D., Devaney,
K. L., Ward, D. V., Reyes, J. A., Shah, S. A., LeLeiko, N.,
Snapper, S. B., Bousvaros, A., Korzenik, J., Sands, B. E.,
Xavier, R. J., & Huttenhower, C. (2012). Dysfunction of the
intestinal microbiome in inflammatory bowel disease and
treatment.
Genome
Biology.
13(9):R79,
doi:
10.1186/gb-2012-13-9-r79
Frank, D. N., St. Amand, A. L., Feldman, R. A., Boedeker,
E.
C.,
Harpaz, N., &
Pace, N. R.
(2007).
Molecular-phylogenetic characterization of microbial
community imbalances in human inflammatory bowel
diseases. Proceedings of the National Academy of Sciences
of the United States of America. 104(34):13780-5, doi:

10.1073/pnas.0706625104
[27] Zhang, M., Sun, K., Wu, Y., Yang, Y., Tso, P., & Wu, Z.
(2017). Interactions between Intestinal microbiota and host
immune response in inflammatory bowel disease. Frontiers
in Immunology. 8:942, doi: 10.3389/fimmu.2017.00942
[28] Kuehl, C. J., Wood, H. D., Marsh, T. L., Schmidt, T. M., &
Young, V. B. (2005). Colonization of the cecal mucosa by
Helicobacter hepaticus impacts the diversity of the
indigenous microbiota. Infection and Immunity. h
73(10):6952-61, doi: 10.1128/IAI.73.10.6852-6961.2005
[29] Barman, M., Unold, D., Shifley, K., Amir, E., Hung, K., Bos,
N., & Salzman, N. (2008). Enteric salmonellosis disrupts
the microbial ecology of the murine gastrointestinal tract.
Infection
and
Immunity,
76(3):907-15,
doi:
10.1128/IAI.01432-07
[30] Kamada, N., Kim, Y. G., Sham, H. P., Vallance, B. A.,
Puente, J. L., Martens, E. C., & Núñez, G. (2012). Regulated
virulence controls the ability of a pathogen to compete with
the gut microbiota. Science. 336(6086):1325-9, doi:
10.1126/science.1222195
[31] Lupp, C., Robertson, M. L., Wickham, M. E., Sekirov, I.,
Champion, O. L., Gaynor, E. C., & Finlay, B. B. (2007).
Host-Mediated Inflammation Disrupts the Intestinal
Microbiota
and
Promotes
the
Overgrowth
of
Enterobacteriaceae. Cell Host and Microbe. 2(2):119-29,
doi: 10.1016/j.chom.2007.06.010
[32] Toor, D., Wsson, M. K., Kumar, P., Karthikeyan, G.,
Kaushik, N. K., Goel, C., Singh, S., Kumar, A., & Prakash,
H. (2019). Dysbiosis Disrupts Gut Immune Homeostasis
and Promotes Gastric Diseases. International journal of
molecular
sciences, 20(10),
2432,
doi:
10.3390/ijms20102432
[33] Bates, J. M., Akerlund, J., Mittge, E., & Guillemin, K.
(2007). Intestinal Alkaline Phosphatase Detoxifies
Lipopolysaccharide and Prevents Inflammation in
Zebrafish in Response to the Gut Microbiota. Cell Host and
Microbe, 2(6):371-82, doi: 10.1016/j.chom.2007.10.010
[34] Mirza, A., & Mao-Draayer, Y. (2017). The gut microbiome
and microbial translocation in multiple sclerosis. In Clinical
Immunology.
183:213-224,
doi:
10.1016/j.clim.2017.03.001
[35] Thaiss, C. A., Zmora, N., Levy, M., & Elinav, E. (2016). The
microbiome
and
innate
immunity.
In
Nature.
535(7610):65-74, doi: 10.1038/nature18847
[36] Abu-Shanab, A., & Quigley, E. M. M. (2010). The role of the
gut microbiota in nonalcoholic fatty liver disease. In Nature
Reviews Gastroenterology and Hepatology, 30(6):780-6,
doi: 10.1038/nrgastro.2010.172
[37] Kirby, T., & Ochoa-Repáraz, J. (2018). The Gut Microbiome
in Multiple Sclerosis: A Potential Therapeutic Avenue.
Medical Sciences. 6(3):69, doi: 10.3390/medsci6030069
[38] Forbes, J. D., Van Domselaar, G., & Bernstein, C. N.
(2016). The gut microbiota in immune-mediated
inflammatory diseases. In Frontiers in Microbiology. 7:1081,
doi: 10.3389/fmicb.2016.01081
[39] Hu, Y., Chen, D., Zheng, P., Yu, J., He, J., Mao, X., & Yu, B.
(2019). The Bidirectional Interactions between Resveratrol
and Gut Microbiota: An Insight into Oxidative Stress and
Inflammatory Bowel Disease Therapy. In BioMed Research
International. 2019:5403761, doi: 10.1155/2019/5403761
[40] Albillos, A., de Gottardi, A., & Rescigno, M. (2020). The
gut-liver axis in liver disease: Pathophysiological basis for
therapy. In Journal of Hepatology, 72(3): 558-577, doi:
10.1016/j.jhep.2019.10.003
[41] Tripathi, A., Debelius, J., Brenner, D. A., Karin, M.,
Loomba, R., Schnabl, B., & Knight, R. (2018). The gut-liver
axis and the intersection with the microbiome. In Nature

International Journal for Modern Trends in Science and Technology

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

199

Reviews Gastroenterology and Hepatology. 15(7):397-411,
doi: 10.1038/s41575-018-0011-z
Ferranti, E. P., Dunbar, S. B., Dunlop, A. L., & Corwin, E.
J. (2014). Things you didn‘t know about: The human gut
microbiome.
Journal
of
Cardiovascular
Nursing.
29(6):479-81, doi: 10.1097/JCN.0000000000000166
Carding, S., Verbeke, K., Vipond, D. T., Corfe, B. M., &
Owen, L. J. (2015). Dysbiosis of the gut microbiota in
disease. Microbial Ecology in Health & Disease. 26:26191,
doi: 10.3402/mehd.v26.26191
Ambrosini, Y. M., Borcherding, D., Kanthasamy, A., Kim,
H. J., Willette, A. A., Jergens, A., Allenspach, K., & Mochel,
J. P. (2019). The gut-brain axis in neurodegenerative
diseases and relevance of the canine model: A review. In
Frontiers
in
Aging
Neuroscience,
11:130,
doi:
10.3389/fnagi.2019.00130
Keely, S., Talley, N. J., & Hansbro, P. M. (2012).
Pulmonary-intestinal cross-talk in mucosal inflammatory
disease. In Mucosal Immunology. 5(1):7-18, doi:
10.1038/mi.2011.55
Anand, S., & Mande, S. S. (2018). Diet, microbiota and
gut-lung connection. Frontiers in Microbiology. 9:2147, doi:
10.3389/fmicb.2018.02147
Dumas, A., Bernard, L., Poquet, Y., Lugo-Villarino, G., &
Neyrolles, O. (2018). The role of the lung microbiota and the
gut–lung axis in respiratory infectious diseases. In Cellular
Microbiology. 20(12):e12966, doi: 10.1111/cmi.12966
Schuijt, T. J., Lankelma, J. M., Scicluna, B. P., De Sousa E
Melo, F., Roelofs, J. J. T. H., De Boer, J. D., Hoogendijk, A.
J., De Beer, R., De Vos, A., Belzer, C., De Vos, W. M., Van
Der Poll, T., & Wiersinga, W. J. (2016). The gut microbiota
plays a protective role in the host defence against
pneumococcal pneumonia. Gut. 65(4):575-83, doi:
10.1136/gutjnl-2015-309728
https://www.estor.it/en/covid-19-the-gut-lung-axis-ratio
nale-for-polymyxin-b-hemoperfusion-therapy/
Jethwa, H., & Abraham, S. (2017). The evidence for
microbiome manipulation in inflammatory arthritis. In
Rheumatology (United Kingdom). 56(9):1452-1460, doi:
10.1093/rheumatology/kew374
Chen, Y.-Y., Chen, D.-Q., Chen, L., Liu, J.-R., Vaziri, N. D.,
Guo, Y., & Zhao, Y.-Y. (2019). Microbiome–metabolome
reveals the contribution of gut–kidney axis on kidney
disease. Journal of Translational Medicine. 17(1):5,
doi:10.1186/s12967-018-1756-4
Evenepoel, P., Poesen, R., & Meijers, B. (2017). The
gut–kidney
axis.
In
Pediatric
Nephrology.
32(11):2005-2014, doi: 10.1007/s00467-016-3527-x
Rukavina Mikusic, N. L., Kouyoumdzian, N. M., & Choi, M.
R. (2020). Gut microbiota and chronic kidney disease:
evidences and mechanisms that mediate a new
communication in the gastrointestinal-renal axis. In
Pflugers Archiv European Journal of Physiology.
472(3):303-320, doi: 10.1007/s00424-020-02352-x
Hawrelak, J. A., & Myers, S. P. (2004). The causes of
intestinal dysbiosis: A review. In Alternative Medicine
Review. 9(2):180-97.
Zeissig, S., & Blumberg, R. S. (2014). Life at the beginning:
Perturbation of the microbiota by antibiotics in early life
and its role in health and disease. In Nature Immunology.
15(4):307-10, doi: 10.1038/ni.2847
Holtmann, G. J., Ford, A. C., & Talley, N. J. (2016).
Pathophysiology of irritable bowel syndrome. In The Lancet
Gastroenterology and Hepatology. 1(2):133-146, doi:
10.1016/S2468-1253(16)30023-1
Pittayanon, R., Lau, J. T., Yuan, Y., Leontiadis, G. I., Tse,
F., Surette, M., & Moayyedi, P. (2019). Gut Microbiota in

[58]

[59]

[60]
[61]

[62]

[63]

[64]
[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Patients With Irritable Bowel Syndrome—A Systematic
Review.
Gastroenterology.
157(1):97-108,
doi:
10.1053/j.gastro.2019.03.049
Horta-Baas,
G.,
Romero-Figueroa,
M.
D.
S.,
Montiel-Jarquín, A. J., Pizano-Zárate, M. L., García-Mena,
J., & Ramírez-Durán, N. (2017). Intestinal Dysbiosis and
Rheumatoid Arthritis: A Link between Gut Microbiota and
the Pathogenesis of Rheumatoid Arthritis. In Journal of
Immunology
Research.
2017:4835189,
doi:
10.1155/2017/4835189
Mirsepasi-Lauridsen, H. C., Vrankx, K., Engberg, J.,
Friis-Møller, A., Brynskov, J., Nordgaard-Lassen, I.,
Petersen, A. M., & Krogfelt, K. A. (2018). Disease-specific
enteric microbiome dysbiosis in Inflammatory Bowel
disease.
Frontiers
in
Medicine,
5.
5:304,
doi:
10.1016/j.cell.2015.01.002
https://www.uclahealth.org/gastro/ibd/ulcerative-colitisvs-crohns-disease
Yacyshyn, B. (2016). Pathophysiology of clostridium
difficile-associated diarrhea. In Gastroenterology and
Hepatology12(9):558-560
Lagier, J. C. (2016). Gut microbiota and Clostridium
difficile infections. In Human Microbiome Journal. 2:10-14,
doi: 10.1016/j.humic.2016.10.003
Harris, L. A., Park, J. Y., Voltaggio, L., & Lam-Himlin, D.
(2012). Celiac disease: Clinical, endoscopic, and
histopathologic
review.
Gastrointestinal
Endoscopy.
76(3):625-40, doi: 10.1016/j.gie.2012.04.473
https://www.todaysdietitian.com/pdf/courses/CooperCel
iac.pdf
Collado, María Carmen, Calabuig, M., & Sanz, Y. (2007).
Differences between the fecal microbiota of coeliac infants
and healthy controls. In Current Issues in Intestinal
Microbiology. 8(1):9-14
Grivennikov, S. I. (2013). Inflammation and colorectal
cancer: Colitis-associated neoplasia. In Seminars in
Immunopathology.
35(2):229-44,
doi:
10.1007/s00281-012-0352-6
Francescone, R., Hou, V., & Grivennikov, S. I. (2014).
Microbiome, inflammation, and cancer. In Cancer Journal
(United
States).
32:43-53,
doi:
10.1097/PPO.0000000000000048
Sánchez-Alcoholado, L., Ramos-Molina, B., Otero, A.,
Laborda-Illanes, A., Ordóñez, R., Medina, J. A.,
Gómez-Millán, J., & Queipo-Ortuño, M. I. (2020). The role
of the gut microbiome in colorectal cancer development and
therapy
response.
In
Cancers.
12(6):1406,
doi:
10.3390/cancers12061406
Wang, T., Cai, G., Qiu, Y., Fei, N., Zhang, M., Pang, X., Jia,
W., Cai, S., & Zhao, L. (2012). Structural segregation of gut
microbiota between colorectal cancer patients and healthy
volunteers.
ISME
Journal.
6(2):320-9,
doi:
10.1038/ismej.2011.109
Murphy, E. A., Velazquez, K. T., & Herbert, K. M. (2015).
Influence of high-fat diet on gut microbiota: A driving force
for chronic disease risk. In Current Opinion in Clinical
Nutrition and Metabolic Care. 18(5):515-20, doi:
10.1097/MCO.0000000000000209
Ley, R. E., Bäckhed, F., Turnbaugh, P., Lozupone, C. A.,
Knight, R. D., & Gordon, J. I. (2005). Obesity alters gut
microbial ecology. Proceedings of the National Academy of
Sciences of the United States of America. 102(31):11070-5,
doi: 10.1073/pnas.0504978102
Allin, K. H., Nielsen, T., & Pedersen, O. (2015). Mechanisms
in endocrinology: Gut microbiota in patients with type 2
diabetes mellitus. In European Journal of Endocrinology,
172(4):167-77, doi: 10.1530/EJE-14-0874

International Journal for Modern Trends in Science and Technology

[73] Lau, K., Srivatsav, V., Rizwan, A., Nashed, A., Liu, R., Shen,
R., & Akhtar, M. (2017). Bridging the gap between gut
microbial dysbiosis and cardiovascular diseases. In
Nutrients. 9(8):859, doi: 10.3390/nu9080859
[74] Bäckhed, F., Ley, R. E., Sonnenburg, J. L., Peterson, D. A.,
& Gordon, J. I. (2005). Host-bacterial mutualism in the
human intestine. In Science, 307(5717):1915-20, doi:
10.1126/science.1104816
[75] Turnbaugh, P. J., Ley, R. E., Hamady, M., Fraser-Liggett,
C. M., Knight, R., & Gordon, J. I. (2007). The Human
Microbiome Project. In Nature. 449: 804–810, doi:
10.1038/nature06244
[76] Jasirwan, C. O. M., Lesmana, C. R. A., Hasan, I., Sulaiman,
A. S., & Gani, R. A. (2019). The role of gut microbiota in
non-alcoholic fatty liver disease: Pathways of mechanisms.
In Bioscience of Microbiota, Food and Health. 38(3):81-88,
doi: 10.12938/bmfh.18-032
[77] Rai, R., Saraswat, V. A., & Dhiman, R. K. (2015). Gut
Microbiota: Its Role in Hepatic Encephalopathy. In Journal
of Clinical and Experimental Hepatology. 5(Suppl
1):S29-36, doi: 10.1016/j.jceh.2014.12.003
[78] Erny, D., De Angelis, A. L. H., Jaitin, D., Wieghofer, P.,
Staszewski, O., David, E., Keren-Shaul, H., Mahlakoiv, T.,
Jakobshagen, K., Buch, T., Schwierzeck, V., Utermöhlen,
O., Chun, E., Garrett, W. S., Mccoy, K. D., Diefenbach, A.,
Staeheli, P., Stecher, B., Amit, I., & Prinz, M. (2015). Host
microbiota constantly control maturation and function of
microglia in the CNS. Nature Neuroscience. 18(7):965-77,
doi: 10.1038/nn.4030
[79] Braniste, V., Al-Asmakh, M., Kowal, C., Anuar, F.,
Abbaspour, A., Tóth, M., Korecka, A., Bakocevic, N., Guan,
N. L., Kundu, P., Gulyás, B., Halldin, C., Hultenby, K.,
Nilsson, H., Hebert, H., Volpe, B. T., Diamond, B., &
Pettersson, S. (2014). The gut microbiota influences
blood-brain barrier permeability in mice. Science
Translational
Medicine.
6(263):263ra158,
doi:
10.1126/scitranslmed.3009759
[80] Sun, M. F., & Shen, Y. Q. (2018). Dysbiosis of gut
microbiota and microbial metabolites in Parkinson‘s
Disease. In Ageing Research Reviews. 45:53-61, doi:
10.1016/j.arr.2018.04.004
[81] Liu, Shan, Gao, J., Zhu, M., Liu, K., & Zhang, H. L. (2020).
Gut Microbiota and Dysbiosis in Alzheimer‘s Disease:
Implications for Pathogenesis and Treatment. In Molecular
Neurobiology.
57(12):5026-5043,
doi:
10.1007/s12035-020-02073-3
[82] Dutta, S. K., Verma, S., Jain, V., Surapaneni, B. K.,
Vinayek, R., Phillips, L., & Nair, P. P. (2019). Parkinson‘s
disease: The emerging role of gut dysbiosis, antibiotics,
probiotics, and fecal microbiota transplantation. In Journal
of Neurogastroenterology and Motility. 25(3):363-376, doi:
10.5056/jnm19044
[83] Hasegawa, S., Goto, S., Tsuji, H., Okuno, T., Asahara, T.,
Nomoto, K., Shibata, A., Fujisawa, Y., Minato, T., Okamoto,
A., Ohno, K., & Hirayama, M. (2015). Intestinal dysbiosis
and lowered serum lipopolysaccharide-binding protein in
Parkinson‘s
disease.
PLoS
ONE.
10(11),
doi:
10.1371/journal.pone.0142164
[84] Roussin, L., Prince, N., Perez-Pardo, P., Kraneveld, A. D.,
Rabot, S., & Naudon, L. (2020). Role of the gut microbiota
in the pathophysiology of autism spectrum disorder:
clinical and preclinical evidence. Microorganisms, 8(9),
1369, doi: 10.3390/microorganisms8091369
[85] https://psychscenehub.com/psychinsights/gut-microbio
me-and-depression-pathophysiology-role-of-pre-and-probi
otics-2/
[86] Wan, L., Zhou, X., Wang, C., Chen, Z., Peng, H., Hou, X.,

200

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

Peng, Y., Wang, P., Li, T., Yuan, H., Shi, Y., Hou, X., Xu, K.,
Xie, Y., He, L., Xia, K., Tang, B., & Jiang, H. (2019).
Alterations of the Gut Microbiota in Multiple System
Atrophy Patients. Frontiers in Neuroscience. 13:1102, doi:
10.3389/fnins.2019.01102
Donati Zeppa, S., Agostini, D., Piccoli, G., Stocchi, V., &
Sestili, P. (2020). Gut Microbiota Status in COVID-19: An
Unrecognized Player? In Frontiers in Cellular and Infection
Microbiology10, doi: 10.3389/fcimb.2020.576551
Groves, H. T., Higham, S. L., Moffatt, M. F., Cox, M. J., &
Tregoning, J. S. (2020). Respiratory viral infection alters
the gut microbiota by inducing inappetence. MBio. 11(1),
doi: 10.1128/mBio.03236-19
Dickson, R. P. (2018). The lung microbiome and ARDS it is
time to broaden the model. In American Journal of
Respiratory and Critical Care Medicine. 197(5):549-551,
doi: 10.1164/rccm.201710-2096ED
Lake, M. A. (2020). What we know so far: COVID-19 current
clinical knowledge and research. In Clinical Medicine,
Journal of the Royal College of Physicians of London.
20(2):124-127, doi: 10.7861/clinmed.2019-coron
Xu, K., Cai, H., Shen, Y., Ni, Q., Chen, Y., Hu, S., Li, J.,
Wang, H., Yu, L., Huang, H., Qiu, Y., Wei, G., Fang, Q.,
Zhou, J., Sheng, J., Liang, T., & Li, L. (2020). [Management
of corona virus disease-19 (COVID-19): the Zhejiang
experience]. Zhejiang Da Xue Xue Bao. Yi Xue Ban =
Journal of Zhejiang University. Medical Sciences,
49(1):147-157, doi: 10.3785/j.issn.1008-9292.2020.02.02
Hamming, I., Timens, W., Bulthuis, M. L. C., Lely, A. T.,
Navis, G. J., & van Goor, H. (2004). Tissue distribution of
ACE2 protein, the functional receptor for SARS
coronavirus. A first step in understanding SARS
pathogenesis. Journal of Pathology. 203(2):631-7, doi:
10.1002/path.1570
Zuo, T., Zhang, F., Lui, G. C. Y., Yeoh, Y. K., Li, A. Y. L.,
Zhan, H., Wan, Y., Chung, A. C. K., Cheung, C. P., Chen,
N., Lai, C. K. C., Chen, Z., Tso, E. Y. K., Fung, K. S. C.,
Chan, V., Ling, L., Joynt, G., Hui, D. S. C., Chan, F. K. L., …
Ng, S. C. (2020). Alterations in Gut Microbiota of Patients
With COVID-19 During Time of Hospitalization.
Gastroenterology.
159(3):944-955.e8,
doi:
10.1053/j.gastro.2020.05.048
Yuen, K. S., Ye, Z. W., Fung, S. Y., Chan, C. P., & Jin, D. Y.
(2020). SARS-CoV-2 and COVID-19: The most important
research questions. Cell and Bioscience. 10:40, doi:
10.1186/s13578-020-00404-4
Kopel, J., Perisetti, A., Gajendran, M., Boregowda, U., &
Goyal, H. (2020). Clinical Insights into the Gastrointestinal
Manifestations of COVID-19. In Digestive Diseases and
Sciences. 65(7):1932-1939, doi: 10.1007/s10620-020

International Journal for Modern Trends in Science and Technology

