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The human body contains many microorganisms, including a large number of bacteria, viruses, fungi, and 
protozoa, which are referred to as the microbiota. Compared with the number of cells comprising the human 
body, that of the microbiota has been found to be much larger. The microbiome is defined as microorganisms and 
their genomes have been shown to contain about 100 times more genes than the human genome. The microbiota 
affects many vital functions in the human body. It contributes to regulation of the immune system, digestion of 
food, production of vitamins such as B12 and K, metabolization of xenobiotic materials, and many other tasks. 
Many factors affect the microbiota biodiversity, such as diet, medicines including antibiotics, relationships with 
the environment, pregnancy, and age. Studies have shown that the lack of microbiota diversity leads to many 
diseases like autoimmune diseases such as diabetes type I, rheumatism, muscular dystrophy, problems in blood 
coagulation due to lack of vitamin K, and disturbances in the transfer of nerve cells due to lack of vitamin 
B12, in addition to its involvement in a number of conditions such as cancer, memory disorders, depression, 
stress, autism, and Alzheimer’s disease. The aim of this review is to summarize the latest studies discussing the 
relationship between the microbiota and the human body in health and diseases.
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INTRODUCTION

All plants and animals, including humans contain many 
microorganisms, which invoke many relationships with the 
host, such as symbiosis, commensalism, and parasitism [1, 2]. 
The cells of the human body, 90% of which are alien to it [3], 
are referred to as the microbiota or microbiome. The microbiota 
is an assemblage of microorganisms that form an ecological 
community in a specific area. The first scientists to mention this 
term were Lederberg and McCray when they referred to the role 
of microorganisms in human health and diseases [1]. The term 
microbiome, on the other hand, focuses on the genomes of all 
microorganisms in a specific environment nook [4]. Prebiotics are 
selectively fermented components that lead to specific changes 
in the composition and/or activity of the intestinal microbiota, 
thereby providing benefits to host health [3]. The word probiotic 
came from the Latin word pro (meaning for) and Greek word 
biōtikós (meaning of life) Probiotics are live, beneficial, 
nonpathogenic bacteria such as Lactobacillus and Bifidobacterium 
and yeasts like Saccharomyces that provide health benefits to the 
host when administered in sufficient amounts [5]. On the other 
hand, prebiotics are selectively fermented components that lead 
to specific changes in the composition and/or activity of the 

intestinal microbiota, thereby providing benefits to host health 
[6].

There are more than 100 trillion microorganisms in the human 
gut alone, and they have 150-times more genes than the entire 
human genome [7]. The development of molecular methods 
that rely on 16S rRNA, 18S rRNA, and other marker genes has 
helped in determining of microbes found in a specific area. These 
methods have opened the doors to studying and clarifying the 
roles of microorganisms in the human body [8].

The publication of the human genome sequence in 2003 is 
considered a remarkable biological achievement. However, this 
achievement is considered incomplete because of the impact of a 
large number of microbes on the human body and its genes, and 
this impact is still not understood. So, the “Human Microbiome 
Project” was established to study the microbiome in the skin, 
vagina, mouth, and gut by random shotgun sequencing procedures 
that targeted large-insert clone sequencing and by using high-
density microarrays. These methods gave great insight into the 
role of the microbiota in health and diseases [9].

Recently, many studies have demonstrated the important role 
of the human gut microbiota in boosting the ability to extract 
energy from food, in increasing the harvest of nutrients [10], in 
changing the appetite signal [11], in producing vitamins [12], and 
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in the ability to metabolize many materials including xenobiotics 
[13] because it contains varied, unique, and specific enzymes and 
has miscellaneous biochemical pathways [7]. The gut microbiota 
is involved in many basic biological processes, including 
regulation of epithelial development, modulation of the metabolic 
phenotype, and stimulation of innate immunity [3]. In addition, 
the microbiota protects the body from external pathogens through 
competitive colonization or production of antimicrobial agents 
like bacteriocins that kill pathogens [14].

The host’s genes and lifestyle, type of food, and consumed 
drugs and antibiotics have an impact on the microbiota, which 
affects the health of the host by modifying physiological systems 
like immune system development, secretions of the endocrine, 
metabolism regulation, or even genes within the host’s genome 
[4]. Studies have proven the existence of four dominant phyla in 
the gut microbiota, with Firmicutes and Bacteroidetes accounting 
for 90% of the total population and Actinobacteria and 
Proteobacteria accounting for less than 1–5% [4, 15]. Alteration 
of this balance is called dysbiosis. Gut microbiota dysbiosis 
leads to many diseases [16], like auto-immunity diseases such as 
asthma and arthritis [4], chronic diseases such as inflammatory 
bowel disease (IBD), and metabolic and cardiovascular diseases 
like obesity, diabetes, atherosclerosis [7], and liver diseases [8]. 
The consequences of microbiota dysbiosis can extend to as far 
as cancer and psychological diseases like depression, anxiety, 
autism, and Alzheimer’s disease [17].

In this review, we will discuss the role of the human gut 
microbiota in health and disease and the consequences of gut 
microbiota dysbiosis in human growth, the immune system, 
exposure to a xenobiotic, metabolic disorders, and psychiatric 
diseases.

THE MICROBIOTA AND HUMAN GROWTH

The belief that the fetal gastrointestinal environment is sterile 
comes from the hypothesis that the placenta barrier protects 
the fetus from any microbes that would threaten its life. The 
defense for this hypothesis is based on the fact that the existence 
of any microbes in the uterus was considered to be a potential 
risk for the fetus and to be associated with premature birth and 
fetal abnormalities [18]. On the other hand, some studies have 
mentioned the existence of commensal microbiota in healthy 
pregnancy in both placental tissues and amniotic fluid. Further, 
they found them to be similar to mouth clusters. These studies 
proved the existence of Fusobacteria, Tenericutes, Firmicutes, 
Bacteroidetes, and Proteobacteria in the placenta [19] and the 
existence of Streptococcus, Enterococcus, and Staphylococcus 
in umbilical cord blood [19]. Therefore, the idea that microbiota 
colonize the human body immediately after birth is not 
considered correct anymore [18]. The microbiota acquired in 
early life affects the development of the immune system and 
its responsibility for health or development of diseases in later 
life [18]. Many studies have shown that microbiota dysbiosis 
in infants leads to many diseases, such as lung diseases, asthma 
[20], food allergy [18], diabetes, obesity, atopic diseases, Crohn’s 
disease, and autoimmune diseases [7]. For example, lack of 
exposure to microorganisms in early life leads to allergies. In 
fact, one previous study showed the difference between children 
who grow up in natural environments and those who grow up 
in urban areas. Children from natural environments have fewer 

allergy symptoms than children who grow up in urban areas 
due to the lower microbiota diversity in urban areas [4]. Many 
factors affect the formation of the infant microbiota, such as 
pregnancy, kind of birth, and feeding mode. Kind of birth plays 
an important role in the composition of the microbiota that 
settles in the infant. In vaginal delivery, vaginal microbes like 
Lactobacillus spp, Bifidobacterium, and Prevotella colonize the 
child [21], whereas newborns delivered by Cesarean section are 
colonized by microbiota of the mother’s skin, Corynebacterium, 
Staphylococcus, and Propionibacterium spp. [21]. In addition, 
feeding mode has an important role in forming a robust gut 
microbiota in infants. Breast milk contains more than 700 kinds 
of bacteria [22] and oligosaccharides [23] that reinforce some 
specific bacteria like bifidobacteria [22], immunoglobulins like 
IgG and IgA, and cytokines like TGF-β and interleukin 10 (IL-
10), and the combined effects of these factors affect the selection 
of the bacteria that will colonize the gastrointestinal tract in 
infants that depend on breast milk [24].

Weaning and introduction of solid food increase gut microbiota 
diversity and enhance species that produce butyrate, like 
Clostridium species [25], Prevotella, and Ruminococcus [26]. By 
three years of age, the gut microbiota composition has become 
similar to that of an adult (Fig. 1) [24].

During human growth the immune system may need training 
by good microbiota to do its job in regular manner, and a lack of 
training may lead to dysregulation and weak tolerance towards 
noncommunicable diseases [4].

ROLE OF THE MICROBIOTA IN IMMUNITY

The microbiota plays a key role in the training and induction 
of the immune system. When the system works optimally, it 
stimulates an immune response to pathogens and tolerates non-
harmful antigens [3]. The immune system consists of a complex 
network (innate and adaptive) which has the ability to adapt and 
respond to many challenges and works to preserve tissue and 
restore it in the context of microbial encounters [3]. The immune 
system mechanism that is used to maintain the relationship with 
the microbiota is similar to that used to restrict microorganism-
causing pathogens [27] for many diseases that affect humans, 
such as allergies, autoimmune diseases, and infections. These 
diseases arise from failure of a proper immune response against 
autoantigens, microbes, or environment-derived antigens [3]. Host 
strategies are adapted to maintain a balance with microorganisms 
in order to reduce communication between microorganisms and 
the surfaces of epithelial cells, thus reducing inflammation and 
preventing the spread of bacteria throughout the body. So, there 
is an abundance of immune cells in areas of direct contact with 
microorganisms, such as the skin and small intestine [3].

In the human intestine, there is massive synergy between 
mucus, antimicrobial peptides, immune cells, and IgA, which 
are referred to as the “mucosal firewall”. This synergy plays an 
important role in preventing pathogens from crossing the lamina 
and stimulating inflammation [28], thus maintaining intestinal 
homeostasis [29]. Goblet cells secrete mucin glycoproteins that 
form a mucus layer with a thickness of 150 μm to prevent direct 
contact between the microbiota and host tissue. While epithelial 
cells produce antimicrobial peptides (α-defensins, cathelicidins, 
and C-type lectins) that kill bacteria by attacking their cell walls 
or by disrupting their inner membranes [30], the expression of 



MICROBIOTA AND THE HUMAN BODY 25

doi: 10.12938/bmfh.19-023 ©2020 BMFH Press

some antimicrobial peptides, like RegIIIγ, which is the best 
antimicrobial peptide expressed immediately after birth or after 
microbes are given to experimental animals, requires bacterial 
signals [31]. As for the others, most α-defensins do not require 
signals like this [29]. The accumulation of antimicrobials in the 
mucus creates a physical barrier between the microbiota and 
epithelial cells, which is referred to as the “demilitarized zone” 
[27], while dendritic cells (DCs) that are located under the 
Peyer’s patches and in the lamina propria play an important role 
in the immune response. DCs reduce unnecessary inflammation 
by promoting Treg that is transported to the lamina propria and 
secretes Il-10, which suppresses unnecessary inflammation by 
inducing B cells to differentiate into IgA+ plasma cells in the 
mesenteric lymph node. IgA+ plasma cells are transported to the 
lamina propria and secrete IgA, which is transported across the 
epithelial cell via transcytosis and prevents bacterial penetration 
(Fig. 2) [3, 30]. In inflammation, DCs produce pro-inflammatory 
cytokines such as Il-6, Il-12, and Il-23 that lead to the reduction 
of Il-10 and increase inflammatory cytokines like TNF α, INF γ, 
and Il-17 [32].

Lifestyle, diet, aging, and intake of antibiotics change the 
gut microbiota, which alters intestinal homeostasis and leads to 
many diseases, such as rheumatism, diabetes type II, obesity, and 
autoimmune diseases [32].

THE MICROBIOTA AND XENOBIOTIC MATERIALS

The increased use of industrial chemicals in various 
industries and agricultural applications (insecticides, herbicides, 
and fertilizers) [33], in addition to the increased intake of 
pharmaceuticals that contain large numbers of xenobiotic 
substances, have coincided with concern among health researchers 
about how xenobiotic substances are metabolized and what their 
outcomes are in the human body [34].

It is known that hepatic enzymes can take apart foreign 
substances [13]. These substances are modified either by 
mitigating their toxicity or by facilitating their ejection from the 
body [34]. On another hand, research suggests that modification 
of some substances increases their toxicity [35]. These 
substances are modified either by oxidation (cytochrome P450 
monooxygenases), reduction (cytochrome P450 reductases), or 
hydrolysis (esterases and epoxide hydrolases) [36]. It has long 
been known that the intestinal microbiota has the ability to break 
up 40 substances [37]. Recent studies suggest that the intestinal 

microbiota plays an important role in metabolizing xenobiotic 
materials because of its ability to produce enzymes that have 
the ability to disassemble or neutralize many substances [38]. 
Therefore, the lack of bacteria capable of removing exposed 
xenobiotic materials may be attributed to many diseases that 
affected human health [13]. The role of the gut microbiota was 
clearly observed in low-molecular-weight substances (less than 
325 kDa). These substances poorly react with bile. Thus, the gut 
microbiota metabolizes these substances to nonpolar materials, 
which are substances modified either by oxidation (cytochrome 
P450 monooxygenases) or reduction (through reabsorption) and 
return to the liver by a process called enterohepatic circulation 
(Fig. 3) [13].

Polycyclic aromatic hydrocarbons (PAHs) are produced from 
incomplete combustible organic substances. The largest sources 
of them are inhalation of air from vehicle exhausts and tobacco 
smoke, in addition to some foods, such as grilled and smoked 
meats. The gut microbiota has the ability to metabolize PAHs and 
even raise their toxicity. The toxicity of these substances varies 
depending on their final structure. Whereas some of them possess 
estrogenic properties, others have carcinogenic properties. 
Exposure to PAHs increases the risk of lung and bladder cancer 
[39]. The gut microbiota also plays an important role in increasing 
the toxicity of melamine, metals, and organic pollutants [10]. 
Furthermore, the consumption of artificial sweeteners (AS) has 
the ability to change the gut microbial diversity, which can lead to 
development of metabolic disorders. Sucralose is one of the most 
common AS used, and it increases anaerobic bacteria species 
while encouraging decrease of beneficial ones like bifidobacteria 
and lactobacilli in both experimental animals and humans [40].

THE MICROBIOTA AND ANTIBIOTICS

Antibiotics play a very important role in the microbiota 
dysbiosis. Antibiotics not only affect pathogenic bacteria but also 
have an impact on beneficial bacteria, which leads to biological 
imbalances that lead to a number of diseases, like obesity, 
diabetes type II, asthma, and Crohn’s disease [41]. For example, 
use of broad-spectrum antibiotics is the main cause of diarrhea 
caused by opportunistic infection with Clostridium difficile 
[4]. In addition, the intestinal environment provides a suitable 
environment for the horizontal transfer of multiple resistance 
genes, which increases the risk of indiscriminate use of antibiotics 
[4]. Moreover, antibiotic consumption, especially in early life, 

Fig. 1. Factors influencing the pediatric microbiota up to 3 years of age.
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has negative consequences because this phase is important to 
the formation of a healthy microbial community. Studies on 
infants have shown that the use of antibiotics or even exposure to 
them during the intrauterine stage is linked to an increase in the 
Proteobacteria phylum, as it contains resistance genes for many 
antibiotics, and a decrease in bifidobacteria, which are considered 
beneficial bacteria [42]. Likewise, a decrease in Actinobacteria 
and increase in Bacteroidetes and Proteobacteria, in addition to 
an increase in resistance genes, were noted in a Finnish study 
of 1,000 children who used macrolides in their first year of life. 
This dysbiosis positively correlated with development of asthma 
or increased body mass in these children [43]. In the long-term, 

the study aimed to examine the effect of antibiotics on the gut 
microbiota by using clindamycin in healthy volunteers. A change 
in the gut microbiota was observed that persisted over two years 
after the course, in addition to loss of many species and increased 
expression of resistance genes for clindamycin in the gut bacteria 
[44].

On the other hand, microorganisms are short-lived, with many 
mutations affecting their genomes, making them more resilient 
in adaptation to parasites. Thus, they are faster to respond to 
parasites than their host, either through interference competition 
by producing toxins, or antibiotics; by parasitizing parasites, 
which is referred to as “hyperparasitism”; or through resource 

Fig. 2. Immune system mechanisms that maintain intestinal homeostasis.

Fig. 3. Interaction between xenobiotic materials and the gut microbiota.
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competition by competing for nutrients in order to kill parasites 
and prevent them from staying. Microbiota may indirectly induce 
the host to have a stronger immune response to destroy a parasite 
or even enhance the host’s endurance which reduces the host’s 
response toward the parasites and thus protects tissue from 
damage [45].

THE HUMAN MICROBIOTA IN INFECTIOUS 
DISEASES

Numerous studies have demonstrated the relationship between 
microbial dysbiosis and infectious diseases [46]. It is difficult for 
pathogens to penetrate the gut ecosystem, and this is referred to 
as “colonization resistance”. Thus, the absence of robust flora 
increases a pathogen’s chance to colonize and cause disease [47]. 
Intake of antibiotics is the main cause of dysbiosis, as mentioned 
above, and the most common example of this is false colitis 
caused by an increased rate of C. difficile in the intestine after use 
of antibiotics (ampicillin, clindamycin, and cephalosporin) [48]. 
Moreover, a number of studies have shown that the reduction of 
microbial diversity in the intestine caused by antibiotics leads 
to an increased ability of pathogens to seize the opportunity for 
colonization [46–48].

In a study aimed at investigating the role of the gut microbiota 
in suppressing the colonization of pathogens like Escherichia 
coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa when 
introduced with food, van der Waaij et al. noted that when an 
antibiotic was being used, colonization resistance decreased, 
leading to colonization by these species and causing diseases 
[46]. Likewise, in a study by Hapfelmeier and Hardt in which 
streptomycin was administered to observe its role in Salmonella 
typhimurium infection, it was noted that streptomycin leads 
to a higher rate of acute infection than usual [49]. In the next 
two paragraphs, we will discuss the most important bacterial 
infections caused by gastrointestinal microbiota dysbiosis.

C. difficile infection
C. difficile (CD) is an anaerobic, gram-positive, spore-forming 

bacterium that colonizes the intestine. However, dysbiosis due to 
use of broad-spectrum antibiotics leads to nosocomial diarrhea 
caused by CD infection [48]. “Furthermore, antibiotics as well as 
several other factors, like age over 56, immunodeficiency, hospital 
residence, and some gastrointestinal issues, are associated with 
the risk of CD infection” [50]. Broad-spectrum antibiotics drain 
the variety of intestinal microbiota that inhibit the growth of CD. 
In addition, the gut environment under the influence of antibiotics 
acts to displace competitors, alter metabolites in the intestines, 
and decrease short-chain fatty acids such as butyrate, which is 
an energy source for epithelial cells [51]. CD takes advantage of 
the surrounding conditions to grow, reproduce, and secrete toxins 
[52]. Its pathogenicity starts by penetrating the mucus layer to 
reach the epithelial cells (Fig. 4). In that way, CD colonizes the 
gastrointestinal tract. Then it produces toxins like toxin A and 
toxin B that change the cytoskeleton of epithelial cells, as well 
as inhibit cell division and membrane transport that leads to 
induction of inflammation. The most common treatments for CD 
are vancomycin and metronidazole, although a number of patients 
develop recurrent illnesses [52]. The microbial diversity has a 
key role in preventing CD infection through fecal microbiota 
transplantation (FMT) from healthy donors to patients, and 

restoration of the intestinal microbial diversity has been shown to 
be effective in up to 95% of patients [53].

Helicobacter pylori infection
As mentioned above, gastrointestinal homeostasis is very 

important for elimination of pathogens, regulation of immune 
response, and even halting cancer development [54]. H. pylori 
is one of the very few microorganisms that have been proven to 
cause gastrointestinal cancer by inducing chronic inflammation 
[55, 56]. H. pylori is a microaerophilic, spiral, gram-negative 
bacterium first isolated by Warren and Marshall in 1982 [57] from 
a patient who was suffering from gastric ulcers [56]. Research 
has shown that H. pylori is almost everywhere and is found in 
about 50–90% of the population in developing countries, while in 
developed countries, it is found in less than 50% of the population 
due to the level of health awareness in these countries [55]. 
Although H. pylori is present in half of the human population, 
its means of transmission have not been definitively clarified 
to date. It is likely that transition from one person to another 
is greater among individuals in the same family in one of the 
assumed methods of transmission (gastro-oral transmission, oral-
oral transmission, transmission by water and food, and fecal-oral 
transmission). Environmental factors, genetic predisposition 
of the host, as well as virulence factors like urease production, 
flagella, and adhesion factors contribute to colonization and 
induction of disease (Fig. 5) [55]. It was observed that inhibition 
of virulence factors prevents H. pylori from colonizing host cells. 
Thus, targeting virulence factors in the light of the spread of 
antibiotics resistance is a feasible of treating H. pylori [58, 59].

On the other hand, it was noted that H. pylori infection leads 
to a change in the stomach microbiota. In a study that included 
healthy volunteers and H. pylori patients, it was found that H. 
pylori DNA accounted for more than 90% of all sequence reads 
and that Proteobacteria, Firmicutes, and Actinobacteria accounted 
for very few reads [60], whereas the healthy stomach shows 
good biodiversity with respect to Actinobacteria, Bacteroidetes, 
Firmicutes, and Proteobacteria and the Streptococcus genus 
regardless of acidic medium [61].

Fig. 4. Gut dysbiosis allows C. difficile (CD)  to grow and secrete 
toxins that destroy epithelial cells.
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THE MICROBIOTA AND METABOLIC DISORDERS

The unique dynamic ecosystem of the gastrointestinal 
microbiota is regarded as a metabolically active “organ”. Thus, 
interchanges between microbiota and the immune system 
regulate gastrointestinal homeostasis [54]. However, loss of 
gastrointestinal homeostasis induces many diseases, such as 
obesity and type II diabetes.

The microbiota and obesity
Several factors are involved in the development of obesity, 

including drug interventions, genetic predisposition, hormonal 
disorders, lifestyle, as well as the role of the microbial gut [15]. 
Studies have shown the role of the gut microbiota in gaining 
weight and insulin resistance. It has been noted that germ-free 
animals do not gain weight despite high-carbohydrate and 
high-fat diets, while a weight gain of 60% was observed when 
microbiota were transplanted from other mice that showed an 
association between increased weight and the proportion of 
Firmicutes/Bacteroidetes. This means that weight gain does 
not depend on the amount of food eaten but instead depends 
on the quality of its metabolism [10]. It was also observed that 
lipopolysaccharide (LPS) inside the gut lumen of healthy weight 
people did not cross epithelial cells, whereas it did in obese 
people and stimulated inflammation [62]. This was attributed to 
consumption of a high-fat diet (HFD) that reduces proteins like 
claudin and zonula occludens-1 (ZO-1), which are responsible for 
the interconnection of epithelial cells [15]. In addition, an HFD 
plays an important role in the distribution of the gut microbiota. 
It was demonstrated that feeding normal-weight mice an HFD 
for 8 weeks led to an increase in Firmicutes and a reduction in 
Bacteroidetes [63]. Similarly, it was noted that genetically obese 
mice had more Firmicutes and fewer Bacteroidetes [11]. The 
production of more energy from food is linked to the presence of 
more Firmicutes and fewer Bacteroidetes, and this suggests the 
hypothesis that the microbiota of obese people are more efficient 
at obtaining energy from food than those of thin people [64].

On the other hand, we can consider the Bacteroidetes and 
bifidobacteria to be protectors against the development of obesity 
[65]. We have to be more wary of the development of obesity, 

especially in early life, because disruption of the gut microbiota 
may cause many diseases, such as obesity, types I and II diabetes, 
and cardiovascular diseases, at the adult stage [66].

The microbiota and diabetes
Studies have demonstrated that genetic factors, dietary 

pattern, and the gut microbiota all affect both type I and type II 
diabetes [67]. Type I diabetes (TID) is an autoimmune disease in 
which T cells destroy the pancreas’s beta cells, which produce 
insulin [68]. Type II diabetes (TIID) is known to reduce insulin 
sensitivity or insulin deficiency. Studies on interventions for the 
gut microbiota in subjects with metabolic diseases have increased 
in recent years, especially with respect to complications with 
TID and TIID. The gut microbiota and their metabolites play an 
important role in the development of these diseases [69]. A lot 
of studies have connected gut microbiota dysbiosis and diabetes 
and found a disruption in the rate of Firmicutes to Bacteroidetes 
in diabetic patients [68, 69]. There is a significant decrease in 
Faecalibacterium prausnitzii, which belongs to the Firmicutes 
phylum, in TIID patients [69]. On the other hand, a diabetic’s 
diet plays a role in encouraging symptoms of the disease, as 
mentioned above: an HFD increases inflammatory cytokines 
which disrupt insulin-producing beta cells in TID [67] and raise 
insulin resistance in TIID [68, 70].

An increase of Bacteroidetes (gram-negative bacteria) results 
in the production of propionate, succinate, and acetate from 
lactate that decomposes the myosin layer, leading to alteration 
of epithelial cell permeability and allowing pathogens to enter 
[68]. It also causes a reduction in bifidobacteria which produce 
butyrate from lactate, which is considered an anti-inflammatory 
substance, as well an enhancer of tight junctions between 
epithelial cells and an increaser of the efficiency of their mission 
[71, 72]. The other beneficial short-chain fatty acids resulting 
from bacterial metabolism link to GPR41 and GPR43 thus 
reduce the inflammation in immune cells, while the linking to 
L cells in the intestine increases peptide YY and the glucagon-
like peptide GLP-1, which improve insulin sensitivity (Fig. 6) 
[68]. Moreover, microbiota can metabolize deconjugated bile 
acids to secondary bile, which binds to the G protein-coupled 
receptor TGR5 and leads to an increase in GLP-1 and insulin 

Fig. 5. H. pylori virulence factors induce disease. Urease secretion reduces gastric acidity, and 
flagella and toxins help penetrate stomach epithelial cells and cause infection.
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sensitivity [68]. In addition, in the case of TID, it was suggested 
that some bacteria species stimulate the promotion of self-
antigens, leading to strengthening of the attack on beta cells in 
the pancreas [68], thus confirming the role of dysbiosis in the 
gut microbiota in the development of TID and TIID. Therefore, 
improving our understanding of the effects of the microbial gut 
in the development of both types of diabetes may provide the 
potential for preventive interventions [68].

THE MICROBIOTA AND LIVER DISEASES

The liver-gut axis drew the attention of researchers due to its 
effect on all the organs of the body. Furthermore, dysbiosis of 
the gut microbiota has an important influence on liver diseases 
in particular compared with those of other organs as previously 
mentioned. The gut-liver relationship interferes with all the 
substances produced as a result of metabolism, cytokines, and 
immune cells, in addition to the effects of endocrine products that 
reach the liver and intestines by blood circulation [73].

Microbiota effects on chronic hepatitis B and C
Hepatitis B and C are the most common medical problems 

leading to development of liver cancer in 4–5% of cases [8]. 
In some cases, hepatitis B virus (HBV) does not result in the 
development of chronic hepatitis due to the strength of the 
immune system, as well as factors unknown to date [74, 75]. In 
an experiment to investigate the role of the gut microbiota in the 
elimination of HBV, it was noted that adult mice with an intact 
microbiota had the ability to dispose of HBV and that when a 
microbial imbalance was caused by antibiotics, the mice could 
not get rid of HBV [76]. Another study showed that implantation 
of feces from healthy donors into hepatitis B patients stimulated 
the removal of HBeAg, which proved the importance of the 
gut microbiota in stimulating an immune response capable of 
protecting the liver from this virus [77].

As was noted, patients with hepatitis B and C were 
characterized by a lowering of bacterial diversity, especially a 
reduction in the genus Bifidobacterium [8]. Likewise, according 
to an Egyptian study, there was a high percentage of Bacteroidetes 
and a low percentage of Bifidobacterium in hepatitis C virus 
(HCV) patients [78]. Similarly, in HBV patients, there were 
increases in Escherichia, Shigella, and Enterococcus and 
decreases in Bifidobacterium, Faecalibacterium, Ruminococcus, 
and Ruminiclostridium [79].

The resulting microbiota imbalance leads to impaired 
intestinal permeability and the introduction of pathogens in 
the bloodstream, which increases the activation of Toll-like 
receptors (TLRs) and NOD-like receptors (NLRs), increases the 
inflammatory cytokines that reach the liver by bloodstream, and 
causes development of cirrhosis in both B and C cases (Fig. 7) 
[8].

Microbiota effects on other liver diseases
The gut microbiota plays a role in liver diseases like alcoholic 

liver diseases and non-alcoholic fatty liver disease (NAFLD). 
Alcohol consumption induces microbial dysbiosis that reduces 
species that produce beneficial short-chain fatty acids (SCFAs), 
especially butyrate, which is considered an energy source for 
epithelial cells in the intestine, as an increase in Proteobacteria 
leads to an increase in LPS [80]. Likewise, alcohol consumption 
or alcohol resulting from gut microbiota metabolism increases 
the permeability of the intestine by destroying (TJs), leading to 
endotoxin penetration (Fig. 7) [81]. Alcohol consumption also 
increases the exposure of liver cells to oxidative stress due to the 
increase in endogenous ethanol, subsequently activating TLRs in 
the liver by pathogen-associated molecular patterns (PAMPs) and 
leading to the production of inflammatory cytokines. In addition, 
the gut microbiota dysbiosis in NAFLD patients stimulates insulin 
resistance and fat generation in the liver (de novo lipogenesis), 
which is the main reason for this disease [8].

Fig. 6. Relationship between the intestinal microbiota and metabolic disorders.
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Bile acids are synthesized in the liver and excreted into the 
intestines to digest and breakdown fats so that they can be 
absorbed by the small intestine, where the gut microbiota convert 
them into their secondary form. Bile acids activate the expression 
of bile acid receptors such as TGR5 and farnesoid X receptor 
(FXR) in the liver and intestine that play an important role in 
regulating the levels of triglyceride and bile acids in the liver. 
Besides, the FXR activation reduces the triglyceride levels and 
reduces insulin resistance by increasing glycogenesis [8].

Gut microbiota dysbiosis reduces the conversion of bile acids 
into their secondary form due to the reduction of the responsible 
species. This, in turn, reduces the expression of FXR, which 
leads to liver diseases [8]. This drew attention to the manufacture 
of drugs like obeticholic acid that activate FXR and reduce 
unnecessary inflammation in the liver [82].

THE MICROBIOTA AND PSYCHIATRIC DISORDERS

Scientific progress has rehashed old concepts about the brain 
and mental health and specifically the concept that mental health 
is not only related to the brain but is also related to the gut 
microbiota [73]. In recent years, potential effects of microbiota 
products on the brain have been demonstrated either directly by 
producing regulatory hormones or neurotransmitters or indirectly 
by affecting the gastrointestinal tract, autonomic nervous system, 
or intestinal nervous system or by stimulating the immune system 
[17].

Some bacteria, such as Lactobacillus and Bifidobacterium, 
produce gamma-aminobutyric acid (GABA), which is one of 
the most important transmitters in the central nervous system 
[83, 84]. On the other hand, Bacillus and Escherichia produce 
noradrenaline and dopamine, which play significant roles in 
the central and peripheral nervous systems [85]. Production 
of serotonin was also observed by Candida, Streptococcus, 
Escherichia, and Enterococcus. This hormone is responsible for 
regulating mood, appetite, and sleep, in addition to its role in 
stimulating memory and learning [17].

Several studies have shown that microbial effects on the brain 
are mediated by the vagus nerve. In a study on Lactobacillus 
rhamnosus aimed at determining its effects on an animal model’s 
emotions, it was found that feeding on L. rhamnosus leads to a 
reduction in corticosterone, which is responsible for anxiety and 

stress, and the effect path was via the vagus nerve [86].
Studies in major depressive disorder (MDD) patients have 

shown that gut microbiota dysbiosis is connected to psychiatric 
diseases via an increase in Bacteroidetes, Proteobacteria, and 
Actinobacteria or a decrease in Firmicutes [87]. Furthermore, 
researchers noted an increasing ratio of Bacteroidetes in an 
autistic group, while Firmicutes was dominant in a healthy group 
[88]. This drew attention to the use of probiotic bacteria like 
Bacteroides fragilis to alleviate autism symptoms in an autistic 
mouse model [89]. In another study, microbiota transfer therapy 
(MTT) was used to treat autism-like behaviors. Kang et al. found 
improvement in behavioral symptoms in autistic children when 
the children received transplanted commensal microbes from 
healthy donors [90].

The subtleties knowledge of our microbiota has led us to 
reconsider the factors that control human behavior. That our 
behavior is not only shaped by our genes and their interactions 
with the environment it is also shaped by our microbiota, their 
genes, and interactions with their environment that is, with us 
[17].

CONCLUSION

Studies have shown that the human microbiota is simultaneously 
both an extremely complex and orderly community. Human 
microbiota imbalance is referred to as dysbiosis. Many factors 
lead to dysbiosis, but the way it affects human health remains 
unclear.

Microorganisms start to colonize the human body immediately 
after birth, though new studies have demonstrated their existence 
in the intrauterine environment. A good microbiota composition 
plays an important role in educating the immune system to fight 
against pathogens and tolerate nonpathogenic microorganisms. 
On the other hand, a bad composition leads to many diseases, 
such as autoimmune diseases, metabolic disorders, and increased 
exposure to infectious diseases, and dysbiosis in adults is 
correlated with neuropsychiatric disorders.

Humans have sought to recover a good gut microbiota through 
live microorganisms in the form of probiotics or even through 
MTT, which has a long history in ancient Chinese medicine [91]. 
The history of probiotics extends back to a long time ago. In 
1899, Tissier from the Pasteur Institute was the first to mention 
the role of a specific microorganism in relieving diarrhea. In 
1917, Alfred Nissle isolated a subspecies of E. coli and used it 
to treat shigellosis [92]. Subsequently, studies have accumulated 
prove the importance of probiotics in restoring beneficial gut 
microbiota compositions.

In the near future, extensive and important research will make 
it possible to use the gut microbiota as a biomarker for many 
diseases, including cancer, and by using probiotics, we will be 
able to treat dysbiosis and prevent diseases from developing.
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