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Abstract
The human gastrointestinal tract harbors a vast collec-
tion of symbiotic microorganisms-collectively termed as 
“gut microbiome”. This microbiota has important effect 
in immune system and other host activities. Recent 
studies have suggested that alterations of the normal 
gut microbiota are associated with various human 
diseases and psychological disorders. The underlying 
cause, once proven, may provide novel insights into the 
importance of gut flora in human health. In this review, 
we give an attempt to describe how the alteration in 
the microbial community causes the development of 
certain widespread pathophysiological disorders; focus-
ing on inflammatory bowel disease, colorectal cancer, 
obesity and autism. Proper knowledge about the host-
microbiota interaction and linkage could be essential 
for the development of future personalized strategies 
of therapeutics.
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Core tip: This review is an endeavor to provide an ac-

count about the human gut microbiome, their diver-
sity, and disease causing capability. Till date, so many 
diseases have been associated with the alteration of 
gut microbiota. In this review we talk about four of the 
major diseases/disorders, viz. , inflammatory bowel dis-
ease, colorectal cancer, obesity and autism.
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INTRODUCTION
The topic of  human microbiome is pretty trendy in the 
present world of  science. Human body is inhabited by 
more microbial cells than our own cell numbers. The 
term “microbiome” refers to the whole number of  mi-
croorganisms residing in human body and their genetic 
material[1-3]. It is different from the term “microbiota”, 
which describes the microbial population present in dif-
ferent niches in the body. Resident microbes contain ten 
times more cells than our own somatic and germ cells 
and hence more number of  genes than present in a hu-
man body-as a consequence they represent a combined 
microbial genome with a size bigger than human genome 
itself[1,4]. Collectively, the flora has a metabolic action 
equal to a virtual organ within an organ[5]. Researchers at 
human microbiome project, NIH are sampling and ex-
ploring data from few specific sites of  human body, viz., 
airways, nasal passages, oral cavities, skin, blood, gastroin-
testinal tract, and urogenital tract[2]. The microbial density 
starts increasing in the distal small intestine, and in the 
large intestine it rises to an estimated of  1011-1012 mi-
crobes per gram of  colonic content, which contributes to 
60% of  the fecal mass. However, this is to bear in mind, 
since so many factors affect our body’s ecosystem, the 
microbiota composition is different for every individual 
regardless of  their age and sex.
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Usually this microbiota is commensal and represents 
a healthy asset of  our body, helping us to digest food 
and maintain immunity. Our typical understanding about 
a disease causing event states us that whenever a patho-
genic organism enters our body, the disease takes shape. 
Introduction to the era of  human microbiome enlightens 
us about a more susceptible way of  causing disease-the 
imbalance of  the microbiota within our body. Therefore 
human microbiome can be considered as a therapeutic 
drug target[6].

The organisms from this microbiome are hard to 
culture. Metagenomics, the study of  the genetic mate-
rial extracted directly from environmental samples in a 
given environment, has been applied to the studies of  the 
human microbiome, since it can be used to investigate 
various microbes simultaneously, without cultivation. 
This approach gathers speed in studies of  human micro-
biome and their medical relevance. Studies about diverse 
microbes from the human body site-specific microbiota, 
and the correlations between their composition and dis-
ease have rapidly increased our understanding towards 
the importance of  the human microbiome and its roles 
in health and disease[3,7]. This bang of  human microbi-
ome data holds the promise of  managing personal health, 
based on the genome and microbiome information of  an 
individual.

HUMAN GUT MICROBIOME
A new chapter in medical science has emerged with the 
recognition of  the crucial role of  the gut microbiota in 
health and disease. At the time of  birth human gut is 
completely sterile. However, immediately after birth the 
colonization of  mammoth variety of  microorganisms 
including bacteria, archaea, fungi and viruses starts within 
the body. The colonization of  these microbial species 
within a body depends upon the mode of  delivery, hy-
gene level, infant diet, and medication[8].

Among all the niches, human GI tract contains the 
most number of  microorganisms. The density of  the 
microbiota increases from the proximal to the distal gut, 
reaching its maximum at the colon. In the different habi-
tats of  the gut, ecological sorting and competitive exclu-
sion between microbes are the key factors influencing 
microbial diversity[9,10]. Stochastic factors during coloniza-
tion and in situ evolution cause the diversity of  gut mi-
crobiota between individuals[11]. The intestinal microbiota 
of  infants lacks diversity and the major constituents are 
the phyla Proteobacteria and Actinobacteria. The microbiota 
attains diversity with age with the addition of  Fusobacteria, 
Cyanobacteria, Verrucomicrobia and Actinobacteria amongst 
others and the dominance of  Firmicutes and Bacteroidetes 
characterizes the adult microbiota[12-14]. The gut microbi-
ota is mainly a collection of  anaerobes, which outnumber 
facultative anaerobes and aerobic microbes by approxi-
mately 2-3 orders of  magnitude[15]. In human, after the 
age of  2.5 years the gut microbiota remains almost the 
same throughout the adult age of  that individual[16,17]. The 

actual adult human gut microbiota composition is diverse 
and differs from person to person in a significant way. 
Therefore it has been suggested that it can be used as a 
substitute to fingerprinting[18]. In this regard three entero-
types have been found, viz., Prevotella, Ruminococcus and 
Bacteroids that are independent of  age or sex. The normal 
human gut flora composition is subject to age, diet, medi-
cation and socioeconomic conditions. In a recent study 
of  gut microbiota in elderly individuals, the associations 
with diet and age was documented[19].

It is a prominent fact that, although there is great 
variety in the composition of  the gut microbiota among 
individuals, there still lays a conserved set shared between 
individuals, and this set of  microbiota is called the core 
gut microbiome[20]. The functions and pathways encoded 
by the core gut microbiome offer the greatest benefit 
to the host and are essential for the correct functioning 
of  the healthy gut. The gut microbiota helps the host 
in various ways, including protection against probable 
pathogens, production of  essential vitamins, digestion of  
polysaccharides, regulation of  fat storage and modula-
tion of  the host’s immune system[21]. Latest studies have 
also revealed that the gut microbiota influences brain and 
the gut-brain axis configures the stress related symptoms 
such as anxiety and pain tolerance and few other psycho-
logical condition[22]. 

ROLE OF GUT MICROBIOTA IN HUMAN 
DISEASE/DISORDER
It has been well established that the human gut microbi-
ota is essential for human health. However, an alteration 
of  the normal composition of  the gut microbiome leads 
to formation of  various types of  diseases. Therefore it 
is reasonable to conclude that modulation of  the gut 
microbiota can be used as a therapeutic target in treat-
ing these chronic diseases. Before properly utilizing the 
gut microbiota as a therapeutic tool, it is necessary to 
understand the role of  these microbes in shaping disease. 
Till date, a great number of  physical and psychological 
disorders have been associated with the alteration of  gut 
flora; addressing all can be quite unfeasible task for this 
review. Thus, in this review, brief  overviews of  the cur-
rent understanding about the role of  microbiota in four 
common disease and disorders have been discussed.

INFLAMMATORY BOWEL DISEASE
Inflammatory bowel disease (IBD) is chronic, relapsing, 
immunologically mediated disorder that affects the diges-
tive tract, mainly colon and small intestine. IBD majorly 
includes ulcerative colitis (UC) and Crohn’s disease (CD). 
There is considerable evidence suggesting the impor-
tance of  gut microbiota in IBD[23-25]. Recent studies imply 
that an unbalanced microbial community composition 
is associated with a dysregulated immune response[26]. 
Although the exact mechanism of  IBD is not yet being 
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fully elucidated, four broad mechanisms are proposed to 
explain the complex relationship between the commen-
sal microbiota and IBD: (1) dysbiosis of  conventional 
microbiota; (2) induction of  intestinal inflammation by 
pathogens and functionally altered commensal bacteria; 
(3) host genetic defects in containing commensal micro-
biota; and (4) defective host immunoregulation[27]. The 
net result of  these effects is continuous antigenic stimu-
lation that activates pathogenic T cells, ultimately caus-
ing chronic intestinal inflammation. In case of  patients 
suffering from CD, intestinal T lymphocytes have shown 
to be hyperactive against bacterial antigens as local toler-
ant mechanism is found to be abolished in them[28]. In 
addition, they have increased intestinal secretion of  IgG 
antibodies against a broad spectrum of  commensal bac-
teria that, unlike IgA, activate complement cascade and 
inflammatory mediators[29,30].

There are various hypothesis of  how microbial com-
position in human gut plays vital role in the pathogenesis 
of  IBD. Recent studies have shown that reduction of  
dominant commensal bacteria, such as Firmicutes and 
Bacteroidetes, and an increased number of  Proteobacteria and 
Actinobacteria, may lead to this pathophysiological condi-
tion of  human gut[31,32]. A wide variety of  gut microbial 
species have directly being linked with IBD. Among 
Firmicutes, Faecalibacterium prausnitzii is shown to have 
anti inflammatory activity and is found to be significantly 
decreased in CD[33,34]. Furthermore, Joossens et al[35] have 
shown that reduction of  Faecalibacterium prausnitzii, Bifido-
bacterium adolescentis, Dialister invisus, an unknown species 
of  Clostridium clusters XIVA and increase of  Ruminococ-
cus gnavus are characteristic features in patients suffering 
from CD. A number of  studies have shown that a wide 
variety of  probiotic microorganisms, including Escherichia 
coli, Saccharomyces boulardii, and Bifidobacterium are involved 
in treating UC, although these are not always supported 
by high quality clinical trials[36-42]. Also the role of  micro-
biota in fecal transplantation, efficiently utilized in severe 
Clostridium difficile infection, have shown to be effective in 
IBD[43,44].

COLORECTAL CANCER
Colorectal cancer (CRC) is one of  the most common 
malignancies in the world, which accounts for about 
half  million deaths annually[45]. Although the prevalence 
of  CRC is higher in the western world but it is found to 
be increasing in the developing countries at an alarming 
pace. Two principle mechanisms are mainly involved for 
the development of  CRC-molecular genetics mechanisms 
and environmental factors[46]. Dietary and genetic factors 
interact with each other via events taking place in the lu-
men of  the large intestine[47].

The genetic mechanisms of  CRC are well established[48]. 
A number of  oncogenes and tumor-suppressor genes, 
such as APC, KRAS, p53 and other regulatory genes are 
mutated in CRC patients. Together with DNA-methyl-
ation and chromatin-structure changes, the mutations 

act to dysregulate conserved signaling networks that play 
vital role on cell phenotypes, including the regulation of  
cellular metabolism, proliferation, differentiation, and 
survival. Beside genes, environmental factors also influ-
ence the occurrence of  CRC. Dietary carbohydrate and 
fat play critical roles in the development of  colon tu-
morigenesis[49]. Studies suggested that dietary fat and high 
consumption of  red meat are associated with high risk of  
CRC[50]. By contrast, a high intake of  complex carbohy-
drate or dietary fibers, such as cellulose, lignin and pectin, 
that undergo bacterial fermentation in the colon, has 
been associated with reduced CRC risk[51-53].

The effect of  diet on carcinogenic process is medi-
ated by changes in metabolic activity and composition 
of  the colonic microbiome that accounts for over 100 
trillion bacteria grouped in about 1000 species in human 
gut[54,55]. Various studies have shown significant associa-
tion between abundance of  different bacterial species, 
particularly Fusobacterium nucleatum, with the prevalence 
of  CRC[56,57]. CRC risk was found to be associated with 
decreased bacterial diversity of  Gram-positive, fiber-
fermenting Clostridia; and increased presence of  Gram-
negative, pro-inflammatory genera such as Fusobacterium 
and Porphyromonas[58]. The bacterial gut population can 
be shifted to a healthier composition by dietary fiber 
that provides substrates for bacterial fermentation[55]. 
On the other hand, diet rich in fat and meat but poor in 
vegetables increases the concentration of  N-nitroso com-
pounds, a group of  genotoxic substances that are known 
initiators of  colon cancer[59]. Another group of  carcino-
gens are heterocyclic aromatic amines that are found in 
meat and some intestinal bacteria leads to DNA damage 
in colon cells due to the presence of  such compounds[60]. 
A more descriptive human study highlighted that high 
risk of  CRC is associated with the presence of  Bacteroides 
vulgatus and Bacteroides stercoris, whereas presence of  Lac-
tobacillus acidophilus, Lactobacillus S06 and Eubacterium aero-
faciens are associated with low risk of  CRC[61]. Although 
there is no conclusive evidence, gut microbiome seems to 
be a significant contributing factor that modulates risk of  
CRC in human beings.

OBESITY
Obesity is a medical disorder in which excess body fat ac-
cumulates over body. It is only recently that the problem 
of  obesity has achieved global acknowledgment, in con-
trast to the problem of  underweight and malnutrition- 
which have always conquered clinical attention. World 
Health Organization describes obesity as one of  the 
major public health concern that threatens the modern 
world civilization and of  late has become a global epi-
demic. A person is categorized as overweight when the 
body-mass index (BMI) is around 25 kg/m2 or higher and 
people are classified as obese when the BMI is 30 kg/m2 
or more[62]. A plentiful of  studies has demonstrated that 
obese individuals are lazy, lack self-discipline. There is a 
social disgrace and discrimination against obese people 
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are probably many a type of  neuro-atypical symptoms; 
including stress, depression, anxiety, associated with the 
alteration of  the normal composition of  gut microbial 
flora[76,77]. In this review we would like to restrict ourselves 
to one neuropsychiatric disorder-Autism. The Autism 
Spectrum Disorder (ASD) is an assemblage of  neuro-de-
velopmental disorders characterized by obscurity in social 
interaction and communication in affected children. It is 
typically associated with limited, repetitive, and stereo-
typic behavior and is noticeable within the first 3 years of  
life[78,79]. Until 1990, Autism was treated as a rare psycho-
logical disorder. Today it is a major health concern, big 
emotional burden for families, and large financial burden 
for the government worldwide.

Though the principal cause of  this disorder is yet to 
be known; gastrointestinal disorders have frequently been 
reported in the children with autism-suggesting the prob-
able link between the atypical compositions of  human 
gut microbiome with ASD[80]. The hypothesis regarding 
the gut microbiota and ASD linkage was first coined by 
Bolte[81]. Their study showed that interruption in the nor-
mal composition of  native gut flora resulted colonization 
of  some neurotoxin producing bacteria, contributing to 
the autistic symptom[82]. As the importance of  gut micro-
biota in gut-brain function came emerging; probable role 
of  diet, bacteria, and enzyme became a field of  important 
study in autism research[83]. It has been proved that there 
is a significant difference between the stool sample from 
autistic and normal children in terms of  frequency of  oc-
curence of  four bacterial phyla specifically, viz., Firmicutes, 
Bacteroids, Actinobacteria and Proteobacteria. Further studies 
have shown higher count and diversity of  Clostridia (mainly 
Clostridium tetani, Clostridium perfringens and Clostridium bol-
teae) and Desulfovibrio (mainly D.desulfuricans, D.fairfieldensis, 
D.piger) in fecal samples of  children with autistic behavior 
as compared to the normal healthy children with same 
sex and age[81,84-91]. Evidence suggests that high occur-
rence of  Bifidobacterium and Lactobacillus species is a bio-
logical indicator for healthy gut microbiota in breast-
fed infants as they serve important probiotic function in 
the gut[92-94]. As expected, these organisms are frequently 
reported to be lower in patients with ASD. People are 
working with several animal models to investigate the 
expected link between gut microbiota and autism like dis-
orders. One recent paper on maternal immune activation 
(MIA) mouse model has revealed gastrointestinal abnor-
malities and changes in the gut microbial community in 
offspring of  MIA animals with autism-like symptoms[95]. 

Till date, several studies have demonstrated the pres-
ence of  a perturbed intestinal microbiota composition 
in children with ASD compared to normal control chil-
dren. However, caution should be applied while drawing 
conclusion from these results, as patients with ASD have 
probable history of  using high antibiotic dosage and 
different diets compared with neuro-typical individuals, 
either of  these can influence the normal composition 
of  the gut microbiota[96,97]. Fortunately enough, a recent 
study demonstrated that the alteration in the concentra-

in various fields of  life, which in turn creates numerous 
consequences for their psychological and to some extent 
physical health[63]. However, obesity is not only a cos-
metic concern. It has serious health concerns including 
increased risk for type 2 diabetes, cardiovascular diseases, 
non alcoholic fatty liver disease, pulmonary hypertension, 
asthma, sleep apnea, osteoarthritis, gall-bladder disease, 
a number of  cancers, and most importantly an increased 
risk of  mortality[64].

Numerous studies have suggested that the gut micro-
biota plays a crucial role in the development of  fat mass 
and altered energy homeostasis[65]. Obese gut microbiota 
increases both the capacity to harvest energy from the 
diet and the accumulation of  fat in adipose tissue and liv-
er, by altering host metabolism. Studies in germ-free and 
conventionalized mice revealed that the microbiota helps 
in absorbing the monosaccharides from the gut lumen 
and adipocyte hypertrophy by suppressing fasting-in-
duced adipocyte factor in the intestine, and this suggests 
that the gut microbiota is an important factor that affects 
energy harvest from the diet and energy storage in the 
host[66,67]. The gut microbial community is diverse; con-
sisting of  bacterial species, archaea and various microbial 
eukaryotes. Therefore competitive interactions among 
these species might also play crucial roles in promoting 
obesity. In this regard, methane producing archaea Metha-
nobrevibacter smithi has been found to be present in greater 
abundance in obese mice and humans when compared 
with lean individuals[68,69]. Obesity and diet could be asso-
ciated with altered gut microbiota characterized by a high 
Firmicutes to Bacteroidetes ratio and a dramatic fall in overall 
microbial diversity[70].

It has been proposed that the composition of  the 
gut microbiota during childhood predicts the following 
development of  obesity in humans. In this regard some 
studies were conducted to compare between the fe-
cal samples from overweight/obese and normal weight 
children[68,71]. It shows that during infancy, a significantly 
higher number of  Bifidobacterial species was observed in 
children who maintain a normal weight at age 7 years, 
while significantly greater numbers of  Staphylococcus aureus 
were detected in children who became obese afterward. 
Therefore, it is hypothesized that an early modulation of  
gut microbiota can actually prevent obesity[72,73]. Interest-
ingly, another study found that the microbiota composi-
tion is different in case of  pregnant women also, with 
relatively higher numbers of  Bacteroides and Staphylococcus 
found in overweight pregnant women[74]. Obese human 
twins also have different gut microbial composition as 
compared to their lean twin. The obese one has reduced 
levels of  Bacteroidetes and also less bacterial diversity[69].

AUTISM
The brain is strongly coupled with the gut via 200-600 
million neurons[75]. Currently, a growing number of  clini-
cal data and experimental observations suggest the pres-
ence of  bidirectional gut-brain axis, implying that there 
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tions of  short-chain fatty acids in the fecal sample of  
children with ASD[98]. This suggests that atypical produc-
tion of  such microbial metabolites may have a direct ef-
fect on our brain function and thus bacteria can modulate 
the brain function in a straight line.

CONCLUSION
It is well established fact that the gut microbiota influ-
ences host metabolism, immune function, and host 
homeostasis. Interruption in this balanced community 
may generate very serious health troubles for the host. 
Advancement of  next-generation genomic technology 
will pave the way to the development of  experimental 
models of  representative examples from the human gut 
microbiome. This will consecutively accelerate the discov-
ery, testing, and validation of  novel drug targets. Future 
metagenomic research is also expected to focus on the 
complex relationships of  the gut microbiome composi-
tion and host metabolism so that in time their actual im-
portance to human health will also be understood better. 
More in depth understanding of  the specific relationships 
between the gut microbiota and disease will enlighten 
us about the potential therapeutic targets. The issue of  
intelligent modulation of  the intestinal community is a 
topic of  great interest nowadays. The gut microbiome 
is expected to contribute immensely to the delivery of  
personalized healthcare strategies that are already being 
applied into the clinical environment for the benefit of  
patients. It can open new door to treating disease and po-
tential modulation of  human disease risk factors.
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